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MECUTIVE SUMMARY 

A Remedial Investigation/Feasibility Study (RI/FS) is being conducted for 

Shieldalloy Metallurgical Corporation (SMC) at their Newfield, New Jersey 

facility by TRC Environmental Corporation (TRC), as required under a New 

Jersey Department of Environmental Protection and Energy (NJDEPE) 

'e 

Administrative Consent Order (ACO), dated October 5 ,  1988. The purpose of the , 
RI/FS is to investigate the nature and extent of contamination at the 

facility, characterize environmental impact and potential health risks posed 

by the facility, and evaluate remedial alternatives to provide a basis for the 

selection of a remedial alternative that is protective of human health and the 

environment. Presented herein is a Focused Feasibility Study (FFS) conducted 

specifically for ground water contamination (referred to as the ground water 

operable unit) at the SMC Newfield facility. Other contaminated media will be 

addressed in a separate Feasibility Study to be conducted at a future date. 

'i/ The SMC facility consists of approximately 67.5 acres. The manufacturing 

facilities and support areas are located on approximately 60 acres in 

Newf ield, New Jersey, Gloucester County, and 7.5 acres of farmlands southwest 

of the main facility, in Vineland, New Jersey, Cumberland County. 

The SMC facility has been in operation since 1955. SMC operates a 

manufacturing facility which processes ores and minerals and produces metals, 

specialty metals, and ferroalloys. The principal production processes 

employed by SMC include aluminothermic and reduction smelting of ores, which 

produces purified metal, slags, and various other by-products, co-products, or 

other materials. Raw materials currently used at the facility contain the 

following metals: manganese, nickel, bismuth, iron, vanadium, chromium, 

titanium, silicon, copper, zirconium, magnesium, aluminum, lead and oxides of 

columbium (niobium), vanadium, barium, calcium, aluminum and fluoride salts. 
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In the past, oxides of chromium were used at the facility. As a result of 

present and past manufacturing processes, the facility has generated slag, 

dross, baghouse dust, and wastewaters. 
\ 
L-/ 

The nature and extent of the contamination associated with the past 

activities at the SMC facility were initially investigated in 1972 by Roy F. 

Weston, in response to the detection of hexavalent chromium in a newly 

installed Newfield municipal supply well. The well, which was never used to ' 

supply water to the Newfield water supply system, was sealed in the early 

1970s. In 1973, Woodward-Moorehouse Associates, Inc. conducted an 

investigation of ground water and surface water quality both on-site and to 

the southwest of the site. Ground water extraction and ion exchange treatment 

for the removal of hexavalent and trivalent chromium was initiated in 1979. 

In 1983, Dan Raviv Associates, Inc. (DRAI) reviewed available data and 

initiated a more intensive ground water monitoring program. Fourteen wells, 

including shallow and deep off-site wells were installed during this study. 

The analytical scope was expanded to include such parameters as sodium, pH, 

sulfate and volatile organic compounds. In September 1984, the NJDEPE and SMC 

entered into an Administrative Consent Order (ACO) which required SMC to 
. 1 1  

conduct a Feasibility Study for remediation of the ground water contamination 

and to continue the ground water remediation program. In January 1988, DRAI 

completed an evaluation of Ground Water Remediation Alternatives (DRAI, 

1988a), in accordance with the 1984 ACO. As a result o f  this study, an 

increase in the ground water extraction and treatment rate from 80 gallons per 

minute (gpm), 13 to 16 hours per day, 5 days per week, to 400 gpm. 24 hours 

per day, 7 days per week was recommended to minimize contaminant migration and 

ensure timely removal of the contamination. In October 1988, the NJDEPE and 

SMC entered into a second ACO to initiate operation of a 400 gprn pump and 



treat system. Four additional ground water extraction wells were installed to 

supplement the existing extraction well in capturing and preventing further * 

downgradient migration of contaminated ground water, with the extracted ground L/ 

water to be treated by a new on-site ion exchange treatment system. However, 

because of unforseen operational difficulties, the effectiveness of the ion 

exchange system in treating the ground water at a 400 gpm rate was variable. 

The system required operation at a lower flow rate and periodic shutdowns for 

regeneration of the ion exchange columns. In January 1991, DRAI completed an 

Evaluation of Ground Water Pumping Effectiveness in response to the request of 

the NJDEPE. At the time of preparation of the 1991 report, ground water was 

being extracted at a rate of 120 gpm from one shallow well and at 80 gpm from 

a deep well. The study concluded that the interim pumping rate was effective 

in controlling the toe of the hexavalent chromium plume in the shallow portion 

of the aquifer but additional pumping was necessary to control the hexavalent 

chromium plume in the deep portion of the aquifer. 

In October 1990, TRC began field investigations for the RI/FS required 

under the 1988 ACO. The RI program was structured to investigate specific 

u 

areas of former plant processes and associated materials storage areas, 

including the Manufacturing Area, the Undeveloped Plant Property, the 

By-product Storage Area, and the Lagoon Area. The scope of the Remedial 

Investigation was extensive, including surface soil sampling, surface water 

and sediment sampling, test pit sampling, soil boring sampling, monitoring 

well installation, and ground water sampling. Because this FFS considers the 

remediation of contaminated ground water only, ground water investigation 

activities will be described in more detail than other site investigation 

activities. The hydrologic investigation portion of the RI was conducted in 

order to identify geologic and hydrogeologic conditions, characterize ground 
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water quality, and define the nature and extent of contamination. Ground 

water samples were collected for laboratory analysis from .on-site and off-site * 

'Ll newly installed wells and existing monitoring wells during two separate 

monitoring events. Fifty-one wells were sampled during the first sampling 

event (December 1990) and thirty-seven wells were sampled during the second 

sampling event (April 1991). 

Ground water analytical results indicated that volatile organic and 

inorganic contamination exists beneath the SMC facility, extending in a 

general plume to the southwest. Trichloroethene (TCE) was the major volatile 

organic detected at levels exceeding MCLs and was distributed as follows: 

0 In the upper Cohansey Sand, TCE contamination is centered around 
the location of the Former Manpro-Vibra Degreasing Unit, and 
extends to the southwest. 

'u' 

0 In the lower Cohansey Sand, TCE is first detected downgradient of 
the suspected source area for the TCE plume in the upper zone (as 
referenced above), and extends to the southwest. An increase in 
TCE concentrations was identified in the northeast portion of 
SMC's 7.5 acre parcel, located to the southwest of the main 
facility. This increase in TCE levels strongly suggests the 
likelihood of a separate contaminant source or sources 
contributing to the elevated TCE levels other than the source at 
the SMC facility. 

The major inorganic constituent detected in ground water samples is chromium. 

Inorganic ground water contamination is distributed across the SMC facility as 

f 01 lows : 

In the upper Cohansey Sand, the total chromium plume is centered 
under the Manufacturing Area, with a lobe extending to the east, 
towards the By-product Storage Area. Downgradient, total chromium 
extends to the southwest. 

The shallow hexavalent chromium plume is centered to the east and 
southeast of the total chromium plume, in the general areas of the 
By-product Storage Area and the Lagoons. 

In the lower Cohansey Sand, total chromium and hexavalent chromium 
levels are greatest south of the Lagoon Area, extending to the 
southwest. 
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Lead was detected in an upgradient shallow well, located along the 
northern property line, as well as in the area near the 
Underground Storage Tanks and Railroad Siding. It was also 
detected in shallow monitoring well F at a concentration of 102 
Pg/1 

Antimony was detected south of the Lagoon Area 

The installation of additional monitoring wells subsequent to the 

completion of the RI has resulted in the identification of TCE and chromium 

contamination south of the SMC facility. Additional investigation will be 

required to further define the extent of contamination in this area. 

Additional investigation will also be conducted in the vicinity of well IW2, 

near the toe of the chromium plume, to further define the extent of 

contaminat ion. 

A Human Health and Environmental Health Evaluation was conducted to 

quantitatively assess the potential impacts of the SMC site on human health 

and the environment. For the Human Health Evaluation, both current and future 

land use scenarios were considered and developed to represent potential 

situations in which humans may be exposed to contaminants originating from the 

site. The routes of exposure of most concern included dermal contact with 

soil, ingestion of ground water, ingestion of soil/dust and incidental 

ingestion of surface water. The chemicals of primary concern which were 

detected in the soils included DDT, PCBs, and inorganics (arsenic, trivalent 

chromium, vanadium and beryllium). The only scenario which evaluated 

exposures to contaminated ground water was the current residential use 

scenario, under which both the total cancer risks and the hazard index ratios 

exceeded the target risk levels. The major contributing factors to the 

calculation of cancer risk for this scenario are ingestion of arsenic and 

beryllium (in both the shallow and deep ground water) and inhalation of TCE 

(deep ground water only). Ingestion of inorganics was also the source of the 

<W 
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major contributions to the total hazard index ratio for the upper Cohansey 

'W' 

Sand (due to arsenic, beryllium, vanadium, cyanide and boron) and the lower ' 

Cohansey Sands (due to antimony, arsenic, chromium [tri- and hexavalent], and 

. vanadium). 

The Feasibility Study process uses the information on the nature and 

extent of contamination and associated health and environmental risks 

developed during the RI to develop and evaluate potential remedial 

alternatives and their overall protection of human health and the 

environment. As described previously, this Focused Feasibility Study only 

addresses ground water contamination at the SMC facility. 

It should be noted that, while this report has been written to equally 

evaluate all components of ground water remedial alternatives, one of the 

ground water treatment options evaluated herein, electrochemical treatment, 

has been implemented at the SMC facility in order to comply with the 

requirements of a 1988 Administrative Consent Order (ACO). These requirements 

included the continuous operation of a 400 gallon per minute treatment system 

for 24 hours per day, 7 days,per week, as an interim remedial measure. An 

existing ion exchange treatment system, as described later in this report, was 

'u 

not capable of achieving these requirements. Therefore, SMC evaluated 

remedial options and selected the electrochemical treatment technology as 

providing the most efficient means of treatment while protecting human health 

and the environment. The evaluation process for the various inorganic 

treatment alternatives presented herein reflects the evaluation process which 

was conducted prior to the implementation of the electrochemical treatment 

system. The evaluation process presented for the other remedial alternatives 

and options, including ground water extraction, organic treatment and 

discharge options, is based on current conditions. 
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The electrochemical treatment system has been in operation since October 

1992. It has been effective in the treatment of the chromium contamination * 

within the ground water, achieving significantly lower effluent levels than 

were achievable using the previously existing treatment system. However, the 

NJDEPE has recently proposed new discharge to surface water permit conditions 

which are more stringent than previous permit conditions. 

maximum allowable concentrations of 5 . 8  mg/l (ppb) chromium and 166 mg/l (ppm) 

total dissolved solids (TDS) . Since the existing electrochemical treatment 

&'d 

They include daily ' 

* 

systemmay not be able to achieve these proposed discharge permit conditions, 

an analysis of alternate means of meeting these conditions, either through 

modification of the electrochemical system or through implementation of a 

separate polishing treatment process, is also presented. 

The initial step in conducting the Focused Feasibility Study was to 

compare ground water contaminant levels to applicable regulatory levels 

(ARARs) and current guidance criteria (TBCs) or to risk-based cleanup levels, 

which were developed as appropriate. On the basis of this evaluation, 
Ll' 

remedial action objectives were developed. They include the following: 

Prevent exposure, due to ground water ingestion, to ground water 
contaminants attributable to the SMC facility which have been 
detected at levels exceeding acceptable ARARs/TBCs, as indicated in 
Tables 3-1 and 3-2, or acceptable risk-based cleanup levels; 

Minimize migration of ground water contaminants; and 

Remediate the ground water contamination attributable to the SMC 
facility to achieve ARARs/TBCs. 

General response actions which address the remedial response objectives 

were determined, followed by the identification and screening of ground water 

remedial technologies on the basis of technical implementability. Technology 

process options were then evaluated on the basis of effectiveness, 
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implementability, and cost, and representative process options to be used in 

the development of remedial alternatives were selected. Three remedial 

u- alternatives were developed based on guidelines for alternative development 
specified in the National Contingency Plan. The three alternatives included 

the No Action Alternative, Continuation of Existing Actions, and Modified 

Ground Water Restoration. Under Alternative 3 ,  Modified Ground Water 

Restoration, several process options were developed for extraction, organic 

and inorganic treatment, and discharge of the ground water. 

A preliminary screening of the three alternatives and associated process 

options were evaluated on the basis of implementability, effectiveness and 

cost. On the basis of this preliminary evaluation, one organic treatment 

process option and one inorganic treatment process option under Alternative 3 

were screened from further analysis. The organic treatment Option T1, 

powdered activated carbon treatment (PACTm), was determined to provide a level 

of organic treatment comparable to other organic treatment options but at a 

significantly higher cost. Based on the evaluation of operational problems in 

the existing ion exchange treatment system, it was determined that inorganic 

treatment Option T4, expansion of the existing ion exchange system, would not 

be effective in the treatment of an elevated flow rate and therefore was 

screened from further analysis on the basis of effectiveness. 

The alternatives and process options retained for detailed analysis are 

presented in Table ES-1. These alternatives were evaluated on the basis of 

the following seven criteria: 

Short-term effectiveness; 
0 Long-term effectiveness and permanence; 

Implementability: 
Reduction of toxicity, mobility, or volume through treatment: 
Compliance with U s ;  

0 Overall protection of human health and the environment; and . cost. 
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The results of these analyses, by alternative, are summarized in Tables ES-2 

through ES-8. 

Based on the alternative evaluation, the recommended remedial alternative 

.is Alternative 3, Modified Ground Water Restoration, comprised of the 

following process options: 

Extraction Option E2 - Modified Extraction System; 
Organic Treatment Option T2 - Air Stripping (Optional); 
Inorganic Treatment Option T8 - Electrochemical Treatment (with 
supplemental treatment as required to meet discharge permit 
conditions); and 
Discharge Option D2 - Discharge to Surface Water. 

The alternative would consist of implementation of a modified ground water 

extraction system in which one deep and three shallow extraction wells would 

be installed to supplement the existing extraction system. Additional 

investigation is to be conducted in the vicinity of wells IW2 and.SC26D and 

additional ground water modeling will be conducted during remedial design. 

The final extraction system design may be modified on the basis of these 

studies. Electrochemical treatment provides for removal of inorganic 

contaminants, especially chromium. The electrochemical system would be used 

as the sole inorganic treatment method if discharge limitations can be 

achieved. If discharge limitations are not achievable, the system will be 

modified or the existing ion exchange system would be utilized to polish the 

effluent prior to discharge. Similarly, the degassing process in the 

electrochemical treatment system has the potential to provide removal of 

chlorinated organics from the contaminated ground water. If organics are not 

successfullytreatedby the electrochemical treatment system, the groundwater 

will be treated using the existing air stripper. Discharge to surface water 

is the preferred method of treated ground water discharge, due to its ease of 

implementation and its successful operational history. Implementation of this 

discharge option will be critically dependent upon the ability of the 
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treatment technology to achieve proposed surface water discharge permit 

conditions. If implementation of a discharge to ground water option were * 

required on the basis of chemical-specif ic discharge conditions, additional 

studies would be required during the conceptual design stage to provide 

additional design information. 

- 
The alternative also includes continued ground water monitoring and a 

five-year review of the remedial action decision, in accordance with the 

requirements of the NCP. 

Two additional criteria will also be considered in the final selection of 

the preferred remedial alternative. The community acceptance criterion is 

evaluated through the Public MeetingKomment Period which follows public 

announcement of the proposed remedial action, The federal acceptance 

criterion will be evaluated on the basis of support agency comments on the 

RI/FS report and the proposed remedial plan. The evaluation of these criteria 

will be presented in the Record of Decision for the ground water operable unit. 
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TABLE ES-1 
SUMMARY OF GROUND WATER REMEDIAL ALTERNATNES RETAINED FOR DETAILED ANALYSIS 

SH I ELDALLOY METALLU RGlCAL CORPORATION 
Page 1 of 1 

ACTION DESCRIPTION 

No action 

Continuation of Existing Actions 

Modified Ground Water Restoration 

Extraction : 
Option E l  - Existing Extraction System 

Option E2 - Modified Extraction System 

Organic Treatment: 
Option T2 - Air Stripping 

Option T3 - Carbon Adsorption 

Option T4 - W Oxidation 

Inorganic Treatment: 
Option T6 - Coagulation and Flocculation 

Option T7 - Membrane Microfiltration 

Option T8 - Electrochemical 

Discharge 
Option D1 - Ground Water 

Option D2 - Surface Water 

Option D3 - Combined Discharge to 
Surface Water and Ground Water 

Discontinuation of pump and treat activities; Subject to a five-year review; One round of ground water monitoring prior to 
five-year review 

Continuation of operation of existing wmp and treat system at existing extraction rate of approximately 200 gallons per minute 

Modification of ground water extraction, treatment and discharge system such that it can operate at the design pumping rate of 
approximately 400 gallons per minute while meeting discharge requirements 

Use existing extraction wells and one new supplemental extraction well to extract approximately 400 gallons per minute 

Use a modified extraction system consisting of existing wells and four additional wells to extract approximately 400 gallons 
per minute 

Air stripper provides removal of volatile organic compounds 

Carbon adsorption provides removal of volatile organic compounds 

Ultraviolet oxidation provides removal of volatile organic compounds 

Coagulation and floccuiatim used to supplement inorganic removal provided by existing ion exchange system 

Membrane microfiltration used to supplement inorganic removal provided by existing ion exchange system 

Electrochemical treatment used as a stand-alone process to remove Inorganic contaminants; supplemental treatment 
provided by ion exchange polishing or through modification of the electrochemical treatment system to achieve lower 
chromium levels, as required to meet proposed discharge to surface water permit conditions 

Treated water is recharged to the ground water via recharge basins 

Treated water is discharge to the surface water via direct outfall 

Treated water is discharged both to surface water via direct outfall and ground water via recharge basins 



TABLE ES-2 
COMPARlSON AMONG GROUND WATER ALTERNATlVES 

SH I ELDALLOY METALLURGICAL CORPORATION 
SHORT-TERM EFFECTWEN ESS 

Page 1 of 2 

ACTION D ESCRl P I  ON 

No action 

Continuation of Existing Actions 

Modified Ground Water Restoration 
Extraction : 

Option E l  - Existing Extraction System 

Option E2 - Modifled Extraction System 

Organic Treatment: 
Option T2 - Air Stripping 

Option T3 - Carbon Adsorption 

Option T4 - W Oxidation 

Inorganic Treatment: 
Option T6 - Coagulation and Flocculation 

Option l7 - Membrane Microfiltration 

Option T8 - Electrochemical 

No remedial activities conducted; Therefore, no short-term risks result; Remedial response objectives not achieved 

Utilizes existing treatment system; Therefore, no short-term risks result 

Minimal short-term risks; Achieves remedial response objectives in shortest time frame 

Requires minimal construction activities; Utilizes existing extraction wells and piping sytems; Therefore, no slgnfflcant 
short-term risks associated with implementation 

Requires construction of additional extraction wells and installation of additional piping; Short-term risks are not expected to 
be significant; Expected to achieve remedial response objectives wlthln a shorter time frame 

No significant short-term risks to the community or remedial workers anticipated; Utilizes an existing on-site treatment 
system; Effective in meeting remedial response objectives 

Minimal short-term risks to community or remedial workers due to enclosed nature of treatment system and regeneration of 
spent carbon units; Treatment units are readily available; Effective in meeting remedial response objectives 

Minimal short-term risks to the community due to destruction of contaminants; Process chemicals may pose short-term risks 
to remedial workers, depending on selected technology vendor; Potential additional risks associated with those W treatment 
technologies which employ ozone in the treatment process; Treatment unit availability Is improving; Effective in meeting 
remedial response objectives 

Minimal short-term risks to the community; Requires handling of inorganic sludge; Treatment system readily avaliable; 
May not be effective in meeting remedial response objectives 

Minimal short-term risks to community or remedial workers; Requires handling of sludge collected on membrane and 
periodic changes of the membrane; Effective in meeting remedial response objectives 

Minimal short-term risks to the community; Requires handling of inorganic sludge and replacement of electrodes in 
electrochemical cells; Effective in meeting remedial response objectives; Supplemental treatment technologies equally effective 
in the short-term although ion exchange and electrochemical treatment are most easilylmplemented 



TABLE ES-2 
COMPARISON AMONG GROUND WATER ALTERNATIVES 

SHIELDALLOY METALLW RGICAL CORPORATION 
SHORT-TERM EFFECTIVENESS 

Page 2 of 2 

ACTION DESCRIPTION 

Discharge 
Option D1 - Ground Water 

Option D2 - Surface Water 

Minimal short-term risks to remedial workers, community and environment when combined wlth treatment; Requkes 
construction of recharge system 

Minimal short-term risks to remedial workers, community and environment when combined wlth treatment; Vety easy to 
implement based on presence of existing discharge system 

Option D3 - Combined Discharge to Minimal short-term risks to remedial workers, community and environment when combined with treatment; Requkes 
construction of recharge system and use of existing swface water discharge system Surface Water and Ground Water . 
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TABLE ES-3 

COMPARISON AMONG GROUND WATER ALTERNATIVES 

SHI ELDALLOY METALLU RGlCAL CORPORATION 
LONG-TERM EFFECTIVENESS AND PERMANENCE 

Page 1 of 2 

ACTION DESCRIPTION 

No action 

Continuation of Existina Actions 

Modified Ground Water Restoration 
Extraction: 

Option E l  - Existing Extraction System 

Option E2 - ModHied Extraction System 

Organic Treatment: 
Option T2 - Air Stripping 

Option T3 - Carbon Adsorption 

Option T4 - UV Oxidation 

Inorganic Treatment: 
Option T6 - Coagulation and Flocculation 

Option T7 - Membrane Microfiltration 

Option T8 - Electrochemical 

Existing she -related risks remain; Does not prevent contaminated ground water migration; Requires a five-year review 

Existing system effective In mhimizing the majority of contaminant migration beyond the Identified plume area; Requires off-site 
disposal of brine solution and filter cake sludge, and long-term ground water monitoring; Exposures limited through existence of 
well restriction area 

Optimizes operation of ground water restoration program; Operation and maintenance requirements depend on selected options 

Effective in implementing Increased extraction rate but does not provide capture of contamination near potential source area(s) 

Provides greater control over contaminant plume; Removes contaminants closer to the potential contaminant source area(s) 

Effective in treating organic contaminants of concern from the wastestream; Requires minimal long-term maintenance of air 
stripper 

Effective in treating both chlorinated and aromatic contaminants; Contaminants destroyed through thermal treatment; Requires 
periodic removal and regeneration of spent carbon 

Effective in treating organic contaminants of concern; Contaminants destroyed by treatment process; Requires replacement 
of UV lamps and provision of hydrogen peroxide 

May not be effective in treating colloidal contaminants, as indicated by preliminary testing; Requires hazardous waste 
characterization and disposal of residual sludge; Must be combhed with ion exchange 

Effective in treating inorganic contaminants; Requires hazardous waste characterization and disposal of residual sludge, and 
replacement of membrane; Must be combhed with ion exchange 

Effective in treating inorganic contaminants; Requires hazardous waste characterization and disposal of residual sludge; 
Provides greatest degree In contaminant reduction (based on treatability studies); With supplemental treatment, such as ion 
exchange, or by modifyhg the electrochemical treatment system, proposed discharge to surface water discharge permit 
conditions are expected to be achievable 



TABLE ES-3 
COMPARISON AMONG GROUND WATER ALTERNATIVES 

SHIELDALLOY METALLU RGlCAL CORPORATION 
LONG-TERM EFFECTIVENESS AND PERMANENCE 

Page 2 of 2 

ACTION DESCRIPTION 

Discharge 
Option D1 - Ground Water Requires long-term maintenance of recharge system3o prevent clogging; Requires regular monitoring d discharge quality 

and of effects of mounding on extraction system 

Option D2 - Surhce Water Requlres mlnimai bg-term maintenance; Requires reguhr monitoring of discharge quality 

Option 03 - Combined Discharge to Requires long-term maintenance of recharge system to prevent clogging of the ground water recharge portion of the 
discharge system; Requires regular monitoring of discharge quality and monitoring of recharge system to determine 
effects of mounding on extraction system 

Surface Water and Ground Water 
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TABLE ES-4 

COMPARISON AMONG GROUND WATER ALTERNATIVES 
IMPLEMENTABILITY 

SH IELDALLOY M ETALLU RGICAL CORPORATION 
Page 1 of 2 

ACTION TECHNICAL FEASlBlllTy ADMINISTRATIVE FEASIBILITY SERVICE & MATERIAL AVAILABILITY 

No action 

Continuation of Existing Actions 

Modified Ground Water Restoration 
Extract ion: 

Option El - Existing Extraction System 

Option E2 - Modified Extraction System 

Organic Treatment: 
Option 72 - Air Stripping 

Option T3 - Carbon Adsorption 

Option T4 - W Oxidation 

Easily implemented; Does not limit 
implementation of future remedial actions 

Easily implemented; System abeady in 
place and operational; Does not limit 
implementation of future remedlal actions 

See option descriptions below 

Easily implemented based on use of 
existing extaction wells and one 
supplemental well; Does not limit 
implementation of future remedlal actions 

Easily implemented but requires 
installation of additional wells; Does not 
limit implementation of future remedlai 
actions 

Easily implemented since the system 
already exists on-site; Expansion of 
system is fairly easy, if necessary 

Easily implemented; Requhes set-up of 
an on-site carbon adsorption unit and 
replacement of carbon on a regular basis; 
Simplicity of unit allows for use of 
multiple units or subsequent additions of 
units, if necessary 

Fairly easily implemented; Requhes 
set-up of an on-site UV oxidation 
system; Requires maintenance of 
chemical supplies and UV lamps 

Requires We-year revlew 

Continuation of current adminlstathre 
requirements 

See option descriptions below 

Continuation of current admlnlstative 
requirements; Requires well 
installation permit 

Requires well installation permits 

Administrative feasibility good based 
on system's historic use at site 

Requires compliance with 
requirements of a treatment warks 
permit 

Requires compliance with 
requirements of a treatment works 
perms 

No equipment requlred except for five-year 
ground water monitoring event 

Current suppliers of operation and 
maintenance equipment readily available 

See optron descriptions below 

Suppliers of equlpment and m l c e s  are 
readily available 

Suppliers of equipment and services are 
readily available 

Suppliers of equlpment and services are 
readily available 

Requires regeneration of spent carbon; 
Suppliers of equipment and swvices 
are readily available 

Although prevlously considered an 
innovative technology, suppliers of 
equlpment and services are becoming m e  
readily available 



TABLE ES-4 
COMPARISON AMONG GROUND WATER ALTERNATIVES 

IMPLEMENTABI LlTY 
SHI ELDALLOY METALLU RGlCAL CORPORATION 

Page 2 of 2 

ACTION TECHNICAL FEASIBILITY ADMINISTRATIVE FEASIBILITY SERVICE & MATERIAL AVAILABILITY 

lnorgan ic Treatrnen t: 
Option T6 - Coagulation and Flocculation 

Option l7 - Membrane Microfiltration 

Option T8 - Electrochemical 

Discharge 
Option D1 - Ground Water 

Option D2 - Surface Water 

Option D3 - Combined Discharge to 
Surface Water and Ground Water 

Fairly easily implemented; Start-up could 
result in technical problems based on 
preliminary testing; Requires maintenance 
of chemical supplies and sludge disposal 

Fairly easily implemented; Does not limit 
implementation of future remedial actions; 
Requires construction of additional 
on-site facility 

Fairly easily Implemented, although 
construction of an additional on-site 
facility is required; Does not limit 
Implementation of future remedial actions; 
Ion exchange or modification of 
electrochemical system are fairly easily 
implemented as supplemental treatment 
technology, if required 

Requires construction of an extensive 
recharge system 

Easily implemented since current system 
discharges to surface water 

Requires construction of an extensive 
recharge system 

Requires compllance with 
requirements of a treatment works 
permit 

Requires compliance with 
requirements of a treatment works 
permit 

Requires compliance with 
requirements of a treatment works 
permit 

Requires compliance with discharge to 
ground water permit 

Requires compliance with surface 
water discharge criteria 

Requires compliance with discharge to 
ground water permit and surface water 
discharge criteria 

Requires disposal of residual sludge; 
Suppliers of equipment and services are 
readily available 

Requires disposal of residual sludge and 
replacement of membrane; Suppliers of 
equipment and services are fairly readily 
available 

Requires maintenance of electrochemical 
cells, chemical supplies, and sludge handling; 
Suppliers of equipment and services limited 
due to innwathre nature of treatment option; 
Availability of ion exchange suppliers for 
supplemental treatment is good 

Suppliers of equipment and services are 
readily available 

Suppliers of equipment are readily available 

Suppliers of equipment and services are 
readily available 



TABLE ES-5 
COMPARISON AMONG GROUND WATER ALTERNATlVES 

SHIELDALLOY METALLURGICAL CORPORATION 
REDUCTION OF TOXICITY 0, MOBILITY (M), OR VOLUME THROUGH TREATMENT 

Page 1 of 2 

ACTION DESCRIPTION 

No action 

Continuation of Existinn Actions 

Modified Ground Water Restoration 
Extraction : 

Option E l  --Existing Extraction System 

Option E2 - Modified Extraction System 

Organic Treatment: 
Option T2 - Air Stripping 

Option T3 - Carbon Adsorption 

Option T4 - UV Oxidation 

Inorganic Treatment: 
Option T6 - Coagulation and Flocculation 

Option l7 - Membrane Microfiltration 

Option T8 - Electrochemical 

No reductions of T,M or V of contaminated ground water; Potential risk of downgradient migration if existing system 
is shutdown 

Reductions of T,M or V of contaminated ground water; Residual brine and sludge produced; May not effecthrely capture all 
identified ground water contamination 

Reductions of T, M, or V of contaminated ground water; Most effectlve in capturing contaminated ground water 

M of contaminated ground water reduced through increased pumping using current extraction system and supplemental 
extraction well; T and V of contaminated ground water not reduced 

M of contaminated ground water reduced through increased pumplng of a revised extraction system designed to optimize 
contaminant capture; T of contaminated ground water not reduced; V of contaminated ground water potentially reduced over 
long-term due to extraction near to potential source area(s) 

Reduces T of organic ground water contaminants through transfer of contaminants from aqueous to vapor phase; 
Contaminants undergo additional natural breakdown in atmosphere 

Reduces T of organic ground water contaminants through adsorption of contaminants onto carbon and susequent destruction 
using thermal processes 

Reduces T of organic ground water contaminants through oxidatlon processes without procluction of contaminant residuals 

Initial studies indicate this option may not be effecthre in reducing T of inorganic ground water contamination; Residual sludge 
procluced; Would have to be combined with current ion exchange treatmsnt system 

Reduces T of undissolved inorganic ground water contamlnation; Would have to be combined with current ion exchange 
treatment system; Residual sludge produced 

Reduces T of Inorganic ground water contamhation; Residual sludge produced; Provides greatest degree of inorganic 
removal from ground water; if required to meet proposed discharge to surface water permit conditions, supplemental - 
treatment such as ion exchange or modiflcation of the electrochemical treatment system*couid provide even greater inorganic 
removals 
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SH IELDALLOY M ETALLU RGlC AL CORPORATION 
Page 2 of 2 

ACT1 ON DESCRIPTION 

Discharge 
Option Dl  - Ground Water No significant effect on T a V of contaminated ground water; Rechargedwater could enhance the extraction system and 

minimize contaminant migration 

Option D2 - Surface Water No significant effect on T, M or V of contaminated ground water 

Option D3 - Combined Discharge to No significant effect on T 01 V of contaminated ground water; Recharge to ground water could enhance the extraction system 
and minimize contaminant migration Surface Water and Ground Water 



TABLE ES-6 
COMPARISON AMONG GROUND WATER ALTERNATIVES 

COMPLIANCE WITH ARARs 
SH IELDALLOY METALLU RGlCAL CORPORATION 

ACTION CHEMICAL-SPECIFIC LOCATION-SPECIFIC ACTION-SPECIFIC 

AMs/TBCs not attained for ground water No construction required; not 
applicable 

Remedial action undertaken; not 
applicable 

No action 

Continuation of Existing Actions Existing extraction and treatment system 
may not achieve ground water quality 
A M s  or discharge requirements 

No construction required; not 
applicable 

Must comply with requirements of a 
New Jersey treatment works permit 
and RCRA hazardous waste transport 
and treatment regulations 

ARARs/TBCs expected to be attained for 
ground water contaminants and treated 
water discharge 

Construction activities required to 
comply with floodplain, wetlands, and 
farmland protection requirements 

See options below for specific 
requirements 

Modified Ground Water Restoration 

Extraction : 
Option E l  - Existing Extraction System Provides for extraction of most ground 

water with contaminant levels which 
exceed ARARs 

Construction of additional ground 
water extraction well must comply with 
floodpiah, wetlands, and farmland 
protection requirements 

Must cornply with ground water 
allocation regulations 

Option E2 - Modified Extraction System Most effectbe in extracting ground water 
with contaminant levels which exceed 
A M s  closest to potential source area(s) 

Construction of additional ground 
water extraction wells must comply with 
floodpiah, wetlands, and farmland 
protection requirements 

Must comply with well installation and 
ground water allocation regulations 

Organic Treatment: 
Option T2 - Air Stripping Discharge to surface water TBCs attained 

for volatile orgmlc contaniinants of 
concern 

Using existing on-site treatment 
system; therefore, not applicable 

Must comply with requirements of a 
New Jersey treatment works permit 
and air pollution discharge regulations 

Option T3 - Carbon Adsorption Discharge to surface water TBCs attained 
for volatile organic contaminants of 
concern 

Construction of on-site treatment 
system may be required to comply with 
fioodplah and wetland requirements 

Must comply with requirements of a 
New Jersey treatment works permit 
and RCRA hazardous waste transport 
and treatment regulations 

Option T4 - W Oxidation Dlscharge to surface water lBCs attained 
for volatile organic contaminants of 
concern 

Construction of on-site treatment 
system may be required to comply with 
floodpiah and wetland requirements 

Must comply with requirements of a 
New Jersey treatment works permit- 

* 
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COMPARISON AMONG GROUND WATER ATERNATIVES 
COMPLIANCE WITH ARARs 
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ACTION CHEMICAL-SPECIFIC LOCATION-SPECIFIC ACTION-SPECIFIC 

Inorganic Treatment: 
Option T6 - Coagulation and Flocculation 

Option l7 - Membrane Microfiltration 

Option T8 - Electrochemical 

Discharge 
Option D1 - Ground Water 

Option D2 - Surface Water 

Option 03 - Combined Discharge to 
Surface Water and Ground Water 

Discharge to surface water TBCs are not 
expected to be attainable for inorganic 
contaminants of concem based on 
preliminary testing 

With additional ion exchange, discharge 
to surface water TBCs may be obtainable 
but treatability study testing would be 
required 

Discharge to surface water Tf3Cs may be 
attained for inorganic contaminants of 
concem based on initial testing; 
modification of the electrochemical 
treatment system or provision of 
supplemental ion exchange may be 
required to consistently meet discharge 
requirements 

Dependent on treatment system and 
requirements of discharge to ground 
water permit 

Dependent on treatment system and 
requirements of discharge to surface 
water permit 

Dependent on treatment system and 
requitements of discharge to ground 
water and discharge to surface water 
permits 

Construction of on-site treatment 
system may be required to comply with 
floodplah and wetland requirements 

Construction of on-site treatment 
system may be required to comply with 
fioadplah and wetland requirements 

Construction of on-site treatment 
system may be required to comply with 
floodplah and wetland requirements 

Construction of recharge system 
must comply with floodplain, wetlands, 
and farmland protection requirements 

Operation of discharge system 
must comply with floodplain, wetlands 
and farmland protection requirements 

Construction of recharge system 
must comply with floodplain, wetlands, 
and farmland protection requirements 

Must comply with requirements of a 
New Jersey treatment works permit 
and hazardous waste characterization, 
transport and treatment regulations 

Must comply with requirements of a 
New Jersey treatment works permit 
and hazardous waste characterization, 
transport and treatment regulations 

Must comply with requirements of a 
New Jersey treatment works permit 
and hazardous waste characterization, 
transport and treatment regulations 

Must comply with requirements of 
discharge to ground water permit. 

Must comply with requirements of 
discharge to surface water permit 

Must comply with requirements of 
discharge to ground water and 
discharge to surface water permb 
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ACTION DESCRIPTION 

No action 

Continuation of Existing Actions 

Modified Ground Water Restoration 

Extraction : 
Option E l  - Existing Extraction System 

Option E2 - Modified Extraction System 

Organic Treatment: 
Option T2 - Air Stripping 

Option T3 - Carbon Adsorption 

Option T4 - W Oxidation 

Inorganic Treatment: 
Option T6 - Coagulation and Flocculation 

Option l7 - Membrane Microfiltration 

Least protective aitemathre; Risk of additional downgradient contamination exists if current treatment system is shut down 

Provides a degree of long-term protection of human health and the environment; Partially addresses potential risks associated 
with existing ground water contamination through ground water extraction and treatment 

Provides the greatest degree of long-term protection of human health and the environment through the optimization of the 
ground water extraction and treatment system 

Protective of human health and the environment through ground water containment and extraction; May not provide efficient 
capture of ail contaminated ground water 

Protective of human health and the environment through ground water containment and extraction; Maximizes capture of 
contaminated ground water through modMcatlon of existhg 'extraction system; Provides for extraction of contaminated ground 
water closer to potential source area(s) 

Effective in long-term and short-term; Expected to meet chemical-specific discharge to surface water TBCs for VOCs; 
Contaminants are transferred from the aqueous phase to the vapor phase where they undergo natural attenuation 

Effective in long-term and short-term; Expected to meet chemical-specific discharge to surface water TBCs for VOCs; 
Contaminants are thermally destroyed off-site 

Effective in long-term and short-term; Expected to meet chemical-specific discharge to surface water TBCs forVOCs; 
Contaminants are chemically destroyed 

Expected to provide some degree of protection of human health and the environment; Not expected to achieve discharge to 
surface water TBCs for inorganic compounds of concern; Sludge residual disposed of off-site 

Effective in long-term and short-term when combined with current ion exchange system; Expected to meet chemicai- 
specific discharge to surface water TBCs for inorganlcs; Sludge residual disposed of off=site 
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ACTION DESCRIPTION 

Inorganic Treatment (Cont): 
Option T8 - Electrochemical 

Discharge 
Option D1 - Ground Water 

Option D2 - Surface Water 

Option D3 - Combined Discharge to 
Surface Water and Ground Water 

Effecthre in long-term and short-term; Expected to meet chemical specMc discharge to surface water TBCs for inorganics, 
especially with the provision of supplemental lon exchange treatment, may possibly treat organlc contaminants of concern; 
Sludge residual disposed of off-site 

Protective of human health and the environment, provided treatment system meets discharge criteria; Provides added element 
of hydraulic control; Potential for significant mahtenance requirements 

Protective of human health and the environment, provided treatment system meets discharge criteria; Easily implemented with 
minimal maintenance required 

Protective of human health and the environment, provlded treatment system meets discharge criteria; Provides an added 
element of hydraulic control; May require added maintenance 



TABLE ES-8 
COMPARISON AMONG GROUND WATER ALTERNATIVES 

COST 
SHIELDALLOY METALLURGICAL CORPORATION 

ACTION 
TOTAL" 

HI  
TOTAL ANNUAL PRESENT WORTH 

PRESENT WORTH CAPITAL COST O&M COST O&M COST 

No Action 

Continuation of Existing Actions 

Modified Ground Water Restoration 

Extraction: 
Option E l  - Existing Extraction System 
Option E2 - Modified Extraction System 

Organic Treatment: 
Option T2 - Air Stripping 
Option T3 - Carbon Adsorption 
Option T4 - UV Oxidation 

Inorganic Treatment: 

Option T6 - Coagulation and Flocculation 
BI 

Option T7 - Membrane Microfiltration 

Option T8 - Electrochemical 

M 

14) 

Supplemental Ion Exchange Polishing 
Modification of Electrochemical Treatment 

Discharge: 
Option D1 - Ground Water 
Option D2 - Surface Water 
Option D3 - Combination of Qround 

Water and Surface Water 

- 
- 

$25,000 
$106,000 

$23,000 
$290,000 
$860,000 

$1 40,000 

$730,000 
$1,500,000 

$1 50,000 
$1 00,000 

$240,000 

$240,000 
- 

- 
$1,300,000 

$27,000 
$27,000 

$1 4,000 
$100,000 
$400,000 

$2,300,000 

$1,600,000 
$500,000 

$500 ,00  

$140,000 

$220 ,oo 0 
$210,000 
$250,000 

$40,000 

$5,600,000 

$1 10,000 
$1 10,000 

$59,000 

$1,700,000 
$440,000 

$10,000,000 

$6,800,000 
$2,200,000 

$2,200,000 
$600,000 

$900,000 
$900,000 

$1,100,000 

$48,000 

$6,700,000 

$170,000 
$260,000 

$98,000 
$880,000 

$3,100,000 

$1 2,000,000 

$9,000,000 
$4,400,000 

$2,800,000 
$840,000 

$1,400,000 

$1,600,000 
$1 ,I 00,000 

~ ~ 

(1) Based on 5% discount rate 
(2) includes 20% contingency on ail components 
(3) includes ion exchange 
(4) Costs presented for Supplemental ion Exchange Polishing include capital costs associated with repiplng of the treatment system and resin replacement and estimated 

operational costs associated with brine disposal 
Costs presented for Modification of the Electrochemical Treatment System include capital costs for additional filtration and annud O&M.costs for filtration and addltional 
sludge disposal 
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1.0 INTRODUCTION 

TRC Environmental Corporation (TRC) is conducting a Remedial Investigation/ . 
i/ Feasibility Study (RIIFS) at the Shieldalloy Metallurgical Corporation (SMC) 

facility, located in Newfield, New Jersey. The investigation of the site is 

being conducted in accordance with the requirements of the Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA), as amended 

by the Superfund Amendments and Reauthorization Act (SARA). The study is 

being performed for SMC as required under a New Jersey Department of 

Environmental Protection and Energy (NJDEPE) Administrative Consent Order 

(ACO), dated October 5, 1988. Cited in the ACO are the following New Jersey 

statutes: the Water Pollution Control Act, N.J.A.C. 58:lOA-1 et seq., the 
J 

Spill Compensation and Control Act, N.J.A.C. 58:lO-23.11 et seq., and the 

Solid Waste Management Act, N.J.A.C. 13:lE-1 et seq. 

A Remedial Investigation (RI) was conducted at the SMC facility to 

investigate the physical characteristics of the site, as well as to identify 

potential sources of contamination, determine the nature and extent of 
iJ 

contamination and characterize potential health risks and environmental 

impacts. In order to accomplish the goals and objectives of the RI, 

environmental site investigations were conducted. Detailed site background 

information and the findings of the investigations were presented in a report 

entitled Remedial Investigation Technical Report (TRC, 1992a). 

The Feasibility Study (FS) portion of the RI/FS is being performed in two 

phases. The first phase, preparation of a Focused Feasibility Study (FFS) 

addressing contaminated ground water at and emanating from the site, is 

presented herein. The purpose of this report is to identify and evaluate 

alternatives for mitigating ground water contamination, thereby minimizing 

potential impacts on human health and the environment. It has been prepared 
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in accordance with NJDEPE's Conditional Approval of a Feasibility Study Work 

Plan (TRC, 1992b). By evaluating remedial solutions selected from a range of 

technologies available for ground water remediation, a response can be 

formulated which is technically feasible, protects public health and the 

environment, is cost-effective, and is consistent with applicable or relevant 

environmental standards. Other contaminated media at the SMC site will be 

addressed in the second phase of FS activities. 

The Feasibility Study process was formulated by the U.S. EPA to properly 

implement CERCLA. The National Oil and Hazardous Substances Pollution 

Contingency Plan (NCP, 40 CFR Part 300) establishes the framework for 

performing the Feasibility Study. Further definition of the FS process is 

outlined in the Guidance for Conducting Remedial Investigations and 

Feasibility Studies under CERCLA (USEPA, Interim Final, October 1988). 

Figure 1-1 provides a summary of the approach used to formulate an 

appropriate remedial response for ground water at SMC. The FFS report 

incorporates this approach into the following report format: 

Section Description of Contents 

1 Introduction/Background Information 
2 

3 
4 
5 Detailed Analysis of Alternatives 
6 References 

Assessment of Applicable or Relevant and 

Identification and Screening of Technologies 
Development and Screening of Alternatives 

Appropriate Requirements (ARARs) 

It should be noted that, while this report has been written to equally 

evaluate all components of ground water remedial alternatives, one of the 

ground water treatment options evaluated herein, electrochemical treatment, 

has been implemented at the SMC facility in order to comply with the 

requirements of a 1988 Administrative Consent Order (ACO). These requirements 
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included the continuous operation of a 400 gallon per minute treatment system 

for 24 hours per day, 7 days per week, as an interim remedial measure. An - 
existing treatment system, as described later in this report, was not capable 

of achieving these requirements. Therefore, SMC evaluated remedial options 

and selected the electrochemical treatment technology as providing the most 

efficient means of treatment while protecting human health and the 

environment. The evaluation process for the various inorganic treatment ' 

alternatives presented herein reflects the evaluation process which was 

conducted prior to the implementation of the electrochemical treatment 

system. The evaluation process presented for the other remedial alternatives 

and options, including ground water extraction, organic treatment and 

discharge options (and the evaluation of the use of supplemental treatment 

technologies to meet draft discharge to surface water permit conditions), is 

based on current conditions. 

The electrochemical treatment system has been in operation since October 

1992. It has been effective in the treatment of the chromium contamination 

within the ground water, achieving significantly lower effluent levels than 

were achievable using the previously existing treatment system. 
I I  

1.1 Site Location and Description 

The SMC facility consists of approximately 67 .5  acres. The manufacturing 

facilities and support areas are located on approximately 60 acres in 

Newfield, New Jersey, within Gloucester County. SMC also owns 7.5 acres of 

farmlands southwest of the main facility, in Vineland, New Jersey, within 

Cumberland County. This 7.5 acre parcel is located approximately 2,000 feet 

southwest of the 60 acre parcel. A site location map is provided in 

Figure 1-2. 
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The SMC Newfield property is bounded by a Conrail rail line to the west 

and to the north. Wooded areas, residences, and small businesses are located , 

east of the site. The Hudson Branch, a tributary to Burnt Mill Branch and the 

Maurice River, flows along the southern portion of the site, just north of 

residences located along Weymouth Road. A large portion of the site is 

enclosed by a 10-foot steel-wire fence. A detailed site map showing site 

boundaries and cultural features is presented in Figure 1-3. 

The SMC facility can be described as consisting of four areas of 

interest. These areas, summarized in Table 1-1 and delineated in Figure 1-4, 

are described below. 

Manufacturing Area - This area is currently characterized by the plant 

operations, offices, loading docks, etc. For the most part, this area is 

covered with buildings, and asphalt or concrete pavement. Specific areas 

located within the Manufacturing Area include the location of the Former 

Manpro-Vibra Degreasing Unit, which was used to remove dirt, fines and grease 

from manufactured metals and operated from 1965 to 1967. Trichloroethene was 

the primary degreasing compound used in the unit. Other areas include the 

Underground Storage Tank Area; the Railroad Siding Area (located to the north 

of the Manufacturing Area); the Department 106 Area; and the Department 102 

Area. 

I 

The Manufacturing Area also includes the Wastewater Treatment Facility, 

housed in Building 216, which is used to treat wastewater containing 

hexavalent chromium. The wastewater is generated through the operation of a 

series of five ground water extraction wells (wells identified as Layne, W9, 

RW6S. RW6D, and RIW2). Well locations are provided in Figure 1-5. The 

treatment system consists of a 400 gallon per minute (gpm) ion exchange unit 

with both cation and anion treatment system components. The cation treatment 
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system operates as a hydrogen cycle strong acid cation exchanger. In the 

adsorption column, trivalent chromium and other cations such as sodium, ’ 

‘4 calcium, and magnesium are removed from the water. The spent resin is 

’ regenerated within an elution column using sulfuric acid. A similar anion 

treatment train is interlocked with the cation train. The treatment system is 

described in detail in the August 1988 Treatment Works Application. Because 

the extracted ground water also contains volatile organic compounds (VOCs), an 

air stripper is used to supplement the ion exchange process and treat the 

VOCs. Discharge from the treatment facility is to the Hudson Branch tributary 

of the Maurice River, and has historically been regulated under NJPDES permit 

NJ0004103. 

Undeveloped Plant Property - This area is located along the southern plant 
property boundary and includes areas east of and adjacent to the Manufacturing 

Area. This area does not contain manufacturing buildings or offices. An area 

of interest within the Undeveloped Plant Property is the Tank T12 Chromium 

Wastewater Spill Area, the site of a 1990 spill of chromium wastewater. 
‘u 

By-product Storaqe Area - The By-product Storage Area is located in the 
eastern portion of the site. This area is used to store by-product materials 

generated as a result of the manufacturing processes. The area overlaps with 

an area referred to as the NRC (controlled) area. Due to the presence of 

naturally occurring thorium and uranium in the raw material which SMC uses for  

ferro-columbium, portions of the SMC facility are subject to regulation by the 

Nuclear Regulatory Commission (NRC). The NRC (controlled) area is an area 

where slags and dusts generated during processing and containing low levels of 

radioactive isotopes are stored, as permitted by NRC license. 

Lagoon Area - This area, referenced on Figure 1-4 as the Leachate and 

By-product Storage Area, consists of nine lagoons located in the central 
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portion of the facility. An unlined lagoon was used to hold untreated 

wastewaters during the 1960's and was replaced in 1971 by lined lagoons which . 

received treated wastewater. 

1.2 Site History 

SMC (formerly Shieldalloy Corporation) has been operating at the Newfield 

facility since 1955, processing ores and minerals to produce primary metals, * 

specialty metals and ferroalloys. The principal production processes include 

aluminothemic and reduction smelting of ores which produce purified metal, 

slag and various other by-products , co-products or other materials. Raw 

materials currently used at the facility contain the following metals: 

manganese, nickel, bismuth, iron, vanadium, chromium, titanium, silicon, 

copper, zirconium, magnesium, aluminum, lead and oxides of columbium 

(niobium), vanadium, barium, calcium, aluminum and fluoride salts. 

In the past, boron, strontium metal, steel and oxides of chromium were 

used at the facility. Past production processes include: chromium oxide and 

chromium metal production, ferrovanadium production, ferrocolumbium and 

columbium nickel production. A titanium metal degreasing operation was 

operated from 1965 to 1967. As a result of present and past manufacturing 

processes, the facility has generated slag, dross, baghouse dust, and 

wastewaters. A more detailed description of historic site operations is 

presented in the Remedial Investigation Technical Report (TRC, 1992a). 

1.3 Previous Investigations 

Previous investigations focusing on ground water contamination, 

particularly with respect to chromium and volatile organic compounds, have 

been conducted at the facility. The first study was conducted in 1972 by Roy 
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F. Weston, in response to the detection of hexavalent chromium in a newly 

installed Newfield municipal supply well (see Figure 1-3 for  the former well ' 

location). The well was drilled to a depth of 206 feet, and screened from 129 

to 149 feet. The well, which was never used to supply water to the Newfield 

u 

water supply system, was sealed in the early 1970s. TRC was unable to 

identify historical data on specific contaminant concentrations for the 

municipal well. Twelve jetted well points (wells A through L) and one well * 

(the Layne well) were installed as part of the Roy F. Weston study. The Layne 

well has been used for ground water extraction since 1979. Well locations 

which were still existing at the time of the Remedial Investigation are 

indicated in Figure 1-5. 

In 1973, Woodward-Moorehouse Associates, Inc. conducted an investigation 

of ground water and surface water quality. The installation of "W" series 

wells (see Figure 1-5), which are screened in the shallow and deep portions of 

the Cohansey Sand, was completed during this study. Two of the wells were 

installed off-site. The "initial well cluster", which consisted of five wells 

each completed at a different depth in the aquifer (wells IWC-1 through IWC-5, 

see Figure 1-5), was also installed at this time. Ground water extraction and 

treatment (ion exchange) for the removal of hexavalent and trivalent chromium 

was initiated in 1979. 

In 1983, Dan Raviv Associates, Inc. (DRAI) reviewed available data and 

initiated a more intensive ground water monitoring program. Fourteen wells, 

including shallow and deep off-site wells and a replacement irrigation well, 

were installed during this study. Sampling of domestic wells, the Hudson 

Branch and on-site lagoons was also conducted at this time. The analytical 

scope was expanded to include such parameters as sodium, pH, sulfate and 

volatile organic compounds (VOCs). In September 1984, NJDEPE and SMC entered 
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into an Administrative Consent Order (ACO) which required SMC to conduct a 

Feasibility Study for remediation of the ground water contamination and to . 

continue the ground water remediation program. In January 1988, DRAI 

completed an evaluation of Ground Water Remediation Alternatives (DRAI, 

1988a), in accordance with the 1984 ACO, which considered the effectiveness of 

the existing pump and treat system and presented alternatives for improvement 

of the remedial system. The study included the application of the USGS 

MODFLOW ground water flow model to the site conditions to determine the effect 

of pumping from different well configurations. As a result of this study, an 

increase in the ground water extraction and treatment rate from 80 gallons per 

minute (gpm), 13 to 16 hours per day, 5 days per week, to 400 gpm, 24 hours 

per day, 7 days per week was recommended to minimize contaminant migration and 

ensure timely removal of the contamination. 

In October 1988, NJDEPE and SMC entered into a second ACO. SMC was 

required to initiate operation of a 400 gpm ground water remediation system as I an interim remedial measure and to conduct a comprehensive RI/FS. Four -_ 

additional ground water extraction wells (W9, RW6S, RW6D and RIW2) were 

installed both within the boundaries of the SMC facility and to the southwest 

of the facility to supplement the existing extraction well (Layne) in 

capturing and preventing further downgradient migration of contaminated ground 

water. The ground water extracted from these recovery wells was treated 

within a new on-site ion exchange treatment system designed to treat 400 gpm, 

with operation of the new pump and treat system commencing in 1989. 

The design pumping schedule included continuous pumping from the five 

previously referenced extraction wells. However, because of unforeseen 

operational difficulties, the effectiveness of the ion exchange system in 

treating the ground water at a 400 gpm rate was variable. The system could 
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not operate in a continuous treatment mode so the ion exchange columns 

operated in a fixed-bed mode.' requiring periodic shutdowns (every 1 to 2 days) * 

L l  for regeneration, a process which requires approximately 5 to 6 hours per 

regeneration cycle. While evaluating the operation of the treatment system, 

ground water was extracted at the highest rate at which it could be treated 

effectively, with an emphasis on controlling the leading edge of the plume in 

both the shallow and deep portions of the aquifer. rn January 1991, DRAI 

completed an Evaluation of Ground Water Pumping Effectiveness in response to 

the request of NJDEPE, due to the variation between the actual pumping 

schedule and the design pumping schedule. At the time of preparation of the 

January 1991 report, ground water was regularly being extracted at a rate of 

120 gpm from shallow well RIW2 and at 80 gpm from a deep well, either RW6D or 

W9. The study concluded that the interim pumping schedule was effective in 

controlling the toe of the hexavalent chromium plume in the shallow portion of 

the aquifer but additional pumping was necessary to control the hexavalent 

chromium plume in the deep portion of the aquifer, Modifications to the 

pumping schedule were recommended. 

e 

Under the 1988 ACO, the performance of a comprehensive RI/FS was 

required. Field investigations began in October 1990, following the 

preparation of an RI Work Plan (TRC, 1990) and are described in more detail 

below. 

1.4 Site Investigation Summary 

The Remedial Investigation of the SMC site was designed to characterize 

potential sources of environmental contamination at the site, determine the 

nature, type and physical states of contamination, determine the horizontal 

and vertical extent of contamination, identify potential contaminant migration 
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pathways, determine the impact of contaminants on human health and the 

environment, and collect information necessary to support the evaluation of I 

remedial technologies potentially applicable to the site. 

The RI program was structured to investigate specific areas of former 

plant processes and associated materials storage areas, including those areas 

previously identified in Section 1.1 and listed in Table 1-1. 

The scope of the Remedial Investigation was extensive, including but not * 

limited to the following activities: surface soil sampling; surface water and 

sediment sampling; test pit sampling; soil boring sampling; monitoring well 

installation; and ground water sampling. Because this FFS considers the 

remediation of contaminated ground water only, ground water investigation 

activities will be described in more detail than other site investigation 

activities. A detailed description of all RI activities can be found in the 

Remedial Investigation Technical Report (TRC, 1992a). 

I The hydrologic investigation portion of the RI was conducted in order to 

identify geologic and hydrogeologic conditions, characterize ground water 

quality, and define the nature and extent of contamination. Specifically, 

nineteen ground water monitoring wells’ were installed at fourteen locations, 

and included twelve shallow wells and seven deep wells. The locations of 

existing wells and wells installed during the RI are shown in Figure 1-5. 

Well construction information for existing wells is provided in Table 1-2 

while information on wells installed during the RI is provided in Table 1-3. 

Ground water samples were collected for laboratory analysis from on-site and 

off-site newly installed and existing monitoring wells during two separate 

monitoring events. Fifty-one (51) wells were sampled during the first 

sampling event (December 1990) and thirty-seven (37) wells were sampled during 

the second sampling event (April 1991). 
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Since the preparation of the RI Report, additional ground water monitoring 

activities have been conducted at the SMC facility, including the installation ' 

W' of additional monitoring wells, replacement of existing monitoring wells and 

closure of certain wells. The following wells have been replaced with their 

replacement well designations noted: SC2D by SCZD(R), SC3D by SC3D(R) and 

SCllS by SCllS(R). Well W2 was replaced with a shallow well, W2(R). 

Additional wells installed include wells SC2OD, SC25S, and SC26D. These * 

replacement well and new well locations are shown in Figure 1-5. It should be 

noted that other Section 1 and Section 3 figures present data (.ground water 

elevations or chemical data) collected during the RI and therefore show only 

those wells which existed at the time the RI was conducted. Well logs fo r  the 

newly installed and replacement wells are presented in Appendix D. Several 

existing old wells have been closed or are scheduled for closure in the near 

future. They include wells C, E, GlS, G2D, H, I, W3S, DW2, and DW4. Well D 

is scheduled for closure in the immediate future. Regular ground water 

sampling and analysis (monthly, quarterly and annually) are conducted to 

monitor the toe and perimeter of the chromium and volatile organic plumes. 

ij 

1.5 Geology, Hydroloqy and Hydrogeology 

1.5.1 Surface Water Hydrology 

The predominant surface water body at the SMC facility is the Hudson 

Branch. The Hudson Branch is a tributary of Burnt Mill Branch, in the Maurice 

River Basin. The Hudson Branch originates at the southeast corner of the SMC 

property, borders the southern site boundary and flows east to west. The 

waters of the stream are supplied by a combination of discharging ground water 

and storm water. It is primarily a gaining stream (obtains base water flow 

from ground water) and, therefore at its headwaters, the  Hudson Branch is an 
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intermittent stream due to seasonal fluctuations in the ground water table 

elevation (the water table falls approximately two feet from late summer . 
through mid-winter). I During major storm events, the Hudson Branch can locally 

transform into a losing stream and, as a result, the ground water in the 

vicinity of Hudson Branch may become mounded. 

While the National Wetland Inventory Map identifies no wetlands on-site, a 

wetland area in association with the Hudson Branch is identified to the south * 

of the site (TRC, 1992~). A wetlands delineation will be conducted at the 

site. 

SMC has three ( 3 )  outfalls into the Hudson Branch {see Figure 1-3). 

Outfalls 002 and 003 are discharge points for SMC's storm water runoff system, 

while 'the third outfall (001) is permitted and discharges SMC facility water 

into the Hudson Branch. Discharge from Outfall 001 consists of city water 

(non-contact cooling water), treated ground water, and treated and untreated 

I storm water. There is a small pond located near Outfall 001. The pond ranges 

in depth from two to six feet. The Hudson Branch exits the western portion of 

the pond area. 

~ 

1.5.2 Geology 

Regional Geology - The SMC site is located within the New Jersey Coastal 
Plain, which extends from the Delaware Bay in the southwest to the Raritan Bay 

in the northeast, and from the Fall Line in the west to the Atlantic Ocean in 

the east. 

The Coastal Plain is a seaward-dipping wedge of unconsolidated sediments 

that range in age from Cretaceous to Holocene. These sediments are composed 

of clay, silt, sand and gravel and are  classified as continental, coastal, or 

marine-type deposits. 
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The middle to lower Cretaceous sediments are primarily continental 

deposits consisting bf alternating layers of clay, silt, sand and gravel. The ' 

Upper Cretaceous and most Tertiary sediments were deposited in beach and shelf 

environments, and tend to be finer grained than continental deposits. Very 

4 

fine grained sediments are recognized as transgressive marine deposits, which 

formed during major incursions of the sea. Coarsening-upward deposits that 

overlie the fine-grained units are recognized as marine regressions, deposited 

in inner-shelf, near-shore or beach environments as the ocean was retreating. 

Site-Specific Geolocry - Site-specific geologic conditions were defined 

during the RI through monitoring well soil borings. Figure 1-6 shows the 

locations of the three (3) cross sections that were developed on the basis of 

the Remedial Investigations to describe the geology of the SMC site. These 

cross sections are presented in Figures 1-7, 1-8 and 1-9 and are referenced as 

A, B, and C, respectively. Well logs are located in Appendix E of the 

Remedial Investigation Technical Report (TRC, 1992a). Additional information 

was also gathered from the logs of wells installed during previous 

investigations at the site. 

i/ 

A review of the Geologic Map of New Jersey (Lewis and Kummel, 1950) 

indicates that the surficial materials at the site and in the Newfield area 

are comprised of the Quaternary Bridgeton Formation. This formation is 

characterized by gravel and sand that is cemented in some areas by iron 

oxide. The Bridgeton Formation, a Miocene fluvial deposit, reveals itself at 

the SMC site as a brown sand. Its thickness ranges from 0 feet in the 

vicinity of well SC-17D to 2 8  feet in the vicinity of well SC-12D. 

The major subsurface geologic feature identified at the SMC Newfield 

facility is the Cohansey Sand. The Cohansey Sand is composed primarily of 

variegated fine- to coarse-grained sands with some local silt and clay beds. 

'W 
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Grain size varies both vertically and laterally, which is consistent with 

deposition within a coastal environment. Inspection of the geologic boring , 

logs compiled during the RI investigation indicates that,. in general, the 

Cohansey Sand is composed of coarse sands and little to trace silt in the 

upper 40 feet, and finer sand and some silt, with some clay and silt stringers 

in the lower 60 to 80 feet. Prior investigations at the SMC facility reported 

a 20- to 60-foot thick semi-confining layer composed of discontinuous silt and , 

clay lenses separating the Cohansey Sand into upper and lower units. This 

description was based on well logs developed from observations of drill 

cuttings during well construction using mud rotary techniques. As discussed 

in the RI, logging stratigraphy on this basis is difficult because the depth 

of the cutting cannot be determined, the geology can be mis-interpreted (e.g., 

when the drilling mud is thin or drilling encounters a coarse sand layer and 

no cuttings are brought to the surface, the drilling mud could be 

mis-interpreted as a clay layer), and there is no way to determine the 

percentage of silt or to differentiate a silt layer from a clay layer. I 
Based on the typically continuous split-spoon sampling conducted by TRC 

during the RI soil borings, subsurface conditions were logged more 

accurately. Data gathered from the RI does not support the definition of a 

two-aquifer system in the Cohansey Sand at the SMC site. Thin, discontinuous 

silt and clay lenses were identified at several locations, including in the 

vicinity of SC12D and SC13D (depth of 28 to 34 feet) and at the pilot hole for 

SC22D (4-inch layer at a depth of 30 feet). Due to the variations in depth, 

thickness and horizontal extent of these discontinuous zones, the mapping of 

these zones was not attempted. The local variability is considered to be 

significant only in terms of general trends with respect to hydrogeologic 

impacts. Small discontinuous silt layers will not greatly impact the regional 

1-14 



ground water flow and provide no major separation between the upper and lower 

zones of the aquifer. 

L.l While it has been concluded that there is no semi-confining layer in the 

Cohansey Sand, this does not mean that the Cohansey Sand is considered as one 

unit. the shallow and deep transmissivities 

differ for the upper and lower Cohansey Sands. Discussions of the upper and 

lower Cohansey also allow for a presentation of the variation in contaminant 

distribution within the shallow portions of the aquifer as opposed to the 

deeper portions of the aquifer. This presentation supports a subsequent 

evaluation of pumping from various depths within the aquifer to capture 

contamination from the zones with the highest contaminant levels. While wells 

installed during the RI program tend to be screened within the shallow (less 

than 20 feet) or deep portions of the aquifer (greater than 100 feet - see 
Table 1-3 of the FFS), previously installed wells tend to be screened within 

the intermediate portion of the aquifer. Because many of these wells are no 

longer being monitored or are being replaced, the characteristics and extent 

Based on the pump test analysis, 

* 

u 

of contamination in the upper (water table) and lower Cohansey Sands will be 

addressed separately, where appropriate. 

The top of the Kirkwood Formation was encountered in all deep wells 

installed across the SMC site by TRC during the Phase I Remedial Investigation 

(TRC, April 1992). The upper ten (10) feet of the Kirkwood Formation was 

penetrated and was characterized, based on visual observations of split spoon 

samples, as a gray/black clay. 

A review of well logs (including the log for the Layne Well) from previous 

investigations conducted at SMC indicates that black clays were encountered at 

depths of 120 to 160 feet. During the initial SMC ground water investigation 

conducted by Roy F. Weston, Inc. in 1972, the Layne well was drilled to a 

4 
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depth of 170 feet below ground surface. Review of the Layne well's boring log 

indicates that a Gray Marl (clay) was encountered at a depth of 130 to 152 , 

feet (22 feet of clay), with the Gray Marl underlain by a coarse gray sand 

(Kirkwood Formation). This coarse gray sand graded to medium gray sand after 

15 feet, a t  which depth the boring was terminated and the boring grouted to 

its present depth of 47 feet below ground surface. 

I 

During the Phase I1 Groundwater Contamination Study conducted by 4 

Woodward-Moorehouse in 1974, well W1 was installed to a depth of 160 feet 

below ground surface. Well W1 encountered a 20-foot clay layer at 130 feet. 

The same gray sand as was identified in the Layne well boring was encountered 

from 150 - 160 feet. Woodward-Moorehouse installed monitoring well W1 and 

collected a ground water sample from the 160 foot interval. The sample was 

analyzed for C&, and the results indicated that the Cr+6 concentration in 

the Kirkwood Formation was less than 0.01 mg/l. Well W1 was grouted to its 

present depth of 40 feet below ground surface. 

The results of the two previous investigations along with the Phase I RI 

boring and well logs indicate that the clay layer is continuous across the 

Newfield area. 
~, 

1.5.3 Hydroqeology 

Regional Hydrogeology - The principal aquifer in Gloucester County is the 
Cohansey Sand. The Cohansey Sand dips southeast about 11 feet per mile and is 

about 130 feet thick at Newfield, NJ (USGS, 1969) .  The Cohansey Sand is 

underlain by the Kirkwood Formation. The upper portion of the Kirkwood 

Formation is composed of a dark gray silt and clay. Where present, the upper 

Kirkwood Formation can act as a confining layer, restricting the downward flow 

of ground water from the Cohansey Sand. As presented in the previous section, 
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the upper Kirkwood Formation was characterized as a continuous clay layer 

across the facility. 

In accordance with NJS 40:63-52, et seq., the City of Vineland has 

designated an area of the city as a well restriction area, requiring mandatory 

connection with public water systems. The well restriction area is indicated 

in Figure 1-10. 

Site-Specific Hydrogeology - As previously presented in Section 1.5.2, for 

discussion purposes, the characteristics and extent of Contamination in the 

upper (water table) and lower Cohansey Sands are addressed separately. Based 

on the results of the RI conducted at the SMC Newfield facility, the Cohansey 

Sand is a water table aquifer with depths to ground water ranging from 4 feet 

in the southern portion of the site to 16 feet in the northern portion. 

Seasonal fluctuations in the water table elevations are on the order of a few 

feet. The thickness of the Cohansey Sand was found to range from 110 to 120 

feet in the RI well brings. 

The ground water flow directions in both the water table and lower 

Cohansey Sand closely correspond with the general topography of the site, 

which slopes towards the southwest. The water table and lower Cohansey Sand 

piezometric surface contour maps, which are based on data obtained during the 

two ground water sampling events conducted during the RI field investigation, 

are provided in Figures 1-11 through 1-14. The water level elevations 

obtained during the ground water sampling events in December 1990 and April 

1991 are provided in Table 1-4. As presented in Table 1-4 and shown in 

Figures 1-11 and 1-12, the water table piezometric surface slopes downward 

from the slight topographic high at the northern edge of the site toward the 

Hudson Branch. The water table piezometric surface follows the Hudson Branch 

downstream toward Burnt Hill Pond. 
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As presented in Table 1-4 and shown in Figures 1-13 and 1-14, the lower 

Cohansey Sand piezometric surface also follows the Hudson Branch. The only . 
irregularities observed on the lower Cohansey Sand piezometric contour maps 

were noted near the existing recovery wells, as expected. The largest 

fluctuation was observed near RW6D, where the effect of pumping has distorted 

the shape of the contours as well as the slope of the piezometric surface. 

While recovery well RIW2 is only screened to a depth of 55 feet, it clearly 

distorts the adjacent deep piezometric contour interval. 

I 

The distortion of the deep contours indicates that there is a hydraulic 

connection between the shallow and deep portions of the Cohansey Sand. A 

downward vertical hydraulic gradient was observed at most of the well clusters 

across the site. The transmissivities (T) and specific yields (Sy) varied 

between the upper and lower Cohansey Sands. The transmissivity and specific 

yield of the lower Cohansey Sand, due to the smaller grain size sand and 

increased percentage of silt and clay, were lower than in the upper Cohansey 

Sand. The average linear shallow ground water flow velocity was calculated to 

be approximately 2 feet per day (TRC, 1992a). Since the upper and lower 

Cohansey Sand have different hydrologic properties, the ground water data 

obtained from each monitoring well was characterized as either shallow 

(monitoring well screened above 50 feet) or deep (monitoring well screened 

below 50 feet). 

As discussed in Section 1.5.2, site investigation results indicate that 

the Kirkwood Formation is continuous across the site investigation area, thus 

preventing contaminant movement into the underlying aquifer system. 

Therefore, for the purposes of this investigation, the Kirkwood Formation 

(Gray Marl) is considered to act as a confining layer, restricting the 

downward flow of ground water from the Cohansey Sands. 
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1.6 Nature and Extent of Contamination 

Soils - Soil contamination at the SMC facility consists primarily of ' 

'd inorganic constituents and is typically limited to near-surface (0 to 2 feet) 

contamination. Localized areas of surficial contamination and the major 

inorganics which were detected at levels significantly exceeding guidance 

levels (soil action levels applicable at the time of preparation of the RI) in 

these areas are listed below: 

An area along the Hudson Branch, located within the southwestern 
portion of the Undeveloped Plant Property, where the maximum 
detected levels of beryllium, chromium, nickel and vanadium were 
found; 

0 Areas along the eastern and western sides of the By-product 
Storage Area (beryllium, chromium, nickel and vanadium); 

An area north of the Lagoon Area, adjacent to the Former 
Manpro-Vibra Degreasing Unit drainage ditch (beryllium, nickel and 
vanadium) ; 

0 The Railroad Siding Area (beryllium, chromium, nickel and 
vanadium) ; 

Department 106 Area (chromium and vanadium); 

Department 102 Area (chromium); 

0 Department 101(B) Area (chromium); and 

0 Tank T12 Area (vanadium). 

Stream Sediment and Surface Water - The stream sediment and surface water 

samples collected from the Hudson Branch were primarily contaminated with 

inorganics. Few volatile organic compounds (VOCs), semi-volatile organic 

compounds (SVOCs), or pesticides/PCBs were detected in any surface water 

samples. VOCs, SVoCs, and pesticides/PCBs were detected in the stream 

sediments but their source could not be determined. 

Surface water runoff analytical results indicate that runoff from the SMC 

facility contains inorganics at levels exceeding regulatory levels, and may be 
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contributing to elevated inorganic levels within the waters and sediments of 

the Hudson Branch. SMC also discharges city water (non-contact cooling water) * 

treated ground water and treated and untreated storm water into the Hudson 

Branch. Evaluation of the results of the RI surface water sampling and the 

subsequent 1991 ACO surface water sampling indicates that these discharges are 

not significantly impacting the water quality of the Hudson Branch. 

As discussed in the RI Report, stream and sediment sampling do not 

indicate that significant downstream migration of contamination is occurring. 

While contaminants, specifically inorganics, were detected at elevated levels 

in Hudson Branch water and sediment samples collected adjacent to the SMC 

facility, concentrations generally decreased as a function of distance 

downstream of the SMC facility. Therefore, migration of contaminated 

sediments by the Hudson Branch is not considered a major contaminant transport 

mechanism. 

‘ I  As described previously in Section 1.5.1, in the vicinity of SMC the 

Hudson Branch is primarily a gaining stream (obtains base water flow from 

ground water). Therefore, it is likely that contaminated ground water enters 

the Hudson Branch, although the exact volume of this discharge is unknown. 

During major storm events, the Hudson Branch can locally transform into a 

losing stream and, as a result, the ground water in the vicinity of Hudson 

Branch may become mounded. The impact of the ground water mounding on a 

ground water remediation system is expected to be minimal, because the 

mounding is of limited duration and of sporadic frequency. In addition, 

ground water mounding could act as a temporary barrier to the migration of 

contaminated ground water into the Hudson Branch as well as provide a driving 

force towards the recovery wells. The presence of VOCs and SVOCs in sediments 

a quarter mile downstream from the SMC facility presents the possibility that 
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sources other than SMC, such as runoff from roads, businesses and farming, are 

contributing to the Hudson Branch sediment contamination. 

Eight stream sampling events conducted by Dan Raviv Associates, Inc. 

(DRAI)  over a period from August 1991 through May 1992 and reported to NJDEPE 

in accordance with the 1991 ACO further support the conclusion that the Hudson 

Branch is not acting as a major pathway for contaminant transport, especially 

with respect to the shallow ground water, within the area for which ground 

water quality information exists. The surface water sampling included the 

collection of surface water samples at ten locations: four located on-site or 

to the southwest, not extending beyond SMC's off-site 7 . 5  acre property; four 

located downgradient, within the Hudson Branch; and two located in the Maurice 

River, one umradient of the river's confluence with the Hudson Branch and one 

downgradient of the confluence. In general, hexavalent chromium was 

non-detectable at all surface water sampling locations (with the exception of 

two samples collected during the August 1991 sampling round) and total 

chromium was consistently detected at all sampling locations. i/ 

Surface water samples collected on-site by DRAI in the general vicinity of 

Outfalls 001 and 002 exhibited total chromium levels ranging from 0.0254 to 

0.0906 pprn over the eight sampling rounds. The on-site shallow wells located 

nearest to the Hudson Branch exhibited similar levels of total chromium, 

ranging from 0.0178 pprn to 0.0846 ppm (both in SC22S) in the December 1990 and 

April 1991 ground water sampling rounds. A downstream surface water sampling 

location, located adjacent to shallow well SC6S, exhibited total chromium at 

levels ranging from 0.0043 ppm (May 1992) to 0.65 ppm (August 1991). As 

indicated in Figures 3-7 and 3-8, significantly higher total chromium levels 

(11.7 ppm and 5.19 ppm) were detected in well SCGS in December 1990 and April 

1991 sampling rounds, respectively and, as indicated in Figures 3-9 and 3-10, 

W I 
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similarly elevated levels of hexavalent chromium were also detected in this 

well. Based on these observations, the presence of downgradient shallow 

ground water Contamination in the vicinity of the SMC facility at levels 

significantly higher than adjacent and upgradient Hudson Branch surface water 

sample locations indicates that the majority of this contamination is due to 

contaminated ground water migration and not migration of contamination within 

the. stream. 

Considering further downgradient surface water sampling locations, at a 

sampling location in the vicinity of shallow well SC3S, total chromium 

concentrations ranged from 0.0073 ppm (April 1992) to 0.29 ppm (August 1991), 

with an average of 0.0709 ppm over the eight sampling rounds. At well SC3S, 

total chromium was detected at 0.368 ppm, which is consistent with monthly 

monitoring data. Again, these results indicate the stream is not acting as a 

significant mechanism for contaminant migration, as evidenced by fact that 

chromium is present in shallow wells at concentrations which are elevated in 

comparison to the adjacent surface water sample. 

Ground water has not been sampled downgradient of SMC's 7.5 acre parcel. 

Therefore, no data exist to support a comparative evaluation of surface water 

and ground water quality downgradient of this point. 

Ground Water - Ground water analytical results indicate that volatile 

organic and inorganic contamination exists beneath the SMC facility, extending 

in a general plume to the southwest. Trichloroethene (TCE) was the major 

volatile organic detected at levels exceeding MCLs. In the upper Cohansey 

Sand, TCE contamination is centered around the location of the Former 

Manpro-Vibra Degreasing Unit, and extends to the southwest. In the lower 

Cohansey Sand, TCE is first detected downgradient of the suspected source area 

for the TCE plume in the upper zone (as referenced above), and extends to the 
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southwest. An increase in TCE concentrations has been identified in the 

northeast portion of SMC's 7.5 acre parcel, located to the southwest of the . 
\4 main facility. This increase in TCE levels strongly suggests the likelihood 

of a separate contaminant source or sources contributing to the elevated TCE 

levels other than the source at the SMC facility. TCE has also been detected 

in newly installed well SC26D, located south of the SMC facility. 

The major inorganic constituent detected in ground water samples is 

chromium. In the upper Cohansey Sand, the total chromium plume is centered 

under the Manufacturing Area, with a lobe extending to the east, towards the 

By-product Storage Area. Downgradient, total chromium extends to the 

southwest. The shallow hexavalent chromium plume is centered to the east and 

southeast of the total chromium plume, in the general areas of the By-product 

Storage Area and the Lagoons, and also extends to the southwest. Total 

chromium and hexavalent chromium levels in the lower Cohansey Sand are 

greatest south of the Lagoon Area, extending to the southwest. Lead was 

detected in an upgradient shallow well, located along the northern property 

line between the By-product Storage Area and the Manufacturing Area, as well 

as in the area near the Underground Storage Tanks and Railroad Siding. It was 

also detected in shallow monitoring well F at a concentration of 102 pg/l. 

Antimony was identified south of the Lagoon Area, with a downgradient increase 

in contaminant levels in the same general area in which elevated downgradient 

TCE levels were detected. Both lead and antimony levels in the ground water 

generally decreased to the southwest. 

'd 

During sampling for  the Remedial Investigation, non-detectable levels to 

3.41 ppm of total chromium and non-detectable levels of hexavalent chromium 

were reported for shallow wells located near the former municipal well (see 

Section 1.2.2). Downgradient deep wells exhibited 0.485 to 0.715 ppm total 

u 
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chromium and non-detectable levels to 500 ppm hexavalent chromium. Given the 

use of the Layne well for ground water extraction since 1979 and the use of . 

additional extraction wells since 1989, it is likely that the more recently 

reported non-detectable levels of hexavalent chromium in shallow wells in the 

area of the former municipal well are indicative of improved ground water 

qua 1 i ty . 
t 

1.7 Human Health and Ecoloqical Evaluation 

A Human Health and Environmental Health Evaluation (TRC, 1992c) was 

conducted to quantitatively assess the potential impacts of the SMC site on 

human health and the environment. For the Human Health Evaluation, both 

current and future land use scenarios were considered and developed to 

represent potential situations in which humans may be exposed to contaminants 

originating from the site. Current land use scenarios evaluated include a 

trespassing use scenario (children trespassing on the site), a commercial/ 

industrial use scenario (adult employess of the facility), and a residential 

use scenario (residents living outside of the well restrction area who could 

potentially be exposed to ground water contaminants). Future land use 

scenarios evaluated include a construction use scenario (one-year construction 

period with no remedial activities prior to construction) and a residential, 

use scenario (exposure to children from 0 to 6 years of age and to adults 

through future residential site use). The routes of exposure of most concern 

included dermal contact with soil, ingestion of ground water, ingestion of 

soil/dust and incidental ingestion of surface water. The chemicals of primary 

concern which were detected in the soils included DDT, PCBs, and inorganics 

(arsenic, trivalent chromium, vanadium and beryllium). The chemicals of 

primary concern detected in the ground water as well as in the surface water 
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included inorganics (arsenic and beryllium). Target risk levels were exceeded 

under the future construction use scenario and the future residential use . 
scenario, based on exposures to contaminated soils. d 

The only scenario which evaluated exposures to contaminated ground water 

was the current residential use scenario. The well restriction area to the 

southwest of the site should restrict any potable ground water use in that 

area. However, residences are also located south of the site, outside of the * 

well restriction area. While city water supply is available in this 

residential area, it has not been confirmed that no potable use of ground 

water is occurring. Therefore, the Human Health Evaluation considered 

potential residential exposures to contaminated ground water in this area. A t  

the time the Human Health Evaluation was conducted (i.e., prior to the 

installation of additional monitoring wells, as described in Section 1.41, 

data from monitoring wells SC-22S, SC-22D, SC-13S, SC-13D, W2 and D were 

selected as being representative of contamination to the south of the SMC 

u' site. Under this residential use scenario, risks associated with exposures to 

contaminants in the upper Cohansey Sand were evaluated separately from those 

associated with exposures to contaminants' in the lower Cohansey Sand, because 

if there are active potable wells in this area, it is unknown whether they 

have been screened within the shallow or deep portions of the Cohansey Sand. 

The total cancer risks and the hazard index ratios (which represent 

non-carcinogenic risks) for the residential exposure scenario (both upper and 

lower Cohansey Sands) exceeded the target risk levels. The major contributing 

factors to the calculation of cancer risk are ingestion of arsenic and 

beryllium (in both the shallow and deep ground water) and inhalation of TCE 

(deep ground water only). Ingestion of inorganics was also the source of the 

major contributions to the total hazard index ratio for the upper Cohansey 
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Sands (due to the presence of arsenic, beryllium, vanadium, cyanide and boron) 

and lower Cohansey Sands (due to the presence of antimony, arsenic, chromium . 

[tri- and hexavalent], and vanadium) a 1_ 
A qualitative assessment of impacts of the SMC Newfield facility on plants 

and animals was conducted. Ecosystems, habitats, and populations likely to be 

found at the site were identified. There were no federal threatened or 

endangered species identified on-site. Contaminants of concern within the 

soil were identified on the basis of elevated concentration, potential 

migration, toxicity and the potential for bioaccumulation. Contaminants of 

concern identified at the site included chromium, copper, vanadium, arsenic, 

beryllium and zinc. Based on a qualitative assessment, there is some 

indication that the potential exists for the elevated inorganic levels in the 

soil to produce adverse environmental effects. 
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2.0 IDENTIFICATION OF POTENTIALLY APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS 

The Comprehensive Environmental Response, Compensation, and Liability Act 

of 1980 (CERCLA), as amended by the Superfund Amendments and Reauthorization 
d 

Act (SARA, 1986), and the NCP (19901, require that all remedial response 

actions attain or exceed applicable or relevant and appropriate requirements 

of Federal and more stringent promulgated requirements of State environmental 

statute(s). The NCP defines applicable requirements as "those cleanup 

, 

standards, standards of control, other substantive environmental protection 

requirements or criteria , or limitations promulgated under federal 

environmental or state environmental facility siting law that specifically 

address a hazardous substance, pollutant, contaminant, remedial action, 

location, or other circumstances found at a CERCLA site." Relevant and 

appropriate requirements are defined in the NCP as "those cleanup standards, 

standards of control, and other substantive environmental protection 

requirements, criteria, or limitations promulgated under Federal or State law u 
that, while not "applicable" to a hazardous substance, pollutant, contaminant, 

remedial action, location, or other circumstance at the CERCLA site, address 

problems or situations sufficiently similar to those encountered at the CERCLA 

site that their use is well suited to the particular site." 

To-Be-Considered materials (TBCs) are non-promulgated advisories or 

guidance issued by federal or state.government that are not legally binding 

and do not have the status of potential ARARs. However, in many circumstances 

TBCs may be considered along with ARARs in determining the necessary level of 

cleanup for protection of health or the environment. 

ARARs may be categorized as: 1) chemical-specific requirements, which may 

define acceptable exposure levels and, therefore, be used in establishing 

preliminary cleanup goals; 2 )  location-specific requirements, which may set 

L.l 
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restrictions on activities within specific locations such as floodplains or 

wetlands; and 3)  performance, design or other action-specific requirements, . 

which may set controls or restrictions for  particular treatment and disposal 

activities related to the management of hazardous wastes. The documents, 

CERCLA Compliance With Other Laws Manual (USEPA, 1988b), and CERCLA Compliance 

with Other Laws Manual: Part 11. Clean Air Act and Other Environmental 

Statutes and State Requirements (USEPA, 1989a), contain detailed information 

on identifying and complying with ARARs. 

This section provides an overview of the potentially applicable 

chemical-specific, location-specific, and action-specific ARARs and 

To-Beansidered (TBC) criteria, both on the federal and state levels, which 

will be used in this report to evaluate remedial alternatives. A 

comprehensive and conservative approach has been used in developing these 

lists of ARARs/TBCs, which reflect the types, quantities and extent of 

contaminants detected at the SMC site, locational considerations, and the 

types of remedial actions likely to be required to mitigate the public health 

and environmental threats posed by site contaminants. 

In Chapter 5, individual remedial alternatives will be evaluated in detail 

to determine their compliance with ARARs/TBCs and potential impacts of 

ARARs/TBCs on their implementation. Upon definition of the specific remedial 

components included in each alternative, action-specific ARARsITBCs will be 

defined in greater detail. 

2.1 Potential Chemical-Specific ARARs/TBCs 

2.1.1 Potential Federal Chemical-Specific ARARs/TBCs 

Potential federal chemical-specific ARARs and TBC criteria are presented 

in Table 2-1. While ground water at the SMC site is not a current source of 
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drinking water, Maximum Contaminant Levels (MCLs) published under the Safe 

Drinking Water Act (40 CFR 141.11-.16 and 141.60-.63) may be relevant and 

appropriate to ground water remediation. d. 

Maximum Contaminant Level Goals (MCLGs), also published under the Safe 

Drinking Water Act (40 CF’R 141.50-141.52) represent non-enforceable health 

goals for public water supply systems. Under the NCP, non-zero MCLGs are to 

be used as remedial goals for current or potential sources of drinking water. 
I 

While ground water is not a current source of drinking water at the SMC 

Newfield facility, MCLGs may be relevant and appropriate to ground water 

remediation. 

For remedial actions which could impact surface waters, Ambient Water 

Quality Criteria (AWQC) and Effluent Discharge Limitations represent TBC 

criteria and potential ARARs, respectively. Each have been promulgated under 

the Clean Water Act. 

The Clean Air Act establishes maximum concentrations for particulates and 

fugitive dust emissions and could be applicable to remedial alternatives which 

impact ambient air. 

‘U 

2.1.2 Potential New Jersey Chemical-Specific ARARs/TBCs 

Potential New Jersey chemical-specific ARARs and TBC criteria are 

presented in Table 2-2. Potential chemical-specific ARARs for ground water 

remediation include the New Jersey MCLs (NJAC 7:lO 1.1-7.3) and the NJ Ground 

Water Quality Standards (GWQS) (NJAC 7:9-6). Ground water in the vicinity of 

the SMC site is classified as Class 1I.I 

Nothing herein constitutes a waiver of SMC’s right to petition for a 
change in classification pursuant to NJAC 7:9-6.10. 
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The NJ Clean Water Act includes Surface Water Quality Standards (NJAC 

7:9-4) which are potential ARARs for the site. The classification of the , 

Hudson Branch, a tributary of Burnt Mill Branch, located in the Maurice River 1 
Basin, is Class FW2-NT. Toxic Effluent Limitations have also been established 

by the NJDEPE (NJAC 7:14A-1 et seq.) and represent potential ARARs for 

alternatives which would involve discharges to surface water. NJDEPE has 

developed site-specific draft discharge to surface water permit conditions 

which are TBCs €or alternatives involving discharges to surface water. In 

addition, New Jersey Proposed Surface Water Quality Standards (7:9B-1) 

represent chemical-specific To-Be-Considered (TBC) criteria. These 

non-promulgated criteria include the proposed addition of criteria for  104 

toxic substances, in addition to proposed changes for 18 of the 20 existing 

toxic substances. 

The NJ Clean Air Act (NJAC 7:27-13) has promulgated standards similar to 

the federal Clean Air Act, including Ambient Air Quality Standards and 

Emissions Standards for Hazardous Air Pollutants, each of which constitute 

potential ARARs for remedial alternatives which involve discharges to the air. 

2.2 Potential Location-Specific ARARs/TBCs 

An area's location is a fundamental determinant of its potential impact on 

human health and the environment. Location-specific ARARs are restrictions 

placed on the concentrations of hazardous substances or the conduct of 

activities solely because they are in a specific location (USEPA, ,1988b). 

Some examples of these unique locations include floodplains, wetlands, coastal 

areas, historic places and sensitive ecosystems or  habitats. 

The SMC Newfield facility is not located within a coastal zone as 

designated by the State of New Jersey nor is it situated adjacent to a river 
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or  stream designated as "scenic". A formal delineation of wetlands and 

floodplains and a cultural resources review of the SMC Newfield facility will . 
u be conducted for the site. Therefore, associated potential requirements have 

been considered in this analysis. 

The presence of wetlands on or near the site was initially evaluated as 

part of the Human Health and Environmental Health Evaluation (TRC, 1992~). 

The National Wetlands Inventory Map for the site area does not identify 

wetlands on-site, although wetland areas are identified south and southwest of 

the site, in areas surrounding the Hudson Branch. 

As part of the Human Health and Environmental Health Evaluation (TRC, 

1992~)~ the potential presence of rare, threatened or endangered organisms or 

natural communities on-site was also evaluated through a review of information 

on file with the New Jersey Natural Heritage Program as well as through 

on-site observations. The Natural Heritage Program data base contained no 

records of rare plants, animals or  natural communities on-site. Rare and 

d endangered species of plants and animals identified in a search of the 

vicinity of the site prefer habitats that are not located on or  in close 

proximity to the site or  have not been identified visually on-site. 

To determine the potential applicability of the Farmland Protection Policy 

Act, the U.S. Department of Agriculture Important Farmlands Maps for 

Gloucester and Cumberland Counties were reviewed. These maps were developed 

on the basis of soil survey information. They indicate that areas designated 

as Prime Farmland are located immediately adjacent to SMC's 60-acre facility 

to the north and east, and that the 7.5-acre parcel owned by SMC and located 

southwest of the main facility consists of Prime Farmland. 
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2.2.1 Potential Federal Location-Specific ?SARs/TBCs 

Based on a review of site-specific locational features, as described . 

above, the federally promulgated location-specific ARARs and TBC criteria 1 
designed to protect coastal areas, riverways and wildlife are not applicable 

to the SMC site. However, federal requirements for the protection of 

wetlands, floodplains, farmlands and historic places may be applicable to the 

evaletion of remedial alternatives. The potential federal location-specific 

ARARs for the SMC site are presented in Table 2-3. 

Wetland regulations, including Executive Order 11990, Wetlands 

Construction and Management Procedures, and Section 404 of the Clean Water 

Act, may apply to any remedial action which impacts wetlands. Likewise, the 

federal floodplain regulations are potential ARARs for the SMC site, and 

therefore may affect the implementation of any remedial actions conducted in 

floodplain areas, if present on-site. The Executive Order 11988, the Flood 

Disaster Protection Act of 1973 and associated guidelines and policies serve 

to regulate and restrict the types of activities which may be conducted in a 

floodplain. The National Historic Preservation Act of 1966 provides 

protection for properties included in or eligible for the National Register of 

Historic Places and minimizes harm to national historic landmarks. The 

Farmland Protection Policy Act requires the evaluation of potential impacts on 

significant/important farmlands. 

2.2.2 State Location-Specific ARARs/TBCs 

The NJDEPE has promulgated regulations for the protection of riverways, 

recreational areas, riparian lands, natural areas, flood-prone areas, and 

coastal areas. Based on a review of site-specific locational features, as 

described in the introduction to Section 2.2, the state location-specific 
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ARARs and TBC criteria designed to protect riverways, recreational areas, and 

coastal areas are not applicable to the SMC site. The potential state a 

location-specific ARARs for the SMC site are presented in Table 2-4. u' 
Wetland regulations, including the New Jersey Freshwater Wetlands 

Protection Act (NJSA 13:9B), the New Jersey Freshwater Wetlands Regulations 

(NJAC 7:7), and the New Jersey Flood Hazard Area Control Act (NJSA 58:16A-50 

et seq.) will apply to any remedial action which impacts wetlands or ' 

floodplains. The New Jersey Conservation Restriction and Historic 

Preservation Restriction Act (NJSA 13:8 B-1) is a potential ARAR for 

alternatives which would impact any historic properties at the SMC site. The 

Agriculture Retention and Development Act (NJSA 4:1C-11, et seq.) authorizes 

the establishment of county agricultural development boards and requires these 

boards to develop and adopt agriculture retention and development programs and 

farmland preservation programs. This Act would be an ARAR applicable to 

remedial alternatives which impact important farmlands. 
u 

2.3 Potential Action-Specific ARARs/TBCs 

Based on the identification of ground water contamination, remediation 

activities may be required and numerous state and federal requirements could 

apply to the implementation of these activities. Potential action-specific 

ARARs/TBCs cannot be well-defined until remedial alternatives are developed 

and response actions defined. A discussion of potential action-specific 

ARARs/TECs pertaining to such general response actions as no action, 

institutional controls, containment, and ground water collection, treatment 

and discharge is provided in the following sections. 
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2.3.1 Potential Federal Action-Specific ARARs/TBCs 

Numerous federally promulgated action-specific ARARs and TBC criteria , 

could potentially affect the implementation of remedial measures. The primary ~ 

federal regulatory requirements potentially applicable to the SMC site appear , 

in Table 2-5. 

The primary federal administrative requirements which will guide 

remediation are those established under CERCLA and SARA. The revised NCP (40 e 

CFR Part 300) incorporates SARA Title I11 requirements that alternatives 

satisfy ARARs and utilize technologies that will provide a permanent reduction 

in the toxicity, volume and mobility of contamination, to the extent 

practicable. 

Additional potential federal requirements include those pertaining to 

worker health and safety, as established under the Occupational Safety and 

Health Act (OSHA). ARARs associated with hazardous waste treatment, storage 

and disposal actions include RCRA requirements governing administrative 

(permitting, manifesting, etc.) and substantive (design) issues. The federal ' ~ 

Clean Air Act (CAA), Clean Water Act (CWA) and Safe Drinking Water Act (SDWA) 

are also potentially applicable to the evaluation of remedial activities which 

result in discharges to ambient air, surface water bodies or ground water. 

Rules concerning the transportation of hazardous mat,erials are promulgated 

under the Hazardous Materials Transportation Act (49 CFR 170,171) and are 

potential ARARs for remedial alternatives involving the off-site shipment of 

hazardous materials or waste. Federal requirements pertinent to land 

disposal, manifested in the Hazardous and Solid Waste Amendments of 1984 

(HSWA) and under RCRA (40 CFR 268), are potential ARARs which may limit the 

use of land disposal in remediating certain hazardous waste. 
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2.3.2 Potential State Action-Specific ARARslTBCs 

NJDEPE has promulgated state environmental protection regulations similar . 
to those of the federal government. 

for the SMC site appear in Table 2-6. 

The potential state action-specific ARARs W 

The NJ Haizardous Waste Regulations (NJAC 7:26) establish performance 

specifications for treatment options ( e . g . ,  incineration), design requirements 

for storage, containment and disposal options and requirements applicable to 

hazardous waste handling activities. 

The NJ Pollutant Discharge Elimination System Regulations (NJAC 7:14A) 

control the discharge of effluents to land or water. These regulations also 

specify treatment works approval requirements, which are potentially 

applicable to ground water treatment systems. New Jersey Surface Water 

Regulations (NJAC 7:9-5.1) provide effluent standards and treatment 

requirements for discharges to surface water bodies. The New Jersey Water 

Supply Management Regulations (NJAC 7:19) address ground water withdrawals and 

L/ well installations. These regulations are potentially applicable to remedial 

activities which involve ground water monitoring, extraction, treatment or 

discharge. 

The NJ Air Pollution Control Regulations (NJAC 7:27-12, 16 and 17) 

regulate a larger array of emissions than the federal CAA, including toxic 

volatile organic compounds (VOCs). The NJ Air Pollution Control Regulations 

are potentially applicable to remedial activities which would result in 

discharges to ambient air. 
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3.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

The overall remedial technology screening and identification process was - 
outlined previously in Figure 1-1. A discussion of the specific activities 

involved is presented below. 

In order to identify and screen potential remedial technologies, an 

initial identification of remedial action objectives and cleanup criteria is 

required. Regulatory criteria and risk-based levels are typically considered 

in evaluating cleanup criteria. 

Once remedial action objectives are developed, general response actions 

are identified which satisfy the objectives. An initial evaluation is made of 

the areas and volumes of media to which the general response actions will be 

applied . 
The general response actions are then used to develop a list of potential 

remedial technologies for each environmental matrix to be remediated. An 

initial screening of the technologies is conducted based on the technical 

implementability for the various technologies. Specific site characteristics 

or waste characteristics typically limit the applicability of certain 

technologies and these characteristics are considered in determining which 

technologies are not appropriate for further consideration. 

For those technologies which pass the initial screening, the associated 

technology process options are evaluated in greater detail to allow the 

selection of one process option to represent each technology type. The 

representative process option provides a basis for developing performance 

specifications which are used in evaluating that technology type; however, the 

specific process actually used to implement the remedial action may not be 

selected until the remedial design phase. To select a representative process, 

each process option is evaluated on the basis of effectiveness, 
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implementability, and cost, with the greatest focus on effectiveness factors. 

Innovative technologies are either carried through the screening as a selected . 

process option (if there is a reasonable belief that they offer potential for , 1. 
better treatment performance or implementability, few or lesser adverse 

impacts than other available approaches, or lower costs than demonstrated 

technologies) or are "represented" by another process option of the same 

technology type. 0 

3.1 Remedial Action Objectives and Cleanup Criteria 

Remedial response objectives are developed in order to set goals for 

protecting human health and the environment early in the alternative 

development process. The goals should be as specific as possible but should 

not unduly limit the range of alternatives that can be developed. For the SMC 

FFS, the results of the RI have been used to define specific contaminants of 

J interest and allowable exposures based on the baseline risk assessment and 

?+RARs /TBCs . 
As discussed previously, this Focused Feasibility Study addresses the 

remediation of contaminated ground water associated with the SMC facility. 

Contaminants detected in other media will be addressed within a separate 

Feasibility Study. 

In developing remedial response objectives, ARARs/TBCs and risk-based 

cleanup criteria are considered. In accordance with the National Contingency 

Plan (NCP) [40 CFR 300.43(e)(2)(i)], preliminary remedial action goals are 

developed based on readily available information, such as chemical-specific 

ARARs or other reliable information. The NCP also specifies that remediation 

goals shall also consider, for  known or suspected carcinogens, acceptable 

exposure levels that represent an excess upper bound lifetime cancer risk to 
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an individual of between 10-4 to 10-6. 

point of departure for determining remedial goals for alternatives when ARARs . 
The risk level shall be used as a 

L/ are not available or are not sufficiently protective because of the presence 

of multiple contaminants or  multiple exposure pathways at a site. For 

systemic toxicants, acceptable exposure levels shall represent concentration 

levels to which the human population, including sensitive subgroups, may be 

exposed without adverse effect during a lifetime or part of a lifetime, b 

incorporating an adequate margin of safety. 

In developing preliminary remedial action goals for  ground water 

remediation for the E'FS, ARARs were evaluated initially to determine which 

contaminants have applicable ARARs that can be used as preliminary remedial 

action goals. Because ARARs such as Maximum Contaminant Levels (MCLs) and 

Maximum Contaminant Level Goals (MCLGs) for public drinking water supplies 

have been developed with human health considerations in mind, they are 

considered to be protective of human health. Based on these and other ARARs 

(e.g., Ground Water Quality Standards (GWQS)), the extent of contamination 
W' 

exceeding ARARs and potentially requiring remediation can be further defined. 

This evaluation is presented in Section 3.1.1. Also presented in Section 
* .  * I *  

3.1.1 are draft discharge to surface water permit conditions developed by 

NJDEPE. ' While not applicable to determining the extent of ground water 

contamination requiring remediation, these draft limitations are to be 

considered in the development and evaluation of remedial alternatives which 

involve discharges to surface water. 

For those contaminants for which no ARARs were identified and which 

resulted in carcinogenic risks of greater than o r  noncarcinogenic hazard 

index ratios of greater than unity (as defined within the Human Health and 

Environmental Health Evaluation [TRC, 1992c]), risk-based cleanup levels were 

W 
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developed based on a 10-6 carcinogenic risk or hazard index value of one. The 

extent of contamination exceeding these risk-based cleanup levels further . 
defines the extent of contamination requiring remediation. This evaluation is ~ 

presented in Section 3.1.2. 

Factors related to technical limitations such as detection/quantification 

limits, factors related to uncertainty, cumulative risks, water quality 

criteria and environmental impacts may also play a role in the determination 
a 

of final remedial goals for a site. 

Based on the identification of preliminary remedial response goals in 

Sections, 3.1.1 and 3.1.2, remedial response objectives are presented in 

Section 3.1.3. 

3.1.1 Distribution of Contamination and Comparison to ARARs/TBCs 

Ground water samples exhibited contaminants at levels exceeding ARARs 

and/or TBCs in the two ground water sampling rounds which were conducted 

during the Remedial Investigation. Variations in contaminant distributions ’ I 
from one round to the next may be partially attributable to a variation in the 

ground water extraction scenario between sampling rounds. Prior to the 

initial sampling event (December 19901, ground water was being extracted for 

on-site treatment primarily from recovery wells RIW2 and SC6D. On January 21, 

1991, the pumping regime was modified to increase t$e extraction of ground 

water from the lower Cohansey Sand, including ground water extraction at wells 

RWGD and W9. The extraction rate at well RIW2 was decreased and little or no 

pumping occurred at the RW6S and Layne extraction wells. The modified pumping 

program could be partially accountable for variations in detected contaminant 

concentrations at monitoring wells from one samplihg round to the next, 

especially in the area of wells A and SC22D, which could be affected by ground 

water extraction at well W9. 
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Figures 3-1 through 3-18 depict the distribution of detected contaminant 

levels for various contaminants for the December 1990 and April 1991 sampling 

rounds. The wells which were sampled are identified by either the detected 

contaminant concentration or an "ND" (for not detected) noted immediately 

adjacent to the well identifier. It should be kept in mind that apparent 

changes in the distribution of contaminants from December to April, as 

d 

b 

interpreted from the isopleths indicated in the figures, are typica1,ly due to 

differences in the number of wells which were sampled from one round to the 

next. For example, the apparent differences i n  total chromium concentrations 

in the deep zone at the far southwest part of the plume (see Figures 3-11 and 

3-12 as well as Figures 3-13 and 3-14) do not actually reflect changes in the 

contaminant distribution but rather reflect changes in the wells which were 

sampled from one round to the next. In December 1990, well IW2 was sampled 

and exhibited 26,400 ppb total chromium while well SC4D exhibited 12,600 ppb 

total chromium. Well SC3D also exhibited total chromium at a concentration of 

32.6 ppb. Surrounding wells SClD, SCSD, SC18D, SC19D and SC21D all exhibited 
u 

no detectable levels of total chromium. In the April 1991 sampling round, the 

suite of wells which were sampled changed from those sampled in December 1990, 

with an emphasis on sampling those wells near the outer fringes of the 

chromium plume. Again, wells SClD, SC5D, SC18D, SC19D and SC2lD exhibited no 

detectable levels of total chromium while well SC4D exhibited total chromium 

at 12,600 ppb. However, wells IW2 and SC3D were not resampled in this round. 

Therefore, the chromium concentrations could not be shown as extending into 

the area of these wells based on the lack of data in this area. 

Based on the results of the RI, a summary of ground water contaminants and 

a comparison of their detected levels to ARARs/TBCs are provided below. The 

identification of remedial response objectives, presented in Section 3.1.3, 

will be based on this evaluation. 
~d 
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The overall contaminants of interest within the gryund water include VCCs 

contaminant levels, only final (promulgated) State and Federal standards 

(trichloroethene and others) and inorganics. In evaluating ground water . 

(e.g., Maximum Contaminant Levels and Ground Water Quality Standards) were 

used as ARARs. Ground water quality is classified as Class I1 in the vicinity 

of the SMC site. 

1. , 

Comparisons of maximum detected levels of ground water contaminants for 

the upper and lower Cohansey Sands to ARARs are provided in Table 3-1 for 

organics and in Table 3-2 f o r  unfiltered inorganics. Those contaminants 

detected at a level exceeding ARARs in at least one sampling round are 

highlighted. In Table 3-3, the filtered inorganic levels which exceed ARARs 

are summarized as an indication of the concentrations of soluble inorganics in 

the ground water which may not be treated by normal filtering mechanisms. 

Trichloroethene (TCE) was the volatile organic compound most commonly 

detected at levels exceeding ARARs. In the first round, the New Jersey MCL 

(NJMCL) and GWQS for TCE (1 ppb) was exceeded in 23 of 27 well samples, while 

in the second round it was exceeded in 23 of 33 samples. In shallow wells 

screened in the upper Cohansey Sand, the highest levels of TCE in each 

sampling round (120 ppb and 840 ppb, respectively) were detected in the 

general location of the Former Manpro-Vibra Degreasing Unit (SCZOS). See 

Figures 3-1 and 3-2 for the distribution of TCE in shallow wells in each 

sampling round. Lower levels (5 to 55 ppb) were detected downgradient to the 

southwest, extending to the northeast portion of SMC's 7.5 acre parcel. 

\ ,  1 

In the lower Cohansey Sand, maximum concentrations of TCE were detected in 

the first sampling round south of the Lagoon Area (70 ppb at SC22D) and to the 

southwest, with a "hot spot" detected in the northeast corner of SMC's 7.5 

acre parcel (330 ppb at SCSD). See Figures 3-3 and 374 for the distribution I 
! 
I L I 
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of TCE in the deep wells in each sampling round. During the second sampling 

round, maximum TCE concentrations shifted west, from south of the Lagoon Area ' 

(35 ppb) to the southwest portion of the Undeveloped Plant Property (120 u 
ppb). The "hot spot" previously identified in the northeast portion of the 

7.5 acre parcel was confirmed by the second round of sampling (430 ppb). 

This increase in TCE levels strongly suggests the likelihood of a separate 

contaminant source or sources contributing to the elevated TCE levels other 
b 

than the'source at the SMC facility, as based on the following: 

0 Ground water contamination would be expected to migrate in 
accordance with the regional ground water flow direction; 

0 While clay stringers were identified in the vicinity of wells 
SClZD, SC13D and SC22D, no continuous confining zone has been 
identified and no similar clay stringers of geologic significance 
were identified in other portions of the site; 

0 The chromium contamination migration pathway generally mirrors the 
TCE contamination migration pathway, with the exception of the TCE 
"hot spot" area near well SCSD; 

0 If the "hot spot" was due to a slug of contamination which had 
migrated from the SMC facility, residual contamination in wells 
upgradient of the "hot spot" would be expected due to the effect 
of aquifer heterogeneity upon the velocity distribution of the 
slug; 

0 As a result of on-going ground water extraction, the observed 
concentrations of TCE in well SC5D continue to increase, further 
suggesting an off-site source area of significantly higher 
concentrations, whereas concentrations in wells SC4D and SC2D 
remain relatively constant. 

The ground water in the general area around the SMC facility is 
known to be contaminated with VOCs, .with at least three (3) 
additional identified potentially responsible parties (PRPs). The 
lack of deep wells at PRP sites represents a data gap which could 
definitively identify the presence of an off-site source; and 

0 Inspection of data presented in a suit against SMC (see PARS, 
August 1991) indicates that contamination at other properties 
includes FCE (which was not detected at SMC) as well as TCE. TCE 
is a known breakdown product of PCE, further suggesting an 
off-site source. 
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Additional evaluation of the nature and extent of contamination in the 

southwestern part of the s'ite will be possible following further investigation 

in this area. \ 

Newly installed deep well SC26D (see Figure 1-5 for well location) was 

I_ 
sampled in August 1992, with the results presented in the August Monthly 

Groundwater Monitoring Report (SMC, 1992). Due to a previous lack of deep 

wells south of the SMC facility, the extent of TCE contamination in this * 

direction was difficult to define prior to the installation of this well. In 

August 1992, well SC26D contained 12 ppb TCE, indicating that the extent of 

the plume in the deep aquifer may extend further to the south than as 

indicated in Figures 3-3 and 3-4. 

Other volatile organics were detected at levels exceeding MCLs and GWQS at 

a much lower frequency (1 to 4 times per sampling round), including 

tetrachloroethene, 1,l-dichloroethene, 1,2-dichloroethene (total), benzene, 

toluene, and xylene. The well locations where these organics were detected at 

levels exceeding ARARs are noted in Figure 3-5 for the upper Cohansey Sand and 

in Figure 3-6 for the lower Cohansey Sand. In both rounds, benzene, toluene 

and xylene were detected in well SC23S, which is located adjacent to an 

underground storage tank location. Methylene chloride and acetone, common 

laboratory contaminants, were typically detected in ground water samples but 

were also detected in laboratory blanks, trip blanks and/or field blanks, 

indicating their presence may be associated with laboratory contamination. 

No semivolatile organics or pesticides/PCBs were detected in monitoring 

wells at levels exceeding MCLs or GWQS. 

Inorganic analytes were detected in ground water samples at concentrations 

exceeding ARARs. Filtered and unfiltered ground water samples were collected 

for inorganics analysis during the first sampling round. Major anion and 
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cation analysis was also conducted on 15 first round samples to be used in 

conjunction with Eh and pH data to determine the valence state of chromium in 

the ground water. Only unfiltered samples were collected during the second 

round of sampling. 

. 

d 

In general, total chromium, lead and antimony were the inorganics most 

commonly detected at levels exceeding MCLs and GWQS. Other inorganics also . 

detected at levels exceeding MCLs include arsenic, beryllium, cadmium, 

cyanide, mercury, nickel, nitrate, and selenium. Other contaminants which 

were detected at levels exceeding GWQS include aluminum, iron, manganese, 

sodium, chloride, fluoride, and sulfate. The major anion and cation analysis 

indicated that chromium exists primarily in a trivalent state in the ground 

water. 

Summaries of the maximum detected inorganic concentrations in filtered and 

unfiltered samples are presented in Tables 3-2 and 3-3. Based on a comparison 

of the results presented in these tables, in some cases maximum detected 

i_/ concentrations of certain inorganics (e.g., barium, beryllium, potassium, 

sodium, selenium, boron, arsenic, total chromium, antimony and vanadium) in 

filtered samples appear to exceed the corresponding values in unfiltered 

samples. Of the apparent discrepancies noted, the only filtered analytical 

results which were more than 10% greater than the unfiltered analytical 

results were those for barium and beryllium in the upper Cohansey and those 

for arsenic in the lower Cohansey. For most of these results, the maximum 

filtered and maximum unfiltered analytical results listed in Tables 3-2 and 

3-3 were detected in samples collected from the same well. In the case of 

selenium in the upper Cohansey Sand, the maximum filtered level was detected 

in well SC13S. Since the unfiltered sample for this well was not analyzed for 

selenium, a direct comparison of maximum filtered and unfiltered analytical 
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results for selenium as presented in Tables 3-2 and 3-3 cannot be made. 

Although some variability was found, an overall comparison of filtered and * 

unfiltered ground water sample analyses indicates that soluble inorganics are 

present in the ground water, with inorganic concentrations in filtered samples 

typically at similar concentrations to those detected in unfiltered samples. 

The extent of chromium and other inorganics in the ground water based on 

unfiltered ground water samples is discussed in detail below. 

The major inorganic constituent detected in ground water samples is 

chromium. In the upper Cohansey Sand, the total chromium plume is centered 

under the Manufacturing Area, with a lobe extending to' the east, towards the 

By-product Storage Area (see Figures 3-7 and 3-8); Downgradient, total 

chromium extends to the southwest. The shallow hexavalent chromium plume is 

centered to the east and southeast of the total chromium plume, in the general 

areas of the By-product Storage Area and the Lagoons, and also extends to the 

southwest (see Figures 3-9 and 3-10). In the lower Cohansey Sand, total 

chromium and hexavalent chromium levels are greatest south of the Lagoon Area, 

extending to the southwest, as indicated in Figures 3-11 through 3-14. Ground 

J \ 

water monitoring of the toe of the chromium plume conducted since the 

preparation of the RI Report has indicated no significant change in the 

downgradient extent of either the shallow or deep total 'chromium or hexavalent 

chromium contamination with the exception of the identification of chromium at 

a concentration of 0.98 ppm (1.13 ppm in a duplicate sample) within newly 

installed well SC26D, located south of the SMC facility (SMC, 1992). 

Additional investigation is required to further define the extent of 

contamination in this area. 

With respect to other inorganic analytes, those locations where lead and 

antimony were detected at levels exceeding MCLs and GWQS are indicated in 

I 
L 
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Figure 3-15 for shallow wells (screened in the upper Cohansey Sand) and in 

Figure 3-16 for deep wells (screened in the lower Cohansey Sand). Other * 

\J' inorganic analytes detected at levels exceeding MCLs and GWQS are indicated in 

Figures 3-17 and 3-18 for the upper and lower Cohansey Sands, respectively. 

Lead was detected at levels exceeding the USEPA action level of 15 ppb in 

unfiltered samples from eight shallow wells and six deep wells. The greatest 

concentrations of lead (greater than 100 ppb) were detected in an upgradient 

shallow well (W3S) at 137 ppb, in a shallow well in the Lagoon Area (F) at 102 

ppb, and in a deep well in the Manufacturing Area (GlS) at 262 ppb. The New 

Jersey GWQS of 10 ppb for lead was also exceeded in one of two sampling rounds 

in wells SClS, SCSD, SC6S and SC-19s. 

c 

Antimony was detected at levels exceeding the MCL of 6 ppb (which is more 

stringent than the GWQS of 20 ppb) in unfiltered samples from 17 shallow wells 

and 9 deep wells. The greatest concentrations of antimony (greater than 100 

ppb) were detected in the following shallow wells: well L in the Manufacturing 

Area at 396 ppb, well K in the Undeveloped Plant Area at 152 ppb, wells SC6S 

and IW2 southwest of the facility at 235 ppb and 573 ppb, respectively. The 

greatest concentrations of antimony detected in the lower Cohansey Sand were 

detected in the following wells: well SC22D in the Lagoon Area at 2,140 ppb, 

and, with increasing distance to the southwest of the facility, in well A at 

1,130 ppb, well SC6D at 465 ppb and well SC4D at 272 ppb. 

L-' 

Other inorganic analytes exceeded MCLs or GWQS in the upper Cohansey Sand 

in four general areas: in the Underground Storage Tank Area (beryllium, 

mercury, and nickel), in the By-product Storage Area (arsenic, beryllium, 

cadmium, and cyanide), near the Lagoons and T12 Chromium Wastewater Spill Area 

(nickel) and southwest of the facility (arsenic). The upgradient background 

well, W3S, exhibited nitrate at 24,300 ppb, which exceeds the federal MCL of 
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10,000 ppb. In the lower Cohansey Sands, other inorganic analytes were 

detected at levels exceeding MCLs or  GWQS near the Lagoons and T12 Chromium - 
Wastewater Spill Area (arsenic, beryllium, and selenium) and southwest of the L 

facility (arsenic, cadmium, mercury, selenium and cyanide). As in the upper 

Cohansey Sand, the background well, W3D. exhibited nitrate at 12,800 ppb, 

which exceeds the federal MCL. 

1 

- Other inorganic analytes detected at levels exceeding New Jersey GWQS in 

the shallow and deep portions of the Cohansey Sand include aluminum, iron, 

manganese, sodium, chloride, fluoride and sulfate. The background shallow 

well, W3S, exhibited iron, aluminum and manganese at levels exceeding GWQS 

while the deep background well, W3D, contained manganeSe at a level exceeding 

the GWQS. 

Another factor to keep in mind in evaluating the extent of contamination 

is the screened interval of the wells which were sampled during each round and 

the interpretation of these wells as shallow or deep wells. In general, wells 

which were screened at a depth of less than 50 feet below grade were 

considered to be shallow wells, while wells screened at depths of greater than 

50 feet were considered to be deep wells. Wells existing prior to the RI were 

screened over widely varying intervals. Therefore, for each well fo r  which 

there was chemical data developed during the RI, Table 1-2 indicates whether 

the well is considered a shallow or deep well in the analysis of the extent of 

contamination within the upper and lower Cohansey Sands. To further define 

the vertical distribution of contamination, the existing wells can be 

characterized as being screened at depths which are very shallow (less than 30 

feet), intermediately shallow (30 to 50 feet), intermediately deep (50 to 90 

feet) or very deep (greater than 90 feet). Wells installed during the RI 

1. 

‘ I  
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consisted of very shallow (screened at less than 30 feet below grade) or very 

deep (screened at depths of greater than 100 feet) wells. 

The extent of TCE and chromium contamination during the two sampling 

rounds was evaluated to determine if a better understanding of contaminant 

distribution could be achieved by considering the intermediately shallow and 

intermediately deep wells separately from the very shallow and very deep 

wells. This was conducted by reviewing existing Figures 3-1, 3-2, 3-7, and 

3-8 to determine where the very shallow wells were located with respect to the 

intermediately shallow wells and the respective contaminant distributions 

within these wells. Similarly, Figures 3-3, 3-4, 3-11 and 3-12 were reviewed 

with respect to the locations of intermediately deep and very deep wells and 

the associated contaminant distributions within these wells. Limited 

conclusions can be drawn, due in part to the areal distributions of the 

various types of wells. The very shallow wells are generally located around 

the perimeter of the TCE and chromium plumes while the intermediately shallow 

wells are generally located within the plume area. There are very few 

intermediately deep wells, with two (SCZD and SC3D) screened in both the 

intermediately deep and very deep zones at the time they were sampled (both 

have since been replaced and are only screened at depths of greater than 90 

feet). Therefore, the following additional discussion of the vertical 

distribution of contamination can only be presented in general terms. 

During the two sampling rounds of the RI, TCE contamination was detected 

in only two very shallow wells (SC2OS at 120 ppb/840 ppb and SCllS at 3 ppb), 

both located on-site. In the intermediately shallow wells and in the few 

intermediately deep wells, TCE contamination was detected in the southwest 

portion of the plant area (at 110 ppb in well K) and extends off-site to the 

southwest, providing the basis for the elongated plume and decreasing 

contaminant levels with increasing distance off-site shown in Figures 3-1 and 
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3-2. Contaminant levels in the very deep wells were generally comparable to 

the intermediately shallow wells, with TCE detected at levels of 23 to 120 ppb 

in wells A and SC22D in the southwest portion of the plant area, extending \- 

off-site to the southwest. As previously noted, subsequent to conducting the 

RI, TCE was also detected in well SC26D, a very deep well located to the south 

of the facility, in an area not previously investigated. 

Chromium was detected in very shallow wells located in the plant area, 

with the highest concentration (4.230 ppb) detected in well SC12S, near the 

By-product Storage Area. In the north central part of the Manufacturing Area, 

total chromium was present in very shallow wells in the 100 to 300 ppb range. 

Chromium was not detected in off-site very shallow wells or was detected at 

low concentrations (less than 20 ppb). In intermediately shallow wells, 

chromium was detected at a very high level (20,,800 ppb) in well L in the 

Manufacturing Area. Significant levels (up to 11,700 ppb) were also detected 

b 

off-site in the vicinity of SCGS. Concentrations decreased with increasing 

distance to the southwest in the intermediately shallow wells but elevated 

chromium levels were detected to the southwest in intermediately deep well IW2 

(26,400 ppb). On-site, chromium was detected at elevated levels (ranging from 

29,500 ppb to 108,000 ppb) in very deep wells SC22D and A). Off-site, 

chromium was present in very deep wells RW6D, SClOD and SC4D at levels ranging 

from 2,590 ppb to 21,000 ppb). 

. I  

Based on this analysis of the vertical distribution of the two most 

commonly detected contaminants at the site, it can generally be stated that no 

major anomalies can be identified with respect to contaminant distribution 

which prohibit an approach in which the aquifer is evaluated with respect to 

the upper and lower Cohansey Sands. The general lack of intermediately deep 
1 

I I  
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wells and the locations of very shallow and intermediately shallow wells with 

d 
respect to the distribution of the contaminant plumes does not support a more 

detailed analysis. The presence of chromium at an elevated level in 

intermediately deep well IW2 warrants additional investigation in this area to 

further define the extent of this contamination. Similarly, additional 

investigation will be conducted in the vicinity of very deep well SC26D. 

Draft discharge to surface water permit conditions developed by NJDEPE are ' 

presented in Table 3-4. While not applicable to the evaluation of the extent 

of ground water contamination requiring remediation, these draft limitations 

are to be considered in the development and evaluation of remedial 

alternatives. 

Drinking water standards (MCLs) applicable to radiologic contaminants are 

also applicable to ground water at the SMC facility. Radiologic analysis of 

ground water samples has been conducted under the 1988 ACO. Based on the 

results of quarterly ground water monitoring sampling (already provided to the 

NJDEPE), MCLs for radiologic parameters have not been exceeded. Since a 

portion of the SMC facility is subject to regulation under the Nuclear 

Regulatory Commission, any required remediation of radiologic contamination at 

the facility resulting from licensed operations comes under the jurisdiction 

of the Nuclear Regulatory Commission and will be addressed as a part of 

facility licensing or decommissioning. With respect to this E'F'S, the ground 

water requires no remediation based on radiologic contaminant-specific ARARs. 

3.1.2 Risk-Based Considerations 

As described in the NCP and as previously discussed in Section 3.1, "The 

risk level shall be used as the point of departure for determining 

remediation goals for alternatives when ARARs are not available.. .". The 
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starting point indicates USEPA's preference for setting cleanup levels at the 

more protective end of the acceptable to risk range for Superfund , 

remedial actions. Site-specific and remedy-specific factors are then taken , , 

into consideration in the determination of where within the to risk 

range the cleanup standard for a given contaminant will be established. For 

the purposes of this evaluation, the risk-based cleanup levels which 

correspond to a risk are calculated for those contaminants identified in 

the Human Health and Environmental Health Evaluation (TRC, 1992c) as 

contributing significantly to cancer and non-cancer risk estimates under 

Scenario 3 (residential exposure to contaminated ground Yater). 

1. 

Those ground water contaminants which contribute an individual cancer risk 

of greater than 1 x lom6 to the overall cancer risk estimate were evaluated to 

determine if there are any for which an ARAR has not been identified. 

Arsenic, beryllium and TCE drove the carcinogenic risk estimates associated 

with exposures to ground water (see Tables A.3-5S through A.3-7S, and A.3-5D 

through A.3-7D of Appendix A, Human Health and Environmt$ntal Health Evaluation 

TRC, 1992~). Since each of these contaminants has an associated MCL or GWQS 

/I 
(see Tables 3-1 and 3-2), no risk-based cleanup levels were calculated for 

these carcinogenic compounds. 

Similarly, those noncarcinogens which contribute an individual chronic 

hazard index value of greater than unity to the overall non-cancer risk were 

evaluated to determine if there are any for which an ARAR has not been 

identified. Antimony, arsenic, beryllium, boron, trivalent and hexavalent 

chromium, cyanide, manganese and vanadium drove the noncarcinogenic hazard 

index ratios, with individual values which exceeded unity (see Tables A.3-8S 

through A.3-10s and A.3-8 through A.3-10, Appendix A, Human Health and 

Environmental Health Evaluation, TRC, 1992~). In conduFting this evaluation, 
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it was determined that the risk associated with the presence of manganese was 

incorrectly calculated on the basis of a detected level of magnesium, rather 

d than manganese. When the hazard index value was re-calculated based on 

detected manganese concentrations, the hazard index value was less than 

unity. Of the remaining analytes with hazard index values exceeding unity, 

only boron and vanadium do not have an associated ARAR (see Table 3-2). 

Therefore, for these analytes, a risk-based cleanup level has been calculated ' 
based on a chronic hazard index value of one and exposure assumptions 

identical to those used for Scenario 3, residential exposure to contaminated 

ground water, in the Human Health and Environmental Health Evaluation (TRC, 

1992~). These risk-based cleanup levels are presented in Table 3-5. 

In shallow wells, vanadium was detected at levels exceeding the risk-based 

cleanup level (260 ppb) at well locations SC13S (greater than 100,000 ppb in 

both sampling rounds), and SClSS (detected in first round only at 306 ppb). 

Boron was detected at levels exceeding the risk-based cleanup level (3,000 

ppb) at well locations SC12S, SC13S, G1S and IWC2, with a maximum detected 

concentration of 17,600 ppb in well SC12S. In deep wells, vanadium was 

detected at levels exceeding the risk-based cleanup level in both sampling 

rounds at well SC22D (2,000 ppb and 1,300 ppb). Boron was not detected at 

levels exceeding risk-based cleanup levels in any deep monitoring wells. 

3.1.3 Remedial Response Objectives 

Based on 'the information presented in Sections 3.1.1 and 3.1.2 and the 

requirements of the 1988 ACO, the remedial action objectives for ground water 

are as follows: 

Prevent exposure, due to ground water ingestion, to ground water 
contaminants attributable to the SMC facility which have been 
detected at levels exceeding acceptable ARARs/TBCs, as indicated 
in Tables 3-1 and 3-2, or acceptable risk-based cleanup levels; 
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3.2 

Minimize migration of ground water contaminants; and 
! 

Remediate the ground water contamination attrihtable to the SMC 
facility to achieve ARARs/TBCs. 1 

General Response Actions 

General response actions are those remedial actions whichwill satisfy the 

remedial objectives. General response actions for' the SMC site were 
i 

formulated based on the results of the Remedial Investigation. 

The first step in determining appropriate general response actions for a 

. given media is an initial determination of the areas or volumes to which the 

general response actions may be applied. The extent of ground water 

contamination at the SMC facility and off-site of the fa"cility, as defined by 

the Remedial Investigation, is indicated in Figures 3-1 through 3-18. As 

discussed previously in Section 3.1.1, the "hot spot of TCE contamination 

identified in the northeast portion of SMC's 7.5 acre parcel strongly suggests 

the likelihood of a separate contaminant source or sources contributingto the 

elevated TCE levels in this portion of the site. In determining the extent of \ 

ground water requiring remediation, only contamination which is attributable 

to SMC, not from other potential sources, is considered. 

The installation of well SC26D to the south of the facility (see Figure 

1-5 for the well location) subsequent to the RI has identified that the extent 

of TCE and chromium contamination extends in this direction. Addition plume 

delineation is required to confirm or refute the extent of this contamination 

and to confirm that SMC is the source of this contamination (especially the, 

organic component) . 
Therefore, the areal extent of ground water requiring remediation in 

accordance with the remedial response objectives generally includes the area 

beneath the SMC facility, extending to the southwest towards SMC's off-site 
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7 . 5  acre parcel, with the extent of contamination to the south which requires 

remediation not well-defined at this point in time. Remedial alternatives 

~LJ will be developed to address ground water contamination within this general 

area, with the intent of providing at a minimum hydraulic control over deep 

ground water between SMC and well SC26D, to the south of the site and with the 

overall goal of meeting the remedial response objectives (including ARARs) in 

this area. The installation of an additional deep well to further define the 

southerly extent of contamination can be conducted during the remedial design 

phase of the selected remedial action. 

A listing of general response actions developed for remediation of the 

ground water is provided below. 

e No Action 
Institutional Control 
Containment 
Extraction/Treatment/Discharge 

3 . 3  Identification and Screening of Technologies and Process Options 

The general response actions are developed further through the 

identification and screening of remedial technologies which could potentially 

meet the remedial action objectives and cleanup criteria. Inorganic treatment 

technologies were evaluated on the basis of their ability to provide 

stand-alone treatment or to supplement the existing ion exchange system. 

Following a screening of the remedial technologies on the basis of technical 

implementability, the process options associated with each technology are 

screened based on effectiveness, implementability and cost. Representative 

process options are chosen for inclusion in the comprehensive remedial 

alternatives developed for the site. 
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3.3.1 Technology Screeninq I 

The technology screening was performed to evaluate technologies for the . 
remediation of ground water. Table 3-6 presents the screening results for 

this media of concern. The table includes brief descriptions of the 

individual technologies or process options, and comments on their 

applicability to the site. The technologies or technology process options 

which do not pass the screening process on the basis of technical 

implementability are shaded in the table and will not be retained for further 

consideration. More detailed descriptions of the technologies and process 

options are presented below, along with a summary of their screening status. 

Legal Restrictions 

Legal restrictions represent a means to restrict ground water use 
through legal means, such as deed restriction4 or well permit 
restrictions. Basically, all properties within a contaminated area 
are restricted with respect to ground water usage based on 
restrictions placed within the deed to the property or through the 
denial of well installation permits. Well driller's are required in 
the State of New Jersey to secure a permit before installing any 
ground water wells. This process allows the NJDhPE to review the 
permit application and either deny or conditionaily approve permit 
applications in those areas that have been designated as 
well-restriction areas. Wellyrest.riction areas are established by 
the NJDEPE on the basis of ground water quality information as well 
as other geologic data. A portion of Vineland, as illustrated in 
Figure 1-10, has been designated by the city as a well restriction 
area, in accordance with NJS 40:43-52. Mandatory connection to 
public water systems is required within this area. Extension of this 
area could be protective of any additional potential downgradient 
receptors; therefore, this process option is retained for further 
consideration. 

I \ 

Alternate Water Supply 

Alternate water supply represents another type, of institutional 
control in restricting ground water usage. BasicFlly, ground water 
that is contaminated is no longer utilized as a potable water source, 
and an alternate source is tapped. Since no impacts to active 
private potable wells have been identified, this option is screened 
from further consideration. 
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Capping 

Capping is a process used to cover contaminated materials to prevent 
direct contact with the contaminated materials, infiltration of 
precipitation and/or leaching of contamination into the ground water. 

There are a variety of designs and capping materials available. The 
designs of modern caps may conform to the performance standards of 40 
CFR 264.310, which addresses RCRA landfill closure requirements. 
Most cap designs are multi-layered in accordance with the 
above-mentioned design standards; however, single-layered designs are 
also used for special purposes. The selection of capping materials 
and a cap design is influenced by specific factors such as local, 
availability, costs of cover materials, desired function of cover 
materials, the nature of the contaminated materials, local climate, 
hydrogeology, and projected future use of the site in question. 

kipping is applicable whenever contaminated materials are to be 
buried or left in place at a site to prevent infiltration of 
precipitation or leaching of contaminants to the ground water. In 
general, capping is performed when extensive subsurface contamination 
at a site precludes excavation and removal of wastes because of 
potential hazards and/or unrealistic costs. 

Capping is often performed together with ground water extraction or 
other containment technologies to prevent, or significantly reduce 
additional ground water contamination and further plume development, 
thus reducing the time needed to complete ground water cleanup 
operations. 

The main disadvantages of capping are the need for long-term 
maintenance and uncertain design life. Another disadvantage to 
capping is the high cost (in certain areas of the country) of the 
soil and drainage materials needed to construct the cap. 

Currently existing land use limits the technical implementability of 
this technology. It is screened from further consideration as a 
ground water remediation technology. 

Vertical Barriers 

Vertical barriers are low permeability cut-off walls or diversions 
installed below ground to contain, capture, or redirect ground water 
flow in the vicinity of a site. The most commonly used vertical 
barriers are slurry walls, particularly soil-bentonite slurry walls. 
Less. common are cement-bentonite or concrete slurry walls, grouted 
barriers, and sheet piling cut-offs. Vertical barriers are most 
effective when they can "key" into natural subsurface impermeable 
layers. Shallow slurry walls keyed into impermeable clays offer a 
cost-effective means of reducing the ground water flow in 
unconsolidated earth materials. 

c 

The lack of a natural shallow subsurface impermeable barrier at the 
SMC site limits the technical implementability of this technology and 
provides the basis for its screening. 

3-21 



Horizontal Barriers 

Extraction Wells 

Horizontal barriers are installed below grade in order to prevent 
downward migration of contaminants. Vertical or directional drilling 
is commonly used to inject the grout beneath the zone of 
contamination. This technology is typically employed only to limited 
cases with the appropriate environmental characteristics. 

b 

Extraction wells are a proven means of capturing ground water 
contamination at the SMC facility. They are retained for further 
consideration. 

Treatment at a POTW 

This technology involves the discharge of wastewater from a site to a 
Publicly Owned Treatment Works (POTW) for off-site treatment. 
Aqueous wastes can constitute the majority of waste treated during a 
remedial cleanup effort. These aqueous wastes can include ground 
water, leachate, surface runoff, and other aqueous wastes. A number 
of criteria must be met when utilizing a POTW. These restrictions, 
as they apply to C W L A  sites, are detailed in the USEPA's CERCLA 
Site Discharges to POTWs: Guidance Manual (USEPA, 1990a). 

Due to the absence of an adjacent sanitary sewer and the potential 
inability of POTW treatment operations to treat the contaminants of 
concern, this technology is screened from further cohideration. 

Treatment at a RCRA Facility 
I 

Discharge to a RCRA facility represents an off-site treatment 
technology for remediating contaminated ground watdr. The extracted 
ground water is collected and transported off-site to a licensed RCRA 
facility for treatment. High extraction rates, as are anticipated 
for any remedial action at the SMC facility, greatly limit the 
cost-effectiveness of this alternative. Therefore, it is screened 
from further analysis. 
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Biological Treatment 

Biological water treatment methods have been well-proven in their 
application at municipal wastewater treatment facilities. Recently, 
their application to the treatment of hazardous wastes has been 
evaluated. Biological treatment removes organic matter from the 
wastestream through biological degradation. 

- .  

The most prevalent form of biological treatment is aerobic (i.e., in 
the presence of oxygen). Aerobic biological treatment can be 
effective for the treatment of aromatic hydrocarbons, polynuclear 
aromatic hydrocarbons, and phenols. The wastestream's biological 
oxygen demand (BOD) can provide an indication of the treatability of 
the waste by aerobic treatment. 

Specialized biological treatment systems are being developed for 
specific contaminants not treatable under normal aerobic conditions. 
Such systems utilize contaminant-specific bacteria or special 
environmental conditions to enhance the biodegradation of the target 
contaminants. 

Due to the presence of chlorinated hydrocarbons and inorganics, 
constituents not treated by standard biological treatment processes, 
this technology is screened from further consideration. 

Powdered Activated Carbon TreatmentlWet Air Oxidation 

Powdered activated carbon treatment (PACT") is a treatment process 
where powdered activated carbon is added to a traditional aerated 
biological treatment process. Treatment is achieved both through the 
biological degradation of contaminants and the adsorption of 
non-degradable contaminants onto the carbon. It is often combined 
with wet air oxidation (WAO), where the WAO destroys the adsorbed 
pollutants and biomass while regenerating the carbon for reuse in the 
treatment system. WAO is a chemical treatment process which utilizes 
high temperatures (347-608O F) and pressures (300-3000 psig) to 
oxidize dissolved or suspended contaminants in aqueous waste 
streams. Generally, WAO is applicable for treating certain 
organic-containing media that are too toxic for biological 
remediation and too dilute to incinerate economically (Surprenant, 
1988). Pressure, temperature, and time are controlled to achieve 
desired reductions in contaminant levels. 

PACT can be applicable to the treatment of chlorinated compounds; 
therefore it will be retained for further consideration. 

Air Stripping 

Air stripping, a physical treatment method, consists of the mass 
transfer of a volatile chemical from a liquid phase to air by 
bringing a flow of air in contact with the liquid. Air strippers 
come in a variety of configurations, but the basic principle behind 
their operation is the same for each type. 
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The most common configuration in ground water Greatment is the 
countercurrent packed tower, in which contaminated hater is trickled 
downward over rings, spheres, or other types of packing material in a 
stainless steel, fiberglass, or PVC cylinder. Clean air is blown 
upward through the tower, volatilizing contaminants and exhausting 
them out the top. Air stripping is effective with Contaminants 
exhibiting high Henry's law constants, which rylate equilibrium 
concentrations of a chemical compound in liquid ' and gas phases. 
Removal efficiencies can vary widely dependin4 on types of 
contaminant, influent concentrations, stripper design, temperature, 
and a number of other factors. However, a properly designed and 
operated air stripper can be expected to achieve greater than 95% 
removal efficiency for contaminants (Canter, et al., 1986). b 

Emission controls on the stripping column are often required to 
collect exhausted contaminants. Although this reduces the simplicity 
of the system, small carbon adsorption units can be connected to the 
gaseous outflow to capture contaminants. Environmental effects of 
exhausted contaminants are probably minimal, since most volatile 
organic compounds have atmospheric half-lives (time to degrade 50% of 
the contaminant) on the order of minutes or hours (Cuppitt, 1980). 

Based on air stripping's effectiveness in treating chlorinated 
hydrocarbons, and the availability of an air stripper on-site, it is 
retained for further consideration. 

Steam Stripping 

1 Steam stripping differs from air stripping by the injection of steam, 
as opposed to air, into a tray or packed distillation column in order 
to remove volatile organic chemicals from waste streams. This type 
of process option is most effectively applied to aqueous solutions 
for the removal of volatile organic compounds that are immiscible in 
water. Steam stripping is more economical and effective than air 
stripping for treating wastes with high concentrations of volatiles 
and wastes with contaminants which have a low volatility (Surprenant, 
1988). The wastestream enters near the top of the column and then 
flows by gravity countercurrent to the steam. As the wastestream 
passes down through the column, volatile compbunds within the 
wastestream are lost to the steam/organic vapor stream rising from 
the bottom of the column. The concentration of volatile compounds in 
the wastestream reaches a minimum at the bottom of the column. The 
overhead vapor is condensed as it exits the column and the condensate 
is then decanted to achieve water/solvent separation. 

\ 

Stream stripping would be effective in treating organic ground water 
contaminants and is therefore retained for further consideration. 

Carbon Adsorption 

One of the most frequently applied technologies for the removal of 
low concentrations of organics from wastestteams is carbon 
adsorption. The process consists of bringing contaminated ground 
water in contact with a bed of granular activated c'arbon (GAC), where 
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contaminants are held by physical and/or chemical forces on the 
activated surface of the carbon itself. The system is usually 
configured as one or several columns in series khich are filled with 
activated carbon. Carbon adsorption is effective with a wide variety 
of organic contaminants, but the performance of the process can be 
influenced by pH, the adsorptive capacity of the carbon, and 
temperature. Removal efficiencies of greater than 99% can be 
expected (Canter, et al., 1986). 

Spent activated carbon (carbon which has reached its adsorption 
capacity) must be regenerated through the application of heat. This 
usually entails removal of carbon from the unit for regeneration at 
an off-site incinerator. Operation of units in series prevents 
shutoff of the entire system during regeneration. 

Carbon adsorption is effective in treating the organic contaminants 
of corlcern and therefore is retained for further consideration. 

Resin Adsorption 

Resin adsorption represents another physical treatment option for the 
removal of organic contaminants from aqueous wastestreams. The 
operation of resin adsorption is similar to that of carbon 
adsorption. Specifically, organic molecules contacting the resin 
surface are held on the surface by physical forces and are 
subsequently removed during the resin regeneration cycle. Even 
though the process operation of resin adsorption is similar to carbon 
adsorption, many aspects of the two technologies differ. For 
example, the bonding forces in resin adsorption are usually weaker 
than those encountered in granulated activated carbon adsorption and 
therefore, resins may be regenerated chemically rather than 
thermally, as carbon adsorption systems must be regenerated. Resins 
generally have a lower adsorption capacity than carbon. Resin 
adsorption is most practical for treatment of colored organic wastes, 
when material recovery is praciiica1;"where selective adsorption is 
desired, where low leakage rates are required, where carbon 
regeneration is not practical and where the wastestream contains high 
levels of dissolved inorganic solids (Berkowitz, et al., 1978). 

Since resin adsorption can be effective for organic removal and is 
commonly combined with ion exchange, a potential inorganic 
contaminant treatment technology, it will be retained for further 
consideration. 

Ultraviolet (W) Oxidation 

W oxidation is a chemical process which utilizes an oxidant in 
combination with ultraviolet radiation to treat specific wastestreams 
containing phenols, cyanides, chlorinated hydrocarbons, organic 
sulfur compounds, and other rapidly oxidized organics. This process 
option transforms the contaminants into a less hazardous form. When 
reactions are carried to completion, halogenated compounds are 
converted to carbon dioxide, water, and residual halides. Treatment 
data indicate that destruction of organic contaminants to 
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non-detectable levels is achieved within minutes (Hager, et al., 
1987). W oxidation is not effective in treating single-bonded 
organics, such as l,l,l-trichloroethane. 

W oxidation has been proven in the treatmen< of chlorinated 
hydrocarbons; therefore it will be retained for further consideration. 

t 

Dehalogenation 

Dehalogenation is a chemical treatment process whereby a chemical 
agent is mixed with the waste stream to remove halogen atoms from 
chlorinated hydrocarbons. Dehalogenation is primarily used to treat 
pCB transformer oils. Dehalogenation does not treat non-chlorinated 
hydrocarbons. 

Because dehalogenation is typically applied to the treatment of PCB 
transformer oils, it will not be retained for additional 
consideration as a ground water treatment technology. 

Reverse Osmosis 

Osmosis is the spontaneous flow of solvent from a dilute solution 
through a semipermeable membrane (impurities or solute permeate at a 
much slower rate) to a more concentrated solution. Reverse osmosis 
is the application of sufficient pressure to the concentrated 
solution to overcome the osmotic pressure and force the net flow of 
water through the membrane toward the dilute phase. This allows the 
concentration of solute (impurities) to be built up in a circulating 
system on one side of the membrane while relatively pure water is 
transported through the membrane. Ions and small molecules in true 
solution can be separated from water by this technique. 

In the treatment of hazardous wastestreams, the use of reverse 
osmosis is primarily limited to polishing low flow streams containing 
highly toxic contaminants. In general, good removal can be expected 
for high molecular weight organics and charged anions and cations. 
Multivalent ions are treated more effectively than are univalent 
ions. However, reverse osmosis units are subject to chemical attack, 
fouling, and plugging. Pretreatment requirements can be expensive. 
Wastewater must be pretreated to remove oxidizing materials such as 
iron and manganese salts, to filter out particulates, adjust pH, and 
to remove oil, grease, and other film forms. 

The most critical design consideration applicable to reverse osmosis 
technology is the design of the semipermeable membrane. Membranes 
are usually fabricated in flat sheets or tubular forms and are 
assembled into modules. The most common materials used are cellulose 
acetate and other polymers such as polyamides and polyether- 
polysulphone. 

Based on its applicability as a polishing technology and potential 
clogging which may be associated with the presence of metals and low 
level organics, reverse osmosis will be screened from further 
consideration as a primary inorganic treatment technology. 

L. 1. 

c 
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Ion Exchange 
<.$? 

Ion exchange is a process whereby the toxic ions are removed from the 
aqueous phase by being exchanged with relatively harmless ions held 
by the ion exchange material. Ion exchange is a well-established 
technology for removal of heavy metals and hazardous anions from 
dilute solutions. Ion exchange can be expected to perform well for 
applications involving wastes of variable composition, provided the 
system's effluent is monitored to determine when exhaustion of the 
resin bed has occurred. The reliability of ion exchange can be 
affected by the presence of suspended solids. 

Ion exchange systems are commercially available from a number of 
vendors. The units are relatively compact and are not energy 
intensive. Exchange columns can be operated manually or 
automatically; manual operation may be better suited for hazardous 
waste site applications because of the diversity of wastes 
encountered. Use of several exchange columns at a site can provide 
added operational flexibility. 

Ion exchange will be retained for further consideration based on its 
general applicability to the treatment of inorganics and based on the 
fact that the existing on-site treatment system utilizes an ion 
exchange system. 

Precipitation 

Precipitation is a physiochemical process whereby some or all of a 
substance in solution is transformed into a solid phase. It is based 
on alteration of the chemical equilibrium relationships affecting the 
solubility of inorganic species. Removal of metals as hydroxides or 
sulfides is the most common precipitation application in wastewater 
treatment. Generally, lime or sodium sulfide is added to the 
wastewater in a rapid mixing tank along with flocculating agents. 
The wastewater flows to a flocculating chamber in which adequate 
mixing and retention time is provided for agglomeration of 
precipitate particles. Agglomerated particles are separated from the 
liquid phase by settling in a sedimentation chamber, and/or by other 
physical processes such as filtration. 

Precipitation is a process commonly applied to the treatment of 
inorganics: 

Coagulation and Flocculation 

It will be retained for further consideration. 

While chemical precipitation involves the alteration of the ionic 
equilibrium of a metallic compound to produce an insoluble 
precipitate, chemical coagulation and filtration are terms often used 
interchangeably to describe a process where chemical addition 
enhances sedimentation processes. The solution is destabilized 
through the neutralization of repulsive forces between particles, 
allowing the particles to approach each other and agglomerate. The 
coagulation and .flocculation process typically involves rapid mixing 
of the solution and added coagulant, followed by slow and gentle 
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mixing which allows the particles to agglomerate. Solids are then 
collected within a clarifier and removed for dewatering prior to 
off-site disposal. 

Based on the applicability of this technology to inorganic treatment, 
it will be retained for further consideration. 

Membrane Microf iltration 

Membrane microfiltration involves the use of an automatic pressure 
filter in which the filter material has tiny openings (0.10 microns 
or 1 ten-millionth of a meter) which allow for the filtration of 
particles normally not separated from the wastestream using standard 
filtration processes. Membrane microfiltration is most applicable to 
hazardous waste suspensions, ground water contaminated with heavy 
metals, landfill leachate and process wastewaters dontaining uranium 
(USEPA, 1991). i 

- I  
Utilizing a physical separation process, this technology is 
successful in removing inorganic particles which may not be removed 
by normal filtering processes. Therefore, it will be retained for 
further consideration. 

Electrochemical 

Electrochemical treatment provides treatment of inorganic 
contaminants at a wide range of flow rates. Contaminated water 
passes through an electrochemical cell where ferrous ions, hydroxide 
ions and hydrogen are produced. The ferrous ions act as reducing 
agents for oxidized heavy metals and also react with the hydroxide 
ions, forming iron hydroxides and metal hydroxides. The metal 
hydroxides are removed by adsorption onto the iron hydroxide 
precipitate that is formed. Based on previous applications, the 
resultant sludge potentially can be disposed of as a non-hazardous 
waste, dependent on the results of waste characterization tests. The 
technology was originally developed in the 1970's for treatment of 
wastewater contaminated with hexavalent chrome and other heavy 
metals. The process is effective at a neutral pH, which is an 
advantage in most ground water treatment applications. 

Since electrochemical treatment has been proven effective in the 
treatment of inorganics, it will be retained for further 
consideration. 

In Situ Biodegradation 

In situ biodegradation is a technique for treating zones of 
contamination by microbial degradation processes. The basic concept 
involves altering environmental conditions to enhance microbial 
catabolism or cometabolism of organic contaminants, resulting in the 
breakdown and detoxification of those contaminants. This technology 
has developed rapidly over recent years. 
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Microbial metabolic activity can be classified into three main 
categories: aerobic respiration, in which oxygen is required as a 
terminal electron acceptor; anaerobic respiration, in which sulfate 
or nitrate serves as a terminal electron acceptor; and fermentation, 
in which the microorganism rids itself of excess electrons by exuding 
reduced organic comgWnds. 

d’ 

The bioreclamation method that has been most developed and is most 
feasible for in-situ treatment is one which relies on aerobic 
(oxygen-requiring) microbial processes. This method involves 
optimizing environmental conditions by providing an oxygen source and 
nutrients which are delivered to the subsurface through an injection 
well or infiltration system to enhance microbial activity. 

The feasibility of bioreclamation as an in-situ treatment technique 
is dictated by waste and site characteristics. More specifically, 
those factors which determine the applicability of a bioreclamation 
approach are: biodegradability of the organic contaminants, 
environmental factors which affect microbial activity, and site 
hydrogeology. In-situ biodegradation is most suitable for simple 
hydrocarbons (C1 to C15), alcohols, phenols, amines, acids, esters, 
and amides: for well-defined point sources; for permeable aquifers 
(greater than cm/sec) with greater than 10-foot aquifer 
thickness, uniform geology and a depth to the aquifer of greater than 
10 feet; and for ground water of near-neutral pH and low inorganic 
levels. 

t 

The presence of chlorinated hydrocarbons, which are difficult to 
degrade under aerobic conditions, and the presence of aromatic 
hydrocarbons, which require aerobic conditions to degrade, limit the 
technical implementability of this technology. The presence of 
inorganic contaminants and the depth of ground water contamination 
further limit the implementation of an in situ treatment process. 
Therefore, this technology is screened from further consideration. 

Ground Water Discharge Technologies 

Potential ground water discharge technologies include discharge to 
ground water, discharge to surface water, a combined discharge to 
surface and ground water, and discharge to a sanitary sewer. Due to 
the absence of an adjacent sanitary sewer, discharge to a sanitary 
sewer is eliminated from further consideration. The remaining 
discharge options are retained for further consideration. 

3.3.2 Process Option Screening 

Upon identification of those technologies which are technically 

implementable based upon the characteristics of the site and environmental 

setting, the process options are further evaluated to allow the selection of a 

representative process option for each technology type. The process options 
d 
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are evaluated on the basis of effectiveness, implementability, and cost. 

I Process option evaluations for ground water remediation are presented in Table 6 

3-7. The selected representative process options are indicated with an d, 
asterisk and are summarized in Table 3-8. For some technologies, more than 

one process option was retained for further detailed evaluation during 

remedial alternative development. 
i 

No action was retained for further analysis, per the requirements of the 
0 

1 
i 

NCP. Both continued ground water monitoring and legal restrictions applicable 

to ground water use were selected as representativd institutional control 
1 

process options. Both ground water extraction option's, use of the existing 

extraction wells and use of a revised extraction well system, were also 

selected as representative process options. For treatment of organic ground 

water contaminants, PACT, air stripping, carbon adsorption and W oxidation 

i 

i 
were retained for consideration within potential remedial alternatives. Air 

stripping and carbon adsorption are effective in treating the identified I 
L L  organic contaminants and are implementable and cost-effective. W oxidation 

and PACT are more innovative treatment technologies, also expected to provide 

treatment of these contaminants. Resin adsorption is not as easily 

implemented as these technologies, and steam stripping offers no significant 

advantage over other technologies considered but is more expensive to 

implement. For the treatment of inorganics, ion exchange, coagulation and 

flocculation, membrane microfiltration and electrochemical treatment were all 

selected as representative process options. Precipitation was not retained 

because it was not expected to be as effective in the treatment of inorganics 

as the other tecnologies being considered. Discharge process options, 

including discharge to ground water, to surface water, 'or a combined discharge 

to both ground and surface water, were all selected as representative process 

options to be considered in alternative development. 

I 
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4.0 DEVELOPMENT ANI> SCREENING OF ALTERNATIVES 

The technologies and process options developed in Section 3 are typically ' 

d combined to form a range of remedial alternatives which address site cleanup 

to varying degrees and meet the criteria set forth in the NCP for the types of 

remedial alternatives which must be considered. The criteria defined in the 

NCP include the following: 

0 For alternatives which provide control of the source of 
contamination, the range of alternatives should include the 
following: 

- A range of alternatives in which treatment that reduces the 
toxicity, mobility, or volume of the hazardous substances is a 
principal element. This range should include an alternative 
that removes or destroys hazardous substances to the maximum 
extent feasible, eliminating or minimizing the need for 
long-term management. 

- One or more alternatives that involve little or no treatment, 
but provide protection of human health and the environment 
primarily by preventing or controlling exposure to hazardous 
substances through engineering controls and/or institutional 
controls. 

0 For ground water response actions, a limited number of remedial 
alternatives should be developed that attain site-specific 
remediation levels within different restoration time periods 
utilizing one or more different technologies. 

The development of one or more innovative treatment technologies 
for further consideration. 

0 The no action alternative. 

Because this FFS addresses only ground water contamination, source control 

remedial alternatives will not be addressed herein. Remedial alternative 

development will focus on the development of alternatives which attain ground 

water remediation levels using various treatment technologies within different 

restoration time periods. 

For the alternatives which are developed, general descriptions of the 

alternatives and associated technologies are provided. The alternatives then 
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undergo an initial screening process. These activities are described further 

in Section 4.2.  

4.1 Development of Alternatives 

Remedial response objectives, as presented in Section 3.1, are used as a 

guide in the development of remedial alternatives. It is at this point in the 

Feasibility Study that medium-specific actions are typically combined to form * 

sitewide remedial alternatives, thereby allowing consideration of interactions 

between media in the evaluation of site remediation as a whole. Because 

contaminant source areas will be addressed within a separate FS, this FFS 

addresses the first phase, referred to as an operable unit (OU-l), of the 

remedial process for the SMC site. Only remediation of ground water will be 

addressed in this operable unit. Therefore, remedial alternatives are limited 

to those listed in Table 4-1, consisting of no action, continuation of 

existing actions (continued operation of existing treatment facility and 

continuation of existing ground water monitoring program and ground water use 

restrictions) and modified restoration program (modified ground water 

extraction/treatment/discharge system). Individual remedial process options 

for the ground water extraction, treatment and discharge components of the 

modified restoration program will be retained as appropriate throughout the FS 

to allow flexibility in the final remedial alternative selection process. 

4.2 Definition and Screening of Alternatives 

For each of the alternatives and technology options presented in 

Table 4-1, a description of the alternative/technology option and an initial 

evaluation of the alternativeltechnology option based on effectiveness, 

implementability and cost criteria are presented. 

I L 
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The remedial alternative descriptions presented in the following sections 

refer to a five-year review. Under the NCP, if a remedial action is selected . 
\ 

e that results in hazardous substances, pollutants, or contaminants remaining at 

the site above levels that allow for unlimited use and unrestricted exposure, 

the lead agency shall review such action no less often every five years after 

initiation of the selected remedial action. It is unlikely that residual 

ground water contamination levels will be so low after five years of ground * 

water extraction, treatment and discharge so as to allow for unlimited use and 

unrestricted exposure to ground water. Therefore, each of the alternatives 

includes a five-year review of the remedial action decision. Similarly, since 

it is very difficult to estimate the remedial period required to achieve 

remedial goals, especially since contamination in other media at the site will 

be addressed in a separate operable unit at a later date, the remedial time 

frame for the purposes of developing cost estimates has been set at five years. 

As mentioned previously in Section 3.2, additional investigation will be 

required to further define the extent of ground water contamination in the 

vicinity of well SC26D, south of the SMC facility, and in the vicinity of Well 

IW2, southwest of the facility. 
* 1 8  

The effectiveness screening evaluates the effectiveness of each 

alternative or technology in protecting human health and the environment 

through reduction of the toxicity, mobility or volume of the contaminated 

ground water. Both long- and short-term effectiveness are considered. 

Because draft surface water discharge criteria have been proposed, the 

effectiveness of treatment and discharge options in meeting these criteria 

will be considered. Evaluation on the basis of implementability takes into 

consideration the technical and administrative feasibility of constructing, 

operating and maintaining a remedial action. The final evaluation criterion, 

'W' 
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cost, involves the estimation of both capital and operation and maintenance 

(O&M) costs associated with each alternative. Because of the level of 

refinement of alternative development, cost estimates may not be as accurate 

as those developed during the detailed analysis of alternatives. However, 

estimates are comparative in terms of relative accuracy to allow cost 

decisions to be made at this point. 
I 

Following this individual screening and analysis, a comparative analysis ' 

of the alternatives is typically performed based on the three screening 

criteria, and the alternatives to be retained for detailed analysis are 

selected. The objective of alternative screening is to narrow the list of 

potential alternatives/technology options that will be evaluated in detail. 

This screening aids in streamlining the FS process, wh,ile ensuring that the 

most promising alternatives and technologies are seridusly considered. The 

range of treatment alternatives initially developed is retained, where 

practicable, through the screening process, with komparisons typically 

focussing on similar alternatives, the most promising of which is carried 

forward for further analysis. Since only three alternatives have been 

developed for the SMC site, the individual screening will expand to include 

analysis and screening of the individual ground water extraction, treatment, 

and discharge technology options being considered. 

\ 

4.2.1 Alternative 1 - No Action 

4.2.1.1 Description 

The no action alternative would involve no remedial response activities. 

No removal or treatment of contaminated ground water would be conducted. 

Consideration of the no action alternative is required under the NCP. Because 

no treatment of ground water contamination would be provided, a five-year 
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review of the no action decision would be required. A round of ground water 

sampling would be conducted at the time of the five-year review to provide an * 

update of existing ground water conditions. d 

4.2.1.2 Evaluation 

Effectiveness 

The no action alternative would provide no reduction in toxicity, mobility ' 

or volume of contamination. It would also provide no protection of human 

health or the environment, other than that provided by the existing well 

restriction area. 

Implementability 

The no action alternative would require no implementation activities other 

than the completion of a round .of ground water sampling prior to conducting a 

five-year review of the no action decision. 

The only costs associated with implementation of the no action alternative 

are the ground water monitoring costs. An initial estimate of the cost of 

Alternative 1 is a present worth value of $40,000. 

4.2.2 Alternative 2 - Continuation of Existing Actions 

4.2.2.1 Description 

This alternative consists of the continued operation of the existing 

ground water extraction, treatment (ion-exhange) and discharge system, 

continued ground water monitoring, and a continuation of the existing ground 

water use restrictions. 

Operation of the existing ground water extraction, treatment and discharge 

system would provide a continuation of existing operations. While the 

u 
4-5 



existing system is halting the majority of the downbradient migration of 

contaminated ground water, it does not meet the design extraction rate 

recommended as a result of previous hydrogeological studies, and therefore may 

not provide capture of the entire contaminated ground wAter plume or as timely 

of a response as a system operating at an increased extr4ction rate. 

The existing ground water monitoring system would'continue to provide a 

means of monitoring the extent of ground water contami$ation and any changes 

in ground water quality over time. 
I 

I 

The existing well restriction area limits potential exposures to ground 

water contamination. The operation of extraction wells within the aquifer 

exclusion area provides further protection against potential exposures. If 

determined to be necessary to protect additional downgradient receptors, an 

expansion of the current well restriction area could be included in this 

alternative. 

\ 4.2.2.2 Evaluation 

Effectiveness - Alternative 2 would provide a reduction in toxicity, 

mobility or volume of contamination in the ground water, although it may not 

provide capture of the entire plume or a timely response to ground water 

remediation. Risks associated with potential future exposures to contaminated 

ground water would be limited by the existing well restriction area, although 

some potential receptors may be located to the south, outside of the confines 

of the current restriction area. Short-term and long-germ effectiveness would 

be comparable, since the remedial and monitoring systems included in the 

alternative are already in-place. The existing treatment system would not be 

expected to achieve the stringent proposed chemical-specific discharge to 

surface water permit conditions. 

' ,  I 
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Implementability - Alternative 2 would be very easy to implement since it 

involves existing remedial actions already in-place. The institution of an ' 

additional aquifer exclusion area could be implemented if ground water use is LJ 

identified in areas south of the site not currently covered by the well 

restriction area. 

Cost - The main cost factors associated with Alternative 2 would be the 

continued operation of the existing extraction, treatment and discharge 

system, and continued ground water monitoring costs. An initial estimate of 

the cost for Alternative 2 is a present worth value of $7,000,000. This 

estimate is based on an assumed five-year operational period for the ground 

water extraction and treatment system prior to conducting the 5-year review. 

e 

4.2.3 Alternative 3 - Modified Ground Water Restoration (Modified 
Extraction/Treatment/Discharge Proqram) 

4.2.3.1 Description 

Alternative 3 consists of a modified ground water restoration program 

consisting of an amended combination of extraction, treatment and discharge 

technologies. The objective for the development of a modified extraction/ 

treatment/discharge alternative would be to optimize the existing treatment 

system, thereby allowing the remedial system to operate at an optimum rate to 

provide capture of contaminated ground water at and/or emanating from the SMC 

site, while achieving remediation goals and meeting discharge requirements. 

Based on detailed design studies previously conducted (DRAI 1988 and DRAI 

1991), modeling indicated that a pumping rate of 200 gpm would be sufficient 

to address ground water contamination, but that a total pumping rate of 400 

gpm would ensure timely remediation of the ground water. While additional 

information on the extent of ground water contamination 

subsequent to those studies, for preliminary screening 

has been developed 

purposes, a ground 

4-7 



1 - L IL 

water extraction rate of 400 gpm will be assumed. This extraction rate will 

be further evaluated in the detailed analysis of alterhatives, providing this 

alternative is retained for further consideration. The main focus of the 

initial screening of this alternative will be a re-evaluation of the 

extraction system (including well locations, screened depths and individual 

well extraction rates to ensure optimum capture of contaminated ground water), 

the treatment system (to determine the best means of reliably treating the 

increased influent rate), and the discharge system (to determine the most 

appropriate means for discharging the effluent). 

The analysis provided in this section is intended to provide the basis for 

a general comparison between Alternatives 1, 2 and 3 .  Detailed analyses of 

the effectiveness, implementability and costs of the individual technology 

options which would comprise Alternative 3 are presented in Sections 4.2.4 

through 4.2.16. 

4.2.3.2 Evaluation 

Effectiveness - Alternative 3 would provide a reduction in the toxicity, 
mobility and volume of contaminated ground water through extraction, treatment 

and subsequent discharge of treated water. It would be expected to attain 

site-specific remediation levels within a shorter time frame than the existing 

system, through the extraction of 400 gpm as opposed to the existing 

extraction rate of approximately 200 gpm. It also includes the re-evaluation 

of the ground water extraction system to ensure the capture of contaminated 

ground water. Depending on the individual technologies which would comprise 

Alternative 3 ,  the alternative could also achieve a greater reduction in the 

toxicity of the ground 

standards. The degree of 

water through the achievement of lower effluent 

toxicity reduction and the potential ability of the 
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alternative to meet proposed discharge to surface water permit conditions 

would be dependent upon the individual treatment technology selected. 

‘d Implementability - Alternative 3 is implementable, although its 

implementability is highly dependent upon the individual technologies included 

in the alternative. In general, implementation requires the proper 

administrative authority to extract ground water via existing or proposed 

extraction wells, availability of the selected treatment technology and 

administrative authority to discharge the treated ground water, as appropriate. 

Cost - As with implementability, cost would be highly dependent upon the 
individual technologies included in the alternative. In general, Alternative 

3 would be more expensive than Alternatives 1 or 2 due to the modification or 

addition of active restoration activities involved in its implementation. As 

discussed in Section 4.2, a five-year treatment period is assumed for the 

development of comparable cost estimates. 

4.2.4 Alternate 3 - Ground Water Extraction Option El - Existing 
Extraction Well System 

4.2.4.1 Description 

This alternative technology option would be incorporated into Alternative 

3 as a means of ground water extraction. Option El consists of extraction of 

contaminated ground water via pumping of the existing ground water extraction 

wells (Layne, W9, RW6S. RW6D and RIW2) at a combined rate of 400 gpm. This 

option would be combined with a ground water treatment option and discharge 

option to form a complete restoration remedial alternative. 

4.2.4.2 Evaluation 

Effectiveness - Pumping of the five existing extraction wells would be 

effective in capturing the majority of the contaminated ground water from the 

il 
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shallow and deep Cohansey Sands, although it is very unlikely to address 

contamination south of the SMC facility (per newly installed deep well , 

SC26D). Additional ground water modeling (which is conducted under the ,, 
detailed alternative analysis presented in Section 5 )  is required to determine 

if the existing extraction wells are located to provide optimum capture of the 

ground water contamination. 

1. 

Implementability - Option El would be easily implemented since it requires 

no well construction and no construction of additional piping to the treatment 

system. 

Cost - Costs associated with implementing Option El are relatively minor, 
consisting only of the operation and maintenance of the existing extraction 

well system. The cost of Option El is initially estimated at a present worth 

value of $150,000. 

4.2.5 Alternative 3 - Ground Water Extraction Option E2 - Modified 
Extraction System 

4 .2 .5 .1  Description 

This alternative technology option would be incorporated into Alternative 

3 as a modified means of ground water extraction. For preliminary evaluation 

purposes, it is assumed that installation of one shallow and one deep well 

will be required to optimize the extraction system under Option E2. If 

retained f o r  detailed analysis, additional evaluation of the components 

(number of wells, well locations, extraction rates, etc.) required to optimize 

a ground water extraction system will be conducted as part of the detailed 

analyses. As with Option El, extraction at 400 g'pm is assumed for the 

preliminary analysis. This option would be combined with a ground water 

treatment option and discharge option to form a compleie remedial alternative. 

i 
! 
I 
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4.2.5.2 Evaluation 

Effectiveness - The modified ground water extraction system would be ' 

effective in capturing contaminated ground water from the shallow and deep 

Cohansey Sands. Its effectiveness in capturing contaminated ground water over 

an extended period of time is expected to be better than the existing 

extraction system. Additional ground water modeling (which is conducted under 

the detailed analysis presented in Section 5 )  is required to determine if the 

extraction system can be optimized through modification of the existing system. 

Implementability - Option E2 would be easily implemented but would require 
installation of additional extraction wells and associated piping to the 

treatment system. 

b 

- Cost - Costs associated with the implementation of Option E2 include the 
installation of ground water extraction wells and the piping of the extracted 

ground water to the treatment system, as well as operation and maintenance 

costs associated with operation of the extraction system. The cost of Option 

E2 is initially estimated at a present worth value of $200,000, assuming a 

five-year extraction period. 

4.2.6 Alternative 3 - Ground Water Treatment Option T1 - Powdered 
Activated Carbon Treatment (PACT) 

4.2.6.1 Description 

This ground water treatment technology option, Option T1, consists of 

on-site treatment of organic ground water contaminants using a Powdered 

Activated Carbon Treatment (PACT) process. The PACT system incorporates the 

use of powdered activated carbon in a conventional activated sludge system. 

The physical adsorption provided by the activated carbon, combined with the 

biological oxidation provided by the activated sludge, is effective in treating 

dilute wastewaters which are variable in concentration and composition. 
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4.2.6.2 Evaluation 

Effectiveness - PACT would be effective in treating biodegradable organics . 
through conventional aerobic biodegradation. Organics which are not as easily \ 

biodegraded would be treated by carbon adsorption. This technology would be 

expected to achieve surface water discharge to permit conditions for organic 

contaminants. 

Implementability - The technical implementability of this alternative 

would be expected to be good, although available vendore are limited. 

- Cost - The major cost components of this treatment option include the 

installation and operation and maintenance costs associated with the ground 

water treatment system. The cost of Option T1 is initially estimated at a 

present worth value of $5,000,000, assuming a-five-year treatment period. 

4.2.7 Alternative 3 - Ground Water Treatment Option T2 - Air Stripping 

I 4.2.7.1 Description 

This ground water treatment technology option, Option T2, consists of 1 

on-site treatment of organic ground water contaminants,using an air stripping 

system. Air strippers transfer volatile organic ground water contaminants 

from the extracted ground water to the vapor phase by trickling the ground 

water through a plastic media while air is blown countercurrent to the water 

flow direction. Another technology which provides similar treatment is 

diffuse bubble aeration, where air  is bubbled through a ground water storage 

tank to provide removal of volatile organics. 

4.2.7.2 Evaluation 

Effectiveness - Air stripping is expected to be highly effective in the 

removal of chlorinated hydrocarbons and aromatic hydrocarbons from the 
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extracted ground water. Rather than being destroyed, the contaminants are 

transferred from the water phase to the vapor phase. Depending on off-gas . 
d concentrations, air stripping may be combined with vapor-phase carbon 

treatment to meet air discharge regulations. The technology would be expected 

to achieve proposed discharge to surface water permit conditions for organics. 

Implementability - Air stripping is a well-proven, widely available ground 

water treatment technology, with numerous vendors and high reliability. Air * 

stripping is also administratively feasible, with compliance with air 

discharge requirements the major administrative concern. An air stripper is 

currently available on-site and was used to provide organic treatment as part 

of the existing wastewater treatment system. Therefore, air stripping could 

easily be implemented at the SMC site. 

Cost - The major costs of implementation of the existing air stripping 
system are the operational costs. Assuming the existing air stripper can be 

utilized for organic treatment, the cost of Option T2 is initially estimated 

at a present worth value of $90,000 for a five-year treatment period. 
‘W 

4.2.8 Alternative 3 - Ground Water Treatment Option T3 - Carbon Adsorption 
4.2.8.1 Description 

This ground water treatment technology, Option T3, consists of on-site 

treatment of organic ground water contaminants using a carbon adsorption 

treatment system. In carbon adsorption, organic contaminants are adsorbed to 

the carbon particles within a carbon filtration system. 

4 .2 .8 .2  Evaluation 

Effectiveness - Carbon adsorption, like air stripping, is an effective and 

well-proven means of removing organics from ground water. Through carbon 

u 
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regeneration, contaminants are thermally destroyed. This technology would be 

expected to achieve proposed discharge to surface water permit conditions for 
1 
i 

, 

organics. I \ 1. 
Implementability - Carbon adsorption treatment systems are widely 

available, with numerous vendors and a high degree of reliability. Carbon 

adsorption is also administratively feasible. Periodic replacement of spent 

i 

carbon is the main operation and maintenance activity rebired. 
i 

Cost - The major costs of implementation of a carbon adsorption unit are 

the installation and operation costs (including carbon regeneration). The 

cost of Option T3 is initially estimated at a present worth value of $800,000 

for a five-year treatment period. 

4.2.9 Alternative 3 - Ground Water Treatment Option T4 - UV Oxidation 
4.2.9.1 Description 

This ground water treatment technology option, Option T4, consists of 

on-site treatment of organic ground water contaminants using an ultraviolet \ I 
(W) oxidation system. W oxidation destroys chlorinated hydrocarbons through 

oxidation using a combination of ultrav'iolet light, hydrogen peroxide, ozone, 

and/or catalysts, depending on the individual vendor. The technology provides 

complete destruction of most chlorinated contaminants with no emissions or 

waste by-products. 

4.2.9.2 Evaluation 

Effectiveness - UV oxidation is effective in the treatment of most 

chlorinated hydrocarbons while its effectiveness is reduced for aliphatic, 

single-bonded chlorinated hydrocarbons, like l,l,l-trichloroethane. Such 

constituents are not major contaminants at the SMC site. UV oxidation also 
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provides treatment of aromatic hydrocarbons. Therefore, this technology would 

be expected to achieve proposed discharge to surface water permit conditions ' 

for organics. 

Implementability - The implementability of W oxidation is relatively 

good, with several vendors offering various treatment processes. Maintenance 

of the UV lamps and chemical supplies are the major operational activities. 

Administrative feasibility is expected to be good. 
e 

Cost  - The major costs of implementation of a UV oxidation treatment 

system are the installation and operation costs. The cost of Option T4 is 

initially estimated at a present worth value of $3,000,000 for a five-year 

treatment period. 

4.2.10 Alternative 3 - Ground Water Treatment Option T5 - Ion Exchange 
4.2.10.1 Description 

This ground water treatment .technology, Option T5, consists of on-site 

treatment of inorganic ground water contaminants using an ion exchange 

treatment system. The existing ion exchange system at the SMC facility is not 

effective in treating the 400 gpm design flow rate. This option consists of 

expanding/improving the current system to allow treatment of the greater flow 

rate. 

When it became apparent that the existing ion exchange system could not 

treat the extracted ground water at the design extraction rate of 400 gpm, the 

system was evaluated to determine the cause of the performance limitations. 

The system was designed to deionize a wastestream high in total dissolved 

solids (TDS). The influent specification for the design indicated that water 

containing particle sizes up to 75 microns could be treated by the system, 

with a specific mention of the system's capability of removing colloidal 
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materials. However, it was determined that the colloidal materials in the 

wastestream were causing interference in the performance of the system. The . 
treatment system manufacturer was unable to rectify the operational problems. 

As a condition of the 1991 ACO, SMC was required to evaluate the 

feasibility of utilizing equalization or surge tanks in combination with the 

existing ion exchange system to increase pumping efficiency. 

Optimization Study prepared by Stone & Webster Environmental Services (Stone & 

Webster, 1991), this option was evaluated. The presence of equalization tanks 

would allow the extraction system to continue pumping during ion exchange 

regeneration periods. However, the existing system's capacity is limited due 

to the high incoming solids loading. Therefore, in order to take advantage of 

In a Treatment 

the capacity of flow equalization tanks, the system would have to be operated 

at higher than the design capacity (operating in the fixed bed mode). The use 

of equalization tanks or surge tanks would not allow the existing system to 

operate at the design extraction rate while maintaining discharge 

limitations. Based on this additional evaluation of the existing ion exchange 

system, it was determined that the only means of continued use of the 

treatment system would be through the implementation of a pretreatment process 

which would remove the colloidal particles and enhance the performance of the 

existing ion exchange system. 

4.2.10.2 Evaluation 

Effectiveness - As determined by additional studies of the existing 

treatment system (as described above), the expansion of the existing ion 

exchange system would not be effective in removing the colloidal particles, 

which are currently causing interference in the system's performance, without 

the addition of a pretreatment process. The ability of the system to meet the 

I 
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proposed discharge to surface water permit conditions for inorganics is also 

highly questionable, based on historic performance. 

\u’ Implementability - The technical implementability of expanding the 

existing ion exchange system is good, based on the availability of the 

technology. However, the administrative implementability would be hampered by 

the potential inability of an expanded ion exchange system to meet treatment 

objectives. 

Cost - Based on the lack of effectiveness of this alternative and the lack 
of administrative implementability, no costs were developed for this 

alternative. 

4.2.11 Alternative 3 - Ground Water Treatment Option T6 - Coagulation and 
Flocculation 

4.2.11.1 Description 

This ground water treatment technology, Option T6, consists of on-site 

‘W’ treatment of inorganic ground water contamination using a coagulation and 

flocculation pretreatment process prior to ion exchange. Chemicals are added 

to the ground water under this option to enhance sedimentation. Under 

coagulation, the reduction of electrostatic particle surface charges causes 

particle agglomeration. Flocculation is a time-dependent physical process in 

which fine particles aggregate into solids large enough to be separated by 

gravitational settling. 

4.2.11.2 Evaluation 

Effectiveness - Coagulation and flocculation is a conventional treatment 

technology for inorganic contaminants. Its effectiveness in reducing toxicity 

and meeting cleanup goals would be expected to be good, when combined with ion 

exchange. However, effectiveness is ultimately dependent upon the 

u 
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flocculating and settling characteristics of the particles to be removed. 

Treatability studies would be required to confirm its effectiveness. 

Implementability - Option T6 would be fairly easy to implement, requiring 
the installation of a chemical coagulation and flocculation system. Most 

systems are relatively simple and readily available. 

- dost - The major costs of implementation of a coagulation and flocculation 
pretreatment system are the installation and operational costs combined with 

the operational costs of the existing ion exchange system. The cost of Option 

T6 is initially estimated at a present worth value of $ll,OOO,OOO, based on a 

five-year treatment period. 

4.2.12 Alternative 3 - Ground Water Treatment Option T7 - Membrane 
Microfiltration 

4.2.12.1 Description 

This ground water treatment technology, Option T7, consists of on-site 

treatment of inorganic ground water contaminants using a membrane 
~ 1.. 

microfiltration pretreatment process prior to ion eFchange. In membrane 

microfiltration; inorganic suspended contaminants can be removed from the 

wastestream by using a pressure filter which capturds contaminants by not 

allowing them to pass through the very small openings 02 the filter. 
I 

4.2.12.2 Evaluation 

Effectiveness - Membrane microfiltration can be very effective in removing 

particles which range in size down to a few microns. Microfiltration will not 

removed dissolved solids, however. Combined with ion exchange, it is expected 

that effective inorganic treatment would be provided. The ability of the 

combined treatment system to meet proposed discharge to surface water permit 

conditions is difficult to assess without treatability data. 

' -  I 
4-18 

I II I 1 



Implementability - Microfiltration could be fairly easily implemented. 
Cost - The major costs of implementation of Option T7 are the installation 

d and operation--and -maintenance costs of the system, combined with the 

' 

operational costs of the existing ion exchange system. The cost of Option T7 

is initially estimated at a present worth value of $9,000,000, based on a 

five-year treatment period. 
e 

4.2.13 Alternative 3 - Ground Water Treatment Option T8 - Electrochemical 
Inorganic Removal 

4.2.13.1 Description 

This ground water treatment technology, Opti,on T8, consists of on-site 

treatment of inorganic ground water contaminants using an electrochemical 

treatment system. Electrochemical treatment could potentially provide 

sufficient treatment alone, without supplemental ion exchange treatment, to 

meet discharge requirements. Electrochemical inorganic treatment consists of 

u a system in which the water to be treated passes through an electrochemical 

cell where ferrous ions, hydroxide ions and hydrogen are produced. The 

ferrous ions act as reducing agents for oxidized heavy metals and also react 

with the hydroxide ions, forming iron hydroxides and metal hydroxides. The 

metal hydroxides are removed by adsorption onto the iron hydroxide precipitate 

that is formed. 

4.2.13.2 Evaluation 

Effectiveness - ,Electrochemical treatment has been widely proven in 

industrial wastewater treatment with recent applications in contaminated 

ground water treatment. It has been shown to be effective in the treatment of 

cadmium, copper, chromium, arsenic, lead and zinc (Hazardous Waste Consultant. 

1991). It could potentially be effective as a stand-alone treatment process 

u 
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although its ability to meet proposed discharge to surface water permit 

conditions is difficult to assess without evaluation of treatability data. 

Implementability - The implementability of this alternative is limited by 
the limited availability of vendors which provide the treatment system. 

Cost - The major costs of implementation of Option T8 are the installation 

and operation and maintenance costs of the system. The cost of Option T8 is 

initially estimated at a present worth value of $!3,900,000, based on an 

estimated five-year treatment period and assuming no supplemental treatment 

using the ion exchange system is required. If electro6hemical pretreatment is 

provided to ground water prior to treatment by ion exchange, the cost of 

Option T8 is estimated at a present worth value of I $6,500,000. The major 
I difference in cost is associated with off-site brine disposal under the option 

which includes ion exchange. 

I 4.2.14 Alternative 3 - Ground Water Discharge Option D1 - Discharqe to 
i- 

Ground Water 

4.2.14.1 Description 

This ground water discharge .technGlogy option, 'Option D1, consists of 

discharge to the ground water, using infiltration galldries, reinjection wells 

or a combination of the two. Discharge monitoring and ground water monitoring 

have also been included in this option. 

4.2.14.2 Evaluation 

Effectiveness - Discharge to ground water could potentially speed the' 

flushing of contaminants through the segment of the aquifer located between 

the injection point and the extraction point. 

Implementability - Implementation of a reinjection system would require 

the appropriate authority fo r  siting and installation of the injection system I \ 
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and compliance with the requirements of a discharge to ground water permit. 

Technically, potential operational problems, such as clogging, could be ' 

d- expected, leading to periodic shutdowns and maintenance of the reinjection 

system. Testing of an injection well was reportedly conducted in 1984 with 

limited success due to the high ground water table and the presence of iron 

bacteria. 

Cost - The major costs of implementation of a reinjection system are the 
installation and maintenance costs. Discharge monitoring and ground water 

monitoring costs also contribute to the total estimated cost. The cost of 

Option D1 is estimated at a present worth value of $1,300,000 for a five-year 

injection period. 

4.2.15 Alternative 3 - Ground Water Discharge Option D2 - Discharge to 
Surface Water 

4.2.15.1 Description 

This alternative technology option would be incorporated into Alternative 

3 as a means of discharge for the treated ground water. Option D2 consists of 

discharge to surface water (the Hudson Branch tributary of the Maurice River), 

using direct discharge via a dedicated pipe, existing Outfall 001. Discharge 

monitoring and ground water monitoring are included in this option. 

4 

4.2.15.2 Evaluation 

Effectiveness - Discharge to surface water would be an effective method of 

handling the treated ground water and is the method of discharge used for the 

existing ground water treatment system. 

Implementability - Implementation of discharge to surface water would 

involve the use of existing Outfall 001. It would also require compliance 

with the requirements of a discharge to surface water permit. NJDEPE has 

u 
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proposed discharge to surface water permit conditions, as presented in Table 

easier to implement than discharge to ground water, with few operational %L 

3-4. Technically, discharge to surface water would be more reliable and - 

problems anticipated. 

Cost - The costs of implementation of a discharge to surface water system 

are relatively minor, requiring only the tie-in of the modified treatment 
i 

system to the existing discharge pipe. Discharge monitoring and ground water 

monitoring costs also contribute to the total estimated cost. The cost of 

Option 02 is initially estimated at a present worth value of $1,000,000. 

4.2.16 Alternative 3 - Ground Water Discharge Option D3 - Combined 
Discharqe to Surface Water and Ground Water 

4.2.16.1 Description 

This alternative technology option would be incorporated into Alternative 

3 as a means of discharge fo r  treated ground water. It consists of a combined 

discharge system, whereby a portion of the treated ground water would be ~ 

discharged to surface water and a portion would be discharged to ground 

water. A discussion of the effectiveness, implementability and cost of each 

of these treated ground water discharge options was previously presented in 

Sections 4.2.14 and 4.2.15. This section evaluates the relative merits of a 

discharge system which combines these discharge options. Discharge monitoring 

and ground water monitoring have also been included in this option. 

4.2.16.2 Evaluation 

Effectiveness - Combined discharge to surface water and ground water would 

be an effective method of handling the treated ground water. The reinjection 

of ground water into the aquifer could aid in flushing contaminants towards 

the extraction wells. 
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Implementability - Implementation of discharge to surface water would 

involve the use of the existing outfall (Outfall 001) while discharge to * 

d ground water would 'require- the construction of a recharge system. 

Implementation of this option would also require compliance with discharge to 

surface water and discharge to ground water permit requirements. Technically, 

discharge to surface water would be more reliable than discharge to ground 

water, with few operational problems anticipated. The combined discharge 

could potentially provide flexibility in terms of providing discharge to 

ground water but also providing an alternate means of discharge (entirely to 

surface water), should the recharge system require shut-down for maintenance. 

- The major costs of implementation of a combined discharge system 
are the costs of construction of a ground water recharge system and its 

associated maintenance costs. Discharge monitoring and ground water 

monitoring costs also contribute to the total estimated cost. The cost of 

Option D3 is initially estimated at a present worth value of $1,500,000, based 

on a five-year discharge period. 
u 

4.3 Selection of Alternatives for Detailed Analysis 

A comparative analysis of the three individual alternatives (no action, 

continuation of existing actions, and modified ground water restoration) and 

of the individual extraction, treatment and discharge options based on the 

three evaluation criteria is conducted to allow the elimination of selected 

alternatives or options from the detailed analysis process, where appropriate. 

4.3.1 Effectiveness 

With respect to long-term effectiveness, those alternatives which involve 

reductions in the toxicity, mobility or volume of ground water contamination 

'U' 
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within the most timely fashion will provide the greatest protection. With 

respect to short-term effectiveness, those alternative& which are protective . 
of human health and the environment during the construction and implementation -, 

period are most effective. + 

I. 
t 

For the, remedial alternatives developed, the alternatives which provide 

the greatest long-term effectiveness are Alternatives 2 and 3 ,  both of which 

provide ground water treatment. For Alternative 3, the ground water 

extraction option consisting of a modified extraction system (Option E2) would 

be expected to provide greater capture of the contaminated ground water and a 

reduction in ground water contaminant volume and mobility within the shortest 

time frame by extracting contaminated ground water closer to the anticipated 

contaminant source areas and directly from the impacted; aquifers. Extraction 

Option El, using the existing extraction system, would be effective but would 

most likely not optimize the extraction of contaminated ground water. Most 

treatment and discharge options would generally be comparable in terms of 

long-term effectiveness. Treatment Option T5, expansion of the existing ion 

exchange system, is not expected to be effective based on its inability to 

,I 

operate effectively without pretreatment of colloidal particles. Inorganic 

treatment Option T8, electrochemical treatment, could be more effective than 

other inorganic treatment options, potentially achieving effluent limitations 

as a stand-alone treatment option. Discharge Option D1, discharge to ground 

water, could provide greater long-term effectiveness than other discharge 

options by enhancing the flushing of contaminants to the,extraction wells. 

Alternative 2 is also effective in treating the majority of the 

contaminated ground water but is not expected to provide the most timely 

response, and may not provide adequate capture of the entire contaminant plume. 

Alternative 1 involves no remediation of contaminpted ground water and 

therefore has minimal long-term effectiveness. Alternative 1 provides a 
L I 
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minimal degree of protection against exposures to contaminated ground water 

through the existing aquifer exclusion area, which limits current downgradient ' 

'd 'exposures to contaminated ground water, but does not address risks posed by 

continued migration of contaminated ground water from the site. 

The alternatives vary minimally in the degree of short-term effectiveness 

provided, since none of the alternatives result in significant short-term 

impacts due to implementation. Alternative 1 does not include ground water ' 

treatment; therefore, short-term impacts would be expected to be less than 

those alternatives which include ground water treatment. 

Alternatives 2 and 3 involve ground water treatment and, therefore, have a 

slightly greater potential for short-term impacts than Alternative 1. Since 

Alternative 2 involves no modifications to the existing ground water 

extraction, treatment and discharge system, it is very effective in the 

short-term . 
Alternative 3 requires modification of the existing remedial systems and, 

therefore, could result in potential increases in short-term risks due to 

construction activities. Under Alternative 3, Organic Treatment Option T2, 

air stripping, would involve the least short-term impacts of the ground water 

'ii 

3 I I  

treatment alternatives due to the on-site availability of the technology and 

efficiency in the removal of ground water contaminants. Options T1, T3 and T4 

would be relatively comparable in the short-term, all requiring construction 

of a new on-site treatment system. 

The inorganic treatment options, T5, T6, T7 and T8 are expected to be 

relatively comparable in terms of short-term impacts. Option T5 could be the 

most implementable alternative, involving only a modification of the existing 

treatment system, but is not expected to be effective in the long-term in 

maintaining effluent limitations. Options T6, T7 and T8 all require 

construction of a new on-site (pre)treatment system. 
%4 
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For discharge options, discharge .to the surface water, Option D2, has 

limited short-term impacts associated with its implementation due to the . 
presence of the existing discharge system. Impledentation of discharge \ 

options D1 and D3 would each require installation of a ground water recharge 

system. 

the extraction, treatment or discharge technologies ipolved. Ground water 

air stripping, is the most easily implemented treatment alternative based on 

the presence of the existing air stripper on-site. The other organic 

treatment options, in order of descending implementability based on 

availability of the treatment technologies, include carbon adsorption (Option 

T3), W oxidation (Option T4) and PACT (Option T1). 

Of the inorganic treatment options of Alternative 3, implementation of 

Option T5, ion exchange, would require modification of the existing treatment 
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system while implementation of Options T6, T7 and T8 would require 

construction of a new treatment system. Option T6, coagulation and 

i/ flocculation, is a more widely available and demonstrated technology than 

Option T7, membrane microfiltration., and Option T8, electrochemical treatment. 

For the discharge options, Option D2, discharge to surface water, is the 

most technically implementable alternative, due to the presence of the 

existing discharge system. Administrative feasibility of this option is 
e 

dependent upon the ability to meet discharge to surface water permit 

conditions. Discharge Option D3, combined discharge to surface water and 

ground water, follows Option D2 in terms of technical implementability. It 

would use the existing discharge to surface water system in combination with a 

newly constructed system to discharge a portion of the effluent to the ground 

water. The shallow depth to ground water and potential for inorganic clogging 

of the reinjection system could limit the implementability of discharging to 

ground water. This option would also require administrative compliance with 

discharge to surface water and discharge to ground water requirements. Option 

01, discharge to ground water, would be more technically difficult to 

implement due to the volume of treated water which would require discharge to 

the ground water. Administratively, compliance with the requirements of a 

discharge to ground water permit would be necessary. 

e 

4.3.3 Cost 

Preliminary remedial costs for the individual alternatives and associated 

technology options are summarized in Table 4-2. Alternative 1 is the lowest 

cost alternative. Alternative 2 is expected to be lower in cost than 

Alternative 3 because Alternative 2 utilizes existing ground water extraction, 

treatment and discharge systems. However, Alternative 2 has significant 
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off-site disposal costs associated with its continued implementation. The 

exact cost of Alternative 3 will depend on the individual options combined to * 

form the final alternative. For extraction options, dption El, use of the 

existing extraction system, costs less than Option E2, due to the lack of well 

and piping installation costs which are associated with the modification of 

the existing extraction system. 

i 

For organic treatment options, air stripping, Option T2, can be 

implemented for the lowest estimated cost, due to the presence of an existing 

air stripper on-site. Carbon adsorption, Option T3, follows air stripping at 

roughly ten times the cost. UV oxidation and PACT treatment, Options T4 and 

T1, respectively, are the most expensive treatment options. Both options are 

expensive both in terms of capital costs and lonb-term operation and 

maintenance costs. PACT is the most expensive organic treatment option. 

For inorganic treatment options, electrochemical treatment, Option T8, can 

be implemented for the lowest cost, based on its potential treatment of the 

ground water without supplemental treatment by ion exchahge. If supplemental 

ion exchange treatment is provided, the cost rises with Option T7, membrane 

microfiltration, and Option T6, coagulation and flocculation, following in 

order of increasing cost. No cost was developed for expansion of the ion 

exchange system since it was determined to be an ineffective means of meeting 

discharge criteria. 

For discharge options, Option D2, discharge to surface water, is the 

lowest cost option since it utilizes the existing discharge system. Option 

D3, combined discharge to surface water and discharge to the ground water, 

follows in order of increasing cost. Option D1, discharge to ground water, is 

the most expensive discharge option. 

I 
L 

I I  
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4.3.4 Selection of Alternatives for Further Consideration 

Based on the comparative analysis presented in the previous section, each - 
L-.l of Alternatives 1, 2 and 3 will be retained for detailed analysis. Of the 

extraction, treatment and discharge options included in Alternative 3, 

however, two are proposed to be eliminated from the range of options 

undergoing detailed analysis. These include organic treatment Option T1, PACT 

treatment, and inorganic treatment Option T5, ion exchange (without 

pretreatment). When compared against other alternatives in terms of their 

effectiveness and/or cost, these alternatives do not provide significant 

advantages which would justify their being retained for further analysis. 

Both treatment options are not as effective as or are similar in terms of 

effectiveness to the other treatment options in treating the ground water 

contaminants of concern. 
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5.0 DETAILED ANALYSIS OF ALTERNATIVES 

As presented in the previous section, the remediation of contamination at * -. 
d the SMC site will consist of a minimum of two operable units: one which 

addresses the identified ground water contamination and one or more which will 

address other contaminated media at the site. Only the remediation of ground 

water Contamination is addressed herein. 

Based on the initial screening of alternatives presented in Section 4, 

three alternatives and eleven technology options are retained for further 

0 

consideration. These alternatives/options are summarized in Table 5-1. 

5.1 Introduction 

In the following sections, the remedial alternatives and technology 

options are described and evaluated in detail. Initially, descriptions of 

work components common to several alternatives are presented. Then each 

alternative or technology option is presented, including a detailed 

description followed by a detailed analysis. Per the requirements of the NCP, 

the detailed analyses are divided into seven evaluation categories, including 

the following: 

0 Short-Term Effectiveness; 
0 Long-Term Effectiveness and Permanence; 
0 Implementability; 
0 Reduction of Toxicity, Mobility and Volume through Treatment; 

Compliance with ARARs: 
0 Overall Protection of Human Health and the Environment; and 

cost. 

Detailed cost estimates for the alternatives are presented in Appendix A. 

Consideration of two additional evaluation criteria is required by the 

NCP. Community Acceptance is determined on the basis of public input after 

completion of the FFS. Federal Acceptance is determined on the basis of 

support agency comments on the study. 
W 
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Following individual analyses of the alternatives/options, a comparative 

analysis against the seven evaluation criteria is also presented. 

,J 
5.2 Common Elements and Considerations 

Prior to the presentation of the specific alternative descriptions, a 

discussion of certain work elements and considerations common to a number of 

the alternatives or options is presented. * 

Ground Water Monitoring 

An existing ground water monitoring program is currently being implemented 

under the requirements of the 1984 and 1988 ACOs. Summaries of the wells 

included in the current monitoring program and the analytical requirements and 

sampling frequencies are presented for on-site and off-site wells, 

respectively, in Tables 5-2 and 5-3. 

For Alternative 1 {no action), sampling of the wells for the parameters 

listed in Tables 5-2 and 5-3 will be conducted on a one-time basis at the end 

of five years, prior to conducting a five-year review of the no action 

decision 

For Alternative 2 (continuation of existing actions), continuation of the 

existing ground water monitoring program, as defined in Tables 5-2 and 5-3, 

has been evaluated. A five-year monitoring period has been considered. 

For Alternative 3 (modified ground water restoration), a modified ground 

water monitoring program has been considered under the ground water discharge 

options (Options D1 through D3). Based on the existence of a good data base 

of ground water quality data which has been developed with the current 

monitoring program, Alternative 3 has been developed assuming a revised 

program consisting of quarterly sampling of those wells which are currently 

sampled on a monthly basis, as well as quarterly and annual sampling of the 
I 
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remaining wells in accordance with the existing schedule. During design 

activities and implementation, this assumed schedule will be re-evaluated and 

W revised, as appropriate, to provide adequate monitoring of the effectiveness 

of the extraction and treatment system in capturing ground water 

contamination. The assumed monitoring program is presented in Tables 5-4 

and 5-5. 

Ground Water Treatment Period 

As previously discussed in Section 4.2,  the remedial time frame required 

to obtain remedial goals is difficult to estimate, especially in a case where 

an operable unit is being implemented with additional contaminated media to be 

addressed within a separate operable unit at a future date. The actual 

ability of an active ground water remedial system to achieve and maintain 

remedial goals is also a factor in estimating remedial periods (as is 

discussed further in Section 5.3.3.2). Therefore, for this detailed analysis, 

a five-year remedial operational period has been assumed for the development 

of costs for remedial alternatives. A five-year period is considered 

appropriate because, if remedial levels which allow for unlimited use and 

unrestricted exposure are not achieved by the selected action, a review of the 

action is required no less often than every five years after initiation. 

u 

5.3 Individual Analysis of Alternatives 

In Section 4.2,  preliminary descriptions of alternatives and technology 

options were presented. These are further defined in this section, prior to 

conducting the detailed alternative analysis. Included in these definitions 

are descriptions of the various elements of the alternatives, implementation 

of the elements, the time frame required to achieve cleanup and the common 

elements included in each alternative. Following the description of each 
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alternative/technology option, the alternative/technology option is evaluated 

on the basis of the seven criteria listed in Section 5.11 

5.3.1 Alternative 1 - No Action 

5.3.1.1 Description 

The no action alternative involves no remedial actions to reduce the 

toxicity, mobility or volume of existing ground wate,r contamination. The 

existing well restriction area, which covers a por n of the City of Vineland 

located downgradient of the site, will continue to provihe a means of limiting 

the exposure of residents in this area to the ground water contaminants; 

however, no protection against continued downgradient contaminated ground 

water migration will be provided. Also included in :this alternative is a 

round of ground water monitoring prior to conducting a Sive-year review of the 

no action decision, as described in Section 5 . 2 .  

I 

i 

5.3.1.2 Criteria Assessment 

Short-Term Effectiveness - No elevated short-term risks will result from 

the implementation of this alternative. The potential for human exposure to 
* I I  

ground water contamination will be limited within the existing well 

restriction area. Remedial action objectives will not be achieved. 

Long-Term Effectiveness and Permanence - The no action alternative will 

provide no reduction in risk and does not utilize controls to treat or manage 

contamination or contaminant sources. A discussion of the risks posed by 

potential residential exposures under existing environmental conditions is 

presented in Section 1.7. 

The NCP [300.430(f)(4)(ii)] requires that, if a remedial alternative is 

* 

selected which results in hazardous substances remaining at a site above 
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levels that allow for unlimited use and unrestricted exposure, the lead agency 

shall review such an action no less than once every five years after 

‘d initiation of the alternative. Therefore the selection of the no action 

alternative will require a five-year review. In addition, the alternative 

should be reviewed if future use of the ground water in contaminated areas is 

proposed. 

Long-term management of this alternative will include conducting a round 

of ground water monitoring after a period of five years. 

Implementability - The no action alternative is the most easily 

implemented alternative, involving only a round of ground water sampling after 

five years has passed. Its implementation will not limit the future 

implementation of additional remedial actions, if necessary. 

Reduction of Toxicity, Mobility or Volume Through Treatment - The no 
action alternative does not include any treatment methods other than naturally 

occurring degradation processes. The risks associated with providing no 

treatment of the ground water are expected to be generally equivalent to those d 

presented in the Human Health and Environmental Health Evaluation (TRC, 

1992~). In the long-term, downgradient migration of higher contaminant levels 
I I  

could be expected if operation of the existing pump and treat system was 

discontinued. Therefore, the potential for subsequent impacts to downgradient 

potable wells exists. 

Compliance with ARARs - The no action alternative does not attain 

chemical-specific ARARs for contaminants detected in the ground water. ARARs 

may be waived under certain circumstances defined in the NCP, including 

situations where the alternative is an interim measure and will become part of 

a total remedial action that will attain ARARs, where compliance with the 

requirement will result in greater risk to human health or the environment 

~> d 

5-5 



I 

than other alternatives, where compliance is technically unpracticable from an 

engineering perspective, or where the alternative will attain a standard of 

performance that is equivalent to that required under the otherwise applicable 

standard, through use of another method or approach. 

Overall Protection of Human Health and the Environment - The no action 
alternative does not provide long-term protection of human health and the 

environment, because it does not address potential risks through the 

elimination, reduction, or control through treatment of the contaminated 

ground water. Implementation of the no action alternative will require a 

review of the no action decision a t  a minimum frequencfr of every five years 

under the NCP's requirements for sites where contaminants remain following 

remediation, Should ground water in the area of contamination ever be 

considered for potable use, protection of human health may not be provided 

under the no action alternative. 

Cost - The only costs associated with the no action alternative will be 
the costs of the five-year ground water monitoring event. The estimated cost 

includes $40,000 in ground water monitoring costs (net present value). The 

present worth value of this alternative, including contingency, is estimated 

at $48,000. A detailed cost estimate is presented in Appendix A. 

t 

5.3.2 Alternative 2 - Continuation of Existing Actiohs 
5.3.2.1 Description 

Alternative 2 consists of the continuation of existing remedial action and 

monitoring programs, including operation of the existing pump and treat 

system, ground water monitoring and enforcement of the existing well 

restriction area. 

5-6 

I I 



Continued operation of the existing pump and treat system will include 

ground water ,extraction from the existing extraction wells (wells W9, RW6S. 

u’ RW6D, Layne and RIW), as indicated in Figure 5-1, at the extraction rate of 

approximately 200 g p m .  

Extracted ground water will be treated within the existing ion exchange 

system. In ion exchange, ions of the contaminant species (e.g., Cr+3, Cr+6) 

exchange with ions of less concern (e.g., hydroxide ions) as the contaminated 

water flows through the resin. Modern ion exchange resins are primarily 

synthetic organic materials containing ionic functional groups to which 

exchangeable ions are attached. These synthetic resins are structurally 

stable (i.e., can tolerate a range of temperature and pH conditions), exhibit 

a high exchange capacity, and can be tailored to show selectivity towards 

specific ions. 

The existing ion exchange system consists of a strong acid cation resin 

followed by a weak basic anion resin. The strong acid cation resin behaves as 

a strong acid, exchanging cations in the wastestream with hydroxide ions from b 

the resin and reducing the pH. The wastestream then passes through the weak 

base cation exchange column, where hydronium (OH-) anions are exchanged with 

anions in the water, such as sulfate, thereby raising the pH. 

As the available exchanging ions in the resin are replaced by the 

contaminant ions, the effectiveness of the system is reduced and the resins 

require regeneration. The strong acid cation resin is regenerated through the 

addition of sulfuric acid, forming hydrogen and sulfates which are then 

treated by reduction and precipitation. Regeneration of the weak basic anion 

resin is accomplished through the addition of dilute sodium hydroxide, 

followed by the addition of acid, if necessary. 
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The existing ion exchange system was designed as a continuous operation 

system. At the end of each adsorption period, loaded resin would be removed . 
from the top of the adsorption column and backwashed to’remove any accumulated 3 
suspended solids. The resin would then be transferred to an elution column 

where, after undergoing four cycles of regeneration, it ‘would reach the outlet 

of the column, ready to again enter the bottom of the adsorption column 

following rinsing. 

is provided in Figure 5-2. 

A schematic of the existing ion exchange treatment system 

The continuous operation mode, when implemented, did not operate 

effectively. The system was designed to meet the historic TDS and chromium 

permit effluent levels at a continuous flow rate of 400 gpm, but in actual 

operation, compliance with effluent limitations could only be achieved by 

pumping at reduced rates in a fixed bed mode and by periodic shutdown of the 

system for resin regeneration. It was determined that the presence of 

colloidal particles in the extracted ground water was interfering with system 

performance. The ion exchange system manufacturer was unable to rectify the 

operational problems, resulting in the continued operation of the treatment 

\ 

system at a reduced ground water extraction rate. Therefore, this alternative 

is based on continued operation of the system at an average ground water 

extraction rate of 200 gpm, with periodic shutdowns of the system for resin 

regeneration. ‘ 

The regenerant solution (spent sulfuric or caustic acids) produced during 

operation of the ion exchange system is further treated through a chrome 

reduction process. The pH is lowered to 2.5 and sodium bisulfite is added to 

reduce the hexavalent chromium to trivalent chromium. The effluent flows into 

a pH adjustment tank where the pH is raised to 7.5.  The water flows into a 

flocculation chamber where a coagulant is added to enhance settling 
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characteristics. The wastewater then enters a separator where the solids 

settle to the bottom and the supernatent flows into a transfer tank. From the , 

d transfer tank, the wastewater is discharged to a storage tank for off-site 

disposal. This wastestream is referred to as "brine". The sludge from the 

separator is transferred to a sludge thickener and dewatered using a filter 

press. The dewatered sludge is temporarily stored within super sacks or 

roll-off containers in a covered area with an impervious floor for a period of * 

less than ninety days before being disposed of off-site as a hazardous waste 

(D007). 

Supplementing the inorganic treatment system is an air stripper for the 

treatment of organics in the extracted ground water. Air stripping is a mass 

transfer process in which a compound in solution in water is transferred to 

solution in a gas. The Henry's law constant, which relates the liquid phase 

concentration of a particular compound to the gas phase concentration, 

provides an indication of the strippability of a compound. Chlorinated 

hydrocarbons and other compounds with Henry's law constants generally greater - 
than 0.003 atm-m3/mol can effectively be removed by air stripping. The main 

organic contaminants of concern at the SMC site (1,l-dichloroethene, 

1 ,2-dichloroetheneI trichloroethene, benzene, toluene, xylene, and 

tetrachloroethene) all have Henry's law constants greater than 0.003 

atm-m3/mol. In the existing treatment system configuration, the air stripper 

comes before the ion exchange treatment system to prevent organic fouling of 

the ion exchange resins. 

The air stripper system consists of an air stripping column filled with 

packing material and a blower system. A diagram of the air stripping system 

is provided in Figure 5-3. The existing air stripper is approximately 35 feet 

tall and has an inside diameter of 4.5 feet. Based on a ground water 
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extraction rate of 200 gallons per minute, it historically has treated 

chlorinated compounds to effluent concentrations of 2 ppb or less. 

Extracted ground water is pumped to the top of the tower. As the water 

flows through the tower, air is blown from the bottom of the tower, 

countercurrent to the direction of water flow. The contaminants are 

transferred from the aqueous phase to the vapor phase during this process. 

Volatile organic emissions from the stripper historically have not required 

emission controls in accordance with federal or state standards. If 

determined to be necessary in the future based on unexpected changes in the 

extracted ground water quality, a system using activated carbon could be 

implemented to control VOC emissions. 

The existing discharge system consists of the discharge of treated ground 

water to the Hudson Branch tributary of the Maurice River. The 1991 ACO 

stipulated a maximum allowable daily effluent limit of 0.13 kg/d for total 

J. chromium, with sampling to be conducted on a weekly basis, and a daily maximum 

COD of 100 kg/l, based on a monthly grab sample. Total volatile organics, as 

defined under NJAC 7:14A, were measured on a quarterly basis at the outfall. 

NJDEPE has proposed new discharge to surface water permit conditions, as 
I .  

presented in Table 3-4, which are more stringent than the 1991 ACO 

requirements. For example, the proposed maximum allowable daily effluent 

limit for total chromium is 0.013 kg/d (5.8 1.1911). 

As discussed previously in Section 5.2, a ground water monitoring program 

is also in effect at the SMC facility. The purpose of this program is to 

monitor the toe of the plume, incorporating new wells, installed during the 

Remedial Investigation, and fulfilling the ground water monitoring 

requirements of the 1984 and 1988 ACOs, including' volatile organic and 

inorganic sampling and analyses. Summaries of the on-site and off-site wells 
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included in the monitoring program, along with analytical requirements and 

sampling frequencies, are presented in Tables 5-2 and 5-3, respectively. 

5.3.2.2 Criteria Assessment 

Short-Term Effectiveness - Continued implementation of the existing 

remedial actions will result in minimal short-term impacts due to the present 

operational status of the systems included in this alternative. However, the . 
estimated time frame required to meet remedial response objectives under this 

alternative is longer than an alternative which would involve a higher ground 

water extraction rate. 

Long-Term Effectiveness and Permanence - Alternative 2 addresses the 

principal threats associated with ground water contamination by minimizing the 

migration of contamination beyond the majority of the identified plume area. 

Based on a study conducted in 1991 (DRAI, 1991) of the extraction of ground 

water at a rate of 120 gpm from shallow well RIW2 and at 80 gpm from a deep 

well (RW6D or W9), it was concluded that the pumping schedule was effective in 

controlling the toe of the hexavalent chromium plume in the shallow portion of 

the aquifer but additional pumping was necessary to control the hexavalent 

chromium plume in the deep portion of the aquifer. As a result of the 

recommendations presented in that study, modifications in the pumping schedule 

were implemented in January 1991. Ground water was extracted at increased 

rates from the deep extraction wells (50 to 60 gpm at W9 and 70 to 80 gpm at 

RW6D), and at a decreased rate at the shallow extraction well (65 to 85 gpm at 

RIW2). The effects of the change in the pumping scheme are evident in Figures 

1-13 and 1-14, which respectively present the lower Cohansey Sand piezometric 

surface contours for December 1990 (before the pumping schedule modification) 

and April 1991 (after the modification). Since the modification in the 

ij 
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pumping schedule, no downgradient increases in contaminant levels have been 

identified in regular ground water monitoring in either the upper or lower ' 

Cohansey Sands, with the exception of ground water contamination identified 

south of the facility, in newly installed well SC26D. Capture of the entire 

plume is not assured, however. Additional investigation is required in the 

vicinity of wells IW2 and SC26D to further define the extent of contamination. 

While Alternative 2 is effective in the minimization of the majority of 

the contaminant plume, the current treatment system has not been consistently 

successful in meeting historic effluent limitations and is not expected to be 

effective in meeting the more stringent requirements of the proposed discharge , 

to surface water permit conditions. 

* 

Operation and maintenance activities associated with the system include 

the off-site disposal of the brine solution and the filter cake sludge. 

Long-term management in the form of ground water monitoring is also required 

under this alternative. I_ \ 

Implementability - The technical feasibility of b perating the existing 

ground water extraction, treatment and discharge system is good, since it is 

an existing, operating system. The administrative feasibility ,is not as good, 

since the system operates at a maximum average ground water extraction rate of 

I 
1 
I 

200 gpm and is not expected to achieve effluent limitations. 

The implementation of additional remedial actions in the future would not 

be limited by the continued operation of the existing system. If determined 

to be necessary, the system could be upgraded in 'the future to handle 

additional flow. Similarly, the ground water monitbring network could be 

expanded accordingly, using existing or newly installed monitoring wells, as 

1 

I 
I 
1 

necessary. 

Reduction of Toxicity, Mobility or Volume Through Treatment - Alternative 

2 provides a reduction in contaminant toxicity, mobility and volume through ' I  
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ground water extraction and treatment. It addresses ground water 

contamination by minimizing the migration of contamination beyond the majority 

of the identified plume area and by treating the contaminants in the extracted 

ground water. The entire contaminated ground water area would not be 

addressed by the existing system, however. 

. 

‘\I 

Residuals produced by the treatment system include sludge and brine, which 

require off-site disposal and treatment, respectively. The sludge is disposed ’ 

of as a DO07 waste a t  a ERA-permitted land disposal facility, while the brine 

is treated at an off-site ERA-permitted treatment facility. 

Compliance with ARARs - Alternative 2 may achieve chemical-specific ARARs, 

particularly with respect to chromium and chlorinated organics, within most of 

the aquifer over an extended period of operation, although actual achievable 

aquifer concentrations are difficult to predict (see discussion regarding 

long-term effectiveness in Section 5.3.3.2). Alternative 2 is expected to 

achieve historical surface water discharge limits, although past performance 

has resulted in periodic exceedances. It is not anticipated to achieve 

proposed discharge t o  surface water permit conditions. As described in 

Section 5.3.1.2, ARARs may be waived under certain circumstances, including 

the implementation of an interim remedial measure, provided that it will 

become part of a total remedial action that will attain ARARs. This 

alternative provides protection against exposures to ground water 

contamination through the existing well restriction area and provides 

protection against contaminated ground water migration through continued 

operation of the pump and treat system. 

L.J 

Overall Protection of Human Health and the Environment - This alternative 

provides a degree of long-term protection of human health and the environment 

by limiting exposure to contaminated ground water through contaminant 

‘d 
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migration control and the existing well restriction ar8a. It also addresses 

1. 
potential risks associated with existing ground water :contamination through . 

ground water extraction and treatment, although extraction rates may not be .. 
optimum in terms of achieving a timely reduction in contaminant concentrations 

and the entire plume area may not be captured by this alternative. 

Cost - The major costs associated with Alternative 2 include long-term 
operational costs associated with the ground water treatment system as well as 

long-term ground water monitoring costs. The overall cost includes $1,300,000 

in annual operation and maintenance costs ($5,600,000 net present value). The 

present worth value of this alternative, including contingency, is estimated 

at $6,700,000. A detailed cost estimate is presented in Appendix A. 

5.3.3 Alternative 3 - Modified Ground Water Restoration (Modified Ground 
Water Extraction/Treatment/Discharge Program) 

5.3.3.1 Description 

Alternative 3 consists of a modified ground water restoration program 

consisting of an amended combination of extraction, treatment and discharge 

technologies. 'The objective for the development of h modified extraction/ 

treatmentldischarge alternative would be to optimize the existing treatment 
! 

system, thereby allowing the remedial system to operate at an optimum rate, 

capturing contaminated ground water at and/or emanating from the SMC facility 

while achieving remediation goals and meeting discharge requirements. The 

main focus of the development of this alternative is a re-evaluation of the 

extraction system (including well locations, screened depths and individual 

well extraction rates to optimize the capture of contaminated ground water), 

the treatment system (to determine the best means of reliably treating an 

increased influent rate), and the discharge system (to determine the most 

appropriate means for discharging the effluent). 
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As a condition of the 1991 ACO, SMC was required to conduct a Treatment 

Optimization Study to generate the data necessary to issue a final NJPDES DSW * 

permit and to determine the actions required to comply with permit discharge 

limitations while also maintaining the increased ground water extraction rate 

d 

required under the 1988 ACO. Under this study, it was required that the 

feasibility of utilizing equalization or surge tanks in combination with the 

existing system to increase pumping efficiency be evaluated, as previously 

described in Section 4.2.10. It had been determined that the existing 

treatment system’s capacity was limited due to the high incoming solids 

loading and, therefore, the system was operated in a fixed bed mode, requiring 

periodic shutdowns for regeneration of the ion exchange columns. Flow 

equalization tanks would provide storage capacity to allow ground water 

extraction to continue during column regeneration periods. However, in order 

to take advantage of the added capacity, the treatment system would 

subsequently have to be operated at treatment rates higher than the optimum 

fixed bed treatment rates. Therefore, the use of’equalization tanks or surge 

tanks to increase pumping efficiency would not have any effect on the existing 

system’s inability to treat the water at a higher rate while still maintaining 

discharge limitations. Based on this evaluation of the existing ion exchange 

system, it was determined that the only means of continued use of the 

treatment system would be through the implementation of a pretreatment process 

‘d 

which would remove the colloidal particles and enhance the performance of the 

system. Information generated as a result of additional studies of potential 

pretreatment processes conducted under the direction of SMC is incorporated 

herein, as applicable. 

This alternative will consist of a combination of extraction, treatment 

and discharge technology options, as described in detail in Sections 5.3.4 

‘e 
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through 5.3.14. Ground water monitoring, as described in Section 5 . 2 ,  would 

also be implemented under Alternative 3. 

I_ Additional investigation to further define the extent of ground water \ 

contamination in the vicinity of well SC26D, south of the SMC facility, and 

well IW2, southwest of the facility, will be required prior to conducting any 

remedial design work. 

To evaluate ground water extraction and discharge options under 

Alternative 3, an extensive ground water modeling effort was undertaken. This 

effort is presented in detail in Appendix B. The effort involved the detailed 

consideration of seven different extraction and/or discharge scenarios 

(referred to in Appendix B as simulations), as well as a sensitivity 

analysis. For most scenarios, numerous evaluations were made to determine the 

optimum combination of variables (e.g., extraction rates, well locations, 

etc.) for that scenario. Of the seven scenarios, a scenario which uses 

existing wells to the greatest extent (Simulation 1) and a scenario which 

implements the installation of new extraction wells to supplement existing 

extraction wells (Simulation 4A) were selected as the basis for the detailed 

analyses of Extraction Options El and E2, respectively. For the discharge to 

\ 

ground water options, three scenarios were evaluated during ground water 

modeling, including simulations of ground water recharge using reinjection 

wells and recharge basins. Simulation 5 ,  in which ground water would be 

recharged by modifying an existing thermal pond a<d by constructing an 

additional recharge basin, was selected as the basis for the detailed analysis 

of Discharge Options D1 and D3.  More information is provided in the 

individual detailed analyses of these options. 

In the following discussions of extraction, treatment and discharge 

options, 400 gpm is commonly used to describe the extraction, treatment and 
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discharge rates. However, it should be noted that this is an approximate rate 

that may be varied during actual system design and/or implementation. While 

400 gpm is an effective extraction rate based on existing information on the 

extent of ground water contamination and as defined by the ground water 

- 

LJ 

modeling activities, additional site investigation activities and monitoring 

of the actual extraction system during implementation will provide an 

indication if this extraction rate provides capture of the contaminated ground * 

water. Additional ground water modeling will also be conducted during the 

remedial design phase. Modifications to the overall extraction rate or 

individual well extraction rates may be implemented as a result of these 

activities. Similarly, the treatment and discharge rates will not necessarily 

be equal to the extraction rate due to the recirculation of waste streams 

within the ground water treatment processes and the potential discharge of 

non-contact cooling water and stormwater as well as treated ground water via 

Outfall 001. Therefore, references to 400 gpm extraction, treatment and 

discharge rates should be considered to be an approximate rate of 400 gpm, 
'-d 

with some variation possible during implementation. 

5.3.3.2 Criteria Assessment 

The following criteria assessment addresses only the general features of 

groundwater extraction, treatment and discharge for the purpose of comparison, 

to Alternatives 1 and 2. 

Short-Term Effectiveness 

Alternative 3 will potentially present limited short-term risks to 

remedial workers, depending on the selected ground water extraction and 

treatment options. Personal protective equipment will be implemented, as 

necessary, to minimize the potential impact to remedial workers. The time 

required to complete construction of the ground water extraction system and/or ' - . / I  
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treatment system is estimated at a maximum of onb to two years. No 

significant added short-term risks to the adjacent community or the . 
environment are anticipated as a result of extraction well or treatment system , 

installation or operation. 

While the time required to meet ground water remediation goals is 

difficult to estimate at this point in time, it is expected that ground water 

remediation goals will be achieved in a more timely manner than would be 

achievable under Alternative 2, due to the increased pumping rate. 

Long-Term Effectiveness and Permanence - A modified ground water 

extraction, treatment and discharge system will effectively treat the ground 

water contamination. While it extracts and treats ground water at a greater 

rate than Alternative 2 and therefore is expected to be more effective in the 

long-term, the permanence of Alternative 3 will depend, in part, on the 

source(s) of the ground water contamination. Based bn a review of ground 

water extraction and remediation case studies conducted under the Superfund 

program (Sutter, et. al., 1991), extraction system performance and permanence 

was determined to be related to the potential presence of non-aqueous phase 

liquids (NAPLs), such as chlorinated hydrocarbons. aile the presence of 

these liquids is often difficult to locate in the' field, they often provide a 

continuous source of contamination to surrounding ground water through direct 

dissolution. Therefore, while pump and treat systems have been successful in 

containing aqueous contaminant plumes and removing a substantial mass of 

contaminants from the aquifers, once their operation is discontinued, high 

contaminant levels may return if NAPLs are present. 

Long-term future use of the ground water will be dependent on the level of 

remediation achievable by the pump and treat system. Achievement of ground 

water goals for chlorinated hydrocarbons and other contaminants can be an 

L 
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extended process due to the physical processes involved in the transport of 

these contaminants and observed performance of other pump and treat systems. . 
e The previously referenced Superfund study (which is based upon the evaluation 

of twenty-four sites, most of which had VCCs as their contaminants of 

concern), described evidence of a "leveling out" of contaminant concentrations 

in pump and treat systems prior to reaching the cleanup goal. Significant 

decreases in contaminant Concentrations typically occurred within the first * 

two years of extraction. The "leveling out" phenomenon was observed at many 

sites within the immediate source areas only; the overall sizes of the plumes 

were generally substantially reduced through pumping. 

Long-term management will consist of ground water treatment system and 

discharge system operation and maintenance and ground water monitoring. 

Maintenance of these systems should not be difficult, although technical 

problems could be associated with operation of the ground water treatment and 

discharge systems, depending on the treatment option chosen. It has been 

assumed that ground water monitoring will be conducted over the assumed LJ 

five-year operational period, as previously described in Section 5 . 2 .  

Implementability - The construction of a modified ground water extraction, 

treatment and discharge system will be fairly easily implemented but will be 

dependent on the chosen technology options. The implementation of this 

alternative is not expected to pose difficulties in implementing future 

remedial actions or difficulties in terms of monitoring. 

The administrative feasibility of implementing this alternative will be 

highly dependent on the technology options chosen. In general, ground water 

extraction, treatment and discharge remedial actions are administratively 

feasible. The ability of this alternative to meet discharge requirements is 

expected to be better than Alternatives 1 and 2; however, it will be dependent 

on the selected treatment technology and discharge system. 
u 
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Reduction of Toxicity, Mobility or Volume Through Treatment - This 

alternative addresses the principal threat associated with the presence of the 

contaminated ground water through minimization of contaminant migration and a \ 

reduction in the overall volume of contaminated ground water through an 

increased ground water extraction rate. The toxicity of the ground water 

contamination will be reduced through the treatment processes employed. 

I 

Compliance with ARARs - Alternative 3 may achieve chemical-specific ARARs ' 

within the aquifer over an extended period of operation, although actual 

achievable aquifer concentrations are difficult to predict (see previous 

discussion regarding long-term effectiveness). The ground water treatment 

system will be used to reduce contaminant levels to meet discharge criteria. 

Effluent from the treatment process must meet the discharge requirements 

applicable to the discharge option selected. Compliance with the requirements 

of a New Jersey treatment works permit is also anticipated. 

J To determine the effectiveness of this alternative in maintaining 

contaminant levels below remedial cleanup criteria once operation of the pump 

and treat system is discontinued, continued ground water monitoring will be 

\ 

required. 

Overall Protection of Human Health and the Environment - This alternative 

provides control of risks posed by ground water contamination through 

extraction and treatment. Minimal short-term risks may be associated with the 

implementation of the ground water extraction and treatment systems. The 

long-term effectiveness is expected to be good, based on the increased ground 

water extraction rate and .the optimization of the ground water extraction 

system. The treatment system should be able to attain ARARs applicable to 

discharge and should be successful in achieving or approaching ARARs within 

the aquifer. The ability of the treatment systems to treat all contaminants 

5-20 



/ 

of concern will depend on the individual treatment options which are selected 

for the final alternative. 

Cost - The major costs associated with Alternative 3 include the 

constructionlmodification of the ground water extraction, treatment and 

4 

discharge systems. The cost will be highly dependent on the individual 

technology options chosen, as presented in Sections 5.3.4 through 5.3.14. 

5.3.4 Alternative 3 - Ground Water Extraction Option El - Existing 
Extraction System 

5.3.4.1 Description 

Option El is based on ground water modeling Simulation 1, as presented in 

Appendix B. It consists of ground water extraction using existing extraction 

wells Layne, W9, RW6S, RW6D and RIW2. An additional deep extraction well, 

referred to as RIW2 deep, is also proposed to be included in this option to 

provide capture of contaminated ground water within the lower Cohansey Sand in 

d this downgradient area. The well would be paired with existing extraction 

well RIW2. The locations of existing extraction wells and proposed extraction 

well RIW2 deep are presented in Figure 5-4. 

Based on the ground water modeling, the extraction rates for the existing 

wells under this option are as follows: 

Layne 95 gPm 
w9 35 gprn 
RW6S 95 gpm 
RW6D 25 gprn 
RIW2 125 gpm 
RIW2 deep 25 gpm 

5.3.4.2 Criteria Assessment 

Short-Term Effectiveness - Option El is effective in the short-term 

because it uses existing extraction wells and requires the installation of 

W 
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only one additional extraction well. Existing extraction system piping is 

also used. Short-term risks resulting from implementation are expected to be 

minimal and are easily addressed through the use of prdper health and safety 
I 

equipment. 

Long-Term Effectiveness and Permanence - In the long-term, Option El will 
be effective in capturing most of the shallow and deep contaminated ground 

water. However, chromium-contaminated ground water in the vicinity of shallow 

well SC3S and deep well SC26D may not be captured under this option. Shallow 

ground water that is contaminated with elevated levels of chromium in the 

vicinity of wells H, L, and SC23S would lie only within the capture zone of 

I 

I 
i 

I 

I 

RIW2, located some 3,000 feet downgradient. Therefore, significant dispersion 

and diffusion of this contaminated ground water could occur prior to 

extraction. 

Implementability - Option El would be implementable based on the use of 
the existing extraction system with the addition of only one extraction well. 

Existing piping to the treatment system could be used, further supporting the I \ 

ease of implementation. Administrative feasibility is expected to be good as 

well as the availability of required services and materials. 

Reduction of Toxicity, Mobility or Volume through Treatment - Option El 

would provide a reduction in the mobility of contaminated ground water through 

its capture using the existing extraction system with one supplemental well, 

although capture of all ground water contaminated at levels exceeding ARARs 

emanating from the SMC facility is not likely. The toxicity of ground water 

contaminants would be subsequently reduced through ground water treatment. 

The volume of contaminated ground water could potentially increase due to 

dispersion when shallow contaminated ground water must travel some 3,000 feet 

downgradient to be extracted. 
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Compliance with ARARs - Option El is expected to provide extraction of 
most but not all of the ground water with contaminant levels exceeding ARARs. * 

‘d Construction of the additional extraction well must be conducted in accordance 

with appropriate location-specific and action-specific requirements. 

Overall Protection of Human Health and the Environment Option El is 

protective of human health and the environment through the extraction of 

contaminated ground water for on-site treatment. This extraction option does 

not provide the most efficient means of extraction, however, because ground 

water contaminants may be allowed to disperse prior to extraction downgradient 

of potential source area(s) and because it may not provide for the capture of 

the entire contaminant plume. 

- Cost - The cost of implementation of Option El involves the cost of 

installation of an additional extraction well, hook-up to the existing piping 

system and continued operation of the extraction system. The overall 

estimated cost includes $22,000 in direct capital costs, $3,000 in indirect 

capital costs, and $27,000 in annual operation and maintenance costs ($110,000 

net present value). The present worth value of this alternative, including 

contingency, is estimated at $170,000. A detailed cost estimate is presented 

in Appendix A. 

\d 

5.3.5 Alternative 3 - Ground Water Extraction Option E2 - Modified 
Extraction System 

5.3.5.1 Description 

Option E2 is based on ground water modeling Simulation 4A, as presented in 

Appendix B. It consists of ground water extraction using existing extraction 

wells Layne, W9, RW6S, RW6D and RIW2. An additional deep extraction well, 

referred to as RIW2 deep, is also proposed to be included in this option to 

provide capture of contaminated ground water within the lower Cohansey Sand in 

\d 
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this downgradient area. The well would be paired with existing extraction 

well RIW2. In addition, two supplemental shallow extraction wells, referred 

to as SRWl and SRW2, are proposed to capture the shallow ground water with 

high chromium levels in the vicinity of wells H, L,' and SC23S, close to 

potential source area(s) and one supplemental shallow extraction well, 

referred to as SRW3, is proposed to capture chromium lebels which exceed MCLs 

in the vicinity of well SC3S. The "lobe" of shallow chromium-contaminated ' 
ground water which exists in the vicinity of well SC12S Mould also be captured 

under this extraction scenario, as would the majority of the deep chromium- 

contaminated ground water (the extent of which will be better defined 

following completion of additional investigations). The locations of existing 

extraction wells and proposed extraction wells RIW2 deep, SRW1, SRW2 and SRW3 

are presented in Figure 5-5. 

Based on the ground water modeling, the extraction rates for the recovery 

wells under this option are as follows: 

hyne 
w9 
W 6 S  
RW6D 
RIW2 
RIW2 deep 
SRWl 
sRW2 
sRw3 

70 gpm 
25 gpm 
25 gpm 
25 gpm 
40 gpm 
25 gpm 
70 gpm 
70 gpm 
50 gpm 

Following the completion of additional site investigation in the vicinity 

of wells SC26D and IW2, adjustments to the proposed extraction system may be 

required. 
i 

5 . 3 . 5 . 2  Criteria Assessment 

Short-Term Effectiveness - Option E2 is effectiSe in the short-term 

because it uses existing extraction wells and requirds the installation of 
1 
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four additional extraction wells. Existing extraction system piping is also 

used, with some additional piping required to convey the extracted ground 

‘4 water from SRW1, SRW2 and SRW3 to the treatment system. Short-term risks 

resulting from implementation are expected to be minimal and are easily 

addressed through the use of proper health and safety equipment. By locating 

SRWl and SRW2 close to the potential source(s) of the shallow ground water 

chromium levels, this option is expected to achieve remedial response 

objectives within a shorter time frame than Option El. 

Long-Term Effectiveness and Permanence - In the long-term, Option E2 will 
be effective in capturing both the shallow and deep chromium-contaminated 

ground water, although additional investigation is required in the vicinity of 

SC26D to confirm the capture of deep chromium-contaminated ground water in 

this area. In addition, the shallow ground water contaminated with high 

levels of chromium in the vicinity of wells H, L and SC23S would be captured 

close to the potential source area(s), therefore minimizing the potential for 

significant dispersion and diffusion of this contaminated ground water prior 

to extraction. 

d 

Implementability - Option E2 would be implementable based on the use of 

the existing extraction system with the addition of four extraction wells. 

Existing piping to the treatment system would be supplemented with the piping 

necessary to convey the flows from SRW1, SRW2 and SRW3. Administrative 

feasibility is  expected to be good, as well as the availability of required 

services and materials. 

Reduction of Toxicity, Mobility or Volume through Treatment - Option E2 
would provide a reduction in the mobility of contaminated ground water through 

its capture strategy using the existing extraction system with four 

supplemental wells. The toxicity of ground water contaminants would be 
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subsequently reduced through ground water treatment. By locating SRWl and 

SRW2 so as to capture shallow ground water which exhibits relatively high . 

chromium levels near to the potential source area(s), the volume of 

contaminated shallow ground water should not significantly increase due to 

dispersion. 

1 

Compliance with ARARs - Option E2 is expected to 'provide extraction of 
shallow and deep ground water with chromium leveld which exceed ARARs, 

particularly focusing on shallow ground water areas close to the potential 

source area(s).. Revisions to the proposed extraction system may be required 

to ensure capture in areas where additional investigations are planned. 

Construction of the additional extraction wells must 'be in accordance with 

appropriate location-specific and action-specific requirements. 

c 

Overall Protection of Human Health and the Envirbnment - Option E2 is 
protective of human health and the environment through the extraction of 

contaminated ground water for on-site treatment. ?his extraction option 

provides a more efficient means of extraction than Option El; capturing 

contaminated shallow ground water closer to the potentjal source area(s) will 

minimize contaminant dispersion prior to extraction and therefore can be 

expected to minimize the overall remedial period required. This option also 

includes the capture of shallow chromium-contaminated ground water in the 

vicinity of SC3S. 

1 

\ 

I 

- The cost of implementation of Option E2 involves the cost of 

installation of three additional extraction wells, hook-up to the existing 

piping system, installation of conveyance piping for SRWl and SRW2, and 

continued operation of the extraction system. The overall estimated cost 

includes $93,000 in direct capital costs, $13,000 .in indirect capital costs, 

and $27,000 in annual operation and maintenance costs ($110,000 net present 
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value). The present worth value of this alternative, including contingency, 

is estimated at $260,000. A detailed cost estimate is presented in Appendix A. * 

5.3.6 Alternative 3 - Ground Water Treatment Option T2 - Air Stripping 
5.3.6.1 Description 

Option T2 involves the treatment of organic ground water contaminants 

using an air stripper, a well-proven and widely available treatment technology. 

Air stripping is a mass transfer process in which a compound in solution 

b 

in wqter is transferred to solution in a gas. The Henry's law constant, which 

relates the liquid phase concentration of a particular compound to the gas 

phase concentration, provides an indication of the strippability of a 

compound. Chlorinated hydrocarbons and other compounds with Henry's law 

constants generally greater than 0.003 atm-m3/mol can effectively be removed 

by air stripping. As described previously in Section 5.3.2.1, the main 

organic contaminants of concern at the SMC site (1,l-dichloroethene, 

1,2-dichloroethene, trichloroethene, benzene, toluene, xylene, and 
\J 

tetrachloroethene) all have Henry's law constants greater than 0.003. 
I 8  

The use of the existing air stripping column at the SMC facility is 

evaluated under this organic treatment option. The system consists of an air 

stripping column filled with packing material and a blower system, as 

previously shown in Figure 5-3. A detailed description of the existing air 

stripper and its operation was previously presented in Section 5.3.2.1. 

Historically, it has treated chlorinated compounds to effluent concentrations 

of 2 ppb or less. Therefore, it is expected to provide removal of the 

chlorinated compounds in accordance with the proposed discharge to surface 

water permit conditions. While treatment of air emissions has historically 

not been required based on the treatment rate and VX! levels, potential 

u 
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emission rates are compared to regulatory levels on the basis of measured VOC 

influent levels and a 400 gallon per minute treatment rate in the calculations * 

presented in Appendix C. Based on these calculations, emissions treatment is 

not expected to be required. However, monitoring would be conducted during 

operations to ensure compliance with air discharge regu+ations. 

Because inorganic contaminants (e.g., iron) map eventually clog the 

packing material within an air stripper and decrease its efficiency, inorganic 

pretreatment prior to air stripping is preferred. 

5.3 .6 .2  Criteria Assessment 

Short-Term Effectiveness - Short-term risks to workers under this 

alternative are not expected to be significant based o$ the use of an existing 

treatment unit. No significant added risks to the adjacent community or the 

environment are anticipated as a result of treatment system installation or 

operation. I \ - /  Long-Term Effectiveness and Permanence - The long-term risks associated 
with the organic residuals of ground water treatment by air stripping will be 

relatively small, since air stripping is a very efficient means of removing 

chlorinated hydrocarbons and other organic contaminants of concern from the 

wastestream. Long-term operation and maintenance of the treatment system is 

expected to pose no significant difficulties. Placement of the air stripping 

system following any inorganic treatment system would reduce potential fouling 

of the packing material within the air stripper. 

Implementability - The implementability of an air stripping treatment 

system is very good, since the system already exists on-site. The 

implementation of air stripping will not impact the implementation of any 

future remedial actions. If additional flow should be’added to the treatment 
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system at a future date, the system could be expanded fairly easily through 

the addition of another treatment unit. Operational activities include ' 

maintaining the blower system and ensuring no clogging of the packing material d 

occurs. Administrative feasibility' is also expected to be good based on the 

system's historic use at the site. 

Reduction of Toxicity, Mobility or Volume Through Treatment - This 

alternative will provide a reduction in the toxicity of ground water through 
b 

treatment. Air stripping transfers contaminants from the aqueous phase to the 

vapor phase. Although treatment of the air discharge from the air stripper is 

not expected to be necessary to comply with federal and state regulations, as 

demonstrated by the calculations presented in Appendix C, it could be provided 

if influent VOC concentrations significantly increase, causing acceptable air 

emission levels to be exceeded. Such treatment could consist of vapor phase 

carbon which would adsorb the contaminants, with subsequent off-site 

destruction during carbon regeneration. 
u 

Compliance with ARARs - The ability of the treatment system to meet 

discharge ARARs/TBCs applicable to organic contaminants is expected to be 

good, due to the high efficiency of air stripping in removing the contaminants 

of concern. The effluent from the treatment process would have to meet the 

applicable discharge requirements, as discussed in Sections 5.3.12 through 

5.3.14. Air stripping is expected to be able to achieve the proposed 

discharge to surface water permit conditions for TCE, based on historical 

performance. The treatment process itself must comply with the requirements 

of a New Jersey treatment works permit as well as with air discharge 

regulations. 

Overall Protection of Human Health and the Environment - Option T2 is 

expected to provide overall protection of human health and the environment 
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through treatment of organic contaminants in the ground water. The long-term 

effectiveness and permanence and short-term effectiveness are expected to be * 

good, and the ARARs/TBCs associated with discharge of the treated water are 

anticipated to be achievable. 

1. 
Cost - The major costs associated with Option T2 are the operation and 

maintenance costs. The overall estimated cost includes $20,000 in direct 

capital costs, $3,000 in indirect capital costs and $14,000 in annual 0 

operation and maintenance costs ($59,000 net present value). The present 

worth value of this alternative, including contingency, is estimated at 

$98,000. A detailed cost estimate is presented in Appendix A. 

5.3.7 Alternative 3 - Ground Water Treatment Option T3 - Carbon Adsorption 
5.3.7.1 Description 

Option T3 involves the treatment of organic ground water contaminants 

using carbon adsorption, a well-proven and widely available treatment 

technology. Carbon adsorption provides treatment of many organic compounds 

and may act as a filter in removing suspended inorganics. 

\ 

To treat the ground water contamination at the SMC site, a carbon 

adsorption unit consisting of two adsorption columns operated in series is 

expected to provide adequate treatment of the residual organic contaminants. 

A schematic of the treatment unit is presented in Figure 5-6.  The first 

column provides the major portion of the treatment with the second column 

acting as a polishing column. Based on an average design flow rate of 400 

gpm, an assumed carbon usage of approximately 0.5 lb carbon per  1,000 gallons 

treated (Stenzel, M.H., and Gupta, U . S . ,  19851, and a typical application rate 

of 2 to 10 gpm per square foot, it is estimated that4 a system such as the 

Calgon Model 10 Adsorption System will be appropriate. The Model 10 
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Adsorption System consists of two adsorber vessels each containing 

approximately 715 cubic feet of carbon (20,000 pounds). Based on the assumed ' 

W carbon usage rate, the carbon within one of the vessels will require 

replacement every two months. The system will be operated in a cyclic 

fashion, with the influent rerouted to the second vessel once the carbon in 

the first vessel is replaced. Such operation ensures that the partially used 

carbon provides the *majority of the contaminant removal, while the virgin 

carbon is used for polishing. Carbon can be replaced using the carbon 

transfer piping built into the treatment system. Calgon provides carbon 

replacement services . 

b 

5.3.7.2 Criteria Assessment 

Short-Term Effectiveness - Short-term risks to workers under this 

alternative are not expected to be significant. The spent carbon transfer 

piping built into the treatment system allows for efficient removal of spent 
u 

carbon with little or no potential risks to on-site workers. No significant 

added risks to the adjacent community or the environment are anticipated as a 

result of treatment system installation or operation. 

Lonq-Term Effectiveness and Permanence - The long-term risks associated 

with carbon adsorption will be minimal based on the efficiency of the carbon 

in treating the contaminants of concern. Carbon adsorption will be effective 

in treating both chlorinated and aromatic contaminants. Potential long-term 

risks associated with the residuals of carbon adsorption will also be 

' relatively small, since the carbon is regenerated and reusable. Long-term 

operation and maintenance of the treatment system is expected to pose no 

significant difficulties. Potential clogging of the carbon filter could be 

avoided through the placement of the organic treatment system following the 

inorganic treatment system. 
i/ 
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Implementability - The implementability of a carbon adsorption treatment 
Treatment units are, readily available and system is also expected to be good. 

easily implemented. The Calgon Model 10 adsorption system is skid-mounted for , , 

ease of installation. Start-up is not expected to result in unanticipated 

technical problems. The implementation of carbon adsorption will not impact 

the implementation of any future remedial actions. If additional flow should 

be added to the treatment system at a future date, the system could be 

expanded fairly easily through the addition of another treatment unit. 

Operational activities include monitoring the breakthrough rate of the carbon 

, 

and replacing the carbon, as required. Administrative feasibility is also 

expected to be good. 

Reduction of Toxicity, Mobility or Volume Through Treatment - This 

alternative will provide a reduction in the toxicity of identified organic 

ground water contaminants through treatment. The subsequent carbon 

regeneration process thermally destroys the adsorbed contamination. I. Compliance with ARARs - The ability of the treatment system to meet ' 

discharge requirements applicable to organic contaminants is expected to be 

good, due to the high efficiency of"carbon adsorption in removing the 

contaminants of concern. Applicable discharge requirements are discussed in 

more detail in Sections 5.3.12 through 5.3.14. The treatment process itself 

must comply with the requirements of a New Jersey treatment works permit. 

Removal and disposal or regeneration of the spent carbon requires compliance 

with the appropriate waste transportation, disposal and treatment regulations. 

Overall Protection of Human Health and the Environment - Option T3 is 

expected to provide overall protection of human health and the environment 

through treatment of organic contaminants in the ground water. The long-term 

effectiveness and permanence and short-term effectiveness are expected to be 

good, and discharge ARARs/TBCs are anticipated to be achievable. 
\ I 
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Cost - The major costs associated with Option T3 are the capital costs 
associated with the carbon adsorption unit and associated operation and - 

'b' maintenance costs, including carbon regeneration. . The overall estimated cost 

includes $240,000 in direct capital costs, $48,000 in indirect capital costs 

and $100,000 in annual operation and maintenance costs ($440,000 net present 

value). The present worth value of this alternative, including contingency, 

is estimated at $880,000. A detailed cost estimate is presented in Appendix A. ' 

2.3.8 Alternative 3 - Ground Water Treatment Option T4 - W Oxidation 
5.3.8.1 Description 

Option T4 involves the treatment of extracted organic ground water 

contamination using W oxidation, a technology which has recently been 
- 

demonstrated in the USEPA's SITE program and which is becoming more 

commercially available. 

W oxidation is a process in which W light and hydrogen peroxide 
u' 

chemically oxidize organic contaminants dissolved in water. A drawing of a 

typical treatment system is provided in Figure 5-7. Hydrogen peroxide is 

converted in the presence of W light to hydroxyl radicals, which are powerful 
i n  

oxidizers. Concurrently, organic molecules absorb energy from the W light, 

making them more receptive to the hydroxyl radicals. The combined W light 

and hydroxyl radicals promote rapid breakdown of organics into carbon dioxide 

and water without the creation of air emissions or residual waste streams. 

Self-contained W oxidation units are manufactured by such vendors as 

Peroxidation Systems, Inc. and Ultrox International, Inc., and are available 

in various configurations. Each vendor's system operates under unique 

conditions and has its own attributes and drawbacks. 

For costing and evaluation purposes, use of a Peroxidation Systems, Inc. 

(PSI) unit has been assumed, due to its ability to handle high flow rates. 
e 
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PSI units combine high-intensity UV light and hydrogen peroxide, which is 

easily soluble in water. The high-intensity lamps provide a shorter residence ' 

time than systems which use low-intensity lamps, thereby allowing treatment of '- 

high flow rates. The water temperature is raised approximately 5O per minute 

of residence time. Under some circumstances, increased water temperature has 

been linked to increased fouling of the quartz tubes that hold the W lamps 

(Roy, 1990a). 

1_ 

The system is successful in treating most chlorinated hydrocarbons, 

although single-bonded compounds such as TCA and DCA are not treated. Since 

single-bonded compounds are not included in the contaminants of concern at the 

SMC site, this limitation is not significant. In addition to treating most 

chlorinated hydrocarbons, W oxidation has been demonstrated to be effective 

in treating aromatic contaminants. 

Operation and maintenance of the PSI W oxidation unit consists of the 

provision of electricity, UV lamp replacement and maintenance of the hydrogen 

peroxide supply. Operational problems include the precipitation of sediment 

on the quartz lamps, which can significantly reduce the system's destruction 

efficiency (Ibid.). 

Other available systems include Ultrox International's system and VM 

Technology's WOX system. The Ultrox system uses low-intensity W lamps 

installed in chambers of a reactor. Ozone is introduced into the bottom of 

the chambers and hydrogen peroxide is also added to the influent. The ozone 

produces the hydroxyl radicals which oxidize the contaminants. Residual ozone 

is decomposed to oxygen in a separate treatment unit. The low intensity lamps 

generate less heat than the high intensity lamps of the PSI unit. Because the 

ozone is "bubbled" through the wastewater, single-bonded contaminants not 

treated in the PSI unit are stripped from the wastestream and subsequently 
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treated in the ozone destruction unit. Maximum removal efficiencies in the 

SITE program demonstration ranged from 99 percent for TCE to 65 and 85 percent 

4 for 1,l-DCA and l,l,l-TCA respectively. The ozone used in the process is 

' 

generated on-site. 

1990b). 

Ozone is a toxic gas and must be handled accordingly (Roy, 

VM Technology's WOX system provides W oxidation without contact between 

the wastestream and the quartz sheaths covering the W lamps. Compressed air 

is exposed to the W lamps, creating ozone. The incoming wastestream is 

filtered io removed solid particles down to 5 microns. The wastestream and 

ozone are then mixed, with unreacted gas subsequently treated in a carbon 

bed. The treated wastewater flows through a carbon filtration system and 

filter before it is discharged (Roy, 1990a). 

5.3.8.2 Criteria Assessment 

Short-Term Effectiveness - Short-term risks to workers under this 

alternative are not expected to be significant. Maintaining the hydrogen W' 

peroxide supply and the UV lamps are the major operation and maintenance 

activities, although handling of ozone, a toxic gas, could. be required, 

depending on the selected technology vendor. No significant added risks to 

the adjacent community or the environment are anticipated as a result of 

treatment system installation or operation, based on the complete destruction 

of most contaminants of concern. 

Long-Term Effectiveness and Permanence - The long-term risks associated 

with UV oxidation will be minimal based on the system's ability to treat the 

organic contaminants of concern and based on the lack of treatment residuals 

associated with UV oxidation. Long-term operation and maintenance of the 

treatment system is expected to pose no significant difficulties, although 

u 
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elevated inorganic levels can cause fouling of the W lamps. Placement of the 

W oxidation system after the inorganic treatment system would reduce the 

potential for fouling of the W lamps. L- 

Implementability - The implementation of a W oxidation system is also 
expected to be good, based on an increasing number of commercially available 

units, The PSI unit which was used as the basis for this evaluation is 

modular and skid-mounted for ease of installation. Start-up is not expected ' 

to result in unanticipated technical problems and the implementation of the W 

oxidation treatment system is not expected to impact the implementation of any 

future remedial actions. Operational activities include maintenance of the 

hydrogen peroxide supply and the W lamps, as required. Administrative 
I 

feasibility is also expected to be good. 

Reduction of Toxicity, Mobility or Volume Through Treatment - This 

alternative will provide a reduction in the toxicity of identified organic 

I ground water contaminants through treatment. The toxicity of the contaminants 

is reduced with no significant treatment residuals produced by the process. 1- 

Compliance with ARARs - The ability of the treatment system to meet 

discharge requirements applicable to organic ground water contaminants is 

expected to be good. Treatability studies could further define the efficiency 

of the treatment system prior to implementation. The effluent from the 

treatment process is expected to meet the applicable discharge requirements, 

as discussed in Sections 5.3.12 through 5.3.14.' The treatment process itself 

must comply with the requirements of a New Jersey treatment works permit. 

Overall Protection of Human Health and the Environment - Option T4 is 

expected to provide overall protection of human health and the environment 

through treatment of organic ground water contaminants. The long-term 

effectiveness and permanence and short-term effectiveness are expected to be 
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good, and ARARslTBCs are anticipated to be achievable for most organic 

compounds of concern. 

Cost - The major costs associated with Option T4 are the capital costs 

associated with the W oxidation unit and associated operation and maintenance 

~~U 

costs, including hydrogen peroxide, maintenance, parts, and power. The 

overall estimated cost includes $710,000 in direct capital costs, $140,000 in 

indirect capital costs and $400,000 in annual operation and maintenance costs 

($1,700,000 net present value). The present worth value of this alternative, 

including contingency, is estimated at $3,100,000. A detailed cost estimate 

is presented in Appendix A. 

5.3.9 Alternative 3 - Ground Water Treatment Option T6 - Coagulation and 
Flocculation 

5.3.9.1 Description 

Option T6 involves the pretreatment of inorganic ground water contaminants 

'W using chemical coagulation and flocculation, followed by treatment within the 

existing ion exchange system. Chemical coagulation and flocculation is an 

inorganic removal method often used in industry. 

Coagulation is a process which involves the reduction of electrostatic 

particle surface charges, resulting in the agglomeration of particles. The 

potential for coagulation can be measured in terms of the Zeta potential, the 

electric potential difference between the shear plane of an ion and the 

surrounding solution. As the Zeta potential approaches zero, the tendency for 

coagulation increases. The rate at which coagulated particles coalesce is 

related to the frequency of collisions between particles. Since the total 

number of collisions increases with time, the degree of flocculation also 

generally increases with residence time in a reaction chamber (Palmer, et. 

al., 1988). 

W 
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A coagulation and flocculation system generally consists of three 

treatment steps, as indicated in Figure 5-8. First, the coagulating/ . 
flocculating agent is added to the wastewater. The wastewater is rapidly , 
mixed to allow dispersion of the agent throughout the liquid. This is 

followed by slow and gently mixing to allow for contact between small 

particles and, therefore, agglomeration into larger particles. Since this 

system does not treat dissolved inorganics, it would be used as a pretreatment 

system with the existing ion exchange system. 

Preliminary treatability studies conducted by ALCOA for SMC of insoluble 

solids removal by flocculant or coagulant additions prior to ion exchange 

treatment resulted in only marginal success, with colloidal solids remaining 

in the treated effluent (Stone & Webster, 1991). 

5.3.9.2 Criteria Assessment 

Short-Term Effectiveness - Short-term risks to workers under this 

alternative are not expected to be significant. Maintenance of chemical '- 
supplies and sludge handling are the major operation and maintenance 

activities associated with the coagulation/flocculation system. No 
. 1 ,  

significant added risks to the adjacent community or the environment are 

anticipated as a result of treatment system installation or operation. 

Long-Term Effectiveness and Permanence - The long-term effectiveness 

Preliminary testing associated with coagulation/flocculation may not be good. 

has indicated the system may be unable to treat the contaminants of concern. 

If not effective in treating colloidal contaminants, the system may not 

adequately pretreat the wastestream and may result in the continued inability 

to operate the ion exchange system at the 400 gpm flow rate or failure to meet 

discharge requirements. 
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The coagulation/flocculation treatment system produces a sludge that will 

require hazardous waste characterization and appropriate disposal. Long-term ' 

LJ operation and maintenance of the treatment system is expected to pose no 

significant difficulties, although variations in such properties as flow, 

solids concentration, pH, temperature, and hexavalent chromium concentration 

can affect performance. 

Implementability - The implementation of a coagulation/flocculation system 
is generally expected to be good. However, start-up could result in technical 

problems since the preliminary studies of this technology did not prove 

effective. Implementation of this treatment system is not expected to impact 

the implementation of any future remedial actions. Operational activities 

include maintenance of the chemical supplies and sludge handling. 

Administrative feasibility is expected to be good. 

Reduction of Toxicity, Mobility or Volume Through Treatment - This 

alternative is expected to provide a reduction in the toxicity of identified 

inorganic ground water contaminants through treatment, although its 

effectiveness may be marginal. The volume of contaminated media is reduced 

through the physical removal of contaminants from the ground water and 

subsequent production of a concentrated sludge residual. The coagulation/ 

flocculation treatment system would have to be combined with the existing ion 

exchange system to provide treatment of all of the inorganic contaminants of 

'U 

concern . 
Compliance with ARARs - The ability of the treatment system to adequately 

treat colloidal particles and thereby, when combined with the existing ion 

exchange system, meet discharge ARARsITBCs applicable to inorganic ground 

water contaminants was not clearly demonstrated by initial studies. The 

effluent from the treatment process will have to meet the applicable discharge 

requirements, as discussed .in Sections 5.3.12 through 5.3.14. The treatment e 
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process itself must comply with the requirements of a New Jersey treatment 

works permit. Sludge transport and disposal would have to be in accordance * 

with applicable waste transportation and disposal regulations. \ 

Overall Protection of Human Health and the Environment - Option T6 is 
expected to provide some degree of protection of human health and the 

environment through treatment of inorganic ground water contaminants, although 

its overall effectiveness has not been proven in preliminary studies. 

ARARs/TBCs may not be achievable for the inorganic compounds of concern. 

Cost - The major costs associated with Option T6 are the capital costs 
associated with the addition of a flocculator/clarifier unit and associated 

operation and maintenance costs, including chemical supply costs and sludge 

disposal costs. It is assumed that the existing filter press can be used for 

dewatering of the sludge prior to off-site disposal. The overall estimated 

cost includes $120,000 in direct capital costs, $24,000 in indirect capital 

costs and $2,300,000 in annual operation and maintenance costs ($10,000,000 

net present value). The present worth value of this alternative, including 

contingency, is estimated at $12,000,000. A detailed cost estimate is 

presented in Appendix A. 

5.3.10 Alternative 3 - Ground Water Treatment Option T7 - Membrane 
Microfiltration 

5.3.10.1 Description 

Option T7 involves the pretreatment of inorganic ground water contaminants 

using membrane microfiltration, followed by treatment within the existing ion 

exchange system. Membrane microf iltration is a physical process for removing 

fine particulate matter from a wastestream. Because this system removes only 

undissolved inorganics, it would be used as a pretreatment system for the 

existing ion exchange treatment system. 
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A membrane microfiltration treatment system being developed by E.I. DuPont 

de Nemours & Company (DuPont) is currently included in the U . S .  EPA's ' 

Superfund Innovative Technology Evaluation (SITE) program. The system is 

'designed to remove solid particles from liquid wastes, forming filter cakes 

typically ranging from 40 to 60 percent solids. It consists of an automatic 

pressure filter (Oberlin) combined with DuPont's special Tyvek filter material 

(Tyvek T-980) made of spun-bonded olefin. A schematic of the system is 

presented in Figure 5-9. 

d 

The microfiltration unit operates in a cyclical manner. The waste feed 

enters an upper chamber and is pumped through the filter fabric. The fabric 

allows water and solids less than about one tenth of a micron in diameter to 

pass through the openings in the fabric. Filtered solids accumulate on the 

fabric, forming a filter cake, while the filtrate accumulates in a lower 

chamber. Air is fed into the upper chamber at about 45 pounds per square inch 

and used to further dry the cake and remove any remaining liquid. When the 

cake has been dried, the upper chamber is lifted and the filter cake 

discharged. The entire system is enclosed and therefore can be used to treat 

wastestreams containing volatile organics. 

\d 

Pilot tests using this technology have been conducted at the Palmerton 

Zinc Superfund site in Palmerton, Pennsylvania, where ground water is 

contaminated with heavy metals such as cadmium, lead and zinc. The tests 

produced a 35 to 45 percent-solids filter cake, and a filtrate with 

non-detectable levels of heavy metals. The filter cake also passed TCLP 

analysis to render it a non-hazardous waste (U.S .  EPA, 1989). 

A microfiltration treatability study was conducted on ground water samples 

from the SMC facility (Stone & Webster, 1991). The microfiltration system 

used for the treatability study was able to physically separate particles 0.2 

5-41 



microns or larger in size from smaller particles. Soluble hexavalent chrome 

passed through the membrane filter. The particles greater in size than 0.2 

microns blocked by the membrane are collected in a concentrate tank and are \ 

subsequently dewatered using the filter press. The treatability study 

proposed that only ground water extracted from the wells identified during the 

treatability study as containing the fine particulate material (wells W9 and 

RW6D) be pretreated by the microfiltration system, with ground water extracted * 

from all of the wells treated within the ion exchange system. While no 

chemical-specific effluent levels were reported in the supporting documents 

available for review, the study indicated membrane microfiltration could 

potentially be effective in the removal of colloidal particles prior to ion 

exchange. 

5.3.10.2 Criteria Assessment 

Short-Term Effectiveness - Short-term risks to workers under this 

alternative are not expected to be significant. Maintenance requirements for 

the system are not significant and consist mainly of periodic membrane 

replacement and sludge handling. No significant added risks to the adjacent 

community or the environment are anticipated as a result of treatment system 

installation or operation. 

Long-Term Effectiveness and Permanence - The long-term effectiveness of 
the membrane microfiltration system is expected to be good. However, the 

treatment system produces a sludge that will require hazardous waste 

characterization and appropriate disposal. Long-term operation and 

maintenance of the treatment system is expected to pose no significant 

difficulties. 

Implementability - The implementation of a membrane microfiltration system 

is good. Start-up is not expected to result in unanticipated technical 
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problems. Its implementation is not expected to impact the implementation of 

any future remedial actions. Operational activities include maintenance of 

‘%4’ the membranes and sludge handling. The membranes have a limited life 

expectancy and may be subject to fouling. Administrative feasibility is 

expected to be good. 

Reduction of Toxicity, Mobility or Volume Throuqh Treatment - This 

alternative will provide a reduction in the toxicity of undissolved inorganic * 

ground water contaminants through treatment, although it provides no treatment 

of dissolved contaminants and therefore requires additional treatment within 

the ion exchange system. The volume of contaminated media is reduced through 

removal of the inorganic particles from the ground water and subsequent 

production of a concentrated sludge residual. Since no chemicals are added, 

the sludge volume produced by this treatment system is generally less than 

that produced by chemical addition treatment systems. The sludge produced by 

the DuPont treatment system has passed TCLP tests at a Superfund site, thereby 

allowing for its disposal as a non-hazardous waste. L-l 

Compliance with ARARs - The ability of the treatment system to meet 

discharge ARARs/TBCs applicable to inorganic ground water contaminants is 

expected to be good, although additional treatment within the existing ion 

exchange system will be required to treat the dissolved inorganics. The 

efficiency of the system in treating all inorganics of concern and its ability 

to meet the proposed discharge to surface water permit conditions could be 

further defined by additional treatability study testing. The effluent from 

the treatment process will have to meet the applicable discharge requirements, 

as discussed in Sections 5.3.12 through 5.3.14. The treatment process itself 

must comply with the requirements of a New Jersey treatment works permit. 

Sludge transport and disposal would have to be in accordance with applicable 

waste transportation and disposal regulations. 
u 
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Overall Protection of Human Health and the Environment - Option T7, when 

combined with the existing ion exchange treatment system, is expected to 

provide overall protection of human health and the environment through 

treatment of inorganic ground water contaminants. The long-term effectiveness 

and permanence and short-term effectiveness are expected to be good, and 

discharge ARARs/TBCs are anticipated to be achievable for most inorganic 

coinpounds of concern. 

- The major costs associated with Option T7 are the capital costs 

associated with the addition- of the membrane microfiltration unit and 

associated operation and maintenance costs, including sludge disposal costs. 

The overall estimated cost includes $610,000 in direct capital costs, $120,000 

in indirect capital costs and $1,600,000 in annual operation and maintenance 

costs ($6,800,000 net present value). The present worth value of this 

alternative, including contingency, is estimated at $9,000,000. A detailed 

cost estimate is presented in Appendix A. 

5.3.11 Alternative 3 - Ground Water Treatment Option T8 - Electrochemical 
Treatment 

5.3.11.1 Description 

Option T8 involves the treatment of inorganic ground water contaminants 

using electrochemical methods. Electrochemical treatment is an inorganic 

removal method which is often used in industry although it has not been widely 

applied to ground water treatment. Treatability studies conducted at other 

sites have shown electrochemical treatment to be effective in the removal of 

many inorganics, including arsenic, beryllium, cadmium, chromium, cyanide, 

mercury, nickel, lead, antimony, selenium, vanadium, and silver (Andco, 

1992). Effluent levels ranging from non-detectable to less than 50 ppb were 

commonly achieved in these studies. 

i I 
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In the electrochemical treatment process, an electric current passing 

through a sacrificial electrode generates ferrous ions (Fe+2) within the . 
d wastewater stream. The ferrous ions then act as reducing agents for oxidized 

heavy metal species. The electric current also causes water to break down at 

the cathode, forming hydrogen gas and hydroxyl ions. The reaction results in 

the formation of ferric hydroxide and insoluble metal hydroxides which are 

then,removed by adsorption onto the iron hydroxide precipitate that is formed. 

In the case of chromium, ferrous ions produced at the anode act as a 

reducing agent for the hexavalent chromium (C&). The hexavalent chromium is 

reduced to trivalent chromium (Cr+3),  which is less toxic and is more readily 

precipitated as a hydroxide. Excess hydroxide produced in the reaction is 

available for precipitation of other heavy metal species. 

A process flow diagram of an electrochemical reduction process offered by 

Andco Environmental Processes, Inc. is provided in Figure 5-10. Influent 

enters an equalization tank where, if necessary, the pH is adjusted to a 

neutral level. The water then passes through an electrochemical cell, where 

ferrous ions, hydroxide ions and hydrogen are produced. After exiting the 

electrochemical cell, the treated water containing the iron/metal hydroxide 

matrix enters a degassing tank where the hydrogen gas is allowed to effervesce 

from the liquid. Next the liquid enters a pH adjustment tank where the pH is 

u 

adjusted to between 8.0 and 8 .5  so ferrous ions will adsorb and coprecipitate 

the dissolved trivalent chromium. Hydrogen peroxide is also added to 

facilitate the oxidation of residual ferrous ions (Fe+2) to ferric ions (Fe+3) 

which precipitate as ferric hydroxide. The solution then enters a clarifier 

where a polyelectrolyte is added to promote flocculation/coagulation of the 

insoluble hydroxides. After settling out, the solids are dewatered within a 

filter press. 

5-45 



To remove small amounts of floc that exit the clarifier, the effluent may 

be further treated within a multi-media filtering system. In such a system, 

the effluent passes through a mix of media including garnet, filter sand, and 

several sizes of support media, where remaining particles down to 10 microns 

in size are removed. 

A bench scale treatability study was performed by Andco to determine the 

effectiveness of the electrochemical treatment system in pretreating ground * 

water at the SMC facility. The study indicated that the system would be 

capable of meeting a total chromium content (C& and Cr+3) of less than 0.03 

ppm in the effluent based on the 400 gpm flow rate. Pilot tests were 

subsequently conducted to further evaluate the effectiveness of the treatment 

system. Ground water samples from the SMC facility were used to run the 

tests. Most effluent samples exhibited less than 0.01 ppm Cr+6 and less than 

0.05 ppm total chromium after treatment in the pilot test. The 

electrochemical cells were not found to be susceptible to variations in the 

ground water quality or to the presence of colloidal materials. Some of the ' 

pilot tests showed an increase in TDS following the electrochemical 

precipitation and TSS removal processes. Therefore, the ability of the 

treatment system to meet the existing discharge of 1000 mg/l without 

additional treatment (e.g., ion exchange) was considered to be possible but 

J. 

could not be confirmed. The proposed discharge to surface water permit 

condition is a daily maximum of 166 mg/l, which would be more difficult to 

achieve. Both bench-scale and pilot treatability study test results are 

presented in the Industrial Wastewater Treatment System Approval Application 

(TRC, 1992e). Also, because of the degassing process included in the 

electochemical treatment system, there is a potential for removal of 

strippable organic compounds within the electrochemical treatment process. 

Additional testing would be required to confirm this potential treatment. 
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As discussed in the introduction to this report (Section 1.01, in 

accordance with the requirements of the 1988 ACO, SMC evaluated inorganic ' 

'd treatment options using the evaluation process which is provided herein in 

Sections 5.3.9 through 5.3.11. Based on this evaluation process, the 

electrochemical treatment system has actually been implemented at the SMC 

facility and has been in operation since October 1992. It has been effective 

in the treatment of the chromium Contamination within the ground water, 

achieving significantly lower effluent levels than were achievable using the 

I 

previously existing treatment system. Operating data is being reported to 

NJDEPE on a monthly basis as part of the monthly well reports and Discharge 

Monitoring Reports (DMRs). Typical operating data for the month of May 1993 

is presented in Appendix E-1, along with normal operating parameters. 

Since the implementation of the electrochemical treatment system, NJDEPE 

has proposed surface water discharge permit conditions which are presented in 

Table 3-4. These proposed conditions are more stringent than previously 

applied surface water discharge requirements and include a maximum daily 

allowance of 5.8 ppb total chromium. While the electrochemical treatment 

system has successfully removed chromium from the extracted ground water, it 

has not consistently achieved this effluent level. The proposed discharge 

conditions also include a maximum daily total dissolved solids limitation of 

166 ppm, which has not currently been achievable by the electrochemical 

treatment system.l 

u 

Therefore, a secondary evaluation of the potential means by which the 

proposed discharge to surface water permit conditions can be achieved was 

conducted. This evaluation is presented in Section 5.3.11.3, which follows 

the Criteria Assessment (Section 5.3.11.2). 

1 Shieldalloy has filed its comnents and request for variance challenging these WQSEL ARARs for 
'U chromium and TDS. 
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5.3.11.2 Criteria Assessment 

Short-Term Effectiveness - Short-term risks to workers under this * 

alternative are not expected to be significant.. Maintenance of the \ 

electrochemical cells and sludge handling are the major operation and 

maintenance activities associated with the electrochemical system. 

Maintenance of the cells requires cleaning of the sacrificial electrodes and 

their periodic replacement. No significant added risks to the adjacent * 

community or the environment are anticipated as a result of treatment system 

installation or operation. 

Long-Term Effectiveness and Permanence - The long-term risks associated 
with electrochemical treatment will be minimal based on the system's ability 

to treat the inorganic contaminants of concern. It is possible that 

electrochemical treatment could treat the inorganics within the wastestream 

without supplemental treatment using the existing ion exchange system, 

although supplemental treatment may be required to meet draft discharge to 

surface water permit conditions (see Section 5.3.11.3). The electrochemical J \ 

treatment system produces a sludge that will require hazardous waste 

characterization and appropriate disposal. Long-term operation and 

maintenance of the treatment system is expected to pose no significant 

difficulties. 

Implementability - The implementation of an electrochemical treatment 

system is good, although it requires construction of an additional on-site 

treatment facility. Start-up is not expected to result in unanticipated 

technical problems. Its implementation is not expected to impact the 

implementation of any future remedial actions. Operational activities include 

maintenance of the electrochemical cells and chemical supplies and sludge 

handling. Administrative feasibility is also expected to be good. 

I L 
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Reduction of Toxicity, Mobility or Volume Throuqh Treatment - This 

alternative will provide a reduction in the toxicity of identified inorganic ' 

ground water contaminants through treatment. d The volume of contaminated media 

is reduced through removal of contaminants from the ground water and 

subsequent production of a sludge residual. 

Compliance with ARARs - The ability of the treatment system to meet ARARs 

applicable to inorganic ground water contaminants is expected to be very good, 

as based on bench scale and pilot testing. The effluent from the treatment 

process will have to meet the applicable discharge requirements, as discussed 

in Sections 5.3.12 through 5.3.14; supplemental treatment as discussed in 

Section 5.3.11.3 may be required. The treatment process itself must comply 

with the requirements of a New Jersey treatment works permit. Sludge 

transport and disposal would have to be in accordance with applicable waste 

transportation and disposal regulations. 

Overall Protection of Human Health and the Environment - Option T8 is 

expected to provide overall protection of human health and the environment 

through treatment of inorganic ground water contaminants. It may possibly 

remove organic contaminants as well, without supplemental treatment. The 

long-term effectiveness and permanence and short-term effectiveness are 

expected to be good. ARARs/TBCs applicable to the discharge of treated water 

are anticipated to be achievable with supplemental treatment. 

u 

Cost - The major costs associated with Option T8 'are the capital costs 

associated with the construction of an electrochemical treatment system and 

associated operation and maintenance costs, including iron electrode and 

sludge disposal costs. The overall estimated cost based on electrochemical 

treatment alone includes $1,200,000 in direct capital costs, $240,000 in 

indirect capital costs and $500,000 in annual operation and maintenance costs 

'd 
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($2,200,000 net present value). The present worth value of this alternative, 

including contingency, i s  estimated at $4,400,000. A detailed cost estimate ' 

is presented in Appendix A. 

5.3.11.3 Secondary Treatment Analysis 

As described in Section 5.3.11.1, an evaluation of the potential means by 

which the proposed discharge to surface water permit conditions can be 

achieved was conducted. This evaluation is presented in detail in Appendix E 

and is summarized in this section. The study includes an analysis of the 

following options: 1) Supplemental treatment using a technology such as ion 

exchange, reverse osmosis, or microfiltration/ultrafiltration to meet the 

proposed permit conditions; or 2 )  Upgrading the electrochemical treatment 

process to meet the proposed permit conditions. Each of these treatment 

processes is discussed below. 

Ion-Exchange - The addition of an ion-exchange unit process may provide a 

means of polishing electrochemical treatment system effluent to achieve the 

proposed chromium effluent limit. Ion exchange is a reversible chemical 

reaction between a solid resin and a fluid where undesirable cations 

(positively charged particles) or anions (negatively charged particles) are 

replaced with, or bound to, more desirable ionic groups contained within the 

res in .  Following the exchange process the resin must be regenerated to 

achieve its original properties or replaced. The goal of the treatment 

process is to replace, or bind, undesirable chromium cations (primarily Cr+3) 

such that the final effluent contains less than 5.8 ppb total chromium. The 

existing ion exchange system at the SMC facility was previously depicted in 

Figure 5-2. 

Ion-exchange resins consist of non-specific cationic resins or targeted 

chelation resins. Chelation resins are designed to selectively remove I k -  
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particular groups of metals from a solution by binding the metallic ions to 

nonmetallic groups within the structure of the resin. Removal of chromium to - 
l.J a level of below 5.8 ppb may be achievable using either type of resin. 

Factors such as chromium speciation, pH, contact time, competing ionic species 

present within the wastestream and other factors may affect performance and, 

therefore, bench or pilot scale tests would be appropriate to verify the 

effectiveness of any resin under consideration. 

Treatability testing was conducted in April 1990 to evaluate the potential 

treatment of ground water using electrochemical treatment followed by ion 

exchange. The study was conducted by Andco using ground water samples from 

the SMC facility. The ground water samples were treated using electrochemical 

treatment, multi-media filtration and ion exchange. Tests were run at 

electrochemical iron (Fe2+) addition levels of 75 ppm, 150 ppm and 350 ppm. 

The initial untreated ground water sample contained 20.5 ppm chromium and 

1,100 ppm TDS. At 150 and 350 ppm Fe2+ addition, post-multi-media filter 

chromium concentrations were less than 15 ppb and TDS ranged from 570 to 830 
d 

ppm. Reductions in both chromium (to less than 4 ppb) and TDS concentrations 

(to 270 to 350 ppm) were noted after treatment with the cation exchange 

resin. TDS continued to decrease (to 25 to 41 ppm) following treatment by the 

anion exchange resin; however chromium levels increased slightly (9 to 11 

ppb). Additional samples were collected following treatment in the anion 

exchange resin after approximately 15 minutes to help understand how the test 

set-up performed over time. These samples both exhibited less than 4 ppb 

chrome with TDS ranging from 28 to 160 ppm. Therefore, existing treatability 

study testing indicates that achievement of chromium and TDS proposed surface 

water discharge limitations may be achievable using ion exchange as a 

polishing technology. Additional testing would be required to determine if a 
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cation resin alone would provide sufficient treatment of TDS and chromium such 

that the existing system could be operated as a fixed-bed system with only 

cation resins used for removal. The treatability study report is included in 

Appendix E-2. 

To implement ion exchange at the SMC facility, the existing system could 

potentially be retrofitted to provide secondary treatment, although the 

applicability of the existing equipment would be dependent on the selected 

resin(s) and associated vendor. At a minimum, new ion exchange resin would 

have to be purchased and the existing system would have to be tied in to the 

electrochemical treatment unit. Capital costs are estimated to be around 

$150,000 with the approximate cost for ion-exchange resin alone on the order 

of $80,000. The costs associated with the operation and maintenance of the 

ion exchange system include the costs associated with brine disposal, and are 

estimated at approximately $500,000 annually. 

The main advantage of using an ion-exchange resin to perform chrome 

polishing is the presence of existing ion-exchange equipment at SMC. Other 

advantages include the possibility of specifically targeting the removal of 

chromium and the potential removal of TDS. A disadvantage associated with ion 

exchange is the production, handling and disposal of acidic waste streams or 

brine produced by the resin regeneration process, which are expected to 

require disposal as a hazardous waste. Also, the TDS in the wastestream may 

cause early fouling of the resin. 

Reverse Osmosis - Osmosis is the spontaneous flow of solvent (e.g., water) 

from a dilute solution through a semi-permeable membrane (impurities or solute 

permeates at a much slower rate) to a more concentrated solution. A certain 

amount of potential energy exists between the solutions on either side of the 

membrane. Flow will occur from the solution with the higher potential energy 

level (the purer water, referred to as the dilute solution) to the solution 
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with the lower potential energy level (the less pure water, referred to as the 

concentrated solution). Reverse osmosis (RO) is the application of sufficient ’ 

u’ pressure to the concentrated solution to overcome the osmotic pressure and 

force the net flow of water through the membrane toward the dilute phase. 

This allows the concentration of solute (impurities, ions, small molecules) to 

be built up on one side of the membrane while relatively pure water is 

transported through the membrane. The driving force for separation is the 

applied pressure gradient. The solution passes across the membrane, and the 

pressure forces only -a percentage of the solvent through the membrane, while 

some of the initial solution, enriched in solutes, remains to be carried away 

via the turbulent flow maintained at the surface of the membrane. Osmosis and 

reverse processes are depicted graphically in Figure 5-11. 

The membranes used in RO are assembled into modules containing sheets 

(spiral wound), tubes o r  hollow fibers. The modules can be connected in 

series, in parallel, or a combination of the two. The most common RO membrane 

materials used are cellulose acetate and other polymers such as polyamides and 
‘i/ 

polyether-polysulphones. 

Similar to the non-selective ion exchange systems, RO systems are non- 

selective and would result in the removal of all ions and dissolved species 

greater than a certain particle size and containing a certain ionic charge. 

Operating conditions which affect the ability of reverse osmosis to achieve 

separation include: 

pressure differential, 
the apparent or  differential, osmotic pressure between the 

the area and characteristics of the membrane. 

ionic charge of the separating species, 

solutions, and 

In addition, the presence of colloidal and organic matter can clog the 

membrane surface, thus reducing the available surface area for permeate flow. 
i/ 
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Overall membrane performance is affected by feed constituent concentrations, 

operating pressure and temperature, flow rate and pH. In general, flux and . 
rejection data are not affected by changes in pH, but extreme pH values can \ 

limit the life of the membrane. The presence of low molecular weight, 

dissolved organics can present operational difficulties and may require 

pretreatment. Pretreatment techniques such as activated carbon adsorption may 

be required to extend service life. 0 

Advantages of a RO polishing system would be the potential removal of 

chromium and TDS. In addition, once the systems are fabricated and installed, 

operational costs tend to be generally low due to the limited energy 

requirements of the pumping equipment. 

Disadvantages of reverse osmosis membranes (cellulous acetate, aromatic 

polyamides, and thin film composites) are high capital cost, potential fouling 

problems, poor resistance to chlorine, and susceptibility to microbial 

attack. Operational upsets, pH changes and other conditions may limit the 

lifetime of the membrane. Reverse osmosis also produces a concentrated waste 

stream which would contain the separated chromium and other ionic species, and 

would most likely require off-site disposalltreatment as a hazardous waste. 

Operation and maintenance costs, estimated at approximately $300,000 annually, 

will include membrane replacement, waste disposal and electricity costs. 

L- 

Rough estimates indicate that design and construction of a reverse osmosis 

system for a 400 gpm process effluent may cost on the order of $1,000,000. 

Prior to implementation, preliminary bench scale testing of the process to 

assess its applicability to the electrochemical system effluent would be 

required. 

Microfiltration/Ultrafiltration - Membrane microfiltration was previously 
discussed in Section 5.3.10 with respect to providing pre-treatment prior to 
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ion exchange. This discussion focuses on the applicability of microfiltration/ 

ultrafiltration as a polishing step following electrochemical treatment. 

e In general, filtration removes particles down to about 1 micron, whereas 

microfiltration may remove solids down to about 0.01 microns in diameter and 

ultrafiltration may be effective for particles as small as 0.001 microns in 

diameter. The basic driving force behind microfiltration is pressure. 

Microfiltration discriminates on the basis of molecular size, and shape and is 

used to physically remove particles and ions from solutions. This is a 

physical process where all matter larger than a certain size is unable to pass 

through the filtration system. Therefore, larger particles or ions are 

retained on the influent side of the filtration system, while filtered fluid 

is able to pass through the membrane. 

Microfiltration essentially relies on chemical pretreatment in which 

precipitation is followed by a series of filtration steps which results in the 

non-selective removal of particles. Ultrafiltration systems are typically 

operated at pressures ranging from 10 to 100 psig, resulting in flow rates 

that are several orders of magnitude below conventional filtration processes, 

but with the retention of much smaller sized particles (10 to 200 angstroms). 

Therefore, ultrafiltration is not sufficient by itself to remove dissolved 

ionic species such as metal ions. However, both ultrafiltration and 

microfiltration are capable of effectively collecting colloidal metal 

suspensions following precipitation of dissolved metal ions. Available 

background information indicates that removal of chromium to less than 10 ppb 

may be achievable with this technology, depending on the specific 

characteristics of the wastestream. 

i/ 

* I I  

As with reverse osmosis membranes, ultrafiltration membrane systems can 

consist of tubular, hollow fiber, plate-type or spiral-wound units. Turbulent 
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flow at the membrane surface can carry rejected solids back to the beginning 

of the system or, in the case of a plate system, the system can be operated . 
cyclically, with accumulated solids discharged with each operating cycle. The 

residual filter cake requires off-site disposal. A diagram of the 

Dupont/Oberlin microfiltration system was previously presented in Figure 5-9. 

1. 

Advantages to microfiltration systems are the generally lower pressures 

required for filtration as compared to RO systems, the generally wider * 

selection of materials of construction from which filter membranes are 

fabricated, and the non-selective nature of the process where other 

undesirable materials may be removed from the waste stream. Disadvantages 

include the inability of the system to treat dissolved inorganics, and the 

high initial design and capital cost to fabricate such a system. Also, an 

ultrafiltration system may have difficulty treating the flow rate at the SMC 

facility and, therefore, multiple units may be required. 

Available rough estimates indicate that the approximate cost to design and 

build an ultrafiltration system for a 400 gpm process stream would be on the 

order of $700,000 to $1,000,000. Operation and maintenance costs can average 

over $100,000 to $500,000 per year. 

Existing Electrochemical Treatment System Modifications 

This option would involve modifying the existing Andco electrochemical 

precipitation system (see Figure 5-10) to meet the 5 . 8  ppb discharge limit for 

total chromium. A review of existing process data indicates that modification 

of process stream conditions may result in the attainment of the proposed 

chromium effluent limit. Background process data which support this position 

include results of a March 1990 bench scale and a May 1993 full-scale 24-hour 

operational test. Each of these tests is described below. 
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A bench-scale test conducted by Andco in March 1990 resulted in an 

effluent chromium concentration of 1.9 ppb when an 18-fold stoichiometric ' 

excess (20 ppm chro&ukf 350 ppm ferrous ions) of ferrous ions was maintained d 

in the treatment system. Other bench-scale process conditions which helped to 

achieve the low chromium concentration within the effluent included the 

addition of a polyelectrolyte to aid floc formation and clarification. 

Results of the March 1990 bench-scale testing are provided in Appendix E-5. 

A 24-hour, full-scale treatment test was conducted using existing process 

equipment on May 22, 1993. Process conditions for this test included an 

influent ground water flow rate of 401 gallons per minute (gpm) from the five 

extraction wells. This flow was increased by the addition of recycle streams 

to a total process flow rate of approximately 450 gpm. The influent chromium 

concentration was 10 ppm. Treatment was conducted at a five-fold excess of 

ferrous ions to chromium ions at a pH ranging from 7.6 to 7.9. Hourly samples 

of treated effluent were analyzed by SMC's internal laboratory, by a 

laboratory (E&E) contracted by Andco, the treatment system manufacturer, and 

an independent "referee" laboratory (National Ehvironmental Testing, Inc.). 

W 

Results of this analysis are summarized in Table E-2 of Appendix E-1. 

Chromium was not detected in the samples analyzed by E&E and NET (each lab had 

a detection limit of 10 ug/l or ppb). Analyses conducted by SMC's laboratory 

exhibited total chromium levels ranging from non-detectable (less than 1.0 

ppb) to 15.1 ppb. Process conditions and analytical results of the 24-hour 

pilot test are provided in Appendix E-5. 

While variations in operational parameters (pump operation, cycle periods, 

etc.) have been used to optimize system operation, the reliability of 

operating the electrochemical system to consistently achieve a level of 

chromium in the effluent which is less than 5.8 ppb has not been 

'e 
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demonstrated. When contacted regarding potential improvements to the system 

indicated that achievement of treatment levels in the single part per billion \ 1. ’ to lower chromium effluent levels on a consistent basis, the manufacturer * 

range is not a normal operating requirement. While modification of the system 

can likely attain the desired effluent level ( 5 . 8  ppb total chromium) on a 

consistent basis, operating data (other than SMC’s 24-hour test) are not 

available to verify removal rates below about 10 ppb. The basic reason for 

th’is data gap is that most chromium treatment processes are not required to 

treat to levels below about 50 ppb. Also based on chromium‘s practical 

quantitation limit (PQL) of 10 ppb, standard water analyses run on other 

operating systems are typically not sensitive enough to detect such a level of 

treatment. The system is not expected to comply with proposed TDS surface 

water discharge permit conditions under normal operating procedures. 

Advantages to utilizing the existing electrochemical precipitation system 

to attain the proposed chromium discharge to surface water permit conditions 

include; the presence of the process equipment on-site and on-line; the 

familiarity of SMC personnel with the existing equipment; the relatively low 

capital costs associated with any required modification of the existing 

system; and the documented performance of the system to achieve the proposed 

chromium limit under test conditions. 

\ J ,’ 

The major disadvantage is the anticipated increased consumption of iron 

electrodes necessary to achieve conditions suitable for removal of chromium to 

below 5.8  ppb. Increased electrode consumption would increase sludge 

generation. A series of preliminary calculations indicate that at normal 

operating conditions (9 ppm hexavalent chromium, 45 ppm ferrous ion 

concentration, 450 gpm flow), a total of approximately 80 cubic feet of metal 

hydroxide sludge (30% weight percent solids) should be produced per day. If 
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process conditions were modified to achieve a 15- to 20-fold stoichiometric 

excess of ferrous to chromium ion concentration, sludge generation could - 
increase approximately three- to four-fold. Other factors hhich would change 

as a result of process stream modifications would be the increased consumption 

of the sacrificial iron electrodes, the increased need for hydrogen peroxide 

to oxidize residual ferrous ions, and increased power consumption required to 

produce the necessary ferrous ion concentration. Additional filtration 

capacity would also be required. Capital costs for system modification are 

estimated at approximately $100,000 for filtration improvements and annual O&M 

costs are estimated to be approximately $140,000 based on increased operating 

costs and additional sludge disposal. 

4 

In summary, modifications of the existing electrochemical treatment system 

would appear to be relatively easy to implement, and capital cost-effective in 

achieving the proposed chromium discharge to surface water permit condition. 

However, the long-term reliability of the system to consistently achieve this 

level is unknown at this time and the inability of the treatment system to 

achieve proposed TDS discharge to surface water permit conditions is a 

W 

disadvantage. 

Comparative Evaluation - This section presents a brief comparative 

evaluation of each of the four identified treatment technologies on the basis 

of the‘ following criteria: 

Effectiveness, 
0 Implementability, and 

Cost. 

A summary of the comparative analysis is provided in Table 5-14. 

Each of the four treatment technologies may be effective in reducing the 

total chromium content of the effluent stream to below 5.8 ppb, depending on 
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the type of separation process used and its associated applicability to the 

physical state of the chromium in the electrochemical system effluent. In - 
general, treatability data for these additional systems which demonstrate \. 

chromium removal rates below 10 ppb typically are not available. 

O f  the four treatment technologies outlined above only modification of the 

Andco system and addition of a chelation ion exchange resin have the capability 

to selectively remove heavy metals such as chromium from the effluent. The ' 

Andco system is not expected to provide adequate removal of TDS to meet the 

proposed surface water discharge permit conditions. The effectiveness of the 

ion exchange system in providing primary treatment of the ground water was 

limited based on the presence of colloidal particles in the wastestream; the 

potential fo r  fouling of the resins as a result of treating the 

electrochemical treatment system effluent is currently undefined. Preliminary 

treatability study testing indicates an ion exchange system may be able to 

meet both chromium and TDS effluent conditions. The Andco system produces a 

non-hazardous waste while the ion exchange waste is expected to be hazardous. \ r  I_ 
The other two technologies, reverse osmosis and microfiltration/ 

ultrafiltration are non-specific in their removal capabilities. The 
. , I  

microfiltrationhltrafiltration technology would not be effective in removing 

dissolved species. The reverse osmosis waste is expected to be hazardous 

while the microfiltration waste will require characterization to determine if 

it is hazardous. 

Implementability refers to the technical and administrative feasibility of 

implementing a remedy. Given the presence of the Andco treatment system at 

the site, and the available process equipment for ion-exchange present at the 

SMC facility, these two options are clearly more readily implemented than 

reverse osmosis and microfiltration systems. Initial treatability study 
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testing of the Andco and ion exchange treatment systems has been completed. 

Design and pilot scale development of the reverse osmosis and microfiltration 

systems would likely take a longer time period as compared to modification of 

- 
W 

the Andco system or evaluation of alternate resin systems. 

As noted within the descriptions of each of the four treatment 

technologies, capital and especially operations and maintenance costs may be 

quite variable for each system. However, the capital cost required for design 

and construction of either a microfiltration or reverse osmosis system is far 

greater than that required to either modify the existing electrochemical 

precipitation process or add an ion exchange unit process to the existing 

system. Therefore, selection of either the existing system modification or 

addition of an ion exchange system would be most cost-effective in the 

short-term. Long-term operational costs are more difficult to define based on 

existing data. 

Conclusions - Based on the information presented above, as well as that 
presented in Appendix E, it appears technically possible to achieve a total 

chromium content in the electrochemical treatment system effluent of less than 

5.8 ppb using several technologies. The following two technologies offer the 

L/ 

. I >  

best combination of: 

0 Modification of the existing Andco Electrochemical Treatment Unit, 

Ion Exchange. 
and 

Additional study through bench-scale, or, in the case of electrochemical 

treatment, possibly full-scale tests is recommended to further establish the 

best technology. 
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5.3.12 Alternative 3 - Discharqe Option D1 - Discharge to Ground Water 

5.3.12.1 Description 

Option D1 involves the recharge of treated ground water back to the ' ,L, 
ground. Recharge of approximately 400 gallons per minute will require a 

comprehensive reinjection system. 

For the purposes of this evaluation, a recharge system consisting of two 

open basins is proposed, based on ground water modeling Simulation 5, as 

presented in Appendix B. For the purposes of this evaluation, one basin, 

approximately three acres in size and essentially an eastward extension of the 

existing SMC thermal pond, is assumed to receive treated water discharge for 

4.5 days; the other basin, approximately two acres in size and located on 

SIC-owned property along Weymouth Road in Newfield, is assumed to receive 

discharge for 3 . 0  days. Proposed basin locations are indicated in Figure 

5-11. Discharge of the treated ground water would be rotated between the two 

basins according to such a schedule. Additional investigations would be 

required during the conceptual design stage to further refine the proposed '- 
recharge system. 

I 
The recharge basin locations were selected from available areas based on 

their positions relative to the area of shallow ground water total chromium 

contamination. The establishment of shallow ground water mounds in these 

areas could result in increased hydraulic gradients between the mounds and the 

extraction wells, which would speed the flushing of shallow ground water 

contaminants downgradient of the mounds. An additional component of this 

option would involve the installation and monitoring of a network of 

piezometers or monitoring wells around the basins, to assess the mounding 

impact upon the shallow ground water adjacent to the basins. 

An additional model, Simulation 6, involved directing most (350 gpm) of 

I the treated discharge to the two large recharge basins; in addition, the 
L 
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remaining 50 gpm of treated discharge would be directed to SMC Lagoons B-6, 

B-7 and B-8. The intent of developing a scenario which involves discharging ' 

into the lagoons was to enhance the flushing of chromium in the shallow ground 

water downgradient of the lagoons. Implementation of this scenario could be 

e 

further evaluated pending future cleanup of the lagoons, which would be 

required before this option could be implemented. 

5.3.12.2 Criteria Assessment 

Short-Term Effectiveness - Short-term risks to workers under this 

alternative are not expected to be significant. Installation of the 

reinjection system and piezometers should be in uncontaminated areas, thereby 

limiting exposure risks. The reinjection system will need to be monitored and 

maintained to ensure continuous recharge of treated ground water. Since only 

treated ground water will be reinjected by the system, no significant added 

risks to the adjacent community or the environment are anticipated. 

Long-Term Effectiveness, and Permanence - The long-term risks associated 
with ground water reinjection will be minimal, provided the treatment system 

'11 

is operating properly. The reinjection system may enhance the ground water 

extraction system by flushing contaminants toward the extraction wells. 

Additional testing could provide a better indication of the system's 

effectiveness. Long-term operation and maintenance of the treatment system is 

likely to pose problems due to clogging or due to the volume and rate at which 

the treated ground water would be reinjected. Long-term monitoring of the 

discharge water quality and of the shallow ground water mounding effects will 

be required. 

Implementability - The implementation of the recharge system requires 

installation of an extensive reinjection system and associated piping. 

t 

'4 
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Maintenance of the system will be key to its continued operation. Continued 

monitoring of the discharged water quality and of the shallow ground water . 

mounding will be required. The administrative feasibility of discharging \ 

treated ground water back to the ground is good, provided compliance with the 

requirements of a discharge to ground water permit is maintained. 

1 

Reduction of Toxicity, Mobility or Volume Through Treatment - This 

alternative could enhance the performance of the ground water extraction 

system, although it will not provide an actual reduction in the toxicity, 

mobility or volume of ground water contaminants. 

Compliance with ARARs - The ground water quality of the effluent from the 

treatment process will have to meet the requirements of a discharge to ground 

water permit. The ability of the alternative to meet these requirements will 

be dependent upon the treatment technology selected and the 

contaminant-specific effluent requirements. 

\ ,  I Overall Protection of Human Health and the Environment - Option D1 could 

provide overall protection of human health and the environment through 

enhancement of the ground water extraction system by the flushing action of 

the recharged ground water. The long-term effectiveness and permanence of 

this option are limited by the potential operational problems associated with 

a ground water recharge system. 

Cost - The major costs associated with Option D1 are the capital costs 

associated with the reinjection system and piezometer network installation and 

long-term operation and maintenance costs. The overall estimated cost 

includes $210,000 in direct capital costs, $30,000 in indirect capital costs 

and $220,000 in annual operation and maintenance costs ($950,000 net present 

value). The present worth value, of this alternative, including contingency, 

is estimated at $1,400,000. A detailed cost estimate is presented in 

Appendix A. 
L I 
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5.3.13 Alternative 3 - Discharge Option D2 - Discharge to Surface Water 
5.3.13.1 Description 

Option D2 involves the discharge of treated ground water to surface water, ‘d 

which in this case would be the Hudson Branch tributary of the Maurice River. 

Ground water would be discharged directly via the existing discharge pipe to 

existing Outfall 001. The discharge rate will be approximately 400 gallons 

per minute. Implementation of discharge to the surface water is expected to 

have little, if any, effect on the ground water extraction and treatment 

system. Proposed discharge to surface water permit conditions are presented 

in Table 3-4. 

5.3.13.2 Criteria Assessment 

Short-Term Effectiveness - Short-term risks to workers under this 

alternative are not expected to be significant since no construction is 

required. Maintenance of the system will require maintenance of the piping 

and discharge monitoring. No significant added risks to the adjacent 

community or the environment are anticipated. 

‘d 

Long-Term Effectiveness and Permanence - The long-term risks associated 

with discharge to surface water will be minimal, provided the treatment system 

is operating properly. Long-term operation and maintenance of the discharge 

piping is not expected to pose any major technical problems. Long-term 

monitoring of the discharge water quality wi.11 be required. 

Implementability - The implementation of a discharge to surface water 

system is very good since it utilizes the existing discharge system. 

Maintenance of the system will be limited. Continued monitoring of the 

discharged water quality will be required. Administrative feasibility of 

discharging treated ground water to surface water depends on the treatment 

system’s ability to meet surface water discharge criteria. 
‘d 
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Reduction of Toxicity, Mobility or Volume Through Treatment - This 

alternative is not expected to significantly impact the extraction or 5 

treatment system; therefore, it has little impact on the toxicity, mobility or '-.- 

volume of contamination. 

Compliance with ARARs - The water quality of the effluent from the 

treatment process will be required to meet the requirements of a discharge to 

surface water permit. Draft permit conditions were previously presented in * 

Table 3-4. 

Overall Protection of Human Health and the Environment - Option D2 would 

provide overall protection of human health and the environment when combined 

with ground water extraction and treatment. The long-term effectiveness and 

permanence of this option are expected to be good, due to its simplicity. 

- Cost - The major costs associated with Option D2 are the on-going 

maintenance and discharge monitoring costs associated its implementation. The 

overall estimated cost includes $210,000 in annual operation and maintenance 

costs ($890,000 net present value). The present worth value of this 

alternative, including contingency, is estimated at $1,100,000. A detailed 

cost estimate is presented in Appendix A. 

\ 

I 1  

5.3.14 Alternative 3 - Discharge Option D3 - Combined Discharge to Surface 
Water and Ground Water 

5.3.14.1 Description 

Option D3 involves the combined discharge of treated ground water to both 

the surface water and the ground water. The existing surface water discharge 

system would be utilized but construction of a discharge to ground water 

system would also be required. While this discharge option was not 

specifically modeled under the simulations presented in Appendix B, it could 

be considered to be a combination of discharge to surface water using the 

J 
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existing discharge system and discharge to ground water using recharge basins, 

similar to that evaluated under Simulation 5 in Appendix B. The discharge 

U rate will be approximately 400 gallons per minute. Implementation of a 

combined discharge to surface water and ground water system could speed the 

flushing of ground water contamination downgradient of the reinjection system 

while also offering flexibility in terms of requiring less recharge capacity 

as well as the potential ability to mainta'in discharge to the surface water 

should shut-down of the reinjection system for maintenance be required. This 

alternative includes the installation of piezometers or monitoring wells near 

the recharge basins to provide monitoring of mounding effects. 

5.3.14.2 Criteria Assessment 

Short-Term Effectiveness - Short-term risks to workers under this 

alternative are not significant. Construction of a discharge to ground water 

system will be required but it will be in an area which has exhibited no 

contamination, thereby posing little environmental risks. Maintenance of the >4 

system will consist of discharge monitoring and maintenance of the ground 

water recharge system. No significant added short-term risks to the adjacent 

community or the environment are anticipated as a result of implementation. 

Long-Term Effectiveness and Permanence - The long-term risks associated 
with a combined discharge to surface and ground water will be minimal, 

provided the treatment system is operating properly. Long-term operation and 

maintenance of the discharge system is not expected to pose any major 

technical problems, although there is a potential for clogging of the ground 

water recharge portion of the discharge system. Long-term monitoring of the 

discharge water quality will be required. 

Implementability - The implementation of a combined discharge to both 

ground water and surface water requires installation of the associated ground 
d 
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water recharge and piping system. The administrative feasibility of 

discharging treated ground water to both the ground and surface water will be ' 

dependent on the treatment system's ability to meet both ground water ' 
' discharge and surface water discharge effluent requirements. 

Reduction of Toxicity, Mobility or Volume Through Treatment - The ground 

water recharge component of this discharge alternative may assist in the 

flushing of contamination towards the extraction wells; otherwise, it has 

little impact on the toxicity, mobility or volume of contamination. 

Compliance with ARAF& - The ground water quality of the effluent from the 
treatment process will have to meet the requirements of both ground water 

discharge and surface water discharge permits. 

Overall Protection of Human Health and the Environment - Option D3 would 
provide overall protection of human health and the environment when combined 

with ground water extraction and treatment. The long-term effectiveness and 

permanence of this option are expected to be good, although the ground water 

recharge component of the alternative may require additional maintenance to 

prevent clogging. 

Cos t  - The major costs associated with Option D3 are the capital costs 

associated with the installation of the discharge to ground water system and 

the long-term discharge monitoring costs. The overall estimated cost includes 

$210,000 in direct capital costs, $30,000 in indirect capital costs and 

$250,000 in annual operation and maintenance costs ($1,100,000 net present 

value). The present worth value of this alternative, including contingency, 

is estimated at $1,600,000. A detailed cost estimate is presented in 

Appendix A. 
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5.4 Comparative Analysis of Alternatives 

In this section, the strengths and weaknesses of the alternatives and * 

i/ technology options relative to one another are discussed for each of the 

.analysis criteria. In each discussion, the alternative or option which 

provides the best overall performance in that category is discussed first, 

followed by the other alternatives discussed in the relative order in which 

they perform. These comparisons of alternatives are also presented in summary 

form in Tables 5-6 through 5-12. 

* 

In selecting the remedy for the site, overall protection of human health 

and the environment and compliance with ARARs (unless grounds for invoking a 

waiver are provided) are threshold criteria that must be satisfied by the 

selected alternative. For chemical-specific ARARs, compliance of treatment 

technologies with proposed surface water discharge criteria (TBCs) will be 

evaluated. Long-term effectiveness and permanence, reduction of toxicity, 

mobility or volume through treatment, short-term effectiveness, 

implementability and cost are primary balancing criteria, with the NCP placing 

special emphasis on long-term effectiveness and reduction of toxicity, 

mobility or volume through treatment. Community acceptance, to be determined 

at the end of the public comment period, and federal acceptance, to be 

determined on the basis of support agency comments, are modifying criteria 

that may have significant input in the final remedy selection. 

The comparative analyses of the remedial alternatives and technology 

options for each of the evaluation criteria follow. 

5.4.1 Short-Tern Effectiveness 

Those alternatives which provide short-term achievement of remedial 

response objectives while minimizing short-term risks and environmental 
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impacts are considered to be the most effective with respect to this 

criterion. None of the three alternatives result in significant risks to . 

remedial workers, the community or the environment as a result of \ 

implementation. Therefore, short-term achievement of remedial response 

objectives provides the main determination of short-term effectiveness. 

1 

Alternative 3 ,  which provides initiation of an enhanced ground water 

extraction and treatment system with minimal associated risks and * 

environmental impacts, is considered to offer the greatest short-term 

effectiveness. Alternative 2 ,  which also provides ground water treatment but 

at a lower extraction and treatment rate, does not provide the same degree of 

short-term effectiveness as Alternative 3. Alternative 1, the no action 

alternative, is not effective in the short-term. 

For the ground water extraction options of Alternative 3,  Option El, use 

of the existing extraction system, provides the greatest short-term 

effectiveness since it requires installation of only one extraction well and 

minimal piping, and therefore has limited short-term risks associated with its J 
implementation. Implementation of Option E 2  requires the installation of one 

deep and three shallow extraction wells and associated piping. Once 

operating, however, it would be more effective than Option El in meeting 

remedial response objectives because it would provide additional downgradient 

capture of shallow chromium-contaminated ground water as well as capture of 

contamination within a shorter time frame, closer to the potential contaminant 

source area(s). 

For the organic treatment options of Alternative 3, all treatment options 

are expected to achieve remedial response objectives within comparable time 

frames. Option T2, air stripping, is expected to have the greatest short-term 

effectiveness. This option involves the use of an existing on-site treatment 
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system; therefore few risks are posed by its implementation. Air stripping is 

followed by Option T3, carbon adsorption, a readily available treatment . 
L.l technology that could be quickly employed, and which results in no emissions 

on-site, thereby presenting minimal risks to remedial workers, the community 

and the environment. Option T4 will provide destruction of most contaminants 

but, because W oxidation systems are not as widely available as carbon or air 

stripping units, short-term implementation may not be as good and potential * 

technical problems may result when implemented. 

For the inorganic treatment options of Alternative 3, none of the 

treatment options are expected to present unacceptable risks to remedial 

workers or the public. While Option T6, coagulation and flocculation, is more 

readily available than Option T7, membrane microfiltration, and Option T8, 

electrochemical treatment, it may not be as effective in the short-term 

achievement of remedial response objectives, based on initial treatability 

study reports. Of the supplemental treatment options evaluated under Option 

T8, ion exchange and modified electrochemical treatment are the most easily 

implemented and therefore would offer the greatest effectiveness in the 

short-term . 

Ll 

For the discharge options of Alternative 3 ,  Option D2, discharge to 

surface water, has the greatest short-term effectiveness, due to its relative 

ease of implementation based on the existing discharge piping. It is followed 

by combined discharge to the surface water and ground water, Option D3, and 

discharge to ground water, Option D1, both of which require construction of a 

recharge system. None of the discharge options are expected to pose 

unacceptable risks to remedial workers or the surrounding community. 
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5.4.2 Long-Term Effectiveness and Permanence 

The alternative which poses the least residual risk due to untreated waste . 
or treatment residues, or the greatest capability for controlling these risks, 

is considered to provide the greatest long-term effectiveness and permanence. 

Alternative 3 is considered to provide the greatest long-term 

effectiveness and permanence through the optimization of the ground water 

restoration program. This alternative minimizes residual risk within the 

shortest time frame by providing extraction, treatment and discharge of ground 

water. 

Alternative 2 is less effective in the long-term since ground water 

extraction and treatment are provided at a reduced rate. Exposure risks are 

limited to some extent through the existence of a well restriction area 

downgradient of the facility. Long-term monitoring provides a means of 

continued evaluation of ground water quality. 

I_ 
Alternative 1 is the least effective alternative in the long-term since no 

ground water treatment is provided and no protection against potential ‘ 

exposures is provided, except through the existence of a well restriction area 

downgradient of the facility. A five-year review of this alternative choice 

would be required since contamination is not remediated. 

For the ground water extraction options of Alternative 3, Option E2, 

modified ground water extraction, provides the greatest long-term 

effectiveness since it provides the greatest degree of capture of shallow and 

deep chromium-contaminated ground water as well as capture nearer to the 

potential contaminant source area(s). It is more likely to achieve ground 

water cleanup standards within a shorter time frame and thereby require less 

long-term management and maintenance. 

For the organic treatment options of Alternative 3, Option T2, air 

stripping, is expected to have the greatest long-term effectiveness because it ‘ I  
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treats contaminated ground water on a continual basis, with no residual 

handling or potential for contaminant breakthrough. This option will treat ’ 

‘e both chlorinated and aromatic organic compounds. Option T3, carbon 

adsorption, is also expected to be effective in the long-term based on its 

demonstrated treatment efficiencies for the contaminants of concern. Residual 

risks are expected to be minimal based on the regeneration and thermal 

destruction of contaminants adsorbed to the carbon. Option T4, W oxidation, 

also results in the destruction of chlorinated and aromatic compounds; 

however, it requires greater monitoring of the treatment process to ensure 

treatment is achieved. 

8 

For the inorganic treatment options, the greatest long-term effectiveness 

is offered by Option T8, electrochemical treatment, because it provides the 

greatest degree of contaminant level reduction within the wastestream (based 

on treatability studies). In combination with ion exchange, or potentially by 

itself with process modifications, it is expected to achieve proposed 

discharge to surface water permit conditions. Option T7, membrane 

microfiltration, is also expected to provide a significant degree of treatment 

although effluent levels may not be as low as those measured for Option T8. 

Option T6, coagulation and flocculation, is expected to provide the least 

degree of long-term effectiveness based on the minimal degree of treatability 

reportedly measured in treatability studies. All three of these options 

produce a residual sludge material which will require off-site disposal. 

Option T7 would provide the least amount of residual sludge because it 

requires no chemical addition. Both Options T7 and T8 may produce a sludge 

that is not classified as a hazardous waste, thereby resulting in lesser 

residual risks. 

L-/ 

For the discharge options of Alternative 3,  discharge to surface water, 

Option D2, has the greatest long-term effectiveness due to its relative ease 
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of implementation and operation. Long-term management and maintenance would 

be minimal. It is followed by combined discharge to the surface water and ' 

ground water, Option D3, which offers flexibility in terms of operation due to \ 

its two discharge methods and which also could provide a degree of hydraulic 

control through ground water recharge. Option Dl, discharge to ground water, 

also provides a degree of hydraulic control but its long-term effectiveness 

may be affected by potential operational problems. Additional site 

characterization would be required during conceptual design to confirm the 

ability of the proposed system to recharge ground water at the assumed 

recharge rates. 

1. 

I 

5.4.3 Implementability 

Those alternatives which offer the greatest technical feasibility, 

administrative feasibility, and service and material availability are 

considered to be most implementable. J \ 
Alternative 1, the no action alternative, is the most implementable, 

involving no implementation activities other than a round of ground water 

monitoring prior to conducting a five-year review of the alternative. 

Alternative 2 requires the continued operation of the existing ground 

water restoration system, and continued enforcement of the downgradient well 

restriction area. Because these features are currently in-place, 

implementability is very good. 

Alternative 3 is the least implementable of the three alternatives but it 

is still relatively easy to implement, depending on the extraction, treatment 

and discharge options selected. 

For the ground water extraction options of Alternative 3, Option El, use 

of the existing extraction system, is the most implementable because it 
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involves the use of existing extraction wells supplemented by only one 

additional well. Option E2 would require the installation of four extraction . 
0 wells, but is still technically feasible to implement. The administrative 

feasibility of both Options El and Option E2 is expected to be good. 

For the organic treatment options of Alternative 3 ,  Option T2, air 

stripping is expected to be the most implementable treatment option since an 

existing air stripper is available on-site. Operation and maintenance 

requirements are limited to blower maintenance and discharge monitoring. 

Option T3, carbon adsorption, is second in terms of implementability. This 

technology is readily available and easily set-up and implemented. It has 

additional operation and maintenance requirements in that replacement and 

handling of the spent carbon is required. Option T4 is last in terms of 

implementability based on its more limited availability, operation and 

maintenance requirements ( lamp replacement and cleaning and maintenance of 

hydrogen peroxide supply) and greater potential for implementation problems. 

For the inorganic treatment options of Alternative 3 ,  all options 

considered require the handling of a residual sludge material. Option T6, 

coagulation and flocculation, is the most easily implemented option based on 

the availability of unit treatment processes. Option T7, membrane 

microfiltration, and Option T8, electrochemical treatment, are not as widely 

available but will be more effective in mesting remedial response objectives. 

Of the supplemental treatment technologies evaluated in association with 

Option T8, ion exchange or electrochemical treatment system modification would 

be most easily implemented. 

For the discharge options of Alternative , 3 ,  all discharge options will 

require compliance with regulatory requirements for the associated type of 

discharge (i.e., discharge to surface water, ground water, etc.). Discharge 
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to surface water, Option D2, has the greatest implementability based on the 

and ground water, Option D3 and discharge to ground water, Option D1, are less 

existing surface water discharge system. Combined discharge to surface water - 

technically implementable based on the significant flow rate which must be 

handled and demonstrated operational problems associated with reinjection 

sys terns. 

\ 1. 1 

5.4.4 Reduction of Toxicity, Mobility or Volume Through Treatment 

Alternative 3 provides the greatest reduction of toxicity, mobility or 

volume through the optimization of a modified ground water restoration 

system. Alternative 2 also provides ground water restoration but not to the 

same degree as Alternative 3 because of the lower extraction rates and use of 

existing extraction wells. Alternative 1 does not provide any reduction in 

toxicity, mobility or volume through treatment. 

J For the ground water extraction options of Alternative 3 ,  both options 

will provide a reduction of the mobility of contaminated ground water through 

containment via pumping. Option E2 will provide the greatest reduction in 

mobility by utilizing extraction wells optimally placed to provide capture of 

identified ground water contamination close to potential contaminant source 

area(s). Option El may not provide the same degree of contaminant capture 

using the existing extraction wells and may result in significant contaminant 

\ 

dispersion prior to extraction. 

For the organic treatment options of Alternative 3 ,  Option T3, carbon 

adsorption, and Option T4, W oxidation, provide the greatest protection 

against the contaminants of concern, with the contaminants ultimately 

destroyed as a result of off-site thermal carbon regeneration or within the W 

oxidation treatment process itself. Option T2, air stripping, is also 
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expected to provide a significant reduction in contaminant toxicity. While 

the contaminants are not destroyed by the treatment process itself, the . 

principal contaminants of concern are removed from the ground water and pose LJ 

little residual risk due to natural attenuation. 

For the inorganic treatment options of Alternative 3, all options produce 

an inorganic sludge requiring off-site disposal. Option T8, electrochemical 

treatment, is expected to provide the greatest reduction of toxicity by 

providing the greatest degree of removal of inorganic contamination from the 

extracted ground water (based on treatability studies). Greater Contaminant 

removals could be achieved through modification of the electrochemical 

treatment system or through the provision of supplemental treatment such as 

ion exchange. Option T7, membrane microfiltration, is expected to be 

effective in the removal of inorganic contaminants currently fouling the 

operation of the existing ion exchange system and will require operation of 

the ion exchange system to meet toxicity reduction requirements. For Option 

T6, coagulation and flocculation, initial studies have indicated that it may LJ 

not be effective in reducing the toxicity of inorganic contaminants 

sufficiently to meet discharge requirements. 

The discharge options of Alternative 3 generally have no effect on the 

toxicity or volume of contaminated ground water, although they may provide 

some control over contaminant migration. Option D1, discharge to ground 

water, could potentially enhance the control of contaminant migration by 

flushing contaminants towards the extraction wells. Option D3, combined 

discharge to surface water and ground water, could also provide this effect. 

Option D2, discharge to surface water, would have little or no impact on 

contaminant mobility. 
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5.4.5 Compliance with ARARs 

Those alternatives which offer the greatest overall compliance with 9 

J potential chemical-specific, location-specific and action-specific ARARs are \. 

considered to offer the best performance under this criterion. The potential 

compliance of treatment systems with proposed discharge to surface water 

permit conditions, to be considered criteria (TBCs), is discussed. 

Location-specific ARARs potentially applicable to remedial actions at the SMC 

site include floodplain, wetland, and farmland protection requirements. These 

ARARs would apply to any alternatives or options which require construction 

within floodplain or wetland areas or which impact significant farmland 

areas. Construction activities associated with the remedial actions evaluated 

herein are not expected to impact historic or cultural features, although 

additional studies will be conducted at the SMC facility to further define the 

applicability of location-specific ARARs. A summary of potentially applicable 

ARARs was presented in Section 2.0. 
'. 

It should also be noted that under certain cases, compliance with ARARs 

may be waived. These cases include situations where the alternative is an 

interim measure and will become part of a total remedial action that will 

attain ARARS, where compliance with the requirement will result in greater 

risk to human health or the environment than other alternatives, where 

compliance is technically unpracticable from an engineering perspective, or 

where the alternative will attain a standard of performance that is equivalent 

to that required under the otherwise applicable standard, through use of 

another method or approach. 

Alternative 3 will provide the greatest degree of compliance with ARARs. 

Depending on the extraction technology option chosen for  this alternative, 

compliance with chemical-specific ARARs for  ground water is expected to be 
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achievable. Compliance with discharge to surface water TBCs may be more 

difficult and is dependent on the treatment technology. The remedial * 

technology options are expected to comply with applicable action-specific 

ARARs, while construction activities will comply with location-specific ARARs. 

L-'l 

Alternative 2 may not achieve chemical-specific ARARs for ground water or 

proposed discharge criteria based on the current ground water extraction rate 

_I 

and the operational problems historically associated with the existing 

treatment system. 

Alternative 1 is not expected to provide compliance with chemical-specific 

ARARs due to the lack of ground water treatment. Action-specific and 

location-specific ARARs would not be applicable to this alternative since it 

involves no implementation activities. 

For the ground water extraction options of Alternative 3, Option E2 is 

expected to provide capture of shallow and deep ground water contaminated with 

chromium at levels exceeding ARARs. Modification of the proposed extraction 

system may be required following completion of additional site 

investigations. Option El may not capture chromium-contaminated ground water 

in the vicinity of wells SC3S or SC26S. Location-specific ARARs governing 

construction activities are potentially applicable to well installation 

activities associated with both options. Both options will also comply with 

action-specific ARARs such as water allocation regulations and well 

installation permit requirements. 

For the organic treatment options of Alternative 3 ,  compliance with 

chemical-specific, location-specific and action-specific ARARs and TBCs is 

considered to be achievable for all treatment options. For Option T2, 

discharges from the air stripping unit would be in compliance with air 

discharge regulations. For Option T3, handling and treatment of the spent 

d 
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carbon would be conducted in compliance with the appropriate hazardous waste 

management regulations. Option T4 produces no treatment residuals which * 

require handling. Construction of all treatment options would meet \ 

location-specific ARARs. 

For the inorganic treatment options of Alternative 3, compliance with 

chemical-specific TBCs is considered to be most achievable for Option T8, 

electrochemical treatment, based on the reductions in contaminant levels 

achievable during treatability study testing. Modification of the 

electrochemical treatment system or supplemental treatment such as ion 

exchange would further ensure compliance with surface water discharge TBCs, 

although modification of the electrochemical treatment system may not provide 

sufficient removal of TDS. Option T7, membrane microfiltration, may also meet 

chemical-specific ARARs when operated in conjunction with the existing ion 

exchange system. Preliminary testing indicates that Option T6, coagulation 

and flocculation, may not be effective in meeting chemical-specific TBCs. 

Construction of any of the inorganic treatment Systems would require 

compliance with location-specific ARARs and operation would be in compliance 

with applicable action-specific ARARs. 

For discharge options, compliance with chemical-specific ARARsITBCs is 

dependent on the final discharge criteria and the ability of the treatment 

technology to meet these criteria. With respect to location-specific ARARs, 

Option D2 would be least impacted since it uses an existing surface water 

discharge system. Options D1 and D3 would have to be designed in accordance 

with floodplain, wetland and farmland protection requirements. All discharge 

options would be required to meet associated discharge (action-specific) 

requirements. 

‘ I  
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5.4 .6  Overall Protection of Human Health and the Environment 

This criterion considers the previous criteria, especially long-term . 
u effectiveness and permanence, short-term effectiveness, and compliance with 

ARARs, and provides a final overall assessment of whether the alternative 

provides adequate protection of human health and the environment. 

Alternative 3 provides the greatest overall protection of human health and 

the environment because it provides active restoration of contaminated ground * 

water through an optimized extraction, treatment and discharge system. 

Alternative 2 provides some protection of human health through the continued 

operation of the existing pump and treat system, but the system is not 

designed and cannot be operated in a manner which provides optimum restoration 

of ground water quality. Alternative 1 provides no protection of human health 

and the environment from the continued migration of ground water contamination. 

Because the ground water extraction, treatment and discharge options alone 

do not provide an overall response to ground water contamination, a discussion 

of overall protection to human health and the environment is not possible. In 

the following paragraphs, however, a discussion of the relative degree of 

protection to human health and the environment offered by each option is 

presented on a comparative basis. 

W 

For the ground water extraction options of Alternative 3, both options 

provide protection of human health and the environment through ground water 

extraction. Option E2, use of a modified extraction system, provides an 

increased degree of protection through use of additional wells to provide 

added capture of the contaminated ground water, including capture in the 

vicinity of potential source area(s). 

For the organic treatment options of Alternative 3 ,  Options T2 and T3 will 

both provide similar levels of protection to human health and the 
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environment. Both options are effective in the short-term, long-term, and are 

expected to meet ARARs. Option T2, air stripping, provides a.slight advantage . 
I 

over Option T3, carbon adsorption, and Option T4, UV oxidation, in that it ,. I/ 
utilizes an existing on-site treatment system proven for the treatment of 

chlorinated organics and requires minimal long-term maintenance. Option T4, 

W oxidation, may be impacted in the short-term by lesser availability than 

air stripping or  carbon adsorption systems and may be impacted in the 

long-term by increased maintenance requirements ana potential technical 

problems. 

For inorganic treatment options, Option T8, electrochemical treatment, is 

expected to provide the greatest degree of inorganic treatment and, therefore, 

is most protective of human health and the environment. By enhancing the 

treatment process or providing supplemental treatment, this option could 

provide an even greater degree of protectiveness. Option T7, membrane 

microfiltration, is expected to also provide a significant degree of 

protection to human health and the environment, although it may not achieve 

inorganic treatment levels as low as Option T8. Option T6, coagulation and 

flocculation, is expected to be the least effective inorganic treatment option. 

Discharge Option D2 offers the greatest short-term effectiveness through 

the use of the existing discharge system and is effective in the long-term by 

having minimal operation and maintenance activities associated with its 

implementation. Options D1 and D3 are expected to .offer greater potential 

hydraulic control through ground water reinjection but also have greater 

maintenance associated with their implementation. 

5.4 .7  Cost  

A comprehensive analysis of present worth cost of the alternatives is 

presented below, followed by a cost sensitivity analysis. 
L I 
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5.4.7.1 Present Worth Comparative Analysis 

Present worth costs are summarized in Table 5-12. The lowest cost , 

alternative is Alternative 1, no action, at an estimated cost of $48,000 for i/ 

conducting a round of ground water sampling prior to a five-year review. 

Continuation of existing actions, Alternative 2, is estimated to have a 

present worth cost of $6,700,000 over a period of five years. Alternative 3 ,  

modified ground water restoration, will be variable in cost, depending on the a 

individual extraction, treatment and discharge options employed. 

For the extraction options, Option El, use of the existing extraction 

system, is slightly lower in cost than Option E2, use of a modified extraction 

system. 

For the organic treatment options, Option T2, air stripping is 

significantly lower in cost, based on the use of the existing on-site air 

stripper. It is followed in order of increasing cost by carbon adsorption and 

W oxidation. 

d For the inorganic treatment options, Option T8, electrochemical treatment, 

is the least costly treatment option even with the addition of supplemental 

treatment, followed by membrane microf il’tration (Option T7) and coagulation 

and flocculation (Option T6). 

For the discharge options, Option D2, discharge to surface water, is the 

least costly option due to the use of the existing discharge system. Option 

D1, discharge to ground water and Option D3, combined discharge to surface 

water and ground water follow in order of increasing cost. The inclusion of 

ground water monitoring costs in the discharge options accounts for the 

majority of the estimated costs. 
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5.4.7.2 Sensitivity Analysis 

A sensitivity analysis was conducted to assess the effect that variations . 

1. in specific assumptions made during alternative development and assessment , 

could have on the total estimated remedial cost. The main uncertainty factor 

which is applicable to all three remedial alternatives and all extraction, 

treatment and discharge options is the uncertainty associated with the 

discount factor over the life of the remedy. The resultant impacts to 

remedial costs are summarized in Table 5-13. 

The discount rate can vary from the 5% rate used in the cost evaluation. 

Alternatives with large O&M cost components can be significantly impacted by a 

variation in the discount rate. The sensitivity analysis has been conducted 

assuming a variation in the annual discount rate, with total present worth 

costs estimated for each alternative at annual discount rates of 3% and 10%. 

Estimated costs for Alternative 2 and inorganic treatment options T6 and T7 

exhibit the greatest impacts due to variations in the discount rate. 

\ 

5 . 5  Remedial Alternative Recommendation 

Based on the comparative analysis conducted for the remedial alternatives 

undergoing detailed analysis in this FFS, implementation of Alternative 3 - 

Modified Ground Water Restoration is recommended. Under this alternative, the 

following extraction, treatment and discharge options are recommended for 

implementation: 

0 

Option T2 - Air Stripping (optional) 
4 Option T8 - Electrochemical Treatment (with supplemental treatment 
4 

Option E2 - Modified Extraction System 

as required to meet discharge permit conditions) 
Option D2 - Discharge to Surface Water 

The alternative would consist of implementation of a modified ground water 

extraction system in which one deep and three shallow extraction w e l l s  would I L 
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be installed to supplement the existing extraction system. This would allow 

for capture of shallow and deep chromium-contaminated groundwater while also 

providing for the extraction of shallow chromium-contaminated ground water 

close to the potential source(s) of contamination. Ground water would be 

. 

d 

extracted at a rate of approximately 400 gpm, using the distribution of 

extraction rates previously defined in Section 5.3.5. Additional 

investigation is to be conducted in the vicinity of wells IW2 and SC26D. * 

Additional ground water modeling will also be conducted during the design 

phase to evaluate the effects of using different modeling packages, 

parameters, and boundary conditions. The final design of'the extraction, 

treatment and discharge system may be. modified as a result of additional site 

analysis. Upon monitoring of extraction system operation, a variation in the 

proposed extraction rates may also be implemented to achieve the desired 

extraction results. 

Electrochemical treatment provides for removal of inorganic contaminants, 

especially chromium, with preliminary studies indicating the achievement of 

much lower chromium effluent levels (generally less than 50 ppb) than the 

existing ion exchange system has been capable of achieving. The 

electrochemical systemwouldbe used as the sole inorganic treatment method if 

discharge limitations could be achieved. Proposed discharge to surface water 

permit conditions have been developed by NJDEPE. Compliance with these 

proposed permit conditions may be difficult without modification of the 

electrochemical treatment system or the provision of supplemental treatment 

using ion exchange. Further testing of these' technologies would be required 

to determine if proposed permit conditions could consistently be achieved. 

While the degassing process in the electrochemical treatment system has the 

potential to provide removal of chlorinated organics from the contaminated 

L../ 

d ground water, use of the existing air stripper would ensure organic 
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contaminant removals. 

Discharge to surface water is the preferred method of treated ground water 

discharge, due to its ease of implementation and its successful operational 

history. Implementation of this discharge option will be critically dependent 

upon the treatment system's ability to achieve proposed discharge to surface 

water permit conditions developed by NJDEPE. If implementation of a discharge 

. 

\ I. 

to ground water option was required on the basis of chemical-specific 

discharge conditions, additional studies would be required during the 

conceptual design stage to provide the appropriate design information. 

The alternative also includes continued ground water monitoring to confirm 

the alternative's effectiveness in capturing the contaminated ground water. 

Because it is unlikely that the alternative will be successful in remediating 

the ground water within a five-year period to the point where unlimited use 

and unrestricted exposure to ground water are possible, the conduct of a, 

five-year review of the remedial action decision has been assumed, in 

accordance with the requirements of the NCP. 
J \ 

Alternative 3 will provide the greatest degree of overall protection of 

human health and the environment and compliance with ARARs through the 

modification of the existing extraction and treatment system. It also is 

effective in the short-term and long-term and provides a significant reduction 

in contaminant toxicity, as well as in the mobility and volume of contaminated 

ground water. The options recommended for inclusion in the alternative are 

cost-effective. Implementation will require installation of additional' 

extraction wells, but overall implementability is good. 

By adding extraction wells as described, additional capture of ground 

water contamination as well as extraction of contaminated ground water close 

to potential contaminant source area ( s )  will enhance the operation of the 

existing extraction system. Human health and the environment will be L I 
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protected by decreased dispersion of contaminants within the aquifer and an 

expected decrease in the overall remedial time frame. Based on the . . 
‘4 treatability study testing, the selected inorganic treatment system, 

electrochemical treatment, will provide much greater removals of chromium and 

other inorganics than that provided by the ion exchange system, and therefore 

- will provide greater ,compliance with chemical-specific A M s .  The air 

stripper will provide supplemental treatment of organics, as needed. To 

achieve draft discharge to surface water permit conditions, the ’ 

elecfrochemical treatment system will be modified or ion exchange will be 

employed as a polishing treatment, as necessary. Additional testing would be 

required to establish the best technology to meet these TBCs. The recommended 

discharge system is proven to operate efficiently and reliably; however its 

implementation relies upon the ability ofthe treatment system to achieve the 

proposed discharge to surface water permit conditions developed by NJDEPE for 

discharge into the Hudson Branch. 
‘d 
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TABLE 1-1 

4' 

MANUFACTURING AREA 

SUMMARY OF INVESTIGATION AREAS 
SHIELDAIXOY METALLURGICAL CORPORATION 

Former Manpro-Vibra Degreasing Unit 
Underground Storage Tank Area 
Railroad Siding Area 
Department 106 Area 
Department 102 Area 
Chromium Button 

UNDEVELOPED PLANT PROPERTY Former Material 
By-product Drum 
Former Chromium 
Tank T12 Area 
Remaining Plant 

Storage Area 

Storage Area 
Storage Area 
Button Storage Area 

Property 

BY-PRODUCT STORAGE AREA Ferrovanadium Slag, Chromium Slag, 
Ferrocolumbium Slag, and Lime Pile 





TABLE 1-2 (CONTINUED) - -  
EXISTING MONITORING WELL DATA SHEETS 

SHIELD ALLOY METALLU RGlCAL CORPORATION 

OFF-SITE WELLS 

IW1 
IW2 
IW3 
IW4 

sc1  s 
SC1 D 
SC2D 
sc3s  
SC3D 
sc4s  
SC4D 
SC5D 
SC6S 
SC6D 
SClOS 
SCl OD 

RECOVERY WELLS 

IAYNE 
w9 

RW6S 
RW6D 
RIW2 

- 
- 
- 

31 -28825- 1 
31-21619-6 
31-31620-0 
31 -2891 4- 2 
31-21621-8 
31-21689-7 
31 - 21 690- 1 
31 - 21 876- 8 
31-21691-5 
31 -21878-4 

31-23369 
31-23370 

51-154 
31-19648 
31-2871 0 
31-2871 1 
31 - 287 1 2 

4/5/83 
11/12/85 

611 9/84 
6/22/88 
5130184 
611 184 
6/8/88 
6/6/84 
6/7/84 
6/8/84 
611 2/84 
612 1 184 
6/26/84 
1111 1/85 
11/12/85 

- 

1971 
1 011 7/82 

8/5/88 
8/2/88 

611 618s 

90.33 
91.05 

96.94 
87.26 
90.90 
90.62 
90.32 
88.90 
93.65 
92.64 
97.00 
94.62 
94.38 
95.38 
95.72 

92.18 

94.1 1 
94.43 
92.70 
93.08 
91 5 2  

- 
an 
- 

1 0" 
8" 
5" 
5" 
8" 
5" 
5" 
5" 
5" 
5" 
1 2" 
8" 
8" 

8" 
1 2" 
14" 
1 4" 
14' 

PVC/6' 
PVC/6" 

STEEU4" 
PVCI5" 
PVCIC 
PVCl2" 
PVCI2' 
PVCI4" 
PVCI2" 
PVCI2" 
PVCI2" 
PVC/2* 
PVCIP" 
PVC/2" 
PVCI4" 
PVCI4' 

STEE46" 
PVC/6" 
PVC/8" 
PVC/8" 
PVC/8" 

62' 
70' 
60' 
120' 
55 
115' 
115 
55' 
108' 
45' 
120' 
120' 
75' 
125' 
55 
125' 

47 
130' 
75' 
125' 
75' 

32- 62 
40-70 - 

40-6511 05- 130 
35- 55 

85-9511 00- 1 15 
65-85195- 1 15 

35-55 
?a- 88198- 108 

35-45 
110-120 
90- 120 
45-75 

110-120 
35-55 

105- 125 

GOOD 
GOOD 
POOR 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 

42- 47 (SI GOOD 
110-130 - GOOD 

GOOD 
GOOD 

30- 55 - GOOD 

55-75 (SI 
90- 125 (D) 

NOTES: 
J = WELL WAS INSTALLED USING JETTING TECHNIQUE (S) = CONSIDERED AS A SHALLOW WELLIN ANALYSIS OF EXTENT OF CONTAMINATION 
- = NO DATA AVAILABLE (0) = CONSIDERED AS A DEEP WELL IN ANALYSIS OF EXTENT OF CONTAMINATION 
msl = FEET ABOVE MEAN SEA LEVEL 
TPVC =TOP OF PVC CASING (NS) = NOT SAMPLED 
WELL CONDITION WAS EVALUATED BY AGE. MATERIAL, AVAILABLE CONSTRUCTION INFORMATION, AND VISUAL INSPECTION. 
OFF-SITE WELLS SC-PD AND SC-3D WERE REPLACED INJANUARY 1992: WELL LOGS AREPRESENTED IN APPENDIX D. 

- = NOT USED FOR ANALYSIS OF DCTENT OF CONTAMINATION (UMITED ANALYSIS) 



TABLE 1-3 

REMEDIAL INVESTIGATION PHASE I 
MONITORING WELL DATA SHEET 

SHIELDALLOY METALLURGICAL CORPORATION 

WELL MIT DATE 
LOCATION BEA INSTALLED 

ON-SFE WELLS 

SC12D 
SC13D 

SCl4S 

sc15s 

SC16S 

sc2os 

sc22s 

SC22D 

sc23s 

OFF-SITE WELLS 

sc5s  

sc17s 
SC17D 

SC18S 

SC18D 

sc19s 

SC19D 
sc21 s 
SC21 D 

31 35226 -0 

3135227-8 

313521 5-4 
3135216-2 

31 3521 7 -5 

3135218-3 

3135219-7 
3135222-7 

31 35437-8 

31 35434 - 1 
3135229-4 
3135223 -5 

31 35230-8 

3135228-6 

31 35224 -3 

3135221 -9 
31 35225 - 1 

3135220- 1 

1 1 /28/90 

11/29/90 
11/15/90 
11/13/90 

11/14/90 

11/13/90 
11/14/90 
11/21/90 

11/16/90 

1 1 /28/90 

11/19/90 
1 1 /27/90 

11/15/90 

1 1 /20/90 

1 1 I1 5/90 

1 1 /26/90 

1 111 5/90 

11/27/90 

103.19 

101.99 

108.38 
108.32 

108.05 

104.45 
99.65 

98.72 
102.21 

96.55 

109.26 

108.07 

95.72 
96.01 

92.98 

92.03 

92.64 

91.65 

lP 

1 2' 

8' 

8' 

8' 

8' 

8' 

12' 
8' 

8' 

8' 

1 29 

8' 

8' 

8' 

1 29 
8' 

12' 

PVC14' 
PVC/4' 

PVCK 

PVC/4' 
PVC/4' 

PVCl4' 
PVC/4' 

PVCI4' 

PVCI4' 

PVC14' 

PVCI4' 
PVC14' 

PVC/4' 

PVCI4' 

PVC/4' 

PVC/4' 

PVC14' 

PVC14' 

140.0' 
140.5' 

27.0' 

27.5' 
27.0' 

22.0' 

18.0' 
125.0' 

24.0' 

20.0' 
28.0' 

153.0' 

19.0' 
130.0' 

17.0' 

133.0' 

18.0' 

140.0' 

126-136' 

127-1 37' 
12-27' 

12.5-27.5' 

12-27' 

7-22' 
3- 18' 

11 1 -121' 

9-24' 

5-20' 

13-28' 

143-453' 

4-19' 

119-129' 

2- 17' 

120-130' 

3-18' 

125- 1 35' 

EXCELLENT 

EXCELLENT 

EXCELLENT 

EXCELLENT 
E!CELLENT 

EXCELLENT 

EXCELLENT 

EXCELLENT 

EXCELLENT 

EXCELLENT 
EXCELLENT 

EXCELLENT 

EXCELLENT 

EXCELLENT 

EXCELLENT 

EXCELLENT 

EXCELLENT 

EXCELLENT 
sc24s 31 35435 - 1 1 1/28/90 93.57 8' PVC/4' 20.0' - 5-20' EXCELLENT 

NOTES: 

*-I = WELL WAS NOT CASED 
msl = FEET ABOVE SEA LEVEL 

TPVC = TOP OF PVC CASING 

WELL CONDITION WAS EVALUATED BY AGE, MATERIAL, AVAILIABLE CONSTRUCTION INFORMATION. AND VISIUAL INSPECTION. 



TABLE 1-4 

MONITORING WELL WATER ELEVATION DATA 
SHIELDALLOY METALLU RGlCAL CORPORATION 

A 
B 
c 
D 
E 
F 

G1 S 
G2D 

H 
I 
K 
L 

w1 
w2 

w3s 
W3D 
w4 
DW2 
DW4 
IW1 
IW2 
IW3 

IWC1 
IWC2 
IWC3 
IWC4 
IWC5 
sc1s 
SC1 D 
SC2D 
sc3s 
SC3D 
sc4s 
SC4D 
SCSS 
SC5D 
SCGS 
SC6D 

94.82 
94.33 
96.29 
99.42 
98.92 
108.58 
104.74 
104.59 
103.02 
95.09 
99.1 8 
102.14 
98.60 
100.84 
108.37 
107.85 
104.58 
1 10.92 

UNKNOWN 
90.42 
92.1 8 
91.05 
98.1 3 
98.51 
97.53 
98.6 1 
98.03 
87.26 
90.95 
90.72 
90.32 
88.90 
93.65 
92.64 
96.55 
97.00 
94.62 
94.38 

86.32 (12/19) 
N.D. 
N.D. 

90.38 (12/19) 
N.D. 

91.30 (12l19) 
91.16 (12/19) 
88.77 (12/19) 
90.18 (12/17) 

N.D. 
88.94 (1 2/19) 
89.84 (12/19) 

92.64 (12/20) 

91.44 (12/19) 
N.D. 
N.D. 
N.D. 

85.30 (1 2/19) 
85.12 (12/18) 
85.19 (12/19) 

N.D. 
90.05 (12/20) 

N.D. 
N.D. 

90.08 (12/20) 
83.36 (1 2/17) 
82.36 (1 2/17) 
85.47 (12/18) 
84.14 (12/17) 
84.16 (1 2/17) 
86.20 (12/19) 
84.67 (12/19) 
84.90 (1 2/18) 
83.78 (1 2/18) 
87.71 (12/17) 
86.46 (1 2/17) 

*N.D. 

91.43 (12/19) 

86.78 
88.88 
90.1 3 
91.63 
90.13 
92.48 
N.D. 
N.D. 
91.59 
89.75 
89.84 
90.84 
90.94 
93.36 
92.79 
92.80 
90.22 
93.41 
(1 7.36) 
85.58 
84.92 
85.39 
90.96 
90.97 
91.09 
91.1 1 
91 -05 
83.98 
82.38 
85.47 
84.42 
84.56 
86.45 
85.09 
85.31 
84.1 8 
87.77 
86.90 

0.46 
N.D. 
N.D. 
1.25 
N.D. 
1.18 
N.D. 
N.D. 
1.41 
N.D. 
0.90 
1 .oo 
N.D. 
0.72 
1.36 
1.36 
N.D. 
N.D. 
N.D. 
0.28 

-0.20 
0.20 
N.D. 
0.92 
N.D. 
N.D. 
0.97 
0.62 
0.02 
0.00 
0.28 
0.40 
0.25 
0.42 
0.41 
0.40 
0.06 
0.44 



TABLE 1-4 (CONTINUED) 

MONITORING WELL WATER ELEVATION DATA 
SHIELDALLOY METALLURGICAL CORPORATION 

sc7s 
SC8S 
sc9s 
sc1 os 
SClOD 
SCl lS 
sc12s 
SC12D 
sc13s 
SC13D 
sc14s 
sc15s 
SC16S 
sc17s 
SC17D 
SC18S 
SC18D 
sc19s 
SC19D 
sc2os 
sc21 s 
SC21 D 
sc22s 
SC22D 
sc23s 
sc24s 

107.41 
107.66 
96.23 
95.38 
95.72 
108.33 
104.76 
103.1 9 
101.41 
101.99 
108.38 
108.32 
108.05 
109.26 
108.07 
95.72 
96.01 
92.98 
92.03 
104.45 
92.64 
91.65 
99.65 
98.72 
102.21 
93.57 

N.D. 
N.D. 
N.D. 

88.1 0 (1 2/18) 
88.06 (12/18) 

92.06 (12/20) 

92.61 (12/20) 
90.92 (12/20) 
91.84 (1 2/20) 
90.42 (1 2/17) 
89.18 (12/17) 
88.75 (12/19) 
87.67 (1 2/19) 
86.38 (12/19) 
86.35 (12/19) 
86.78 (12/20) 
85.33 (12/18) 
90.52 (12/19) 
86.45 (12/18) 
85.03 (12/18) 
90.93 (12/20) 
89.80 (12/20) 
90.23 (12/17) 
83.53 (12/18) 

91.94 (12/19) 

91.29 (12/20) 

92.26 
92.56 
89.97 
88.39 
88.48 
93.35 
93.29 
92.55 
93.52 
92.25 
93.23 
91.55 
90.52 
89.49 
89.39 
86.82 
86.85 
86.78 
86.98 
91.65 
86.54 
86.26 
91.60 
91.15 
91.35 
84.35 

I 

N.D 
N.D. 
N.D. 
0.29 
0.42 
1.41 
1.23 
1.26 
0.91 
1.33 
1.39 
1.13 
1.34 
0.74 
1.72 
0.44 
0.50 

1.65 
1.13 
0.09 
1.23 
0.67 
1.35 
1.12 
0.82 

- 

NOTES: 
N.D. = NO WATER LEVEL DATA WAS COLLECTED 
UNKNOWN = THE ELEVATION OF THE WELL IS UNKNOWN 
(17.36) = DEPTH FROM TOP OF PVC TO THE WATER TABLE 
(1 2/17) = REFERS TO THE DATE WATER ELEVATION DATA WAS COLLECTED DURING 

* = ALL THE WATER ELEVATION DATA DURING THE SECOND SAMPLING EVENT WAS 
THE FIRST SAMPLING EVENT. 

i / -  COLLECTED ON 4/15/91. 



TABLE 2-1 
PRELIMINARY IDENTIFICATION OF FEDERAL CHEMICAL- SPECIFIC ARARs AND TBCS 

SHIELDALLOY METALLURGICAL CORPORATION 

Ground Water- - 
Safe Drinking Water Act 

and 141.60 - .63) 
(40 CFR 141.1 1 -.16 

Safe Drinking Water Act 
(40 CFR 141.50-.52) 

Surface Water - - 
Clean Water Act 
(40 CFR 121) 

Clean Water Act 
(40 CFR 401.15) 

Maximum Contaminant 
Levels (MCLs) 

Maximum Contaminant 
Level Goals (MCLGs) 

Ambien Water Quality 
Criteria (AWQC) 

Effluent Discharge 
Li mitations 

MCL's directly apply to 'public water 
systems', defined as systems with at 
least 15 connections which service a 
minimum of 25 persons. 

Non-enforcable health goals for pubtic 
water supply systems, set at levels 
which iesult in no known or anticipated 
adverse health effects. 

Non-en..wceable guidelines 
estabfished for the protection of human 
health and/or aquatic organisms. 

Regulates the discharge of 
contaminants from an industrial point 

While ground water is not a current source 
of ddnking water at the site, MCL's may 
be relevant and appropriate due to the 
presence of volatile organic and inorganic 
contaminants in ground water. 

Ground water at SMC is not a current 
source of drinking water; therefore, 
MCLGs are not applicable, but may be 
relevant and appropriate. Non-zero 
MCLGs are to be used as remedial goals 
for current or potential sources of drinking 
water, per the NCP (40 CFR 300). 
Contaminant concentrations are 
compared to MCLGs to assess potential 
risks associated with ingestion of ground 
water. 

TBC criteria which may affect remedial 
actions invohring discharge to nearby 
Hudson Branch. 

Potential ARARs for remedial alternatives 
involving discharge to nearby Hudson 
Branch. source. 

m 



TABLE 2-1 (Continued) 

SHIELDALLOY METALLURGICAL CORPORATION 
PRELIMINARY IDENTIFICATION OF FEDERAL CHEMICAL-SPECIFIC ARARS AND TBCS 

Air- - 
Clean Air Act National Ambient Air Establishes maximum concentrations for Potential ARARs for alternatives involving 
(40 CFR 50) Quality Stardards particulates and fugitive dust remedial actions which impact ambient 

(NAA Q S) emissions. air. 

Clean Air Act New Source Performance Establishes emissions limitations Potential ARARs for alternatives involving 
(40 CFR 60) Standards (NSPS) for new sources. treatment actions which emit pollutants. 

Clean Air Act Emissions Standards for Establishes emissions limitations Potential ARARs for alternatives Involving 
(40 CFR 61) Hazardous Air Pollutants for hazardous air pollutants. treatment actions which emit hazardous 

(NESHAPS) air pollutants. 

I I 



TABLE 2-2 
PRELIMINARY IDENTIFICATION OF STATE CHEMICAL-SPECIFIC ARARs AND TBCS 

SHIELDALLOY METALLURGICAL CORPORATION 

3round Water - - 
NJ Safe Drinking 
Water Act 
(NJAC 7110 1.1 -7.3) 

NJ Ground Water 
Quality Standards 
(NJAC 7~9-6) 

NJ Proposed Ground 
Water Quality Standards 
(NJAC 719-6) 

NJ Proposed Cleanup 
Standards for 
Contaminated Sites 
(NJAC 7326D-4) 

Surface Water - - 
NJ Clean Water Act 
(NJAC7:14A-l et seq.) 

NJ Clean Water Act 
(NJAC 719-4) 

NJ Maximum Contaminant 
Levels (NJMCLs) 

Ground Water Quality 
Criteria (GWQC) 

Proposed Ground 
Water Quality 
Standards 

Proposed Ground Water 
Cleanup Standards 

NJPDES Water Quality Toxic 
Effluent Limitations 

NJ Surface Water Quality 
Standards 

NJMCLs directly apply to all 
"public water systems" in NJ. 
Adopted from National Regulations 
published by EPA (40 CFR 141). 

Establishes ground water quality 
standards (Le. organics, PCBs, 
pesticides, metals) for various 
classes of ground water. 

Proposes ground water quality 
standards (Le. organics, PCBs, 
pesticides, metals) for various 
classes of ground water. 

Proposes cleanup standards for 
VOCs, SVOCs, pesticieds/PCBs, 
and inorganics 

Establishes values for the 
determination of NJPDES 
permit toxic effluent 
limitations 

Establishes water quality standards 
for various surface water classes. 

While ground water is not a current source 
of drinking water at the site, NJMCLs may 
be relevant and appropriate due to the 
presence of volatile organic and inorganic 
contaminants in ground water. 

Potential ARARs applicable to alternatives 
which inwlve discharge to ground water; 
classification of ground water is Class I1 
based on background TDS levels. 

To- Be-Considered applicable to 
alternatives which inwlve discharge to 
ground water. 

To- Be-Considered criteria due to known 
contamination of ground water with VOCs 
and inorganics. 

Potential ARARs for alternatives which 
include discharges to surface waters. 

Potential ARARs due to classification of 
Hudson Branch near site as W2-NT. Will 
affect alternatives which include discharges 
to surface waters. 



TABLE 2-2 (Continued) 

SHIELDALLOY METALLURGICAL CORPORATION 
PRELIMINARY IDENTIFICATION OF STATE CHEMICAL-SPECIFIC ARARS AND TBCS 

Air -- 
NJ Clean Air Act 
(NJAC 7:27-13) Standards for criteria pollutants. treatment actions which emit criteria 

NJ Ambient Air Quality Establishes maximum ambient levels Potential ARARs for alternatives involving 

pollutants. 

NJ Clean Air Act 
(NJAC 7127-1 7) Air Pollution by Toxic for toxic substances. treatment actions which emit toxic 

Control and Prohibition of 

Substances pollutants. 

Establishes emissions limitations Potential ARARs for alternatives involving 



TABLE 2-3 
PRELIMINARY IDENTIFICATION OF FEDERAL LOCATION-SPECIFIC ARARs AND TBCS 

SHI ELDALLOY M ETALLU RG ICAL CORPORATION 

Vetlands -- 
Executive Order 1 1990 

Wetlands Construction 
and Management 
Procedures 
(40 CFR 6, Appendix A) 

Clean Water Act, 
Section 404 (40 CFR 
230; 33 CFR 320-330) 

:loodplains -- 
Execub've Order I 1988 

Flood Disaster Protection 
Act of 1973 

Water Resources Council 
Floodplain Management 
Guidelines (February 10, 
1978) 

Protection of Wetlands 

Protection of Wetlands 

Prohibition of Wetland 
Filling 

Protection of Floodplains 

Disaster Prevention 

Floodplain Management 

USEPA Statement of Policy Protection of Floodplains 
on Floodplains and and Wetlands 
Wetlands Assessments for 
CERClA Actions 

Regulates activities conducted in a 
wetland area to minimize the 
destruction, loss or degradation of 
the wetlands. 

Sets forth EPA policy for carrying out 
the provisions of Executive Order 
11900 (see above). 

Prohibits the discharge of dredged or 
fill material to a wetland without 
a permit issued by the Cop of 
Engineers. 

Regulates activities conducted in a 
floodplain to minimize adverse 
affects to the floodplain and ensures 
that flood hazards have been 
considered. 

Regulates development in flood prone 
areas under FEMA 

Potential ARARs if a remedial action 
is proposed within a wetland area. 

Potential ARARs if a remedial action 
is proposed within a wetland area. 

Potential ARARs if a remedial action 
is proposed within a wetland area. 

Potential ARAR as site is located 
adjacent to the Hudson Branch. 

Potential ARAR as site is located 
adjacent to the Hudson Branch. 

Outlines decision-making process to be Potential TBC as site is located 
used in complying with Executive Order adjacent to the Hudson Branch. 
11988 

Mandates the preparation of wetlands and Potential TBC as site is located 
floodplains assessments as appriopriate adjacent to the Hudson Branch. 
for the CERCLA program. 



TABLE 2-3 (Continued) 

SHIELDALLOY METALLURGICAL CORPORATION 
PRELIMINARY IDENTIFICATION OF FEDERAL LOCATION-SPECIFIC ARARs AND TBCS 

Historic Places-- 
National Historic Protection of Historic Requires actions to take into 
Preservation Places 
Act of 1966 
(16 USC 470, et seq.) 

Potential ARAR for activities which could 
impact historic places. acCount effects on properties 

included in or eligible for the 
National Register of Historic Places 
and minimizes harm to National 
Historic Landmarks. 

Farmlands-- 
Farmland Protection Protection of Significant/ Requires evaluation of direct and 
Policy Act Important Agricultural indirect effects of actions on remaining designated as PrSme Farmlands. 
(7 USC 4201 et seq.) farms and farm support sources. 

Potential ARAR as local areas are 

Lands 



f \ 
TABLE 2-4 

PRELIMINARY IDENTIFICATION OF STATE LOCATION-SPECIFIC ARARS AND TBCS 
SHIELDALLOY METALLURGICAL CORPORATION 

(. 

tetlands -- 
NJ Freshwater Wetlands 
Protection Act 
(NJSA 139B) 

NJ Freshwater Wetlands 
Regulations (NJAC 7:7) 

'loodplains - - 
Flood Hazard Area 
Control Act 
(NJSA 58:16A-50) 

iistoric Areas-- 
NJ Conservation 
Restriction 
and Historic Presetvation 
Restriction Act 
(NJSA 13:88-1) 

:armlands- - 
Agricultural Retention and 
Development Act (NJSA 
4: IC- 11) 

Regulation of Activities 
In and Around Wetlands 

Rules Governing 
Implementation of 
Wetlands Protection Act 

Protection of Floodplains 

Protection of Historic 
Places 

Protection of Farmlands 

Provides for classification of 
freshwater wetlands and establishes 
permit requirements for activities 
which impact freshwater wetlands. 

Regulates altemtion or disturbance 
in and around freshwater wetland 
areas. 

Regulates any land use in a flood 
hazard area to reduce risks due to 
flooding. 

Allows for the acquistion and 
enforcement of conservation 
restrictions and historic preservation 
restrictions by the NJDEPE at historic 
sites. 

Authorizes the establishment of county 
agricultural development boards, who are 
required to develop agriculture retention 
and development programs and farmland 
preservation programs. 

Potential ARAR if a remedial action is 
proposed within a wetland area. 

Potential ARAR if a remedial action is 
proposed within a wetland area. 

Potential ARAR as site is adjacent 
to the Hudson Bmch. 

Potential ARAR for activities which could 
impact historic places. 

Potential ARAR for activities which could 
impact farmland areas. 



TABLE 2-5 
PRELIMINARY IDENTIFICATION OF FEDERAL ACTION-SPECIFIC ARAB AND TBCS 

SHIELDALLOY METALLURGICAL CORPORATION 

'EDERAL STATWE 

A M  as the SMC site is included on 
the National Priorities List 
(Rank 47/1073). 

3ERCLA (Title I 
Section 101,111) 

National Contingency Plan 
(40 CFR 300) 

Establishes funding and provisions for 
the cleanup of hazardous waste sites. 

Cleanup Standards/ 
Response Action 

Treatments must provide permanent 
reductions in volume, toxicity and 
mobility of wastes and satisfy ARARs. 

ARARs as the SMC site is included on 
the National Prforities List 
(Rank 47/1073). 

Superfund Amendments 
2nd Reauthorization Act 
(42 U.S.C. 9601) 

Potential ARARS which may limit the 
use of land disposal in remediating 
certain hazardouswastes. 

Hazardous and Solid 
Waste Amendments of 
1984 (HSWA) 

Land Disposal Restrictions Prohibits placement of hazardous 
wastes in locations of vulnerable 
hydrogeology and lists certain 
wastes, which will be evaluated for 
prohibition by EPA under RCRA. 

Generator Requirements 
for Manifesting Waste for 
Off-Site Disposal 

Standards for manifesting, making 
and recording off-site waste 
shipments for treatmentldisposal. 

Potential ARARS for alternatives which 
utilize an off -site treatment/disposal 
method for hazardous wastes. 

Resource Conservation 
and Recovery Act (RCRA) 
(40 CFR 262) 

Potential ARARS for alternatives which 
utilize an off-site treatmenVdisposal 
method for hazardous wastes. 

RCRA (40 CFR 263) Transporter Requirements 
for Off-Site disposal 

Standards for transporters of 
hazardous waste materials. 

Outlines specifications and standards 
for design, operation, closure, and 
monitoring of performance for 
hazardous waste storage, traetment 
and disposal facilities. 

Potential ARARS for alternatives which 
utilize a surface impoundment, m e  pile, 
landfill, land treatment, incineration, or 
miscellaneous treatment units for on-site 
storage/disposal/treatment of hazardous 
wastes. 

Potential ARARs which may limit the 
use of land disposal in remediating 
certain hazardous wastes. 

RCRA 
(40 CFR 264 and 265) 

Requirements for Hazardous 
Waste Treatment Facility 
Design and Operating 
Standards for Treatment $d 
Disposal Systems 

RCRA (40 CFR 268) Land Disposal Restrictions Identifies hazardous wastes that are 
restricted from land disposal and sets 
treatment standards for restricted 
wastes. 
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TABLE 2-5 (continued) 

SHIELDALLOY METALLURGICAL CORPORATION 
PRELIMINARY IDENTIFICATION OF FEDERAL ACTION-SPECIFIC ARAB AND TBCS 

Potential A M  for alternatives which 
utilize underground injection as a 
remedial method. 

Safe Drinking Water Act 
140 CFR 144 and 146) 

Underground Injection 
Control Requirements 

Establishes the general 
requiremeh, technical criteria and 
standards for underground injection 
wells. 

Permits contain applicable effluent 
standards &e., technology-based 
and/or water quality-based), 
monitoring requirements, and 
standards and special conditions for 
discharge. 

ARARS for alternatives involving 
treatment methods which discharge 
effluents to area water bodies. 

lean Water Act 
:40 CFR 122-125) 

National Pollutant 
Discharge Elimination 
System (NPDES) Permit 
Requirements 

;lean Water Act 
(40 CFR 403) 

Discharge to Publicly - 
Owned Treatment Works 
(PCTTW) 

A national pretreatment program 
disigned to protect municipal 
wastewater treatment plants and the 
environment from damage that may 
occur when hazardous, toxic or other 
non-domestic wastes are discharged 
into a sewer system. 

This regulation is applicable to 
alternatives in which wes are 
discharged to a POW. 

$lean Air Act 
(40 CFR 50) 

National Ambient Air 
Quality Standards (NAAQS)- 
Particulates 

Establishes maximum 
concentrations for particulates and 
fugitive dust emissions. 

ARARS for alternatives involving 
treatment methods which impact 
ambient air (Le. air stripping, etc.). 

$lean Air Act 
(40 CFR 50) 

New Source Performance 
Standards (NSPS) 

Requires Best Available Control 
Technology (BACT) for new sources, 
and sets emissions limitations. 

ARARS for alternatives involving 
treatment methods which impact 
ambient air (Le. air stripping, etc.). 

Emissions Standards for 
Hazardous Pollutants 
(NESHAPS) 

Establishes emissions limitations for 
hazardous air pollutants. 

ARARS for alternatives involving 
treatment methods @e., air stripping, 
etc.) which result in emissions to 
the air. 

Clean Air Act 
(40 CFR 61) 

Hazardous Materials 
Transportation Act 
(49 CFR 170, 171) 

Procedures for packaging, labelling, 
manifesting, and off -site transport 
of hazardous materials. 

ARARS for alternatives involving the 
off -site shibment of hazardous 
materials or waste. 

Rules for Transportation 
of Hazardous Materials 



TABLE 2-5 (continued) 

SHIELDALLOY METALLURGICAL CORPORATION 
PRELIMINARY IDENTIFICATION OF FEDERAL ACTION-SPECIFIC ARAB AND TBCS 

Occupational Safety 
and Health Act 
(29 CFR 1904) 

Occupational Safety 
and Health Act 
(29 CFR 1910) 

Occupational Safety 
and Health Act 
(29 CFR 1926) 

Recordkeeping, Reporting 
and Related Regulations requirements. 

Outlines recordkeeping and reporting 

General Industry Standards Establishes requirement for 40-hour 
training and medical surveillance of 
hazardous waste workers. 

Safety and Health 
Standards 

Regulations specify the type of 
safety equipment and procedures for 
site remediationlexcavation. 

ARARs for all contractors/ 
subcontractors involved in hazardous 
activities. 

ARARs for workers and the workplace 
throughout the implementation of 
hazardous activities. 

ARARS for workers and the workplace 
throughout the implementation of 
hazardous activities. 



TABLE 2-6 
PRELIMINARY IDENTIFICATION OF STATE ACTION-SPECIFIC ARARS AND TBCS 

SHIELDALLOY METALLURGICAL CORPORATI ON 

Permitting, Contingency 
Plans, Specifications for 
TreatmentlDisposal Units 

Requirements for permitting, 
emergency planning, and design of 
treatment/storage/disposal systems. 

Potential ARARs for alternatives which 
involve the treatment, storage or 
disposal of hazardous wastes. 

NJ Hazardous Waste 
Regulations 
(NJAC 7%) 

ARARS for alternatives involving 
treatments which discharge effluents 
to surface or ground water. 

NJ Pollutant Discharge 
Elimination System 
(NJAC 7:14A-l.l et seq.) 

Permit/Discharge 
Requirements 

Requires any discharger to land or 
water to obtain a permit pursuant 
to NJSA (58:lOA-1). 

Treatment Works Approval 
Requirements 

Rules concerning the installation of 
a facility for the collection or 
treatment of a pollutant. 

AMRs for alternatives involving 
extraction and on-site treatment of 
ground water. 

Establishes effluent standards and 
treatment requirements for 
discharge of toxic effluent. 

AMRs for alternatives involving 
treatments which discharge toxic 
pollutants to area water bodies. 

NJ Surface Water 
Regulations 
(NJAC 7:9-5.1) 

Effluent Standards/ 
Treatment Requirements 

NJ Air Pollution 
Control Regulations 
(NJAC 727-16) 

Permits and Emissions 
Limitations for VOCs 

Requires sources which emit VOCs 
be registered & permitted with the 
NJDEPE & meet design specifications. 

ARARs for alternatives involving 
treatments which impact ambient air 
(e.g., air sttipping). 

Requirements for emissions control 
apparatus for sources of toxic 
emissions. 

ARARS for alternatives involving 
treatments which impact ambient air 
(e.g., air stripping). 

NJ Air Pollution 
Control Regulations 
(NJAC 727-17) 

Toxic Substance 
Emissions 

NJ Air Pollution 
Control Regulations 
(NJAC 727-12) 

Emergency Situations Requirement for standby plans to 
reduce emissions of air contaminants 
during an air pollution emergency. 

A R A B  for alternatives involving 
treatments which impact ambient air. 

ARAB for alternatives involving 
installation of monitoring wells or 
installation and operation of ground 
water extraction wells. 

NJ Water Supply 
Management Act 
(NJAC 7:19) 

General Water Supply 
Management Regulations 

Requires NJDEPE approval for ground 
water withdrawals exceeding 100,000 
gpd and for drilling and construction of 
new wells. 



TABLE 3-1 
COMPARISON OF MAXIMUM DETECTED CONCENTRATIONS OF ORGANICS 

TO FEDERAL AND STATE GROUND WATER APPLICABLE OR 
RELEVANT AND APPROPRIATE REQUIREMENTS (ARARS) 

SH I ELDALLOY METALLURGICAL COR PORATION 

Parameter 

VOLATILE ORGANICS 

Acetone 

2-but anone 

4-Methyl-2-pentanone 

SEMIVOLATILE ORGANIC' 

Phenol 
D i-n-bu tylpht halate 
Bis(2-ethylhexy1)phthalate 

Maximum Detected 
Concentration (ppb) 
Upper Lower 

Cohansey Cohansey 

170 160 
2 2 

... 

78 
9 

1 20 3 

1 

6 
1 

Federal 
ARARS (ppb) 

MCL (1) MCLG (2) 

..... 200 200 

. .  

700 700 
. .  !O!OOO. . . . . .  10,000 

6' 0- 

State 
ARARS (ppb) 

NJMCL (3) GWQS (4) 

700 

26 30 

............................... 
700 

4000 

30 

ARAWTBC Exceeded 
- Not Detected 
(1) MCL - Maximum Contaminant Level. National Primary Drinking Water Regulations, Final Rule Amendments to 

(2) MCLG - Maximum Contaminant Level Goal, based on health considerations only, Final Rule Amendments to 
SDWA, U.S. EPA, Effective July 1992. * Effective January 17, 1994. 

(3) Maximum Contaminant Level for Drinking Water; NJ Safe Drinking Water Act, NJAC 7:lO-16.7 
(4) Ground Water Quality Standards; based on Class Il-A ground water; NJAC 7:9-6.1 et seq. 

(a) cis-1 ,FDichloroethene 
(b) trans-l,2-Dichloroethene 

SDWA, U.S. EPA, Effective July 1992. * Effective January 17, 1994. 

Note: Methylene chloride and acetone were commonly detected in laboratory blanks, trip blanks, 
and /or field blanks, indicating their presence may be associated with laboratory contamination. 



TABLE 3-2 
COMPARISON OF MAXIMUM DETECTED CONCENTRATIONS OF INORGANICS (UNFILTERED) 

TO FEDERAL AND STATE GROUND WATER APPLICABLE OR 
RELEVANT AND APPROPRIATE REQUIREMENTS (ARARS) 

SHIELD ALLOY METALLURGICAL CORPORATION 

Parameter 

INORGANICS , 

Silver 

Barium 

Calcium 

Potassium 

Silicon 
Vanadium 
Zinc 
Boron 
Strontium 
Titanium 
Bicarbonate 
Carbonate 

Maximum Detected 
Concentration (ppb) 
Upper Lower 

Cohansey Cohansey 

~-.,,~..,~,..,,,....,,,,,,~ ,..,,,,, .......... m,...,, ,,..,....,,* 

30.3 14.3 

27.5 43.8 

19,900 60,900 
130 74.4 

346,000 23,000 
40.800 7240 

38,600 13,600 
128,000 2000 
1730 3730 

17,600 699 
152 318. 
1 49 325 

549,000 115,000 

Federal 

MCL (1) MCLG (2) 

1300'* 

NJMCL (3) GWQS(4) 

1000 

5000 

ARAR/TBC Exceeded 
- Not Detected 
(1) MCL - Maximum Contaminant Level. National Primary Drinking Water Regulations, Final Rule Amendments to 

(2) MCLG - Maximum Contaminant Level Goal, based on health considerations only, Final Rule Amendments to 

(3) Maximum Contaminant Level for Drinking Water; NJ Safe Drinking Water Act,NJAC 7:l 0-1 6.7. 
(4) Ground Water Quality Standards; based on Class Il-A ground water; NJAC 7:9-6.1 et seq. 

Effective 1/17/94 
** Action levels representative of drinking water quality at the tap, U.S. EPA, May 7, 1991 

SDWA, U.S. EPA, Effective July 1992. 

SDWA, U.S. EPA, Effective July 1992. 



TABLE 3-3 
COMPARISON OF MAXIMUM DETECTED CONCENTRATIONS OF INORGANICS (FILTERED) 

TO FEDERAL AND STATE GROUND WATER APPLICABLE OR 
RELEVANT AND APPROPRIATE REQUIREMENTS (ARARS) 

SHIELDALLOY METALLURGICAL CORPORATION 

Parameter 

INORGANICS 

Silver 

Barium 

Copper 

Potassium 

Silicon 
Vanadium 
Zinc 
Boron 
Strontium 
Titanium 
Bicarbonate 
Carbonate 
Chloride 
Fluoride 
Nitrate 
Sulfate 

Maximum Detected 
Concentration (ppb). 
Upper Lower 

Cohansey .Cohansey 

w**,z,,.. .... -,*A&. ........ ,,-,>m.va,a,. ...................... 

s,60.0 ....... 
27,400 

32 57.1 

374.000 17,600 

122,000 2080 
897 153 

18,300 197 
152 - 

Federal 
...* ..,,, >.s~z.hEAE2,,kEkl ..,,. Y C  ......> .... *... 

MCL (1) MCLG (2) 

1300** 
200* 

.... 

10,000 10,000 
Deferred Deferred 

State 
.... ARARS ..... (ppb) 

NJMCL (3) GWQS (4) 

.A,.,&., .... -.-,A. .,,A s ...... ....,......... .... .............., ..s ...s ., ..... s,.. 

1000 
200 

5000 

250000 
2000 

10,000 10000 
250000 

ARAWTBC Exceeded 
- Not Detected 
(1) MCL - Maximum Contaminant Level. National Primary Drinking Water Regulations, Final Rule Amendments to 

(2) MCLG - Maximum Contaminant Level Goal, based on health considerations only, Final Rule Amendments to 

(3) Maximum Contaminant Level for Drinking Water; NJ Safe Drinking Water Act, NJAC 7:lO-16.7. 
(4) Ground Water Quality Standards; based on Class Il-A ground water; NJAC 7:9-6.1 et seq. 

Effective 1 I1 7/94 
** Action levels representative of drinking water quality at the tap, US. EPA, May 7, 1991 

SDWA, U.S. EPA, Effective July 1992. 

SDWA, U.S. EPA, Effective July 1992. 



TABLE 3-4 
COMPARISON OF MAXIMUM DETECTED CONCENTRATIONS OF CONTAMINANTS TO 

DRAFT STATE SURFACE WATER DISCHARGE PERMIT CONDITIONS (TO-BE-CONSIDERED) 
SHIELDALLOY METALLURGICAL CORPORATION 

u 

Parameter 

Flow (mgd) 
Chemical Oxygen Demand 
Total Dissolved Solids (mg/l) 
Total Dissolved Solids (kg/d) 
Total Suspended Solids (mg/l) 
Total Suspended Solids (kg/d) 
Oil & Grease (mg/l) 
Petroleum Hydrocarbons (mg/l] 
pH Range (s.u.) 
Chromium (total) (ug/l) 
Chromium (total) (kg/d) 
Trichloroethene (ug/l) 
Trichloroethene (kg/d) 
Chronic Toxicity 
Acute Toxicity 

Maximum Detected in 
Ground Water Samples 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

1 08,000 

840 

NA 
NA 

4.42- 1 2.1 

--- 
--- 

. I.i 

Draft Discharge to 
Surface Water 

Permit Conditions (1) 
Monthly Daily 
Averacle Maximum 

NL 0.576 
NL NL 
154 1 66 
336 362 
NL NL 
14 23 

10 

5.0 - 9.0 
5.8 

0.01 3 
1.07 2.14 

0.0023 0.0047 
NOEC> 82%(2) NOEC> 82% 

--- 
--- --- 

5.0 - 9.0 --- 
--- 

(I) Draft Discharge to Surface Water Permit Conditions, March 1993. 
(2) This limitation is equivalent to a maximum of I .2 TUc’s (chronic toxic units) 

MGD - Million Gallons per Day 
NL - Not Limited 
S.U. - Standard units 
NOEC - No Observable Effects Concentration 
--- - Not Applicable 
NA - NotAvailable 



TABLE 3-5 

RISK-BASED CLEANUP LEVELS FOR 
SELECTED GROUND WATER CONTAMINANTS 

SH I ELDALLOY METALLURGICAL CORPORATION 

6 

CALCULATED 
s. 

(I) The worst-case hazard index ratios for the selected contaminants were established under the shallow gn 
water ingestion scenario for residential use (Scenario 3, Human Health and Environmental Health Eva 
TRC, 1992c. 

.W 
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TABLr 3-6 
GROUND WATER REMEDIAL TECHNOLOGY SCREENING 

FOCUSED FEASIBILITY STUDY 
SHIELDALLOY METALLURGICAL CORPORATION 

Page 1 of 6 
............. ">: 0 .................. Screened on Technical lmplementability 

~ 

- 
NO ACTION NONE 

GENERAL 

No action. 

NOT APPLICABLE 

_I CONTINUED-] I 

Fulfills NCP requirement for 

consideration of no action alternative. 

Continued ground water monitoring. Monitors off-site contaminant 

- 

I WATER MONITORING I 

GROUND WATER USE - 
RESTRICTIONS 

1 NOTAPPLICABLE I 
Legal restictions on ground water 
use in the contaminated area, (e.g. 
deed restrictions, well permit 

restrictions, etc.) 

Provision of alternate water supply to 

receptors impacted by ground water 
contamination. 

migration. 

A portion of Vineland has been 
designated as an aquifer exclusion 

zone, requiring mandatory connection 

with public water systems and sealing 

of domestic and supply wells (See 

Figure 1-1 0). Extension of this zone may 

be protective of additional 

downgradient wells. 

No impacts to active private potable wells 
currently identified. 

Placement of engineered cap 

constructed of low permeability 

material over Contaminated areas to 

limit infiltration and leaching of 

contaminants into ground water. 

Technical implementability limited by 

existing land use. 



TABLE 3-6 (bontinued) 
GROUND WATER REMEDIAL TECHNOLOGY SCREENING 

FOCUSED FEASIBILITY STUDY 
SHIELDALLOY METALLURGICAL CORPORATION 

Page 2 of 6 
Screened on Technical Implementability 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

GENERAL 
RESPONSE ACTIOP TEC PROCESS OPTION DESCRl PTlON COMMENTS INOLOGY 

N 

Vertical trench is excavated under a 
soihentonite slurry and backfilled 

Best for containing a limited area of 

shallow ground water contamination; 

with a low permeability material. 

Sheet piling is driven into soil to 

form barrier wall. 

barrier would have to be keyed into the 

Kirkwood Formation at an approximate 
depth of 120 feet, thereby limiting this 

option's technical implementability. 

Best for containing a limited area of 

' shallow ground water contamination; 

technical implementability limited by 

depth to Kirkwood Formation. 

Horizontal barrier is created beneath 

contaminated zone to prevent 

Technical implementability limited by 

existing depth of ground water 

Contaminant migration. contamination. 

EXTRACTION/ 
TREATMENT/ 

EXTRACTION I 

Existing extraction wells and 

pumping systems within the 

contaminant plume are operated for the 

collection of contaminated ground 

water. 

Viable, proven technology. 

EXTRACTION 
WELL SYSTEM 

New extraction wells located to optimize 

operation of existing pump and treat 

system. 

Viable, proven technology. 



TABLE 3-6 (Continued) 
GROUND WATER REMEDIAL TECHNOLOGY SCREENING 

FOCUSED FEASIBILITY STUDY 
SH I ELDALLOY METALLURGICAL CORPORATION 

Paae 3 of 6 

(. 

v . . . . .(./...... . . . . .. . . . . . : 0 Screened on Technical Implementability 

GENERAL 
D ESC R I PTl ON w 

TREATMENT/ 
DISCHARGE 

Cont.) 

N N 

CONTAMINANT 

3 AIRSTRIPPING I 
STEAM STRIPPING 1 

Extracted ground water discharged to 

local POTW for treatment 

Extracted ground water discharged to 
licensed RCRA facility for treatment 

and/or disposal. 

Activated sludge process utilizes 

acclimated bacteria for aerobic 
degradation of contaminants. 

Organic contaminants removed from ground 
water using powdered activated carbon 

combined with conventional biological 

treatment. Wet air oxidation used to 
regenerate the powdered activated carbon. 

Transfer of volatile organic compounds 
to gaseous faction through mixing with 

large volumes of air in a packed column. 

Similar to air stripping but the use of 

steam increases contaminant 

volatilization. 

No sanitaty sewer locally available; typical 
POTW treatment processes designed to 

treat biologically degradable contaminants, 
not specifically for inorganics or 
chlorinated organics. 

Volumes of ground water to be treated 
limit technical implementability. 

Proven effective for aromatic organics, 

ineffective for chlorinated compounds; 
would not treat major contaminants of 
concern. 

Applicable to organic contaminants, 

including aromatic hydrocarbons and 

chlorinated compounds. 

Applicable to volatile organic contaminants, 

including aromatic hydrocarbons and 

chlorinated compounds. 

Applicable to volatile organic contaminants 

and organic contaminants not readily 
stripped in a regular air stripping system. 



TABLE 3-6 (Continued) 
GROUND WATER REMEDIAL TECHNOLOGY SCREENING 

FOCUSED FEASIBILITY STUDY 
SHIELDALLOY METALLURGICAL CORPORATION 

Page 4 of 6 
'--J .................... 

..:.:.:.:.: .....,_._._... ...,..... Screened on Technical lmplementability .......,..., . . . . 
GENERAL 

RESPONSE ACTION TECHNOLOGY PROCESS OPTION DESCRIPTION COMMENTS 

EXTRACTION/ 
TREATMENT/ 
DISCHARGE I, Cont. 

N N 

CARBON 4 ADSORPTION 

ON-SITE ORGANIC 
CONTAMINANT 

TREATMENT 

ON-SITE 
INORGANIC 

CONTAM INANT 
TREATMENT 

RESIN ADSORPTION 

UV OXIDATION 

Contaminants adsorbed to activated 
carbon by internal pores of carbon 

granules. 

Similar to carbon adsorption but 

synthetic resins are used. 

An oxidizing agent such as hydrogen 

peroxide is mixed with the waste 
stream and exposed to ultraviolet 
light to oxidize contaminants. 

Chemical agent is mixed with waste 

stream to remove halogen atoms 

from chlorinated hydrocarbons. 

Removal of solutes from solution by 

a semi-permeable membrane under 
a high pressure gradient. 

Contaminants removed from 
aqueous phase by exchanging 

places with ions held by ion 

exchange material. 

Applicable to organic contaminants, 
including aromatic hydrocarbons and 

chlorinated compounds. 

Can be effective for organic removal; 

easily combined with ion exchange. 

Proven for treatment of chlorinated VOCs, 

semivolatiles & pesticideslPCBs in EPA SITE 
testing; ineffective in treating 

single-bonded organic compounds; 

inorganics may cause fouling. 

Primarily used for PCB transformer oils. 

Does not treat non-chlorinated 

hydrocarbons. 

Used mainly for dissolved solids; 

metals and low level organics can 

cause clogging. 

Effective for inorganics; existing on-site 

ground water treatment utilizes an ion 

exchange system. 

4 PRECIPITATION 
Contaminants removed by decreasing 
solubility. 

Applicable to inorganics. 

I. 

cy N 



ly N 

EXTRACTION/ 
TREATMENT/ 
DISCHARGE 

Cont. 

ON-SITE 
INORGANIC 

CONTAMINANT 
TREATMENT i (Cont.) 

Addition of chemicals is used to enhance 
sedimentation of insoluble and colloidal 

heavy metal compounds. 

Proven for heavy metals. 

( TABLE 3-6 ,Yontinued) 
GROUND WATER REMEDIAL TECHNOLOGY SCREENING 

FOCUSED FEASIBILITY STUDY 
SHIELDALLOY METALLURGICAL CORPORATION 

~. 

Page 5 of 6 

Screened on Technical lmplementability . 

GENERAL 
\.i 

Solid particles removed from liquids 

using pressure filter. 

SITE program technology; applicable to 

ground water contaminated with suspended 

heavy metals; filter opening size is smaller 

than that used in collecting filtered ground 

water samples; therefore, treatability studies 
would be required to determine effectiveness 

in removing detected inorganics. 

ELECTROCHEMICAL 
Utilizes the oxidationlreduction 
properties of ferrous ions for removing 

heavy metals from aqueous solutions. 

Proven for treatment of heavy metals. 

DISCHARGE t 
GROUND WATER 

Stimulation of indigenous bacteria or 

introduced strains to degrade organics 

by means of nutrient addition. 

Treated water is reinjected into water 

table via wells or infiltration galleries. 

Aromatic hydrocarbons require aerobic 

conditions while chlorinated compounds 

require anaerobic conditions; ineffective 

for inorganics. 

1984 testing of an injection well was not 

successful due to high ground water 

table and presence of iron bacteria. 

4 SURFACEWATER I Treated water is discharged directly 

into surface water. 
Potentially viable; discharge of treated 

water has historically been to the 

Hudson Branch under NJPDES permit 
NJ0004103. 
0 



TABLE 3-6 (bontinued) 
GROUND WATER REMEDIAL TECHNOLOGY SCREENING 

FOCUSED FEASIBILITY STUDY 
SHIELDALLOY METALLURGICAL CORPORATION 

Page 6 of 6 

Screened on Technical Implementability 

GENERAL 

EXTRACTION/ 
TREATMENT/ 
DISCHARGE 

(Cont.) 

N 

DISCHARGE COMBINED Effluent stream is partially - 
(Cont.) 

Potentially viable. 

DISCHARGE discharged to ground water, partially 

discharged to surface water. 

Treated water is discharged indirectly 

to surface water body via sanitary 

No locally available sanitary sewers. 

sewer and P O W .  



TAB I / 
GROUND WATER PROCESS OPTION SCREENING 

FOCUSED FEASIBILITY STUDY 
SHIELD ALLOY METALLURGICAL CORPORATION 

GENERAL 
IMPLEMENTABILITY 

......A .A*..* .,,..,......,, . ...........,,. C.................W.......%., ,,,., ,,...... '.~,,.........,...~,,,, ..,..,,,,.A *,I..* A,,.. . .,,,,.., Y *...A, 3 ........A .A,. .,,,, *... ......\. EFFECTIVENESS 
,..,..*A ,.AA<-....,.,'. 

RESPONSE ACTION TECHNOLOGY PROCESS OPTION 

Not effective in prohibiting or No implementation required. No cost. 
NO ACTION NOT APPLICABLE monitoring contaminant migration. 

Would provide means of monitoring 

provides no treatment. 

Effective in limiting public ingestion of 

eliminating use of potable wells in 
contaminated areas. 

Easily implemented. Low capital; moderate O&M. 
GROUND WATER off-site contaminant migration but 

Requires proper legal authority. Low capital. 
ground water contaminants, by 

TREATMENTI 

Effective; best suited for steep hydraulic 
gradients and miscible contaminants. 

Effective; may optimize operation of 
* pump and treat system. 

Effective for organic compounds, 

provides an extended residence time 
for more effective treatment. 

* Generally effective for volatile organics, 
including contaminants of concern. 

ip,,I * including chorinated organics: 

ORGANIC 
CONTAMINANT 

-1 Treats hard-to-strip organic 7 STEAMSTRIPPING I compounds; contaminants of concern 
are readily strippable without addition 
of steam. 

Effective for low solubility organics. 

Effective for organic removal. 

Effective for treatment of volatiles and 
semi-volatiles; no emissions or waste 
by-products produced. 

Easily implemented; extraction 
wells already exist on-site. 

Easily implemented. 

Easily implemented; Limited 
number of venders. 

Readily implemented; air stripping 
column available on-site; may 
require treatment of off-gases. 

Readily implemented; may require 
ireatment of offgases. 

Readily implemented; requires on- 
or off-site regeneration of carbon. 

Prior to implementation, 
identification of resin applicable to 
contaminants in ground water is 
required. 

Readily implemented. 

Low to moderate capital; 
moderate O&M. 

O&M. Moderate capital; moderate 

High capital; moderate to 
high O&M. 

Low capital; moderate O&M. 

Moderate to high capital; 
moderate O&M. 

Moderate capital; moderate 
O&M. 

High capital; moderate O&M. 

High capital; moderate O&M. 



TABLE 3-7 c hued) 
GROUND WATER PROCESS OPTION SCREENING 

FOCUSED FEASIBILITY STUDY 
SHIELDALLOY METALLURGICAL CORPORATION 

GENERAL 
OP ,............ 

TREATMENT/ 
DISCHARGE 

ON-SITE 
INORGANIC 

CONTAMINANT c-7 TREATMENT 

Generally effective for inorganic removal, 

evaluation to deterination effectiveness of 
upgrading the system. 

Effective for inorganic removal; 
precipitate must be disposed of; would 
provide pretreatment prior to ion exchange. 

Effective for inorganic removal, 

resultant sludge must be disposed of; 
would provide pretreatment prior to 
ion exchange. 

Effective in removing filterable heavy 

studies required to determine 
effectiveness; would provide pretreatment 
prior to ion exchange. 

Effective in producing metal hydroxide 

as arsenic, cadmium, zinc and copper; 
precipitate must be disposed of; would 
provide pretreatment prior to ion 
exchange or stand-along treatment of 
inorganics. 

Effective with permeable soils and 

high flow rates due to shallow depth to 
water table and high iron concentrations 
which can result in clogging. 

although existing system would require 

COAGULATION AND 
FLOCCULATION including removal of colloidal particles; , 

1 x 1  * metals, based on pilot tests. Treatability 

precipitates of inorganic species such 

relatively low flow rates; not as effective at 

Effective for discharge of treated 
* ground water. 

Limits impacts of high discharge rates 4-1 * on surface water body and may assist 
in speeding flushing of ground water 
contaminants. 

Readily implemented; existing 
ground water treatment system is 
an ion exchange system. 

Readily implemented. 

Readily implemented. 

Can be manufactured as a mobile 
system. 

Newly developing technology in 
terms of applications to 
contaminated ground water: 
available through a limited 
number of suppliers. 

Requires compliance with 
discharge criteria and 
construction of injection system. 

Readily implemented; discharge 
system already in-place; requires 
compliance with discharge criteria. 

Surface water discharge system 
in-place; reinjection system 
construction required: requires 
compliance with surface and 
ground water discharge cribla. 

Low to moderate capital; 
moderate O&M. 

Low to moderate capital; 
moderate O&M. 

Low to moderate capital; 
moderate O&M. 

High capital; moderate to 
high O&M. 

Moderate capital; moderate 
O&M. 

Moderate capital; low to 
moderate O&M. 

Low capital; low O&M. 

Moderate capital; low to 
moderate O&M. 



TABLE 3-8 

REPRESENTATIVE PROCESS OPTIONS 
FOCUSED FEASIBILITY STUDY 

SHIELDALLOY METAUURGICAL CORPORATION 

TECHNOLOGY PROCESS OPTION 

No Action Not applicable 

Ground Water Monitoring 

Ground Water Use Restrictions 

Extraction 

On-Site Organic Contaminant 
Treatment: 

On-Site Inorganic Contaminant 
Treatment: 

Discharge 

Not applicable 

Legal restrictions 

Existing extraction well system 
Revised extraction well system 

Powdered Activated Carbon 

Air stripping 
Carbon adsorption 
W oxidation 

Treatment (PACT) 

Ion exchange 
Coagulation/filtration 
Membrane microfiltration 
Electrochemical treatment 

Ground water 
Surf ace water 
Combined discharge 



TABLE 4-1 

W 

'd 

PRELIMINARY REMEDIAL ALTERNATIVE OPTION SUMMARY 
FOCUSED FEASIBILITY STUDY 

SHIELDALLOY METALLURGICAL CORPORATION 

Alternative 1 - No Action 
Alternative 2 - Continuation of existing actions 
Alternative 3 - Modified ground water restoration 

Extraction - Option El - Existing extraction system 
Option E2 - Modified extraction system 

Treatment - 

Organic: Option T1 - Powdered Activated Carbon Treatment 
Option T2 - Air stripping 
Option T3 - Carbon adsorption 
Option T4 - UV oxidation 

Inorganic: Option T5 - Ion exchange 
Option T6 - Coagulation and flocculation 
Option T7 - Membrane microfiltration 
Option T8 - Electrochemical 

Discharge - Option D1 - Ground water 
Option D2 - Surface water 
Option D3 - Combined discharge 



TABLE 4-2 

PRELIMINARY REMEDIAL ALTERNATIVE COST ESTIMATES 
FOCUSED FEASIBILITY STUDY 

SHIELDALLOY 24ETALLURGICAL CORPORATION 

Alternative 
Total 

Present Worth 

Alternative 1 - No Action 
Alternative 2 - Continuation of existing actions 
Alternative 3 - Modified ground water restoration 

Extraction - Option El - Existing extraction system 
Option E2 - Modified extraction system 

Treatment - 

Organic: Option T1 - PACT treatment 
Option T2 - Air stripping 
Option T3 - Carbon adsorption 
Option T4 - W oxidation 

Inorganic: Option T5 - Ion exchange 
Option T6 - Coagulation and flocculation 
Option T7 - Membrane microfiltration 
Option T8 - Electrochemical treatment 

(without ion exchange) 
(with ion exchange) 

Discharge - Option D1 - Ground water 
Option D2 - Surface water 
Option D3 - Combined discharge 

$ 40,000 

$ 7,000,000 

$ 150,000 
$ 200,000 

$ 5,000,000 

$ 800,000 
$ 3,000,000 

$ 90,000 

Not Calculated 
$11,000,000 
$ 9,000,000 

$ 3,900,000 
$ 6,500,000 

$ 1,300,000 

$ 1,500,000 
$ 1,000,000 



TABLE 5-1 

REMEDIAL ALTERNATIVES UNDERGOING DETAILED ANALYSIS 
FOCUSED FEASIBILITY STUDY 

SHIELDALLOY METALLURGICAL CORPORATION 

Alternative 1 - No Action 
Alternative 2 - Continuation of existing actions 
Alternative 3 - Modified ground water restoration 

Extraction - Option El - Existing extraction system 
Option E2 - Modified extraction system 

Treatment - 
Organic : Option T2 - Air stripping 

Option T3 - Carbon adsorption 
Option T4 - UV oxidation 

Inorganic: Option T6 - Coagulation and flocculation 
Option T7 - Membrane microfiltration 
Option T8 - Electrochemical 

Discharge - Option D1 - Ground water 
Option D2 - Surface water 
Option D3 - Combined discharge 



TABLE 5-2 

NOTES: 
SAMPLING FREQUENCY: 

M = MONTHLY 
Q = QUARTERLY 
A = ANNUALLY 

AN ALYSl S: 
C = TEMP., pH, Cr+6, Cr TOTAL, SO, Na 
V = VOC +15 
R = GROSS ALPHA 

EXISTING MONITORING PROGRAM SUMMARY - ON-SITE WELLS 
SHIELDALLOY METALLURGICAL CORPORATION 

ON-SITE WELLS 

A 
B 
F 
K 
L 

w2 (R) 
w 4  

IWC1 
IWC2 
IWC3 
IWC4 
IWC5 
s c 7 s  
SC8S 
SCSS 

SC11S (R) 
sc12s 
SC12D 
sc13s 
SC13D 
sc14s 
sc15s 
SC16S 
scms 
SC20D 
sc22s 
SC22D 
s c 2 3 s  
s c 2 5 s  

Q 
Q 
Q 
Q 
Q 
Q 
A 
A 
Q 
A 
A 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
A 
A 
A 
A 
Q 
Q 
Q 
M 



TABLE 5-3 

EXISTING MONITORING PROGRAM SUMMARY - OFF-SITE WELLS, RECOVERY WELLS AND INFLUENT 
SHIELDALLOY METALLURGICAL CORPORATI ON 

OFF-SITE WELLS 

SCI D 

sc1 s 
SC2D (R) 

SC3S 

SC3D (R) 

SC4D 
SC4S 
SC5D 

s c 5 s  

SCGD 
SCGS 

SC1 OD 
sc1 os 
SC17D 
s c 1 7 s  
SC18D 
SC18S 
SC19D 
s c 1 9 s  
SC2ID - 
sc21 s 
sc24s 
SC26D 

IW1 
IW2 

RECOVERY WELLS 
w 9  

LAYNE 
RWGD 
RW6S 
RIW2 

PLANT INFLUENT 

M 
Q 
M 
Q 
M 
Q 
M 
Q 
M 
Q 
A 
A 
M 
Q 
M 
Q 
Q 
Q 
M 
M 
A 
A 
A 
A 
Q 
Q 
Q 
Q 
M 
Q 

M 
Q 

M 
M 
M 
M 
M 

M 

Replaces SC2D 

Replaces SC3D 

NOTES: 
SAMPLING FREQUENCY: 

M = MONTHLY 

A = ANNUAUY 
'4 Q = QUARTERLY 

ANALYSIS: 
C = TEMP., pH, Cr+6, Cr TOTAL, SO, Na 
V = VOC +15 



TABLE 5-4 

ASSUMED MONITORING PROGRAM (ALTERNATIVE 3) - ON-SITE WELLS 
SHIELDALLOY METALLURGICAL CORPORATION 

d 

J 

‘d 

ON-SITE WELLS 

A 
B 
F 
K 
L 

w2 (R) 
w 4  

IWCI 
IWC2 
IWC3 
IWC4 
IWC5 
sc7s 
SC8S 
SCSS 

SC1 I S  (R) 
sc12s 
SC12D 
sc13s 
SC13D. 
sc14s  
SCISS 
SC16S 
scms 
SC20D 
sc22s 
SC22D 
sc23s  
sc25s  

Q 
Q 
Q 
Q 
Q 
Q 
A 
A 
Q 
A 
A 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
A 
A 
A 
A 
Q 
Q 
Q 
Q 

NOTES: 
SAMPLING FREQUENCY: 

Q = QUARTERLY 
A = ANNUALLY 

ANALYSIS: 
C = TEMP., pH, Cr+6, Cr TOTAL, SO, f 
V = VOC + I5  
R = GROSS ALPHA 



TABLE 5-5 

ASSUMED MONITORING PROGRAM (ALTERNATIVE 3) - OFF-SITE WELLS, RECOVERY WELLS AND INFLUEN 
SHIELDALLOY METALLURGICAL CORPORATION L/ 

'W' 

NOTES: 
SAMPLING FREQUENCY: 

Q = QUARTERLY 
A = ANNUALLY 
M = MONTHLY 

OFF-SITE WELLS 

SC1 D 
SCIS 

SC2D (R) 
sc3s 

SC3D (R) 
SC4D 
SC4S 
SC5D 
s c 5 s  
SCGD 
SCGS 

SC1 OD 
sc1 os 
SC17D 
sc17s  
SC18D 
SC18S 
SC19D 
sc19s  
SC21 D 
sc21 s 
s c 2 4 s  
SC26D 

IW1 
IW2 

RECOVERY WELLS 
w 9  

LAYNE 
RWGD 
RWGS 
RIW2 

PLANT INFLUENT 

Q 
Q 
Q 
Q 
Q 
A 
A 
Q 
Q 
Q 
Q 
Q 
Q 
A 
A 
A 
A 
Q 
Q 
Q 
Q 

Q 

Q 
Q 

Q 
Q 
Q 
Q 
Q 

M 

Q .  I ,  

C 
C 
C 
C 
C 

V 

ANALYSIS: 
C = TEMP., pH, Cr+6, CrTOTAL, SO, Na 
V = VOC +15 



ACTION 

TABLE 5-6 
COMPARISON AMONG GROUND WATER ALTERNATIVES 

SHIELDALLOY METALLURGICAL CORPORATION 
SHORT-TERM EFFECTIVENESS 

Paael of2 

DESCRIPTION 

No action 

Continuation of Existinq Actions 

Modified Ground Water Restoration 
Extraction : 

Option E l  - Existing Extraction System 

Option E2 - Modified Extraction System 

Organic Treatment: 
Option T2 - Air Stripping 

Option T3 - Carbon Adsorption 

Option T4 - W Oxidation 

Inorganic Treatment: 
Option T6 - Coagulation and Flocculation 

Option 77 - Membrane Microfiltration 

Option T8 - Electrochemical 

~~ ~ ~ ~- 

No remedial activities conducted; Therefore, no short-term risks result; Remedial response objectives not achieved 

Utilizes existing treatment system; Therefore, no short-term risks result 

Minimal short-term risks; Achieves remedial response objectives in shortest time frame 

Requires minimal construction activities; Utilizes existing extraction wells and piping sytems; Therefore, no slgnificant 
short-term risks associated with implementation 

Requires construction of additional extraction wells and installation of additional piping; Short-term risks are not expected to 
be significant; Expected to achieve remedial response objectives withfn a shorter time frame 

No signMcant short-term risks to the community or remedial workers anticipated; Utillzes an existing on-site treatment 
system; Effective In meeting remedial response objectives 

Minimal short-term risks to community or remedlal workers due to enclosed nature of treatment system and regeneration of 
spent carbon units; Treatment units are readily available; Effective in meeting remedial response objectives 

Minimal short-tern risks to the community due to destruction of contaminants; Process chemicals may pose short-term risks 
to remedial workers, depending on selected technology vendor; Potential additional rlsks associated with those W treatment 
technologies which employ ozone in the treatment process; Treatment unit availability Is Improving; Effective in meeting 
remedial response objectives 

Minimal short-term risks to the community; Requires handling of inorganic sludge; Treatment system readily available; 
May not be effective in meeting remedial response objectives 

Minimal short-term risks to community or remedial workers; Requires handling of sludge collected on membrane and 
periodic changes of the membrane; Effectbe In meeting remedial response objectives 

Minimal short-term risks to the community; Requires handling of inorganic sludge and replacement of electrodes in 
electrochemical cells; Effective in meeting remedial response objectives; Supplemental treatment technologles equally effective 
in the short-term although ion exchange and electrochemical treatment are most easily?mplemented 



\ 

TABLE 5-6 
COMPARISON AMONG GROUND WATER ALTERNATIVES 

SHIELDALLOY METALLURGICAL CORPORATION 
SHORT-TERM EFFECTIVENESS 

Paae 2 of 2 

ACTION DESCRlPllON 

Discharge 
Option D1 - Ground Water 

Option D2 - Surface Water 

Minimal short-term risks to remedial Mxkers, community and envlronment when combined wlth treatment; Requires 
construction of recharge system 

Minimal short-term risks to remedial workers, community and environment when combined with treatment; Very easy to 
implement based on presence of existing discharge system 

Option D3 - Combined Discharge to Minimal short-term risks to remedial workers, community and environment when combined wlth treatment; Requires 
constructlon of recharge system and use of existing surface water discharge system Surface Water and Ground Water 



TABLE 5-7 
COMPARISON AMONG GROUND WATER ALTERNATIVES 

SHIELDALLOY METALLURGICAL CORPORATION 
LONG-TERM EFFECTIVENESS AND PERMANENCE 

Page 1 of 2 

ACTION DESCRIPTION 

No action 

Continuation of Existing Actions 

Modified Ground Water Restoration 
Extraction : 

Option E l  - Existing Extraction System 

Option E2 - Modified Extraction System 

Organic Treatment: 
Option T2 - Air Stripping 

Option T3 - Carbon Adsorption 

Option T4 - UV Oxidation 

lnorgan ic Treatment: 
Option T6 - Coagulation and Flocculation 

Option l 7  - Membrane Microfiltration 

Option T8 - Electrochemical 

Existing site-related risks remain; Does not prevent contaminated ground water migration; Requires a five-year review 

Existing system effective In mhimizing the majority of contaminant migration beyond the identified plume area; Rewires off-site 
disposal of brine solution and filter cake sludge, and long-term ground water monitoring; Exposures limited through existence of 
well restriction area ' 

Optimizes operation of ground water restoration program; Operation and maintenance requirements depend on selected options 

Effective In implementing increased extraction rate but does not provide capture of contamination near potential source area(s) 

Provides greater control over contaminant plume; Removes contaminants closer to the potential contaminant source area(s) 

Effective In treating organic contaminants of concern from the wastestream; Requires minimal long-term maintenance of air 
stripper 

Effective in treating both chlorinated and aromatic contaminants; Contaminants destroyed through thermal treatment; Requires 
periodic removal and regeneration of spent carbon 

Effective in treating organic contaminants of concern; Contaminants destroyed by treatment process; Requires replacement 
of UV lamps and provision of hydrogen peroxide 

May not be effective in treating colloidal contaminants, as Indicated by preliminary testing; Requires hazardous waste 
characterization and disposal of residual sludge; Must be combhed with lon exchange 

Effective In treating Inorganic contaminants; Requires hazardous waste Characterization and disposal of residual sludge, and 
replacement of membrane; Must be combhed with ion exchange 

Effective In treating inorganic contaminants; Requires hazardous waste characterization and disposal of resldual sludge; 
Provides greatest degree in contaminant reduction (based on treatabillty studies); With supplemental treatment, such as ion 
exchange, or by modifyhg the electrochemical treatment system, proposed discharge to surface water discharge permit 
conditions are expected to be achievable 



TABLE 5-7 
COMPARISON AMONG GROUND WATER ALTERNATIVES 

SHIELDALLOY METALLURGICAL CORPORATION 
LONG-TERM EFFECTIVENESS AND PERMANENCE 

ACTION DESCRIPTION 

Discharge 
Option D1 - Ground Water Requires long-term maintenance of recharge system to prevent clogging; Requires regular monitoring of discharge quality 

and of effects of mounding on extraction system 

Option D2 - Surface Water Requires minimal long-term maintenance; Requires regular monitoring of dlscharge quality 

Option D3 - Combined Discharge to Requires long-term maintenance of recharge system to prevent clogging of the ground water recharge portion of the 
discharge system; Requires regular monitoring of discharge quality and rnonitwlng of recharge system to determine 
effects of mounding on extraction system 

Surface Water and Ground Water 



TABLE 5-8 
COMPARISON AMONG GROUND WATER ALTERNATIVES 

IMPLEMENTABILITY 
SHIELDALLOY METALLURGICAL CORPORATION 

Page 1 of 2 

ACTION TECHNICAL FEASIBILITY ADMINISTRATIVE FEASIBILITY SERVICE & MATERIAL AVAILABILITY 

Easily implemented; Does not limit 
implementation of future remedial actions 

Requires fwe-year review No equlpment required except for flve-year 
ground water monitoring event 

No action 

Continuation of Existing Actions Easily implemented; System already in 
place and operational; Does not limit 
implementation of future remedial actions 

Continuation of current adminlstrathre 
requirements 

Current suppliers of operation and 
maintenance equipment readily available 

See option descriptions below See option descriptions below See option descriptions below Modified Ground Water Restoration 
Extraction : 

Option E l  - Existing Extraction System Easily implemented based on use of 
existing extraction wells and one 
supplemental well; Does not limit 
implementation of future remedial actions 

Continuation of current adminlstathre 
requirements; Requires well 
installation permit 

Suppliers of equipment and services are 
readily available 

Option E2 - Modified Extraction System Suppliers of equlpment and servlces are 
readily available 

Easily implemented but requtes 
installation of additional wells; Does not 
limit implementation of future remedial 
actions 

Requires well installation permits 

Organic Treatment: , 

Option T 2  - Air Stripping Easily Implemented since the system 
already exists on-site; Expansion of 
system is fairly easy' If necessary 

Administrative feasibllity good based 
on system's historic use at site 

Suppliers of equlpment and services are 
readily available 

Option 73 - Carbon Adsorption Easily implemented; Requires set-up of 
an on-site carbon adsorption unit and 
replacement of carbon on a regular basis; 
Simplicity of unit allows for use of 
multiple unlts or subsequent additions of 
uniti , If necessary 

Requlres compliance with 
requirements of a treatment works 
permit 

Requires regeneration of spent carbon; 
Suppliers of equipment and services 
are readily available 

Option T4 - W Oxidation Fairly easily Implemented; Requires 
set-up of an on-site W oxidatlon 
system; Requires maintenance of 
chemical supplies and W lamps 

Requbes compliance wlth 
requirements of a treatment works 
permit 

Although pevlously considered an 
innovative technology, suppliers of 
equlpment and services are becoming more 
readily available 



TABLE 5-8 
COMPARISON AMONG GROUND WATER ALTERNATIVES 

IMPLEMENTABI LlTY 
SH I ELDALLOY METALLU RGlCAL CORPORATION 

Paae 2 of 2 

ACTION TECHNl CAL FEASIBILITY ADMINISTRATIVE FEASIBILITY SERVICE & MATERIAL AVAllABlLITY 

Inorganic Treatment: 
Option T6 - Coagulation and Flocculation 

Option 77 - Membrane Microfiltration 

Option T8 - Electrochemical 

Discharge 
Option D1 - Ground Water 

Option D2 - Surface Water 

Option 03 - Combined Discharge to 
Surface Water and Ground Water 

Fairly easily implemented; Start-up could 
result In technical problems based on 
preliminary testing; Requires maintenance 
of chemical supplies and sludge disposal 

Fairly easily Implemented; Does not limit 
implementation of future remedial actions; 
Requires construction of additional 
on-site facility 

Fairly easily Implemented, although 
construction of an additional on-site 
facility is required; Does not limit 
Implementation of future remedial actions; 
Ion exchange or modification of 
electrochemical system are fairly easily 
implemented as supplemental treatment 
technology, if required 

Requires construction of an extensive 
recharge system 

Easily implemented since current system 
discharges to surface water 

Requires construction of an extensive 
recharge system 

Requires compliance with 
requirements of a treatment works 
permit 

Requires compliance with 
requirements of a treatment works 
permit 

Requires compliance with 
requirements of a treatment works 
permit 

Requires compliance with discharge to 
ground water permit 

Requires compliance with surface 
water discharge criteria 

Requires compliance with discharge to 
ground water permit and surface water 
discharge criteria 

Requires dlsposal of resldual sludge; 
Suppliers of equipment and services are 
readily available 

Requires disposal of resldual sludge and 
replacement of membrane; Suppliers of 
equipment and services are fairly readily 
available 

Requires maintenance of electrochemical 
cells, chemical supplies, and sludge handling; 
Suppliers of equipment and services limited 
due to Innovative nature of treatment option; 
Availability of ion exchange suppliers for 
supplemental treatment Is good 

Suppliers of equipment and services are 
readily available 

Suppliers of equipment are readily available 

Suppliers of equipment and services are 
readily available 



TABLE 5-9 
COMPARISON AMONG GROUND WATER ALTERNATIVES 

REDUCTION OFTOXICITY (T), MOBILITY (M), ORVOLUME (V) THROUGH TREATMENT 
SH I ELDALLOY METALLURGICAL CORPORATION 

Page 1 of 2 

ACTION DESCRIPTION 

No action 

Continuation of Existina Actions 

Modified Ground Water Restoration 
Extraction : 

Option E l  - Existing Extraction System 

Option E2 - Modified Extraction System 

Organic Treatment: 
Option T2 - Air Stripping 

Option T3 - Carbon Adsorption 

Option T4 - UV Oxidation 

Inorganic Treatment: 
Option T6 - Coagulation and Flocculation 

Option l7' - Membrane Microfiltration 

Option T8 - Electrochemical 

No reductions of T,M or V of contaminated ground water; Potential risk of domgradient migration If existing system 
is shutdown 

Reductions of T,M or V of contaminated ground water; Residual brine and sludge produced; May not effectively capture all 
identified ground water contamination 

Reductions of T, M, or V of contaminated ground water; Most effective in capturing contaminated ground water 

M of contaminated ground water reduced through increased pumping using current extraction system and supplemental 
extraction well; T and V of contaminated ground water not reduced 

M of contaminated ground water reduced through increased pumping of a revised extraction system designed to optimize 
contaminant capture; T of contaminated ground water not reduced; V of contaminated ground water potentially reduced over 
long-term due to extraction near to potential source area(s) 

Reduces T of organic ground water contaminants through transfer of contaminants from aqueous to vapor phase; 
Contaminants undergo additional natural breakdown in atmosphere 

Reduces T of organic ground water contaminants through adsorption of contaminants onto carbon and susequent destruction 
using thermal processes 

Reduces T of organic ground water contaminants through oxidation processes without production of contaminant residuals 

initial studies indicate this option may not be effective in reducing T of inorganic ground water contamination; Residual sludge 
produced; Would hwe to be combined with current ion exchange treatment system 

Reduces T of undissolved Inorganic ground water contamination; Would have to be comblned with current lon exchange 
treatment system; Residual sludge produced 

Reduces T of inorganic ground water contamination; Residual sludge produced; Provides greatest degree of inorganic 
removal from ground water; if required to meet proposed discharge to surface water permlt conditions, supplemental - 
treatment such as ion exchange or modification of the electrochemical treatment system'could provide even greater inorganic 
removals 
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TABLE 5-9 

COMPARISON AMONG GROUND WATER ALTERNATIVES 

SHIELDALLOY METALLU RGlCAL CORPORATION 
REDUCTION OF TOXICITY (T), MOBILITY (M), OR VOLUME THROUGH TREATMENT 

Page 2 of 2 

ACTION DESCRIPTION 

Discharge 
Option D1 - Ground Water No significant effect on T a V of contaminated ground water; Recharged water could enhance the extraction system and 

minimize contaminant migration 

Option 02 - Surface Water No significant effect on TI M or V of contaminated ground water 

Option D3 - Combined Discharge to No significant effect on T aV of contaminated ground water; Recharge to ground water could enhance the extraction system 
and minimlze contaminant migration Surface Water and Ground Water 



TABLE 5- 1 0 
COMPARISON AMONG GROUND WATER ALTERNATIVES 

COMPLIANCE WITH ARARs 
SH IELDALLOY METALLURGICAL CORPORATION 

Page 1 of 2 

ACTION CHEMICAL-SPECIFIC LOCATION-SPECIFIC ACTION-SPECIFIC 

ARARs/lBCs not attained for ground water No construction required; not 
applicable 

Remedial action undertaken; not 
applicable 

No action 

Continuation of Existing Actions Existing extraction and treatment system 
may not achieve ground water quality 
A M s  or discharge requirements 

No construction required; not 
applicable 

Must comply with requirements of a 
New Jersey treatment works permit 
and RCRA hazardous waste transport 
and treatment regulations 

ARARs/?BCs expected to be attained for 
ground water contaminants and treated 
water discharge 

Construction actbities required to 
comply with floodplain, wetlands, and 
farmland protection requirements 

See options below for specific 
requirements 

Modiied Ground Water Restoration 

Extraction : 
Option E l  - Existing Extraction System Construction of additional ground 

water extraction well must compw witti 
fioodplah, wetlands, and farmland 
protection requirements 

Must comply with grwnd water 
allocation regulations 

Provides for extraction of most ground 
water with contaminant levels which 
exceed ARARs 

Construction of additional ground 
water extraction wells must comply with 
floodpiah, wetlands, and farmland 
protection requirements 

Must comply with well installation and 
ground water allocation regulations 

Option E2 - Modified Extraction System Most effectbe in extracting ground water 
with contaminant levels which exceed 
A M s  closest to potential source area(s) 

Organic Treatment: 
Option T2 - Air Stripping Discharge to surface water TBCs attained 

for volatile organic contaminants of 
concern 

Using existing on-site treatment 
system; therefore, not applicable 

Must comply with requirements of a 
New Jersey treatment works permit 
and air pollution discharge regulations 

Discharge to surface water TBCs attained 
for volatile organic contaminants of 
concern 

Construction of on-site treatment 
system may be required to comply with 
floodpiah and wetland requirements 

Must comply with requirements of a 
New Jersey treatment works permit 
and RCRA hazardous waste transport 
and treatment regulations 

Option T3 - Carbon Adsorption 

Construction of on-site treatment 
system may be required to comply with 
floodplah and wetland requirements 

Discharge to surface water TBCs attained 
for volatile organic contaminants of 
concern 

Must comply with requirements of a 
New Jersey treatmmt works permit 

Option T4 - W Oxidation 

* 



TABLE 5- 10 
COMPARISON AMONG GROUND WATER ALTERNATIVES 

COMPLIANCE WITH ARARs 
SH I ELDALLOY METALLU RGl CAL CORPORATION 

Page 2 of 2 

ACTION-SPECIFIC ACTION CHEMICAL-SPECIFIC LOCATION-SPECIFIC 

Inorganic Treatment: 
Option T6 - Coagulation and Flocculation 

Option l7 - Membrane Microfiltration 

Option T8 - Electrochemical 

Discharge 
Option D1 - Ground Water 

Option 02 - Surface Water 

Option D3 - Combined Discharge to 
Surface Water and Ground Water 

Discharge to surface water TBCs are not 
expected to be attainable for inorganic 
contaminants of wncem based on 
preliminary testing 

With additional ion exchange, discharge 
to surface water TBCs may be obtainable 
but treatability study testing would be 
required 

Discharge to surface water TBCs may be 
attained for inorganic contaminants of 
wncem based on initial testing; 
modflcation of the electrochemical 
treatment system or provision of 
supplemental ion exchange may be 
required to consistently meet discharge 
requirements 

Dependent on treatment system and 
requirements of discharge to ground 
water permit 

Dependent on treatment system and 
requirements of discharge to surface 
water permit 

Dependent on treatment system and 
requipments of discharge to ground 
water and discharge to surface water 
permits 

Construction of on-site treatment 
system may be required to comply with 
floodpiah and wetland requirements 

Construction of on-site treatment 
system may be required to comply with 
fioodplah and wetland requirements 

Construction of on-site treatment 
system may be required to comply with 
floodpiah and wetland requirements 

Construction of recharge system 
must comply with floodplain, wetlands, 
and farmland protection requirements 

Operation of discharge system 
must comply with floodplain, wetlands 
and farmland protection requirements 

Construction of recharge system 
must comply with floodplain, wetlands, 
and farmland protection requirements 

Must comply with requirements of a 
New Jersey treatment works penit 
and hazardous waste characterization, 
transport and treatment regulations 

Must comply with requirements of a 
New Jersey treatment works permit 
and hazardous waste characterization, 
transport and treatment regulations 

Must comply with requirements of a 
New Jersey treatment works permit 
and hazardous waste Characterization, 
transport and treatment regulations 

Must comply with requirements of 
discharge to ground water permit 

Must comply with requirements of 
discharge to surface water permit 

Must comply with requirements of 
discharge to ground water and 
discharge to surface water permits 



TABLE 5- 1 1 
COMPARISON AMONG GROUND WATER ALTERNATlVES 

OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 
SHIELDALLOY METALLURGICAL CORPORATION 

Page 1 of 2 

ACTION DESCRIPTION 

No action 

Continuation of Existinq Actions 

Modified Ground Water Restoration 

Extraction : 
Option E l  - Existing Extraction System 

Option E2 - Modiied Extraction System 

Organic Treatment: 
Option T2 - Air Stripping 

Option T3 - Carbon Adsorption 

Option T4 - UV Oxidation 

Inorganic Treatment: 
Option T6 - Coagulation and Flocculation 

Option l7 - Membrane Microfiitration 

Least protective altemathre; Risk of additional downgradient contamination exists if current treatment system Is shut down 

Provides a degree of long-term protectkm of human health and the environment; Partially addresses potential risks associated 
with existing ground water contamination through ground water extraction and treatment 

Provides the greatest degree of long-term protection of human health and the environment through the optimization of the 
ground water extraction and treatment system 

Protective of human health and the environment through ground water containment and extraction; May not provide efficient 
capture of ail contaminated ground water 

Protective of human health and the environment through ground water containment and extraction; Maximizes capture of 
contaminated ground water through modification of existing extraction system; Provides for extraction of contaminated ground 
water closer to potential source area(s) 

Effective in long-term and short-term; Expected to meet chemicai-specific discharge to surface water TBCs forVOCs; 
Contaminants are transferred from the aqueous phase to the vapor phase where they undergo natural attenuation 

Effective in long-term and short-term; Expected to meet chemical-specific discharge to surface water TBCs for VOCs; 
Contaminants are thermally destroyed off-site 

Effective in long-term and short-term; Expected to meet chemical-speck discharge to surface water TBCs for VOCs; 
Contaminants are chemically destroyed 

Expected to provide some degree of protection of human health and the environment; Not expected to achieve discharge to 
surface water TBCs for inorganic compounds of concern; Sludge residual disposed of off-site 

Effective in long-term and short-term when combined with current ion exchange system; Expected to meet chemicai- 
specific discharge to surface water TBCs for inorganics; Sludge residual disposed of oss i te  



TABLE 5- 1 1 
COMPARISON AMONG GROUND WATER ALTERNATIVES 

OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 
SH I ELDALLOY METALLU RGlCAL CORPORATION 

Page 2 of 2 

ACTION DESCRIPTION 

Inorganic Treatment (Cont): 
Option T8 - Electrochemical 

Discharge 
Option D1 - Ground Water 

Option D2 - Surface Water 

Effective in bng-term and short-term; Expected to meet chemical speck discharge to Surface water TBCs for lnorganics, 
especially with the provision of supplemental Ion exchange treatment, may possibly treat organic contaminants of concern; 
Sludge residual disposed of off -site 

Protective of human health and the environment, provided treatment system meets discharge criteria; Provides added element 
of hydraulic control; Potential for significant mahtenance requirements 

Protective of human health and the environment, provlded treatment system meets discharge criteria; Easily Implemented with 
minimal maintenance required 

Option D3 - Combined Discharge to Protective of human health and the environment, provided treatment system meets discharge criteria; Provides an added 
element of hydraulic control; May require added maintenance Surface Water and Ground Water 



TABLE 5-12 
COMPARISON AMONG GROUND WATER ALTERNATIVES 

COST 
SHIELDALLOY METALLURGICAL CORPORATION 

Page 1 of 1 

TOTAL” 
I1 I 

TOTAL ANNUAL PRESENT WORTH 
CAPITAL COST O&M COST O&M COST PRESENT WORTH ACTION 

No Action - - $40,000 $48,000 

Continuation of Existing Actions - $1,300,000 $5,600,000 $6,700,000 

Modified Ground Water Restoration 

Extraction: 
Option E l  - Existing Extraction System 
Option E2 - Modified Extraction System 

Organic Treatment: 
Option T2 - Air Stripping 
Option T3 - Carbon Adsorption 
Option T4 - UV Oxidation 

$25,000 $27,000 $1 10,000 $1 70,000 
$1 06,000 $27,000 $1 10,000 $260,000 

$23,000 $1 4,000 $59,000 
$290,000 $1 00,000 $440,000 
$860,000 $400,000 $1,700,000 

$98,000 
$880,000 

$3,100,000 

Inorganic Treatment: 
(3) 

Option T6 - Coagulation and Flocculation $1 40,000 $2,300,000 $10,000,000 $1 2,000,000 
t3I 

Option T7 - Membrane Microfiltration $730,00 0 $1,600,000 $6,800,000 $9,000,000 
Option T8 - Electrochemical 14) $1,500,000 $500,000 $2,200,000 $4,400,000 

Supplemental ion Exchange Polishing 
Modification of Electroc hemic al Treat me nt 

$1 50,000 $500,000 $2,200,000 
$roo,ooo $1 40,000 $600,000 

$2,800,000 
$840,000 

Discharge: 
Option Dl - Ground Water $240,000 $220 , 00 0 $900,000 $1,400,000 
Option D2 - Surface Water 

$1,100,000 $1,600,000 Option D3 - ComMnation of Ground $240,000 $250,000 
- $21 0,000 $900,000 $1,100,000 

Water and Surface Water 

(1) Based on 5% discount rate 
(2) includes 20% contingency on all components 
(3) includes ion exchange 
(4) Costs presented for Supplemental ion Exchange Polishing include capital costs associated with repiplng of the treatment system and resin replacement and estlmated 

operational costs associated with brine disposal 
Costs presented for Modification of the Electrochemical Treatment System include capital costs for additional filtration and annual O&M&OStS for filtration and additional 
sludge disposal 



TABLE 5-13 
SENSITIVITY ANALYSIS SUMMARY 

SHIELDALLOY METALLURGICAL CORPORATION 

ALTERNATIVES/OPTIONS DISCOUNT RATE = 3% DISCOUNT RATE = 10% 

GROUND WATER ALTERNATIVES 

ALTERNATIVE I : NO ACTION 

ALTERNATIVE 2: CONTINUATION OF EXISTING ACTIONS 

ALTERNATIVE 3: MODlFJED GROUND WATER ESTORATION 
EXTRACTION 

OPTION E l  - EXISTING EXTRACTION SYSTEM 
OPTION E2 - MODIFIED EXTRACTION SYSTEM. 

ORGANIC TREATMENT 
OPTION T2 - AIR STRIPPING 
OPTION T3 - CARBON ADSOWTION 
OPTION T4 - UV OXIDATION 

INORGANIC TREATMENT 
OPTION T6 - COAGULATION AND FLOCCULATION 
OPTION T7 - MEMBRANE MICROFILTRATION 
OPTION T8 - ELECTROCHEMICAL TREATMENT 

DISCHARGE 
OPTION D1 - DISCHARGE TO GROUND WATER 
OPTION D2 - DISCHARGE TO SURFACE WATER 
OPTION D3 - COMBINED DISCHARGE 

-- 
$7,100,000 

$180,000 
$27O,OOO 

$1 00,000 
$910,000 

$3,2OO,OOO 

$13,000,000 
$9,500,000 
$4,500,000 

$1,500,000 

$1,700,000 
$1 ,100,000 

-- 
$5,900,000 

$150,000 
$250,000 

$89,000 
$810,000 

$2,800,000 

$1 1,000,000 
$8,000,000 
$4,000,000 

$1,300,000 
$900,000 

$1,400,000 

. 



TABLE5-14 
COMPARISON AMONG SUPPLEMENTAL TREATMENT TECHNOLOGIES 

IN ACHIEVING COMPLIANCE WITH PROPOSED DISCHARGE TO SURFACE WATER PERMIT CONDITIONS 
SHIELDALLOY METALLURGICAL CORPORATION 

TECHNOLOGY EFFECTIVENESS IMPLEMENTABILITY COST 

ion Exchange 

Reverse Osmosis 

Microfiitration/Ultrafiltratlon 

Expected to attain both chromium and 
TDS proposed discharge to surface water 
permit conditions; initial treatability study 
testing supports this expectation; a resin 
may be identified which specifically 
targets chromium removal 

May attain chromium and TDS proposed 
discharge to surface water permit 
conditions; would require treatability 
study testing to verify treatability; not 
chemical-specific in terms of 
contaminant removal 

May attain chromium proposed discharge 
to surface water permit conditions; is not 
expected to attain proposed TDS permit 
conditions; would require treatability 
study testing to verify treatability; not 
chemical-specific in terms of 
con tam inant removal 

Electrochemical Treatment System 
Modification 

Expected to attain chromium proposed 
discharge to surface water permit ' 
conditions; is not expected to attain 
proposed TDS permit conditions; 
treatability and operational studies 
confirm proposed chromium discharge 
conditions may be achievable; 
technology is specifically targeted to 
chromium removal 

Requires replacement of resin in 
existing ion exchange unit and tie-in 
of existing unit to eiectrochemlcal 
treatment system 

Requires construction of new 
treatment system; requires 
determination of appropriate 
membrane type and system 
configuration for treatment of 
electrochemical effluent 

Requires contruction of new 
treatment system 

Requires modification of operation of 
existing treatment system; may 
require additional filtration capacity . 

Capital Costs: $150,000 
Annual Operatian and Maintenance: 

Present Worth: $2,800,000 
$500,000 

Capital Costs: $1 ,000,000 
Annual Operation and Maintenance: 

Present Worth: $2,800,000 
$300,000 

Capltal Costs: $700,000 to $1 ,OOO,O00 
Annual Operation and Maintenance: 

Present Worth: $1,400,000 to $3,800,000 
$100,000 to $500,000 

Capital Costs: $1 00,000 
Annual Operation and Maintenance: 

Present Worth: $840,000 
$140,000 

Note: Present Worth cost estimate includes operation over five years and 20% contingency 0 
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APPENDIX A 

REMEDIAL COST ESTIMATES 



Alternative 1 
No Action 

(Ground Water Monitoring at the End of Fim Years) 

TOTAL CAPITAL COSTS $0.00 

OPERATION AND MAINTENANCE COSTS 

Ground Water Monitoring 
(including trip blanks, field blanks and dupllcate samples) 

- Sampling at end of 5 years 54 samples $430.00 1992 6 1 .ooo $430.00 $23,220.00 $23,220.00 

Cr+6, Cr (total), SO,-, Na 60 samples $80.00 1992 6 1 .ooo $80.00 $4,800.00 $4,800.00 
VOC+15 42 samples $270.00 1992 6 1.000 $270.00 $1 1,340.00 $1 1,340.00 
Gross Alpha 9 samples $100.00 1992 6 1.000 $100.00 $900.00 $wo.oa 

$40,260.00 

- Analysis: 

TOTAL NET PRESENT VALUE OF 0 & M 

SUBTOTAL COST 
CONTINGENCY (20%) 

$40,260.00 
$8,052.00 

I TOTAL PRESENTVALUE COST FOR ALTERNATIVE 1 $a,3 i  2.00 

(1) - Calculated based on 5% interest rate. 



Alternative 2 
Continuation of Existing Actions 

TOTAL CAPITAL COSTS $0.00 

OPERATION AND MAINTENANCE COSTS 
Ground Water Extraction 
- Power Supply 8,760 hr $0.42 

Ground Water Treatment 
- Labor - Operation 8,760 man - hrs $20.00 
- Brine Transportation & 3,000,000 gal $0.23 

- Filter Cake Transportation 180 cy $250.00 
- Filter Cake Disposal 30 load $3,000.00 
- Discharge Sampling 1 year $70,000.00 

Disposal 

Ground Water and Influent Monitoring 
(including field blank, trip blank, and duplicate sample) 

- Annual Sampling 13 wells $430.00 
- Quarterly Sampling 116 wells $430.00 
- Monthly Sampling 144 wells $430.00 
- Analysis: 

Cr+6, Cr (total), SO,-, Na 370 samples $80.00 
VOC+ 15 171 samples $270.00 
Gross Alpha 36 samples $1 00.00 

ANNUAL O&M (1992 $) 
TOTAL NET PRESENT VALUE OF 0 & M 

1984 

1987 
1992 

1992 
1992 
1992 

1992 
1992 
1992 

1992 
1992 
1992 

16 

10 
11 

11 
11 
11 

6 
6 
6 

6 
6 
6 

1.219 

1.148 
1 .ooo 

1 .ooo 
1 .ooo 
1 .ooo 

1 .ooo 
1 .ooo 
1 .ooo 

1 .ooo 
1.000 
1 .ooo 

$0.51 $4,484.94 

$22.96 $201,129.60 
$0.23 $690,000.00 

$250.00 $45,000.00 
$3,000.00 $90,000.00 

$70,000.00 $70,000.00 

$430.00 $5,590.00 
$430.00 $49,880.00 
$430.00 $61,920.00 

$80.00 $29,600.00 
$270.00 $46,170.00 
$1 00.00 $3,600.00 

5 $1 9,415.33 

5 $870,690.04 
5 $2,987,010.00 

5 $1 94,805.00 
5 $389,610.00 
5 $303,030.00 

5 $24,199.1 1 
5 $21 5,930.52 
5 $268,051.68 

5 $128,138.40 
5 $1 99,869.93 
5 $15,584.40 

$1,297,374.54 
$5,616,334.40 

SUBTOTAL 
SONTI NGENCY (20%) 

$5,616,334.40 
$1,123,266.88 

TOTAL PRESENT VALUE COST FOR ALTERNATIVE 2 $6,739,601.29 

(1) - Calculated based on an assumed 5% Interest rate. 



Alternative 3 - Option E l  
E xist ing Extraction Well System 

CAPITAL COSTS - DIRECT ---------------- 
Ground Water Extraction 

-Well Construction and Materials 

-Health and Safety(l7%) 
- Su b m e rsi ble P u m p, Installed 

(1 4-inch) 
-Well Development 
-Well Permits 
-Conveyance Piping and Appurtenances 

(1 11 5-ft. deep overburden - 6') 

4' Cement Lined Ductile Iron 
Gate Valve 
90" Elbows 
Pressure Gauge 

-Tap Existing Line 
-Trenching 
-Bedding 

1 ea 

1 ea 
4 hrs 
1 ea 

50 I.ft. 
1 ea 
3 ea 
1 ea 
1 ea 

50 I.ft. 

$1 4,900.00 

$1,375.00 
$1 75.00 

$25.00 

$1 1.55 
$350.00 
$120.00 
$1 48.00 
$325.00 
$14.15 

11 cu. yd $9.75 

1992 

1992 
1992 
1992 

1992 
1992 
1992 
1991 
1992 
1992 
1991 

1 
17 

5 
1 
1 

5 
5 
5 
9 
5 
5 
9 

1.000 $1 4,900.00 

1.000 $1,375.00 
1 .OOO $1 75.00 
1 .ooo $25.00 

1 .ooo $1 1.55 
1.000 $350.00 
1 .ooo $1 20.00 
1.046 $1 54.81 
1.000 $325.00 
1 .ooo $14.15 
1.046 $1 0.20 

$1 4,900.00 
$2,533.00 

$1,375.00 
$700.00 
$25.00 

$577.50 
$350.00 
$360.00 
$1 54.81 
$325.00 
$707.50 
$1 12.1 8 

Direct Capital Cost Subtotal $22,119.99 

SAPITAL COSTS - INDIRECT ------_---------- 
Engineering and Design(1 1%) 
,egal and Administrative(3%) 

2 
2 

$2,433.20 
$663.60 

rOTAL CAPITAL COSTS $25,216.79 

3PERATlON AND MAINTENANCE COSTS 

Extraction System O&M 1 ea $22,000.00 1985 16 1.206 $26,532.00 $26,532.00 5 $1 14,857.03 
- - - - - - - - - - - - - - - - - - - - - - L  

INNUAL O&M (1992 $) $26,532.00 
rOTAL NET PRESENT VALUE OF 0 & M $1 14,857.03 



Alternative 3 - Option E l  
Existing Extraction Well System 

(Continued) 

SUBTOTAL $1 40,073.82 

CO NTI N GE NCY (20%) $28,014.76 

TOTAL PRESENT VALUE COST FOR ALTERNATIVE 3 - OPTION E l  $1 68,088.58 

(1) - Calculated based on 5% interest rate. 



Alternative 3 - Option E2 
Modified Extraction System 

CAPITAL COSTS - DIRECT ---------------- 
Ground Water Extraction 

-Well Construction and Materials 
(I 115-ft. deep overburden - 6') 

-Well Construction and Materials 
(3 50-ft. deep overburden - 8') 

-Health and Safety(l7%) 
-Submersible Pump, Installed 
(I 4-inch) 
(3 5-inch) 

-Well Development 
-Well Permits 
-Conveyance Piping and Appurtenances 

4" Cement Lined Ductile Iron 
Gate Valves 
90" Elbows 
Pressure Gauge 

-Tap Existing Line 
-Trenching 
-Bedding 
-Manholes 

1 ea 

3 ea 

1 ea 
3 ea 

12 hrs 
4 ea 

1300 I.ft. 
4 ea 

12 ea 
4 ea 
4 ea 

1300 I . f t .  

$14,900.00 

$8,245.00 

$1;375.00 
$900.00 
$1 75.00 

$25,00 

$1 1.55 
$350.00 
$1 20.00 
$148.00 
$325.00 
$14.15 

300 cu. yd $9.75 
3 ea $1,050.00 

1992 

1992 

1992 
1992 
1992 
1992 

1992 
1992 
1992 
1991 
1992 
1992 
I991 
1992 

1 

1 
17 

5 
6 
1 
1 

5 
5 
5 
9 
5 
5 
9 
5 

1.000 $14,900.00 

1.000 $8,245.00 

1.000 $1,375.00 
I .ooo $900.00 
1 .ooo $1 75.00 
1.000 $25.00 

1.000 
1.000 
1.000 
1.046 
1 .ooo 
1.000 
1.046 
1 .ooo 

$1 1.55 
$350.00 
$1 20.00 
$1 54.81 
$325.00 
$1 4.1 5 
$1 0.20 

$1,050.00 

$1 4,900.00 

$24,735.00 
$2,533.00 

$1,375.00 
$2,700.00 
$2,100.00 

$1 00.00 

$1 5,015.00 
$1,400.00 
$1,440.00 

$61 9.23 
$1,300.00 

$1 8,395.00 
$3,059.55 
$3,150.00 

$92,821.78 Direct Capital Cost Subtotal 

CAPITAL COSTS - INDIRECT ----------------- 
$ I  0,210.40 

Legal and Adrninistrative(3%) 2 $2,784.65 

TOTAL CAPITAL COSTS $105,816.83 

Engineering and Design(ll%) 2 

0 



Alternative 3 - Option E2 
Modified Extraction System 

(Continued) 

.- 

OPERATION AND MAINTENANCE COSTS 

Extraction System O&M 
....................... 

1 ea $22,000.00 1985 16 1.206 $26,532.00 $26,532.00 5 $ I  14,857.03 

$26,532.00 ANNUAL O&M (1992 $) 
TOTAL NET PRESENT VALUE OF 0 & M $1 14,857.03 

SUBTOTAL 
CO NTI N GE NCY (20%) 

$220,673.86 
$44,134.77 

(1) - Calculated based on 5% interest rate. 



Alternative 3 - Option T2 
Air Strip ping 

CAPITAL COSTS - DIRECT --------------- 
Air Stripping System 

-Piping and Controls 1 L.S. $20,000.00 1992 6 1.000 $20,000.00 $20,000.00 

Total Air Stripping System Costs $20,000.00 

Direct Capital Cost Subtotal $20,000.00 

Engineering and Design(lO%) 2 $2,000.00 

CAPITAL COSTS - INDIRECT ----------------- 

Legal and Administrative(4%) 2 $800.00 

TOTAL CAPITAL COSTS $22,800.00 

Air Stripper O&M 1 year $1 3,000.00 1991 9 1 . O M  $13,598.00 $1 3,598.00 5 $58,865.74 
ANNUAL O&M (1992 $) $13,598.00 
TOTAL NET PRESENT VALUE OF 0 & M $58,865.74 

SUBTOTAL $81,665.74 
CONTINGENCY(200b) $16,333.1 5 

TOTAL PRESENT VALUE COST FOR ALTERNATIVE 3 - OPTION T2 $97,998.85 

(1) Calculated based on 5% interest rate. 



Alternative 3 - Option T3 
Carbon Adsorption 

Total Ground Water Treatment System Costs $240,000.00 

Direct Capital Cost Subtotal $240,000.00 

CAPITAL COSTS - INDIRECT ----------------- 
Engineering and Design(l5%) 2 $36,000.00 
Legal and Administrative(S%) 2 $1 2,000.00 

.TOTAL CAPITAL COSTS $288,000.00 

OPERATION AND MAINTENANCE COSTS 

Spent Carbon Replacement 6 -20,000 Ib $17,000.00 1992 13 1 .OOO $1 7,000.00 $1 02,000.00 5 $441,558.00 

TOTAL NET PRESENTVALUE OF 0 & M $441,558.00 

........................ 

ANNUAL O&M (1992 $) $1 02,000.00 

CAPITAL COSTS - DIRECT --------------- 
Carbon Adsorption System 

-Carbon Treatment Unit I each $1 85,000.00 1992 
-Accelerated Column 

Treatability Study Test 1 each $15,000.00 1992 
Piping and Controls 1 L.S. $20,000.00 1992 
Electrical Connection 1 L.S. $20,000.00 1992 

13 1 .OOO $185,000.00 $185,000.00 

13 I ,000 $1 5,000.00 $1 5,000.00 
6 1 .ooo $20,000.00 $20,000.00 
6 1 .ooo $20,000.00 $20,000.00 

SUBTOTAL 
CO NTI N GE N CY (20%) 

$729,558.00 
$1 45,911.60 

I TOTAL PRESENT VALUE COST FOR OPTION T3 $875,469.60 1 
(1) - Calculated based on 5% interest rate. 



Alternative 3 - Option T4 
UV Oxidation 

CAPITAL COSTS - DIRECT --------------- 
UV Oxidation Treatment System 

-UV Oxidation Unit 1 each 
-Installation/Start-up 1 each 

-Electrical Connection 1 L.S. 

-Test Fee 1 each 
-Analytical (VOAs only) 20 samples 

-Piping and Controls 1 L.S. 

Bench-Scale Testing and Reporting 

$650,000.00 1992 14 1 .OOO $650,000.00 $650,000.00 
$1 5,000.00 1992 14 1 .OOO $1 5,OOO.OO $1 5,OOO.OO 
$20,000.00 1992 6 1 .ooo $20,000.00 $20,000.00 
$20,000.00 1992 6 1 .ooo $20,000.00 $20,000.00 

$3,500.00 1992 14 1 .OOO $3,500.00 $3,500.00 
$300.00 1992 . 4  1.000 $300.00 $6,000.00 

Total UV Oxidation Treatment System Costs $71 4,500.00 

Direct Capital Cost Subtotal $714,500.00 

CAPITAL COSTS - INDIRECT -_--------------- 
Engineering and Design(l5%) 2 $1 07,175.00 
Legal and Administrative(5%) 2 $35,725.00 

TOTAL CAPITAL COSTS $857,400.00 

OPERATION AND MAINTENANCE COSTS 
UV Oxidation O&M 
------__--------___----- 

-UV Oxidation O&M Cost 1 year $1 00,000.00 1992 14 1.000 $100,000.00 $100,000.00 5 $432,900.01: 
-UV Oxidation Power Supply 1 year $300,000.00 1992 14 1 .ooo $300,000.00 $300,000.00 5 $l1298,70O.0C 

$1,731,600.0C 
ANNUAL O&M (1992 $) $400,000.00 
TOTAL NET PRESENT VALUE OF 0 & M 

SUBTOTAL 
CONTl NGENCY (20%) 

$2,589,000.0C 
$517,800.0C 

TOTAL PRESENT VALUE COST FOR OPTION T4 $3,106,800.OC 

(1) - Calculated based on 5% interest rate. 



Alternative 3 - Option T6 
Coagulation and Flocculation 

CAPITALCOSTS - DIRECT ----------__--- 
Coagulation and Flocculation System 
- Flocculator/Clarlfier and Sludge 

Management 1 L.S. $69,000.00 1987 10 1.148 $79,212.00 $79,212.00 
-Electrical Connectlon 1 L.S. $20,000.00 1992 9 1.000 $20,000.00 $20,000.00 
-Piping and Controls 1 L.S. $20,000.00 1992 9 1 .ooo $20,000.00 $20,000.00 

,Total Coagulation and Flocculation Treatment System Costs 

Direct Capital Cost Subtotal 

$119,212.00 

$1 19,212.00 

Engineering and Deslgn(l5%) 2 $17,881.80 
Leg at and Adm in istratlve (5%) 2 $5,960.60 

TOTAL CAPITAL COSTS $143,054.40 

OPERATION AND MAINTENANCE COSTS 

Coagulation/Flocculatlon O&M 210,240 - 1,000 gal $3.70 1987 10 1.148 $4.25 $893,015.42 5 $3,865,863.77 
Ion Exchange O&M 
- Brine Transportation 4,500,000 gal $0.23 1992 11 1 .ooo $0.23 $1,035,000.00 5 $4,480,515.00 

- Filter.Cake Transportation 270 cy $250.00 1992 11 1 .OOO $250.00 $67,500.00 5 $292,207.50 
- Filter Cake Disposal 45 loads $3,000.00 1992 11 1,000 $3,000.00 $1 35,000.00 5 $584,415.00 
- Operator 8,760 man-hrs $20.00 1987 10 1.148 $22.96 $201,129.60 5 $870,690.04 

ANNUAL O&M (1992 $) $2,331,645.02 
TOTAL NET PRESENTVALUE OF 0 & M $10,093,691.31 

SUBTOTAL $1 0,236,745.71 
C ONTl NGENCY (20%) $2,047,349.1 4 

LTOTAL PRESENTVALUE COSTFOR ALTERNATIVE 3 - OPTION T6 $1 2,284,094.851 

(1) Calculated based on 5% interest rate. 

-_---_--_-___-_---__--- 

and Disposal 



Alternative 3 - Option T7 
Microfiltration 

Microfiltration System 
- Microflitration System 1 L.S. $450,000.00 199 1 12 1.046 $470,700.00 $470,700.00 
-Electrical Connection 1 L.S. $20,000.00 1992 9 1 .ooo $20,000.00 $20,000.00 
-Piping and Controls 1 L.S. $20,000.00 1992 9 1 .ooo $20,000.00 $20,000.00 
-Treatment System Building 1 L.S. $95,000.00 1992 11 1 .OOO $95,000.00 $95,000.00 

Direct Capital Cost Subtotal $605,700.00 

CAPITAL COSTS - INDIRECT 

Engineering and Design(lS%) 2 $90,855.00 
Legal and Administmtive(5%) 2 $30,285.00 

,TOTAL CAPITAL COSTS $726,840.00 

Microfiltration O&M 1 year $129,000.00 1991 12 1.046 $134,934.00 $134,934.00 5 $584,129.29 
Ion Exchange O&M 
- Brine Transportation 4,500,000 gal $0.23 1992 11 1 .ooo $0.23 $1,035,000.00 5 $4,480,515.00 

- Filter Cake Transportation 270 cy $250.00 1992 11 1 .OOO $250.00 $67,500.00 5 $292,207.50 
- Filter Cake Disposal 45 loads $3,000.00 1992 11 1.000 $3,000.00 $135,000.00 5 $584,415.00 
- Operator 8,760 man-hrs $20.00 1987 10 1.148 $22.96 $201,129.60 5 $870,690.04 

ANNUAL O&M (1992 $) $1,573,563.60 
TOTAL NET PRESENT VALUE OF 0 & M $6,811,956.82 

SUBTOTAL $7,538,796.82 
$1 ,507,759.36 CONTINGENCY(20%) 

$9,046,556.19 

and Disposal 

\TOTAL PRESENT VALUE COST FOR ALTERNATIVE 3 - OPTION T7 

(1) Calculated based on 5% Interest rate. 



Alternative 3 - Option T8 
Electrochemical Treatment 

INNUAL O&M (1992 $) $502,377.60 

SUBTOTAL $3,63&563.43 

rOTAL NET PESEMVALUE OF 0 & M $2,174,792.63- 

>ONTINGENCY(XI%) $726,51269 

‘OTAL PRESENT VALE COST FOR ALTERNATIVE 3 - OPTION T8 $4,359,076.12 

ZAPITAL COSTS - DIRECT --------------- 
3ectrochemical Treatment System 

1991 7 1.046 $984,809.00 $984,809.00 -Electrochemical Treatment 1 LS. $941,500.00 

-Electrical Comection 1 LS. $2o,OoO.00 1992 9 1.Ooo $2o,OoO.00 $2o,Ooo.00 
-Piping and Controls 1 L.S. $2o,OoO.00 1992 9 1.Ooo $2o,OoO.00 $2o,ooO.00 

1.Ooo $190,OoO.00 $19o,Ooo.00 -Treatment System Building 1 L.S. $190,OOO.00 1992 11 

System 

$1,214,809.00 1 3irect Capital Cost Subtoal 

2APTTAL COSTS - INDIRECT 

inginwring and D~ign(15%) 2 $182,221.35 

$1,4!j7,770.80 rOTAL CAPITAL COSTS 

3PERATION AND MAINTENANCE COSTS 

----------------- 

-egal and Administrative&%) 2 $60,740.45 

---_------------------- 
3ectrochemical O&M 
3perator 

1 Yr $288,o00.00 1991 12 1.046 $301,248.00 $301,248.00 5 $1,304,102.59 
8,760 man-hrs $20.00 1987 10 1.148 $22.96 $201,129.60 5 $870,690.04 
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Alternative 3 - Option D1 
Discharge to Ground Water 

CAPITAL COSTS - DIRECT --------------- 
Reinjection System 

-Reinjection System Excavation 
-Scarification 
-6" Schedule 40 PVC Pipe 
-Tap Existing Line 
-Trenching 
-Bedding 
-Riprap 
-12" PVC Manifold 
-Gate Valves 

24,300 cy 
164 msf 
420 I.ft. 

1 ea. 
420 I.ft. 
95 cy 

100 cy 
50 I.ft. 
2 ea. 

$7.10 
$3.87 

$10.00 
$700.00 

$8.36 
$9.75 

$41.96 
$1 9.70 

$545.00 

1991 
1991 
1992 
1992 
1992 
1991 
I991 
1991 
1992 

1.046 
1.046 
1 .ooo 
1 .ooo 
1 .ooo 
1.046 
I .046 
1.046 
1 .ooo 

$7.43 $1 80,466.38 
$4.05 $663.88 

$1 0.00 $4,200.00 
$700.00 $700.00 

$8.36 $3,511.20 
$10.20 $968.86 
$43.89 $4,389.02 
$20.61 $1,030.31 

$545.00 $1,090.00 

Total Reinjection System Costs $1 97.01 9.64 

Piezometers/Monitoring Wells 
-Well Construction and Materials 300 I.ft. $30.00 1990 18 1.069 $32.07 $9,621 .OO 

-Protective Casings 6 ea. $150.00 1990 18 1.069 $1 60.35 $962.10 
-Well Development 12 hrs. $1 75.00 1992 1 1 .OOO $175.00 $2,100.00 

(6 5 0 4  shallow overburden - 4') 

Total Piezometers/Monitorinq Wells $1 2,683.1 a 

Direct Capital Cost Subtotal $209,702.74 

CAPITAL COSTS - INDIRECT ----------------- 
Engineering and Design(1 1%) 2 $23,067.3[: 
Legal and Administrative(3%) 2 $6,291.01! 

TOTAL CAPITAL COSTS $239,061.1: 



Alternative 3 - Option D I  
Discharge to Ground Water 

(continued) 

Discharge Sampling and Analysis I year 

around Water Monitoring 
(including field blank, trip blmk, and duplicate sarnpks) - Annual Sampling 13 wells 

- Quarterly Sampling 188 wells 
- Analysis: 

Cr+6, Cr (total), SO,-, Na 226 samples 
VOC+15 152 samples 
Gross Alpha 36 samples 

ANNUAL O&M (1992 $) 

$70,000.00 1992 11 1.000 $7O,OOO.00 $70,000.00 5 $303,030.00 

$430.00 1992 6 1.000 $430.00 $5,590.00 5 $24,199.11 
$430.00 1992 6 1.000 $430.00 $80,840.00 5 $349,956.36 

$80.00 1992 6 1.000 $80.00 $18,080.00 5 $78,268.32 
1992 6 1.000 $270.00 $41,040.00 5 $177,662.16 $270.00 

$100.00 1992 6 1 .OOO $100.00 $3,600.00 5 $15,584.40 

$219,150.00 
TOTAL NET PRESENT VALUE OF O&M $948,700.35 

SUBTOTAL 
CONTINGENCY (20%) 

$1,187,761.47 
$237,552.29 

TOTAL PRESENT VALUE COST FOR ALTERNATIVE 3 - OPTION D1 $1,42531 3.77 1 
(1) Calculated based on 5% interest rate. 



Alternative 3 - Option 02 
Discharge to Surface Water 

TOTAL CAPITAL COSTS $0.00 

OPERATION AND MAINTENANCE COSTS 

Discharge Sampling and Analysis 1 year $70,000.00 I992 11 1.000 $70,000.00 $70,000.00 5 $303,030.00 

Ground Water Monitoring 
(including field blank, trip blank , and duplicate samples) 

....................... 

1.000 $430.00 $5,590.00 5 $24,199.11 - Annual Sampling 13 wells $430.00 1992 6 
- Quarterly Sampling 164 wells $430.00 1992 6 1.000 $430.00 $70,520.00 5 $305,281.08 
- Analysis: 

Cr+6, Cr (total), SO,,-, Na, 219 samples $80.00 1 992 6 1 .ooo $80.00 $17,520.00 5 $75,844.08 
5 $170,649.18 VOC+ 15 146 samples $270.00 1992 6 1 .OOO $270.00 $39,420.00 

Gross Alpha 32 samples $100.00 1992 6 1.000 $1 00.00 $3,200.00 5 $13,852.80 

ANNUAL O&M (1992 $) $206,250.00 
TOTAL NET PRESENT VALUE OF O&M $892,856.25 

SUBTOTAL 
CONTINGENCY (20%) 

$892,856.25 
$178.571.25 

LTOTAL PRESENT VALUE COST FOR ALTERNATIVE 3 - OPTION 0 2  $1,071,427.50 

(1) Calculated based on 5% interest rate. 

. 



Alternative 3 - Option 03 
Combined Discharge to Ground Water and Surface Water 

SAPITAL COSTS - DIRECT __------------- 
Reinjection System 

-Reinjection System Excavation 
-Scarification 
-6' Schedule 40 PVC Pipe 
-Tap Existing Line 
-Trenching 
-Beddng 
-Riprap 
-12' PVC Manifold 
-Gate Valves 

24,300 cy 
164 msf 
420 I.ft. 

1 ea. 
420 I.ft. 
95 cy 

100 cy 
50 I.ft. 
2 ea. 

$7.1 0 
$3.87 

$1 0.00 
$700.00 

$8.36 
$9.75 

$41.96 
$1 9.70 

$545.00 

1991 
1991 
1992 
1992 
1992 
1991 
1991 
1991 
1992 

1,046 
1.046 
1.000 
1 .ooo 
1 .om 
1.046 
1.046 
1.046 
I .ooo 

$7.43 $180,466.38 
$4.05 $663.88 

$10.00 $4,200.00 
$700.00 $700.00 

$8.36 $3,511.20 
$1 0.20 $968.86 
$43.89 $4,389.02 
$20.61 $1,030.31 

$545.00 $1,090.00 

Total Reinjection System Costs $197,019.64 

Piezometerslhrlonitoring Wells 
-Well Construction and Materials 300 left. $30.00 1990 i a  1.069 $32.07 $9,621 .OO 

-Protective Casings 6 ea. $150.00 1990 18 1,069 $160.35 $96210 
-Well Development 12 hrs. $1 75.00 1992 1 1.000 $1 75.00 $2,100.00 

(6 5 0 4  shallow overburden - 4') 

Total Piezometershlonitorinq Wells $1 2,683.1 a 

Direct Capital Cost Subtotal $209,702.74 

Engineering and Design(ll%) 2 $23,067.3(3 
Legal and Administrative(3%) 2 $6,291 .OE 

TOTAL CAPITAL COSTS . $239,061 . 1 I; 



.- 
Alternative 3 - Option D3 

Combined Discharge to Ground Water and Surface Water - 
(Continued) 

OPERATION AND MAINTENANCE COSTS ....................... 
Discharge Sampling and Analysis 1 year 

Ground Water Monitoring 
(including field blank, trip blank, and duplicate samples) 

- Annual Sampling 13 wells 
- Quarterly Sampling 188 wells 
- Analysis: 

Cr+6, Cr (total), SO,-, Na 226 samples 
VOC+15 152 samples 
Gross Alpha 36 samples 

ANNUAL O&M (1992 $) 

$1 05,000.00 1992 6 1.000 $105,000.00 $105,000.00 5 $454,545.00 

$430.00 1992 6 1.000 $430.00 $5,590.00 5 $24,199.11 
$430.00 1992 6 1.Ooo $430.00 $80,840.00 5 $349,956.36 

$80.00 1992 6 1 .ooo $80.00 $1 8,080.00 5 $78,260.32 
5 $177,662.16 

$1 00.00 1992 6 1 .OOO $100.00 $3,600.00 5 $15,584.40 
$270.00 1992 6 1 .ooo $270.00 $41,040.00 

$254,150.00 
TOTAL NET PRESENT VALUE OF O&M $1,100,215.35 

SUBTOTAL 
CONTl N GE N CY (20?!) 

$1,339,276.47 
$267,855.29 

TOTAL PRESENT VALUE COST FOR ALTERNATIVE 3 - OPTION 03 $1,607,131.77 

(1) Calculated based on 5% interest rate. 
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APPENDIX B 

GROUND WATER MODELING INFORMATION 

Several ground water extraction and/or discharge options (as described in 

Section 5.3.3.1 of this report) were evaluated using the computer ground water 

flow model MODFLOW. These evaluations were conducted to support the ground 

water extraction analyses presented within this Focused Feasibility Study, . 
with the goal of locating recovery wells and assigning pumping rates such that 

ground water contaminated at levels exceeding ARARs at and/or emanating from 

SMC could be captured and extracted for treatment within the SMC on-site 

ground water treatment facility. The main goal in the evaluation of 

extraction systems was to provide capture of chromium-contaminated ground 

water, including the chromium-contaminated ground water within the upper and 

lower Cohansey Sand aquifer, as presented in Figures 3-7 through 3-14, as well 

as contamination which has been identified in the vicinity of well SC-26D. 

Additional investigation will be conducted in the vicinity of deep well IW2 

and in the vicinity of well SC-26D to further evaluate the extent of 

contamination in these areas and provide for its capture and remediation. A 

secondary goal of the modeled extraction systems was to provide capture of 

contaminated ground water close to potential source area(s> to prevent 

contaminant dispersion and diffusion in the downgradient portions of the 

aquifer while maintaining hydraulic control of outlying low-concentration 

contamination. Based on previous studies (see Section 4.2.3) and initial 

modeling runs, a minimum initial extraction rate of 400 gpm was assumed for 

these analyses (i.e., a lower extraction rate would not successfully capture 

the contaminated ground water). As discussed in Section 3.1.1, additional 

organic and inorganic contaminants have been identified in the downgradient 

portions of the upper and lower Cohansey Sands at levels exceeding ARARs, in 

B-1 



some cases downgradient of existing extraction well RIW2. Some of these 

inorganics were detected in one round of ground water sampling only and their 

presence in the aquifer at levels greater than ARARs must be confirmed. Where 

possible, the modeled extraction systems were evaluated to determine their 

effectiveness in potentially capturing these contaminants. 

' 

d 

Presented below is a description of the modeling procedure, including the 

model's assumptions and the input initial and boundary conditions. 

MODFLOW (McDonald and Harbaugh, 1988) is a modular finite-difference 

ground water flow model which numerically simulates two- or three-dimensional 

flow in porous media. The model consists of a set of "packages", each of 

which includes a number of highly independent subroutines or "modules". Each 

, 

package deals with a specific feature of the hydrologic flow system or a 

specific method of solving linear equations that describe the flow. Layers 

can be simulated as confined, unconfined, or a combination of both. Flow from 

external stresses, such as flow to and from riverbeds, wells and/or drains, 

areal recharge and evapotranspiration can also be simulated. 
u 

MODmOW assumes the following: 1) the pumping wells in each layer fully 

penetrate that layer, and no water is stored in the well bores; 2 )  prior to 

pumping, the regional piezometric surface can be either horizontal or sloping; 

and 3 )  water is released instantaneously from storage by the compaction of the 

aquifer matrix and by the expansion of the water itself. MODFLOW can simulate 

unconfined conditions, where a portion of the water stored in the aquifer is 

released by dewatering of the aquifer. 

The area encompassed by the model grid is shown in Figure B-1. The grid 

was configured with 16 columns and 35 rows with a uniform nodal spacing of 200 

feet: the grid thus measured 3,200 feet by 7,000,feet. for a total simulation 

area of 22,400,000 ft2 (514.2 acres). While under certain circumstances the 

spacing of node points with greater frequency around source areas and'pumping e 
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wells can better define capture zones, a 200-foot node spacing was determined 

to be appropriate to this application because of the area to be modeled (over 
' 

a mile and a quarter in length). In addition, the water level elevation data 

required to calibrate the use of a smaller grid spacing around the recovery 

wells is not available. At a smaller site with closer coverage of monitoring 

and pumping wells, a greater frequency of node points can be supported; 

however, at SMC this approach is impracticable. Another reason for using the 

200-foot node spacing was associated with the methodology required to 

calibrateherify the model and develop the various pumping scenarios. To 

develop the several pumping scenarios presented within this appendix, numerous 

(i.e. several hundred) computer simulations were conducted. The greater the 

number of nodes in the simulation, the longer the time required for parameter 

adjustment and simulation. A node spacing of 200 feet was considered to be 

optimum to provide coverage of the modeled area while also allowing 

flexibility in the development and optimization of various pumping scenarios 

for the purposes of this FFS. 
>d 

To simulate the shallow and deep portions of the Cohansey Sand water table 

aquifer in the SMC site area, a two-layer simulation was used, with the 

shallow portion modeled as unconfined and the deep portion modeled as 

confined. The deep portion of the aquifer was designated as confined for 

modeling purposes because the transmissivity of the deep portion will remain 

constant with time, unlike the shallow portion, where water level fluctuations 

will increase or decrease the saturated thickness, and hence the 

transmissivity. The deep portion of the Cohansey Sand is not actually 

confined nor semi-confined (Section 3.5, RI Report (TRC, 1992)). Hydraulic 

communication between the layers was slightly restricted in the model, in 

order to simulate the downward vertical gradients typically observed at most 

shallow/deep well clusters across the site. 4 
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While the MODFLOW model can simulate flow from external stresses, 

including flow to and from riverbeds, areal recharge and evapotranspiration, * 

these modules were not used in any of the model simulations. Use of these 

modules requires a great deal of specific data that was not collected as part 

of previous investigations, or requires numerous assumptions if support data 

is unavailable. Two of the modules (riverbed flow and evapotranspiration) 

would not be expected to greatly impact the area ground water flow. The 

Hudson Branch is a minor stream of small lateral extent and depth and does not 

act as major source or sink of ground water. The areal recharge module was 

not included as the necessary data on the amount and distribution of areal 

recharge within and outside of the SMC facility is not readily available. It 

i/ 

. 

should be noted that in using the basic MODFLOW module, the ground water 

contours were calibratedlverified for two specific seasons (April and October 

ground water contours). 

The MODFLOW model assumes that all pumping wells fully penetrate each 

layer. In reality, this MODFLOW simulation was calibrated to existing pumping 
,i-l 

well screen intervals and thus simulates observed ground water elevation data. 

As the modeled area of the aquifer is not bounded on any side by an 
* I., 

impermeable boundary, constant-head boundaries were used around the modeled 

area, with the model boundaries extended outward as far as considered 

practical when taking into account the areal range of water level data points 

available. Limiting the outward extent of the model boundaries was 

particularly imperative in the northwest-southeast direction, due to the 

relatively narrow band of monitoring well water level data points. Extending 

the boundaries further outward would lead to a great deal of speculation 

regarding the input of initial heads around the model periphery, lowering 

confidence in the model's simulation of steady-state conditions and responses 

to aquifer stresses. By its nature, a constant head boundary is a recharge 
4 
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boundary; therefore, any boundary effect the constant heads may contribute 

would be expected to cause the model to err on the conservative side, acting ' 

'4 to limit the areal extent of the modeled recovery well capture zones. 

Model data sheets are provided within this Appendix, following this 

discussion and the associated figures. It should be noted that the MODFLOW 

output item "drawdown" is included in the model output regardless of whether 

or not a source or sink is simulated in the model. In the case of the 
. 

steady-state calibration, the "drawdown" model output term quantifies only the 

change in hydraulic head between the initial input head value and the final 

equilibrium head calculated during the calibration. Also,  the head change 

closure criterion used for all simulations was 0.001 feet. 

As indicated in the data outputs, the simulations utilize only one time 

step. Since the model was calibrated/verified to monitoring events during two 

distinct seasons (April and October), no additional benefit was anticipated, 

in terms of representing the shallow and deep ground water response to the 

extraction scenarios, as a result of utilizing time steps for each of the four 

seasons. In addition, modeling seasonal fluctuations in ground water flow 

d 

patterns was not possible because there was no other seasonal data available 

for use in calibrating the model. Therefore, the MODFLOW simulations were 

modeled for the average hydrologic condition. 

MODEL CALIBRATION 

For initial steady-state (non-stressed) calibration of each layer, initial 

head matrices, based on the average shallow and deep ground water contours for 

the nonpumping conditions existing on October 12, 1992 (Figures B-2 and B-31, 

were input for the two layers. For the shallow portion of the Cohansey Sand, 

the aquifer transmissivity was input as the product of the saturated thickness 

'4 
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(initial head minus elevation of the aquifer bottom) and the hydraulic 

conductivity. For the deep portion, which would not be dewatered, the ' 

transmissivity was initially entered as a constant value for the entire W 

aquifer. The initial shallow hydraulic conductivity value used was 215 

ft/day, and the initial deep transmissivity value used was 5,000 ft2/day. 

These values represent the average of the hydraulic conductivity and 

transmissivity values determined by TRC for the shallow and deep portions of 

the Cohansey Sand, respectively, using data from the pumping tests conducted 

. 

for SMC by Dan Raviv Associates, Inc. (DRAI) in 1988 and 1989l. 

As mentioned in the previous section, constant-head boundaries were placed 

surrounding the modeled region to establish flow through the model. After 

each model run was conducted, the aquifer hydraulic conductivity and/or 

transmissivity values were adjusted as necessary at particular model nodes. 

Using this technique, an initial calibration was achieved for the non-pumping 

conditions which existed at the site on October 12, 1992. The steady-state 

calibration model output is included in this Appendix. Figures B-2 and B-3 
W 

show the results of the steady-state calibration process. Whenever possible, 

an attempt was made to use hydraulic conductivity and transmissivity values 

that were similar to the average values determined from the DRAI pump tests. 

Previous investigations (DRAI, '1988 and DRAI, 1990) concluded that the Cohansey Sand has two 
water-producing zones separated by a 40- to 60-foot thick semi-confining layer. Consequently, 
ORAI's analyses of the 1988 and 1989 pump test data (DRAI. 4/20/90, Appendices C and 0) included 
the evaluation of several monitoring wells' data using analysis methods for either confined 
(e.g., Jacob (Cooper and Jacob, 1946) or *distance-drawdown" (Driscoll, 1986)) or semi-confined 
(e.g., Hantush. 1960) aquifer conditions. Subsurface geologic data gathered from the monitoring 
well borings drilled during the RI field investigation (TRC, 1992) did not support the existence 
of a continuous semi-confining layer within the Cohansey Sand. A semi-confining layer was 
detected in the vicinity o f  monitoring wells SC120, SD13D. and SC22D; its depth, thickness and 
composition differed between these monitoring wells. Therefore, the ORA1 pump test data were 
reanalyzed by TRC using AQUIX123" (Interpex Limited, 1988). an interactive analytical computer 
program, using the option for the curve-fitting method developed by Neuman (1975) for 
anisotropic unconfined aquifers with delayed gravity response. The reanalyzed pump test results 
were then used to determine initial model input hydraulic parameters, including transmissivity 
and specific yield, for the shallow and deep ground water layers. 
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MODEL VERIFICATION 

Following the steady-state calibration, the model was twice verified to . 

stressed aquifer conditions imposed by the operation of some or all of the SMC 
d 

recovery wells upon the shallow and deep portions of the Cohansey Sand. This 

process was completed by calibrating the model to the ground water levels 

observed during two different periods of recovery well pumping. During the 

first period, April 13 to 15, 1992, recovery wells RIW2 (60 gprn), RW6D (83.5 

gpm) and W9 (63 gpm) were operating. On October 14, 1992 during the second 

period, recovery wells Layne (48 gprn), RIW2 (115 gpm), RW6D (65 gprn), RW6S (26 

, 

g p m )  and W9 (75 gpm) were operating. The model verification output for the 

two pumping events is included in this Appendix. Figures B-4, B-5, B-6 and 

B-7 indicate the results of the two-event verification process for the shallow 
I 

and deep portions of the Cohansey Sand. The nodes representing the recovery 

wells were designated negative flux boundaries, and for each event the model 

was run for one day. Hydraulic conductivity and/or transmissivity values were 

further adjusted to provide agreement between the modeled contours and the 

water levels measured at the monitoring wells during the two pumping events. 

Due to apparent effects of stormwater infiltration from the Hudson Branch 

during the April 1992 observation event (Figure B-4), shallow ground water 

verification was not attempted for that monitoring event. At the time these 

model verification activities were conducted, no other complete shallow ground 

water data set which reflected pumping conditions was available for use in 

place of the April 1992 data. 

Inspection of the ground water contour maps for both of the ground water 

extraction periods used for model verification (Figures B-4 through B-71, as 

well as f o r  both of the RI ground water monitoring events (Figures 1-11 

d 

through 1-14) indicates that, for all four of these monitoring events, 

hydraulic control (as indicated by the establishment of an identifiable zone 
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of capture) was not imposed upon any portion of the shallow ground water. 

With regard to the deep ground water, the simultaneous pumping of deep 

recovery wells W9 and RW6D appeared to provide effective capture of 

contaminated deep ground water migrating from SMC. 

An additional observation is that recovery well RIWZ, screened from 30 to 

55 feet, appeared to influence the deep ground water during both the April . 
13-15, 1992 and October 14, 1992 pumping periods (Figures B-5 and B-7). The 

reason for this effect is not known; the RIW2 area lies approximately 1,500 

feet inside the northern and eastern limits of the City of Vineland well 

restriction area. To allow for model verification to the apparently stressed 

deep ground water contours in the RIW2 area, the RIWZ extraction flux was 

divided evenly between the two model layers. This resulted in an acceptable 

match between the modeled and actual shallow and deep ground water contours in 

that area, for both model Verifications 1 and 2 (Figures B-4 through B-7) .  

However, it must be emphasized that RIW2 should not be viewed as a 

shallow/deep recovery well. While the ground water level contours in Figures 
d 

B-5 and B-7 imply the formation of a capture zone in the lower Cohansey Sand 

in the RIW2 area when that well is in operation, it is not viable to suggest 

that RIW2 imposes a zone'of capture within the lower Cohansey Sand. 

In light of the ARAFVTBC excesses for chromium in the deep ground water in 

the RIW2 area, the necessity of installing a deep extraction well at the RIW2 

location should be considered. The following ground water extraction and/or 

discharge simulations assume the future presence of such a deep recovery well 

(for simplicity, referred to as RIW2 deep). 

GROUND WATER EXTRACTION SIMULATIONS 

After completing the two verification steps, several extraction wellfield 

configuration options were evaluated with respect to the goal of capturing 
ij 
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ground water flow from areas which exhibit chromium contamination. The model 

W 

outputs for the evaluated extraction scenarios are included in this Appendix. 

For each of the extraction scenarios, numerous evaluations were made to 

determine the optimum combination of extraction rates and well locations for 

that scenario. The resultant ground water contours, as indicated in Figures 

B-8 through B-21, were inspected to ensure that adequate capture was 

accomplished across the estimated area within each portion of the aquifer with 

ground water total chromium levels above ARARs. As mentioned previously; 

additional investigation is required in the vicinity of SC26D to further 

define the extent of chromium contamination in this area. Capture zones were 

' 

limited to those portions of the flow regime where the water table/piezometric 

surface could be seen to be sloped toward an extraction well, so that ground 

water, flowing perpendicular to the piezometric contours, would likely be 

drawn into the extraction well. Therefore, the extraction well zones of 

capture did not include the entire zone of influence for each well. Efforts 

were made to provide capture of elevated contaminant areas at the nearest 
'U 

downgradient extraction well(s), to minimize the potential for mechanical 

dispersion and chemical diffusion of contaminants migrating with the bulk 

ground water flow from these zones. For all simulations, 25 gpm was 

considered the recovery rate lower limit for effective capture. 

SIMULATION 1 - Au EXISTING RECOVERY WELLS PLUS RIW2 DEEP PUMPING 
For Simulation 1, the extraction rates at RIW2 deep and the five existing 

recovery wells were adjusted to provide the most efficient capture strategy, 

with a total continuous extraction rate of 400 gpm. The most optimal recovery 

well extraction rates under Simulation 1 consisted of the following: 
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RECOVERY WELL 

Layne 
RIW2 
RIW2 deep 
RW6D 
RW6S 
w9 

EXTRACTION RATE (gpm) 

95 
125 
25 
25 
9 5  
35 

The results of Simulation 1, presented in Figures B-8 and B-9, indicated that 

adequate capture would be provided for most of the shallow and deep 
. 

contaminated ground water, to a distance of approximately 200 feet downgradient 

(southwest) of RIW2 in the shallow portion, and approximately 215 feet 

downgradient of RIW2 in the deep portion. The majority of shallow and deep 

ground water which exhibits inorganic and/or organic contamination at levels 

exceeding ARARs would lie within the shallow and/or deep downgradient capture 

limits imposed under Simulation 1. However, shallow chromium-contaminated 

ground water in the vicinity of SC3S would not be captured under this 

simulation. Also, the shallow ground water area including shallow monitoring 

wells H, L and SC23S, which exhibited elevated total chromium concentrations, 
u 

would lie only within the capture zone of RIW2, located some 3,000 feet 

downgradient. Contaminated shallow ground water would be required to migrate 

an extensive distance from its source prior to capture, thereby resulting in 

potentially substantial contaminant dispersion and diffusion. Hydraulic 

control of these shallow ground water high total chromium areas closer to the 

potential source of the shallow ground water chromium contamination would 

provide for more efficient contaminated ground water extraction. 

Deep monitoring well SC26D, located south of SMC, was installed after the 

completion of the RI; analysis of ground water samples from SC26D subsequent 

to its installation has indicated deep ground water contamination in the area 

of SC26D. The areal extent of contaminated deep ground water surrounding 

d 
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monitoring well SC26D has not been adequately delineated as of this report 

although additional investigation is planned in this area. For Simulation 1, 

it was not possible to include SC26D within the capture zone of any of deep 

' 

recovery wells W9, RW6D or RIW2 deep. However, it appears that the area 

between SMC and SC26D would be hydraulically controlled, in terms of diverting 

and capturing deep grouid water migrating from SMC toward SC26D. In that 

regard, further degradation of the deep ground water at SC26D would likely be 
, 

minimized under Simulation 1. 

SIMULATION 2 - ALL MISTING RECOVERY WLLS PLUS RIW2 DEEP AND PROPOSED 
SHALL,OW/DEEP RECOVERY WELL CLUSTER PUMPING 

A scenario was developed featuring the installation of a shallowldeep 

recovery well cluster located approximately 1,000 feet downgradient 

(southwest) of RIW2. This cluster would be located at the southwestern corner 

of the 7.5-acre farmland parcel in Vineland, near SClD (Figures B-10 and 

B-11). The recovery system would therefore be comprised of the five existing 

recovery wells plus RIW2 deep and the two proposed recovery wells (shallow 

well - SRW1; deep well - DRW1). Using this configuration, the continuous flow 

rates at the recovery wells were adjusted within a total 400 gpm extraction 

rate to provide the most optimal capture strategy. 

The most optimal recovery well extraction rates under Simulation 2 

consisted of the following: 

RECOVERY WELL 

Layne 
RIW2 
RIW2 'deep 
RW6D 
RW6S 
w9 
SRWl 
DRWl 

EXTRACTION RATE (gpm) 

75 
75 
25 
25 
75 
25 
75 
25 
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The results of Simulation 2, presented in Figures B-10 and B-11, indicated 

that augmenting the existing recovery system with RIW2 deep and the proposed 

downgradient SRWl/DRWl cluster would provide adequate capture of the majority 

of the shallow and most of the deep contaminated ground water, including 

shallow chromium-contaminated ground water in the vicinity of SC3S, to a 

' 

distance of approximately 1000 feet downgradient (southwest) of RIW2 in the 

shallow and deep portions. However, the high total-chromium shallow ground 

water area including shallow monitoring wells H, L and SC23S would lie only 

within the capture zones of RIW2 and SRW1, located 3,000 and 4,000 feet 

downgradient, respectively. As with Simulation 1, extraction of this 

contaminated ground water via these extraction wells would potentially result 

in significant contaminant dispersion and diffusion. Hydraulic control of 

this contaminated ground water closer to its potential source area(s) would 

provide for more efficient ground water extraction. 

For Simulation 2 it was not possible to include SC26D within the capture 

zone of any of deep recovery wells W9, RWGD, RIW2 deep or DRW1. However, it 
d 

appears that the area between SMC and SC26D would be hydraulically controlled, 

in terms of diverting and capturing deep ground water migrating from SMC 

toward SC26D. Therefore, further degradation of the deep ground water'at 

SC26D would likely be minimized under Simulation 2. 

SIMULATION 3 - ALL M I S T I N G  RECOVERY WELLS PLUS RIW2 DEEP PUMPING, TWO 
PROPOSED SHALLOW/DEEP INJECTION WELL CLUSTERS RECHARGING FOR 
S I X  DAYS, ALL OFF SEVENTH DAY 

A scenario was developed to determine whether the ground water extraction 

and treatment system could be shut off one day per week (e.g., for maintenance 

purposes) while maintaining hydraulic control of the contaminated ground water 

zones. This configuration featured the installation of two shallow/deep 
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injection well clusters located approximately 850 and 1,000 feet downgradient 

(southwest) of RIW2 shallow/deep. These clusters would be located at the * 

western edge of the 7.5-acre farmland parcel, along North West Street in 
4 '  

Vineland (Figures B-12 through B-15). The recovery system would therefore be 

comprised of the five existing recovery wells plus RIW2 deep, two proposed 

shallow injection wells (SIW1 and SIW2) and two proposed deep injection wells 

(DIWl and DIW2). Using this configuration, the continuous flow rates at the 
. 

recovery and injection wells were adjusted within a total 400 gpm extraction 

rate, with the intent of providing the most optimal capture strategy while 

pumping, and establishing sufficient shallow and deep ground water mounding in 

the SClD area to allow residual mounding to bar the migration of contaminated 

ground water past the downgradient capture limit during recovery system 

shut-off. A maximum injection capacity of 125 gpm per well was assumed, based 

on TRC's experience with the transmissive characteristics of the Cohansey Sand 

in southern New Jersey. 

The most optimal well extractiodinjection rates under Simulation 3 

consisted of the following: 

RECOVERY WELL EXTRACTION RATE (gpm) 

Layne 
RIW2 
RIW2 deep 
RW6D 
RW6S 
w9 

INJECTION WELL 

SIWl 
SIW2 
DIWl 
DIW2 

110 
80 
50 
25 
110 
25 

INJECTION RATE (qpm) 

125 
125 
75 
75 

The results of Simulation 3 after s i x  days of system operation (Figures B-12 

and B-13) indicated that augmenting the existing recovery system with RIW2 
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deep and the two shallow/deep injection well clusters would provide adequate 

capture during system operation of most of the shallow and deep contaminated 

ground water, to a distance of approximately 240 feet downgradient (southwest ) 

of RIW2 in the shallow portion and approximately 760 feet downgradient of RIW2 

in the deep portion. The majority of shallow and deep ground water which 

L.l  

exhibits inorganic and/or organic contamination at levels exceeding ARARs 

would lie within the shallow and/or deep downgradient capture limits imposed 
. 

under Simulation 3. However, the high total-chromium shallow ground water 

area including shallow monitoring wells H, L and SC23S would lie only within 

the capture zone of RIW2, located 3,000 downgradient. In addition, while the 

shallow/deep injection well clusters would help provide capture for 

contaminated shallow and deep ground water between RIW2 and the SClD area, the 

injection mounds could laterally "push away" any contaminated ground water 

lying outside the capture zones. This could result in the potential spreading 

of contaminants to additional areas downgradient of the SMC facility. u 
For Simulation 3 after six days of system operation, it was not possible 

to include SC26D within the capture zone of any of deep recovery wells W9, 

RW6D or RIW2 deep. However, it appears that, at least during pumping periods, 

the area between SMC and SC26D would be hydraulically controlled, in terms of 

diverting and capturing deep ground water migrating from SMC toward SC26D. 

Therefore, further degradation of the deep ground water at SC26D would likely 

be minimized under Simulation 3. 

The results of Simulation 3 after 2 4  hours of system shutdown (Figures 

B-14 and B-15) indicated that, after shutting off the recovery/injection 

system for 24 hours, residual mounding would remain in the deep ground water, 

but almost no residual mounding would remain in the shallow portion. This 

result is compatible with the typically high transmissivity of the upper 

u 
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Cohansey Sand aquifer. It is possible that during the 24-hour system shutoff, 

contaminated ground water could migrate downgradient past the injection well ’ 

area to the extent that a portion of the contaminant plume could be 

irretrievable upon resumption of the recovery/injection system. 

Additional concerns should be noted regarding the use of shallow and deep 

injection wells which may place limits on their use at the SMC site. 

Historically, injection wells have had a much higher tendency to fail 

operationally than extraction wells (Driscoll, 1986). The consequences of 

water-chemistry problems, air entrainment and sand pumping are considerably 

more serious and common for injection wells. Clogging of screens is the most 

serious problem in injection well operation, and sand concentrations as low as 

1 mg/l can clog injection wells within a short time. It should also be 

recognized that the maximum injection rates assumed for this evaluation may be 

high, particularly when taking into account the restrictions imposed by the 

limited (approximately seven feet) unsaturated zone available for the mounding 

pressure head in the SClD area. 

SIMULATION 4 - ALL EXISTING RECOVERY WELLS PLUS RIW2 DEEP AND TWO PROPOSED 
SHALLOW RECOVERY WELLS PUMPING 

Simulations 1, 2 and 3 indicated that recovery well RIW2 could provide 

capture for high-level total chromium-contaminated shallow ground water in the 

vicinity of shallow monitoring wells H and SC23S. However, it is desirable to 

capture this shallow ground water closer to the SMC source area, to decrease 

the travel distance prior to capture and thus minimize the potential for 

contaminant dispersion and diffusion. For Simulation 4, a .scenario was 

developed whereby two shallow recovery wells were added to the northwest of 

Layne (Figures B-16 and B-17); these two recovery wells, in combination with 

Layne, were located to provide capture of the contaminated shallow ground 
‘U 
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water in the western portion of SMC, as close to the source as possible. 

Shallow recovery well 1 (SRWl), approximately 565 feet northwest of Layne, 

would be located in the SC17S/SC17D area, and shallow recovery well 2 (SRW2), 

approximately 365 feet northwest of Layne, would be located on the SMC 

property, roughly midway between monitoring wells W4 and K. 

d 

The most optimal recovery well extraction rates under Simulation 4, based 

on a total extraction rate of 400 gpm, consisted of the following: 

RECOVERY WEU 

kyne 
RIW2 
RIW2 deep 
RW6D 
RW6S 
w9 
SRWl 
sRw2 

EXTRACTION RATE (gpm) 

75 
80 
25 
25 
25 
25 
75 
70 

The results of Simulation 4 ,  presented in Figures E-16 and B-17, indicated 

u that adequate capture would be provided for most of the shallow and deep 

contaminated ground water to a distance of approximately 140 feet downgradient 

(southwest) of RIW2 in the shallow portion, and approximately 215 feet 

downgradient of RIW2 in the deep portion. The majority of shallow and deep 

ground water which exhibits inorganic and/or organic contamination at levels 

exceeding AF34Rs would lie within the shallow and/or deep downgradient capture 

limits imposed under Simulation 4, although shallow chromium-contaminated 

ground water in the vicinity of SC3S might not be captured under this 

simulation. I n  Figure B-16 (upper Cohansey Sand), one large, continuous 

capture zone is shown surrounding the SRWl/SRW2/Layne shallow recovery well 

group. The potential exists for some contaminated shallow ground water within 

this interpreted capture zone to elude capture by the SRWl/SRW2/Layne group by 

flowing between these wells. Therefore, the RIW2 pumping rate was adjusted 
u 

B-16 



until its capture zone enveloped the SRWl/SRW2/Layne capture zone. Any 

shallow ground water managing to flow past the SRWl/SRW2/Layne group would 

subsequently be captured further downgradient by RIW2. For Simulations 4, 5 \d 

and 6, shallow recovery well RW6S was pumped at 25 gpm, in order to recover 

shallow ground water in that area, where high total chromium concentrations 

were detected in the RI. 

For Simulation 4, it was not possible to include SC26D within the capture 

zone of any of deep recovery wells W9, RW6D or RIW2 deep. However, it appears 

that the area between SMC and SC26D would be hydraulically controlled, in 

terms of diverting and capturing deep ground water migrating from SMC toward 

SC26D. In that regard, further degradation of the deep ground water at SC26D 

would likely be minimized under Simulation 4. 

SIMULATION 4A - Au EXISTING RECOVERY WEUS PLUS RIW2 DEEP AND THREE PROPOSED 
SHALLOW RECOVERY WELLS PUMPING 

Simulation 4A was a modification to Simulation 4 which included an 

additional shallow recovery well, SRW3, located approximately midway between 

and to the northwest of shallow monitoring wells SClS and SC3S (Figure 16A). 

Its function was to provide capture of shallow ground water in the vicinity of 

SC3S, where total chromium levels were found to exceed the MCL. The shallow 

recovery system, thus modified, would allow containment of this area of 

contaminated shallow ground water, as well as providing capture close to the 

source for the high-total chromium shallow ground water i n  the western portion 

of SMC. Shallow recovery wells SRWl and SRW2 would be located as described 

for Simulation 4.  

The most optimal recovery well extraction rates under Simulation 4A, based 

on a total extraction rate of 400 gpm, consisted of the following: 
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RECOVERY WLL EXTRACTION RATE (gpm) 

Layne 
RIW2 
RIW2 deep 
RW6D 
RW6S 
w9 
SRWl 
SRW2 
SRW3 

70 
40 
25 
25 
25 
25 
70 
70 
50 

' The results of Simulation 4A, presented in Figures B-16A and B-17A, indicated 

that adequate capture would be provided for most of the shallow and deep 

contaminated ground water to a distance of approximately 450 feet downgradient 

(southwest) of RIW2 in the shallow portion, and approximately 215 feet 

downgradient of RIW2 in the deep portion. The majority of shallow and deep 

ground water which exhibits inorganic and/or organic contamination at levels 

exceeding ARARs would lie within the shallow and/or deep downgradient capture- 

limits imposed under Simulation 4A. As in Simulation 4, the RIW2 pumping rate 

was adjusted until its capture zone enveloped the SRWl/SRW2/Layne capture zone. 

For Simulation 4A, as in Simulation 4, it was not possible to include 

SC26D within the capture zone of any of'deep recovery wells W9, RW6D or RIW2 

deep. However, it appears that the area between SMC and SC26D would be 

hydraulically controlled, in terms of diverting and capturing deep ground 

water migrating from SMC toward SC26D. In that regard, further degradation of 

the deep ground water at SC26D would likely be minimized under Simulation 4A. 

i/ 

GROUND WATER EXTR?.CTION/DISCHARGE SIMULATIONS 

Simulations 5 and 6 investigated on-site discharge of treated ground water 

utilizing open basins to recharge the shallow ground water. The extraction 

wellfield modeled in Simulation 4 was used in developing Simulations 5 and 6; 

however, if Simulation 4A were implemented, no significant impacts to the 

L/ 
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recharge evaluations of Simulations 5 and 6 would be expected. Additional 

testing would be required to define the feasibility of recharging treated 

ground water and the rate of recharge that is achievable at the SMC facility. 

For the purposes of this evaluation, the use of two recharge basins has been 

assumed for receiving discharge of treated ground water (Figures B-18 through 

B-21). One basin, approximately three acres in size and essentially an 

eastward extension of the existing thermal pond, is assumed to be capable of 

receiving treated water discharge at an approximate rate of 400 gpm for 4.5 

days; the other basin, two acres in size and located on SMC-owned property 

along Weymouth Road in Newfield, is assumed to subsequently receive discharge 

for 3.0 days. Discharge of the treated ground water could be rotated between 

the two basins according to such a schedule. 

The recharge basin locations were selected from available areas based on 

their positions relative to the area of shallow ground water total chromium 

contamination. At these two locations, shallow ground water mounding would be 

established outside the area of chromium-contaminated shallow ground water, to 
LJ 

avoid the formation of a hydraulic barrier to the migration of the 

contaminants toward the shallow extraction wells. Instead, the establishment 

of shallow ground water mounds in these areas would result in increased 

hydraulic gradients between the mounds and the extraction wells, which could 

speed the flushing of shallow ground water contaminants downgradient of the 

mounds. A potential problem with this scenario is that the increased 

hydraulic gradients created by the mounds may necessitate increasing the 

extraction rates at the downgradient shallow recovery wells to maintain the 

capture zone size. 

B-19 



For Simulation 5 ,  all 400 gpm of the treated discharge was directed to the 4 

two large recharge basins discussed above. The results of Simulation 5 after 

4.5 and 7 . 5  days are presented in Figures B-18 and B-19, respectively. Only 

the shallow ground water results are presented; the deep recovery well pumping 

rates simulated were the same as those for Simulation 4, and the shallow 
. 

ground water mounding did not result in any discernable modeled hydraulic 

impact upon the deep ground water. Figures B-18 and B-19 indicate that 

adequate capture would be provided for most of the shallow contaminated ground 

water to a distance of approximately 150 feet downgradient (southwest) of RIW2 

in the shallow portion, after both 4.5 and 7.5 days. The majority of shallow 

and deep ground water which exhibits inorganic and/or organic contamination at 

levels exceeding ARARs would lie within the shallow and/or deep downgradient 

capture limits imposed under Simulation 5. As in Simulation 4, the RIW2 

pumping rate was adjusted until its capture zone enveloped the SRWl/SRW2/Layne 
i/ 

capture zone. . 

For Simulation 5, as in Simulation 4,  it was not possible to include SC26D 

within the capture zone of any of deep recovery wells W9, RW6D or  RIW2 deep. 

However, it appears that the area between SMC and SC26D would be hydraulically 

controlled, in terms of diverting and capturing deep ground water migrating 

from SMC toward SC26D. In that regard, further degradation of the deep ground 

water at SC26D would likely be minimized under Simulation 5. 

SIMULATION 6 - SIMULATION 4 PUMPING SCENARIO; 350 GPM SHALLOW RECHARGE 
ALTERNATING AS PER SIMULATION 5, 50 GPM SHALLOW RECHARGE AT 

’ LAGOONS B6, B7 AND B8 

For Simulation 6, most of the treated discharge was directed to the two 

large recharge basins; in addition, a portion of the treated discharge was 
l.J 
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U' 

directed to SMC Lagoons B6, B7 and B8, assuming the lagoons have been closed 

in accordance with applicable regulations. The intent of discharging into the * 

lagoons was to enhance the flushing of chromium in the shallow ground water 

downgradient of the lagoons. Recharge via the lagoons was adjusted so that 

the maximum amount of water could be discharged while avoiding the formation 

of a radial mound downgradient of the lagoons. The maximum recharge rate via 

the lagoons was determined to be 50 gpm. The remaining 350 gpm of treated 

discharge would be rotated between the recharge basins according to the 

schedule determined for Simulation 5. 

The results of Simulation 6 after 4.5 and 7.5 days are presented in 

Figures B-20 and B-21, respectively. As in Simulation 5, the deep recovery 

well pumping rates simulated were the same as those for Simulation 4, and the 

shallow ground water mounding did not result in any discernable modeled 

hydraulic impact upon the deep ground water; therefore, only the shallow 

ground water results are presented. Figures B-20 and B-21 indicate that 

adequate capture would be provided for most of the shallow contaminated ground 
L.l 

water to a distance of approximately 140 feet downgradient (southwest) of RIW2 

in the shallow portion after 4.5 days, and approximately 150 feet downgradient 

of RIW2 after 7.5 days. The majority of shallow and deep ground water which 

exhibits inorganic and/or organic contamination at levels exceeding ARARs 

would lie within the shallow and/or deep downgradient capture limits imposed 

under Simulation 6 .  As in Simulations 4 and 5, the RIW2 pumping rate was 

adjusted until its capture zone enveloped the SRWl/SRW2/Layne capture zone. 

For Simulation 6 ,  as in Simulations 4 and 5, it was not possible to 

include SC26D within the capture zone of any of deep recovery wells W9, RW6D 

or RIW2 deep. However, it appears that the area between SMC and SC26D would 

be hydraulically controlled, in terms of diverting and capturing deep ground 

d 
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water migrating from SMC toward SC26D. In that regard, further degradation.of 

the deep ground water at SC26D would likely be minimized under Simulation 6. 

SENSITIVITY ANALYSES 

The sensitivity of the calibrated and verified model was evaluated by 

changing the values for certain important boundary and initial conditions. 

The extent to which varying a parameter affected the simulated response was a 
. 

measure of the sensitivity of the model to uncertainty in that aquifer 

characteristic. Using the input data set for model Simulation 4A, three input 

parameters, the total extraction flow rate, the hydraulic conductivity and the 

interlayer vertical leakage, were varied separately. The modeled results, in 

terms of the impacts on the upper and lower Cohansey Sand flow regimes and 

capture zones, were then evaluated. 

SENSITIVITY ANALYSIS 1 - TOTAL EXTRACTION RATE = 440 GPM 

The first sensitivity analysis examined the effect of raising the 400 gpm 

total design extraction rate by 10 percent, to 440 gpm. An additional 1 0  

percent of extraction flow was added to each of the recovery .wells proposed 

under Simulation 4A. The recovery well extraction rates for this analysis 

thus consisted of the following: 

RECOVERY WELL 

Layne 
RIW2 
RIW2 deep 
RW6D 
RW6S 
w9 
SRWl 
SRW2 
SRW3 

EXTRACTION RATE (gpm) 

77 
44 
27.5 
27.5 
27.5 
27.5 
77 
77 
55 
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The results of Sensitivity Analysis 1, presented in Figures B-22 and B-23, 

‘d 
indicate that the Simulation 4A shallow and deep ground water capture zones ’ 

would be minimally influenced by the additional 10 percent of extraction 

flow. The area of capture in the immediate vicinity of each recovery well 

broadened somewhat but, upgradient of the recovery wells, the widths of the 

capture zones did not increase. Increasing the extraction flow rate did not 

result in a change in the capture zone limit relative to deep monitoring well 
. 

SC26D. The increase in the capture zones was limited by the high 

transmissivity of the Cohansey Sand. 

SENSITIVITY ANALYSIS 2A - HYDRAULIC CONDUCTIVITY X 0.5 
SENSITIVITY ANALYSIS 2B - HYDRAULIC CONDUCTIVITY X 2 

Sensitivity Analysis 2 evaluated the effect of alternately halving 

(Analysis’ 2A) and doubling (Analysis 2B) the nodal hydraulic conductivity 

(Layer 1) or transmissivity (Layer 2 )  values. The results of Sensitivity 

Analysis 2A, presented in Figures B-24 and B-25, indicate that at half the 

hydraulic conductivity/transmissivity, the Simulation 4A shallow and deep 

ground water capture zones would be broadened, both in the immediate vicinity 

of each of the recovery wells as well as upgradient. While the shallow ground 

water capture zones determined from Simulation 4A reached a near-constant 

maximum width prior to their exiting the model at the upgradient edge, the 

shallow capture zones from Sensitivity Analysis 2A (Figure B-24) continue to 

broaden as they exit the modeled area. The results of Sensitivity Analysis 

2B, presented in Figures B-26 and B-27, indicated that at double the hydraulic 

conductivity/transmissivity, the Simulation 4 A  shallow and deep ground water 

capture zones would be substantially diminished in lateral extent, and would 

reach their near-maximum width only a short distance upgradient from each 

recovery well. In the shallow ground water (Figure B-26), SRW1, SRW2 and 
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Layne do not appear to create a continuous zone of capture, allowing the 

possibility for throughflow between SRW2 and Layne. The capture zone imposed 

by shallow recovery well SRW3 would no longer envelop those created by SRW1, 

SRW2 and Layne. It can therefore be concluded from Sensitivity Analysis 2 

that the model is very sensitive to changes made to the input hydraulic 

conductivity/transmissivity. 

4 

. 
SENSITIVITY ANALYSIS 3A - INTERLAYER VERTICAL LEAKAGE X 0.5 
SENSITIVITY ANALYSIS 3B - INTERLAYER VERTICAL LEAKAGE X 2 

Sensitivity Analysis 3 evaluated the effect of alternately halving 

(Analysis 3A)  and doubling (Analysis 3B) the model interlayer leakage value. 

The results of Sensitivity Analysis 3A, presented in Figures B-28 and B-29, 

indicate that at half the interlayer leakage, the Simulation 4A shallow and 

deep ground water capture zones would not be impacted. 

The results of Sensitivity Analysis 3B, presented in Figures B-30 and 

e B-31, indicate that at double the interlayer leakage the Simulation 4A shallow 

ground water capture zones would not be impacted, and the deep ground water 

capture zones would be only slightly diminished in lateral extent. Pumping 

from the deep ground water recovery wells would result in slightly less 

drawdown (i.e., tenths of a foot) in the deep ground water in the immediate 

vicinity of each well. It can therefore be concluded from Sensitivity 

Analysis 3 that the model is only slightly sensitive to changes made to the 

input interlayer vertical leakage; its impact upon the extent of the capture 

zones is substantially less than that of the model hydraulic 

conductivity/transmissivity. 
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SUMMARY OF SENSITIVITY ANALYSES 

From the sensitivity analyses performed on the Simulation 4A data set, the 

following conclusions can be drawn. First, increasing the total extraction 

flow rate may slightly broaden the capture zone in the immediate vicinity of a 

well; however, owing to the high transmissivity of the Cohansey Sand, it does 

not produce a corresponding increase in the upgradient lateral extent of the 

capture zone. Second, the model appears to be highly sensitive to variations 

* 

L/ 

in the nodal hydraulic conductivity/transmissivity values. Wherever possible, 

the input hydraulic parameters were held close to the values determined by TRC 

from the DRAI 1988/89 pump test data. While a certain degree of error may be 

associated with the input hydraulic parameters, it is felt that the close 

matches produced from both the steady-state calibration and the two stressed- 

aquifer verifications provide support for the model input hydraulic data. 

Finally, the model appears to be only minimally sensitive to variations in the 

interlayer vertical leakage. This parameter was adjusted only during the 

model calibration, with no further adjustment required for subsequent 
u 

verifications. This indicates that the simulated interlayer communication f o r  

the two-layer representation of the upper and lower Cohansey Sand is 
* l a  

adequately quantified. 

CONCLUSIONS 

The computer models described herein were used for the purpose of 

modifying the design of the SMC ground water extraction system to provide more 

effective capture of contaminated ground water at and/or emanating from the 

site for treatment, and to provide a basis upon which to conduct a detailed 

evaluation of ground water extraction within the main body of this FFS. Based 

on the simulation results summarized above, Simulation 1, which utilizes the 
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existing recovery wells to the greatest extent, and Simulation 4A, which 

implements the installation of new extraction wells, were selected for ' 

'd detailed analysis under Alternative 3. These scenarios optimize the 

extraction of chromium-contaminated ground water at an extraction rate of 400 

gpm, and are presented as Ground Water Extraction Options El and E2 in 

Sections 5.3.4 and 5.3.5, respectively. The extent of chromium contamination 

in the vicinity of well SC26D and in the vicinity of well IW2 will be 

investigated further. Additional ground water modeling will be conducted 

during the design phase to evaluate the effects of using different modeling 

packages, parameters, and boundary conditions. The final location of recovery 

wells and determination of extraction rates required to control and capture 

ground water contamination at and/or emanating from the SMC facility will be 

refined as additional information is developed. 
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1 U.S. GEOMCICAL SURVEY WDUYLR FINITE-DIFEZRENCE GROUND-WATER MODEL 
WUELDALLOY METALLURGICAL CORWRATION FOCUSED FS - HYDRDGEOLOGIC SIMULATION CALIBRATION To STEADY-STATE CONDITIONS 

2 LAYERS 35 Rows 16 COLUMNS 
1 STRESS PERIOD(9) IN SIMULATION 

‘ W d O D E L  TIME UNIT IS DAYS 
OI/O UNITS: 
ELEMENT OF IUNIT: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

I/OUNIT:ll 0 0 0 0 0 0 0 1 9  0 0 2 2  0 0 0 0 0 0 0 0 0 0 0 0 
OBASl -- BASIC MODEL PACKAGE. VERSION 1. 9/1/87 INPUT RBAO FRW UNIT 1 
ARRAYS RES AND BUFF WILL SEkE MEMORY.. 
START HEAD WILL BE SAVED 
’ 10699 ELEMENTS IN X ARRAY ARE USED BY BAS 

10699 ELEMENTS OF X ARRAY USED OUT OF 100000 
OBCFl -- ELOCK-CENTERED FLOW PACKAGE, VERSION 1, 9/1/87 INPUT RBAD FROM UNIT 11 
STEADY-STATE SIMULATION 

LAYER AQUIFERTYPE ------------------- 
1 1 
2 0 

1122 ELgMBNTS IN X ARRAY ARE USED BY BCF 
11821 ELEMENTS OF X ARRAY USED OUT OF 100000 

OSIP1 -- STRONGLY IHFLICIT PROCEDURE SOLUTION PACKAGE, VERSION 1, 9/1/87 INPUT READ PROM UNIT 19 
MAXIMUM OF 50 ITERATIONS ALLOWED FOR CLOSURE 
5 ITERATION PAWLMETERS 

4685 ELEMENTS IN X ARRAY ARE USED BY SIP 
16506 ELBKENTS Om X ABRAY USED OUT OF 100000 

1SEIELDALLOY METALLURGICAL CORPORATION FOCUSED FS - HYDROOEOLOGIC SIMULATION CALIBRATION To STEADY-STATE CONDITIONS 
0 

BOUNDARY ARRAY FOR LAYER 1 WILL BE READ ON UNIT 1 USING FORMAT: ( 1613) 
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85.80 
85.80 
85.40 
85.30 
85.00 
84.90 
84.60 

91.40 
92.00 
91-10 
91.70 
90.90 
91.40 
90.60 
91.10 
90.30 
90.70 
90.00 
90.40 

90.10 
89.50 
89.70 
89.20 
89.40 
88-90 
89-00 
88.60 
88.70 
88.40 
88.30 
88.10 
88.00 
87.80 
87.60 
87.50 
87.30 
87.20 
86.90 
86.90 
86.60 
86.50 
86.20 
86.10 
85.80 
85.70 
85.40 
85.30 
85.00 
84.90 
84.60 

89. ao 

91.50 
92.10 
91.20 
91.80 
91.00 
91.40 
90.70 
91-10 
90.40 
90.70 
90.10 
90.40 
89.80 
90.00 
89.50 
89.70 
89.30 
89.30 
89-00 
89.00 
88.70 
88.60 
88.40 
88.20 
88.10 
87.90 
87.90 
87 - 60 
87.60 
87.20 
87.30 
86.90 
86.90 
86.50 
86.50 
86.20 
86.10 
85.80 
85.70 
85.40 
85.30 
85.00 
84.80 
84.60 

91.50 
92.10 
91.30 
91.80 
91.00 
91.40 
90.70 
91-10 
90.50 
90.70 
90.20 
90.30 
89.90 
90.00 
89.60 
89.70 
89.30 
89.30 
89-00 
89.00 
88.70 
88.50 
88.40 
88-10 
88.10 
87.80 
87.90 
87.50 
87.60 
87.20 
87.30 
86.90 
86.90 
86.50 
86.50 
86.20 
86.00 
85.80 
85.60 
85.40 
85.20 
85.00 
84.80 
84.50 

91.60 

91.40 

91.10 

90.80 

90.50 

90.20 

89.90 

89.60 

89.30 

89.00 

88.70 

88.50 

88.20 

87.90 

87.60 

87.30 

86.90 

86.40 

86.00 

85.60 

85.20 

84.80 

91.70 

91.40 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10‘ 

88.80 

88.50 

88.20 

87.90 

87.60 

87.30 

86.80 

86.40 

86.00 

85.60 

85.20 

84.80 

91.80 

91.50 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.20 

86.80 

86.40 

86.00 

85.60 

85.10 

84.70 

91.80 

91.50 

91.30 

91.00 

90.70 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.40 

88.10 

87.80 

87.60 

87.20 

86.80 

86.40 

85.90 

85.50 

85.10 

84.70 
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0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
81.90 
81.70 
81.50 
81.20 
81.00 
80.80 
80.60 
80.40 
80.20 
79.90 
79.70 
79.50 
79.30 
79.10 * 

84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82. 80 
82.50 
82.30 
82.10 
81-90 
81.60 
81.50 
81.20 
81-00 
80.80 
80.60 
80.30 
80.20 
79.90 
79.70 
79.50 
79.30 
79.10 

84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.10 
83.00 
82.70 
82.50 
82.30 
82.10 
81.90 
81.60 
81.40 
81.20 
81.00 
80.80 
80.60 
80.30 
80.10 
79.90 
79.70 
79.40 
79.20 
79.00 

84.40 
84.20 
84.00 
83.80 
83.50 
83.40 
83.10 
82.90 
82.70 
82.50 
82.30 
82.10 
81.80 
81.60 
81.40 
81.20 
81-00 
80.70 
80.50 
80.30 
80.10 
79.90 
79.70 
79.40 
79.20 
79.00 

84.40 
84.10 
84.00 
83.70 
83.50 
83.30 
83.10 
82.90 
82.70 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 
80.50 
80.30 
80. lo 
79.80 
79.60 
79.40 
79.20 
78.90 

84.40 
84.10 
83.90 
83.70 
83.50 
83.30 
83.10 
82.90 
82.60 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 
80.50 
80.30 
80.10 
79.80 
79.60 
79.30 
79.20 
78.90 

84.30 

83.90 

83.50 

83.10 

82.60 

82.20 

81-80 

81.30 

80.90 

80.50 

80.00 

79.60 

79.20 

84.30 

, 83.90 

83.50 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

84.30 

83.90 

83.40 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

84.30 

83.40 83.90 ,1, 
83.00 

82.60 

82.10 

81.70 

81.30 

80.80 

80.40 * 

80.00 

79.50 

79.10 

OHEAD PRINT FORMAT IS P O W  NUMBER 4 DRAWDOWN PRINT FORMAT IS FORMAT NUMBER 9 
OHEADS WILL BE SAVED ON UNIT 30 DRAWDOWNS WILL BE SAVED ON UNIT 40 
OOUTPUT CONTROL IS SPECIFIED EVERY TIME STEP 
0 COLUMN M Row ANISOTROPY = 1.000000 
0 DELR = 200.0000 
0 DELC = 200.0000 
0 

BYD. COND. ALONG ROWS FOR LAYER 1 WILL BE READ ON UNIT 11 USING P O W :  (16F4.0) ................................................................................................ 
1 2 3 4 5 6 7 8 9 lo 
11 12 13 14 15 16 ............................................................................................................................. 

300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 300.0 
300.0 300.0 
300.0 

0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
175.0 
300.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
175.0 
175.0 
175.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
175.0 
175.0 
175.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
175.0 
175.0 
175.0 

~~~~~ 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
175.0 
175.0 
150.0 

..~.. 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
175.0 
300.0 
150.0 

300.0 300.0 

300.0 300.0 

300.0 300.0 

300.0 300.0 

225.0 225.0 

225.0 225.0 

225.0 225.0 

225.0 225.0 

225.0 225.0 

250.0 250.0 

250.0 250.0 

250.0 250.0 

250.0 250.0 

250.0 250.0 

250.0 250.0 

250.0 250.0 

250.0 250.0 

250.0 250.0 

175.0 175.0 

150.0 150.0 

300.0 

300.0 

300.0 

300.0 

225.0 

225.0 

225.0 

225.0 

225.0 

250.0 

250.0 

250.0 

250.0 

250.0 

250.0 

250.0 

250.0 

250.0 

175.0 

150.0 

300.0 

300.0 

300.0 \ 

300.0 

225.0 

225.0 

225.0 

225.0 

225.0 

250.0 

250.0 

250.0 

250.0 

250.0 

250.0 

250.0 

250.0 

250.0 

175.0 

150.0 

J 
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I. . 
*ix) 5 

175.0 300.0 
150.0 150.0 150.0 150.0 150.0 
175.0 300.0 
150.0 150.0 150.0 150.0 150.0 
175.0 300.0 
150.0 150.0 150.0 150.0 150.0 
175.0 300.0 
150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 

150.0 
22 300.0 

150.0 
23 300.0 

\d 150.0 
0 24 300.0 

150.0 
0 25 300.0 

150.0 
0 26 300.0 

150.0 
0 27 300.0 

150.0 
0 28 300.0 

150.0 
0 29 300.0 

150.0 
0 30 300.0 

150.0 
0 31 300.0 

150.0 
0 32 300.0 

150.0 
0 33 300.0 

150.0 
0 34 300.0 

150.0 
0 35 300.0 

150.0 
0 
0 
0 

150.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0. 
200.0 
150.0 

+ .I >, ' 

175.0 175.0 
175.0 175.0 
175.0 175.0 
175.0 175.0 
175.0 175.0 
175.0 150.0 
175.0 175.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
i50.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 

200.0 500.0 
150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 
200.0 Joo.0 
150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 
200.0 300.0 

BOTPOM - 30.00000 FOR LAYER 1 
VERT HYD COND /'EEICKNESS .1000000E-02 FOR LAYER 1 

TRANSMIS. ALONQ ROWS FOR LAYER 2 WILL BE READ ON UNIT 11 USINQ FORMAT: (16F5.01 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

. 

0 2  

3 

u4 
0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000.  

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

3000. 

3000. 

3000.  

3300.  

3000. 

3000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

5000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

1 2 3 4 5 6 7 8 9 10 

0 1 5000. 5000. 5000. 5000. 5000. 5000. 5000. 5000. 5000. 5000. 

11 12 13 14 15 16 .~..........~............................~...........~.*~*.~.............~.............~........................~............. 
5000. 5000. 5000. 5000. 5000. 5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
3000. 
5000. 

5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
3000. 
5000. 

5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 

5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 

5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
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0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

0 

0 
1 

3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 

3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 

OAVERAGE SEED - -00187355 
MINIMUM SEED .00128278 

0 
5 ITERATION PARAMETgRS 

.OOOOOOOEt00 
0 

6 ITERATIONS FOR TIME 

3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 

3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3300. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 
3000. 
5000. 

3000. 3000. 3000. 3000. 
5000. 5000. 
3000. 3000. 3000. 3000. 
5000. 5000. 
3000. 3000. 3000. 3000. 
5000. 5000. 
3000. 3000. 3000. 3000. 
5000. 5000. 
3000. 3000. 3000. 3000. 
5000. 5000. 
3000. 3000. 3000. 3000. 
5000. 5000. 
3000. 3000. 3000. 3000. 
5000. 5000. 
3000. 3000. 3000. , 3000. 
5000. 5000. 
3000. 3000. 3000. 3000. 
5000. 5000. 
3000. 3000. 3000. 3000. 
5000. 5000. 
3000. 3000. 3000. 3000. 
5000. 5000. 
3000. 3000. 3000. 3000. 
5000. 5000. 
3000. 3000. 3000. 3000. 
5000. 5000. 
3000. 3000. 3000. 3000. 
5000. 5000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

CALCULATKD PROM AVERAGE SEED: 

.7919507Et00 .9567155Et00 .99099473+00 ,9981264EtOO 

3000. 

3000. 3000*’ c1 
3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

. 

J 

oE3AD/DRAWDOWN PRINTOUT FLAG 1 TOTAL BUDGET PRINTOUT PLAO 1 CELL-BY-CELL FLOW TERM FLAG 9 0 
OOUTPUT FLAGS FOR EACH LAYER: 

READ DRAWDOWN HEAD DRAWDOWN 
LAYER PRINTOUT PRINTOUT SAVE SAVE ......................................... 

1 1 1 1 1 
2 1 1 1 1 

1 HEAD I N  LAYER 1 AT END OF TIME STEP 1 I N  STRESS PERIOD 1 ....................................................................... 
1 2 3 4 5 6 7 8 9 10 11 12 1 3  14 15 

16 ............................................................................**...............*..*...........*...-............... 
0 1 92.90 93.00 93.10 93.20 93.30 93.40 93.60 93.70 93.80 93.90 94.00 94.10 94.20 94.30 94.40 

0 2 92.40 92.56 92.69 92.80 92.92 93.04 93.17 93.29 93.39 93.49 93.58 93.67 93.76 93.84 93.92 

0 3 92.00 92.15 92.28 92.41 92.53 92.65 92.77 92.88 92.98 93.08 93.16 93.24 93.32 93.39 93.46 

0 4 91.60 91.75 91.89 92.02 92.15 92.27 92.39 92.49 92.59 92.68 92.75 92.82 92.88 92.94 93.01 

0 5 91.20 91.35 91.50 91.64 91.77 91.90 92.01 92.11 92.21 92.29 92.35 92.39 92.44 92.49 92.55 

94.50 

94.00 

93.50 

93.10 
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’ 6  

u7 
0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

28 

‘ b d  29 
0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

1 

92.60 
90.70 
92.10 
90.20 
91.60 
89.70 
91.10 
89-40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89.10 
88.00 
88.60 
87.70 
88.20 
87.50 
87.90 
87.30 
87.50 
87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84.50 
84.20 
83.80 
83.80 
83.30 
83.50 
82.80 
83.10 
82.30 
82.70 
81-90 
82.20 
81.40 
81-80 
81.00 
81.30 
80.60 
80.80 
80.20 
80.30 
79.70 
79.90 
79.30 
79.40 
78.80 
78.90 
78.40 

90.89 

90.39 

89.93 

89.54 

89.15 

88.80 

88.44 

88.12 

87.82 

87.55 

87.27 

86.94 

86.54 

86.13 

85.70 

85.22 

84.77 

84.31 

83.88 

83.50 

83.09 

82.67 

82.21 

81.77 

81.30 

80.82 

80.35 

79.90 

79.44 

79.00 

91.06 

90.58 

90.12 

89.70 

89.29 

88.92 

88.57 

88.23 

87.91 

87.60 

87.29 

86.96 

86.59 

86.23 

85.80 

85.32 

84.85 

84.40 

83.97 

83.54 

83.10 

82.66 

82.21 

81.76 

81.30 

80.83 

80.37 

79.92 

79.47 

79.00 

91.21 

90.74 

90.28 

89.84 

89.42 

89.03 

88.68 

88.33 

87.99 

87.66 

87.33 

86.99 

86.64 

86.30 

85.88 

85.40 

84.93 

84.47 

84.02 

83.56 

83.11 

82.66 

82.21 

81.75 

81-30 

80.84 

80.39 

79.95 

79.51 

79.10 

91.35 

90.87 

90.41 

89.97 

89.54 

89.14 

88.77 

88.41 

88.06 

87.72 

87.38 

87.04 

86.70 

86.36 

85.96 

85.48 

84.98 

84.50 

84.04 

83.57 

83.11 

82.65 

82.20 

81.74 

81.29 

80.84 

80.40 

79.96 

79.52 

79.10 

91.47 

90.99 

90.53 

90.08 

89.64 

89.23 

88.85 

88.49 

88.13 

87.78 

87.43 

87.08 

86.74 

86.40 

86.01 

85.53 

85.02 

84.53 

84.05 

83.57 

83.11 

82.64 

82.18 

81.73 

81.28 

80.83 

80.39 

79.95 

79.53 

79.10 

91.58 

91.10 

90.63 

90.18 

89.73 

89.31 

88.93 

88.55 

88.18 

87.82 

87.47 

87.12 

86.78 

86.44 

86.05 

85.56 

85.04 

84.54 

84.05 

83.57 

83.09 

82.62 

82.16 

81.71 

81.26 

80.81 

80.37 

79.94 

79.52 

79.10 

91.68 

91.20 

90.73 

90.26 

89.81 

89.38 

88.99 

88.61 

88.23 

87.87 

87.50 

87.15 

86.80 

86.46 

86.07 

85.57 

85.05 

84.54 

84.04 

83.55 

83.07 

82.60 

82.13 

81.67 

81.22 

80.78 

80.34 

79.92 

79.50 

79.10 

91.77 

91.29 

90.81 

90.34 

89.88 

89.44 

89.04 

88.65 

88.27 

87.90 

87.53 

87.17 

86.82 

86.48 

86.07 

85.57 

85.04 

84.52 

84.01 

83.52 

83.03 

82.56 

82.09 

81.63 

81.18 

80.74 

80.30 

79.88 

79.47 

79.10 

91.85 

91.37 

90.89 

90.41 

89.93 

89.49 

89.09 

88.69 

88.30 

87.92 

87.55 

87.19 

86.83 

86.48 

86.07 

85.55 

85.01 

84.48 

83.97 

83.47 

82.98 

82.50 

82.03 

81.57 

81.12 

80.68 

80.24 

79.82 

79.40 

79.00 

READ IN LAYER 2 AT END OF TIME STEP 1 IN STRESS PERIOD 1 

.........................................................*...*........................ 
0 1 91.20 91.20 91.30 91.40 91.50 91.50 91.60 91.70 91-80 91-80 

0 2 90.90 90.97 91.05 91.14 91.22 91.28 91.35 91.43 91.50 91.54 

0 3 90.60 90.71 90.80 90.88 90.95 91.02 91.08 91.15 91.21 91.26 

0 4 90.40 90.46 90.53 90.61 90.68 90.74 90.80 90.86 90.91 90.96 

92.10 

91.80 

91.40 

91.10 

90.70 
0 5 90.10 90.18 90.25 90.33 90.40 90.46 90.52 90.57 90.62 90.65 

0 6 89-80 89.89 89.97 90.04 90.11 90.17 90.22 90.27 90.31 90.34 

0 7 89.50 89.60 89.68 89.76 89.82 89.88 89.93 89.97 90.00 90.03 

0 8 89.20 89.32 89-40 89.47 89.53 89.58 89.63 89.66 89.69 89.71 

90.30 

90.00 

91.92 

91.45 

90.96 

90.47 

89.98 

89.53 

89.12 

88.71 

88.32 

87.94 

87.56 

87.19 

86.83 

86.47 

86.05 

85.52 

84.97 

84.43 

83.92 

83.41 

82.92 

82.43 

81.96 

81.50 

81.05 

80.61 

80.17 

79.74 

79.32 

78.90 

11 

. . . . . . . 
91.90 

91.60 

91.30 

91.00 

90.68 

90.37 

90.05 

89.72 

91.96 

91.53 

91.04 

90.52 

90.02 

89.56 

89.14 

88.73 

88.33 

87.94 

87.56 

87.19 

86.82 

86.45 

86.01 

85.47 

84.90 

84.36 

83.84 

83.33 

82.83 

82.35 

U.88 

81.42 

80. 97 

80.53 

80.09 

79.66 

79.23 

78.80 

12 

. . . . . . . . . 
91.90 

91.63 

91.34 

91.03 

90.71 

90.38 

90.06 

89.73 

92.01 

91.57 

91.09 

90.55 

90.04 

89.57 

89.14 

88.73 

88.33 

87.94 

87.56 

87.19 

86.81 

86.43 

85.96 

85.39 

84.82 

84.27 

83.76 

83.24 

82.73 

82.24 

81.77 

81.32 

80.87 

80.43 

80. 00 

79.56 

79.13 

78.70 

13 

I . . . . . . . . 
92.00 

91.68 

91.37 

91.05 

90.72 

90.39 

90.06 

89.72 

92.05 

91.60 

91.11 

90.57 

90.04 

89.57 

89.13 

88.71 

88.31 

87.93 

87.55 

87.18 

86.81 

86.41 

85.91 

85.31 

84.73 

84.16 

83.63 

83.10 

82.59 

82.12 

81.65 

81.21 

80.77 

80.33 

79.89 

79.46 

79.02 

78.60 

14 

92’.08 

91.62 

91.11 

90.55 

90.03 

89.55 

89.11 

88.67 

88.B 

87. 91 

87.54 

87.19 

86.83 

86.40 

85.88 

85.22 

84.60 

83.99 

83.44 

82.93 

82.44 

81.99 

81.52 

81.09 

80.67 

80.25 

79.79 

79.36 

78.91 

78.50 

15 

.................. 
92.00 . 92.10 

91.71 91.76 

91.39 91.41 

91.07 91-08 

90.73 90.72 

90.39 90.36 

90.05 90.03 

89.71 89.70 
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0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

89.70 
89.00 
89.30 
88.70 
89.00 
88.50 
88.50 
88.30 
88-10 
88-10 
87.80 
87.80 
87.50 
87.50 
87.20 
87.10 
86.90 
86.80 
86.50 
86.40 
86.20 
86.10 
85;80 
85.70 
85.40 
85.30 
85.00 
84.90 
84.50 
84.40 
84.10 
84.00 
83.70 
83.60 
83.30 
83.20 
82.90 
82.80 
82.50 
82.30 
82.00 
81.90 
81.60 
81.50 
81.20 
81.00 
80.70 
80.60 
80.30 
80.20 
79.80 
79.70 
79.30 
79.30 
78.90 

89.06 

88.79 

88.55 

88.32 

88.07 

87.78 

87.48 

87.14 

86.80 

86.44 

86.10 

85.75 

85.34 

84.89 

84.43 

84.00 

83.58 

83.17 

82.75 

82.30 

81.88 

81.45 

81-00 

80.58 

80.15 

79.70 

79.30 

89.13 

88.86 

88.60 

88.34 

88.07 

87.79 

87.49 

87.17 

86.82 

86.45 

86.10 

85.75 

85.34 

84.87 

84.42 

83.99 

83.56 

83.14 

82.72 

82.28 

81.85 

81.42 

80.98 

80.55 

80.11 

79.66 

79.20 

89.19 

88.92 

88.64 

88.37 

88.10 

87.82 

87.53 

87.22 

86.86 

86.46 

86.08 

85.70 

85.28 

84.85 

84.41 

83.97 

83.54 

83.12 

82.70 

82.26 

81.83 

81.39, 

80.96 

80.52 

80.09 

79.65 

79.20 

89.25 

88.96 

88.68 

88.40 

88.12 

87.85 

87.58 

87.25 

86.86 

86.46 

86.06 

85.66 

85.25 

84.82 

84.39 

83.96 

83.52 

83.10 

82.67 

82.24 

81.80 

81.37 

80.94 

80.50 

80.07 

79.64 

79.20 

89.29 

89-00 

88.71 

88.43 

88.14 

87.87 

87.60 

87.26 

86.86 

86.45 

86.04 

85.63 

85.22 

84.79 

84.37 

83.94 

83.51 

83.08 

82.64 

82.21 

81.78 

81.35 

80.91 

80.48 

80.05 

79.63 

79.20 

89.33 

89.03 

88.74 

88.44 

88.16 

87.88 

87.61 

87.27 

86.85 

86.43 

86.02 

85.61 

85.19 

84.77 

84.34 

83.91 

83.48 

83.05 

82.62 

82.19 

81.76 

81.32 

80.89 

00.47 

80.04 

79.62 

79.20 

89.36 

89.05 

88.75 

88.45 

88.16 

87.88 

87.60 

87.26 

86.83 

86.41 

86.00 

85.59 

85.17 

84.75 

84.32 

83.89 

83.46 

83.03 

82.60 

82.17 

81.73 

81.30 

80.87 

80.44 

80.02 

79.61 

79.20 

89.38 

89.07 

88.76 

88.45 

88.15 

87.86 

87.58 

87.23 

86.80 

86.38 

85.97 

85.56 

85.14 

84.72 

84.30 

83.87 

83.44 

83.01 

82.58 

82.15 

81.71 

81.28 

80.85 

80.42 

80.00 

79.59 

79.20 

89.39 

89.07 

88.76 

88.44 

88.14 

87.84 

87.55 

87.19 

86.76 

86.35 

85.94 

85.53 

85.11 

84.69 

84.27 

83 * 85 

83.42 

82.99 

82.56 

82.12 

81.69 

81.25 

80.82 

80.39 

79.97 

79.54 

79.10 

89.40 

89.07 

88.74 

88.42 

88.10 

87.79 

87.49 

87.12 

86.71 

86.30 

85.90 

85.49 

85.08 

84.66 

84.24 

83.83 

83.41 

82.98 

82.54 

82.10 

81.67 

81.23 

80.80 

80.36 

79.94 

79.52 

79.10 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  ........... 
0 1 .oo 
0 2 .oo 
0 3 .oo 
0 4 .oo 
0 5 -00 
0 6 .OO 
0 7 .oo 
0 8 -00 
0 9 .oo 
0 10 .oo 
0 11 .oo 
0 12 .oo 
0 13 .OO 
0 14 -00 
0 15 .OO 
0 16 .OO 
0 17 -00 
0 18 .oo 
0 19 .oo 
0 20 .oo 
0 21 .oo 

...... 
-00 
.04 
.05 
.05 
-05  
-01 
.Ol 

- a 0 3  
-.04 
-05 
.oo 

-.04 
-.02 
-.02 

...... 
.oo 
.Ol 
02 
.01 -. 00 

-.06 
* 02 

-.02 
* 00 
.01 

-.02 
.03 

- .03 
-.01 

- 0 5  -.OO 
.03 .01 

-.04 -04 
-.04 
-.03 -. 00 -. 02 

.01 
-.03 
-.oo 
-.02 

, . . . . . . . . . . . . 
-00 -00  

-.oo -.02 
-.01 - .03 
-.02 .05 
-.04 -03  
-.01 .05 
-.04 -03  

.02 -.01 
-.04 .03 
-.02 -.04 
-.03 -.04 

.02 .03 
-SO3 -.01 
.01 -04  
.04 -.02 

-.03 -02 
-01 -.04 

-.04 .OO 
-00  -04 
.02 .04 
.oo .02 

...... 
-00  

-.04 
.05 
.03 
-00 
.03 
.Ol 

-.03 
-02 

-a04 
-.03 

-05 
.01 

-.03 
-02 

-SO3 
-02 

-.04 
-.oo 
-.01 
-.03 

......a 

* 00 
-03 
.03 
* 01 

-.01 
.02 

-.oo 
-.03 

.02 
-.03 
-.01 
-.03 
.05 
-02  -. 02 
-03  

-.02 
.02 -. 04 

-.05 
.04 

t . . . . . . . . . . . 
.oo .oo 
.01 .01 
-02 .02 
.01 .01 

-.01 -.01 
.02 .03 
.oo .01 

-.03 -.01 
.04 -.04 

-.01 .02 
.02 -.04 
-01 -.04 

-.01 -05 
-.03 -03 

.03 -00  
-.OO -.03 
.05 .03 

-.oo -.02 
.04 .02 
.03 -03  
.03 -03 

m................. 

-00  .oo .oa 
.01 .02 .03 
-02 -04 -.04 
-02  .05 -.02 
-01 .05 -01 
-05  -.02 .04 
-03  .05 -.03 
-01 -04 -.04 

-.01 -03  -.02 
-.03 .02 -.02 
-01 -.03 .04 
.01 -.02 -.04 
-01 -SO1 -.03 

- a 0 0  -.02 - .03 
-.02 -.04 -.04 

.05 -04 .04 
-01 .01 .01 -01 .02 .01 

- .03 - . 03  -.02 -.01 -.01 - .03 
-02 -03 -05 -.03 -.01 -.OO 
-03 - 0 5  -.01 -04 -.01 .02 
-05 - -02 -03  -01 -.01 -.02 

............. 
1 .oo .oo 

-04 -.04 
-.02 .01 

-02 -.04 
-.04 -01 
-.01 .05 

.03 -.OO 

.01 -.01 
-05 .03 

-.04 -.04 

-.04 - .03 
-03 .03 

-.03 -.01 
-.03 -.01 
-.04 - .03 

-04 .05 

89.39 

89.06 

88.72 

88.39 

88.06 

87.73 

87.40 

87.03 

86.65 

86.26 

85.86 

85.46 

85.05 

84.63 

84.22 

83.81 

83.41 

82.98 

82.53 

82.08 

81.64 

81.21 

80.77 

80.34 

79.91 

79.49 

79.10 

16 

89.38 

89.04 

88.69 

88.35 

88.01 

87.68 

87.34 

86.98 

86.61 

86.23 

85.84 

85.43 

85.03 

84.61 

84.20 

83.79 

83.39 

82.96 

82.51 

82.07 

81.63 

81.19 

80.75 

80.31 

79.88 

79.44 

79.00 

I............... 

-00 .oo 
-.02 .oo 

.04 -00  
-.01 

.05 

.02 
-.02 
-.01 

-05  
- .03 
-.OS 
-.01 

.03 

.03 
-.01 
-.04 

.oo . 00 

.oo . 00 . 00 . 00 
-00 . 00 . 00 . 00 
-00 
.oo 
.oo 
.oo 
-00  
-00  
.oo 
-00 

89.36 

89.01 

88.65 

88.29 

87.96 

87.62 

87.29 

86.94 

86.58 

86.20 

85.82 

85.42 

85.00 

84.58 

84.17 

83.76 

83.35 

82.92 

82.49 

82.05 

81.61 

81.18 

80.73 

80.29 

79.85 

79.41 

79.00 

88.22 

87.89 

87.56 

87.24 

86.91 

86-54 

86.19 

85. 80 

85.40 

84.99 

84.55 

84.14 

83.73 

83.32 

82.91 

82.48 

82.03 

81.60 

81.17 

80. i, J. 
79.82 

79.36 

78.90 
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0 22 
23 ' 
24 
25 

b2' 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
1 

.oo 
-00 . 00 . 00 
.oo . 00 . 00 
.oo 
-00 . 00 
-00 
* 00 
.oo 
* 00 

- 
1 

-03 
-.01 

.02 . 00 . 01 

.03 
-.01 

.03 . 00 
-.02 

-05 
-.oo 
-.04 

.oo 
, - - - - - - 

2 

.05 -.03 -02 -e02 -.04 .05 -.04 

.OO -03 -.OO -e03 -.04 -.04 -.02 
-03  -.02 -.04 -05 .05 -.04 -SO1 

-.04 -04 -03 -03 -03 -05 -.02 
-.OO -e01 -.01 -.01 -01 -03 -.03 

-04 -04 -05 -a04 -.02 -00 -04 
-.01 -.01 r.00 -02 -04 -.03 -01 

-04 -05 -.04 -a03 -.01 -03 -.03 
.OO .OO . O l  SO2 .04 -.02 .02 

-.03 -.04 -.04 - e 0 3  -.01 -02 -a04 
-03 -01 -00 -01 -03 -.04 -.OO 

-.02 .05 .04 -05 -.04 -.02 .02 
.03 -.01 -.02 -.03 -.02 -.OO .03 
.oo -00 .oo .oo -00 -00 .oo 

DRAWDOWN I N  LAYER 2 AT ElOD OF TIWE STEP .------------------------------------------ 
3 4 5 6 7 0 9  

-.01 -03 -.OO 
-02 -.03 .04 
-03 -.02 -.04 
-03 -.01 -.03 
-02 -.02 -.03 

-.DO -.03 .05 
-.03 -04 -02 

-03 -.OO -.02 
-.02 -05 .03 

-02 -.01 -.03 
-.04 .03 -01 
-.02 -.04 -04 
-.OO -.02 -.03 

4 - 2 '  -. 02 
-03 
-04 

-.04 
-.03 
-.04 

.03 
-.02 

.03 
-.03 . 00 

-04 
-.03 

-00 .oo .oo .oo 
1 I N S T R E S S P E R I O D  1 

-.03 
-04 

-.03 
-.oo 

.01 
-.02 

.05 
-.01 

.03 
-.03 

* 01 
.04 

-.02 . 00 

14 

-. 00 
. O l  

-.04 
-.03 
-.04 . 01 
-.02 

. O l  
-03 
.05 
-01 
.04 

-.01 . 00 

15 

. 00 . 00 . 00 

.oo 

.oo 

.oo . 00 
* 00 
.oo 
.oo . 00 . 00 . 00 . 00 

16 

0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 1 3  
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 

0 21 
0 22 
0 23 
0 24 
0 25 

26 
!7 

0 2 0 ,  

' v i 8 9  
0 30 
0 3 1  
0 32 
0 33 
0 34 
0 35 

. 00 . 00 

.oo 

.oo 
-00 
.oo . 00 
-00  
-00  
.oo 
-00  
.oo . 00 . 00 . 00 . 00 
-00 
-00 
-00 
-00 
-00 
-00 
-00 
-00 
.oo 
-00  . 00 
-00  
.oo 
.oo 
-00 
-00 
-00 

-.01 
-04 
.02 
. O l  
.OD 

-.02 
-04 
. O l  
05 -. 02 

.03 
-02 
.02 

-a04 
.oo 

-.04 . 00 
-05 

-.04 . 01 
-.03 

.oo 
* 02 
-03  
- 0 5  -. 00 
.02 
.05 

-.oo 
.02 
.05 

-.oo 
.oo 

. 00 
-.03 

-05 
-03  
.02 

-.oo 
-.03 

.04 . 00 
-.04 

.03 

. O l  
01 

.03 
-.02 

.05 . 00 

.05 
-.04 

.03 
-.02 

.01 

.04 
-.04 
-.02 

.02 

.05 
-.02 

.02 
-05  

-.01 
.04 
-00  

.02 
-.01 
-.03 
-.04 

.04 

.03 . 01 
-.02 
-.04 

.03 . 00 
-.02 
-.03 
-.02 

.04 

.04 

.02 

.oo 
-02 
-05 

-.01 
.03 

-.04 
-.02 . 00 

-04 
-.03 

.01 
04 

-.02 
.01 
-05 
.oo 

.05 

.02 

.oo 
-.01 -. 02 
-.03 

.05 
-04 
.02 . 00 

-.02 
.05 
.02 
.05 
.Ob 
.04 
.04 
.04 
.05 

-.02 
. O l  
.04 

-.02 
< 00 
-03 

-.04 
-.oo 

.03 
-.04 
-.a0 

.03 
-.04 . 00 

-.02 
-.04 

.04 

.03 
-02 
.02 . 01 . 00 

-.01 
-.03 
-.04 

-03 
-.oo 

-04 
.05 
-05 

-.04 
-.03 
-.02 

.01 
-03 

-.04 
-.01 

.02 
-.04 
-.01 

.02 
-05 

-.01 
.02 
-05 

-.03 . 00 

.02 
-.oo 
-.02 
-.02 
-.03 
-.03 
-.03 
-.03 
-.04 

.06 
-04  
.02 

-.01 
.03 
.05 

-.03 
-.02 
-.01 

.01 

.03 
-.04 
-.01 

.02 

.05 
-.02 

-01 
-04  

-.02 
-01 
.03 

-.04 
-.02 

.oo 

.05 -.01 -04 
-04 -.01 -04 
-03 -.02 -05 
-03 -.01 -.04 
.03 -.OO -.03 
-04 .01 -.01 
-04 .02 .01 
-05 .03 .03 
-05 .04 .04 

I -05 -05 -.04 
-04 .05 -.04 
-02 -04 -.04 

-.OO -02 -05 
-04 -.03 -01 

-.03 -.OO -04 
-.01 .02 -05 

-00 -03 -.04 
-01 -04 -.03 
.03 -.04 -.01 
-05 -.02 -01 

-.02 .OO -03 
.01 .03 -05 
.04 -.04 -.02 

-.03 -.01 -01 
-00 -02 .04 
-03 -05 -.02 

-.03 -.01 -01 
-.OO -02 -05 

-03 .05 -.02 
-.04 -.02 -01 
-.02 -00 -03 
-.01 .01 -.04 

I .oo - 0 0 '  .oo 

-00 -.04 
-00 -.03 
.02 -.01 
.03 .02 
-05 .04 

-.02 -.03 
.oo .01 
-03 -04 

-.04 -.02 
-.02 .01 
-.OO -04 

.01 -.03 

.01 .oo 
-.02 -.03 
-.01 -05 
-.OO .04 

.OO .04 
'.01 .04 
.02 -05 
.04 -.03 

-.04 -.02 
-.03 -.01 
-.01 -.01 

.02 .02 
-e04 - .03  
-.oo .02 

.03 -.04 
-.03 -.01 

.OO .03 
-04 -.04 

-.04 -.01 
-.02 .01 
".OO .oo 

ODRAWDOWN WILL BE SAVgD OH U N I T  40 A T  END OF T I M E  STEP 
0 

1, STRESS PERIOD 1 

0 

0 
0 

0 
0 
0 

e03 .01 -.01 
.05 .03 -02 

-.02 -.03 -.02 
.01 .01 .04 

I -04 -05 -.03 
-.02 -.01 .oo 

-02 -04 -.04 
-.04 -.01 .01 

.01 .05 .01 
-05 e01 -.02 

-.01 -04 -01 
a02 -a02 .04 

t -a04 -01 -,04 
.02 -.04 -.01 

I -.01 .02 -.04 
-a03 -.OO -01 
-.04 -.02 -.OO 
-a03 -.02 -.OO 

, -.03 -.OO .01 
I -.01 -02 -05 

-00 .03 -.04 
a01 -04 -a03 
e01 .05 -.02 
-04 -.02 -.01 

-.01 .01 .02 
-03 -05 -.03 

- e 0 3  -.01 -.OO 
.01 .02 .03 
-05 -a03 -.02 

-.01 .01 .02 
.02 -05 -.02 

-.04 -.01 -04 
I .oo .oo .oo 

. 00 . 00 . 00 

.oo . 00 

.oo 

.oo . 00 . 00 . 00 . 00 . 00 

.oo . 00 

.oo . 00 

.oo . 00 

.oo 

.oo . 00 . 00 . 00 . 00 . 00 

.oo 
-00 
.oo 
.oo . 00 . 00 
.oo 
.oo . 00 

I N :  --- 
STORAGE 

CONSTANT HEAD 
TOTAL I N  

OUT: ---- 
STORAGE 

CONSTANT HEAD 
TOTAL OUT 

I N  - OUT 
PERCENT DISCREPANCY 

,00000 
.52090E+O8 
.52090E+O8 

.ooooo 

.52089E+08 

.52089Et08 
1328.0 . 00 

I N :  --- 
STORAQE = 

CONSTANT BEAD = 
TOTAL I N  - 

OUT: ---- 
STORA(3E = 

CONSTANT BEAD = 
TOTAL OUT = 

I N  - OUT * 
PERCENT DISCREPANCY = 

L**3/T 

.ooooo 

.142713+06 

.14271E+06 

.ooooo 

.142713+06 

.14271EtO6 
3.6406 . 00 

0 

TIME SUMMARY AT END OF TIME STEP 1 I N  STRESS PERIOD 1 
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1 U.S. GEOLOGICAL SURVEY MODULRR FINITE-DIFFERENCE GROUND-WATER MODEL 
OSEIELDALMY METALLURGICAL CORWRAIPION FOCUSED FS - EYD-IC SIMULATION VERIFICATION 

2 LAYBRS 35 Rows 16 COLUHHS , 1 STRESS PERIOD(S) IN SIMULATION 
IODBL TIME UNIT IS DAYS 

bUI /O UNITS: 
iLEMENT OF IUNIT: 1 2 3 4 5 6 7 8 9 10 11 12 13 i 4  15 16 17 18 19 20 21 22 23 24 

I/OUNIT: 1112 0 0 0 0 0 0 1 9  0 0 2 2  0 0 0 0 0 0 0 0 0 0 0 0 
0-1 -- BASIC MODEL PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 1 
ARRAYS RES AND BUFF WILL SaARE MEMORY. 
START BEAD WILL BE SAVED 

10699 ELEMENTS IN X -Y ARE USED BY BAS 
10699 BLEMEloTS OF X ARRAY USED OUT OF 100000 

OBCFl -- BLOCX-- PLOW PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 11 
STEADY-STATE SIMUL&TION 

LAYER AQUIwR.pYpE ------------------- 
1 1 
2 0 

1122 ELEMENTS IN X ARRAY ARE USED BY BCF 
11821 ELEMENTS OF X ARRAY USED OUT OF 100000 

OWEL1 -- WELL PACKAGE, VERSION I, 9/1/87 INPUT READ FROM 12 
MAXIMUHOP 4wEus 

16 ELEMENTS IN X ARRAY ARE USED FOR WELLS 
11837 ELEMENTS OF X ARRAY USED OUT OF 100000 

OSIPl -- STRONGLY IMPLICIT PROCEDURE SOLUTION PACKAGE, VERSION 1, 9/1/87 INPUT READ FROH UNIT 
MAXIMUM OF 50 ITERATIONS ALLOWED W R  CLOSORE 
5 ITERATION PARAMGTERS 

4685 ELEMEl4T.S IN X ARRAY ARE USED BY SIP 
16522 ELEMENTS OF X ARRAY USED OUT OF 100000 

1SBIELDALLOY MWAILURGICAL CORWRAIPION FOCUSED FS - EYDROOWllOOIC SIMULATION VERIFICATION 
0 

0 2  
0 3  
0 4  
0 5  
0 6  
' 7  

8 

-0 1: 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
0 

~~ 

-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 

1 

.. 
-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

2 

~. 
-1 
1 
1 
1 
1 
1 
1 
'1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

3 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

4 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

5 

1 M PUMPING CONDITIONS 4/13-15/92 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ......................................................................... 
0 1  -1 -1 -1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

19 

1 TO PIMPING CONDITIONS 4/13-15/92 

-1 -1 -1 -1 
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
-1 -1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 -1 
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 - 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
-1 -1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
-1 -1 

BOUNDARY ARRAY FOR LAYER 2 WILL BE READ ON UNIT 1 USING FORMAT: (16131 

6 7 8 9 10 11 12 13 14 15 16 ......................................................................... 
-1- 



0 1  
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 

-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
.2 2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
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2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 0 34 2 

0 35 -2 -2 -2 -2 -2 -2 -2 -2 
OAQUIPER HgAD WILL BE SET TO 
0 

999.99 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 

2 2 2 2 - 2  
-2 -2 -2 -2 -2 -2 -2 -2 
AT AI& NO-PLOW MODES ( IBOURD~0)-  

I N I T I A L  BEAD FOR LAYER 1 WILL BE READ ON UNIT 1 USING P O W :  (16F5.1) ................................................................................................ 
1 2 3 4 5 6 7 8 9 lo 

11 12 13 14 15 16 ................................................................................................................*.........* I 
0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

92.90 
94.00 
92.40 
93.60 
92.00 
93.20 
91.60 
92. 80 
91.20 
92.40 
90.70 
91.90 
90.20 
91.50 
89.70 
91.00 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89-10 
88-00 
88.70 
87.70 
88.30 
87.50 
87.90 
87.30 
87.60 
87.00 
87.20 
86.50 
86.80 
86.00 

93.00 
94.10 
92.60 
93.70 
92.20 
93.20 
91.80 
92.80 
91.40 
92.40 
90.90 
92.00 
90.40 
91.50 
89-90 
91.00 
89.50 
90.50 
89.20 
90.00 
88.80 
89.60 
88.40 
89.10 
88-10 
88.70 
87.80 
88.30 
87.60 
87.90 
87.30 
87.60 
86.90 
87.20 
86.50 
86.80 
86.10 

93.10 
94.20 
92.70 
93.80 
92.30 
93.30 
91.90 
92.90 
91.50 
92.40 
91.00 
92.00 
90.60 
91.60 
90.10 
91.10 
89.70 
90.60 
89.30 
90.00 
88.90 
89.60 
88.60 
89-10 
88.20 
88.70 
87.90 
88.30 
87.60 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.20 

93.20 
94.30 
92.80 
93.80 
92.40 
93.40 
92.00 
92.90 
91.60 
92.50 
91.20 
92.10 
90.70 
91.60 
90.30 
91-10 
89-80 
90.60 
89.40 
90.00 
89.00 
89.60 
88.70 
89-10 
88.30 
88.70 
88.00 
88.30 
87.70 
87.90 
87.30 
87.60 
87. 00 
87.20 
86.60 
86.80 
86.30 

93.30 93.40 
94.40 94.50 
92.90 93.00 
93.90 . 94.00 
92.50 92.70 
93.50 93.50 
92.20 92.30 
93.00 93.10 
91.80 91.90 
92.60 92.60 
91.40 91.50 
92.10 92.10 
90.90 91.00 
91.60 91.60 
90.40 90.50 
91.10 91.10 
90.00 90.10 
90.60 90.50 
89.50 89.60 
90.00 90.00 
89-10 89.20 
89.50 89.50 
88.80 88.90 
89.10 89.10 
88.40 88.50 
88.70 88.60 
88.10 88-10 
88.30 88.20 
87.70 87.80 
87.90 87.90 
87.40 87.40 
87.50 87.50 
87.00 87.10 
87.20 87.20 
86.70 86.70 
86.80 86.90 
86.40 86.40 

93.60 

93.20 

92.80 

92.40 

92.00 

91.60 

91.10 

90.60 

90.20 

89.70 

89.30 

88.90 

88.60 

88.20 

87.80 

87.50 

87.10 

86.80 

86.40 

93.70 

93.30 

92.90 

92.50 

92.10 

91.70 

91.20 

90.70 

90.30 

89.80 

89.40 

89.00 

88.60 

88.20 

87.90 

87.50 

87.20 

86.80 

86.50 

93.80 

93.40 

93.00 

92.60 

92.20 

91-80 

91.30 

90.80 

90.30 

89.90 

89.40 

89.00 

88.70 

88.30 

87.90 

87.50 

87.20 

86.80 

86.50 

93.90 

93.50 

93.10 

92.70 

92.30 

91.90 

91.40 

90.90 

90.40 

89-90 

89.50 

89-10 

88.70 

88.30 

87.90 

87.60 

87.20 

86.80 

86.50 

-2- 



0 20 

tq f: 
0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

86.50 
85.60 
86.10 
85.10 
85.50 
84.70 
85.00 
84.20 
84.40 
83.80 
83.90 
83.50 
83.40 
83.10 
82.90 
82.70 
82.40 
82.20 
82.00 
81.80 
81.50 
81.30 
81-10 
80.80 
80.60 
80.30 
80.20 
79.90 
79.70 
79.40 
79.30 
78.90 
78.90 

1 
11 ............ 

0 1 91.20 

‘ 2  

3 

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

‘e 

91.90 
90.90 
91.60 
90.60 
91.30 
90.40 
91.00 
90.10 
90.70 
89.80 
90.40 
89.50 
90.10 
89.20 
89.70 
89-00 
89.40 
88.70 
89.10 
88.50 
88.70 
88.30 
88.40 
88.10 
88.10 
87. 80 
87.80 
87.50 
87.50 
87.10 
87.10 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.70 
85.50 

86.50 
85.70 
86.00 
85.20 
85.50 
84.80 
84.90 
84.30 
64.40 
83.90 
83. 80 
83.50 
83.30 
83.10 
82.80 
82.70 
82.40 
82.20 
81.90 
81.80 
81.40 
81.30 
81.00 
80.80 
80.50 
80. 40 
80.10 
79.90 
79.70 
79.40 
79.20 
79.00 
78.80 

86.40 
85.80 
86.00 
85.30 
85.40 
84.90 
84.80 
84.40 
84.30 
84.00 
83.80 
83.50 
83.20 
83.10 
82.70 
82.70 
82.20 
82.20 
81.80 
81.80 
81.30 
81.30 
80.90 
80.80 
80.40 
80.40 
80.00 
79-90 
79.60 
79.50 
79.10 
79.00 
78.70 

86.40 
85.90 
85.90 
85.40 
85.30 
84.90 
84.70 
84.50 
84.20 
84.00 
83.60 
83.60 
83.10 
83.10 
82.60 
82.70 
82.10 
82.20 
81.70 
81.80 
81.20 
81.30 
80. 80 
80.80 
80.30 
80.40 
79.90 
80.00 
79.50 
79.50 
79-00 
79.10 
78.60 

86.40 
86.00 
85.90 
85.50 
85.20 
85.00 
84.60 
84.50 
84.00 
84.00 
83.40 
83.60 
82.90 
83.10 
82.40 
82.70 
82.00 
82.20 
81.50 
81.70 
81.10 
81.30 
80.70 
80.80 
80.30 
80.40 
79-80 
80.00 
79.40 
79.50 
78.90 
79-10 
78.50 

86.40 
86.00 
81.90 
85.50 
85.10 
85.00 
84.50 
84.50 
83.80 
84.10 
83.30 
83.60 
82.80 
83.10 
82.30 
82.60 
81.90 
82.20 
81.40 
81.70 
81.00 
81.30 
80.60 
80.80 
80.20 
80.40 
79.70 
80.00 
79.30 
79.50 
78.80 
79.10 
78.40 

r ’ r i  

86.00 , 

85.60 

85.00 

84.50 

84.10 

83.60 

83.10 

82.60 

82.20 

81.70 

61.30 

80.80 

80.40 

79.90 

79.50 

79.10 

86.10 

85.60 

85.10 

84.50 

84.00 

83.60 

83.10 

82.60 

82.10 

81.70 

81.20 

BO. 80 

80.30 

79.90 

79.50 

79.10 

86.10 

85.60 

85.00 

84.50 

84.00 

83.50 

83.00 

82.60 

82.10 

81.60 

81.20 

80.70 

80.30 

79.90 

79.50 

79.10 

86.10 ‘ 

85.60 

85 * 00 

84.50 

84.00 

83.50 

83.00 

82.50 

82.00 

81.60 

61.10 

80.70 

80.20 

79.80 

79.40 

79.00 

INITIAL HEAD FOR LAYER 2 WILL BE RgAD ON UNIT 1 USING FORMAT: (16F5.1) 

2 3 4 5 6 
12 13 14 15 16 ..............................................*.................. 

91.20 91.30 91.40 
91.90 
91.00 
91.60 
90.70 
91.30 
90.50 
91.00 
90.20 
90.70 
89.90 
90.40 
89.60 
90.10 
89.30 
89.70 
89.10 
89.40 
88-80 
89-10 
88.60 
88.70 
88.30 
88.40 
88.10 
88.10 
87.80 
87.70 
87.50 
87.40 
87.10 
87.00 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.80 
85.50 

92.00 
91-10 
91.70 
90.80 
91.40 
90.50 
91.10 
90.30 
90.70 
90.00 
90.40 
89.70 
90.10 
89.40 
89.70 
89.10 
89-40 
88.90 
89.00 
88.60 
88.70 
88.30 
88.40 
88.10 
88.00 
87.80 
87.70 
87.50 
87.30 
87.20 
87.00 
86.80 
86.60 
86.50 
86.20 
86.10 
85.80 
85.80 
85.40 

92.00 
91.10 
91.70 
90.90 
91.40 
90.60 
91.10 
90,30 
90.70 
90.00 
90.40 
89.80 
90.10 
89.50 

89.20 

88.90 
89.00 
88.60 
88.70 
88.40 
88.30 
88.10 
88.00 
87.80 
87.60 
87.50 
87.30 
87.20 
86.90 
86.90 
86.60 
86.50 
86.20 
86.10 
85.80 
85.70 
85.40 

89.70 

89-40 

91.50 91.50 
92.10 92.10 
91.20 91.30 
91.80 91.80 
91.00 91.00 
91.40 91.40 
90.70 90.70 
91.10 91.10 
90.40 90.50 
90.70 90.70 
90.10 90.20 
90.40 90.30 
89.80 89.90 
90.00 90.00 
89-50 89.60 
89.70 89.70 
89.30 89.30 
89.30 89.30 
89.00 89.00 
89.00 89.00 
88.70 88.70 
88.60 88.50 
88.40 88.40 
88.20 88.10 
88.10 88.10 
87.90 87.80 
87.90 87.90 
87.60 87.50 
87.60 87.60 
87.20 87.20 
87.30 87.30 
86.90 86.90 
86.90 86.90 
86.50 86.50 
86.50 86.50 
86.20 86.20 
86.10 86.00 
85.80 85.80 
85.70 85.60 
85.40 85.40 

-3- 

7 8 9 10 

.............................................. 
91.60 

91.40 

91.10 

90.80 

90.50 

90.20 

89-90 

89.60 

89.30 

89.00 

88.70 

88.50 

88.20 

87.90 

87.60 

87.30 

86.90 

86.40 

86.00 

85.60 

91.70 

91.40 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.30 

86.80 

86.40 

86.00 

85.60 

91.80 

91.50 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.20 

86.80 

86.40 

86.00 

85.60 

91-80 

91.50 

91.30 

91.00 

90.70 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.40 

88.10 

87. 80 

87.60 

87.20 

86.80 

86.40 

85.90 

85.50 



0 2 1  

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 3 1  

0 32 

0 33 

0 34 

0 35 

85.30 85.30 
85.10 85.10 
84.90 84.90 
84.70 84.60 
84.40 84.40 
84.20 84.20 
84.00 84.00 
83.80 83.80 
83.60 83.60 
83.40 83.40 
83.20 83.20 
83.00 83.00 
82.80 82.80 
82.50 82.50 
82.30 82.30 
82.10 82.10 
81.90 81-90 
81-70 81.60 
81.50 81.50 
81.20 81.20 
81-00 81.00 
80.80 80.80 
80.60 80.60 
80.40 80.30 
80.20 80.20 
79.90 79.90 
79.70 79.70 

- 79.50 79.50 
79.30 79.30 
79.10 79.10 

OHEAD PRINT FORMAT IS FORMAT 
OHEADS WILL BE SAVED ON UNIT 
OOUTPUT CONTROL IS SPECIFIED 
0 
0 
0 
0 

1 2 
11 12 

85.30 85.30 85.30 85.20 85.20 85.20 
85.00 85.00 85.00 85.00 
84.90 84.90 84.80 84.80 84.80 84.80 
84.60 84.60 84.60 
84.40 84.40 84.40 84.30 
84.20 84.20 84.10 
84.00 84.00 84.00 83.90 
83.80 83.80 83.70 
83.60 83.50 83.50 83.50 
83.40 83.40 83.30 
83.10 83.10 83.10 83.00 
83.00 82.90 82.90 
82.70 82.70 82.70 82.60 
82.50 82.50 82.50 
82.30 82.30 82.20 82.20 
82.10 82.10 82.00 
81.90 81.60 81.80 81.70 
81.60 81.60 81.60 
81.40 81.40 81.40 81.30 
81.20 81.20 81.20 
81.00 81.00 80.90 80.90 
80.80 80.70 80.70 
80.60 80.50 80.50 80.40 
80.30 80.30 80.30 
80. 10 BO. 10 80.10 80.00 

84.50 
84.40 84.30 
84.10 
83.90 83.90 
83.70 
83.50 83.50 
83.30 
83.10 83.10 
82.90 
82.60 82.60 
82.50 
82.20 82.20 
82.00 
81.80 81.80 
81.60 
81.40 81.30 
81.20 
80.90 80.90 
80.70 
80.50 80.50 
80.30 
80.10 80.00 

79.90 79.90 79.80 79.80 
79.70 79.70 79.60 79.60 79.60 79.60 
79.40 79.40 79.40 79.30 
79.20 79.20 79.20 79.20 79.20 79.20 
79.00 79.00 78.90 78.90 

NUMBER 4 DRAWDOWNPRIMTFORMATISFORWDNUMBER 9 
30 DRAWDOWNS WILL BE SAVED ON UNIT 40 
EVERY TIME STEP 

m~um TO RMJ AloIsommr - 1.00oooo 
DBLR - 200.0000 
DELC = 200.0000 

85.10 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

85.10 

84.30 84*70 ' J 
83.90 

83.40 

83.00 

82.60 

82.10 

81.70 

81.30 ' 
80.80 

80.40 

80.00 

79.50 

79.10 

EYD. COND. ALONG ROWS FOR LAYER 1 WILL BE READ ON UNIT 11 USING FORHAT: (16F4.0) ................................................................................................ 
3 4 5 6 7 8 9 lo 

13 14 15 16 ................................~.....~.....~*~..................~..*...................................***................~ I 

0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 

300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 225.0 
300.0 300.0 
300.0 225.0 
300.0 300.0 
300.0 225.0 
300.0 300.0 
300.0 225.0 
300.0 300.0 
300.0 . , ,225.0 
300.. 0 300.0 
225.0 200.0 
300.0 300.0 
225.0 200.0 
300.0 300.0 
225.0 200.0 
225.0 300.0 
225.0 200.0 
225.0 300.0 
225.0 200.0 
225.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 250.0 
250.0 300.0 
250.0 250.0 
250.0 300.0 
250.0 250.0 
250.0 300.0 
250.0 250.0 

225.0 

225.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

1 225.0 225.0 225.0 

225.0 

225.0 

225.0 

225.0 

200.0 

200.0 

! 200.0 

' 200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

- 225.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

225.0 i 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

J 

-4- 



- 20 
4: 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 
0 
0 

250.0 
300.0 
175.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 

1 
11 

250.0 
175.0 
175.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 

2 
12 

250.0 350.0 250.0 
175.0 175.0 175.0 
175.0 175.0 175.0 
175.0 175.0 150.0 
175.0 175.0 175.0 
175.0 175.0 150.0 
175.0 175.0 175.0 
175.0 175.0 150.0 
175.0 175.0 175.0 
175.0 150.0 150.0 
175.0 175.0 175.0 
150.0 150.0 150.0 
150.0 150.0 200.0 
150.0 150.0 150.0 
150.0 150.0 200.0 
150.0 150.0 150.0 
150.0 150.0 200.0 
150.0 150.0 150.0 
150.0 150.0 200.0 
150.0 150.0 150.0 
150.0 150.0 200.0 
150.0 150.0 150.0 
150.0 150.0 200.0 
150.0 150.0 150.0 
150.0 150.0 200.0 
150.0 150.0 150.0 
150.0 150.0 200.0 
150.0 150.0 150.0 
150.0 150.0 200.0 
150.0 150.0 150.0 
150.0 150.0 200.0 
150.0 150.0 150.0 
150.0 150.0 200.0 

300.0 
175.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 

% $ $ T  

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

110.0 

150.0 

150.0 

150.0 

150.0 

150.0 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

BOTMM - 30.00000 FOR YLYKR 1 
VERT HYD COHD /THICKNESS .1000000E-02 FOR LAYER 1 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

3 4 
13 14 

5 
15 

6 
16 

7 8 9 10 

............................................................................................................................. 
- 1  

u2 
0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000 a 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 

6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 

6000. aooo. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000., 

8000. 

8000. 

8000. 

6000. . 6000. 

6000. 6000. 

6000. 6000. 

6000. 6000. 

6000. 6000. 

6000. 6000. 

6000. 6000. 

6000. 6000. 

700.0 6000. 

700.0 6000. 

700.0 6000. 

700.0 6000. 

700.0 6000. 

700.0 6000. 

8000. 8000. 

8000. 8000. 

8000. 8000. 

8000. 8000. 

8000. 8000. 

-5- 



0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

0 

0 
1 

0 

4000. 
4000. 
3000. 
3000. 
3000. 
3000.  
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000.  
3000.  
3000. 
3000. 
3000.  
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

* 3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4 WELLS 

OAVERAGE SEED - .00187924 
MINIMUM SEED = .00055600 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 4000. 1500. 1500. 
4000. 4000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3,000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

BOLU'J!ION BY TEE STRONGLY IMPLICIT PROCEDURE ........................................... 
MAXIMUM I!l!ERATIONS ALLOWED FOR CLOSURE = 50 

ACCELERATION P- = 1.0000 
HEAD CHANGE CRITERION FOR CLOSURE - .10000E-02 
SIP BEAD CBANOE PRINTOUT IN!mRrn = 1 
CALCULATE ITERA!PION PARAMETERS FROM MODEL CALClJLRTED WSKED 

STRESS PERIOD NO. I, LENGTE = 1.000000 

NUMBER OF TIME STEPS - 1 

.............................................. 

MULTIPLIER FOR DELT = 1.000 

INITIAL TIME STEP SIZE = 1.000000 

LAYER ROW COL STRESS RATE WELL NO. 

1 24 0 -5775.0 1 
2 13 8 -12128. 2 
2 17 8 -16075. 3 
2 24 8 -5775.0 4 

4000.. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. , 
3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

0 
5 ITERATION PARAMETWS CALCULATED FROM AVERAGE SEED: 

~OOOOOOOE+OO .7917928Et00 .9566497B+OO .99097423+00 -9981208BtOO 
n 
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1 2 3 
16 .............................. 

1 

-2 

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

22 

i / Z S  

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

1 

94.50 
92.40 
94.00 
92.00 
93.50 
91.60 
93.10 
91.20 
92.60 
90.70 
92.10 
90.20 
91.60 
89.70 
91.10 
89.40 
90.50 
89-00 
90.00 
88.70 
89.50 
88.30 
89.10 
88-00 
88.60 
87.70 
88.20 
87.50 
87.90 
87.30 
87.50 
87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84.50 
84.20 
83.80 
83.80 
83.30 
83.50 
82.80 
83.10 
82.30 
82.70 
81-90 
82.20 
81.40 
81-80 
81.00 
81.30 
80.60 
80.80 
80.20 
80.30 
79.70 
79.90 
79.30 
79.40 
78.80 
78.90 
78.40 

92.90 93.00 

92.55 

92.13 

91.73 

91.33 

90.87 

90.37 

89.91 

89.52 

89.13 

88.77 

88.42 

88.09 

87.79 

87.52 

87.24 

86.91 

86.51 

86.10 

85.67 

85.19 

84.74 

84.28 

83.85 

83.47 

83.07 

82.65 

82.20 

81.76 

81.29 

80.81 

80.34 

79.90 

79.44 

79.00 

93.10 

92.67 

92.26 

91.85 

91.46 

91.02 

90.53 

90.08 

89.65 

89.25 

88.87 

88.51 

88.17 

87.85 

87.54 

87.22 

86.89 

86.53 

86.16 

85.74 

85.26 

84.79 

84.34 

83.90 

83.48 

83.05 

82.62 

82.17 

81.73 

81.27 

80.82 

80.36 

79.91 

79.46 

79.00 

b' . 
4 5 6 7 8 9 10 11 12 13 14 '15 

................................................................................................. 
93.20 

92.78 

92.37 

91.97 

91.58 

91.14 

90.67 

90.21 

89.78 

89.35 

88.96 

88.60 

88.24 

87.90 

87.56 

87.23 

86.89 

86.55 

86.20 

85.79 

85.30 

84.83 

84.37 

83.91 

83.46 

83.02 

82.58 

82.14 

81.70 

81.26 

80.81 

80.37 

79.93 

79.50 

79.10 

93.30 

92.88 

92.47 

92.07 

91.68 

91.25 

90.78 

90.32 

89.88 

89.45 

89.05 

88.67 

88.30 

87.93 

87.58 

87.24 

86.90 

86.57 

86.23 

85.83 

85.34 

84.84 

84.36 

83.88 

83.43 

82.99 

82.55 

82.11 

81.67 

81.24 

80.80 

80.36 

79.94 

79.51 

79.10 

93.40 

93.00 

92.58 

92.17 

91.77 

91.34 

90.88 

90.42 

89.98 

89.55 

89.14 

88.74 

88.35 

87.97 

87.59 

87.24 

86.91 

86.58 

86.25 

85.86 

85.36 

84.84 

84.33 

83.84 

83.38 

82.94 

82.51 

82.08 

81.64 

81.21 

80.78 

80.35 

79.93 

79.51 

79.10 

93.60 

93.14 

92.70 

92.28 

91.87 

91.43 

90.98 

90.52 

90.08 

89.64 

89.22 

88.80 

88.40 

88.01 

87.61 

87.26 

86.93 

86.60 

86.27 

85.87 

85.37 

84.83 

84.28 

83.75 

83.32 

82.90 

82.47 

82.04 

81.61 

81.18 

80.75 

80.33 

79.92 

79.51 

79.10 

93.70 

93.25 

92.82 

92.39 

91.97 

91.53 

91.07 

90.61 

90.16 

89.72 

89.29 

88.87 

88.45 

88.05 

87.65 

87.28 

86.95 

86.62 

86.29 

85.89 

85.37 

84.81 

84.23 

83.55 

83.24 

82.85 

82.43 

82.00 

81.57 

81.14 

80.72 

80.30 

79.89 

79.49 

79.10 

93.80 

93.36 

92.92 

92.49 

92.06 

91.62 

91.16 

90.70 

90.24 

89.79 

89.36 

88.93 

88.51 

88.10 

87.69 

87.32 

86.98 

86.64 

86.31 

85.90 

85.38 

84.82 

84.26 

83.71 

83.26 

82.83 

82.40 

81.96 

81.53 

81.10 

80.68 

80.26 

79.85 

79.46 

79.10 

93.90 

93.46 

93.02 

92.58 

92.15 

91.71 

91.24 

90.78 

90.31 

89.86 

89.41 

88.98 

88.56 

88.15 

87.74 

87.36 

87.01 

86.67 

86.32 

85.91 

85.38 

84.82 

84.28 

83.75 

83.27 

82.81 

82.36 

81.92 

81.48 

8i.05 

80.62 

80.20 

79.79 

79.39 

79.00 

BEAD IN LAYER 2 AT END OF TIME STEP 1 IN STReSS PERIOD 1 

94.00 

93.56 

93.11 

92.67 

92.23 

91.78 

91.32 

90.85 

90.38 

89.90 

89.45 

89.03 

88.61 

88.20 

87.80 

87.42 

87.05 

86.69 

86.33 

85.91 

85.38 

84.82 

84.27 

83.75 

83.25 

82.78 

82.32 

81.86 

81.42 

80.99 

80.56 

80.14 

79.72 

79.31 

78.90 

11 

94.10 

93.66 

93.21 

92.77 

92.32 

91.87 

91.41 

90.93 

90.43 

89.94 

89.49 

89.06 

88.64 

88.23 

87.84 

87.45 

87.08 

86.71 

86.34 

85.90 

85.35 

84.79 

84.24 

83.72 

83.22 

82.73 

82:26 

81.80 

81.35 

80.92 

80.49 

80.06 

79.64 

79.22 

78.80 

12 

94.20 

93.75 

93.30 

92.85 

92.40 

91.95 

91.50 

91.01 

90.49 

89.98 

89.51 

89.08 

88.66 

88.25 

87.86 

87.48 

87.10 

86.73 

86.35 

85.88 

85.31 

84.74 

84.19 

83.67 

83.16 

82.65 

82.18 

81.72 

81.27 

80.84 

80.40 

79.97 

79.55 

79.12 

78.70 

13 

94.30 

93.84 

93.38 

92.92 

92.46 

92.01 

91.56 

91.06 

90.52 

90.00 

89i53 

89.09 

88.67 

88.26 

87.88 

87.50 

87.13 

86.76 

86.36 

85.86 

85.26 

84.67 

84.10 

83.57 

83.05 

82.55 

82.08 

81.62 

81.18 

80.75 

80.32 

79.88 

79.45 

79.02 

78.60 

94.40 

93.92 

93.45 

93.00 

92.53 

92.06 

91.60 

91.09 

90.53 

90.01 

89.52 

89.09 

88.65 

88.25 

87.88 

87.51 

87.16 

86.80 

86.38 

85.86 

85.20 

84.58 

83.97 

83.42 

82.91 

82.42 

81.97 

81.51 

81.08 

80.66 

80.24 

79.79 

79.36 

78.91 

78.50 

14 15 

................................................................................................................................ 
0 1 91.20 91.20 91.30 91.40 91.50 91.50 91.60 91.70 91-80 91.80 91.90 91.90 92.00 92.00 92.10 

0 2 90.90 90.96 91.05 91.13 91.21 91.27 91.34 91.42 91.49 91.53 91.59 91.62 91.67 91.71 91.76 
92.10 
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0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14  

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 2 1  

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

91-80 
90.60 
91.40 
90.40 
91.10 
90.10 
90.70 
89.80 
90.30 
89.50 
90.00 
89.20 
89.70 
89-00 
89.30 
88.70 
89.00 
88.50 
88.50 
88.30 
88.10 
88-10 
87.80 
87.80 
87.50 
87.50 
87.20 
87.10 
86.90 
86.80 
86.50 
86.40 
86.20 
86.10 
85.80 
85.70 
85.40 
85.30 
85.00 
84.90 
84.50 
84.40 
84.10 
84.00 
83.70 
83.60 
83.30 
83.20 
82.90 
82.80 
82.50 
82.30 
82.00 
81.90 
81.60 
81.50 
81.20 
81.00 
80.70 
80.60 
80.30 
80.20 
79.80 
79.70 
79.30 
79.30 
78.90 

90.70 

90.45 

90.16 

89.87 

89.57 

89.27 

89.00 

88.70 

88.43 

88.17 

87.90 

87.59 

87.27 

86.93 

86.62 

86.29 

86.00 

85.66 

85.24 

84.80 

84.34 

83.91 

83.50 

83.09 

02.67 

82.24 

81.82 

81.40 

80.97 

80. 55 

80.13 

79.69 

79.30 

90.78 

90.51 

90.23 

89.93 

89.63 

89.32 

89.00 

88.68 

88.36 

88.04 

87.72 

87.39 

87.06 

86.74 

86.44 

86.16 

85.89 

85.58 

85.16 

84.70 

84.25 

83.81 

83.39 

82.98 

82.57 

82.15 

81.74' 

81.33 

80.91 

80.50 

80.08 

79.65 

79.20 

90.86 

90.58 

90.30 

90.00 

89.69 

89.36 

89.02 

88.66 

88.29 

87.92 

87.55 

87.19 

86.85 

86.53 

86.25 

85.99 

85.76 

85.47 

85.06 

84.60 

84.14 

83.70 

83.27 

82.87 

82.46 

82.06 

81.67 

81.27 

80.86 

80.45 

80.04 

79.62 

79.20 

90.93 

90.65 

90.37 

90.07 

89.76 

89.42 

89-04 

88.63 

88.21 

87.78 

87.36 

86.97 

86.59 

86.28 

86.02 

85.81 

85.61 

85.35 

84.96 

84.49 

84.01 

83.56 

83 - 14 

82.74 

82.35 

81.97 

81.59 

81.21 

80.81 

80.42 

80.01 

79.61 

79.20 

91. 00 

90.72 

90.44 

90.15 

89.85 

89.52 

89.07 

88.61 

88.14 

87.64 

87.14 

86.73 

86.30 

86.02 

85.78 

85.63 

85.49 

85.27 

84.86 

84.37 

83.87 

83.38 

82.99 

82.61 

82.24 

81.88 

81.52 

81.15 

80.77 

80.38 

79.99 

79.59 

79.20 

91.07 

90.79 

90.51 

90.23 

89.96 

89.74 

89.26 

88.59 

87.86 

86.88 

85.65 

85.98 

85.94 

85.75 

85.48 

85.45 

85.40 

85.19 

84.75 

84.22 

83.61 

82.95 

82.71 

82.42 

82.09 

81.79 

81.46 

81.10 

80.73 

80.35 

79.97 

79.58 

79.20 

91.14 

90.85 

90.56 

90.29 

90.03 

89.83 

89.34 

88.54 

87.51 

85.68 

81.25 

84.95 

85.76 

85.54 

84.94 

85.29 

85.33 

85.12 

84.67 

84.09 

83.30 

81.93 

82.40 

82.28 

82.01 

81.74 

81.42 

81.07 

80.70 

80.33 

79.95 

79.57 

79.20 

91.19 

90.90 

90.60 

90.31 

90.04 

89.81 

89.32 

88.64 

87.88 

86.89 

85.63 

85.96 

85.91 

85.72 

85.45 

85.42 

85.37 

85.14 

84.69 

84.16 

83.55 

82.88 

82.64 

82.35 

82.03 

81.74 

81.41 

81.05 

80.68 

80.31 

79.93 

79.55 

79.20 

91.24 

90.94 

90.63 

90.32 

90.00 

89.65 

89.19 

88.70 

88.18 

87.64 

87.11 

86.68 

86.24 

85.96 

85.71 

85.56 

85.42 

85.18 

84.76 

84.26 

83.75 

83.25 

82.86 

82.49 

82.12 

81.77 

81.42 

81.05 

80.67 

80.29 

79.90 

79.51 

79.10 

91.28 

90.97 

90.65 

90.32 

89.97 

89.60 

89.18 

88.72 

88.25 

87.78 

87.32 

86.89 

86.50 

86.18 

85.92 

85.70 

85.50 

85.23 

84.82 

84.34 

83.86 

83.40 

82.98 

82.58 

82.19 

81.81 

81.44 

81.05 

80.67 

80.27 

79.88 

79.49 

79.10 

91.31 

90.99 

90.66 

90.32 

89.97 

89.59 

89.19 

88.77 

88.33 

87.89 

87.47 

87.07 

86.71 

86.38 

86.09 

85.84 

85.60 

85.30 

84.89 

84.41 

83.94 

83.49 

83.06 

82.65 

82.25 

81.85 

81.46 

81.06 

80.67 

80.26 

79.86 

79.47 

79.10 

16 

91.35 

91.02 

90.68 

90.33 

89.98 

89.60 

89.21 

88.81 

88.40 

87.99 

87.59 

87.22 

86.86 

86.54 

86.23 

85.95 

85.69 

85.37 

84.94 

84.47 

84.01 

83.56 

83.13 

82.72 

82.30 

81.89 

81.49 

81.08 

80.67 

80.26 

79.84 

79.43 

79.00 

91.38 

91.04 

90.69 

90.34 

89.99 

89.62 

89.25 

88.86 

88.45 

88.06 

87.69 

87.33 

86.99 

86.66 

86.35 

86-04 

85.76 

85.42 

84.99 

84.51 

84.06 

83.62 

83.19 

82.77 

82.36 

81.93 

81.52 

81.10 

80.68 

80.25 

79.82 

79.40 

79.00 

91.4- 

91 

90 .;b 
90.34 

90.00 

89.65 

89.28 

88.91 

88.49 

88.10 

87.75 

87.42 

87.10 

86.78 

86.44 

86.12 

85.80 

85.44 

85.00 

84.52 

84.08 

83.66 

83'.J 82. 

82.41 

81.97 

81.56 

81.14 

80.69 

80.26 

79.81 

79.35 

78.90 

.................................................................*...................*................... 
0 1 .oo .oo .oo -00 -00  .oo .oo .oo -00  .oo .oo .oo .oo .oo .oo -00 

0 3 .OO .07 .04 -03  .03 .12 -10 .08 -08 .08 -09 -.01 -00 .02 -05 .OO 
0 4 -00 .07 .05 -03 -13 .13 .12 .11 -11 -12 -13 - 0 3  .05 -.02 a 0 0  .OO 
0 5 -00 -07 .04 .02 -12 .13 -13 -13 .14 -15 .17 .08 .OO -04 .07 .OO 
0 6 -00 -03 -.02 -06 -15 -16 .17 -17 -18 -19 -12 -13 -05 .09 e04 -00 
0 7 .OO .03 -07 .03 .12 .12 .12 -13 .14 .16 -18 -09 .10 -04 .OO .OO 
0 8 - 0 0  -.01 .02 a09 -08 -08 -08 -09 -10 -12 -15 -07 -09 .04 .01 -00 
0 9 - 0 0  -SO2 .05 e02 -12 -12 -12 -14 -06 -09 - 1 2  -07 -11 .08 .07 -00 

o 2 .oo .os .03 -02 .02 .oo -06 -05 .04 -04 .04 .04 .a5 -.04 -.02 .oo 
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n 

0 10 
0 11 
12 
,13 

\ 14 
wd 15 

0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
1 

.OO -07 

.OO .03 

.oo -.02 

.oo .01 

.oo .01 

.OO -08 

.OO .06 

.oo -.01 
-00 -.01 
.oo -.oo 
.OO .03 
.oo .01 
.OO .06 
.oo .02 
.OO .05 
.OO .03 
.OO .03 
.OO .05 
.oo .oo 
.OO .04 
.oo .01 
.oo -.01 
.OO .06 
.oo .oo 
.OO -.04 
.oo .oo 

1 2  

.05 -05 .05 .05 .06 -08 .ll 

.03 .04 .05 .06 .08 .ll .04 

.09 .10 .13 -16 .10 .13 -07 

.03 .06 .10 -15 .20 .15 .19 

.05 .10 .17 -13 .19 .15 -20 

.06 -14 .12 .21 .19 -25 .21 

.08 .07 -16 -16 .24 .22 .18 

.ll .ll .10 -19 .17 .25 .22 

.07 .05 .13 .12 .20 -18 .16 
-04 .10 .17 -15 .13 .21 -19 
.06 .ll .17 -14 .13 .21 .20 
.04 .10 .16 -14 .23 .23 .22 
-11 .07 .16 .16 -17 .29 .18 
.06 .13 .14 -17 .22 .27 -24 
.10 .09 -12 -26 .35 .45 .29 
.02 .14 .17 .22 .28 .36 .24 
.05 .08 .ll .16 .20 .25 .17 
.08 -12 -15 -09 .13 -17 .20 
.03 .06 .09 .12 .16 .10 .14 
.07 .10 .03 .06 .09 .13 .07 
.03 .04 .06 .09 .12 -06 .lO 

-.02 -.01 -00 .02 -05 -08 -02 
.04 .03 .04 .05 .07 .OO .04 

-.01 -07 -06 -07 -.02 -01 -05 
-04 -.OO -a01 s.01 -.01 -01 -04 
.oo .oo .oo .oo .oo .oo .oo 

DRAWDOWN IN LAYER 2 AT END OF TIME STEP 

3 4 5 6 7 8 9  

.04 .10 .06 .02 

.09 -05 .ll .09 
-12 .07 .04 .02 
.14 .09 .06 .04 
.15 .10 .07 .05 
.16 .10 .06 .04 
.24 .18 .15 .12 
.19 .15 .12 .10 
.13 .ll .09 .07 
-18 -17 -16 -05 
.is 
.22 
.18 
.22 .13 .16 
.25 .15 .08 
.23 .15 .08 
.19 .12 -07 
.14 .OB -14 
.08 .14 .10 
.12 .08 .05 
-05 .ll .OB 
.08 .04 .01 

-.OO .06 -04 
-01 -.02 -06 . 01 . 00 
1 IN 

.is .io 

.12 .15 
-18 -11 

-.01 -.02 
-00  .oo 

STRESS PERIOD 

-12 
.09 
.06 
.ll 
.13 
.04 
-05 
.02 
.08 
.03 
.06 

-.oo 
.03 
.05 

-.02 . 00 
1 

10 11 12 13 

-.oo 
-07 
.01 
.03 
.04 
.02 
.10 
.07 
-04  
.04 
.04 
.04 
.03 
.10 
-03  
.05 
.05 
.02 
.08 
.02 
.05 

-.02 
.02 
-05 

-.02 . 00 
14 

-.01 .DO 
-.02 .oo 
.01 .oo 
.05 .OO 
.05 .OO 
.02 .oo 

-.01 .oo 
.04 .OO 

-.oo .oo 
.02 .oo 
.04 .OO 
.oo .oo 
.02 .oo 
.03 .OO 

-.02 .oo 
-.01 .oo 
-.02 .oo 

.03 .OO 
-.01 .oo 
.02 .oo 
.04 .OO 
.06 .OO 
.01 .oo 
.04 .OO 

-.01 .oo 
.oo .oo 

15 16 ........................................................................................................ 
.oo .oo -00 .oo .oo .DO .oo .oo .oo .oo .oo .oo .oo .oo .oo 0 1  

0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
15 
16 'u' 17 

0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 

. 00 . 00 . 00 

.oo . 00 

.oo 

.oo 

.oo 
* 00 
.oo 
.oo 
.OD 
.oo 
-00  
.DO 
.oo 
.oo . 00 . 00 . 00 
.oo 
.oo 
-00  
.oo 
.oo 
* 00 
-00  . 00 
.oo 
-00  . 00 . 00 . 00 
.oo 

.04 

.oo 

.05 
-04 
-03 
.03 
.03 
-10 
.lo 
.17 
.13 
.20 
-21 
.23 
.17 
-18 
.ll 
.10 
.14 
.06 
* 10 
.06 
.09 
.10 
.ll 
.13 
-06 
.08 
.10 
.03 
-05 
.07 
.Ol 

-05 - a 0 3  
.02 .04 

-.01 .02 
-07 .OO 
.07 .OO 
.07 .ll 
-08 .14 
-10 -18 
.22 .24 
.24 .31 
.26 .48 
.38 .55 
.41 .61 
.44 -65 
.46 .67 
.36 .65 
-34 .51 
-21 -34  
.22 .23 
.14 .24 
-20 .30 
.15 -26 
.19 .30 
-21 -23 
.12 .23 
.13 .24 
.15 .24 
-16 .13 
-07 .13 
-09 .14 
-10 .05 
.02 .06 
.05 -08 

-.01 
, .07 

.05 

.03 

.03 

.04 

.08 
-26 
.37 
.49 
.62 
.74 
.93 

1.01 
1.02 
-88 
.69 
-49 
.35 
.34 
.31 
.39 
.44 
.36 
-36 
.35 
.23 
-21 
-19 
.09 
.08 
.09 

-.01 

.03 
-.oo 
-.02 
-06 
.05 
.05 
.08 
.23 
-39 
.56 
.76 
.96 

1.17 
1.30 
1.28 
1.12 
-87 
.51 
.33 
.34 
.43 
.53 
.52 
.51 
.49 
.36 
.32 
.28 
.25 
-13 
.12 
.ll 
.Ol 

.06 

.03 . 01 
-.01 
-.03 
-.06 
-.14 

-04 
.41 
-84 
1.62 
2.55 
1.92 
1.66 
1.55 
1.42 
.95 
.60 
-41 
.45 
.58 
.69 
.95 
.79 
.68 
.51 
.41 
-34 
-20 
-17 
.15 
.03 
.02 

-.02 
.06 
.05 
.04 
.01 

-.03 -. 13 
.06 
-56 
1.29 
2.82 
6.95 
2.95 
1.84 
1.76 
1.86 
1.11 
.67 
.48 
.53 
.71 

1.00 
1.97 
1.10 
.72 
.59 
.46 
-28 
-23 
.20 
.07 
.05 
.03 

.Ol . 01 

.oo 
-.oo 
-.01 
-.04 
-.11 
-08 
.46 
.92 
1.61 
2.57 
1.94 
1.69 
1.48 
1.35 
.98 
-63 
.46 
.4l 
.54 
.75 
1.02 
.76 
.65 
.57 
.46 
.29 
* 25 
.22 
.09 
.07 
.05 

-.03 
.06 
.06 
.07 

-.02 . 00 
.05 
.21 
.40 
.62 
.76 
.99 
1.12 
1.36 
1.24 
1.09 
.84 
.48 
-32 
.34 
.44 
-55 
.65 
.54 
-51 
.48 
.33 
-28 
-25 
.13 
.ll 
.10 

-.01 

.01 -.02 -03 
-02 -.01 -05 
.03 .01 .08 
.05 .04 .02 
.08 .08 .07 
.13 .13 .12 
.10 .ll .10 
.22 .21 .19 
.38 . 33  .19 
.45 .37 -30 
.62 .51 .41 
.78 .63 -41 
.91 .63 .48 
1.00 .69 .44 
.92 .62 .46 
.78 -61 -37 
.60 -46 .25 
.40 .30 .ll 
-27 .20 .03 
.28 .21 .06 
.36 .19 .13 
.34 .26 .19 
.40 .31 -24 

' .42 -34 .27 
-42  .35 .28 
.31 .25 -20 
.29 .25 .21 
-26 .14 -11 
-15 .14 .12 
.13 .13 .13 
.13 .04 .04 
.02 -04 .06 
.01 -03  -.03 

-.01 .04 -00 
.02 -.oo .oo 
.06 .03 .OO 
.01 -.DO .oo 
.06 .06 .OO 
.ll .oo .oo 
.08 .05 .OO 
.15 .02 -00 
.14 .09 .OO 
.25 -11 .oo 
.24 .10 .OO 
.31 .15 .OO 
.27 -18 .OO 
.31 .10 .oo 

, .24 .12 .oo 
-25 .06 .OO 
.16 .08 .OO 
.04 -00 .OO 

-.02 -.04 -00  
I .01 -.oo .oo 

.09 .08 .OO 
1 .14 .02 .OO . .18 .04 .OO 

.21 .05 .OO 
I .13 .07 .OO 
I .14 -09 -00 . .17 - 0 3  .OO 
. .08 -04 -00  
! .10 -06 .OO 
I .02 .01 .oo 
I -05 .04 .OO 
I -08 -.01 .OO 
t -00  -05 -00 0 34 

0 35 .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo -00 .oo .oo .oo -00  
ODRAWDOWN WILL BE SAVED ON UNIT 40 AT END OF TIME STEP 1, STRESS PERIOD 1 
0 

0 

IN: --- 
STORAOE = .ooooo 

CONSTANT HEAD = .158683+06 
WELLS .ooooo 

TCTAL IN - .158683+06 
OUT: 

IN : --- 
STORAGE = .OOOOO 

CONSTANT HEAD = .158683+06 
WBLLS = .ooooo 

TOTAL IN = .158681+06 
OUT: 

0 
0 
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0 
0 
0 

---- 
STORAGE = .ooooo 

CONSTAHT HEAD = .1189lZ+06 
WELLS 39753. 

lyrpAL OUT = .15866E+06 
IN - OUT = 21.281 

PERCENT DISCREPANCY . 01 

---- 

',I 
STORAGE = .OOOOO 

CONSTANT HEAD = .1189lE+06 
WELLS = 39753. 

"TAL OUT = .15866E+06 
IN - OUT p 21.281 

PERCENT DISCREPANCY . 01 
0 

TIME SWMARY AT END OF TWE STEP 1 IN STRgSS PERIOD 1 
SBCONDS MINUTES mUR8 DAYS 

TIME STEP LENGTE 86400.0 1440.00 24.0000 1.00000 -2737858-02 
STRESS PKRIOD TIME 86400.0 1440.00 24.0000 1.00000 -273785E-02 

ToTRt SIMULATION TIME 86400.0 1440.00 24.0000 1.00000 .273785E-02 
1 
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1 U.S. GKoLOGIChL SURVEY MODULAR FINITB-DIPPERBNCB GROUND-WATER MODE& 
OSEIELDWOY METALLURGICAL CORPORATION FOCUSED PS - RYDROGBOLOQIC SIMULM!ION VERIFICATION 2 TO PUMPING CONDITIONS 10/14/92 

2 LAYERS 35 ROWS 16 COLUMNS 
1 STRBSS PERIOD(S) IN SIMULATION 

DDEL TIME UNIT IS DAYS 
-h /O UNITS: 

ELEMENT OF IUNIT: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
I/OUt7IT:lll2 0 0 0 0 0 0 1 9  0 0 2 2  0 0 0 0 0 0 0 0 0 0 0 0 

O B A S l  -- BASIC MODEL PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 1 
ARRAYS RE3 AND BUFF WILL SHARE MEMORY. 
START HEAD WILL BE SAVED 

10699 ELEMENTS IN X ARRAY ARE USgD BY BAS 
10699 ELWENTS OF X ARRAY USED Om OF 100000 

OBCF1 -- BLOCK-- pulw PACKAGE, VERSION 1, 9/1/07 INPUT READ FROM UNIT 11 
STEADY-STATE SIMULATION 

LAYER AQUIFERTYPE ------------------- 
1 1 
2 0 

1122 ELEMBkl'S IN X ARRAY ARE USED BY BCP 
11821 ELEMEHTS OF x ARRAY USED om OP 100000 

OWEL1 -- WELL PACKAGE, VERSION 1, 9/1/87 =UT READ FROM 12 
MAXIMUMOF 6WELLS 

24 ELEMENTS IN X ARRAY ARE USKD FOR WELLS 
11845 ELEMENTS OF X ARRAY USED OUT OF 100000 

OSIPl -- STRONGLY IMPLICIT PROCEDURE SOLUTION PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 19 
MAXIMUM OF 50 ITERATIONS W O W E D  FOR CLOSURE 
5 ITERATION PARAMETERS 

4685 ELEMENTS IR X ARRAY ARB USED BY SIP 
16530 ELEMENTS OF X ARRAY USED OUT OF 100000 

1SHIELDWOY I3ETAGLuRGICAL CORPORATION FOCUSED PS - HYDROOEOLWIC SIMULWION 
0 

VERIFICATION 2 TO PUMPING CONDITIONS 10/14/92 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ......................................................................... 
0 1  
0 2  
0 3  
0 4  
0 5  
0 6  

7 
8 'u' 1: 

0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
0 

-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 

1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

2 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

3 

-1 -1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

4 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

5 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 -1 -1 -1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

- 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

- 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
-1 -1 

...........................................*............................. 
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0 1  
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 

-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 

-2 -2 
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 -2 
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

~~ 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

~~ 

0 34 2 2  
0 35 -2 -2 -2 -2 -2 -2 -2 -2 
OAQUIFER BEAD WIU BE SET To 999.99 
0 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 

-2 -2 -2 -2 -2 -2 -2 -2 
AT AI& 1oO-pLaw NODES (IBOUND=O). 

INITIAL READ FOR LAYER 1 WILL BE READ ON UNIT 1 USING FORMAT: (1685.1) 

'J 

. 

1 2 3 4 5 6 7 8 9 lo 

0 1 92.90 93.00 93.10 93.20 93.30 93.40 93.60 93.70 93.80 93.90 

11 12 13 14 15 16 

1 
........................................................................................................................... 

94.00 94.10 94.20 94.30 94.40 94.50 
0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

92.40 
93.60 
92.00 
93.20 
91.60 
92.80 
91.20 
92.40 
90.70 
91.90 
90.20 
91.50 
89.70 
91.00 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89-10 
88.00 
88.70 
87.70 
88.30 
87.50 
87.90 
87.30 
87.60 
87.00 
87.20 
86.50 
86.80 
86.00 

92.60 
93.70 
92.20 
93.20 
91.80 
92.80 
91.40 
92.40 
90.90 
92.00 
90.40 
91.50 
89.90 
91.00 
89.50 
90.50 
89.20 
90.00 
88.80 
89.60 
88.40 
89.10 
88.10 
88.70 
87.80 
88.30 
87.60 
87.90 
87.30 
87.60 
86.90 
87.20 
86.50 
86.80 
86.10 

92.70 
93.80 
92.30 
93.30 
91-90 
92.90 
91.50 
92.40 
91-00 
92.00 
90.60 
91.60 
90.10 
91.10 
89.70 
90.60 
89.30 
90.00 
88.90 
89.60 
88.60 
89.10 
88.20 
88.70 
87.90 
88.30 
87.60 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.20 

92.80 
93.80 
92.40 
93.40 
92;OO 
92.90 
91.60 
92.50 
91.20 
92.10 
90.70 
91.60 
90.30 
91.10 
89.80 
90.60 
89.40 
90.00 
89.00 
89.60 
88.70 
89.10 
88.30 
88.70 
88.00 
88.30 
87.70 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.30 

92.90 93.00 
93.90 94.00 
92.50 92.70 
93.50 93.50 
92.20 92.30 
93.00 93.10 
91. 80 91-90 
92.60 92.60 
91.40 91.50 
92.10 92.10 
90.90 91.00 
91.60 91.60 
90.40 90.50 
91.10 91.10 
90.00 90.10 
90.60 90.50 
89.50 89.60 
90.00 90.00 
89-10 89.20 
89.50 89.50 
88.80 66.90 
89-10 89.10 
88.40 88.50 
88.70 88.60 
88.10 88.10 
88.30 88.20 
87.70 87.80 
87.90 87 -90 
87.40 87.40 
87.50 87.50 
87.00 87.10 
87.20 87.20 
86.70 86.70 
86.80 86.90 
86.40 86.40 

93.20 

92. 80 

92.40 

92.00 

91.60 

91.10 

90.60 

90.20 

89.70 

89.30 

88.90 

88.60 

88.20 

87.80 

87.50 

87.10 

86.80 

86.40 

93.30 

92.90 

92.50 

92.10 

91.70 

91.20 

90.70 

90.30 

, 89.80 
1 

89.40 

! :::;: 
88.20 

87.90 

87.50 

87.20 

86.80 

86.50 

93.40 

93.00 

92 e 60 

92.20 

91.80 

91.30 

90.80 

90.30 

89.90 

89.40 

89.00 

88.70 

88.30 

87.90 

87.50 

87.20 

86.80 

86.50 

93.50 4 
93.10 

92.70 

92.30 

91.90 

91.40 

90.90 

90.40 

89-90 

89.50 

89.10 

88.70 

88.30 

87.90 

87.60 

87.20 

86.80 

86.50 

-2- 
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- 20 
' 4 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

0 1  

- 2  

id 
0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

86.50 
85.60 
86.10 
85.10 
85.50 
84.70 
85.00 
84.20 
84.40 
83.80 
83.90 
83.50 
83.40 
83.10 
82.90 
82.70 
82.40 
82.20 
82.00 
81.80 
81.50 
81.30 
81.10 
80.80 
80.60 
80.30 
80.20 
79.90 
79.70 
79.40 
79.30 
78.90 
78.90 

86.50 
85.70 
86.00 
85.20 
85.50 
84.80 
84.90 
84.30 
84.40 
83.90 
83.80 
83.50 
83.30 
83.10 
82.80 
82.70 
82.40 
82.20 
81.90 
81.80 
81.40 
81.30 
81.00 
80.80 
80.50 
80.40 
80.10 
79.90 
79.70 
79.40 
79.20 
79.00 
78.80 

86.40 
85.80 
86.00 
85.30 
85.40 
84.90 
84.80 
84.40 
84.30 
84.00 
83.80 
83.50 
83.20 
83.10 
82.70 
82.70 
82.20 
82.20 
81.80 
81.80 
81.30 
81.30 
80.90 
80.80 
80.40 
80.40 
80.00 
79.90 
79.60 
79.50 
79.10 
79.00 
78.70 

86.40 
85.90 
85.90 
85.40 
85.30 
84.90 
84.70 
84.50 
84.20 
84.00 
83.60 
83.60 
83.10 
83.10 
82.60 
82.70 
82.10 
82.20 
81.70 
81.80 
81.20 
81.30 
80.80 
80.80 
80.30 
80.40 
79.90 
80.00 
79.50 
79.50 
79.00 
79.10 
78.60 

86.40 
86.00 
85.90 
85.50 
85.20 
85.00 
84.60 
84.50 
84.00 
84.00 
83.40 
83.60 
82.90 
83.10 
82.40 
82.70 
82.00 
82.20 
81.50 
81.70 
81.10 
81.30 
80.70 
80.80 
80.30 
80.40 
79.80 
80.00 
79.40 
79.50 
78.90 
79.10 
78.50 

INITIAL FOR UYER 

86.40 
86.00 
85.90 

85.10 
85.00 
84.50 
84.50 
83.80 
84.10 
83.30 
83.60 
82.80 
83.10 
82.30 
82.60 
81.90 
82.20 
81.40 
81.70 
81.00 
81.30 
80.60 
80.80 
80.20 
80.40 
79.70 

79.30 
79.50 
78.80 
79.10 
78.40 

85.50 

eo. oo 

2wILLBE 

1 I 7% 

86.00 

85.60 

85.00 

84.50 

84.10 

83.60 

83.10 

82.60 

82.20 

81.70 

81.30 

80.80 

80.40 

79.90 

79.50 

79.10 

86.10 

85.60 

85.10 

84.50 

84.00 

83.60 

83.10 

82.60 

82.10 

81.70 

81.20 

80.80 

80.30 

79.90 

79.50 

79.10 

86.10 

85.60 

85.00 

84.50 

84.00 

83.50 

83.00 

82.60 

82.10 

81.60 

81.20 

80.70 

80.30 

79.90 

79.50 

79.10 

READ ON UNIT 1 USINQ FORMAT: (16F5.1) 

86.10 * 

85.60 

85.00 

84.50 

84.00 

83.50 

83.00 

82.50 

82.00 

81.60 

81.10 

80.70 

80.20 

79.80 

79.40 

79.00 

1 2 3 4 5 6 
11 12 13 14 15 16 

7 8 9 10 

.............................................~..*....*.............................................*................*....*.... 
91.20 91.20 91.30 91.40 91.50 91.50 91.60 91.70 91.80 91.80 
91.90 
90.90 
91.60 
90.60 
91.30 
90.40 
91.00 
90.10 
90.70 
89-80 
90.40 
89.50 
90.10 
89.20 
89.70 
89-00 
89.40 
88.70 
89.10 
88.50 
88.70 
88.30 
88.40 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.10 
87.10 
86.60 
86.70 
86.40 
86.30 
86.10 
85.90 
85.70 
85.50 

91-90 
91.00 
91.60 
90.70 
91.30 
90.50 
91.00 
90.20 
90.70 
89.90 
90.40 
89.60 
90.10 
89.30 
89.70 
89.10 
89.40 
88.80 
89.10 
88.60 
88.70 
88.30 
88.40 
88-10 
88.10 
87.80 
87.70 
87.50 
87.40 
87.10 
87.00 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.80 
85.50 

92.00 
91.10 
91.70 
90.80 
91.40 
90.50 
91-10 
90.30 
90.70 
90.00 
90.40 
89.70 
90.10 
89.40 
89.70 
89.10 
89.40 
88.90 
89-00 
88.60 
88.70 
88.30 
88.40 
88.10 
88.00 
87.80 
87.70 
87.50 
87.30 
87.20 
87.00 
86.80 
86.60 
86.50 
86.20 
86.10 
85.80 
85.80 
85.40 

92.00 
91.10 
91.70 
90.90 
91.40 
90.60 
91.10 
90.30 
90.70 
90.00 
90.40 
89.80 
90.10 
89.50 
89.70 
89.20 
89-40 
88.90 
89.00 
88.60 
88.70 
88.40 
88.30 
88.10 
88-00 
87.80 
87.60 
87.50 
87.30 
87.20 
86.90 
86.90 
86.60 
86.50 
86.20 
86.10 
85.80 
85.70 
85.40 

92.10 
91.20 
91-80 
91.00 
91.40 
90.70 
91.10 
90.40 
90.70 
90.10 
90.00 
89. 80 
90.00 
89.50 
89.70 
89.30 
89.30 
89-00 
89.00 
88.70 
88.60 
88.40 
88.20 
88-10 
87.90 
87.90 
87.60 
87.60 
87.20 
87.30 
86.90 
86.90 
86.50 
86.50 
86.20 
86.10 
85.80 
85.70 
85.40 

92.10 
91.30 
91-80 
91.00 
91.40 
90.70 
91-10 
90.50 
90.70 
90.20 

* 1.90.30 
89.90 
90.00 

89.70 
89.30 
89.30 
89.00 
89-00 
88.70 
88.50 
88.40 
88.10 
88-10 
87.80 
87.90 
87.50 
87.60 
87.20 
87.30 
86.90 
86.90 
86.50 
86.50 
86.20 
86.00 
85.80 
85.60 
85.40 

89.60 

-3- 

91.40 

91.10 

90.80 

90.50 

90.20 

89.90 

89.60 

89.30 

89-00 

88.70 

88.50 

88.20 

87.90 

87.60 

87.30 

86.90 

86.40 

86.00 

85.60 

91.40 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.30 

86.80 

86.40 

86.00 

85.60 

91.50 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.20 

86.80 

86.40 

86.00 

85.60 

91.50 

91.30 

91.00 

90.70 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.40 

88.10 

87.80 

87.60 

87~20 

86.80 

86.40 

85.90 

85.50 



I 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

85.30 85.30 
85.10 85.10 
84.90 84.90 
84.70 84.60 
84.40 84.40 
84.20 84.20 
84.00 84.00 
83.80 83.80 
83.60 83.60 
83.40 83.40 
83.20 83.20 
83.00 83.00 
82.80 82.80 
82.50 82.50 
82.30 82.30 
82.10 82.10 
81.90 81.90 
81.70 81.60 
81.50 81.50 
81.20 81.20 
81.00 81.00 
80.80 ' 80.80 
80.60 80.60 
80.40 80.30 
80.20 80.20 
79.90 79.90 
79.70 79.70 
79.50 79.50 
79.30 79.30 
79.10 79.io 

OHEAD PRINT FORMAT I S  FORMAT 
OHXADS WILL BE SAVED ON UNIT 
OOUTPUT CONTROL IS SPECIFIED 
0 
0 
0 
0 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.10 
83.00 
82.70 
82.50 
82.30 
82.10 
81.90 
81.60 
81.40 
81.20 
81.00 
80.80 
80.60 
80.30 
80.10 
79.90 
79.70 
79.40 79.40 79.40 79.30 
79.20 79.20 79.20 79.20 79.20 
79.00 79.00 78.90 78.90 

#UMBER 4 DRAWDOWNPRINTFORMATISPORMATmMBER 9 
30 DRAWDOWNS WILL BE SAVED ON UNIT 40 
EVERY TIME STEP 

COLUMN To Row ANISOTROPY = 1.000000 
D E R  = 200.0000 
DELC - 200.0060 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.50 
83.40 
83.10 
82.90 
82.70 

82.30 
82.10 
81.80 
81.60 
81.40 
81.20 
81.00 
80.70 
80.50 
80.30 
80.10 
79.90 
79.70 

82-50 

85.30 
85.00 
84.80 
84.60 
84.40 
84.10 
84. OD 
83.70 
83.50 
83.30 
83.10 
82.90 
82.70 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 
80.50 
80.30 
80.10 
79.80 
79.60 

85.20 
85.00 
84.80 
84.50 
84.40 
84.10 
83.90 
83.70 
83.50 
83.30 
83.10 
82.90 
82.60 
82.50 
82.20 
82.00 
81. 80 
81.60 
81.40 
81.20 
80.90 
80.70 
80.50 
80.30 
80.10 
79.80 
79.60 

85.20 

84.80 

84.30 

83.90 

83.50 

83.10 

82.60 

82.20 

81.80 

81.30 

80.90 

80.50 

80.00 

79.60 

85.20 

84.80 

84.30 

83.90 

83.50 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

85.10 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

EYD. COND. ALONG ROWS FOR LAYER 1 WILL BE READ ON UNIT 11 USING FORMAT: (16F4.0) 

85.10 , 

84.30 '-. 
83.90 

83.40 

83.00 

82.60 

82.10 

81.70 

81.30 

80.80 

80.40 

80.00 

79.50 

79.10 

1 2 
11 12 

3 4 5 6 
13 14 15 16 

7 8 9 10 

0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

,1 
........................................................................................................................ 

300.0 300.0 300.0 300.0 300.0 225.0 225.0 225.0 225.0 225.0 
225.0 225.0 300.0 300.0 300.0 300.0 
300.0 300.0 300.0 300.0 300.0 225.0 225.0 225.0 225.0 225.0 
225.0 225.0 300.0 300.0 300.0 300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 

300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

500.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

___._ 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 

225.0 

225.0 

225.0 

200 0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

-4- 



1 20 

4 
0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 
0 
0 

250.0 
300.0 
175.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 

1 
11 

250.0 
175.0 
175.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 

2 
12 

250.0 ?250.0 
175.0 175.0 
175.0 175.0 
175.0 175.0 
175.0 175.0 
175.0 175.0 
175.0 175.0 
175.0 175.0 
175.0 175.0 
175.0 150.0 
175.0 175.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 

43 :: 
300.0 
175.0 175.0 ~ 

300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 

BoTMn = 30.00000 FOR LAYER 1 
VERT EYD COHD /THICKNESS = .1000000E-02 FOR LAYER 1 

.. 250.0 
175.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
200.0 
150.0 

150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 

. 200.0 

175.0 175.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 ' 
150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

3 4 5 6 
13 14 15 16 

7 8 9 10 

- 1  

--sf 
0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000.  
6000. 
6000. 
6000.  
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000.  
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000; 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000.. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

8000. 

8000. 

8000. 

8000. 

8000. 
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0 20 4000. 
4000. 

0 21 3000. 
3000. 

0 22 3000. 
3000. 

0 23 3000. 
3000. 

0 24 3000. 
3000. 

0 25 3000. 
3000. 

0 26 3000. 
3000. 

0 27 3000. 
3000. 

0 28 3000. 
3000. 

0 29 3000. 
3000. 

0 30 3000. 
3000. 

0 31 . 3000. 
3000. 

0 32 3000. 
3000. 

0 33 3000. 
3000. 

0 34 3000. 
3000. 

0 35 3000. 
3000. 

0 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 4000. 1500. 1500. 
4000. 4000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. . 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

SOLUTlON BY TEE STRONGLY IMPLICIT PROCEDURE ........................................... 
MMIhKIM ITERATIONS ALMWBD FOR CLOSURZ = 50 

HEAD CHANGE CRITERION FOR CLOSURE = .10000E-02 
SIP HEAD CHANGE PRIIJMUT INTHRvAt = 1 
CALCULATE ITERATION PARAMBTgRS FROM MODEL CALCULATED WSEED 

ACCBLERATION PARAMETER = 1.0000 

STRESS PERIOD NO. 1, LEN- 1.000000 

4000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

J 

. 

0 6 WELLS 

J 
1 13 8 -9241.0 
1 17 8 -5005.0 
1 24 8 -11070. 

1 
2 
3 

2 13 8 -14439. 4 
2 17 8 -12513. 5 
2 24 8 -11070. 6 

OAVERAGE SEED = .00187924 
MINIMUM SEED - .00055600 

0 
5 ITERATION PAflAMETERs CALCULATED FROM A m G E  SEED: 

.0000000EtOO .7917928Et00 .9566497EtOO .9909742EtOO .9981208Et00 
0 

OMAXIMUM HEAD CEANGE FOR EACE ITERATION: 
0 READ CEANGE LAYER,ROW,COL HEAD CEANGE LAYER,Row,COL HEAD CHANGE LAYER.Row.COL HEAD CEANGE LAYER.ROW.COL HEAD CBANGE LAYER.ROW.cDL 

11 ITERATIONS FOR TIME STEP 1 IN STRESS PERIOD 1 

-6.775 ( 2, 13, 8)  --8171 ( 2, 12, 9 )  -.5029 ( 2, 14, 8)  -a3867 ( 2, 18, 9 )  -.7183E-O1 ( 2, 23, 10) --1809E-01 ( 2, 9, 8)  .1107E-01 ( 2, 21, 7 )  -1159E-01 ( 2, 17, 8)  -4755E-02 ( 2, 21, 10) -.14301-02 ( 2, 17, 7 )  -47336-03 ( 2, 9, 10) 
0 
OHEAD/DRAWDOWN PRINTOUT FLAG = 1 TOTAL BUDGET PRINTOUT FLAG = 1 CELL-BY-CELL PLOW TERM FLAG = 0 
OOUTPUT FLAGS FOR EACE LAYER: 

HEAD DRAWDOWN HEAD DRAWDOWN 
LAYER PRINTOUT PRINTOUT SAVE SAVE 
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-0 1 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

2 1  

L . ' 2 2  

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31  

0 32 

0 33 

0 34 

0 35 

1 

92.90 
94.50 
92.40 
94.00 
92.00 
93.50 
91.60 
93.10 
91.20 
92.60 
90.70 
92.10 
90.20 
91- 60 
89.70 
91.10 
89.40 
90.50 
89-00 
90.00 
88.70 
89.50 
88.30 
89.10 
88.00 
88.60 
87.70 
88.20 
87.50 
87.90 
87.30 
87.50 
87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84.50 
84.20 
83.80 
83.80 
83.30 
83.50 
82.80 
83.10 
82.30 
82.70 
81.90 
82.20 
81.40 
81.80 
81.00 
81.30 
80.60 
80.80 
80.20 
80.30 
79.70 
79.90 
79.30 
79.40 
78.80 
78.90 
78.40 

93.00 

92.55 

92.13 

91.72 

91.32 

90.86 

90.36 

89.89 

89.50 

89-10 

88.74 

88.39 

88.06 

87.75 

87.48 

87.20 

86.88 

86.48 

86.07 

85.64 

85.16 

84.71 

84.25 

83.83 

83.45 

83.05 

82.63 

82.18 

81.75 

81.28 

80.80 

80.34 

79.90 

79.44 

79.00 

93.10 

92.67 

92.25 

91.84 

91.45 

91.00 

90.51 

90.05 

89.62 

89.20 

88.81 

88.45 

88.10 

87.17 

87.46 

87.15 

86.81 

86.45 

86.09 

85.67 

85.19 

84.72 

84.27 

83.84 

83.42 

83.00 

82.57 

82.14 

81.70 

81.25 

80.80 

80.35 

79.91 

79.46 

79.00 

93.20 

92.78 

92.36 

91.95 

91.56 

91.12 

90.63 

90.16 

89.72 

89.28 

88.87 

88.50 

88.13 

87.78 

87.44 

87.11 

86.78 

86.43 

86.09 

85.68 

85.20 

84.72 

84.27 

83.81 

83.37 

82.94 

82.51 

82.09 

81.65 

81.22 

80.78 

80.35 

79.92 

79.50 

79.10 

93.30 

92.88 

92.46 

92.05 

91.65 

91.21 

90.73 

90.26 

89.80 

89.35 

88.93 

88.53 

88.14 

87 -71 

87.42 

87.08 

86.74 

86.41 

86.08 

85.69 

85.21 

84.70 

84.21 

83.74 

83.30 

82.87 

82.45 

82.03 

81.61 

81.19 

80.76 

80.34 

79.92 

79.51 

79.10 

93.40 

92.99 

92.57 

92.15 

91.74 

91.29 

90.82 

90.35 

89.89 

89.43 

88.98 

88.55 

88.13 

87.75 

87.38 

87.03 

86.71 

86.39 

86.07 

85.68 

85.19 

84.66 

84.14 

83.63 

83.20 

82.19 

82.39 

81.98 

81.57 

81.15 

80.74 

80.32 

79.91 

79.50 

79.10 

93.60 

93.13 

92.69 

92.26 

91.84 

91.39 

90.91 

90.44 

89.97 

89.50 

89.03 

88.55 

88.08 

87.72 

87.35 

87.00 

86.67 

86.37 

86.06 

85.67 

85.17 

84.61 

84.03 

83.46 

83.08 

82.71 

82.33 

81.93 

81.52 

81.11 

80.70 

80.30 

79.89 

79.49 

79.10 

93.70 

93.24 

92.80 

92.36 

91.93 

91.48 

91.00 

90.53 

90.05 

89.57 

89.08 

88.55 

87.92 

87.70 

87.36 

86.99 

86.60 

86.36 

86.06 

85.67 

85.16 

84.57 

83.93 

83.09 

82.96 

82.65 

82.28 

81.88 

81.48 

81.07 

80.67 

80.26 

79.87 

79.48 

79.10 

93.80 

93.35 

92.90 

92.46 

92.03 

91.57 

91-09 

90.61 

90.13 

89.65 

89.16 

88.67 

88.18 

87.81 

87.43 

87.06 

86.72 

86.41 

86.09 

85.69 

85.17 

84.59 

84.00 

83.41 

83.02 

82.64 

82.25 

81.85 

81.44 

81.03 

80.63 

80.22 

79.83 

79.45 

79.10 

93.90 

93.45 

93.00 

92.56 

92.12 

91.66 

91.18 

90.70 

90.21 

89.73 

89.25 

88.79 

88.34 

87.93 

87.52 

87.15 

86.80 

86.47 

86.13 

85.72 

85.20 

84.63 

84.07 

83.54 

83.08 

82.65 

82.23 

81.81 

81.40 

80.99 

80.58 

80.17 

79.77 

79.38 

79.00 

HEAD IN LAYER 2 AT END OF TIME STEP 1 IN STRESS PERIOD 1 

94.00 

93.55 

93.10 

92.65 

92.20 

91.74 

91.27 

90.78 

90.29 

89-80 

89.32 

88.88 

88.44 

88.03 

87.63 

87.24 

86.88 

86.53 

86.18 

85.75 

85.22 

84.66 

84.11 

83.59 

83.11 

82.65 

82.21 

81.78 

81.35 

80.93 

80.52 

80.11 

79.70 

79.30 

78.90 

11 

94.10 

93.65 

93.20 

92.75 

92.29 

91.83 

91.37 

90.87 

90.36 

89.86 

89.38 

88.94 

88.51 

88-10 

87.70 

87.32 

86.95 

86.58 

86.22 

85.78 

85.23 

84.67 

84.12 

83.60 

83.11 

82.63 

82.17 

81.73 

81.30 

80.87 

80.45 

80.04 

79.62 

79.21 

78.80 

12 

94.20 

93.75 

93.29 

92.84 

92.38 

91.92 

91.47 

90.97 

90.44 

89.92 

89.44 

89.00 

88.57 

88.16 

87.76 

87.30 

87.01 

86.63 

86.25 

85.78 

85.22 

84.65 

84.10 

83.59 

83.08 

82.58 

82.12 

81.67 

81.23 

80.80 

80.38 

79.96 

79.53 

79.12 

78.70 

13 

1 94.30 

93.83 

93.37 

92.91 

92.45 

91.99 

91.54 

91.04 

90.49 

89.96 

89.48 

89.04 

88.61 

88.20 

87.81 

87.44 

87.07 

86.69 

86.30 

85.80 

85.20 

84.62 

84.05 

83.52 

83.01 

82.51 

82.04 

81.59 

81.15 

80.73 

80.30 

79.87 

19.44 

79-01 

78.60 

14 

94.40 

93.92 

93.45 

93.00 

92.52 

92.05 

91.- 

91.08 

90.51 

89.99 

89.50 

89.07 

88.62 

88.22 

87.85 

87.48 

87.13 

86.77 

86.35 

85.83 

85.17 

84.56 

83.94 

83.40 

82.89 

82.41 

81.96 

81.50 

81.07 

80.65 

80.23 

79.78 

79.35 

78.91 

78.50 

1 5  

................................................................................................................................ 
0 1 91.20 91.20 91.30 91.40 91.50 91.50 91.60 91.70 91.80 91-80 91.90 91-90 92.00 92.00 92.10 

-7- 



0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31  

0 32 

0 33 

0 34 

0 35 

90.96 

90.70 

90.44 

90.16 

89.86 

89.56 

89.27 

88.99 

88.70 

88.43 

88.16 

87.89 

.87.58 

87.27 

86.93 

86.61 

86.29 

85.99 

85.65 

85.22 

84.76 

84.29 

83.86 

83.45 

83.04 

82.63 

82.20 

81.79 

81.38 

80.95 

80.54 

80.12 

79.69 

79.30 

91.05 

90.78 

90.51 

90.22 

89.93 

89.62 

89.31 

88.99 

88.67 

88.34 

88 ; 02 

87!70 

87.38 

87.05 

86.74 

86.44 

86.14 

85.87 

85.54 

85.11 

84.62 

84.15 

83.71 

83.29 

82.88 

82.48 

82.08 

81.69 

81.29 

80.88 

80.47 

80.06 

79.64 

79.20 

91.13 

90.86 

90.58 

90.29 

89.99 

89.68 

89.35 

88.99 

88.63 

88.26 

87.89 

87.52 

87.17 

86.83 

86.53 

86.24 

85.98 

85 * 73 

85.42 

84.98 

84.48 

83.99 

83.53 

83.11 

82.72 

82.34 

81.96 

81.58 

81.20 

80.81 

80.42 

80.02 

79.61 

79.20 

91.21 

90.93 

90.65 

90.36 

90.06 

89.74 

89.40 

89.01 

88.60 

88.17 

87.74 

87.32 

86.94 

86.58 

86.28 

86.03 

85.81 

85.59 

85.30 

84.85 

84.31 

83.79 

83.30 

82.90 

82.54 

82.18 

81.84 

81.48 

81.12 

80.75 

80.37 

79.98 

79.59 

79.20 

91.26 

91-00 

90.72 

90.43 

90.13 

89.83 

89.50 

89.04 

88.57 

88.08 

87.57 

87.07 

86.69 

86.29 

86.03 

85.81 

85.64 

85.48 

85.21 

84.72 

84.14 

83.54 

82.99 

82.64 

82.34 

82.02 

81.71 

81.39 

81.05 

80.70 

80.33 

79.96 

79.58 

79.20 

91.34 

91.06 

90.78 

90.50 

90.21 

89.94 

89.71 

89.22 

88.51 

87.73 

86.67 

85.31 

85.86 

85.95 

85.79 

85.55 

85.49 

85.41 

85.12 

84.57 

83.90 

83.09 

82.21 

82.18 

82.06 

81.84 

81,61 

81.32 

80.99 

80.65 

80.29 

79.93 

79.57 

79.20 

92.10 
90.90 
91.80 
90.60 
91.40 
90.40 
91-10 
90.10 
90.70 
89.80 
90.30 
89.50 
90.00 
89.20 
89.70 
89.00 
89.30 
88.70 
89.00 
88.50 
88.50 
88.30 
88-10 
88.10 
87.80 
87. BO 
87.50 
87.50 
87.20 
87.10 
86.90 
86.80 
86.50 
86.40 
86.20 
86.10 
85.80 
85.70 
85.40 
85.30 
85.00 
84.90 
84.50 
84.40 
84.10 
84.00 
83.70 
83.60 
83.30 
83.20 
82.90 
82.80 
82.50 
82.30 
82.00 
81.90 
81.60 
81.50 
81.20 
81.00 
80.70 
80.60 
80.30 
80.20 
79.80 
79.70 
79.30 
79.30 
78.90 

OHEAD WILL BE SAVED ON UNIT 30 AT END OF TIME STEP 
1 DRAWDOWN IN LAYER 1 AT END OF TIME STEP 1 I N  STRESS PERIOD 1 

1, S m S S  PERIOD 1 

91.42 

91.13 

90.84 

90.55 

90.27 

90.01 

89.80 

89.30 

88.44 

87.31 

85.23 

80.08 

84.66 

85.77 

85.61 

85.12 

85.36 

85.35 

85.06 

84.46 

83.69 

82.53 

80.30 

81.62 

81.85 

81.75 

81,,54 

81.27 

80.96 

80.62 

80.27 

79.91 

79.55 

79.20 

91.49 

91.19 

90.89 

90.59 

90.30 

90.02 

89.78 

89.28 

88.56 

87.76 

86.67 

85.29 

85.83 

85.91 

85.75 

85.52 

85.46 

85 * 37 

85.07 

84.51 

83.83 

83.02 

82.14 

82.10 

81.99 

81.78 

81.55 

81.26 

80.94 

80.60 

80.25 

79.89 

79.53 

79.20 

91.53 

91.23 

90.93 

90.62 

90.30 

89.98 

89.62 

89.15 

88.65 

88.12 

87.57 

87.04 

86.64 

86.23 

85.97 

85.74 

85.57 

85.40 

85.11 

84.61 

84.02 

83.42 

82.86 

82.51 

82.21 

81.90 

81.60 

81.28 

80.94 

80.59 

80.23 

79.87 

79.49 

79.10 

91.58 

91.27 

90.96 

90.64 

90.30 

89.95 

89.58 

89.15 

'88.69 

88.21 

87.73 

87.27 

86.86 

86.48 

86.18 

85.92 

85.69 

85.47 

85.17 

84.70 

84.16 

83.62 

83.13 

82.72 

82.36 

82.01 

81.67 

81.32 

80.96 

80.60 

80.23 

79.85 

79.47 

79.10 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  ............ 
0 1 .oo 
0 2 .oo 
0 3 .oo 
0 4 .oo 
0 5 .oo 
0 6 .OO 
0 7 .oo 

......a 

.oo 
-05 
-07 
-08 
-08 
-04  
-04 

91.62 

91.31 

90.99 

90.65 

90.31 

89.95 

89.57 

89.16 

88.74 

88.30 

87.86 

87.44 

87.05 

86.69 

86.37 

86.08 

85.82 

85.57 

85.25 

84.79 

84.28 

83.78 

83.31 

82.88 

82.49 

82.11 

81.74 

81.36 

80.99 

80.61 

80.22 

79.84 

79.46 

79.10 

16 

91.67 

91.35 

91.01 

90.67 

90.32 

89.96 

89.59 

89.20 

88.79 

88.37 

87.96 

87.57 

87.20 

86.85 

86.53 

86.22 

85.93 

85.66 

85.33 

84.88 

84.37 

83.89 

83.44 

83.01 

82.60 

82.20 

81.81 

81.42 

81.02 

80.62 

80.22 

79.82 

79.42 

79.00 

I...................................................................................... 

.oo -00 .oo - 0 0  .oo -00 -00  -00 -00  .oo .oo .oo .oo -00 
a 0 3  e02 -02 - 0 1  .07 .06 .05 -05  .05 -05 .05 -.03 -.02 .OO 
-05 -04 -04  -13 .ll -10 -10 .10 .10 -.OO .01 .03 -05  - 0 0  
-06 -05  -15 -15 .14 -14 -14 .14 .15 .05 .06 -.01 .OO -00 
-05 -04 .15 -16 .16 .17 .17 .18 .20 .ll .02 .05 -08 .OO 
-00 -08 .19 - 2 1  .21 .22 .23 .24 .16 -17 .08 .ll .05 - 0 0  
.09 -07 -17 .18 .19 .20 .21 .22 .23 .13 .13 .06 .01 .OO 

91.70 

91.38 

91.04 

90.69 

90.33 

89.98 

89.61 

89.23 

88.84 

88.44 

88.04 

87.67 

87.32 

86.98 

86.65 

86.34 

86.03 

85.73 

85.39 

84.94 

84.45 

83.98 

83.54 

83.11 

82.70 

82.29 

81.88 

81.47 

81.06 

80.65 

80.23 

79.81 

79.39 

79.00 

91.7: 

91. J 
91.06 

90.70 

90.33 

89.99 

89.65 

09.27 

88.99 

88.49 

88.10 

87.75 

87.42 

87.09 

86.77 

86.43 

86.11 

85.79 

85.43 

84.98 

84.50 

84.05 

83.2 83-r A 
82.79 

82.38 

81.95 

81.53 

81.12 

80.68 

80.25 

79.80 

79.35 

78.90 
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. 00 . 00 . 00 
-00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 
.oo . 00 . 00 . 00 . 00 . 00 

16 

.05 

.08 

.10 
-09 
-15 
.10 
.13 
.14 
.15 
.19 
.15 . 11 
.13 . 11 
.18 
.13 
.16 
.08 
.10 
.13 
.06 
.10 
.05 
* 00 
.05 

-.01 
.04 

., 
.i5 -16 
.21 
.17 
.22 
.35 
.37 
.35 

.22 

.21 

.20 
* 18 
.22 
.26 
.27 
.27 
.36 
.32 
.27 
.32 
.35 
.28 
.34 
.29 
.31 
.29 
.25 
.19 
.22 
.15 
.17 
.08 

.13 

.14 

.14 

.22 

.16 

.19 

.20 

.20 

.28 

.25 

.22 

.28 

.22 

.27 

.23 

.28 

.20 

.19 

.17 
-23 
.17 
.lo 
-13 
.05 
.06 
.08 

-.01 

'.i3 
.16 
.08 
.16 
.10 
.13 
.14 
.14 
.22 
.19 
-17 
.15 
.22 
.18 
.15 
.20 
.21 
.12 
.12 
.08 
.13 
.07 
.10 
.02 
.04 
.07 

-.02 

0 8  

10 
11 

-0 9 

b o  ;: 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
1 

-00 .01 
.oo -00  
.oo .10 
.OO .06 
.oo .01 
.OO .04 
.OO .05 
.oo .12 
.oo -10 
.oo .02 
.oo .02 
-00 .03 
-00 .06 
.OO .04 
.oo -09 
-00 -05 
.OO -07 
.OO .05 
.OO -05 
.OO .07 
.oo -02 
.OO .05 
-00 -02 
.oo -.oo 
.OO .06 
.oo .oo 
-00  -604 
-00  .oo 

.14 

.OB 

.12 

.13 

.20 

.17 

.22 

.26 

.19 

.22 

.17 

.21 

.22 

.20 

.18 

.23 

.19 

.23 

.16 

.19 

.ll 

.15 

.OB 

.02 

.05 

.OB 

.oo 

.14 
-20 
.15 
.17 
.27 
.26 
.33 
.28 
.32 
-26 
.29 
.32 
.31 
.29 
.30 
.29 
.26 
.30 
.23 
.25 
.17 
.09 . 11 
.04 
.06 
.08 

-.01 

.17 

.25 

.23 

.32 

.45 

.68 

.50 

.54 

.51 

.60 

.44 

.44 

.43 

.44 

.53 

.57 

.91 

.64 

.45 

.32 

.22 

.22 

.13 

.13 

.04 

.03 

.02 

.19 

.17 

.25 

.24 

.33 

.52 

.49 

.47 

.44 . 48 

.39 

.4l 
-41 
-43 
-41 
.50 
.59 
.48 
.36 
.35 
-25 
.16 
.17 
.07 
.08 
-07 
.05 

.20 

.19 

.17 
-25 
-31 
.36 
.37 
.38 
.45 
.40 
.33 
.37 
.38 
.40 
.37 
.43 
-46 
.42 
-35 
.27 
.19 
.20 
.ll 
.12 
.03 
.03 
.02 

.06 .02 

.ll -09 

.04 .01 
-12 -.OD 
.06 -03 
.09 .08 
.10 .OB 

.23 

.20 

.27 

.35 

.52 

.48 

.45 

.50 

.43 

.43 

.34 

.33 

.43 
-39 
.47 
.64 
-52 
-39 
.27 
.27 
.18 
.19 
.10 
.10 . 01 
.01 

.42 

.37 

.39 

.31 

.33 
-32 
.31 
.34 
.36 
.47 
.40 
.31 
.21 
.22 
-13 
.15 
.06 
.08 
.09 

-.oo 

.09 .05 

.16 .02 

.13 .07 

.ll .03 
-10 .05 
.10 .07 
.10 .03 
.08 .04 
.15 .06 
.08 -00 
.09 .01 
.09 -.01 
.06 .04 
.ll .oo 
.05 .03 
.07 .05 
.OO .07 
.03 .02 
-06 .05 

-.01 -.01 
.oo .oo 

.09 . 00 . 00 
.oo .oo .oo .oo -00 .oo .oo .oo .oo .oo .oo 

DRAWDOWN IN LAYER 2 A!l END OF TIME STEP 1 IN STRESS PERIOD 1 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3  14 15 ........................................*..............................*................................ 
0 1  
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
r) 12 
13 
14 

-0' ;: 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 

. 00 . 00 . 00 . 00 . 00 

.oo 
-00  . 00 . 00 
-00 
-00 . 00 . 00 
.oo . 00 . 00 
.oo 
.oo 
.oo 
* 00 
.oo 
.oo 
.oo 
.oo 
.oo . 00 
* 00 
.oo . 00 
* 00 
.oo . 00 . 00 . 00 . 00 

.oo .oo 

.04 .05 
-00 .02 
-06 -.01 
.04 .08 
-04 .07 
-04 -08 
.03 .09 
.ll -11 
-10 .23 
-17 .26 
.14 .28 
.21 -40  
.22 .42 
-23 .45 
.17 .46 
.19 -36 
.11 .36 
.ll .23 
.15 .26 
.08 -19 
-14 .28 
.ll .25 
.14 .29 
.15 .31 
-16 .22 
-17 -22 
.10 .22 
.ll .21 
.12 .ll 
-05 .12 
.06 .13 
-08 -04 
.01 .06 
.oo .oo 

.oo 
-.03 

.04 

.02 
* 01 
.Ol 
.12 
.15 
.21 
.27 
.34 
.51 
.58 
.63 
.67 
.67 
.66 
.52 
-37 
.28 
.32 
.42 
.41 
.47 
.39 
.38 
.36 
.34 
.22 
-20 
.19 
.08 
.08 
.09 
.oo 

. 00 
-.01 
.07 
.05 
-04 
.04 
.06 
.10 
.29 
.40 
.53 
.66 
.78 
.96 
1.02 
1.02 
.87 
.69 
.51 
.40 
- 4 5  
.49 
.61 
.70 
.60 
.56 
.52 
-36 
.32 
.28 
-15 
.13 
.12 
.01 
-00 

. 00 

.04 . 00 
-.02 
.07 
.07 
.07 
.10 
.26 
.43 
.62 
.83 
1.03 
1.21 
1.31 
1.27 
1.09 
.86 
.52 
.39 
.48 
.66 
.86 
.91 
.86 
.76 
.58 
.49 
. 4 1  
.35 
-20 
.17 
-14 
.02 
.oo 

. 00 

.06 

.04 

.02 . 00 
-.01 
-.04 
-.11 

.08 

.49 
-97 
1.83 
2.89 
2.04 
1.65 
1.51 
1.35 
.91 
.59 

.63 

.90 
1.21 
1.69 
1.32 
1.04 
.76 
.59 

.31 
-25 
.21 
.01 
.03 . oc 

.4a 

-48 

.oo .oo .oo 
-.02 .01 -.03 
-07 -01 .07 
-06 .01 .07 

1 .05 .Ol .08 
.03 .OO .OO 

-.01 -.02 .02 
-.lo -.08 .08 
.10 .12 .25 

I .66 .54 .45 
1.49 1.04 .68 
3.27 1.83 .83 

1.06 
1.16 
1.37 
1.23 
1.06 
.83 
.50 
.39 
.49 
.68 
.88 
1.04 
.89 

. 00 

.02 

.03 

.04 

.06 

.10 

.15 

.12 

.25 

.41 

.49 

.67 

.83 

.94 
1.02 
.92 
.78 
.61 
.43 
.33 
.40 
.54 
.58 
.67 
.68 

. 00 
-.02 
-.01 
.01 
.05 
.09 
.15 
.13 
.24 
.36 
.40 
.54 
.66 
.65 
.71 
.63 
.62 
.48 
.33 
.25 
.31 
-32 
.42 
.49 
.52 
-51 
.39 
.36 
.24 
.21 
.19 
-08  
.06 
.04 . 00 
1 

. 00 

.03 
-05 
.09 

.oo .oo 
-.OO .04 

.02 -.oo 
-06 .04 

. 00 

.oo . 00 . 00 . 00 . 00 . 00 . 00 

.oo . 00 . 00 . 00 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo . 00 

.oo 

.oo . 00 

.oo 

.oo . 00 . 00 
-00 
-00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 

-03 
.08 
.14 . 11 
.20 
.21 
.33 
.44 
.43 
.50 
.45 
.47 
.38 
.27 
.14 
.07 
.12 
.23 
.31 
.36 
.39 
-40 
.30 
.29 
.16 
.l8 
* 18 
.08 
* 08 

-.02 
.oo 

.01 .oo 

.07 .07 

.12 .01 

.09 ' .05 

.17 .03 

.16 .10 
-26 .ll 
.26 .10 
.33 .15 
.28 .18 
.32 .ll 
.25 .13 
.26 .07 
.17 .09 
.07 .01 
.01 -.03 
.06 -02 
-15 .10 
.22 .05 
.26 .08 
.29 .09 
.20 -11 
.21 -12 
.22 -05 
.13 .07 
.14 .08 
-05 .02 
.07 -05  
.09 .oo 
.01 .05 
-00 .oo 

1 8.12 2.91 
3.24 2.07 
1.83 1.69 
1.69 1.45 
1.68 1.28 
1.04 .94 

1 .65 .63 
: .54 .53 

.74 .59 
I 1.11 .87 
. 1.77 1.28 
I 3.60 1.76 
L 1.88 1.30 
I 1.15 1.01 -79 .64 
t -85 -82 -70 -49 
1 .66 .65 .50 .43 
I -43 .44 .42 -38 
. .34 .36 .36 .24 
I .28 -30 -21 .20 
. -13 -15 -17 -17 
' .09 -11 .13 .05 
i -05 -07 -01 .03 
I -00 .oo .oo -00 

ODRAWDOWN WILL BE SAVED ON UNIT 40 AT END OF TIME STEP 
0 

1, STRESS PBRIOD 

0 

IN: --- 
STORAGE = .ooooo 

WELLS = .ooooo 
CONSTANT BEAD - .170053+06 

IN: --- 
STORAGE = .OOOOO 

WELLS - .ooooo 
CONSTANT BEAD = .17005E+06 

-9- 



0 
0 

0 
0 
0 

0 

TOTAL I N  - .17005B+06 
OUT: ---- 

STORAGE - .ooooo 
CONSTANT BEAD - .10669Et06 

WELLS = 63338. 
TOTAL OUT - .170033+06 

I N  - OUT 18.359 
PERCENT DISCRBPANCY = .01 

TOTAL I N  - .17005Et06, 

3 OUT: ---- 
STORAOE - .ooooo 

CONSTANT HEAO - .10669Et06 
WEUS - 63338. 

ToTAt OUT = .17003Bt06 
IN - OUT 18.359 

PERCENT DISCREPANCY = .01 

-10- 
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1 U.S. OEOLOGICAL SURVEY KODULAR FINITE-DIFPERENCE GROUND-WATER MODEL 
OSHIELDALLOY METALLURGICAL CORPORATION FOCUSED FS - EYDROGEOLOGIC SIMULATION SIMULATION 1 - ALL WELLS PLUS RIWZ DEEP 

2 LAYERS 35 Rows 16 COLUMNS 
1 STRESS PERIOD(8) IN SIMULATION 

L ' M O D E L  TIME UNIT IS DAYS 
OI/O UNITS: 

ELEMBNT OF IUNIT: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
I/OUNIT: 1112 0 0 0 0 0 0 1 9  0 0 2 2  0 0 0 0 0 0 0 0 0 0 0 0 

O B A S l  -- BASIC HODEL PACKAGE, VERSION 1, 
ARRAYS RES AND BUFP WILL SEARE MEMORY. 
START BEAD WILL BE SAVED 

9/1/87 INPUT READ FROM UNIT 1 

10699 ELEKENTS IN X ARRAY ARE USED BY BAS 
10699 ELEMENTS OF X ARRAY USED OUT OF 100000 

OBCFl e- BLOCX-CWTERED PLOW PACRAGE, VERSION 1, 9/1/87 INPUT READ FRDM UNIT 11 
STEADY-STATE SIMULATION 

LAYER AQUIFERTYPE ------------------- 
1 1 
2 0 

1122 ELEMENTS IN X ARRAY ARE USED BY BCF 
11821 ELEMENTS OF X ARRAY USED OUT OF 100000 

OWEL1 -- WELL PACKAGE, VERSION 1, 9/1/87 INPUT RBAD FROM 12 
MAXIMUMOF 6-S 

24 ELEMENTS IN X ARRAY ARE USED FOR WELLS 
11845 ELSMENTS OF X ARRAY USED OUT OF 100000 

OSIPl -- STRONGLY IMPLICIT PROCEDURE SOLUTION PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 19 
OF 50 ITERATIONS ALLowgD FOR CLOSURE 

5 ITERATION PARAMETERS 
4685 ELEMENTS IN X ARRAY ARE USED BY SIP 

16530 ELEMENTS OF X ARRAY USED OUT OF 100000 
1SEIELDALLOY METALLURGICAL CORPORATION FOCUSED FS - EYDRDOEOMCIC SIMULA!J!ION 
0 

SIMULATION 1 - ALL WELLS PLUS RIW2 DEEP 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ......................................................................... 
0 1  
0 2  
0 3  
0 4  
0 5  
9 6  

7 

''L-A.0 : 
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 3 1  
0 32 
0 33 
0 34 
0 35 
0 

-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 

1 

-1 -1 -1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

3 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

4 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

5 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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79.00 

85.30 
85.00 
84.80 
84.60 
84. 40 
84.10 
84.00 
83.70 
83.50 
83.30 
83.10 
82.90 
82.70 , 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 
80.50 
80.30 
80.10 
79.80 
79.60 
79.40 
79.20 
78.90 

85.20 85.20 
85.00 
84.80 84.80 
84.50 
84.40 84.30 
84.10 
83.90 83.90 
83.70 
83.50 83.50 
83.30 
83.10 83.10 
82.90 
82.60 82.60 
82.50 
82.20 82.20 
82.00 
81.80 81-80 
81.60 
81.40 81.30 
81.20 
80.90 80.90 
80.70 
80.50 80.50 
80.30 
80.10 80.00 
79.80 
79.60 79.60 
79.30 
79.20 79.20 
78-90 

OHEAD PRIW FORMAT IS FORMAT NUMBER 4 DRAWDOWN PRINT FORMAT IS FORMAT NUMBER 9 
0-S WILL BE SAVED ON UNIT 30 DRAWDOWNS WILL BE SAVED ON UNIT 40 
OOUTPUT CONTROL IS SPECIFIED EVERY TIME STEP 

1.000000 
D E R  - 200.0000 

0 
0 
0 D E C  - 200.0000 
0 

COLUMN !W ROW ANISOTROPY = 

85.20 

84.80 

84.30 

83.90 

83.50 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80. 40 

60. 00 

79.60 

79.20 

85.10 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

02.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

85.10 

84.70 

64.30 

83.90 

83.40 

63.00 

82.60 

82.10. 

81.70 

81.30 

80.80 

80.40 

80.00 

79.50 

79.10 

0 -1 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

1 2 3 4 5 6 7 8 9 10 

300.0 300.0 300.0 300.0 300.0 225.0 225.0 225.0 225.0 225.0 
225.0 225.0 300.0 300.0 300.0 300.0 

11 12 13 14 15 16 

1 
".. ........................................................................................................................ 

300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 

300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 

250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

250.0 

300.0 225.0 
300.0 300.0 
300.0 225.0 
300.0 300.0 
300.0 225.0 
300.0 300.0 
300.0 225.0 
300.0 300.0 
225.0 200.0 
300.0 300.0 
225.0 200.0 
300.0 300.0 
225.0 200.0 
225.0 300.0 
225.0 200.0 
225.0 300.0 
225.0 200.0 
225.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 250.0 
250.0 300.0 
250.0 250.0 
250.0 300.0 
250.0 250.0 
250.0 300.0 
250.0 250.0 

225.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

225.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

225.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

225.0 b' 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 
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250.0 250.0 
20 300.0 175.0 

175.0 175.0 
21 300.0 175.0 

150.0 150.0 'q 22 300.0 175.0 

150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 

150.0 150.0 
0 23 300.0 175.0 

150.0 150.0 
0 24 300.0 175.0 

150.0 
0 25 200.0 

150.0 
0 26 200.0 

150.0 
0 27 200.0 

150.0 
0 28 200.0 

150.0 
0 29 200.0 

150.0 150.0 
0 30 300.0 200.0 

150.0 150.0 
0 31 300.0 200.0 

150.0 150.0 
0 32 300.0 200.0 

150.0 150.0 
0 33 300.0 200 * 0 

150.0 150.0 
0 34 300.0 200.0 

150.0 150.0 
0 35 300.0 

150.0 . 
0 
0 
0 

200.0 
150.0 

i s < -  I ,- 
250.0 250.0 250.0 300.0 
175.0 175.0 175.0 175.0 175.0 175.0 175.0 
175.0 175.0 175.0 300.0 
175.0 175.0 150.0 150.0 150.0 150.0 150.0 
1 x . a  175.0 175.0 300.0 
i75.0 i75.0 i50 .0  150.0 150.0 150.0 150.0 
175.0 175.0 175.0 300.0 
175.0 175.0 150.0 150.0 150.0 150.0 150.0 
175.0 175.0 175.0 300.0 
175.0 150.0 150.0 150.0 150.0 150.0 150.0 
175.0 175.0 175.0 300.0 
150.0 150.0 150.0 150.0 150.0 150.0 150.0 
150.0 150.0 200.0 300.0 
150.0 150.0 150.0 150.0 150.0 150.0 150.0 
150.0 150.0 200.0 300.0 
150.0 150.0 150.0 150.0 150.0 150.0 150.0 
150.0 150.0 200.0 300.0 
150.0 150.0 150.0 150.0 150.0 150.0 150.0 
150.0 150.0 200.0 300.0 
150.0 150.0 150.0 150.0 150.0 150.0 150.0 
150.0 150.0 200.0 300.0 
150.0 150.0 150.0 150.0 150.0 150.0 150.0 
150.0 150.0 200.0 300.0 
150.0 150.0 150.0 150.0 150.0 150.0 150.0 
150.0 150.0 200.0 300.0 
150.0 150.0 150.0 150.0 150.0 150.0 150.0 
150.0 150.0 200.0 300.0 
150.0 150.0 150.0 150.0 150.0 150.0 150.0 
150.0 150.0 200.0 300.0 
150.0 150.0 150.0 150.0 150.0 150.0 150.0 
150.0 150.0 200.0 300.0 
150.0 150.0 150.0 150.0 150.0 150.0 150.0 
150.0 150.0 200.0 300.0 

BOTPOM - 30.00000 FOR LAYER 1 
WRZ' HYD COND /THICKNESS .1000000E-02 FOR LAYER 1 

175.0' 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 ' 
150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

1 2 3 4 5 6 7 8 9 lo 

6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. ' 6000. 
6000. 6000. 6000. 600b. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 

11 12 13 14 15 16 ............................................................................................................................. 
- 1  

2 

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

'i/ 6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000 - 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000 - 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000.  
6000. 6000. 
6000. 8000. 
6000. 6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

900.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

900.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

800.0. 

8000. 

8000. 

8000. 

8000. 
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0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

0 

0 
1 

0 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

6 WELLS 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 4000. 1500. 1500. 
4000. 4000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 

BOLUICION BY TEE STFIONGLY IMPLICIT PROCEDURE 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

MAXIMUM ITERATIONS ATSXXJED FOR CLOSURE - ]  50 
ACCELERATION PARAMETER = 1.0000 

BEAD c m m  CRITERION FOR aosm = .10000E-02 
SIP BBAD CHANGE PRINTOUT INTERVAL - 1 
CALCULATE ITERATION PARAMETgRs FROM MODEL CALCULATED W S E D  

GTRgSS PERIOD NO. 1, LENG!CH = 1.000000 

NUMBER OF TIME STEPS = 1 

4000. . 
3000. 

3000. , 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

,J 

MULTIPLIER FOR DELT = 1.000 

INITIAL TIME STEP SIZE = 1.000000 

LAYER ROW COL STRESS RATE WELL NO. 

1 13 8 -18289. 1 
1 17 8 -18289. 2 
1 24 8 -24064. 3 
2 13 8 -6738.0 4 
2 17 8 -4813.0 5 
2 24 8 -4813.0 6 

............................................. 

OAvBRAog SEED = .00187924 
MINIMUM SEED - .00055600 
0 

5 ITERATION PARAMETERS CALCULATED PROM AVERAGE SEED: 

.0000000Et00 .79179283+00 .95664973+00 .9909742EtOO .9981208EtOO 
0 

OMAXIMUM HEAD CEANGE FOR EA- ITERATION: 
11 ITERATIONS FOR TIME STEP 1 IN STRESS PERIOD 1 

0 BEAD CHANGE LAYER,ROW,ML BEAD CHANGE LAYER,ROW,COL BEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,a ..................................................................................................................... 
-3-222 ( 2, 13, 8) -.4210 ( 2, 12, 9) -.3255 ( 1, 22, 8) -.2819 ( 1, 20 ,  8) -.6267E-01 ( 1, 23, 11) 
-9678E-02 ( 2, 21, 7) -81871-02 ( 1, 22, 9) .67051-02 ( 1, 19, 8) .4804E-02 ( 1, 20, 9) e11633-02 ( 1, 30,  7) 

-.2623E-03 ( 2, 22, 10) 
0 
OEEAIJ/DRAWDOWN PRINTOUT FLAG 1 TOTAL BUDGET PRINTOUT FLAG 1 CELL-BY-CELL FLOW TERM FLAG = 0 
OOUTPUT FLAGS FOR EACH LAYER: 

HEAD DRAWDOWN HEAD DRAWDOWN 
LAYER PRINTOUT PRINTOUT SAVE SAW ......................................... 

1 1 1 1 1 
2 1 1 1 1 

1 HEAD IN LAYER 1 AT END OF TIME STEP 1 IN STRESS PERIOD 1 

-6- 
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....................................................................... 
. e  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
16 4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . - - . . . . . . . . . . . . . . . I . I . . . . . . . . . . . . . . I I . . . . . I. . * . * * . . . . . . . * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

0 1 92.90 93.00 93.10 93.20 
...... 
93.30 

..... 
93.40 93 70 93.90 94.00 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

21 

u 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31  

0 32 

0 33 

0 34 

0 35 

1 

94.50 
92.40 
94.00 
92.00 
93.50 
91.60 
93.10 
91.20 
92.60 
90.70 
92.10 
90.20 
91.60 
89.70 
91-10 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89.10 
88.00 
88.60 
87.70 
88.20 
87.50 
87.90 
87.30 
87.50 
87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84.50 
84.20 
83.80 
83.80 
83.30 
83.50 
82.80 
83.10 
82.30 
82.70 
81-90 
82.20 
81.40 
81.80 
81.00 
81.30 
80.60 
80.80 
80.20 
80.30 
79.70 
79.90 
79.30 
79.40 
78.80 
78.90 
78.40 

92.55 

' 92.13 

91.72 

91.32 

90.85 

90.35 

89.88 

89.48 

89.08 

88.71 

88.35 

88.02 

87.70 

87.43 

87.15 

86.82 

86.42 

86.01 

85.59 

85.10 

84.66 

84.20 

83.78 

83.41 

83.01 

82.60 

82.16 

81.73 

81.26 

80.79 

80.33 

79.89 

79.44 

79.00 

92.67 

92.24 

91.83 

91.43 

90.98 

90.48 

90.01 

89.57 

89.14 

88.74 

88.37 

88.01 

87.67 

87.35 

87.03 

86.69 

86.33 

85.97 

85.55 

85.07 

84.61 

84.16 

83.73 

83.32 

82.91 

82.50 

82. 08 

81.65 

81.21 

80.77 

80.33 

79.89 

79.45 

79.00 

92.77 

92.35 

91.94 

91.54 

91.09 

90.59 

90.11 

89.65 

89.19 

88.77 

88.37 

87.99 

87.62 

87.27 

86.93 

86.58 

86.24 

85.90 

85.50 

85.02 

84.54 

84.08 

83.63 

83.20 

82.79 

82.39 

81.98 

81.57 

81.16 

80.74 

80.32 

79.90 

79.49 

79.10 

92.87 

92.45 

92.03 

91.63 

91.18 

90.68 

90.19 

89.71 

89.24 

88.79 

88.36 

87.94 

87.55 

87.18 

86.82 

86.48 

86.15 

85.83 

85.44 

84.95 

84.44 

83.94 

83.46 

83.04 

82.66 

82.28 

81.89 

81.50 

81.10 

80.70 

80.29 

79.89 

79.49 

79.10 

92.98 

92.55 

92.13 

91.70 

91.25 

90.76 

90.27 

89.78 

89.29 

88.80 

88.32 

87.86 

87.46 

87.07 

86.69 

86.35 

86.05 

85.75 

85.37 

84.87 

84.32 

83.76 

83.24 

82.85 

82.51 

82.16 

81.80 

81.43 

81.05 

80.66 

80.27 

79.88 

79.49 

79.10 

93.12 

92.67 

92.23 

91.80 

91.34 

90.84 

90.35 

89.85 

89.34 

88.81 

88.26 

87.70 

87.35 

86.97 

86.57 

86.18 

85.94 

85.68 

85.31 

84.79 

84.19 

83.54 

82.87 

82;62 

82.36 

82.06 

81.73 

81.37 

81.00 

80.62 

80.24 

79.85 

79.48 

79.10 

93.24 

92.78 

92.34 

91.90 

91.43 

90.93 

90.43 

89.92 

89.39 

88.84 

88.21 

87.34 

87.26 

86.92 

86.48 

85.86 

85.85 

85.64 

85.28 

84.75 

84.11 

83.31 

82.08 

82 237 

82.25 

81.99 

81.67 

81.32 

80.95 

80.58 

80.20 

79.83 

79.46 

79.10 

93.34 

92.89 

92.44 

91.99 

91.52 

91.02 

90.52 

90.01 

89.48 

88.94 

88.38 

87.80 

87.43 

87.03 

86.62 

86.22 

85.97 

85.70 

85.32 

84.79 

84.17 

83.50 

82.82 

82.55 

82.28 

81.98 

81.64 

81.28 

80.91 

80.54 

80.16 

79.79 

79.43 

79.10 

93.44 

92.99 

92.54 

92.09 

91.61 

91.12 

90.61 

90.10 

89.58 

89.06 

88.55 

88.06 

87.62 

87.20 

86.79 

86.43 

86.11 

85.79 

85.39 

84.86 

84.27 

83.68 

83.13 

82.72 

82.35 

81.99 

81.63 

81.26 

80.88 

80.49 

80.11 

79.73 

79.36 

79.00 

HEAD IN LAYER 2 AT END OF TIME STEP 1 IN STRESS PERIOD 1 

1 -' 2 3 4 5 6 7 8 9 10 
16 

93.54 

93.09 

92.63 

92.17 

91.70 

91.21 

90.71 

90.19 

89.67 

89.17 

88.69 

88.23 

87.79 

87.37 

86.97 

86.59 

86.24 

85.90 

85.48 

84.94 

84.37 

83.81 

83.. 29 

82.83 

82.41 

82.01 

81.62 

81.23 

80.84 

80.45 

80.06 

79.67 

79.28 

78.90 

11 

94.10 

93.65 

93.19 

92.73 

92.27 

91.80 

91.32 

90.81 

90.29 

89.76 

89.26 

88.80 

88.35 

87.92 

87.50 

87.11 

86.73 

86.36 

86.00 

85.56 

85.02 

84.45 

83.90 

83.39 

82.91 

82.45 

82.02 

81.61 

81.20 

80.80 

80.39 

79.99 

79.59 

79.20 

78.80 

12 

94.20 

93.74 

93.28 

92.82 

92.36 

91.90 

91.44 

90.93 

90.38 

89.84 

89.35 

88. 89 

88.45 

88. 03 

87.62 

87.23 

86.85 

86.47 

86.09 

85.63 

85.06 

84.50 

83.95 

83.44 

82.94 

82.46 

82.01 

81.58 

81.16 

80.75 

80.34 

79.93 

79.52 

79.11 

78.70 

13 

94.30 

93.83 

93.37 

92.90 

92.44 

91.97 

91.52 

91.01 

90.45 

89.91 

89.42 

88.97 

88.53 

88.11 

87.72 

87.34 

86.97 

86.59 

86.19 

85.70 

85.10 

84.52 

83.95 

83.43 

82.92 

82.43 

81.98 

81.53 

81.11 

80.69 

80.27 

79.85 

79.43 

79.01 

78.60 

14 

94.40 

93.92 

93.44 

92.99 

92.52 

92.04 

91.57 

91.06 

90.,49 

89.97 

89.47 

89.03 

88.59 

88.18 

87.81 

87.43 

87. 08 

86.72 

86.30 

85.79 

85.13 

84.51 

83.90 

83.36 

82.85 

82.37 

81.93 

81.47 

81.05 

80.64 

80.22 

79.77 

79.35 

78.91 

78.50 

1 5  

................................................................................................................................ 
0 1 91.20 91.20 91.30 91.40 91.50 91.50 91.60 91.70 91.80 91.80 91-90 91.90 92.00 92.00 92.10 
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92.10 
90.90 
91.80 
90.60 
91.40 
90.40 
91.10 
90.10 
90.70 
89.80 
90.30 
89.50 
90.00 
89.20 
89.70 
89.00 
89.30 
88.70 
89.00 
88.50 
88.50 
88.30 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.20 
87.10 
86.90 
86.80 
86.50 
86.40 
86.20 
86.10 
85.80 
85.70 
85.40 
85.30 
85.00 
84.90 
84.50 
84.40 
84.10 
84.00 
83.70 
83.60 
83.30 
83.20 
82.90 
82. 80 
82.50 
82.30 
82.00 
81-90 
81.60 
81.50 
81.20 
81.00 
80.70 
80.60 
80.30 
80.20 
79.80 
79.70 
79.30 
79.30 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

90.97 

90.70 

90.45 

90.17 

89.88 

89.58 

89.29 

89.02 

88.74 

88.48 

88.22 

87.96 

87.67 

87.36 

87.02 

86.71 

86.38 

86.08 

85.73 

85.30 

84.84 

84.37 

83.94 

83.51 

83.10 

82.68 

82.24 

81.82 

81.40 

80.97 

80.55 

80.13 

79.69 

79.30 

91.05 

90.79 

90.52 

90.24 

89.95 

89.66 

89.36 

89.06 

88.75 

88.65 

88.16 

87.85 

87.55 

87.23 

86.92 

86.62 

86.33 

86.05 

85.72 

85.27 

84.79 

84.31 

83.86 

83.42 

83.00 

82.58 

82.16 

81.75 

81.33 

80.91 

80.50 

80.08 

79.65 

79.20 

91.14 

90.87 

90.60 

90.32 

90.03 

89.73 

89.42 

89.09 

88.76 

88.42 

88.09 

87.75 

87.43 

87.11 

86.81 

86.53 

86.27 

86.01 

85.68 

85.23 

84.73 

84.24 

83.77 

83.32 

82-90 

82.48 

82.08 

81.67 

81.27 

80.86 

80.45 

80.04 

79.62 

79.20 

91.22 

90.95 

90.67 

90.39 

90.11 

89.81 

89.49 

89.13 

88.76 

88.39 

88.02 

87.65 

87.30 

86.96, 

86.68 

86.43 

86.20 

85.96 

85.65 

85.18 

84;65 

84.14 

83.65 

83.21 

82.79 

82.38 

81.99 

81.60 

81.21 

80.81 

80.41 

80.01 

79.61 

79.20 

91.27 

91.02 

90.75 

90.47 

90.19 

89.91 

89.60 

89.18 

88.77 

88.36 

87.93 

87.52 

87.15 

86.79 

86.55 

86.33 

86.13 

85 * 94 

85.63 

85.13 

84.57 

84.02 

83.49 

83.06 

82.66 

82.26 

81.90 

81.53 

81.15 

80.77 

80.38 

79.99 

79.59 

79.20 

91.35 

91.09 

90.81 

90.54 

90.27 

90.02 

89.81 

89.37 

88.79 

88.21 

87.51 

86.66 

86.69 

86.56 

86.41 

86.21 

86.08 

85.95 

85.61 

85.05 

84.45 

83.80 

83.12 

82.82 

82.47 

82.12 

81.81 

81.47 

81.11 

80.73 

80.35 

79.97 

79.58 

79.20 

91.43 

91.15 

90.87 

90.60 

90.33 

90.09 

89.90 

89.47 

88.79 

88.03 

86.84 

84.20 

86.10 

86.45 

86.32 

86.04 

86.02 

85.92 

85.58 

84.99 

84.34 

83.53 

82.26 

82.54 

82.34 

82.04 

81.76 

81.43 

81.07 

80.70 

80.33 

79.95 

79.57 

79.20 

91.50 

91.21 

90.92 

90.64 

90.36 

90.10 

89.88 

89.44 

88.85 

88.25 

87.52 

86.66 

86.67 

86.54 

86.39 

86.19 

86.05 

85.91 

85.57 

85.00 

84.39 

83.73 

83.06 

82.75 

82.41 

82.06 

81.76 

81.42 

81.05 

80.68 

80.30 

79.92 

79.55 

79.20 

91.54 

91.25 

90.96 

90.66 

90.36 

90.06 

89.73 

89.31 

88.87 

88.42 

87.96 

87.51 

87.12 

86.74 

86.50 

86.28 

86.08 

85.88 

85.55 

85.04 

84.47 

83.91 

83.38 

82.95 

82.54 

82.15 

81.79 

81.42 

81.05 

80.67 

80.29 

79.90 

79.51 

79.10 

91.59 

91.29 

90.99 

90.68 

90.36 

90.03 

89.68 

89.29 

88.88 

88.46 

88.03 

87.63 

87.25 

86.90 

86.61 

86.35 

86.11 

85.87 

85.54 

85.06 

84.52 

84.00 

83.50 

83.05 

82.62 

82.22 

81.83 

81.44 

81.06 

80.67 

80.27 

79.88 

79.49 

79.10 

91.63 

91.33 

91.01 

90.69 

90.36 

90.02 

89.66 

89.29 

88.89 

88.49 

88.09 

87.71 

87.34 

87.00 

86.70 

86.41 

86.14 

85.88 

85.54 

85.08 

84.56 

84.05 

83.57 

83.12 

82.69 

82.27 

81.87 

81.47 

81.07 

80.67 

80.26 

79.86 

79.47 

79.10 

91.68 

91.36 

91.04 

90.70 

90.36 

90.02 

89.66 

89.29 

88.91 

88.52 

88.13 

87.76 

87.41 

87.08 

86.76 

86.46 

86.17 

85.89 

85.55 

85.09 

04.58 

84.09 

83.63 

83.18 

82.74 

82.32 

81.91 

81.49 

81.08 

80.67 

80.26 

79.84 

79.43 

79.00 

91.71 

91.39 

91.05 

90.71 

90.36 

90.02 

89.66 

89.30 

88.92 

88.53 

88.15 

87.80 

87.46 

87.13 

86.81 

86.49 

86.18 

85.89 

85.54 

85.08 

84.58 

84.11 

83.66 

83.22 

82.79 

82.37 

81.94 

81.52 

81.10 

80.68 

80.25 

79.82 

79.40 

79.00 

91.V 

91. 

91.07 

90.71 

90.35 

90.01 

89.67 

89.30 

88.94 

88.53 

88.15 

87.81 

87.48 

87.16 

86.85 

86.51 

86.19 

85.86 

85.50 

85.05 

84.56 

84.11 

1 

83.' 83.2~ J 
82.84 

82.42 

81.98 

81.56 

81.14 

80.69 

80.26 

79.81 

79.35 

78.90 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ......................................................................................................... 
0 1 .oo .oo -00  .oo .oo .oo -00  -00 -00  .oo -00 .oo .oo -00 .oo .oo 
0 2 - 0 0  -05 -03  .03 S O 3  -02 -08 -06 .06 .06 -06 .05 .06 - .03 -e02 .OO 
0 3 .OO .07 -06 -05 .05 .15 .13 -12 .ll .ll .ll -01 .02 .03 .06 .OO 
0 4 -00  -08 -07 .06 -17 -17 -17 .16 .16 .16 .17 .07 .OB -.OO .01 .OO 
0 5 .OO .08 .b7 .06 .17 -20 .20 .20 -21 .21 .23 -13 .04 -06 .08 .OO 
0 6 - 0 0  .05 -02 .11 .22 .25 -26 .27 .28 .29 .20 .20 .10 .13 .06 .OO 
0 7 - 0 0  .05 .12 .11 .22 .24 .26 .27 -28 .28 .29 .18 .16 .OB .03 - 0 0  
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0 8  
' 9  

10 
11 

0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
1 

b' 12 

0 1  
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
' 12 

13 

'u 2 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 

.oo . 00 . 00 . 00 . 00 . 00 
-00 
-00 . 00 . 00 . 00 
-00 
.oo 
-00 . 00 
.oo 
00 

-00 . 00 
.oo . 00 
-00 
-00 . 00 
.oo 
-00 . 00 . 00 

-02 
-02 
.12 
.09 
.05 
.08 
* 10 
.17 
.15 
.08 
.08 
* 09 
.ll 
.10 
.14 
.10 
-12 
.09 
.09 
.10 
.04 
-07 
.04 
-01 
.07 
.01 

-.04 . 00 

.09 
-13 
.16 
-16 
.23 
.19 
.23 
-25 
.27 
.31 
-27 
-23 
.25 
-23 
.29 
.24 
.27 
-18 
.19 
-20 
-12 
-15 
.09 
.03 
.07 
. O l  

-19 
.15 
-21 
.23 
-33 
.31 
.38 
.43 
.37 
.42 
.36 
.40 
.40 
-38 
.36 
.42 
.37 
-40 
-31 
.31 
.22 
-23 
.14 
.06 
.08 
.10 

.21 

.29 

.26 

.31 

.44 
-46 
-55 
.52 
.58 
.52 
.55 
.57 
.56 
.55 
.56 
.56 
.54 
.56 
.44 
.42 
.31 
.20 
* 20 
.10 
.ll 
.ll 

.05 
-00 

.01 -01 
-00 .oo 

D G k  IN UYBR 

.23 

.32 

.31 

.40 

.58 

.64 

.64 

.73 
-71 
.75 
.65 
.65 
.63 
.63 
-68 
.74 
.86 
.75 
.59 
.44 

.27 

.25 

.14 
-13 
.12 
.01 . 00 
211 

.4a 

.25 

.35 

.36 

.49 

.64 
* 90 
.85 
.83 
.93 
.92 
-86 
-72 
.69 
-81 
.a1 
.96 

I 1.23 
, .98 
I .74 
, .54 
I .47 
' .33 
I .30 .25 .29 
t .18 .22 .16 

.16 .10 .14 

.05 .07 .ll 

.02 .04 .07 
I .oo -00 .oo 
d EXD OF TIME STEP 

.27 -28 

.38 .29 

.41 .42 
-56 .46 
.79 .62 

1.26 .90 
-94 -87 
.98 .87 

1.02 .88 
1.34 .98 

.95 .83 

.86 .80 

.82 .78 

.85 .81 

.99 .83 
1.19 1.00 
1.92 1.18 
1.23 .95 

.85 .72 

.61 .62 

.43 .46 

.38 .32 

r ... 
-29 -29 .19 .17 .09 .04 
-30  .31 .21 .22 .15 .ll 
.32 .33 .24 .16 .09 -03 
.44 .33 .34 .25 .18 .03 
-55 .41 - 3 0  -21 -13 -07 
.64 .47 .35 .25 .17 .ll 
.68 .51 .38 .27 .19 -12 
.70 .53 .40 .28 .18 .09 
.81 .63 .49 .37 -26 .07 
.77 .61 -47 .35 .23 .12 
.69 -56 .44 .33 .21 -08 
.71 .60 .50 .31 -21 .10 
.71 .62 .44 .37 .20 .ll 
.74 .56 .46 .34 -20 .07 
.73 .63 .45 .30 -18 .09 
.82 .59 .SO .35 .25 .10 
.87 .61 .41 -36 -17 -04  
.78 .57 .39 -26 .18 -05 
.65 .49 .35 .24 .17 -03 
.51 -39 .38 .19 .12 .07 
.37 .38 .29 .22 .17 .03 
-34  -27 -20 .14 -09 .05 
.22 .26 .20 .15 -11 -06 
.21 .15 .11 .06 -03 .OB 
-09 .14 -11 .07 .05 .03 
.07 .03 .ll .OB .07 .05 
.04 .02 .OO -.01 -.01 -.01 
.oo .oo -00 .oo .oo .oo 

1 If STRESS PERIOD 1 

. 00 . 00 . 00 . 00 . 00 . 00 

.oo . 00 . 00 . 00 . 00 . 00 . 00 . 00 

.oo . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 

.oo -00 
-00 -03 
.oo -.oo 
.OO -05 
.OO .03 
-00 .02 
.oo .02 
.oo -01 
.oo .08 
.OO -06 
-00 .12 
-00 -08 
.OO .14 
-00 .13 
.OO .14 
.oo .08 
-00 .09 
-00  .02 
.oo .02 
.OO .07 
-00 -.oo 
.OO .06 
. O O  .03 
.OO .06 
.oo -09 
.oo .10 
-00 .12 
-00 -06 
-00 .08 
-00 .10 
-00 -03 

-00 
.05 
.01 

-.02 
.06 
.05 
.04 
.04 
-04 
.15 
.15 
.14 
-25 
-25 
-27 
-28 
.18 
.17 
-05 
-08 
.03 
-11 
-09 
.14 
.18 
-10 
-12 
-14 
.15 
.07 
-09 
-10 

........................................................................................................ 
.oo .oo -00 .oo .oo .oo .oo .oo .oo . -00 .oo .oo 

-.02 .03 -05 -.03 .OO -a04 .01 -.03 .02 -.01 .04 -00 
-05 -SO2 -01 -05 -.01 -05 -01 -.03 -04 .01 -.01 -00 . ~~ 

.03 

.01 
-.01 
-.01 

.01 
-17 
-24 
-31 
-38 
.45 
.60 
-64 
.62 
.47 
.30 
.14 
-05 
.12 
.15 
-26 
.35 
.29 
.31 
.32 
-21 
.20 

~ ~~ 

-.os 
.03 . 01 

-.01 
.oo 
.12 
.23 
.34 
.47 
.58 
.75 
.81 
.75 
.57 
.37 
.06 

-.03 
.07 
.23 
.38 
.41 
.44 
.44 
.34 
.30 
.27 

-.01 
-.04 
-.07 
-.12 
-.21 
-.07 

.21 

.49 

.99 
1.54 
1.21 
1.04 

* 89 
-69 
.32 
.05 -. 01 
.15 
.35 
-50 
-78 
-68 
-63 
.48 
.39 
.33 

~~ 

.03 . 00 
-.03 
-.09 
-.20 
-.07 
.31 
.77 

1.66 
4.00 
1.80 
1.15 

.98 
-76 
.38 
.08 
.02 
.21 
.46 
.77 

1.64 
.96 
-66 
.56 
.44 
-27 

-.02 
-.04 
-.06 
- . l o  
-.18 
-.04 

.25 

.55 

.98 
1.54 
1.23 
1.06 

.81 

.61 

.35 

.09 
-03 
* 10 
.31 
-57 
.84 
.65 
.59 
* 54 
.44 
.28 

.04 

.04 
-.Ob 
-.06 
-.03 

.09 

.23 

.38 
-44  
.59 
.68 
.86 
.70 
.52 
.32 
-02 

-.05 
.06 
.23 
.39 
.52 
-45 
-46 
I 4 5  
.31 
.28 

.oi -.oi 
-02 .01 
.04 -04 
.07 .08 
.02 .04 
-11 .ll 
.22 .21 
-24 .21 
.37 .31 
.47 .39 
.55 .36 
.60 .40 
-49 .30 
-35 .29 
.19 .16 
.03 .02 

-04 -02 
-18 .04 
-20  -15 

-.04 -.04 

- 3 0  .23 
.35 -26 
-38 .31 
-28 -23 
-27 .23 
-26 .13 

.06 
-.oo 

.04 

.08 
04 

-11 
.09 
.18 
.27 
.24 
.29 
.22 
.24 
.14 
.03 

-.09 
-.15 
-.09 

.02 

.ll 
-17 
.22 
.26 
.18 
.19 
.ll 

.05 
-.01 

.04 

.08 

.04 

.10 

.08 
-17 
.15 
-20 
.14 
.17 
.09 
.ll 
.02 

-.09 
-.14 
-.OS 

-02 
-09 
-14 
.18 
.11 
.13 
-16 
.08 

.03 
-.01 

.05 
-.01 
.03 

.06 

.07 

.05 

.09 
-12  
.04 
-05 

-.01 
* 01 

-.06 
-.lo 
-.05 

.04 
-.or 

.02 
-04 
.06 
.08 
-02 
.04 

-.oa 

. 00 . 00 . 00 . 00 . 00 
I .oo 
1 .oo . 00 
I .oo 
I .oo 

.oo 
, .oo 
, .oo 

.oo 

.oo 
I .oo 
I .oo 
I -00 
, .oo 
. .oo 
! .oo 
I .oo 
, .oo 
1 -00 
I .oo 
I .oo 

.02 
-05  

-00 
-.04 

.03 . 00 
-.02 
-.03 

.07 

.08 
-11 
-14 
.18 
.31 
.35 
.37 
* 39 
.39 
-37 
.23 
.09 
.02 
-07 
.17 
.16 
.23 
.18 
-20 
-22 
.22 
.13 
.13 
.14 
.05 
-06 
-08 

-19 -25 -19 .23 -25 .25 .14 .13 .12 -10 .06 .OO 
-09 -13 .17 .20 .22 .13 .13 .13 .13 .02 . O l  -00 
.09 .12 -15 .07 .10 -11 .13 .04 .04 .05 .04 -00  

. ._ 
0 32 -00 .05 
0 33 -00 .07 .09 .ll -03 .05 -08  -10 .02 .04 .06 .OB -.01 -00  
0 34 .oo .01 -.01 .01 -02 .03 .05 .-a01 -01 -03 -.03 .OO .05 -00  
0 35 -00  .oo -00 .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo 
ODRAWDOWN WILL BE SAVED ON UNIT 40 AT BloD OF TIME STEP 
0 

1, STRESS PERIOD 1 

0 

IN: --- 
STORAGE - .OOOOO 

WELLS = .ooooo 
CONSTANT HEAD = .173363+06 

IN: --- 
STORAQE - .ooooo 

WEUS - .ooooo 
CONSTANT READ - .17336Et06 

-9- 



O 
0 

0 
0 
0 

0 

TOTAL IN - .1733681+06 
OUT: ---- 

STORAGE - .ooooo 
CONSTANT BEAD - 96341. 

WELLS - 77006. 
!BYlA& OUT - .173353+06 
IN - OUT 9.2813 

PERCENT DISCREPANCY - .01 

TOTAL IN = .373368t06, 
OUT: ---- 

STQRAQE - .OOOOO 
CONSTANT HBAD - 96341. \ 

WELLS - 77006. 
TOTAL OUT - .173353+06 
IN - OUT 9.2813 

PER- DISCREPANCY - .01 

J 
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1 U.S. GEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-WATER MODES 
OSHIEIDACLOY METALLURGICAL CORPORATION FOCUSED FS - HYDROGEOLOGIC SIMULATION SIMULATION 2 - ALL WELLS, RIWZ DEEP, 1ogw'S/D 

2 LAYERS 35 Rows 16 COLUMNS 
1 STRBSS PERIOD(S) IN SIMULATION 

4ODEL TIMB UNIT IS DAYS 
-OI/O UNITS: 

ELEMEHT OF IUNIT: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
I/OUNIT:1112 0 0 0 0 0 0 1 9  0 0 2 2  0 0 0 0 0 0 0 0 0 0 0 0 

OBASl -- BASIC MODEL PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 1 
ARRAYS RHS AND BUFF WILL SHARE MEMORY. 
START HEAD W I L L  BE SAVED 

10699 ELgME2JTS IH X ARRAY ARE USED BY BAS 
10699 ELEMENTS OF X ARRAY USED OUT OF 100000 

OBCFl -- BLOCK-CENTERED PUXY PACKAGE, VERSION 1, 9/1/87 INPUT READ PROM UNIT 11 
STEADY-STATE SIMULATION 

LAYKR AQUIFER TYPE ------------------- 
1 1 
2 0 

1122 KLEMENTS IN X ARRAY ARE USED BY BCF 
11821 ELEMENTS OF X ARRAY USED OUT OF 100000 

OWEL1 -- WELL PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM 12 
MAXIMUMOF 8WELLS 

32 ELEMEHTS IN X ARRAY ARE USED FOR WELLS 
11853 ELEMEHTS OF X ARRAY USED OUT OF 100000 

OSIPl -- STRONGLY IMPLICIT PROCEDURE SOLUTION PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 19 
MAXIMUM OF 50 ITERATIONS WOWED FOR CLOSURE 
5 ITERATION PARAMFPBRS 

4685 ELEMENTS IN X ARRAY ARE USED BY SIP 
16538 ELEMEKTS OF X ARRAY USED OUT OF 100000 

1SEIKLDALLOY KETALLURGICAL CORPORATION FOCUSED FS - H Y D ~ O L O G I C  SIMULATION 
0 

SIMULATION 2 - W WELLS, RIWZ DEEP8 ?3EW S/D 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  

0 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
0 2  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 3  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 4  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 5  - 1 1  1 1  1 1  1 1  1 1  1 1  1 1 1 - 1  
0 6  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  

......................................................................... 

7 -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
8 -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  

'\ 4'9 -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  - 0 1 0  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 1 1  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 1 2  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 1 3  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 1 4  -1 1 1  1 1  1 . 1  1 1  1 1  1 1  1 1 - 1  
0 1 5  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 1 6  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 1 7  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 1 8  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 1 9  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 0  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 1  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 2  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 3  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 4  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 5  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 6  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 7  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 8  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 9  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 3 0  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 3 1  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 3 2  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 3 3  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 3 4  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 35 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
0 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  .........................................................*............... 
-1- 



0 1  
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 

-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 -2 
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 '2 
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

0 35 -2 -2 -2 -2 -2 -2 -2 -2 
OAQUIFER BEAD WILL BE SET To 
0 

999.99 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 

'i) 

-2 -2 -2 -2 -2 -2 -2 -2 
AT ALL IVO-PLOW NODES (IBOUND=O). 

I N I T I A L  EEAD FOR UYER 1 WILL BE RgAD OH UNIT 1 USING FORMAT: ( 16F5.1) 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

1 2 3 4 5 6 7 8 9 10 

0 1 92.90 93.00 93.10 93.20 93.30 93.40 93.60 93.70 93.80 93.90 

11 12 13 14 15 16 

1 ...........................................*...*..............*....*.........~.....................~....*~*................., 
94.00 94.10 94.20 94.30 94.40 94.50 
92.40 
93.60 
92.00 
93.20 
91.60 
92.80 
91.20 
92.40 
90.70 
91.90 
90.20 
91.50 
89.70 
91-00 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89.10 
88.00 
88.70 
87.70 
88.30 
87.50 
87.90 
87.30 
87.60 
87.00 
87.20 
86.50 
86.80 
86.00 

92.60 
93.70 
92.20 
93.20 
91.80 
92.80 
91.40 
92.40 
90.90 
92.00 
90.40 
91.50 
89.90 
91.00 
89.50 
90.50 
89.20 
90.00 
88-80 
89.60 
88.40 
89-10 
88.10 
88.70 
87.80 
88.30 
87.60 
87.90 
87.30 
87.60 
86.90 
87.20 
86.50 
86.80 
86.10 

92.70 
93.80 
92.30 
93.30 
91-90 
92.90 
91.50 
92.40 
91.00 
92.00 
90.60 
91.60 
90.10 
91.10 
89.70 
90.60 
89.30 
90.00 
88.90 
89.60 
88.60 
89.10 
88.20 
88.70 
87.90 
88.30 
87.60 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.20 

92.80 
93.80 
92.40 
93.40 
92.00 
92.90 
91.60 
92.50 
91.20 
92.10 
90.70 
91.60 
90.30 
91-10 
89.80 
90.60 
89.40 
90.00 
89.00 
89.60 
88.70 
89-10 
88.30 
88.70 
88.00 
88.30 
87.70 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.30 

92.90 93. oo 
93.90 94.00 
92.50 92.70 
93.50 93.50 
92.20 92.30 
93.00 93.10 

92.60 92.60 
91.40 91.50 
92.10 92.10 
90.90 91.00 
91.60 91.60 
90.40 90.50 
91-10 91-10 
90.00 90.10 
90.60 90.50 
89.50 89.60 
90.00 90.00 
89-10 89.20 
89.50 89.50 
88.80 88.90 
89-10 89.10 
88.40 88.50 
88.70 88.60 
88.10 88.10 
88.30 88.20 
87.70 87.80 
87.90 87.90 

87.50 87.50 
87.00 87.10 
87.20 87.20 
86.70 86.70 
86.80 86.90 
86.40 86.40 

91-80 . b,91.90 

87.40 87.40 

93.20 

92.80 

92.40 

92.00 

91.60 

91.10 

90.60 

90.20 

89.70 

89.30 

88-90 

88.60 

88.20 

87.80 

87.50 

87.10 

86. 80 

86.40 

93.30 

92.90 

92.50 

92.10 

91.70 

91.20 

90.70 

90.30 

89.00 

89.40 

89.00 

88.60 

88.20 

87.90 

87.50 

87.20 

86.80 

86.50 

93.40 

93.00 

92.60 

92.20 

91.80 

91.30 

90.80 

90.30 

09.90 

89.40 

89-00 

88.70 

88-30 

87.90 

87.50 

87.20 

86.80 

86.50 

93.50 \ 

93.10 

92.70 

92.30 

91.90 

91.40 

90.90 

90.40 

89.90 

89.50 

89-10 

88.70 

88.30 

87.90 

87.60 

87.20 

86.80 

86.50 

J 
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0 20 

21 

'-22 * 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

86.50 
85.60 
86.10 
85.10 
85.50 
84.70 
85.00 
84.20 
84.40 
83.80 
83.90 
83.50 
83.40 
83.10 
82.90 
82.70 
82.40 
82.20 
82.00 
81.80 
81.50 
81.30 
81.10 
80.80 
80.60 
80.30 
80.20 
79.90 
79.70 
79.40 
79.30 
78.90 
78.90 

86.50 
85.70 
86.00 
85.20 
85.50 
84.80 
84.90 
84.30 
84.40 
83.90 
83.80 
83.50 
83.30 
83.10 
82.80 
82.70 
82.40 
82.20 
81.90 
81.80 
81.40 
81.30 
81.00 
80.80 
80.50 
80.40 
80.10 
79.90 
79.70 
79.40 
79.20 
79.00 
78.80 

86.40 
85.80 
86.00 
85.30 
85.40 
84.90 
84.80 
84.40 
84.30 
84.00 
83.80 
83.50 
83.20 
83.10 
82.70 
82.70 
82.20 
82.20 
81.80 
81.80 
81.30 
81.30 
80.90 
80.80 
80.40 
80.40 
80.00 
79.90 
79.60 
79.50 
79.10 
79.00 
78.70 

86.40 86.40 86.40 - '- 
85.90 86.00 86.00 
85.90 85.90 85.90 
85.40 85.50 85.50 
85.30 85.20 85.10 
84.90 85.00 85.00 
84.70 84.60 84.50 
84.50 84.50 84.50 
84.20 84.00 83.80 
84.00 84.00 84.10 
83.60 
83.60 
83.10 
83.10 
82.60 
82.70 
82.10 
82.20 
81.70 
81.80 
81.20 
81.30 
80.80 
80.80 
80.30 
80.40 
79.90 
80.00 
79.50 
79.50 
79.00 
79.10 
78.60 

83.40 83.30 
83.60 83.60 
82.90 82.80 
83.10 83.10 
82.40 82.30 
82.70 82.60 
82.00 81.90 
82.20 82.20 
81.50 81.40 
81.70 81.70 
81.10 81.00 
81.30 81.30 
80.70 80.60 
80.80 80.80 
80.30 80.20 
80.40 80.40 
79.80 79.70 
80.00 80.00 
79.40 79.30 
79.50 79.50 
78.90 78.80 
79.10 79.10 
78.50 78.40 

86.00 

85.60 

85.00 

84.50 

84.10 

83.60 

83.10 

82.60 

82.20 

81.70 

81.30 

80.80 

80.40 

79.90 

79.50 

79.10 

INITIAL HEAD FOR LAYER 2 WILL BE READ ON UNIT 

86.10 

85.60 

85.10 

84.50 

84.00 

83.60 

83.10 

82.60 

82.10 

81.70 

81.20 

80.80 

80.30 

79.90 

79.50 

79.10 

86.10 

85.60 

85.00 

84.50 

84.00 

83.50 

83.00 

82.60 

82.10 

81.60 

81.20 

80.70 

80.30 

79.90 

79.50 

79.10 

1 USINQ PORPIAIP: (16F5.11 

86.10' 

85.60 

85.00 

84.50 

84.00 

83.50 

83.00 

82.50 

82.00 * 

81.60 

81.10 

80.70 

80.20 

79.80 

79.40 

79.00 

1 2 3 4 5 6 7 8 9 10 

0 1 91.20 91.20 91.30 91.40 91.50 91-50 91.60 91.70 91.80 91.80 

11 12 13 14 15 16 ............................................................................................................................. 

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

91.90 
90.90 
91.60 
90.60 
91.30 
90.40 
91-00 
90.10 
90.70 
89.80 
90.40 
89.50 
90.10 
89.20 
89.70 
89.00 
89.40 
88.70 
89.10 
88.50 
88.70 
88.30 
88.40 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.10 
87.10 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.70 
85.50 

si.90 
91-00 
91.60 
90.70 
91.30 
90.50 
91.00 
90.20 
90.70 
89.90 
90.40 
89.60 
90.10 
89.30 
89.70 
89.10 
89.40 
88-80 
89.10 
88.60 
88.70 
88.30 
88.40 
88.10 
88.10 
87.80 
87.70 
87.50 
87.40 
87.10 
87.00 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.80 
85.50 

~~ ~~ 

92.00 
91.10 
91.70 
90.80 
91.40 
90.50 
91.10 
90.30 
90.70 
90.00 
90.40 
89.70 
90.10 
89.40 
89.70 
89.10 
89.40 
88.90 
89.00 
88.60 
88.70 
88.30 
88.40 
88.10 
88.00 
87.80 
87.70 
87.50 
87.30 
87.20 
87.00 
86.80 
86.60 
86.50 
86.20 
86.10 
85.80 
85.80 
85.40 

~~.~ 
92.00 
91.10 
91.70 
90.90 
91.40 
90.60 
91-10 
90.30 
90.70 
90.00 
90.40 
89.80 
90.10 
89.50 
89.70 
89.20 
89.40 
88.90 
89.00 
88.60 
88.70 
88.40 
88.30 
88.10 
88.00 
87.80 
87.60 
87.50 
87.30 
87.20 
86.90 
86.90 
86.60 
86.50 
86.20 
86.10 
85.80 
85.70 
85.40 

92-10 92.10 
91.20 91.30 
91.80 91.80 
91.00 91.00 
91.40 91.40 
90.70 90.70 
91-10 91.10 
90.40 90.50 
90.70 90.70 
90.10 90.20 
90.40 90.30 
89.80 89.90 
90.00 90.00 
89.50 89.60 
89.70 89.70 
89.30 89.30 
89.30 89.30 
89.00 89.00 
89.00 89.00 
88.70 88.70 
88.60 88.50 
88.40 88.40 
88.20 88.10 
i s .  10 88.10 
87.90 87-80 
87.90 87.90 
87.60 87.50 
87.60 87.60 
87.20 87.20 
87.30 87.30 
86.90 86.90 
86.90 . 86.90 
86.50 86.50 
86.50 86.50 
86.20 86.20 
86.10 86.00 
85.80 85.80 
85.70 85.60 
85.40 85.40 

91.40 

91.10 

90.80 

90.50 

90.20 

89.90 

89.60 

89.30 

89.00 

88.70 

88.50 

88.20 

87.90 

87.60 

87.30 

86.90 

86.40 

86.00 

85.60 

91.40 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.30 

86.80 

86.40 

86.00 

85.60 

91.50 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.20 

86.80 

86.40 

86.00 

85.60 

91.50 

91.30 

91.00 

90.70 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.40 

88.10 

87.80 

87.60 

87.20 

86.80 

86.40 

85.90 

85.50 
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o 21 
0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

w. 

85.30 
85.10 
84.90 
84.70 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
81-90 
81.70 
81.50 
81.20 
81.00 
80.80 
80.60 
80.40 
80.20 
79.90 
79.70 
79.50 
79.30 

85.30 
85.10 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
81.90 
81.60 
81.50 
81.20 
81-00 
80.80 
80.60 
80.30 
80.20 
79.90 
79.70 
79.50 
79.30 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.10 
83.00 
82.70 
82.50 
82.30 

81-90 
81.60 
81.40 
81.20 
81.00 
80.80 
80.60 
80.30 
80.10 
79.90 
79.70 
79.40 
79.20 

92.10 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.50 
83.40 
83.10 
82.90 
82.70 
82.50 
82.30 
82.10 
81.80 
81.60 
81.40 
81.20 

80.70 
80.50 
80.30 
80.10 
79.90 
79.70 

81.00 

85.30 
85.00 
84.80 
84.60 
84.40 
84.10 
84.00 
83.70 
83.50 
83.30 
83.10 
82.90 
82.70 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 
80.50 
80.30 
80.10 
79.80 
79.60 

85.20 
85.00 
84.80 
84.50 
84.40 
84.10 
83.90 
83.70 
83.50 
83.30 
83.10 
82.90 
82.60 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 

80.70 
80.50 
80.30 
80.10 
79.80 
79.60 

90.90 

85.20 

84.80 

84.30 

83.90 

83.50 

83.10 

82.60 

82.20 

81.80 

81.30 

80.90 

80.50 

80.00 

79.60 
79.40 79.40 79.30 
79.20 79.20 79.20 79.20 

79.10 79.10 79.00 79.00 78.90 78.90 
0- PRINT FORMAT IS FORMAT NUMBER 4 DRAWXWN PRINl' FORMAT IS FORMAT NUMBER 9 
OHeADS WILL BE SAVl3D ON UNIT 30 DRAWDOWNS WILL BE SAVED ON UNIT 40 
OOUTPUT CONTROL IS SPECIFIED EVERY TIME STEP 
0 
0 
0 
0 

85.20 

84.80 

84.30 

83.90 

83.50 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

COLUMN To Row ANISCTROPY = 1.000000 
DELR = 200.0000 
DELC = 200.0000 

85.10 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

82.20 

81.70 

81.30 

90.90 

80.40 

80.00 

79.60 

79.20 

85.10 , 

84-70 84.30 ,1 , 
83.90 

83.40 

83.00 

82.60 

82.10 

81.70 

81.30 

80.80 

80.40 

80.00 

79.50 

79.10 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

1 2 3 4 5 6 7 8 9 10 
11 12 13 14 15 16 

,I 
.. D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ . . . . . . . . . ~ .  

0 1 300.0 , 300.0 300.0 300.0 300.0 225.0 225.0 225.0 225.0 225.0 
225.0 225.0 300.0 300.0 300.0 300.0 
300.0 300.0 300.0 300.0 300.0 225.0 225.0 225.0 225.0 225.0 
225.0 225.0 300.0 300.0 300.0 300.0 
300.0 300.0 300.0 300.0 300.0 225.0 225.0 225.0 225.0 225.0 
225.0 225.0 300.0 300.0 300.0 300.0 
300.0 300.0 300.0 300.0 300.0 225.0 225.0 225.0 225.0 225.0 
225.0 225.0 300.0 300.0 300.0 300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 

300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
225 - 0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0, 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

225.0 225.0 
300.0 
200.0 200.0 
300.0 
200.0 200.0 
300.0 
200.0 200.0 
300.0 
200.0 200.0 
300.0 
200.0 200.0 
300.0 
200.0 200.0 
300.0 
200.0 200.0 
300.0 
200.0 200.0 
300.0 
200.0 200.0 
300.0 
200.0 200.0 
300.0 
250.0 250.0 
300.0 
250.0 250.0 
300.0 
250.0 250.0 
300.0 
250.0 25D. 0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 
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r) 20 

,,4:: 
0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 
0 
0 

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

250.0 
300.0 
175.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
.150.0 
300.0 
150.0 
300.0 
150.0 

150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 

500.0 

300.0 
150.0 
300.0 
150.0 

250.0 
175.0 
175.0 
175.0 
150.0 
175.0 
150.0 
i75.0 
150.0 
175.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
'150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 

250.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 

550.0 250.0 
175.0 175.0 
175.0 175.0 
175.0 150.0 
175.0 175.0 
175.0 150.0 
i75. o 175.0 
175.0 150.0 
175.0 175.0 
150.0 150.0 
175.0 175.0 
150.0 150.0 
150.0 200.0 
150.0 150.0 
150.0 200.0 
150.0 150.0 
150.0 200.0 
150.0 150.0 
150.0 200.0 
150.0 150.0 
150.0 200.0 
150.0 150.0 
150.0 200.0 
150.0 150.0 
150.0 200.0 
150.0 150.0 
150.0 200.0 
150.0 150.0 
150.0 200.0 
150.0 150.0 
150.0 200.0 
150.0 150.0 
150.0 200.0 

300.0 
175.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 

*.w: 7 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

BOlTOM - 30.00000 FOR LAYER 1 
VKRT HYD COND /THICKNESS .1000000E-02 FOR LAYER 1 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

1 2 3 4 5 6 7 8 
11 12 13 14 15 16 

9 10 

............................................................................................................................. 
* 1 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 

6000. 6000. 6000. 6000. 6000. 6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6030. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
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6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
8000. 
6000. 
8000. 
6000. 
8000. 
6000. 
8000. 
6000. 
8000. 
6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

8000. 

8000. 

8000. 

8000. 

8000. 



0 

0 
1 

0 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 
3000. 3000. 

0 33 3000. 3000. 
3000. 3000. 

0 34 3000. 3000. 
3000. 3000. 

0 35 3000. 3000. 
3000. 3000. 

0 

3000. 
3000. 
3000. 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

8 WELLS 

OAVERAGE SEED = .00187924 
MINIMUM SEED - ,00055600 

n 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 4000. 1500. 1500. 
4000. 4000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. ~~ ~ 

3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. ~~ 

3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

ACCELERATION PARAMFPER - 1.0000 
BEAD CHANGZ CRITERION FOR CLOSURE = .10000E-02 
SIP HEAD CBMloE PRINTOUT 1- - 1 
CALCULATE ITERATION PARAMETERS FRaM MODEL CALCULATED WSEED 

STRXSS PERIOD NO. 1, LEHGTB - 1.000000 

NUMBER OF TIME STEPS - 1 

MULTIPLIER FOR DELT = 1.000 

INITIAL TIME STEP SIZE = 1.000000 

LAYER ROW COL STRESS RA!TE WELL NO. 

1 13 8 -14439. 1 
1 17 8 -14439. 2 
1 24 8 -14439. 3 
1 29 8 -14439. 4 
2 13 8 -4813.0 5 
2 17 8 -4813.0 6 
2 24 8 -4813.0 1 
2 29 8 -4813.0 8 

-----------------*--------------------------- 

4000. , 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000, 

3000. 

3000. 

3000. 

3000. 

3000, 

J 

5 ITERATION PARAMETERS CALCULATED FROM AVERAGE SEED: 

.0000000E+00 .7917928E+00 .9566497E+00 .99097423tOO .9981208Et00 
0 

OMAXIMUM HEAD CHANGE FOR EACH ITERATION: 
10 ITERATIONS FOR TIME STgP 1 I N  STRESS PERIOD 1 

0 E5ZAD C N G E  LAYER,ROW,COL HEAD CBANGE LAYER,ROW,COL BEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL 

-2.332 ( 2, 13, 8)  -.3456 ( 2, 14, 7 )  -.3039 ( 1, 26, 8)  -.2365 ( 1, 21, 8 )  -.57573-01 ( 1, 238 9) 
-84383-02 ( 2, 21, 6 )  .9331E-02 ( 1, 24, 9 )  .47863-02 ( 1, 24, 8 )  -3998E-02 ( 1, 24, 8 )  -9121E-03 ( 1, 18, 12) 

......................................................................................................................... 
0 
OBEAD/DRAWDOWN PRINTOUT FLAG = 1 TOTAL BUDGET PRINTOUT FLAG 1 CELL-BY-CELL FLOW TERM FLAG = 0 
OOUTPUT FLAGS FOR EACH LAYER: 

BEAD DRAWDOWN HEAD DRAWDOWN 
LAYER PRINTOUT PRINTOUT SAVE SKVE 
---------------------*------------------- 

1 1 1 1 1 
2 1 1 1 1 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
4’ 16 ................................................................................................................................. 

94.10 94.20 94.30 94.40 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

-I 20 

... 
0 1  

, W 2 1  
0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

1 

92.90 
94.50 
92.40 
94.00 
92.00 
93.50 
91.60 
93.10 
91.20 
92.60 
90.70 
92.10 
90.20 
91.60 
89.70 
91-10 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89.10 
88.00 
88.60 
87.70 
88.20 
87.50 
87.90 
87.30 
87.50 
87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84.50 
84.20 
83.80 
83.80 
83.30 
83.50 
82.80 
83.10 
82.30 
82.70 
81.90 
82.20 
81.40 
81.80 
81.00 
81.30 
80.60 
80.80 
80.20’ 
80.30 
79.70 
79.90 
79.30 
79.40 
78.80 
78.90 
78.40 

93.00 

92.55 

92.13 

91.72 

91.32 

90.85 

90.35 

89.89 

89.49 

89.09 

88.73 

88.37 

88.03 

87.72 

87.45 

87.17 

86.84 

86.44 

86.03 

85.61 

85.12 

84.67 

84.21 

83.79 

83.41 

83.01 

82.59 

82.14 

81.70 

81.24 

80.77 

80.31 

79.88 

79.43 

79.00 

93.10 

92.67 

92.25 

91.84 

91.44 

90.99 

90.49 

90.03 

89.59 

89.17 

88.77 

88.40 

88.05 

67.71 

87.39 

87.08 

86.74 

86.38 

86.01 

85.60 

85.11 

84.65 

84.19 

83.76 

83.33 

82.90 

82.47 

82.03 

81.59 

81.15 

80.71 

80.28 

79.86 

79.44 

79.00 

93.20 

92.77 

92.36 

91.95 

91.55 

91.10 

90.61 

90.13 

89.68 

89.23 

88.81 

88.42 

88.05 

87.69 

87.34 

87.00 

86.66 

86.32 

85.97 

85.57 

85.09 

84.61 

84.14 

83.68 

83.21 

82.77 

82.33 

81.89 

81.46 

81.04 

80.63 

80.23 

79.84 

79.46 

79.10 

93.30 93.40 93.60 93.70 93.80 93.90 94.00 

92.87 

92.45 

92.04 

91.64 

91.19 

90.70 

90.22 

89.75 

89.29 

88. 85 

88.43 

88.03 

87.64 

87.28 

86.92 

86.58 

86.25 

85.93 

85.54 

85.05 

84.54 

84.04 

83.54 

83.08 

82.63 

82.18 

81.74 

81.31 

80.92 

80.54 

80.17 

79.81 

79.45 

79.10 

92.99 

92.56 

92.14 

91.72 

91.27 

90.79 

90.31 

89.83 

89.35 

88.88 

88.42 

87.97 

87.58 

87.19 

86.82 

86.48 

86.18 

85.87 

85.49 

85.00 

84.46 

83.91 

83.38 

82.92 

82.48 

82.03 

81.57 

81.13 

80.77 

80.44 

80.11 

79.77 

79.44 

79.10 

93.13 

92.68 

92.25 

91.82 

91.36 

90.88 

90.39 

89.90 

89.41 

88.91 

88.39 

87.86 

87.50 

87.12 

86.73 

86.35 

86.10 

85.82 

85.45 

84.95 

84.37 

83.76 

83.13 

82.74 

82.34 

81.89 

81.39 

80.87 

80.60 

80.33 

80.04 

79.73 

79.42 

79.10 

93.24 

92.79 

92.35 

91.91 

91.45 

90.97 

90.47 

89.98 

89.47 

88.94 

88.36 

87.59 

87.44 

87.09 

86.67 

86.11 

86.03 

85.80 

85.44 

84.92 

84.32 

83.61 

82.65 

82.58 

82.24 

81.79 

81.21 

80.35 

80.43 

80.25 

79.99 

79.70 

79.40 

79.10 

93.34 

92.90 

92.45 

92.01 

91.55 

91.06 

90.56 

90.06 

89.56 

89.04 

88.50 

87.97 

87.59 

87.19 

86.78 

86.40 

86.13 

85.85 

85.47 

84.94 

84.35 

83.72 

83.08 

82.68 

82.26 

81.80 

81.30 

80.78 

80.51 

80.25 

79.96 

79.66 

79.37 

79.10 

93.45 

93.00 

92.55 

92.10 

91.64 

91.15 

90.65 

90.15 

89.65 

89.15 

88.65 

88.17 

87.75 

87.33 

86.93 

86.57 

86.24 

85.92 

85.52 

84.99 

84.41 

83.83 

83.27 

82.79 

82.32 

81.86 

81.39 

80.95 

80.60 

80.27 

79.95 

79.63 

79.31 

79.00 

BEAD I N  LAYER 2 AT END OF TIME STEP 1 I N  STRESS PERIOD 1 

93.55 

93.09 

92.64 

92.19 

91.72 

91.24 

90.74 

90.24 

89.73 

89.24 

88.77 

88.32 

87.89 

87.47 

87.07 

86.70 

86.35 

86.00 

85.58 

85.05 

84.48 

83.91 

83.37 

82.87 

82.39 

81.92 

81.46 

81.03 

80.65 

80.28 

79.93 

79.58 

79.24 

78.90 

11 

93.65 

93.20 

92.74 

92.28 

91.82 

91.34 

90.84 

90.32 

89.80 

89.32 

88.86 

88.42 

87.99 

87.58 

87.19 

86.81 

86.44 

86.08 

85.64 

85.10 

84.52 

83.97 

83.43 

82.92 

82.43 

81.95 

81.50 

81.07 

80.67 

80.28 

79.90 

79.53 

79.17 

78.80 

12 

93.75 

93.29 

92.83 

92.37 

91.91 

91.45 

90.95 

90.40 

89.88 

89.39 

88.94 

88.50 

88.08 

87.68 

87.29 

86.91 

86.54 

86.15 

85.69 

85.12 

84.55 

83.99 

83.47 

82.95 

82.44 

81.97 

81.51 

81.08 

80.66 

80.26 

79.86 

79.47 

79.08 

78.70 

13 

93.83 

93.37 

92.91 

92.45 

91.98 

91.53 

91.02 

90.47 

89.94 

89.45 

89.00 

88.56 

88.15 

87.76 

87.38 

87.00 

86.63 

86.23 

85.74 

85.14 

84.55 

83.98 

83.45 

82.93 

82.42 

81.95 

81.50 

81.06 

80.65 

80.23 

79.81 

79.40 

79.00 

78.60 

14 

93.92 

93.45 

92.99 

92.52 

92.05 

91.58 

9&.07 

90.50 

89.98 

89.49 

89.05 

88.60 

88.20 

87.83 

87.45 

87.10 

86.74 

86.32 

85.81 

85.14 

84.53 

83.91 

83.37 

82.85 

82.37 

81.92 

81.46 

81.03 

80.62 

80.20 

79.76 

79.34 

. 78.90 

78.50 

15 

................................................................................................................................ 
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0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

91.20 
92.10 
90.90 
91.80 
90.60 
91.40 
90.40 
91-10 
90.10 
90.70 
89-80 
90.30 
89.50 
90.00 
89.20 
89.70 
89.00 
89.30 
88.70 
89.00 
88.50 
88.50 
88.30 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.20 
87.10 
86.90 
86.80 
86.50 
86.40 
86.20 
86.10 
85.80 
85.70 
85.40 
85.30 
85.00 
84.90 
84.50 
84.40 
84.10 
84.00 
83.70 
83.60 
83.30 
83.20 
82.90 
82.80 
82.50 
82.30 
82.00 
81.90 
81.60 
81.50 
81.20 
81.00 
80.70 
80.60 
80.30 
80.20 
79.80 
79.70 
79.30 
79.30 
78.90 

O D  WILL BE SAVED ON UNIT 30 AT END OF TIME STEP 1, STRESS PERIOD 1 
1 DRAWDOWN IN LAYER 1 AT END OF TIME STEP 1 IN STRESS PERIOD 1 

91.20 

90.97 

90.71 

90.45 

90.17 

89.88 

89.59 

89.30 

89.03 

88.75 

88.49 

88.24 

87.97 

87.68 

87.37 

87.03 

86.72 

86.39 

86.09 

85.74 

85.30 

84.83 

84.36 

83.92 

83.49 

83.06 

82.64 

82.19 

81.78 

81.36 

80.93 

80.52 

80.11 

79.68 

79.30 

91.30 

91.05 

90.79 

90.53 

90.25 

89.96 

89.67 

89.37 

89.07 

88.77 

88.47 

88.18 

87.88 

87.57 

87.26 

86.94 

86.64 

86.34 

86.06 

85.72 

85.27 

84.77 

84.29 

83.82 

83.37 

82.93 

82.50 

82.07 

81.65 

81.24 

80.83 

80.44 

80.04 

79.63 

79.20 

91.40 

91.14 

90.87 

90.60 

90.33 

90.04 

89.74 

89.44 

89.12 

88.79 

88.46 

88.13 

87.79 

87.47 

87.15 

86.84 

86.56 

86.29 

86.02 

85.69 

85.23 

84.71 

84.20 

83.71 

83.24 

82.79 

82.35 

81.92 

81.51 

81.12 

80.74 

80.36 

79.98 

79.59 

79.20 

91.50 

91.22 

90.95 

90.68 

90.40 

90.12 

89.83 

89.51 

89.16 

88.80 

88.44 

88.07 

87.71 

87.35 

87.01 

86.73 

86.47 

86.23 

85.98 

85.66 

85.18 

84.63 

84.09 

83.58 

83.10 

82.64 

82.19 

81.76 

81.36 

80.99 

80.63 

80.28 

79.92 

79.56 

79.20 

91.50 

91.28 

91.02 

90.75 

90.48 

90.21 

89.93 

89.62 

89.21 

88.81 

88.41 

88.01 

87.60 

87.22 

86.85 

86.60 

86.37 

86.17 

85.97 

85.64 

85.13 

84.55 

83.96 

83.41 

82.93 

82.47 

82.01 

81.58 

81.18 

80.85 

80.53 

80.21 

79.88 

79.54 

79.20 

91.60 

91.35 

91.09 

90.82 

90.55 

90.29 

90.04 

89.83 

89.41 

88.86 

88.32 

87.70 

86.98 

86.85 

86.63 

86.47 

86.26 

86.12 

85.98 

85.63 

85.05 

84.42 

83.74 

83.02 

82.66 

82.23 

81.78 

81.38 

80.94 

80.69 

80.43 

80.14 

79.84 

79.52 

79.20 

91.70 

91.43 

91.16 

90.88 

90.61 

90.35 

90.11 

89.92 

89.51 

88.88 

88.21 

87.23 

85.21 

86.40 

86.53 

86.38 

86.09 

86.06 

85.96 

85.60 

84.99 

84.31 

83.47 

82.16 

82.37 

82.08 

81.67 

81.22 

80.49 

80.55 

80.37 

80.10 

79.81 

79.50 

79.20 

91.80 

91.50 

91.21 

90.93 

90.65 

90.38 

90.12 

89.91 

89.48 

88.92 

88.37 

87.72 

86.98 

86.83 

86.61 

86.45 

86.24 

86.09 

85.95 

85.59 

85.00 

84.36 

83.68 

82.96 

82.59 

82.16 

81.72 

81.32 

80.88 

80.64 

80.38 

60.10 

79.79 

79.49 

79.20 

91-80 

91.54 

91.26 

90.97 

90.67 

90.38 

90.08 

89.76 

89.34 

88.92 

88.48 

88.04 

87.60 

87.19 

86.81 

86.55 

86.32 

86.11 

85.91 

85.57 

85.04 

84.44 

83.85 

83.28 

82.81 

82.35 

81.89 

81.47 

81.07 

80.74 

80.43 

80.11 

79.79 

79.45 

79.10 

91.90 

91.60 

91.30 

91.00 

90.69 

90.38 

90.05 

89.71 

89.32 

88.92 

88.51 

88.09 

87.69 

87.31 

86.95 

86.65 

86.39 

86.14 

85.89 

85.55 

85.06 

84.50 

83.94 

83.42 

82.93 

82.47 

82.02 

81.60 

81.20 

80.83 

80.48 

80.13 

79.79 

79.44 

79.10 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  

91.90 

91.63 

91.33 

91.02 

90.70 

90.37 

90.04 

89.68 

89.31 

88.92 

88.53 

88.14 

87.75 

87.39 

87.04 

86.73 

86.44 

86.17 

85.90 

85.55 

85.08 

84.54 

84.01 

83.51 

83.03 

82.57 

82.13 

81.70 

81.29 

80.90 

80.53 

80.16 

79.79 

79.43 

79.10 

16 

92.00 

91.68 

91.36 

91.04 

90.71 

90.37 

90.03 

89.68 

89.31 

88.93 

88.54 

88.16 

87.80 

87.44 

87.11 

86.79 

86.48 

86.19 

85.90 

85.55 

85.08 

84.56 

84.06 

83.57 

83.11 

82.66 

82.22 

81.79 

81.37 

80.97 

80.57 

80.18 

79.79 

79.40 

79.00 

92.00 

91.71 

91.39 

91.06 

90.72 

90.37 

90.03 

89.67 

89.31 

88.94 

88.55 

88.17 

87.82 

87.48 

87.15 

86.82 

86.50 

86.20 

85.89 

85.54 

85.08 

84.57 

84.09 

83.63 

83.18 

82.74 

82.30 

81.87 

81.45 

81.03 

80.62 

80.21 

79.79 

79.38 

79.00 

92.10 

91: 9iG _I , 
91.07 

90.71 

90.35 

90.02 

69.68 

89.31 

88-45 

88.54 

88.16 

87.82 

87.49 

87.17 

86.85 . 
86.51 

86.19 

85.87 

85.50 

85.05 

84.56 

64.'. 

8 3 . 1 1  

83.24 

82.81 

82.39 

81.94 

81.52 

81.10 

80.66 

80.24 

79.79 

79.34 

78.90 

........................................................................................................ 
0 1 -00 .oo .oo .oo .oo .oo -00  .oo .oo .oo -00 -00  .oo .oo .oo .oo 
0 2 e00 .05 .03 -03 -03 -01 .07 -06 .06 .05 .05 -05 .05 -.03 -.02 - 0 0  
0 3 - 0 0  .07 .05 .04 .05 -14 .12 -11 .10 .10 .11 -00 .01 -03 .05 .OO 
0 4 - 0 0  .08 .06 .05 .16 -16 .15 .15 .15 - 15 .16 .06 .07 -. 01 .01 .OO 
0 5 -00 .OS .06 -05 .16 .18 .18 .19 .19 .20 .21 -12 .03 .05 .08 -00  
0 6 - 0 0  .05 .01 -10 .21 -23 .24 .25 -25 .26 .18 -18 .09 .12 .05 -00  
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.26 

.26 

.26 

.27 

.26 
-33 
.38 
.41 
.43 
.53 
-50  
.45 
.50 
-52 
.45 
.52 
.49 
.53 
.53 
.51 
.48 
.54 
.47 
.45 
.32 
.27 
.12 

.22 -23 

.21 .23 
-30 .32 
.29 .33 
.39 .46 
.51 .64 
.74 1.01 
.70 -76 
.68 .81 
-77 .83 
.75 1.09 
-70 .77 
.58 -70  
.55 .66 
.65 .68 
-63 .78 
.74 .a9 
.97 1.35 
-86 1.02 
.76 .86 
.71 .81 
.81 .89 
.83 1.35 
.70 .77 
-47 -55 
.36 .31 
-17 .20 

. 11 

.07 

.ll 

.13 

.13 
-20  
.15 
-19 
.21 
.22 
.26 
.22 
.19 
.20 
.19 
.25 
.21 
.24 
.17 
.20 
.23 
-17 
.21 
.15 
-09 
.12 
.04 

.15 -07 .02 -00 
-15 .08 .03 -00 
.20 -13 -10 -00 
-12 .06 .02 .OO 
.21 .15 .01 -00 
.16 .10 .05 -00 
.20 -14 .10 -00  
.22 .15 .10 -00  
.22 .14 .07 -00 
-31 .22 .05 -00 
.29 .20 .10 -00 
.26 .17 -06 -00 
.25 .17 .08 .OO 
-31 .16 -09 -00  
.28 .16 -06 -00  
.25 .15 .07 .OO 
.31 .22 .09 
.33 .15 .03 
.25 -17 .05 
-26 -18 -03 

.08 
-04  
.07 
-08 
.10 
-04 
.06 

..oo 
-00 

0 7  
0 8  

9 
10 

"-5 :: 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
1 

.oo . 00 
* 00 . 00 
.oo 
-00 
-00 
-00 
-00 . 00 . 00 
.oo . 00 . 00 . 00 . 00 
-00  
.oo . 00 . 00 . 00 
* 00 
-00  
.oo 
* 00 
.oo 
.oo . 00 . 00 

.05 

.01 
-01 
.ll 
.07 
-03 
.07 
-08  
.15 
.13 
.06 
.06 
.07 
.09 
.08 
.13 
-09 . 11 
.a9 
.09 
.ll 
-06 
-10 
-06 
.03 
.09 
-02 
-.03 
.oo 

.09 

.17 

.12 

.17 

.19 

.28 
-25 
.31 
.36 
.30 
.34 
.28 
.33 
.33 
.31 
-29 
-36 
.32 
.39 
.33 
.37 
.31 
.34 
.26 
.17 
.17 
.16 
.04 

-20 
.18 
.25 
.21 
.25 
.37 
.37 
.46 
.42 
-48  
.42 
.45 
.47 
.46 
.45 
.46 
.46 
.46 
.52 
.47 
-52  
.46 
.39 
.38 
-26 
.23 
.19 
.05 

.21 

.19 

.27 

.25 
-32 
.48 
-53 
.52 
.61 
.58 
.62 
.52 
.53 
-51 
.50 
.54 
.59 
.72 
-68 
.62 
.57 
.63 
.57 
.53 
.36 
.29 
.23 

-24 
.24 
.24 
.34 
.36 
.50 
-73 
.71 
.71 
.72 
.80 
.67 
-65 
.63 
.66 
.65 
-78 
.92 

.74 
-80  
.80 
.82 
-69 
.45 
.34 
.24 

. a2 

-25 
.25 
.25 
.25 
.35 
.45 
.53 
.55 
.57 
-67 
-63 
.56 
.58 
.58 
.61 
.59 
-67 
.73 
.71 
.68 
.64 
.61 
-65 
.50 
-43 
.25 
.17 
.09 

-16 
.16 
-18 
.20 
-28 
-24 
.28 
-31 
.32 
.41 
.39 
.36 
.42 
.36 
.40 
.38 
.43 
.37 
.38 
.37 
.45 
.40 
.33 
.33 
.22 
.20 
-17 
.03 - 00 

.oo 

.oo . 00 . 00 

.oo 
-00 . 00 . 00 
-00 . 00 . 00 . 00 . 00 

. 

.06 

.23 .15 

.29 -20 

.22 .14 

.24 .15 

.14 -07 
-14 .09 
.13 -10 
.02 .oo - 
-00 .oo 

.06 
-00 

.06 
-00 

.08 .10 .13 

.oo .oo -00 -00 .oo 
2 - k '  END OF TIME STEP 1 I N  STRESS PERIOD 1 

.oo .oo 
D & D O W N  I N  LAYER 

1 2  3 4 5 6 7 0 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ........................................................................................................ 
.oo -00  .oo .oo .oo -00 .oo .oo .oo .oo -00 .oo .oo .oo .oo .oo 0 1  

0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 ' 11 
12 
13 

'L ' 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 

.OO .03 

.oo -.01 
-00  -05 - 
.OO .03 
.oo .02 
.oo .01 
-00 .oo 
.OO -07 
.OO .05 
.oo -11 
-00 .06 
.OO -13 
.oo .12 
-00 -13 
-00 .07 
-00 - 0 8  

.05 . 01 
v . 0 3  
.05 
.04 
.03 
.03 
-03 
.13 
.13 
-12 
.22 
-23 
.24 
-26 
.16 
.16 
.04 
.08 
-03 
-13 
-11 
.18 
-23 
-17 
.20 
.23 
.25 
.16 
.17 
.16 
.06 
-07 
- 0 0  

-.04 
.03 

-.oo 
-.03 
-.04 
.06 
-06 
.08 
-11 
.14 
27 
-31 
.33 
.35 
-36 
.34 
.21 
-08  
.Ol 
.07 
-19 
-20  
.29 
.26 
-31 
.35 
.38 
.29 
.28 
.26 
.14 
.12 
.ll 
-00 

-.02 
.05 
.02 

-.oo 
-.02 
-.03 
-.01 
.14 
-20  
.26 
.33 
* 39 
.55 
-59 
.57 
-43 
.27 
-12 
.04 
.12 
-17 
.31 
-42 
.40 - 46 
.51 
.44 
-44 
-41 
-27 
-22 
-18 
.04 
.oo 

.02 
-.02 
-.05 
.02 

-.01 
-.03 -. 02 
.09 
.19 
.29 
.39 
.50 
.68 
.75 
.70 
.53 
.33 
.03 

-.04 
.07 
.25 
.44 
.49 
.57 
-63 
.59 
.62 
.62 
.55 
.37 
.29 
.22 
-06 . 00 

.05 . 01 
-.02 
-.05 
-.09 
-.14 
-.23 
-.11 
-14 
.38 
.80 
1.22 
1.05 
.91 
* 83 
.64 
.28 
.02 

-.03 
-15 
.38 
-56 
.88 
-84 
-87 
.82 
.82 
.86 
.61 
.47 
.36 
.16 . oa . oa 

-.03 -00 -.04 
.04 -.01 .04 

' .02 -.03 .03 
I -.01 -.05 .03 
I -.05 -.OB -.08 
I -.11 -.12 -.08 

-.22 -.21 -.06 
-.11 -.08 .06 

.22 -18 -18 
-59 .43 .32 

1 1.27 -78 .36 
2.99 1.22 .50 
1.50 1.07 .61 
1.07 
-92 
-71 
.34 
.04 
-00  
.21 
.49 

I .03 
1 1.74 

1.13 
.92 
-93 
.98 
1.21 
.75 
-53 

I .30 
I -19 

-10 
I -00 

-00 -.03 .02 
-00 -.03 -04 
-00 -.02 .06 
.01 -.oo -.01 

-.01 .04 
-01 -.01 
.04 .03 

-.02 -.01 
.03 .05 
.07 -.02 
.03 .02 
.09 -.01 
-06 -05 
.15 .06 
-13 .04 
-18 .08 
.12 .ll 
.15 .03 
-08 -05 
.10 -.01 
.oo .01 

-.09 -.07 
-.14 -.lo 
-.08 -.05 
.03 .04 
-11 -.oo 
.17 .03 
- 2 2  .06 
-16 -09 
.20 -11 
.23 .06 
.15 .08 
.17 -10 
.08 -04 
.09 .06 
-11 -01 
.02 -06 
-00 -00  

.oo . 00 . 00 

.oo . 00 . 00 . 00 

.oo 

.oo 

.oo 
* 00 
* 00 
.oo 
-00 
.oo . 00 
-00 
-00 . 00 
-00 . 00 . 00 . 00 . 00 
-00 
.oo 
.oo 
* 00 
.oo 
-00  . 00 
.oo 
-00  
-00 

-02 .03 .03 
.05 .06 .07 

-.a1 -02 -02 
.08 .09 -09 
.18 -18 .07 
-19 .17 -16 
-31 .26 -24 
.41 -35 -20 
-49 .31 .26 

.99 -79 -55 -36 .19 
-75 -65 -45  -27 -21 
-56 - 4 8  .31 -26 .12 
.31 -29 .16 -13 .01 
.05 -.01 e01 -00 -.lo 
-01 -.07 -.05 -.05 -.15 
-10 -06 -04 -02 -.08 
.34 -26 .20 -06 .04 
.62 -45 .26 -19 .14 
-94 .62 .38 .29 .23 
-81 .59 .47 -37 .29 
-84 -65 .53 -43 .34 
.88 .71 - 4 8  .37 -28 
.88 .63 .50 .40 .31 
.82 -63 .50 .31 .23 

-37 .30 .23 
-32 .27 .23 
-27 .14 -12 
.ll -11 .ll 
-06 .07 .OO 
-00 -00  -00  

.oo .01 
-00 -01 
-00 -06 
.oo -00 
.OO .07 
.OO .04 
.oo .08 
.oo -11 
-00  -14 
-00 -16 
.oo -11 
.oo .12 
.OO -14 
.OO .07 
.oo -08 
.oo -09 
.OD .02 
.oo .oo 

-66 .56 
-52 .37 
-30 .29 
.21 .21 
-11 .05 
-00  -00  0 35 

ODRAWDOWN WILL BE SAVED ON UNIT 40 AT END OF TIME STEP 
0 

1, STRESS PERIOD 1 

0 

IN:  --- 
STORAGE = .OOOOO 

CONSTANT HEAD * .17020Et06 

IN: --- 
STORAGE - .OOOOO 

CONSTANT HEAD = .17020Et06 

-9- 



0 
0 

WELLS - .ooooo 
TOTAL IN = .17020E+06 

OUT: ---- 
STQRAGE 5 .OOOOO 

CONSTANT HEAD - 93180. 
WELLS = 77008. 

TOTAL OUT - .170193t06 
IN - OUT 13.625 

PERCENT DISCRIEPAFlCY - .Ol 

WELLS = .ooooo 
TOTAL IN = .17020Et06 

J. OUT: ---- 
STOIUIOB = .ooooo 

CONSTANT HEAD - 93180. 
WEUS = 77008. 

TOTAL OUT = .17019E+06 
IN - OUT 13.625 

PERCENT D I S C R E P ~ C Y  = .01 

J 

-10- 



1 U.S. GEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-WATER MODEL 
QSHIELDALLOY METALLURGICAL CORPORATION FOCUSED FS - EYDRocEaLooIC SIMILATION SIMULATION 3 - ALL WELLS, INJECTION, ON 6, OPF 1 

2 LAYERS 35 Rows 16 COLUMNS 
3 STRESS PERIOD(S) IN SIMUULTION 

'\ ,:&DEL TIME UNIT IS DAYS v 
OI/O UNITS: 
ELplBloT OF IUNIT: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

I/OUNIT: 1112 0 0 0 0 0 019 0 022  0 0 0 0 0 0 0 0 0 0 0 0 
O B A S l  -- BASIC MODEL PACKAGE, VERSION 1. 9/1/87 INPUT RERD PRDH UNIT 1 

ARRAYS RES AND BUFF WILL S m  MEMORY.- 
BEAD WILL BE SAVED 

10699 ELEMERTS IN X ARRAY ARE USED BY BAS 
10699 E-S OF X ARRAY USED OUT OF 100000 

OBCFl -- BLOCK-- FLOW PACKAGE, VERSION 1, 9/1/87 INPUT READ PROM UNIT 11 
TRaNSIrn SIMULATIOIP 

LAYSR AQUIFERTYPE 

i 1 
2 0 

. 
2242 ELEMENTS IN X ARRAY ARE USED BY BCF 

12941 ELEMENTS OF X ARRAY USED OUT OF 100000 
OWEL1 -- WELL PACXAGE, VBRSIOX l8 9/1/87 IXPUT READ FROM 12 
MAXIMTM OF 10 WELLS 

40 ELEMENTS IN X ARRAY ARE USED FOR WELLS 
12381 ELEMERTS OF X ARRAY USED OUT OF 100000 

OSIPl -- STRONGLY IMPLICIT PROCEDURE SOLUTION PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 19 
MAXIMUM OF 50 ITERATIONS ALLOWED FOR CLOSURE 

5 ITBRATION PARAMETERS 
4685 ELEMENTS IN X ARRAY ARE USED BY SIP 

17666 ELEMENTS OF X ARRAY USED OUT OF 100000 
1SHIELDAUOY MfiAuURGIW CORPORA!TION FOCUSED FS - H Y D D G I C  SIMULATION SIMULATION 3 - ALL WIZLLS, IHJECTION, ON 6, OPF 1 
0 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  

0 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
0 2  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 3  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 4  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 5  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
? 6 - 1  1 1 1  1 1  1 1 1 1 1 1 1 1 1 - 1  

7 -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
8 -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  

\ / ' 9  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  

......................................................................... 

- 
0 1 0  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 1 1  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
012 -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
013 -1 1 1 1 1 1 1 1 1 1 ' 1  1 1 1 1 - 1  
014  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
015 -1 1 1  1 1  1 1  1 1  1 1  1 1 . . 1  l ' b l  ~~ ~~ 

016 -1 1 1  1 1  1 1  1 1  1 1  1 1 ' 1  1 - 1  
017 -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 1 8  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
019 -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 0  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 1  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  _ ~ ~ _ _  ~~ 

0 2 2  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 3  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 4  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 5  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 6  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 7  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 8  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 2 9  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 3 0  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
031  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 3 2  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 3 3  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 3 4  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 35 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
0 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ......................................................................... 
-1- 



L I  

0 1  
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0' 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 

-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
'2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
.2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

0 33 
0 3 4  ~ ~ 

0 35 -2 -2 -2 -2 -2 -2 -2 -2 
OAQUIPER HEAD WILL BE SET m 
0 

999.99 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
- 2  

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 

-2 -2 -2 -2 -2 -2 -2 -2 
AT ALL NO-FLOW BODES (IBOUHD=O). 

INITIAL HEAD FOR LAYER 1 WILL BE READ ON URIT 1 USIBC FORMAT: (16F5.1) 

J 

1 2 3 4 5 6 7 8 9 lo 
11 12 13 14 15 16 

1 ........................................................................................................................... 
0 1 92.90 93.00 93.10 93.20 93.30 93.40 93.90 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

94.00 
92.40 
93.60 
92.00 
93.20 
91.60 
92.80 
91.20 
92.40 
90.70 
91.90 
90.20 
91.50 
89.70 
91-00 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89-10 
88.00 
88.70 
87.70 
88.30 
87.50 
87.90 
87.30 
87.60 
87.00 
87.20 
86.50 
86.80 
86.00 

94.10 
92.60 
93.70 
92.20 
93.20 
91-80 
92.80 
91.40 
92.40 
90.90 
92.00 
90.40 
91.50 
89-90 
91-00 
89.50 
90.50 
89.20 
90.00 
88.80 
89.60 
88.40 
89.10 
88.10 
88.70 
87.80 
88.30 
87.60 
87.90 
87.30 
87.60 
86.90 
87.20 
86.50 
86.80 
86.10 

94.20 
92.70 
93.80 
92.30 
93.30 
91.90 
92.90 
91.50 
92.40 
91.00 
92.00 
90.60 
91.60 
90.10 
91.10 
89.70 
90.60 
89.30 
90.00 
88-90 
89.60 
88.60 
89-10 
88.20 
88.70 
87.90 
88.30 
87.60 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.20 

94.30 
92.80 
93.80 
92.40 
93.40 
92.00 
92.90 
91.60 
92.50 
91.20 
92.10 
90.70 
91.60 
90.30 
91.10 
89.80 
90.60 
89.40 
90.00 
89.00 
89.60 
88-70 
89-10 
88.30 
88.70 
88.00 
88.30 
87.70 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.30 

94.40 94.50 
92.90 93.00 
93.90 94.00 
92.50 92.70 
93.50 93.50 
92.20 92.30 
93.00 93.10 
91.80 91-90 
92.60 92.60 
91.40 91.50 
92.10 92.10 
90.90 91-00 
91.60 91.60 
90.40 90.50 
91.10 91.10 
90.00 90.10 
90.60 90.50 
89.50 89.60 
90.00 90.00 
89.10 89.20 
89.50 89.50 
88.80 88-90 
89-10 89-10 
88.40 88.50 
88.70 88.60 
88.10 88-10 
88.30 88.20 
87.70 87.80 
87.90 87.90 
87.40 87.40 
87.50 87.50 
87.00 87.10 
87.20 87.20 
86.70 86.70 
86.80 86.90 
86.40 86.40 

93.60 

93.20 

92.80 

92.40 

92.00 

91.60 

91-10 

90.60 

90.20 

89.70 

89.30 

88.90 

88.60 

88.20 

87.80 

87.50 

87.10 

86.80 

86.40 

93.70 

93.30 

92.90 

92.50 

92.10 

91.70 

91.20 

90.70 

90.30 

89-80 

89.40 

89.00 

88.60 

88.20 

87.90 

87.50 

87.20 

86.80 

86.50 

93.80 

93.40 

93.00 

92.60 

92.20 

91.80 

91.30 

90.80 

90.30 

89-90 

89.40 

89.00 

88.70 

88.30 

87.90 

87.50 

87.20 

86.80 

86.50 

93.50 

93.10 

92.70 

92.30 

91.90 

91.40 

90.90 

90.40 

89.90 

89.50 

89.10 

88.70 

88.30 

87.90 

87.60 

87.20 

86.80 

86.50 

-2- 



0 20 

21 u' 22 

0 23 

0 24 . 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

86.50 
85.60 
86.10 
85.10 
85.50 
84.70 
85.00 
84.20 
84.40 
83.80 
83.90 
83.50 
83.40 
83.10 
82.90 
82.70 
82.40 
82.20 
82.00 
81.80 
81.50 
81.30 
81.10 ' 
80.80 
80.60 
80.30 
80.20 
79.90 
79.70 
79.40 
79.30 
78.90 
78.90 

86.50 86.40 
85.70 85.80 
86.00 86.00 
85.20 85.30 
85.50 - 85.40 
84.80 84.90 
84.90 84.80 
84.30 84.40 
84.40 84.30 
83.90 84.00 
83.80 83.80 
83.50 83.50 
83.30 83.20 
83.10 83.10 
82.80 82.70 
82.70 82.70 
82.40 82.20 
82.20 82.20 
81.90 81.80 
81.80 81.80 
81.40 81.30 
81.30 81.30 
81.00 80.90 
80.80 80.80 
80.50 80.40 
80.40 80.40 
80.10 80.00 
79.90 79.90 
79.70 79.60 
79.40 79.50 
79.20 79.10 
79.00 79.00 
78.80 78.70 

,. /r 

86.40 86.40 86.40 
85.90 86.00 86.00 86.00 
85.90 85.90 85.90 
85.40 85.50 85.50 85.60 
85.30 85.20 85.10 
84.90 85.00 85.00 85.00 
84.70 84.60 84.50 
84.50 84.50 84.50 84.50 
84.20 84.00 83.80 
84.00 84.00 84.10 84.10 ...~ 
83.60 83.40 83.30 
83.60 83.60 83.60 83.60 
83.10 82.90 82.80 
83.10 83.10 83.10 83.10 
82.60 82.40 82.30 
82.70 82.70 82.60 82.60 
82.10 82.00 81.90 ~~ 

82.20 82.20 82.20 82.20 
81.70 81.50 81.40 
81.80 81.70 81.70 81.70 
81.20 81.10 81.00 
81.30 81.30 81.30 81.30 
80.80 80.70 80.60 
80.80 80.80 80.80 80.80 
80.30 80.30 80.20 
80.40 80.40 80.40 80.40 
79.90 79.80 79.70 
80.00 80.00 80.00 79.90 
79.50 79.40 79.30 
79.50 79.50 79.50 79.50 
79.00 78.90 78.80 
79.10 79.10 79.10 79.10 
78.60 78.50 78.40 

INITIAL HBAD FOR LAYER 2 WILL BE READ ON UNIT 

86.10 

85.60 

85.10 

84.50 

84.00 

83.60 

83.10 

82.60 

e2.10 

81.70 

81.20 

80.80 

80.30 

79.90 

79.50 

79.10 

86.10 

85.60 

85.00 

84.50 

84.00 

83.50 

83.00 

82.60 

82.10 

81.60 

81.20 

80.70 

80.30 

79.90 

79.50 

79.10 

1 USING FORMAT: C16F5.11 

86.10' 

85.60 

85.00 

84.50 

84.00 

83.50 

83.00 

82.50 

82.00 

81.60 

81.10 

80.70 

80.20 

79.80 

79.40 

79.00 

1 2 3 4 5 6 7 8 9 lo 

0 1 91.20 91.20 91.30 91-40 91.50 91.50 91.60 91.70 91.80 91.80 

11 12 13 14 15 16 ............................................................................................................................. 
0 2  

3 

'v 4 

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

~~ ~ 

91.90 
90.90 
91.60 
90.60 
91.30 
90.40 
91-00 
90.10 
90.70 
89.80 
90.40 
89.50 
90.10 
89.20 
89.70 
89.00 
89.40 
88.70 
89.10 
88.50 
88.70 
88.30 
88.40 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.10 
87.10 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.70 
85.50 

~~ ~ 

91.90 
91.00 
91.60 
90.70 
91.30 
90.50 
91-00 
90.20 
90.70 
89.90 
90.40 
89.60 
90.10 
89.30 
89.70 
89.10 
89.40 
88.80 
89.10 
88.60 
88.70 
88.30 
88.40 
88.10 
88.10 
87.80 
87.70 
87.50 
87.40 
87.10 
87.00 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.80 
85.50 

~~~~~ 

92.00 
91.10 
91.10 
90.80 
91.40 
90.50 
91.10 
90.30 
90.70 
90.00 
90.40 
89.70 
90.10 
89.40 
89.70 
89.10 
89.40 
88.90 
89.00 
88.60 
88.70 
88.30 
88.40 
88.10 
88.00 
87.80 
87.70 
87.50 
87.30 
87.20 
87.00 
86.80 
86.60 
86.50 
86.20 
86.10 
85.80 
85.80 
85.40 

91.40 
90.60 
91.10 
90.30 
90.70 
90.00 
90.40 
89.80 
90.10 
89.50 
89.70 
89.20 
89.40 
88.90 
89.00 
88.60 
88.70 
88.40 
88.30 
88.10 
88.00 

87.60 
87.50 
87.30 
87.20 
86.90 
86.90 
86.60 
86.50 
86.20 
86.10 
85.80 
85.70 
85.40 

87.80 

92.10 92.10 
91.20 91.30 
91.80 91.80 
91.00 91.00 
91.40 91.40 
90.70 90.70 
91.10 91.10 
90.40 90.50 
90.70 90.70 
90.10 90.20 
90.40 90.30 
89.80 89.90 
90.00 90.00 
89.50 89.60 
89.70 89.70 
89.30 89.30 
89.30 89.30 
89.00 89.00 
89.00 89.00 
88.70 88.70 
88.60 88.50 
88.40 88.40 
88.20 88.10 
88.10 88.10 
87.90 87.80 
87.90 87.90 
87.60 87.50 
87.60 87.60 
87.20 87.20 
87.30 87.30 
86.90 86.90 
86.90 86.90 
86.50 86.50 
86.50 86.50 
86.20 86.20 
86.10 86.00 
85.80 85.80 
85.70 85.60 
85.40 85.40 

91.40 

91.10 

90.80 

90.50 

90.20 

89.90 

89.60 

89.30 

89.00 

88.70 

88.50 

88.20 

87.90 

87.60 

87.30 

86.90 

86.40 

86.00 

85.60 

91.40 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.30 

86.80 

86.40 

86.00 

85.60 

91.50 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.20 

86.80 

86.40 

86.00 

85.60 

91.50 

91.30 

91.00 

90.70 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.40 

88.10 

87.80 

87.60 

87.20 

86.80 

86.40 

85.90 

85.50 
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0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

85.30 85.30 
85.10 85.10 
84.90 84.90 
84.70 84.60 
84.40 84.40 
84.20 84.20 
84.00 84.00 
83.80 83.80 
83.60 83.60 
83.40 83.40 
83.20 83.20 
83.00 83.00 
82.80 82.80 
82.50 82.50 
82.30 82.30 
82.10 82.10 
81.90 81.90 
81.70 81.60 
81.50 ' 81.50 
81.20 81.20 
81.00 81-00 
80.80 80.80 
80.60 80.60 
80.40 80.30 
80.20 80.20 
79.90 79.90 
79.70 79.70 
79.50 79.50 
79.30 79.30 
79.10 79.10 

OHBAD PRINT FORHAT I S  FORMAT 
OHEADS WILL BE SAVED ON UNIT 
OOUTPUT CONTROL IS SPECIFIED 
0 
0 
0 
0 
0 

1 2 
11 12 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.10 
83.00 
82.70 
82.50 
82.30 
82.10 
81-90 
81.60 
81.40 
81.20 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.50 
83.40 
83.10 
82.90 
82.70 
82.50 
82.30 
82.10 
81.80 
81.60 
81.40 
81.20 

85.30 85.20 
85.00 85.00 
84.80 84.80 
84.60 84.50 
84.40 84.40 
84.10 84.10 
84.00 83.90 
83.70 83.70 
83.50 83.50 
83.30 83.30 
83.10 83.10 
82.90 82.90 
82.70 82.60 
82.50 82.50 
82.20 82.20 
82.00 82.00 
81.80 81.80 
81.60 81.60 
81.40 81.40 
81.20 81.20 

85.20 

84.80 

84.30 

83.90 

83.50 

83.10 

82.60 

82.20 

81.80 

81.30 

85.20 

84.80 

84.30 

83.90 

83.50 

83.00 

82.60 

82.20 

81.70 

81.30 

81.00 81.00 80.90 80.90 80.90 BO. 90 
80.80 80.70 80.70 80.70 
80.60 80.50 80.50 80.50 80.50 80.40 
80.30 80.30 80.30 80.30 
80.10 80.10 80. 10 80.10 ' 80.00 80.00 
79.90 79.90 79.80 79.80 
79.70 79.70 79.60 79.60 79.60 79.60 
79.40 79.40 79.40 79.30 
79.20 79.20 79.20 79.20 79.20 79.20 
79.00 79.00 78.90 78.90 

NUMBER 4 DRAWDOWNPRINTPORMATISWRHATlJuMBER 9 
30 DRAWDOWNS WILL BE SAVED ON UNIT 40 
EVERY TIME STEP 

C O L m  M Row mIsoTRDPY - 1.000000 
DELR = 200.0000 
DELC - 200.0000 

PRIMRRY STORAGE COEF .8360000E-01 FOR LA= 1 

85.10 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

85.10 , 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

82.10 

81.70 , 
81.30 

80.80 

80.40 

80.00 

79.50 

79.10 

J 

3 4 5 6 7 8 9 lo 
13 14 15 16 1 ........................................................................................................................... 

0 1 300.0 300.0 300.0 300.0 300.0 225.0 225.0 225.0 225.0 225.0 a 
225.0 225.0 300.0 300.0 300.0 300.0 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 

300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

Joo . o 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 

225.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

225.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

225.0 

225.0 

225-0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

225.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 
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0 19 

20 

i, '21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 
0 
0 
0 

300.0 
250.0 
300.0 
175.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 

1 
11 

250.0 
250.0 
175.0 
175.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 

2 
12 

250.0 
250.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 

250.0 
250.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
150.0 
175.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 

250.0 
250.0 
175.0 
175.0 
150.0 
175.0 
150.0 
175.0 

- 150.0 
175.0 
150.0 
175.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 

250.0 
300.0 
175.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 

-+ "230.0 

175.0 ' 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

250.0 250.0 

175.0 175.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

250.0 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

. 

BOTMM - 30.00000 FOR UYER 1 
VERT EYD corn lTEICKNEsS = .1000000E-02 FOR LAYER 1 

PRIMARY STORAOE COKF = .1750000 FOR LAYER 2 

3 4 5 6 7 a 9 lo 
13 14 15 16 ............................................................................................................................ 

1 

'-6 2 

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000.  6000. 
6000. 6000. 

6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 

6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000.  6000. 
6000. 8000. 
6000. 6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

8000. 

8000. 

6000. 

8000. 
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o 19 
0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

0 

0 
1 

6000. 
6000. 
4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

6000. 
6000. 
4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

6000. 
6000. 
4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

6000. 
6000. 
4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

6000. 8000. 
6000. 6000. 
4000. 4000. 
4000. 4000. 
3000. 3000. 
.3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 

8000. 8000. 

1500. 1500. 

1500. 1500. 

1500. 1500. 

1500. 1500. 

1500. 1500. 

1500. 1500. 

1500. 1500. 

3000. 3000. 

3000. 3000. 

3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. ' 3000. 
3000. 3000. 1 

SOLUTION BY THE STRONGLY IMPLICIT PROCEDURE 

MAXIMUM ITERATIONS ALLOWED FOR CLOSURE - 50 
ACCELERATION PARAMgTgR = 1.0000 

READ CRANGE CRITERION FOR CLOSURE - .10000E-02 

8000. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

SIP READ CHANGE PRINTOUT I-AL = 1 
CALCULATE ITERATION PARAME- FR(m MODEL CALCULATED WSEED 
STRESS PERIOD NO. I, LENGTE 18!25.000 

0 10 W E U S  

NuMBEROPTIMEsTEPs= 1 

MULTIPLIER FOR DKLT - 1.000 

INITIAL TIME STEP SIZE = 1825.000 

LA= ROy COL,, STRESS RATE WEU NO. ............................................. 

8000. I 

J 4000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

J 

1 13 8 -21176. 1 
1 17 8 -21176. 2 
1 24 8 -15401. 3 
1 29 7 24064. 4 
1 29 8 24064. 5 
2 13 8 -4813.0 6 

7 
8 
9 

2 29 8 14439. 10 
OAVERAGE SEED = .00187924 
MINIMUM SEED = .00055600 
0 

5 ITERATION P- CALCULATED FROM AVERAGE SEED: 

.0000000Et00 .7917928E+OO .9566497Et00 .99097423+00 .9981208Et00 
0 

2 17 8 -4813.0 
2 24 8 -9626.0 
2 29 7 14439. 

-2.330 C 2, 13, 8) -9171 ( 2, 30, 7) .6796 ( 2, 29, 7) -3210 ( 2, 27, 11) -.7936E-01 ( 2, 23, 13) 
-26256-01 ( 2, 21, 8) -.21893-01 ( 2, 27, 11) -1692E-03 ( 2, 17, 9) .8966E-02 ( 2 ,  20, 12) .37513-02 ( 2, 27, 8 )  

-.8106E-03 ( 2, 2 2 ,  12) 
0 
OHEAD/DRAWDOWN PRINTOUT FLAG zs 1 TOTAL BUDGET PRINTOUT F'LAG 1 CELL-BY-CELL FLOW TERM FLAG 0 
OOUTPUT FLAGS FOR EACH LAYER: 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
16 ................................................................................................................................ 

0 1 92.90 93.00 93.10 93.20 93.30 93.40 93.60 93.70 93.80 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

18 

L d 1 9  

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31  

0 32 

0 33 

0 34 

0 35 

1 

94.50 
92.40 
94.00 
92.00 
93.50 
91.60 
93.10 
91.20 
92.60 
90.70 
92.10 
90.20 
91.60 
89.70 
91.10 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89-10 
88-00 
88.60 
87.70 
88.20 
87.50 
87.90 
87.30 
87.50 
87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84.50 
84.20 
83.80 
83.80 
83.30 
83.50 
82.80 
83.10 
82.30 
82.70 
81-90 
82.20 
81.40 
83.80 
81-00 
81.30 
80.60 
80.80 
80.20 
80.30 
79.70 
79.90 
79.30 
79.40 
78.80 
78.90 
78.40 

92.55 

92.13 

91.72 

91.32 

90.85 

90.35 

89.88 

89.48 

89.07 

88.71 

88.35 

88.02 

87.71 

87.43 

87.16 

86.83 

86.44 

86.04 

85.63 

85.16 

84.73 

84.29 

83.89 

83.53 

83.15 

82.76 

82.33 

81.89 

81.42 

80.93 

80.43 

79.96 

79.47 

79.00 

92.67 

92.24 

91.83 

91.43 

90.98 

90.48 

90.01 

89.57 

89.14 

88.74 

88.37 

88.01 

87.68 

87.36 

87.05 

86.72 

86.37 

86.03 

85.64 

85.19 

84.76 

84.36 

83.98 

83.61 

83.25 

82.88 

82.49 

82.07 

81.60 

81.10 

80.58 

80.06 

79.54 

79.00 

92.77 

92.35 

91.94 

91.54 

91.08 

90.59 

90.11 

89.64 

89.19 

88.76 

88.36 

87.98 

87.62 

87.28 

86.95 

86.63 

86.30 

85.99 

85.62 

85.20 

84.78 

84.39 

84.02 

83.67 

83.35 

83.04 

82.71 

82.32 

81.84 

81.30 

80.74 

80.18 

79.63 

79.10 

92.87 

92.45 

92.03 

91.62 

91.17 

90.67 

90.19 

89.71 

89.23 

88.77 

88.35 

87.93 

87.55 

87.19 

86.85 

86.52 

86.22 

85.94 

85.60 

85.19 

84.77 

84.37 

84.01 

83.71 

83.45 

83.21 

82.97 

82.65 

82 * 12 

81.52 

80.90 

80.28 

79.69 

79.10 

92.98 

92.55 

92.13 

91.70 

91.25 

90.75 

90.26 

89.77 

89.28 

88.78 

88.30 

87.84 

87.45 

87.07 

86.72 

86.40 

86.13 

85.88 

85.56 

85.16 

84.73 

84.31 

83.95 

83.70 

83.52 

83.39 

83.30 

83.17 

82.48 

81.74 

81.03 

80.36 

79.73 

79.10 

93.12 

92.67 

92.23 

91.80 

91.33 

90.84 

90.34 

89.83 

89.32 

88.79 

88.23 

87.66 

87.32 

86.96 

86.58 

86.21 

86.02 

85.81 

85.52 

85.12 

84.67 

84.20 

83.76 

83.61 

83.53 

83.52 

83.68 

84.23 

82.88 

81.91 

81.11 

80.40 

79.74 

79.10 

93.24 

92.78 

92.34 

91.89 

91.42 

90.93 

90.42 

89.91 

89.38 

88.81 

88.15 

87.23 

87.22 

86.91 

86.48 

85.84 

85.93 

85.78 

85.53 

85.10 

84.62 

84.07 

83.27 

83.47 

83 * 47 

83.49 

83.65 

84.21 

82.86 

81.89 

81.09 

80.39 

79.73 

79.10 

93.34 

92.89 

92.44 

91.99 

91.52 

91.02 

90.51 

89.99 

89.46 

88.92 

88.34 

87.76 

87.41 

81.03 

86.64 

86.25 

86.05 

85.84 

85.54 

85.12 

84.65 

84.17 

83.70 

83.52 

83.40 

83.30 

83.22 

83.10 

82.41 

81.67 

80.97 

80.31 

79.68 

79.10 

93.90 

93.44 

92.99 

92.53 

92.08 

91.61 

91.11 

90.61 

90.09 

89.57 

89.05 

88.53 

88.04 

87.62 

87.21 

86.82 

86.48 

86.20 

85.93 

85.60 

85.16 

84.70 

84.24 

83.83 

83.54 

83.29 

83.07 

82.84 

82.53 

82.01 

81.41 

80.79 

80.18 

79.58 

79.00 

HEAD IN LAYER 2 AT END OF TIME STEP 1 IN STRESS PERIOD 1 
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94.00 

93.54 

93.09 

92.63 

92.17 

91.70 

91.21 

90.70 

90.19 

89.66 

89.16 

88.68 

88.22 

87.79 

87.39 

87.00 

86.65 

86.33 

86.02 

85.66 

85.20 

84.72 

84.27 

83.85 

83.49 

83.17 

82.86 

82.53 

82.15 

81.68 

81.15 

80.60 

80.03 

79.46 

78.90 

94.10 

93.65 

93.19 

92.73 

92.27 

91.80 

91.32 

90.81 

90.28 

89.75 

89.26 

88.79 

88.35 

87.92 

87.52 

87.14 

86.78 

86.44 

86.10 

85.71 

85.22 

84.73 

84.25 

83.81 

83.40 

83.02 

82.65 

82.27 

81.86 

81.41 

80.91 

80.40 

79.87 

79.34 

78.80 

94.20 

93.74 

93.28 

92.82 

92.36 

91.89 

91.43 

90.92 

90.37 

89.84 

89.35 

88.89 

88.45 

88.03 

87.64 

87.26 

86.89 

86.53 

86.18 

85.74 

85.22 

84.70 

84.20 

83.74 

83.29 

82.86 

82.44 

82.03 

81.61 

81.16 

80.69 

BO. 20 

79.71 

79.20 

78.70 

94.30 

93.83 

93.37 

92.90 

92.44 

91.97 

91.51 

91.01 

90.45 

89.91 

89.42 

88.97 

88.53 

88.12 

87.73 

87.36 

86.99 

86.63 

86.25 

85.78 

85.20 

84.65 

84.11 

83.62 

83.13 

82.67 

82.23 

81.80 

81.37 

80.93 

80.48 

80.01 

79.54 

79.07 

78.60 

94.40 

93.92 

93.44 

9 2 . h  

92.52 

92.04 

91.57 

91.06 

90.49 

89.97 

89.47 

89.03 

88.59 

88.18 

87.82 

87.44 

87.10 

86.74 

86.33 

85.82 

85.17 

84.57 

83.97 

83.44 

82.94 

82.47 

82.03 

81.58 

81.16 

80.74 

80.30 

79.84 

79.40 

78.93 

78.50 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 
16 ............................................................................................................................ 

0 1 91.20 91.20 91.30 91.40 91.50 91.50 91.60 91.70 91.80 91.80 91.90 91.90 92.00 92.00 92.10 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 2 1  

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 3 1  

0 32 

0 33 

0 34 

0 35 

92.10 
90.90 
91-80 
90.60 
91.40 
90.40 
91.10 
90.10 
90.70 
89.80 
90.30 
89.50 
90.00 
89.20 
89.70 
89.00 
89.30 
88.70 
89.00 
88.50 
88.50 
88.30 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.20 
87.10 
86.90 
86.80 
86.50 
86.40 
86.20 
86.10 
85.80 
85.70 
85.40 
85.30 
85.00 
84.90 
84.50 
84.40 
84.10 
84.00 
83.70 
83.60 
83.30 
83.20 
82.90 
82.80 
82.50 
82.30 
82.00 
81.90 
81.60 
81.50 
81.20 
81.00 
80.70 
80.60 
80.30 
80.20 
79.80 
79.70 
79.30 
79.30 
78.90 

90.97 

90.71 

90.45 

90.17 

89.88 

89.59 

89.30 

89.03 

88.75 

-88.49 

88.24 

87 -98 

87.68 

87.37 

87.04 

86.73 

86.41 

86.11 

85.77 

85.35 

84.91 

84.47 

84.07 

83.69 

83.32 

82.95 

82.54 

82.14 

81.70 

81.22 

80.74 

80.26 

79.76 

79.30 

91.05 

90.79 

90.53 

90.25 

89.96 

89.67 

89.37 

89.07 

88.77 

88.48 

88.18 

87.89 

87.58 

87.27 

86.96 

86.67 

86.38 

86.11 

85.79 

85.37 

84.92 

84.50 

84.12 

83.78 

83.46 

83.14 

82.79 

82.40 

81.95 

81.43 

80.90 

80.35 

79.78 

79.20 

91.14 

90.87 

90.60 

90.33 

90.04 

89.74 

89.44 

89.12 

88.79 

88.46 

88.13 

87.81 

87.48 

87.17 

86.87 

86.60 

86.34 

86.09 

85.78 

85.36 

84.91 

84.50 

84.14 

83.84 

83.59 

83.35 

83.09 

82.74 

82.25 

81.68 

81.07 

80.45 

79.83 

79.20 

91.22 

90.95 

90.68 

90.40 

90.12 

89.83 

89.51 

89.16 

88.80 

88.44 

88.08 

87.72 

87.37 

87.04 

86.76 

86.51 

86.28 

86.06 

85.76 

85.34 

84.87 

84.44 

84.09 

83.86 

83.71 

83.60 

83.47 

83.22 

82.66 

81.97 

81.26 

80.56 

79.87 

79.20 

91.28 

91.02 

90.75 

90.48 

90.21 

89.93 

89.62 

89.22 

88.82 

88.42 

88.02 

87.62 

87.25 

86.88 

86.64 

86.42 

86.23 

86.05 

85.75 

85.29 

84.79 

84.31 

83.94 

83.80 

83.79 

83.87 

83.99 

84.03 

83.20 

82.28 

81.44 

80.65 

79.92 

79.20 

91.35 

91-09 

90.82 

90.55 

90.29 

90.04 

89.83 

89.41 

88.86 

88.33 

87.71 

86.99 

86 - 87 

86.67 

86.51 

86.31 

86.18 

86.05 

85.73 

85.20 

84.62 

83.98 

83.34 

83.52 

83.79 

84.10 

84.60 

85.74 

83.82 

82.55 

81.56 

80.71 

79.94 

79.20 

91.43 

91.16 

90.88 

90.61 

90.35 

90.11 

89.92 

89.51 

88.88 

88.21 

87.24 

85.23 

86.43 

86.58 

86.43 

86.14 

86.13 

86.03 

85.70 

85.13 

84.45 

83.51 

81.70 

83.07 

83.66 

84.06 

84.57 

85.72 

83.80 

82.53 

81.55 

80.70 

79.93 

79.20 

91.50 

91.21 

90.93 

90.65 

90.37 

90.12 

89.91 

89.48 

88.92 

88.37 

87.73 

86.99 

86.86 

86.65 

86.49 

86.29 

86.16 

86.02 

85.69 

85.15 

84.56 

83.90 

83.24 

83.39 

83.59 

83.78 

83.93 

83.99 

83.16 

82.25 

81.40 

80.62 

79.89 

79.20 

91.54 

91.26 

90.97 

90.67 

90.38 

90.08 

89.76 

89.35 

88.92 

88.49 

88.05 

87.62 

87.22 

86.84 

86.60 

86.37 

86.18 

85.99 

85.68 

85.21 

84.68 

84.19 

83.78 

83.60 

83.51 

83.47 

83.39 

83.16 

82.60 

81.91 

81.20 

80.49 

79.80 

79.10 

O m  WI&BE SAVED ON UNIT 30 AT END OF TIME STEP 
1 DRAWDOWN IN LAYER 1 AT END OF TIME STEP 1 IN STRESS PERIOD 1 

1, STRESS PERIOD 1 

91.60 

91.30 

91.00 

90.69 

90.38 

90.05 

89.71 

89.32 

88.92 

88.51 

88.10 

87.70 

87.33 

86.98 

86.69 

86.44 

86.20 

85.97 

85.66 

85.22 

84.74 

84.29 

83.91 

83.63 

83.42 

83.23 

83.00 

82.67 

82.19 

81.61 

80.99 

80.36 

79.73 

79.10 

L 

91.63 

91.33 

91.02 

90.70 

90.37 

90.04 

89.69 

89.31 

88.93 

88.54 

88.15 

87.77 

87.41 

87.07 

86.77 

86.49 

86.22 

85.97 

85.66 

85.23 

84.76 

84.32 

83.94 

83.60 

83.31 

83.02 

82.71 

82.33 

81.88 

81.36 

80.80 

80.23 

79.65 

79.10 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  

91.68 

91.36 

91.04 

90.71 

90.37 

90.03 

89.68 

89.31 

88. 93 

88.55 

88.17 

87.81 

87.46 

87.13 

86.81 

86.52 

86.23 

85.96 

85.64 

85.21 

84.74 

84.31 

83.91 

83.54 

83.20 

82.85 

82.49 

82.09 

81.64 

81.15 

80.64 

80.10 

79.56 

79.00 

91.71 

91.39 

91.06 

90.72 

90.37 

90.03 

89.68 

89.31 

88.94 

88.55 

88.18 

87.83 

87.49 

87.16 

86.84 

86.53 

86.23 

85.94 

85.60 

85.17 

84.70 

84.26 

83-85 

83.47 

83.09 

82.71 

82.31 

81.90 

81.46 

80.99 

80.50 

79.99 

79.48 

79.00 

91.76 

91.41 

91.07 

90.71 

90.35 

90.02 

89.68 

89.31 

88.95 

88.54 

88.16 

87.82 

87.50 

87.18 

86.86 

86.53 

86.21 

85.89 

85.53 

84. 85 J 
84.19 

83.78 

83.38 

82.99 

82.59 

82.16 

81.74 

81.31 

80.84 

80.38 

79.89 

79.39 

78.90 

........................................................................................................ 
0 1 .oo -00  . 00 - 0 0  .oo .oo .oo .oo .OD .oo .oo -00 .oo -00  - 0 0  .oo 
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0 2  
0 3  
' 4  

5 
* b o  f 

0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
1 

-00 
.oo . 00 
-00 . 00 . 00 . 00 
.,oo 
.oo . 00 . 00 
-00 
-00 . 00 . 00 
* 00 . 00 
-00 
* 00 . 00 
-00 
-00 . 00 
.oo 
-00 . 00 . 00 
-00 . 00 
-00 
* 00 . 00 . 00 . 00 

- 
1 

.05 

.07 

.08 

.08 

.05 

.05 
* 02 
-02  
.13 
.09 
.05 
.08 
.09 
-17 
-14 
-07 
.06 
.06 
.07 
.04 
.07 
.01 
* 01 

-.03 
-.05 
-SO6 
-a13 -. 09 
-.12 
-.13 
-.03 
-.06 
-.07 . 00 

2 

-03  -03 .03 -02 .08 .06 -06 
.06 .05 .05 -15 .13 .12 .ll 
.07 .06 -17 -17 .17 -16 .16 
.07 .06 .18 .20 .20 .21 .21 
.02 -12 -23 .25 .27 .28 .28 
.12 -11 .23 .25 .26 -27 .28 
.09 -19 .21 -24 .26 .28 .29 
.13 -16 -29 .33 .37 -39 -31 
.16 -21 .27 -32 .38 .42 -44 
-16 .24 .33 .42 .51 .59 .48 
.23 .34 -45 .60 .67 .85 .66 
.19 -32 .47 -66 .94 1.37 -94 
.22 -38 .55 -65 -88 -98 .89 
.24 -42 .51 -73 .84 .99 -81 
.25 -35 .55 -68 .92 1.02 .86 
.28 -37 .48 .70 .E9 1.36 .95 
-23 .30 .48 .57 .78 .87 .75 
.17 -31 .46 .52 .59 .72 .66 
.16 -28 -40 .44 -48 .59 .56 
.ll -20 .31 .34 .48 .50 .48 
.14 .12 .23 .48 .35 
.04 .ll .13 1 .43 -33 
.02 -.02 -.01 , .73 .30 

--11 m.07 -a11 -.io -.01 .13 -.02 
-.15 -a25 -.35 -e42 -.43 -.37 -.40 
-.18 -a34 -.51 -.79 -.92 -.E9 -.70 
-e29 -.51 -.77 -1.10 -1.48 -1.55 -1.12 
-e27 -a52 -e95 -1.47 -2.53 -2.51 -1.50 
--30 -a54 -.82 -1.18 -1.58 -1.66 -1.21 
--30 -.50 -.72 -.94 -1.11 -1.09 -.97 
-.18 e.34 -.50 -.63 -.71 -.79 -.67 
--16 -.18 -.28 -e36 -.50 -.49 -e41 

-27 -33 
.19 .30 
.15 .34 

-.04 -.13 -.19 -.23 -.24 -.23 -.18 .oo .oo .oo .... 00 -00 .oo .oo 
DRA- IN LZiYER 2 All! END OF TIPIE STEP 

3 4 5 6 7 8 9  

.06 -06 .05 .06 

.ll .ll .01 .02 

.17 .17 .07 .08 

.22 .23 .13 .04 
-29 .20 .20 .ll 
-29 -29 -18 -17 . ~~ _. .~ 
.29 .30 .19 .18 
-31 .31 .22 .23 
.33 .34 .25 .16 
-45 -34 -34 -25 
-57 .42 .31 .21 
.66 .48 .35 .25 
.68 .51 -38 .27 
.69 .51 -38 .26 
.78 .60 .46 .34 
.72 .55 .42 .31 
-60 .47 .36 .27 
.57 -48 .40 .22 
.50 -44 .29 .26 
.44 .30 .28 -18 
-30 .28 .I7 .10 
.26 .13 .15 .10 
.17 .05 -.01 .06 

-e04 -.09 -e10 -a09 
-.29 -.27 -.22 -.16 
-.57 -.46 -.25 -.24 
-.84 -a53 -e37 -.23 
-.93 -e65 -.46 -.31 
-.91 -.58 -.41 -.26 
-.71 -a55 -.41 -.29 
-.59 -.40 -.30 -.20 
-.38 -e33 -.17 -.11 
-.18 -.16 -.14 -.lo 
.oo .oo .oo .oo 

1 IN STRESS PERIOD 1 

10 11. 12 13 

-.03 
.03 

-.oo 
.06 
.13 
-09 
.09 
.15 
.09 
.18 
.13 
.17 
.18 
.17 
.24 
.21 
.17 
.15 
.12 
.10 
.05 
.09 

-.02 
-a03 
-.07 
-.13 -. 10 -. 17 
-.13 
-.18 
-.ll 
-.a4 
-.07 . 00 
14 

-.02 
.06 
.Ol 
.08 
.06 
.03 
.04 
.I1 
-03 
.03 
.07 
.ll 
.12 
.08 
.06 
-10 
.06 
.07 
-08 
.03 
.03 
.03 

-.04 
-.04 
-.07 
-e03 
-.08 
-.a6 
-.04 
-.oo 
-.04 

* 00 
-.03 

.oo 

15 

. 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 

.oo . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 

.oo 

.oo 

.oo . 00 . 00 
-00 
.oo . 00 . 00 . 00 . 00 

16 ........................................................................................................ 
0 1  
0 2  
0 3  
0 4  
0 5  
0 6  

7 
8 

0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 

' L i  9 

. 00 . 00 . 00 . 00 . 00 . 00 

.oo 

.oo 

.oo 

.oo . 00 . 00 
-00  . 00 
.oo . 00 
.oo 
.oo 
.oo . 00 
.oo . 00 
.oo . 00 . 00 . 00 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo . 00 
.oo 

* 00 
.03 

-.01 
.05 
.03 
.02 
* 01 
-00 
.07 
.05 . 11 
.06 
* 12 
.12 
.13 
-06 
-07 

-.01 
-.01 
.03 

-.05 
-.01 
-.07 
-.07 
-.09 
-.12 
-.15 
-.24 
-.24 
-.20 
-.22 
-.14 
-.06 
-.06 

.oo 

.05 
-01 

-.03 
.05 
.04 
-03  
.03 
.03 
.13 
.12 
.12 
-21 
-22 
-23 
.24 
.13 
.12 

-.01 
.D1 

-.07 
-.02 
-.lo 
-.12 
-.18 
-.36 
-.44 
-.49 
-.50 
-.55 
-.43 
-.30 
-.25 
-.OB 

. 00 
-.02 
-05 
.02 

-.oo 
-.02 
-SO3 
-.01 
-14 
.20 

. 00 

.02 
-.02 
-.05 
.02 
-.01 
-.03 
-.02 

.08 

.18 

.oo 

.05 
-01 

-.02 
-.05 
-.09 
-.14 
-.23 
-.11 
.14 

. 00 
-.03 

.04 

.02 
-.01 
-.05 
-.11 
-.22 -. 11 
.22 

. 00 . 00 
-.01 
-.03 
-.05 
-.07 
-.12 
-.21 
-.08 
.18 

. 00 
-.04 

.04 

.03 

.03 
-.08 
-.08 
-.06 
-05 
.18 

. 00 
- e 0 4  
.03 

-.oo 
- e 0 3  
-.04 
.06 
-06 
.08 
* 11 
.14 .26 .28 .37 .59 .43 .31 

, .27 .32 .38 .79 1.26 .77 .35 
-29 .38 .48 1.21 2.97 1.21 .48 
.32 .53 .65 1.03 1.47 1.04 -58 
.33 -56 .72 .93 1.02 .95 .76 
.33 .54 .66 .79 .87 .71 -60 
.30 .39 .48 .59 .66 -51 
.16 -22 -27 .22 .27 -24 
-01 .04 -e05 -.05 -.03 -SO2 

-a08 -.06 -e15 -.13 -.lo -e09 
-a06 -.04 -SO9 -00 -07 -e05 
-.01 -.07 -01 -18 -35 -14 
-.lo -.04 -09 .32 -79 -40 
-a14 .-.09 -.04 -56 2.20 -66 
-.34 -.36 -.30 -.02 -43 -01 
-.49 -.61 -.69 -.69 -.66 -.59 
-.65 -.90 -1.27 -1.50 -1.46 -1.18 
-.79 -1.27 -1.79 -2.40 -2.37 -1.73 
-.94 -1.42 -2.23 -3.94 -4.02 -2.29 
- .E5 -1.26 -1.80 -2.52 -2.50 -1.86 
-.68 -1.07 -1.38 -1.65 -1.63 -1.35 
-.57 -e76 -a94 -1.06 -1.15 -1.00 
-e35 -.46 -.55 -.71 -.70 -.62 
-.13 -.27 -.32 -.34 -.33 -.29 

.43 

.22 
-.09 
-.18 -. 11 

-02 
.ll 
.12 

-.20 
-.51 
-.E7 
-1.29 
-1.46 
-1.30 
-1.11 

-.EO 
-.49 
-.30 

. 00 . 00 . 00 . 00 . 01 

.02 

.05 
-.01 
-08 
-18 
* 19 
-30 
-40 
.47 
.52 
-41 
-26 
.10 

-.07 
-.lfi -. 12 
-.04 
-.09 
-.11 
-.23 
-.42 
-.73 
-.go 
-.97 
-.99 -. 81 
-.59 
-.46 
-.23 

. 00 
-.03 
-.03 
-.02 
-.oo 

.03 

.06 
-01 
-09 
.17 
.16 
.25 
-33 
-29 
.33 
.23 
.21 
.08 

-.07 
-.16 
-.13 
-e16 
-.12 
-.14 
-.20 
-.31 
-.52 
-.61 
-.73 
-.68 
-.56 
-.50 
-.33 
-.15 

. 00 
-02 
.04 
-06 

-.01 
.03 
.07 
-02 
.09 
.07 
.15 
.23 
.19 
-24 
-17 
.19 
.08 

-.03 -. 16 
-.24 
-.21 -. 14 
-.11 -. 11 -. 14 
-.20 
-.35 
-.39 
-.49 
-.44 
-.35 
-.34 
-.20 -. 16 

. 00 
-.01 
-01 
.04 

-.02 
.03 
.07 
.02 
09 
.06 
.15 
-12 
.17 
.ll 
.14 
.06 
.07 

-.03 
-.14 
-.20 
-.17 
-.lo 
-.06 
-.05 
- . O f  
-.19 
-.21 
-.21 
-.30 
-.26 
-.29 
- .20 
-.09 
-.08 

. 00 

.04 
-.01 
.03 

-.01 
-05 

-.02 
.02 

-.01 
-05 
.06 
.04 
-08 
-10 
* 02 
.04 

-.03 
-.01 
-.09 
-a13 -. 10 
-.02 
-.09 
-.OB 
-.DE 
-.09 
-.09 -. 16 
-.14 
-.11 
-.14 
-.08 
-.09 
.Ol 

. 00 

.oo 

.oo . 00 . 00 

.oo 

.oo 

./ 00 . 00 
-00 . 00 . 00 
-00 . 00 . 00 
.oo .. 00 
.oo . 00 . 00 . 00 . 00 
.oo . 00 . 00 . 00 . 00 
.oo 
.oo . 00 . 00 
.oo . 00 . 00 

0 35 .oo -00 .oo -00 -00 .oo -00 -00 -00 .oo .oo -00 .oo -00 -00 .oo 
ODRAWDOWN WILL BE SAVED ON UNIT 40 AT END OF TIME STEP 
0 

1, STRESS PERIOD 1 

0 

. 

L**3/T 
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I I -  

0 
0 

0 
0 
0 

0 

IN: 

STORAGB = 
CONSTANT HEAD = 

WELLS - 
TGTAL I N  = 

OUT: ---- 
STORAGE = 

CONSTANT BEAD = 
WBLLS = 

TOTAG OUT = 
I N  - OUT 

PERCENT DISCREPANCY = 

TIMB SUMMRRY 

TIME STEP LBNGTB 
STRESS PERIOD TIME 

!lDTAL SIMULATION TIME 
1 
1 

.68383BtO6 

.29053Et09 

.14054E+09 

.43175B+09 

.93761EtO6 

.290283+09 

.140538+09 

.43176Et09 
-3136.0 

* 00 

IN:  

',I 
--- 
STORAGE - 374.70 

CONSTANT HEAD = .159201+06 
WKLLS = 77006. 

%ITA& I N  - .23658Et06 
OUT: --- 

STORAGE = 513.76 
CONSTANT HEAD - .15906Et06 

WKLLS - 77005. 
TO!L!&L OUT - -23658Et06 

I N  - OUT -1.7031 
PERCEWT DISCREPANCY - 

AT END OF TIME STEP 1 I N  STRESS PERIOD 1 
sEcoma MXNUTBS HOURS DAYS YEARS 

. 00 

ORZUSINQ WELLS FROM lJLsT STRESS PERIOD 
0 

OEEAD/DFAWDOWN P R I m U T  FLAG p 1 "UsL BUDGET PRINTOUT FLAC3 1 CELL-BY-CELI, FLOW TERM FLAG 0 
REUSING PREVIOUS VALUES OF IOFLQ 

1 

.... 
0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

I BEAD I N  LAYER 1 AT END OF TIM3 STEP 1 I N  STRESS PERIOD 2 ....................................................................... 
L 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
16 .......................................................*......................................*.*........................ 

93.30 93.40 93.60 93.70 93.80 93.90 94.00 94.10 94.20 94.30 94.40 92.90 
94.50 
92.40 
94.00 
92.00 
93.50 
91.60 
93.10 
91.20 
92.60 
90.70 
92.10 
90.20 
91.60 
89.70 
91.10 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89-10 
88.00 
88.60 
87.70 
88.20 
87.50 
87.90 
87.30 

93.00 

92.55 

92.13 

91.72 

91.32 

90.85 

90.35 

89.88 

89.48 

89.07 

88.71 

88.35 

88.02 

87.71 

87 .43  

87.16 

93.10 

92.67 

92.24 

91.83 

91.43 

90.98 

90.48 

90.01 

89.57 

89.14 

88.74 

88.37 

88-01 

87.68 

87.36 

87.05 

93.20 

92.77 

92.35 

91.94 

91.54 

91.08 

90.59 

90.11 

89.64 

89.19 

88.76 

88.36 

87.98 

87.62 

87.28 

86.95 

92.87 

92.45 

92.03 

91.62 

91.17 

90.67 

90.19 

89.71 

89.23 

88.77 

88.34 

87.93 

87 55 

87.19 

86.85 

92.98 

92.55 

92.13 

91.70 

91.25 

90.75 

90.26 

89.77 

89.28 

88.76 

88.30 

87.84 

87.45 

87.07 

86.71 

93.12 

92.67 

92.23 

91.80 

91.33 

90.84 

90.34 

89.83 

89.32 

88.78 

88.22 

87.65 

87.32 

86.96 

86.58 

93.24 

92.78 

92.34 

91.89 

91.42 

90.93 

90.42 

89.91 

89.38 

88.81 

88.15 

87.23 

87.22 

86.91 

86.48 

93.34 

92.89 

92.44 

91.99 

91.52 

91.02 

90.51 

89.99 

89.46 

88.92 

88.34 

87.75 

87.40 

87.03 

86.64 

93.44 

92.99 

92.53 

92.08 

91.61 

91.11 

90.61 

90.09 

89.57 

89.05 

88.53 

88.04 

87.61 

w . 2 1  

86.82 

93.54 

93.09 

92.63 

92.17 

91.70 

91.21 

190.70 

90.19 

89.66 

89.16 

88.68 

88.22 

87.79 

87.38 

87.00 

93.65 

93 - 19 

92.73 

92.27 

91.80 

91.32 

90.81 

90.28 

89.75 

89.26 

88.79 

88.35 

87.92 

87.52 

87.14 

93.74 

93.28 

92.82 

92.36 

91.89 

91.43 

90.92 

90.37 

89.84 

89.35 

88.89 

88.45 

88.03 

87.64 

87.26 

93.83 

93.37 

92.90 

92.44 

91.97 

91.51 

91-01 

90.45 

89.91 

89.42 

88.97 

88.53 

88.12 

87.73 

87.36 

93.92 

93.44 

92.99 

92.52 

92.04 

91.57 

91.06 

90.49 

89.97 

99.47 

89.03 

88.59 

88.18 

87.02 

87.44 

-10- 



0 17 

18 

-0 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

1 

87.50 
87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84.50 
84.20 
83.80 
83.80 
83.30 
83.50 
82.80 
83.10 
82.30 
82.70 
81.90 
82.20 
81.40 
81-80 
81.00 
81.30 
80.60 
80.80 
80.20 
80.30 
79.70 
79.90 
79.30 
79.40 
78.80 
78.90 
78.40 

86.83 

86.44 

86.04 

85.63 

85.16 

84.73 

84.29 

83.89 

83.53 

83.15 

82.76 

82.33 

81.89 

81.42 

80.93 

80.43 

79.96 

79.47 

79.00 

86.72 

86.37 

86.03 

85.64 

85.19 

84.76 

84.36 

83.98 

83.61 

83.25 

82.88 

'82.49 

82.07 

81.60 

81.10 

80.58 

80.06 

79.54 

79.00 

86.62 

86.30 

85.99 

85.62 

85.20 

84.78 

84.39 

84.02 

83.67 

83.35 

83.04 

82.71 

82.32 

81.84 

81.30 

80.74 

80.18 

79.63 

79.10 

86.52 

86.22 

85.94 

85.60 

85.19 

84.77 

84.37 

84.01 

83.71 

83.45 

83.21 

82.97 

82.65 

82.13 

81.52 

80.90 

80.28 

79.69 

79.10 

86.39 

86.13 

85.88 

85.56 

85.16 

84.73 

84.31 

83.95 

83.70 

83.52 

83.39 

83.31 

83.17 

82.48 

81.74 

81.03 

80.36 

79.73 

79.10 

86.21 

86.02 

85.81 

85.52 

85.12 

84.67 

84.20 

83.76 

83.61 

83.53 

83.52 

83.68 

84.24 

82.88 

81.91 

81.11 

80.40 

79.74 

79.10 

85.84 86.25 

85.92 86.05 

85.78 85.84 

85.51 85.54 

85.10 85.12 

84.62 84.65 

84.07 84.17 

83.27 83.70 

83.47 83.52 

83.47 83.40 

83.49 83.30 

83.65 83.23 

84.21 83.10 

82.86 82.42 

81.89 81.67 

81.09 80.97 

80.39 80.31 

79.73 79.68 

79.10 79.10 

86.48 

86.20 

85.93 

85.60 

85.16 

84.70 

84.24 

83.83 

83.54 

83.29 

83.07 

82.-84 

82 - 53 
a2.01 

81.41 

80.79 

80.18 

79.58 

79.00 

BEAD IN LAYER 2 AT END OF TI= STEP 1 IN STRESS PERIOD 2 

86.65 

86.32 

86.02 

85.66 

85.20 

84.72 

81-27 

83.85 

83.19 

83.17 

82.86 

82.53 

82.15 

81.69 

81.15 

80.60 

80.03 

79.46 

78.90 

86.78 

86.44 

86.10 

85.71 

85.22 

84.72 

84.25 

83.81 

83.40 

83.02 

82.65 

82.27 

81.86 

81.41 

80.92 

80.40 

79.87 

79.34 

78.80 

86.89 

86.53 

86.18 

85.74 

85.22 

84.70 

84.20 

83.74 

83.29 

82.86 

82.44 

82.03 

81.61 

8'1.16 

80.69 

80.21 

79.71 

79.20 

78.70 

86.99 

86.63 

86.25 

85.78 

85.20 

84.65 

84.11 

83.62 

83.13 

82.67 

82.23 

81.80 

81.37 

80.93 

80.48 

ao. oi 
79.54 

79.07 

78.60 

89.10 

86.74 

86.33 

85.82 

85.17 

84.57 

83.97 

83.44 

82.94 

82.47 

82.03 

81.58 

81.16 

80.74 

80.31 

79.84 

79.40 

78.93 

78.50 

1 2 3 4 5 6 7 8 9 10 
16 

11 12 13 14 15 

................................................................................................................................ 
91-20 91.30 91.40 91.50 91.50 91.60 91.70 91.80 91.80 91-90 91-90 92.00 92.00 92.10 1 

2 

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

91-20 
92.10 
90.90 
91.80 
90.60 
91.40 
90.40 
91-10 
90.10 
90.70 
89.80 
90.30 
89.50 
90.00 
89.20 
89.70 
89.00 
89.30 
88.70 
89.00 
88.50 
88.50 
88.30 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.20 
87.10 
86.90 
86.80 
86.50 
86.40 
86.20 
86.10 

90.97 

90.71 

90.45 

90.17 

89.88 

89.59 

89.30 

89.03 

88.75 

88.49 

88.24 

87.98 

87.68 

87 - 37 
87.04 

86.73 

86.40 

86.11 

91.05 

90.79 

90.53 

90.25 

89.96 

89.67 

89.37 

89.07 

88.77 

88.48 

88.18 

87.89 

87.58 

87.27 

86.96 

86.67 

86.38 

86.11 

91.14, 

90.87 

90.60 

90.33 

90.04 

89.74 

89.44 

89.12 

88.79 

88.46 

88.13 

87.81 

87.48 

87.17 

86.87 

86.60 

86.34 

86.08 

91.22 

90.95 

90.68 

90.40 

90.12 

89.83 

89.51 

89.16 

88.80 

88.44 

88.08 

87.72 

87.37 

87.04 

86.76 

86.51 

86.28 

86.06 

91.28 

91.02 

90.75 

90.48 

90.21 

89.93 

89.62 

89.22 

88.82 

88.42 

88.02 

87.62 

87.25 

86.88 

86.64 

86.42 

86.23 

86.05 

91.35 91.43 

91.09 91.16 

90.82 90.88 

90.55 90.61 

90.29 90.35 

90.04 90.11 

89.83 89.92 

89.41 89.51 

88.86 88.88 

88.33 88.21 

87.71 87.23 

86.99 85.22 

86.87 86.42 

86.67 86.57 

86.51 86.43 

86.31 86.14 

86.18 86.13 

86.05 86.03 

91.50 

91.21 

90.93 

90.65 

90.38 

90.12 

89.91 

89.48 

88.92 

88.37 

87.73 

86.99 

86.86 

86.65 

86.49 

86.29 

86.15 

86.02 

91.54 

91.26 

90.97 

90.67 

90.38 

90.08 

89.76 

89.35 

88.92 

88.49 

88.05 

87.61 

87.22 

86.84 

86.60 

86.37 

86.18 

85.99 

91.60 

91.30 

91.00 

90.69 

90.38 

90.05 

89.71 

89.32 

88.92 

88.51 

88.10 

87.70 

87.33 

86.98 

86.69 

86.44 

86.20 

85.97 

91.63 

91.33 

91.02 

90.70 

90.37 

90.04 

89.69 

89.31 

88.93 

a8.50 

88.15 

87.77 

87.41 

87.07 

86.77 

86.49 

86.22 

85 * 97 

91.68 

91.36 

91.04 

90.71 

90.37 

90.03 

89.68 

89.31 

88.93 

88.55 

88.17 

87.81 

87.46 

87.13 

86.81 

86.52 

86.23 

85.96 

91.71 

91.39 

91.06 

90.72 

90.37 

90.03 

89.68 

89.31 

88.94 

88.55 

88.18 

87.83 

87.49 

87.16 

86.84 

86.53 

86.23 

85.94 

91.76 

91.41 

91.07 

90.71 

90.35 

90.02 

89.68 

89.31 

88.95 

88.54 

88.16 

87.82 

87.50 

87.18 

86.86 

86.53 

86.21 

85.89 
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0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

L 

85.80 
85.70 
85.40 
85.30 
85.00 
84.90 
84.50 
84.40 
84.10 
84.00 
83.70 
83.60 
83.30 
83.20 
82.90 
82.80 
82.50 
82.30 
82.00 
81-90 
81.60 
81.50 
81.20 
81-00 
80.70 
80.60 
80.30 
80.20 
79.80 
79.70 
79.30 
79.30 
78-96 

- I -  

85.77 

85.35 

84.91 

84.47 

84.07 

83.69 

83.32 

82.95 

82.54 

82.14 

81.70 

81.22 

80.74 

80.26 

79.76 

79.30 

85.79 85.78 

85.37 85.36 

84.93 84.91 

84.50 84.50 

84.12 84.14 

83.78 83.84 

83.46 83.59 

83.14 83.35 

82.79 83.09 

82.40 82.74 

81.95 82.26 

81.44 81.68 

80.90 81.07 

80.35 80.45 

79.78 79.83 

79.20 79.20 

-- 

85.76 

85.34 

84.87 

84.45 

84.10 

83.86 

83.71 

83.60 

83.48 

83.23 

82.66 

81.97 

81.26 

80.56 

79.87 

79.20 

85.75 

85.29 

84.79 

84.31 

83.94 

83.80 

83.79 

83.87 

84.00 

84.04 

83.20 

82.29 

81.44 

80.66 

79.92 

79.20 

85.73 

85.20 

84.62 

83.97 

83.34 

83.53 

83.80 

84.11 

84.60 

85.75 

83.82 

82.55 

81.56 

80.71 

79.94 

79.20 

85.70 85.69 

85.13 85.15 

84.45 84.56 

83.51 83.90 

81.70 83.24 

83.07 83.39 

83.66 83.60 

84.06 83.78 

84.58 83.93 

85.73 83.99 

83.81 83.16 

82.54 82.25 

81.55 81.40 

80.70 80.62 

79.93 79.89 

79.20 79.20 

85.68 

85.21 

84.68 

84.19 

83.78 

83.60 

83.51 

83.48 

83.39 

83.16 

82.61 

81.92 

81.20 

80.49 

79.80 

79.10 

1 

45.66 

85.22 

A4.74 1 

84.29 

83.91 

83.63 

83.42 

83.23 

83.00 

82.67 

82.19 

81.61 

80.99 

80.36 

79.73 

79.10 

85.66 

85.23 

84.76 

84.32 

83.94 

83.61 

83.31 

83.02 

82.71 

82.34 

81.88 

81.36 

80.80 

80.23 

79.65 

79.10 

- ~~ 

85.64 

85.21 

84.74 

84.31 

83.91 

83.54 

83.20 

82.85 

82.49 

82.09 

81.64 

81.16 

BO. 64 

80.10 

79.56 

79.00 

85.60 

85.17 

84.70 

84.26 

83.85 

83.47 

83.09 

82.71 

82.31 

81.90 

81.46 

80.99 

80.50 

79.99 

79.48 

79.00 

85.5' 

84.19 

83.78 

83.38 

82.99 

82.59 

82.16 

81.74 

81.31 

80.84 

80.38 

79.89 

79.39 

78.90 ' 

0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
1 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ........................................................................................................ 
0 1 .oo -00 .oo -00 .oo .oo .oo -00  .oo .oo -00 .oo .oo .oo .oo .oo 

-00  -05 -03 -03 -03 -02 -08 -06 -06 -06 -06 -05 -06 -.03 -.02 -00 
.OO -07 -06 -05 -05 .15 -13 -12 -11 .ll -11 .01 .02 .03 .06 -00 
e00 -08 -07 -06 -17 -17 -17 -16 -16 -17 -17 -07 -08 -.OO -01 -00 
-00  .08 -07 .06 -18 -20 .20 .21 .21 -22 -23 .13 -04 .06 -08 -00 
-00  -05 -02 -12 -23 .25 -27 -28 -28 .29 -20 .20 .ll .13 .06 -00 
.OO .05 -12 .ll .23 -25 -26 .27 -28 -29 .29 .18 -17 -09 -03 -00 
.OO .02 .09 .19 .21 -24 .26 -28 -29 -29 .30 .19 .18 
-00 .02 -13 .16 .29 -33 .37 .39 .31 -31 .31 .22 .23 
.OO .13 .16 .21 .27 .32 .38 .42 .44 .33 -34 -25 .16 
-00 .09 .16 .24 .33 .42 .52 .59 .48 .45 .34 .34 .25 
.OO .05 .23 -34 -46 .60 -68 .85 .66 .57 -42 .31 .21 
-00  .08 -19 -32 -47 -66 -95 1.37 .95 -66 -48 .35 .25 
-00  -09 .22 .38 .55 -65 .88 -98 -90 -69 .51 -38 .27 
-00 .17 .24 .42 .51 -73 .84 .99 -87 .69 .52 .38 .26 
- 0 0  -14 .25 -35  .55 -69 -92 1.02 .86 -78 -60 .46 .34 
-00 -07 .28 -38 .48 .71 .89 1.36 .95 -72 .55 .42 .31 
-00 -06  .23 .30 .48 .57 .78 -88 -75 .60 -48  .36 .27 
-00 -06 .17 .31 .46 -52 .59 -72 .66 -57 -48 -40 .22 
-00 -07 -16 -28 .40 .44 .48 .59 -56  .50 .44 -29 .26 
-00 -04 .11 -20 .31 .34 .48 .50 .48 .44 .30 -28 -18 
.OO -07 .14 .12 .23 .27 .33 - 4 8  .35 .30 .28 .18 .10 
-00 -01 .04 -11 .13 -19 .30 .43 -33 .26 .13 .15 .10 
-00  -01 .02 -.02 -.01 -15 -34 .73 .30 .17 .05 -.01 .06 
-00 -.03 -.11 -.07 -e11 -.lo -.01 .13 -.02 -SO4 -.09 -.lo -.09 
-00 -a05 -.15 -.25 -.35 -.42 -.43 -.37 -.do -.29 -.27 -.22 -.16 
-00 -a06 -.18 -a34 -.51 -.79 -.92 -.E9 -.70 -.57 -.46 -.25 -.24 
-00 -.13 -.29 -a51 -.77 -1.11 -1.48 -1.55 -1.13 -.E4 -.53 -.37 -.23 
e00 -a09 -.27 -.52 -.95 -1.47 -2.54 -2.51 -1.50 -.93 -.65 -.46 -.31 
-00 -a12 -.30 -a54 -.E3 -1.18 -1.58 -1.66 -1.22 -.91 -.59 -.41 -.26 
-00 --13 -.30 -a50 -.72 -a94 -1.11 -1.09 -.97 -e71 -a55 -.42 -.29 
-00 - e 0 3  -.18 -a34 -.50 -.63 -.71 -.79 -.67 -.59 -.40 -.30 -.21 
-00  -.06 -.16 -.18 -.28 -.36 -.50 -.49 -.41 -.38 -.33 -.17 -.11 
-00  -SO7 -.04 -.13 -.19 -a23 -.24 -.23 -.18 -.18 -.16 -.14 -.lo 
.oo .oo .oo .oo .oo .oo .oo -00  .oo .oo -00 -00 .oo 

DRAWDOWN IN LAYER 2 AT END OF TIME STEP 1 IN STRESS PERIOD 2 ....................................................................... 

.09 .04 -00 

.15 .ll .OO 

.09 .03 .OO 
-18 -03 -00 
.13 .07 .OO 
-17 .11 .OO 
.18 .12 .oo 
.17 -08  .OO 
.24 .06 .OO 
.21 .10 .oo 
.17 -06 .OO 
.15 .07 -00 
.12 -08 -00 
.10 .03 .OO 
-05 .03 .OO 
-09 .03 .OO 

-.02 -.04 .OO 
-.03 -.04 -00 
-.07 -.07 .OO 
-.13 -.03 .OO 
-.lo -.08 .oo 
-.17 -.06 .OO 
-.13 -.04 .OO 
-.18 -.01 .oo 
-e11 -.04 .OO 
-.04 -00 -00  
-e07 -.03 .OO 

.oo -00  -00 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  

J 

......................................................................................................... 
0 1 .oo .oo .oo -00  .oo .oo -00  .oo .oo .oo -00 .oo .oo -00 .oo .oo 
0 2 - 0 0  -03 -05 -e04 -.02 -02 - 0 5  -SO3 .OO - S O 4  -00  -.03 .02 -.01 -04 .OO 
0 3 - 0 0  -.01 -01 -03 -05  -.02 -01 .04 -.01 -04 -00  -.03 .04 -01 -.01 .OO 
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0 4  
7 5  

6 
7 

0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 

'b! 8 

.oo . 00 . 00 . 00 

.oo . 00 

.oo 
-00  
.oo 
* 00 
.oo 
-00 
-00  
-00 . 00 
.oo . 00 . 00 
-00 
-00 
* 00 . 00 . 00 
* 00 . 00 
-00 
.oo . 00 
.oo 
* 00 

.05 

.03 
* 02 
-01 . 00 
.07 
.05 
-11 
.06 
.12 
.12 
-13 
-06 
-07 

-.oo 
-.01 
.03 

-.os 
-.a 
-.07 
-.07 
-.09 
-.12 
-.15 
-.24 
-.24 
-.20 
-.22 
-.14 
-.06 

-.03 
.os 
.04 
.03 
.03 
.03 
.13 
.12 
.12 
-21 
.22 
-23 
-24 
.13 
.12 
-.01 
.01 

-.07 
-.03 
-.lo 
-.12 
-.18 
-.36 
-.44 
-.49 
-.so 
-.ti5 
-.44 
-.30 
-.25 

-.OO .02 -.05 -BO2 -02 
-.03 -.OO -02 '*-.OS -.01 
-.04 -.02 -e01 -SO9 -.05 
-06 -.03 -.03 -.14 -a11 
-06 -.01 -.02 -.23 -a22 
.08 .14 .08 -.11 -.11 
.ll .20 .18 .14 .22 
.14 -26 .28 .37 -59 
.27 .32 .38 .79 1.27 
-29 .38 .48 1.21 2.98 1.21 .49 
.32 .53 .65 1.03 1.48 1.04 -58 
.33 .56 .72 .93 1.03 .95 -76 
.33 .54 .66 .79 .87 .71 .60 
-30 .39 .48 -59 .66 .51 .43 
.16 .22 .27 -22 -27 -25 
.02 .04 -.05 -.05 -a03 -e02 

-.08 -.06 -e15 -.13 -a10 -.09 
-.06 -.04 -.09 .OO -07 -.OS 
-.01 -.07 -01 -18 -35 -14 
-.lo -.05 -09 -33 -79 -40 
-.14 -.lo -.04 -56 2.20 -66 
-.34 -.36 -.30 -.a3 -43 -01 
-.49 -.61 -.69 -.70 -.66 -e60 
-.65 -.90 -1.27 -1.51 -1.46 -1.18 
-.79 -1.28 -1.80 -2.40 -2.38 -1-73 
-.94 -1.43 -2.24 -3.95 -4.03 -2.29 
-.86 -1.26 -1.80 -2.52 -2.51 -1.86 
-.68 -1.07 -1.39 -1.65 -1.64 -1.35 
-.57 -.76 -.94 -1.06 -1.15 -1.00 
-.35 -.46 -.56 -.71 -.70 -.62 

-.03 -03 
-SO5 -03 
-.08 -.08 
-.12 -SO8 
-.21 -.06' 
-.OB .05 
.l8 .18 
.43 .31 
.77 .35 

.22 
-.09 
-.18 
-.11 
.02 
.ll 
.12 

-.20 
-.51 
-.88 
-1.29 
-1.46 
-1.31 
-1.12 

-.EO 
-.49 

.oo -.02 

.01 - .OO'  

.02 .03 

.05 -06 
-.01 .01 

.08 .09 

.18 .17 

.19 -16 

.30 .25 

.40 .33 

.47 .29 

.52 .33 

.41 -23 
-26 .21 
.10 -08 

-.07 -.07 
-.16 -.16 
-.12 -.13 
-.04 -.16 
-.09 -.12 
-.11 -.14 
-.23 -.21 
-.42 -.31 
-.73 -.52 
-.90 -.61 
-.97 -.74 
-.99 -.68 
-.81 -.56 
-a59 -.50 
-.46 -.33 

.06 
-.or 
.03 
.07 
.02 
.09 
-07 
.15 
.23 
.19 
.24 
.17 
.19 
.08 

-.03 
-.16 
-.24 
-.21 -. 14 -. 11 -. 11 
-.14 
-.20 
-.35 
-.39 
-.49 
-.44 
-.36 
-.34 
-.20 

.04 
-.02 
.03 
.07 
.02 
.09 
.06 
- 1 5  
.12 
-17 
.11 
.14 
.06 
.07 

-.03 
-.14 
-.20 
-.17 
-.lo 
-.06 
-.05 
-.07 
-.19 
-.21 
-.21 
-.30 
-.26 
-.29 
-.20 
-.09 

.03 
-.01 
.05 

-.02 
.02 

-.01 
.05 
.06 
.04 
-08 
-10 
-02 
-04 

-.03 
-.01 
-.09 -. 13 -. 10 
-.02 
-.09 
-.OB 
-.OB 
-.09 
-.09 -. 16 -- 14 
-.11 
-.14 
-.OB -. 09 

. 00 . 00 . 00 . 00 . 00 

.oo . 00 . 00 . 00 
-00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 
-00 . 00 . 00 . 00 . 00 
-00 . 00 

0 34 -00 -.06 -.08 -.13 -.27 -.32 -.34 -.33 -.29 -.30 -.23 -.15 -.16 -.08 -01 .OO 
0 35 .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo 
ODRAwDowlo WILL BE SAVED ON UNIT 40 AT END OF TIME STEP 
0 

1, STRESS PERIOD 2 

0 

0 
0 
0 

IN: --- 
STORAQE - -68513Et06 

CONSTANT HEAO = .29149Et09 
WELLS - .14100E+09 

TOTAL IN = .43317Et09 

STORAGE = .93975Et06 
CONSTANT BEAD = .29124Et09 

OUT: ---- 
WELLS = .14100Et09 

TOTAL OUT = .43317Et09 
IN - OUT = -3296.0 

PERCENT DISCREPANCY = . 00 

IN: --- 
STORAQE - 

CONSTANT BBRD - 
WELLS = 

TfX!AL IN = 

SnlRAGE = 
CONSTANT BEAD - 

WELLS - 
TOTAL OUT = 
IN - OUT a 

PERCEliT DISCREPANCY - 

OUT: ---- 

0 

TIME SUMMARY AT END OF TIME STEP 1 IN STRESS PERIOD 2 
SECONDS MINUTES HOURS DAYS 

I 
1 

0 10 WELLS 

NUMBEROFTIMESTEPS= 1 

MULTIPLIER FOR DELT = 1.000 

L**3/T 

217.32 
.15924Et06 
77006. 
.23646E+O6 

357.09 
.15913Et06 
77005. 
,23649Et06 

-28.031 
-.01 

1 13 8 .ooooo 1 
1 17 8 .ooooo 2 
1 24 8 .ooooo 3 
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’J 
1 29 7 .ooooo 4 
1 29 8 .ooooo 5 
2 13 8 .ooooo 6 
2 17 8 .000OO 7 
2 24 8 .ooooo 8 
2 29 7 .ooooo 9 
2 29 8 .ooooo 10 

0 

OMAxIMlM HEAD CBANGE FOR EACa ITERATION: 
0 BEAD CHANGE LAYBR8ROW,COL HEAD CHANGE LAYER8RDW8COL HEAD CHANGE LAyKR,RoW,ML HEAD CHANGE LAYBR8ROW,C0L HEAD CHANGE LAYER,Row,CoL 

n 

5 ITERATIONS FOR TIME STEP 1 IN STRESS PERIOD 3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-1.138 ( 1, 29, 7) -.2125 ( 1, 308 7) -3825E-01 ( 1, 158 8) -3986B-02 ( 1, 13, 11) -58958-03 ( I, 27, 6) 

&AD/DRAWDOWM PRINTOUT FLAG 1 TOTAG BUDDFP PRINTOUT F L k G  - 1 CELL-BY-CELL PLCW TERM FL?iG 0 
REUSING PREvfOUS VALUES OF IOFLG 

0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
16 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

92.90 93.00 93.10 93.20 93.30 93.40 93.60 93.70 93.80 93.90 94.00 94.10 94.20 94.30 94.40 
94.50 
92.40 
94.00 
92.00 
93.50 
91.60 
93.10 
91.20 
92.60 
90.70 
92.10 
90.20 
91.60 
89.70 
91.10 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89.10 
88.00 
88.60 
87.70 
88.20 
87.50 
87.90 
87.30 
87.50 
87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84.50 
84.20 
83.80 
83.80 
83.30 
83.50 
82.80 
83.10 
82.30 
82.70 
81.90 
82.20 
81.40 
81.80 
81.00 
81.30 
80.60 

92.55 

92.13 

91.72 

91.32 

90.85 

90.35 

89.88 

89.48 

89.08 

88.72 

88.35 

88.02 

87.71 

87.44 

87.17 

86.84 

86.45 

86.05 

85.63 

85.16 

84.73 

84.29 

83.89 

83.53 

83.15 

82.75 

82.32 

81.88 

81.41 

92.67 

92.24 

91.83 

91.43 

90.98 

90.48 

90.01 

89.57 

89.15 

88.75 

88.38 

88.03 

87.70 

87.38 

87.07 

86.74 

86.39 

86.04 

85.65 

85.20 

84.77 

84.36 

83.98 

83.61 

83.24 

82.86 

82.46 

82.04 

81.57 

92.77 92.87 

92.35 92.45 

91.94 92.03 

91.54 91.62 

91-09 91.17 

90.59 90.68 

90.11 90.20 

89.65 89.72 

89.20 89.25 

88.78 88.81 

88.39 88.40 

88.02 88.00 

87.66 87.62 

87.32 87.26 

86.99 86.92 

86.66 86.59 

86.34 86.28 

86.02 85.98 

85.64 85.64 

85.21 85.22 

84.80 84.80 

84.40 84.40 

84.03 84.04 

83.67 83.71 

83.33 83.42 

83.00 83.13 

82.64 82.83 

82.24 82.45 

81.77 81.97 

92.98 

92.55 

92.13 

91.70 

91.25 

90.76 

90.27 

89.79 

89.31 

88.84 

88.39 

87.96 

87.57 

87.18 

86.84 

86.53 

86.23 

85.95 

85.61 

85.20 

84.78 

84.37 

84.02 

83.72 

83.47 

83.25 

83.01 

82.69 

82.18 

93.12 93.24 

92.67 92.78 

92.23 92.34 

91.80 91.90 

91.34 91.43 

90.85 90.93 

90.35 90.44 

89.86 89.94 

89.37 89.43 

88.88 88.93 

88.39 88.42 

87.93 87.93 

87.52 87.52 

87.13 87.13 

86.78 86.77 

86.47 86.45 

86.19 86.18 

85.92 85.92 

85.59 85.59 

85.18 85.17 

84.74 84.72 

84.33 84.28 

83.96 83.88 

83.69 83.64 

83.49 83.45 

83.31 83.28 

83.14 83.12 

82.90 82.88 

82.32 82.30 
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93.34 

92.89 

92.44 

91.99 

91.52 

91.02 

90.52 

90.02 

89.51 

89.01 

88.51 

88.03 

87.61 

87.20 

86.84 

86.52 

86.23 

85.95 

85.61 

85.18 

84.73 

84.29 

83.90 

83.62 

83.38 

83.16 

82.93 

82.62 

82.11 

93.44 

92.99 

92.53 

92.08 

91.61 

91.12 

90.62 

90.11 

89.60 

89.11 

88.63 

88.16 

87.73 

87.32 

86.94 

86.61 

86.30 

86.00 

85.65 

85.21 

84.74 

84.30 

83.91 

83.57 

83.28 

83.00 

82.70 

82.34 

81.86 

93.54 

93.09 

92.63 

92.17 

91.70 

91.21 

90.71 

90.20 

89.69 

89.20 

88.73 

88.29 

87.86 

87.45 

87.07 

86.72 

86.39 

86.07 

85.69 

85.23 

84.75 

84.30 

83.88 

83.50 

83.16 

82.82 

82.47 

82.07 

81.61 

93.65 

93.19 

92.73 

92.27 

91.80 

91.32 

90.81 

90.29 

89.77 

89.28 

88.83 

88.39 

87.96 

87.56 

87.18 

86.82 

86.’47 

86.13 

85.73 

85.24 

84.74 

84.27 

83.82 

83.41 

83.01 

82.63 

82.24 

81.82 

81.37 

93 * 74 

93.28 

92.82 

92.36 

91-90 

91.44 

90.93 

90.38 

89.85 

89.36 

88.91 

88.47 

88.06 

87.66 

87.28 

86.91 

86.55 

86.19 

85.75 

85.23 

84.71 

84.21 

83.74 

83.30 

82.85 

82.43 

82.02 

81.59 

81.15 

93.83 

93.37 

92.90 

92.44 

91.97 

91.52 

91.01 

90.45 

89.92 

89.43 

88.98 

88.54 

88.13 

87.75 

87.37 

87.01 

86.64 

86.26 

85.78 

85.21 

84.65 

84.11 

83.62 

83.13 

82.67 

82.23 

81.79 

81.36 

80.93 

93.92 

93.44 

92.99 

92.52 

92.04 

91.57 

91.06 

90.50 

89.97 

89.48 :::02 
88.19 

87.82 

87.45 

87.10 

86.75 

86.33 

85.83 

85.17 

84.57 

83.97 

83.44 

82.94 

82.47 

82.03 

81.58 

81.16 

80.73 



0 31 80.80 
80.20 

32 80.30 
79.70 

79.30 
0 34 79.40 

' i , , 3 3  79.90 

78.80 
0 35 78.90 

78-40 

1 
16 .............. 

0 1 91.20 
92.10 

0 2 90.90 
91.80 

0 3 90.60 
91.40 

0 4 90.40 
91.10 

0 5 90.10 
90.70 

0 6 89.80 
90.30 

0 7 89.50 
90.00 

0 8 89.20 
89.70 

0 9 89.00 
89.30 

0 10 88.70 
89.00 

0 11 88.50 
88.50 

0 12 88.30 
88-10 

0 13 88.10 
87.80 

0 14 87.80 
87.50 

15 87.50 
87.20 

16 87.10 
86.90 

v ' 1 7  86.80 
86.50 

0 18 86.40 
86.20 

0 19 86.10 
85.80 

0 20 85.70 
85.40 

0 21 85.30 
85.00 

0 22 84.90 
84.50 

0 23 84.40 
84.10 

0 24 84.00 
83.70 

0 25 83.60 
83.30 

0 26 83.20 
82.90 

0 27 82.80 
82.50 

0 28 82.30 
82.00 

0 29 81.90 
81.60 

0 30 81.50 
81.20 

0 31 81.00 
80.70 

0 32 80.60 
80.30 

0 33 80.20 
79.80 

80.92 81.08 81.25 81.42 81.57 81.67 

80.43 80.57 80.71 80.84 80.95 81.00 

79.96 80.06 80.17 80.26 80.32 80.35 

79.47 79.54 79.62 79.68 79.71 79.72 

79.00 79.00 79.10 79.10 79.10 79.10 

H g A D I H L A Y E R  2 A T T O P T ~ S T K P  1 .___-_--_--------------------------------------- 
2 3 4 5 6 7 

................................................ 
91.20 91.30 91.40 91.50 91.50 91.60 

90.97 91.05 91.14 91.22 91.28 91.35 

90.71 90.79 90.87 90.95 91.02 91-09 

90.45 90.53 90.60 90.68 90.75 90.82 

90.17 90.25 90.33 90.40 90.48 90.55 

89.88 89.96 90.04 90.12 90.21 90.29 

89.59 89.67 89.74 89.83 89.93 90.04 

89.30 89.37 89.44 89.51 89.62 89.83 

89.03 89.07 89.12 89.16 89.22 89.41 

88.75 88.77 88.79 88.80 88.82 88.86 

88.49 88.48 88.46 88.44 88.42 88.33 

88.24 88.18 88.13 88.08 88.02 87.72 

87.98 87.89 87.81 87.72 87.62 87.03 

87.68 87.58 87.48 87.37 87.25 86.88 

87.37 87.27 87.17 87.04 86.89 86.68 

87.04 86.96 86.87 86.77 86.65 86.54 

86.73 86.67 86.60 86.52 86.44 86.36 

86.41 86.38 86.34 86.29 86.24 86.20 

86.11 86.11 86.09 86.06 86.05 86.06 

85.77 85.79 85.78 85.76 85.75 85.7'3 

85.35 85.37 85.37 85.34 85.29 85.20 

84.91 84.93 84.92 84.87 84.79 84.62 

84.47 84.50 84.50 84.45 84.32 84.00 

84.07 84.12 84.14 84.10 83.95 83.43 

83.69 83.78 83.84 83.86 83.81 83.55 

83.32 83.46 83.59 83.71 83.79 83.79 

82.95 83.14 83.35 83.60 83.85 84.06 

82.54 82.79 83.09 83.46 83.93 84.39 

82.14 82.40 82.74 83.19 83.85 84.73 

81.70 81.95 82.25 82.64 83.13 83.61 

81.22 81.43 81.68 81.96 82.27 82.50 

80.74 80.90 81.07 81.26 81.43 81.55 

80.26 80.35 80.45 80.56 80.65 80.71 

81.64 81.51 81.32 

80.98 80.89 80.74 

80.34 80.27 80.15 

79.71 79.67 79.57 

79.10 79.10 79.00 

IN STRESS PERIOD 3 .................... 
8 9 l o  

......*.................a 

91.70 91.80 91.80 

91.43 91.50 91.54 

91.16 91.21 91.26 

90.88 90.93 90.97 

90.61 90.65 90.67 

90.35 90.38 90.38 

90.11 90.12 90.08 

89.92 89.91 89.76 

89.51 89.48 89.35 

88.88 88.92 88.92 

88.22 88.37 88.49 

87.27 87.74 88.05 

85.72 87.03 87.62 

86.46 86.86 87.22 

86.59 86.66 86.85 

86.48 86.52 86.61 

86.30 86.34 86.39 

86.17 86.18 86.19 

86.05 86.04 86.00 

85'.9L 85.70 85.68 

85.13 85.15 85.21 

84.47 84.56 84.68 

83.61 83.92 84.19 

82.48 83.33 83.79 

83.17 83.42 83.60 

83.67 83.60 83.51 

84.02 83.76 83.47 

84.37 83.86 83.37 

84.71 83.80 83.13 

83.60 83.09 82.59 

82.49 82.23 81.91 

81.54 81.40 81.20 

80.70 80.62 80.49 

81.10 80.89 

80.56 80.38 

80.01 79.86 

79.46 79.33 

78.90 78.80 

11 12 

91.90 91.90 

91.60 91.63 

91.30 91.33 

91.00 91.02 

90.69 90.70 

90.38 90.37 

90.05 90.04 

89.71 89.69 

89.32 89.31 

88.92 88.93 

88.51 88.54 

88.10 88.15 

87.71 87.77 

87.33 87.41 

86.98 87.07 

86.70 86.77 

86.44 86.49 

86.21 86.22 

85.97 85.97 

85.66 85.66 

85.22 85.23 

84.74 84.76 

84.29 84.32 

83.91 83.94 

83.63 83.61 

83.42 83.31 

83.23 83.02 

82.99 82.71 

82.66 82.33 

82.19 81.88 

81.61 81.36 

80.99 80.80 

80.36 80.23 

b................ 

80.68 80.48 80.30 

80.20 80.01 79.84 

79.70 79.54 79.39 

79.20 79.07 78.93 

78.70 78.60 78.50 

13 14 15 

.......................... 
92.00 92.00 92.10 

91.68 91.71 91.76 

91.36 91.39 91.41 

91.04 91.06 91.07 

90.71 90.72 90.71 

90.37 90.37 90.35 

90.03 90.03 90.02 

89.68 89.68 89.68 

89.31 89.31 89.31 

88.93 88.94 88.95 

88.55 88.55 88.54 

88.17 88.18 88.16 

87.81 87.83 87.82 

87.46 87.49 87.50 

87.13 87.16 87.18 

86.81 86.84 86.86 

86.52 86.53 86.53 

86.23 86.23 86.21 

85.96 85.94 85.89 

85.64 85.60 85.53 

85.21 85.17 85.10 

84.74 84.70 84.62 

84.31 84.26 84.19 

83.91 83.85 83.78 

83.54 83.47 83.38 

83.20 83.09 82.99 

82.85 82.71 82.59 

82.49 82.31 82.16 

82.09 81.90 ; 81.74 

81.64 81.46 81.31 

81.16 80.99 80.84 

80.64 80.50 80.38 

80.10 79.99 79.89 

-15- 



O 34 79.70 19.76 79.78 79.83 79.87 79.92 79.94 79.93 79.89 79.80 79.73 79.65 79.56 79.48 79.39 

0 35 79.30 79.30 79.20 79.20 79.20 79.20 79.20 79.20 79.20 79.10 79.10 79.10 79.00 79.00 78 i 
79.30 

78.90 
4 0- WILL BE SAVED ON UNIT 30 AT END OF TIME STEP 

1 DRAWDOWR IN LAYER 1 AT END OF TIME STEP 1 IN STRBSS PERIOD 3 
1, STRESS PERIOD 3 

....................................................................... 
1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ......................................................................................................... 

0 1 .oo -00 -00  .oo -00 -00 -00 -00 .oo .oo .oo .oo .oo -00  -00 -00 
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
O U  
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 

: O  24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
1 

* 00 
.oo . 00 . 00 . 00 
-00 
-00 . 00 . 00 . 00 
.oo . 00 
.oo . 00 
.oo . 00 . 00 . 00 . 00 
-00 . 00 
-00 . 00 . 00 . 00 . 00 
.oo . 00 
.oo . 00 . 00 
-00 . 00 . 00 

.05 

.07 

.08 

.08 

.05 

.05 
-02  
.02 
.12 
.08 
.05 
.08 
.09 
.16 
.13 
.06 
.05 
.05 
.07 
.04 
07 
.01 
-01 
-.03 
-.05 
-.05 
-.12 
-.08 -. 11 
-.12 
-.03 
-.06 
-.07 . 00 

.03 

.06 

.07 

.07 
-02 
.12 
.09 
.13 
.15 
.15 
-22  
.17 
.20 
.22 
.23 
-26 
.21 
.16 
.15 
.10 
-13 - 04 
.02 

-.11 
-.14 
-.16 
-.26 
-.24 
-.27 
-.28 -. 17 -. 16 
-.04 

.o 

.o 

.o 

.o 

.1 

.1 
-1 
.1 
.2 
.2 
.3 
.:2 
.3 
.3 
.3 
.3 
.2 
.2 
.2 
.1 
.1 
.1 

-.O 
-.O 
-.2 -. 3 
-.4 
-.4 
-.4 
-.4 
-.3 
-.l 
-.l 

.03 

.05 

.17 

.18 

.23 
* 22 
.20 
.28 
.25 
.29 
.40 
.40 
.48 
.44 
.48 - 41 
.42 
.42 
.36 
.28 
.20 
-10 

-.04 
-.11 
-.32 
-.43 
-.63 
-.75 
-.67 
-.62 
-.44 
-.26 
-.18 

.02 

.15 

.17 

.20 

.25 

.24 

.23 

.31 

.29 

.36 

.51 

.54 

.53 

.62 

.56 

.57 
-47 
.45 
.39 
.30 
.22 
.13 
.08 -. 12 
-.37 
-.65 

~~~ 

.08 

.13 

.17 

.20 
-26 
.25 
.25 
.34 
.33 
.42 
-51 
.67 
.68 
.67 
.72 
.63 
-61 
.48 
.41 
.42 
.26 
.17 
.14 

-.09 
-.39 
-.71 

.06 

.12 

.16 

.20 

.27 

.27 

.26 
-36 
.37 
.47 
-58 
.67 
.68 
.77 
.73 
.75 
.62 
.58 
.51 
.43 
-38 
.22 
.12 

-.04 
-.35 -. 68 

.06 
-11 
.16 
.21 
.28 
.28 
.28 
.28 
.39 
.39 
.49 
.67 
.69 
.70 
-66 
.68 
.57 
.55 
* 49 
.42 
.27 
.21 
.10 -. 12 

-.38 
-.56 

.06 

.11 

.17 

.22 

.29 
-28 
.28 
-29 
.30 
.39 
.47 
.54 
-57 
.58 
.66 
.59 
.50 
.50 
.45 
.39 
.26 
-20 
-09 

-.07 
-.28 
-.50 
-.70 
-.74 
-.76 
-.62 
-.54 
-.35 
-.17 

.06 . 11 

.17 

.23 

.20 

.29 

.29 

.30 

.31 

.30 

.37 

.41 

.44 

.45 

.53 

.48 

.41 

.43 

.41 

.27 

.25 
-10 
.02 -. 10 
-.26 
-.42 
-.47 
-.57 
-.51 
-.50 
-.36 
-.31 
-.16 

.05 

.Ol 
-07 
.13 
.20 
-18 
-19 
.21 
.23 
.32 
.27 
.31 
.34 
.34 
.42 
.38 
.33 
.37 
-27 
.26 
.16 
.13 -. 02 

-.11 
-.21 
-.23 
-.34 
-.42 
-.37 
-.39 

-06 -.03 -.02 
-02 .03 .06 
-08 -.OO .01 
-04 .06 .08 
-10 -13 .06 
.16 .08 .03 
.17 .09 .04 
.22 .15 -10 
.15 .OB .03 
.24 -17 .02 
.19 .12 .06 

. ~. 
* 00 . 00 
.oo . 00 
-00 . 00 . 00 
-00 . 00 
.OD 
.oo 
.oo . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 
-00 . 00 
.oo . 00 
D 00 . 00 . 00 
* 00 . 00 
.oo 
.oo 
* 00 

16 

.23 .16 .ll 

.24 -17 .11 

.24 . I 5  .08 

.32 .23 .05 

.29 .19 .10 

.25 -16 -05 

.21 .14 -07 

.25 -12 .07 
-17 .09 .03 
-09 .05 .03 
-09 .09 .03 
-06 -a02 -.04 

-.lo -.03 -.04 
-.15 -.67 -.07 
-.23 -.13 -.03 
-.22 -.a9 -.08 
-.29 -.i6 -.06 
-.25 -.I3 -.03 
-.28 -.is -.OO 

-.E1 -.94 -1.02 -.E3 
-.99 -1.20 -1.18 -1.02 
-.E8 -1.02 -1.10 -e91 
-.77 -.E7 -.84 -.E1 
-.55 -.60 -.68 -.59 
-.32 -.45 -.44 -a37 
-.21 -.22 -.21 -.17 

-.28 -. 16 
-.13 

.- 
-.lo -.67 -.os 

.oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .60 .oo 
DRAWDOWN IN LAYER 2 AT END OF TIME STEP 1 IN STRESS PERIOD 3 J 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  

0 1  
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 

.oo -00 

.OO .03 

.oo -.01 
-00 -05 - 
.OO -03 
.oo .02 
-00 .01 
.oo .oo 
-00  .07 
-00 .05 .13 -11 .20 .18 .14 .22 -18 .18 .18 .17 .07 .d6 .05 
- 0 0  .11 .12 -14 -26 .28 -37 .58 -43 .31 .19 .16 .15 -15 .06 
-00  -06 -12 -27 -32 -38 -78 1.23 -76 -35 -30 -25 -23 -12 -04 
-00  -12 -21 -29 -38 .48 1.17 2.48 1.17 .48 .39 .33 .19 .i7 .OB 
-00  -12 .22 -32 -53 -65 1-02 1.44 1.04 -58 .47 .29 - 2 4  .ll .10 
-00 .13 .23 -33 .56 .71 .92 1.01 .94 -75 .52 .33 -17 -14 -02 
-00 -33 -53 -65 *76 .82 
.oo .30 .38 .46 -54 .50 
-00  .16 -21 .26 -20 .23 
.oo -.05 -.06 -.05 
-00  -.15 -.13 -.11 . 00 -.09 -00 -07 
-00  .01 -18 .33 . 00 -08  .30 .69 . 00 - .05 e47 1.42 . 00 -.31 -.05 .33 
-00 -.69 -a69 -.67 
-00 -1.25 -1.46 -1.42 . 00 -1.73 -2.19 -2.17 
.oo -2.05 -2.93 -3.01 
.oo -1.73 -2.31 -2.30 . 00 -1.37 -1.60 -1.59 
.oo -.93 -1.05 -1.14 

.oo .o 
-05 -.O 
.01 - 0  

m . 0 3  -.O 
.05 -.O 
.04 -.O 
.03 - 0  
-03 .O 
.03 -0  

.oo 
-.02 

.05 

.02 
-.oo 
-.02 -. 03 
-.01 
.14 

. 00 

.02 
-.02 
-.05 
.02 

-.01 
-.03 
-.02 
.08 

.oo .oo 
-05 -.03 
.01 .04 

-.02 .02 
-.05 -.01 
-.09 -.05 
-.14 -.11 
-.23 -.22 
-.11 -.11 

.oo .oo 
-00 -.04 

-.01 - 0 4  
-.03 .03 
-.05 .03 
-.08 -.08 
-e12 -.08 
-.21 -.06 
-.08 -05 

1 .oo .oa 

.oi -.oa 

.OO -.03 

.OO -.03 

.oo -.02 

.02 .03 
, -05 -06 
' -.01 .01 

.OB -09  

I -00 .oo .oo 
.02 -.01 .04 
.04 -01 -.01 
.06 -04 .03 

1 -.01 -.02 -.01 
.03 .d3 .05 

i -07 -67 -.02 
. .02 .d2 .02 
I -09 .d9 -.01 

.oo 
-00 . 00 . 00 
-00 
e 00 
-00 . 00 . 00 . 00 
-00 . 00 . 00 
.oo 
.oo . 00 
.oo 
.oo 
.OD . 00 
.oo 
.oo 
* 00 
.oo 
* 00 
.oo 
00 . 00 

.oo 

.oo . 00 

.oo 

.06 

.07 
-.01 
-.01 
.03 

-.05 
-.01 
-.07 
-.07 
-.09 -. 12 -. 15 
-.24 
-.24 
-.20 
-.22 
-.14 

.24 
-13 
.12 

-.01 
.Ol 

-.07 
-.03 
-.lo -. 12 
-.l8 
-.36 
-.44 
-.49 
-.50 
-.55 
-.43 
- .30 

.68 

.46 
-22  

-.04 
-.lo 
-.05 
-14 
-38 
-57 

-.02 
-.60 
-1.16 
-1.66 
-2.10 
-1.79 
-1.33 
-1.00 

-59 
.41 
.21 

-.lo 
-.18 
-.11 
.02 
.ll 
-11 

-.20 
-.51 
-.E7 
-1.27 
-1.43 
-1.29 
-1.11 

- .EO 

.40 

.26 

.09 
-.07 -. 16 -. 12 
-.04 
-.09 
-.11 
-.23 
-.42 
-.73 
-.E9 
-.96 
-.99 
-.E1 
-.59 

-23 
.21 
.08 

-.07 -. 16 -. 13 -. 16 -. 12 -. 14 
-.21 
-.31 
-.52 
-.61 
-.73 
-.68 
-.56 
-.50 

.is 

.08 
-.03 
-.16 
-.24 
-.21 
-.14 
-.11 
-.11 
-.14 
-.20 
-.35 
-.39 
-.49 
-.44 
-.36 
-.34 

. d6 . d7 
-.d3 

-.OO 
-.i7 
- . l O  
-.06 
-.05 
-A7 
-.I9 
-.11 
-.11 
-.30 

-.19 
- .20 

-.14 

-.16 

-04 
-.03 
-.01 
-.09 
-.13 -. 10 
-.02 
-.09 
-.08 
-.08 
-.09 
-.09 
-.16 
-.14 
-.11 
-.14 
-.08 

~~ 

.01 .04 
-.OB -.06 
-a07 -.04 
-.02 -.07 
-.lo -.05 
-.14 -.lo 
-.34 -.36 
-.49 -.61 
-.65 -.90 
-.79 -1.26 
-.94 -1.39 
-.85 -1.24 
-.68 -1.06 
-.57 -.76 

-16- 
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0 33 .OO -.06 -.25 -.35 -.46 -.55 '2.71 -.70 -.62 -.49 -.46 -.33'"'.20 -.09 -.09 .OO 
0 34 -00 -a06 -.OS -.13 -.27 -.32 -.34 -.33 -.29 -.30 -.23 -.15 -.16 -.OS .01 -00 
35 -00 .oo -00 .oo -00 .oo .oo -00 -00  .oo .oo .oo .oo .oo -00 -00  

lRAWDOWN WILL BE SAVED ON UNIT 40 AT END OF TIME STEP 1, STRESS PERIOD 3 
,L./ 

0 

0 
0 

0 
0 
0 

IN: --- 
STORAGE - .754493+06 

CONS- HEAD = .29165B+09 
WELLS = .141003+09 

T(rpAG I N  - .43340E+09 

STORAGB - .10087E+07 
CONS!MNT HEAD - .29140E+09 

WELLS = .141008+09 
TOTAL OUT .I .43340E+09 

OUT: ---- 

I N  - OUT -3296.0 
PERCENT DISCREPANCY - . 00 

8-B 
CONSTANT HEAD 

WELLS 
'JDTAL I N  

OUT: ---.. 
mRAGE 

CONSTANT HEAD 
WELLS 

'JDTAL o m  
I N  - OUT 

PERCENT DISCREPANCY 

0 

1 

L * * 3 h  

69360. 
.157858+06 
.ooooo 
.22721E+06 

68950. 
.158263+06 
.ooooo 
.2272lE+O6 

-4.4531 
-.oo 
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1 U.S. GEOLOQICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-WATER MODE& 
OSEIELDALLOY METALLURGICAL CORPORATION FOCUSED FS - HYDROGEOLOGIC SIMULATION SIMUIAT;ON 4 - ALL WELLS, RIWZ DEEP, 2 NEW 

2 lAYERs 35 Rows 16 COLIJMNS 
1 STReSS PERIOD(S) IN SIMULATION 

MODES TIME UNIT IS DAYS 

ELEHENT OF IUNIT: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
I/OUNIT:1112 0 0 0 0 0 019 0 0 2 2  0 0 0 0 0 0 0 0 0 0 0 0 

0-1 -- BASIC MODEL PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 
ARRAYS RES AND BUPP WILL SHARE MEMORY. 
sTA#p HEAD WILL BE SAVED 

OI/O UNITS: 

1 

10699 ELEME1018 IN X ARRAY ARB USED BY BAS 
10699 m S  OF X ARRAY USED OUT OF 100000 

OBCFl -- BLOCK-CEHTERBD FLOW PACXAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 11 
STEADY-STATE SIMULATION 

LAYER AQUIFERTYPE I ------------------- 
1 1 
2 0 

1122 d S  IN X ARRAY AX3 USED BY BCF 
11821 ELFMENTS OF X ARRAY USED OUT OF 100000 

OWEL1 -- WELL PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM 12 
MAXIMUMOF 8wIsLLS 

32 EZEMENTS IN X ARRAY ARB USED FOR WBLLS 

1 

11853 ELEMENTS OF X llRRAY USED OUT OF 100000 
OSIPl -- STRONGLY IMPLICIT PROCEDURE SOLUTION PACKADE, VERSION 1, 9/1/87 INPUT READ PROM UNIT 19 
MRXIMUM OF 50 ITERATIONS ALLOWED FOR CLOSURE 
5 ITERATION PARAMETERS 

4685 ELEMENTS IN X ARRAY ARE USED BY SIP 
16538 ELEMENTS OF X ARRAY USED OUT OF 100000 

1SHIELDALLOY METALLURGICAL CORPORATION FOCUSED FS - EYDROGEOLOGIC SIMULATION 
0 

SIMULATION 4 - ALL WELLS, RIW2 DEEP, 2 NEW 8BBu 

1 2  3 4 5 6 7 8  9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  .......................................................................... 
0 1  
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
0 

-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 

1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

2 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

3 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

4 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

5 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

~~ 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

~. 
-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 

-1 -1 

J, 

BOUNDARY ARRAY FOR LAYER 2 WILL BE READ ON UNIT 1 USING FORMAT: (1613) ................................................................................................ 
6 7 8 9 10 11 12 13 14 15 16 ......................................................................... 

-1- 



0 1  
’ 9 2  

3 
4 

0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 

,L/ 5 

-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 2 

-2 2 2 2 2 2 2  
-2 -2 -2 -2 -2 -2 -2 -2 

&UIFER HEAD WILL BE SET TO 
0 

999.99 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 -2 -2 
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  
2 2 2  

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 

2 2 2 2  
2 2 2 2 2 2 - -  
-2 -2 -2 -2 -2 -2 -2 -2 

AT ALL NO-PWIW NODES (IBOLMD=O). 

. 

INITIAL HEAD FOR LAYER 1 W I L L  BE READ ON UNIT 1 USIRQ FORMU!: (16P5.1) 

1 2 3 4 5 6 7 8 9 10 

92.90 93.00 93.10 93.20 93.30 93.40 93.60 93.70 93.80 93.90 

11 12 13 14 15 16 ............................................................................................................................. 
1 

‘d 2 
0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

94.00 
92.40 
93.60 
92.00 
93.20 
91.60 
92.80 
91.20 
92.40 
90.70 
91.90 
90.20 
91.50 
89.70 
91.00 
89.40 
90.50 
89-00 
90.00 
88.70 
89.50 
88.30 
89.10 
88.00 
88.70 
87.70 
88.30 
87.50 
87.90 
87.30 
87.60 
87.00 
87.20 
86.50 
86.80 
86.00 

94.10 
92.60 
93.70 
92.20 
93.20 
91.80 
92.80 
91.40 
92.40 
90.90 
92.00 
90.40 
91.50 
89.90 
91-00 
89.50 
90.50 
89.20 
90 * 00 
88.80 
89.60 
88.40 
89.10 
88.10 
88.70 
87.80 
88.30 
87.60 
87.90 
87.30 
87.60 
86.90 
87.20 
86.50 
86.80 
86.10 

94.20 
92.70 
93.80 
92.30 
93.30 
91.90 
92.90 
91.50 
92.40 
91.00 
92.00 
90.60 
91.60 
90.10 
91.10 
89.70 
90.60 
89.30 
90.00 
88.90 
89.60 
88.60 
89-10 
88.20 
88.70 
87.90 
88.30 
87.60 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.20 

94.30 
92.80 
93.80 
92.40 
93.40 
92.00 
92.90 
91.60 
92.50 
91.20 
92.10 
90.70 
91.60 
90.30 
91-10 
89.80 
90.60 
89.40 
90.00 
89.00 
89.60 
88.70 
89-10 
88.30 
88.70 
88-00 
88.30 
87.70 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.30 

94.40 
92.90 
93.90 
92.50 
93.50 
92.20 
93.00 
91-80 
92.60 
91.40 
92.10 
90.90 
91.60 
90.40 
91.10 
90.00 
90.60 
89.50 
90.00 
89.10 
89.50 
88.80 
89.10 

88.70 
88-10 
88.30 
87.70 
87.90 
87.40 
87.50 
87.00 
87.20 
86.70 
86.80 
86.40 

a8.40 

94.50 
93.00 
94.00 
92.70 
93.50 
92.30 
93.10 
91.90 
92.60 
91.50 
92.10 
91.00 
91.60 
90.50 
91.10 
90.10 
90.50 
89.60 
90.00 
89.20 
89.50 
88.90 
89-10 
88.50 
88.60 
88.10 
88.20 
87.80 
87.90 
87.40 
87.50 
87.10 
87.20 
86.70 
86.90 
86.40 

93.20 

92.80 

92.40 

92.00 

91.60 

91-10 

90.60 

90.20 

89.70 

89.30 

88.90 

88.60 

88.20 

87.80 

87.50 

87.10 

86.80 

86.40 

93.30 

92.90 

92.50 

92.10 

91.70 

91.20 

90.70 

90.30 

89.80 

89.40 

89.00 

88.60 

88.20 

87.90 

87.50 

87.20 

86.80 

86.50 

93.40 

93.00 

92.60 

92.20 

91.80 

91.30 

90.80 

90.30 

89.90 

89.40 

89.00 

88.70 

88.30 

87.90 

87.50 

87.20 

86.80 

86.50 

93.50 

93.10 

92.70 

92.30 

91.90 

91.40 

90.90 

90.40 

89.90 

89.50 

89.10 

88.70 

88.30 

87.90 

87.60 

87.20 

86.80 

86.50 

-2- 



0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

86.50 
85.60 
86.10 
85.10 
85.50 
84.70 
85.00 
84.20 
84.40 
83.80 
83.90 
83.50 
83.40 
83.10 
82.90 
82.70 
82.40 
82.20 
82.00 
81.80 
81.50 
81.30 
81.10 
80.80 
80.60 
80.30 - 
80.20 
79.90 
79.70 
79.40 
79.30 
78.90 
78.90 

1 
11 

__ 

86.50 
85.70 
86.00 
85.20 
85.50 
84.80 
84.90 
84.30 
84.40 
83.90 
83.80 
83.50 
83.30 
83 - 10 
82. 80 
82.70 
82.40 
82.20 
81.90 
81.80 
81.40 
81.30 
81.00 
BO. 80 
80.50 
80.40 
80.10 
79.90 
79.70 
79.40 
79.20 
79.00 
78.80 

2 
12 

91.20 
91.90 
90.90 
91.60 
90.60 
91.30 
90.40 
91.00 
90.10 
90.70 
89.80 
90.40 
89.50 
90.10 
89.20 
89.70 
89.00 
89.40 
88.70 
89.10 
88.50 
88.70 
88.30 
88.40 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.10 
87.10 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.70 
85.50 

91.20 
91.90 
91-00 
91.60 
90.70 
91.30 
90.50 
91.00 
90.20 
90.70 
89.90 
90.40 
89.60 
90.10 
89.30 
89.70 
89.10 
89.40 
88.80 
89.10 
88.60 
88.70 
88.30 
88.40 
88-10 
88.10 
87.80 
87.70 
87.50 
87.40 
87.10 
87.00 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.80 
85.50 

86.40 
85.80 
86.00 
85.30 
85.40 
84.90 
84.80 
84.40 
84.30 
84.00 
83.80 
83.50 
83.20 
83.10 
82.70 
82.70 
82.20 
82.20 
81.80 
81.80 
81.30 
81.30 
80.90 
80.80 
80.40 
80.40 
80.00 
79.90 
79.60 
79.50 
79.10 
79.00 
78.70 

86.40 
85.90 
85.90 
85.40 
85.30 
84.90 
84.70 
84.50 
84.20 
84.00 
83.60 
83.60 
83.10 
83.10 
82.60 
82.70 
82.10 
82.20 
81.70 
81.80 
81.20 
81.30 
80.80 
80.80 
80.30 
80.40 
79.90 
80.00 
79.50 
79.50 
79.00 
79.10 
78.60 

86.40 
86.00 
85.90 
85.50 
85.20 
85.00 
84.60 
84.50 
84.00 
84.00 
83.40 
83.60 
82.90 
83.10 
82.40 
82.70 
82.00 
82.20 
81.50 
81.70 
81.10 
81.30 
80.70 
80.80 
80.30 
80.40 
79.80 
80.00 
79.40 
79.50 
78.90 
79.10 
78.50 

86.40 
86.00 
85.90 
85.50 
85.10 
85.00 
84.50 
84.50 
83.80 
84.10 
83.30 
83.60 
82.80 
83.10 
82.30 
82.60 
81.90 
82.20 
81.40 
81.70 
81.00 
81.30 
80.60 
80.80 
BO,. 20 
80.40 
79.70 
80.00 
79.30 
79.50 
78.80 
79.10 
78.40 

86.00 

85.60 

85.00 

84.50 

84.10 

83.60 

83.10 

82.60 

82.20 

81.70 

81.30 

80.80 

80.40 

79.90 

79.50 

79.10 

86.10 

1 85.60 
4 

' 85.10 

84.50 

84.00 

83.60 

' 83.10 

82.60 

' 82.10 

81.70 

81.20 

' 80.80 

80.30 

79.90 

79.50 

79.10 

86.10 

85.60 

85.00 

84.50 

84.00 

83.50 

83.00 

82.60 

82.10 

81.60 

81.20 

80.70 

80. 30 

79.90 

79.50 

79.10 

J 
86.10 * 

85.60 

85.00 

84.50 

84.00 

83.50 

83.00 

82.50 

82.00 . 
81.60 

81.10 

80.70 

80.20 

79.80 

79.40 

79.00 

3 4 5 6 7 
13 14 15 16 

8 9 10 

......................................................*.*...............................'.......*............*....~........... 
0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

91.30 
92.00 
91.10 
91.70 
90.80 
91.40 
90.50 
91.10 
90.30 
90.70 
90.00 
90.40 
89.70 
90.10 
89.40 
89.70 
89.10 
89.40 
88.90 
89-00 
88.60 
88.70 
88.30 
88.40 
88-10 
88.00 
87.80 
87.70 
87.50 
87.30 
87.20 
87.00 
86.80 
86.60 
86.50 
86.20 
86.10 
85.80 
85.80 
85.40 

91.40 
92.00 
91.10 
91.70 
90.90 
91.40 
90.60 
91.10 
90.,30 
90.70 
90.00 
90.40 
89.80 
90.10 
89.50 
89.70 
89.20 
89.40 
88.90 
89.00 
88.60 
88.70 
88.40 
88.30 
88-10 
88.00 
87.80 
87.60 
87.50 
87.30 
87.20 
86.90 
86.90 
86.60 
86.50 
86.20 
86.10 
85.80 
85.70 
85.40 

91.50 91.50 
92.10 92.10 
91.20 91.30 
91-80 91.80 
91.00 91.00 
91.40 91.40 
90.70 90.70 
91.10 91.10 
90.40 90.50 
90.70 90.70 
90.10 90.20 
90140 . k,90.30 
89.80 89.90 
90.00 90.00 
89.50 89.60 
89.70 89.70 
89.30 89.30 
89.30 89.30 
89.00 89.00 
89.00 89.00 
88.70 88.70 
88.60 88.50 
88.40 88.40 
88.20 88.10 
88.10 88.10 
87.90 87.80 
87.90 87.90 
87.60 87.50 
87.60 87.60 
87.20 87.20 
87.30 87.30 
86.90 86.90 
86.90 86.90 
86.50 86.50 
86.50 86.50 
86.20 86.20 

85.80 85-80 
85.70 85.60 
85.40 85.40 

86.10 86.00 

91.60 

91.40 

91-10 

90.80 

90.50 

90.20 

89.90 

89.60 

89.30 

89.00 

88.70 

88.50 

88.20 

87.90 

87.60 

87.30 

86.90 

86.40 

86.00 

85.60 

91.70 

91.40 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.30 

, 86.80 

I 86.40 

86.00 

85.60 

I 

91.80 

91.50 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.20 

86.80 

86.40 

86.00 

85.60 

91.80 

91.50 

91.30 

91.00 

90.70 

90.30 

90.00 

89.70 

89.40 

89-10 

88.80 

88.40 

88.10 

87.80 

87.60 

87.20 

86.80 

86.40 

85.90 

85.50 

\ 
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0 21 

22 

' 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 3 1  

0 32 

0 33 

0 34 

0 35 

85.30 
85.10 
84.90 
84.70 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
81.90 
81.70 
81.50 
81.20 
81.00 
80.80 
80.60 
80.40 
80.20 
79.90 
79.70 
79.50 
79.30 
79.10 

85.30 
85.10 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
81.90 
81.60 
81.50 
81.20 
81.00 
80.80 
80.60 
80.30 
80.20 
79.90 
79.70 
79.50 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.10 
83.00 
82.70 
82.50 
82.30 
82.10 
81.90 
81.60 
81.40 
81.20 
81.00 
80.80 
80.60 
80.30 
80.10 
79.90 
79.70 
79.40 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.50 
83.40 
83.10 
82.90 
82.70 
82.50 
82.30 
82.10 
81.80 
81.60 
81.40 
81.20 
81.00 
80.70 
80.50 
80.30 
80.10 
79.90 
79.70 
79.40 

85.30 
85.00 
84.80 
84.60 
04.40 
84.10 
84.00 
83.70 
83.50 
83.30 
83.10 
82.90 
82.70 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 
80.50 
80.30 
80.10 
79.80 
79.60 
79.40 

85.20 *-" 'I' 85.20 
85.00 
84.80 84.80 
84.50 
84.40 84.30 
84.10 
83.90 83.90 
83.70 
83.50 83.50 
83.30 
83.10 83.10 
82.90 
82.60 82.60 
82.50 
82.20 82.20 
82.00 
81.80 81.80 
81.60 
81.40 81.30 
81.20 
80.90 80.90 
80.70 
80.50 80.50 
80.30 
80.10 80.00 
79.80 
79.60 79.60 
79.30 

79.30 79.20 79.20 79.20 79.20 79.20 
79.10 79.00 79.00 78.90 78.90 o m  PRINT-FORMAT IS FORMAT NUMBER 4 DRAWDOWN PRINT FORMAT IS F~RMAT NUMBER 9 

O m s  WILL BE SAVED ON UNIT 30 DRAWDOWNS WILL BE SAVE0 ON UNIT 40 
OOUTPUT CONTROL IS SPECIFIED EVERY TIHE STEP 
0 COLUMN To Row LLIOIBOTRDPY - 1.000000 
0 DELR = 200.0000 
0 DELC - 200.0000 
0 

1 2 
11 12 ........................... 

1 

\,b<; 2 

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 1 2  

0 13  

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 

300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

85.20 

84.80 

84.30 

83.90 

83.50 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

85.10 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

85.10, 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 ' 

82.10 

81.70 , 
81.30 

80.80 

80.40 

80.00 

79.50 

79.10 

HYD. COND. ALONG ROWS FOR LAYER 1 WILL BE READ ON UNIT 11 USING FORMAT: 116F4.01 

.. 
3 4 5 6 

13 14 15 16 
7 8 9 10 

...............................................................................*.............. 
300.0 225.0 225.0 225.0 225.0 225.0 300.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 300.0 
300.0 225.0 
300.0 300.0 
300.0 225.0 
300.0 300.0 
300.0 225.0 
300.0 300.0 
300.0 225.0 
300.0 300.0 
225.0 200.0 
300.0 300.0 
225.0 200.0 
300.0 300.0 
225.0 200.0 
225.0 300.0 
225.0 200.0 
225.0 300.0 
225.0 200.0 
225.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 250.0 
250.0 300.0 
250.0 250.0 
250.0 300.0 
250.0 250.0 
250.0 300.0 
250.0 250.0 

225.0 225.0 

225.0 225.0 

225.0 225.0 

225.0 225.0 

200.0 200.0 

200.0 200.0 

200.0 200 I O  

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

250.0 250.0 

250.0 250.0 

250.0 250.0 

250.0 250.0 

225.0 225.0 

225.0 225.0 

225.0 225.0 

225.0 225.0 

200.0 200.0 

200.0 200.0 

200 * 0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

250.0 250.0 

250.0 250.0 

250.0 250.0 

250.0 250.0 
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250.0 
0 20 300.0 

175.0 
0 21 300.0 

150.0 
0 22 300.0 

150.0 
0 23 300.0 

150.0 
0 24 300.0 

150.0 
0 25 300.0 

150.0 
0 26 300.0 

150.0 
0 27 300.0 

150.0 ~ 

0 28 300,O 
150.0 

0 29 300.0 
150.0 

0 30 300.0 
150.0 

0 31 300.0 
150.0 

0 32 300.0 
150.0 

0 33 300.0 
150.0 

0 34 300.0 
150.0 

0 35 300.0 
150.0 

0 
0 
0 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

250.0 
175.0 
175.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 

250.0 
175.0 
175 0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 

250.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
150.0 
175.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
110.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 

250.0 300.0 
175.0 175.0 175.0 
175.0 300.0 
150.0 150.0 150.0 
175.0 300.0 
150.0 150.0 150.0 
175.0 300.0 
150.0 150.0 150.0 
175.0 300.0 
150.0 150.0 150.0 
175.0 300.0 
150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 ' 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

175.0 * ' I 
150.0 J 
150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 
200.0 300.0 i 
150.0 150.0 150.0 ! 150.0 150.0 150.0 
200 IO 300.0 
150.0 150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 150.0 
200.0 300.0 

BUPlW4 = 30.00000 FOR LAYER 1 
VERT HYD COND /l!EIcKKESS .1000060E-02 FOR LAYER 1 

1 2 3 4 5 6 7 
11 12 13 14 15 16 

8 9 10 

........................................*..............*.~.................**..~~..........~..~.~...................~............ 
J 0 1 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 

6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

1 1  

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000: 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000 * 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

3 6000. 

' 700.0 

700.0 

I 700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

I 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000 e 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

8000. 

8000. 

8000. 

8000. 

8000. 
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0 20 

- 21 

22 

0 23 
'W 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

0 

0 
1 

d' 
0 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000, 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000'. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

8 WELLS 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 3000. 3000. 
3000. 3000. 3000. 3000. 3000. 3000. 
3000. 3000. 3000. 
3000. 3000. 3000. 3000. 3000. 3000. 
3000. 3000. 3000. 
3000. 3000, 3000. 3000. 3000. 3000. 
3000. 3000. 3000. 
3000. 3000. 3000. 3000. 3000. 3000. 
3000. 3000. 3000. 
3000. 3000. 3000. 3000. 3000. 3000. 
3000. 3000. 3000. 
3000. 3000. 3000. 3000. 3000. 3000. 
3000. 3000. 3000. 
3000. 3000. 3000. 3000. 3000. 3000. 
3000. 3000. 3000. 
3000. 3000. 3000. 3000. 3000. 3000. 
3000. 3000. 3000. 
3000. 3000. 3000. 3000. 3000. 3000. 
3000. 3000. 3000. 

MULTIPLIER FOR DELT - 1.000 

INITIAL TIME STEP SIZE - 1.000000 

LAYER ROW COL STRESS RATE WELL NO. 

4000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

1 14 5 -14439. 1 
1 13 6 -13476. 2 
1 13 8 -14439. 3 
1 17 8 -4813.0 4 
1 24 8 -15401. 5 
2 13 8 -4813.0 6 
2 17 8 -4813.0 7 
2 24 8 -4813.0 8 

OAVERAGE SEED = .00187924 
MINIMUM SEED = .00055600 

0 
5 ITERATION PARAMETERS CALCULATED FROM AVERACE SEED: 

.0000000Et00 .7917928Et00 .9566497EtOO .9909742EtOO .9981208Et00 
0 

10 ITERATIONS FOR TIME STEP 1 IN STRESS PERIOD 1 
OMAXIMUM HEAD CElANGE FOR EACH ITERATION: 
0 BEAD CHANGE LAYER,ROW,COL HEAD CEANGE LAYXR,ROW,COL HEAD CHANGE LA-,ROW,COL BEAD CEANGE LAYER,ROW,COL BEAD CHANGE LAYER,RW,COL 
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1 EEtD IN LAYER 1 AT END OF TIME STEP 1 IN STRESS PERIOD 1 ....................................................................... 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 1: J 

! 16 ................................................................................................................................ 
0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

1 

92.90 
94.50 
92.40 
94.00 
92.00 
93.50 
91.60 
93.10 
91.20 
92.60 
90.70 
92.10 
90.20 
91.60 
89.70 
91.10 
89.40 
90.50 
89-00 
90.00 
88.70 
89.50 
88.30 
89.10 
88.00 
88.60 
87.70 
88.20 
87.50 
87.90 
87.30 
87.50 
87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84.50 
84.20 
83.80 
83.80 
83.30 
83.50 
82.80 
83.10 
82.30 
82.70 
81.90 
82.20 
81.40 
81.80 
81.00 
81.30 
80.60 
80.80 
80.20 
80.30 
79.70 
79.90 
79.30 
79.40 
78.80 
78.90 
78.40 

93.00 

92.55 

92.13 

91.71 

91.31 

90.84 

90.33 

89.86 

89.45 

89.03 

88.65 

88.27 

87.93 

87.62 

87.36 

87.10 

86. 80 

86.41 

86.02 

85.60 

85.12 

84.68 

84.23 

83.81 

83.43 

83.04 

82.62 

82.17 

81.74 

81.27 

80.80 

80.33 

79.89 

79.44 

79.00 

93.10 

92.66 

92.24 

91.82 

91.42 

90.96 

90.45 

89.96 

89.50 

89.05 

88.62 

88.21 

87.82 

87.48 

87.20 

86.94 

86.65 

86.32 

85.98 

85.58 

85.12 

84.66 

84.22 

83.80 

83.39 

82.97 

82.55 

82.12 

81.68 

81.24 

80.79 

80.34 

79.90 

79.46 

79.00 

93.20 

92.77 

92.34 

91.92 

91.52 

91.06 

90.54 

90.04 

89.55 

89.06 

88.58 

88.12 

87.66 

87.27 

87.03 

86.80 

86.54 

86.25 

85.94 

85.56 

85.10 

84.63 

84.19 

83.74 

83.31 

82.89 

82.47 

82.05 

81.63 

81.20 

80.77 

80.34 

79.91 

79.49 

79.10 

93.30 

92.87 

92.44 

92.01 

91-60 

91.14 

90.62 

90.12 

89.60 

89.08 

88.56 

88.02 

87.44 

86.89 

86.86 

86.69 

86.45 

86.18 

85.90 

85.53 

85.07 

84.58 

84.10 

83.64 

83.21 

82.80 

82.39 

81.99 

81.58 

81.16 

80.74 

80.33 

79.91 

79.50 

79.10 

93.40 

92.98 

92.54 

92.11 

91.68 

91.21 

90.70 

90.19 

89.67 

89.13 

88.57 

87.95 

87.16 

87.00 

86.84 

86.63 

86.40 

86.14 

85.86 

85.50 

85.03 

84.51 

83.99 

83.49 

83.08 

82.70 

82.31 

81.92 

81.52 

81.12 

80.71 

80.31 

79.90 

79.50 

79.10 

93.60 

93.12 

92.66 

92.22 

91.77 

91.30 

90.79 

90.27 

89.75 

89.20 

88.63 

88.02 

87.40 

87.12 

86.88 

86.63 

86.37 

86.12 

85.85 

85.48 

84.99 

84.44 

83.85 

83.25 

82.92 

82.60 

82.24 

81.86 

81.48 

81-08 

80.68 

80.28 

79.88 

79.49 

79.10 

93.70 

93.23 

92.77 

92.32 

91.87 

91.39 

90.88 

90.37 

89.84 

89.29 

88.72 

88.09 

87.30 

87.20 

86.95 

86.66 

86.32 

86.12 

85.86 

85.49 

84.98 

84.39 

83.70 

82.75 

82.76 

82.52 

82.18 

81.82 

81.43 

81.04 

80.64 

80.25 

79.85 

79.47 

79.10 

93.80 

93.34 

92.88 

92.42 

91.97 

91.49 

90 e 98 

90.47 

89.94 

89.41 

88.87 

88.31 

87.77 

87.43 

87.10 

86.78 

86.47 

86.20 

85.90 

85.52 

85.01 

84.43 

83.82 

83.21 

82.86 

82.52 

82.16 

81.78 

81.39 

81.00 

80.60 

80.20 

79.82 

79.44 

79.10 

93.90 

93.44 

92.98 

92.52 

92.07 

91.59 

91.09 

90.57 

90.06 

89.53 

89.02 

88.52 

88.05 

87.64 

87.27 

86.91 

86.60 

86.28 

85.96 

85.57 

85.05 

84.49 

83.93 

83.40 

82.96 

82.55 

82.15 

81.76 

81.35 

80.95 

80.55 

80.15 

79.76 

79.37 

79.00 

HlsAD IN LAYER 2 AT END OF TIME STEP 1 IN STRESS PERIOD 1 

94.00 

93.54 

93.08 
i 
92.62 

92.16 

91.68 

91.19 

90.68 

90.16 

89.64 

89.14 

88.68 

88.23 

87.82 

87.43 

87.06 

86.71 

86.37 

86.03 

85.62 

I 

85.10 

84.54 

84.00 

83.48 

83.01 

82.57 

82.15 

q.73 

8i.31 

80.90 

80.50 

8b.09 

79.69 

79.29 

78.90 

i 

11 

94.10 

93.65 

93.19 

92.72 

92.26 

91.79 

91.30 

90.79 

90.27 

89.74 

89.25 

88.79 

88.36 

87.94 

87.55 

87.17 

86.81 

86.46 

86.10 

85.67 

85.14 

84.58 

84.04 

83.52 

83.04 

82.57 

82.12 

81.69 

81.27 

80.85 

80.44 

80.02 

79.61 

79.21 

78.80 

12 

94.20 

93.74 

93.28 

92.82 

92.35 

91.89 

91.43 

90.91 

90.36 

89.83 

89.34 

88.89 

88.46 

88.05 

87.65 

87.28 

86.91 

86.54 

86.17 

85.71 

85.15 

84.59 

84.04 

83.53 

83.03 

82.54 

82.08 

81.64 

81.21 

80.79 

80.37 

79.95 

79.53 

79.11 

78.70 

13 

94.30 

93.83 

93.36 

92.90 

92.43 

91.97 

91.51 

91.00 

90.44 

89.91 

89.42 

88.97 

88.54 

88.13 

87.74 

87.37 

87.00 

86.63 

86.24 

85.75 

85.16 

84.57 

84.01 

83.49 

82.98 

82.48 

82.02 

81.57 

81.14 

80.72 

80.29 

79.86 

79.44 

79.01 

78.60 

14 

94.40 

93.92 

93.44 

92.99 

92.52 

92.04 

91.5; 

91.06 

90.49 

89.96 

89.47 

89.04 

88.59 

88.19 

87.82 

87.45 

87.10 

86.74 

86.32 

85.81 

85. 1 
b 84.54 

83.93 

83.38 

82.87 

82.39 

81.95 

81.49 

81.06 

80.65 

80.23 

79.78 

79.35 

78.91 

78.50 

15 

................................................................................................................................ 
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0 1  

! 2  
L' 3 

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

0 22 

. 23 

L14 
0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

91.20 
92.10 
90.90 
91.80 
90.60 
91.40 
90.40 
91-10 
90.10 
90.70 
89.80 
90.30 
89.50 
90.00 
89.20 
89.70 
89.00 
89.30 
88.70 
89.00 
88.50 
88.50 
88.30 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.20 
87.10 
86.90 
86.80 
86.50 
86.40 
86.20 
86.10 
85.80 
85.70 
85.40 
85.30 
85.00 
84.90 
84.50 
84.40 
84.10 
84.00 
83.70 
83.60 
83.30 
83.20 
82.90 
82.80 
82.50 
82.30 
82.00 
81.90 
81.60 
81.50 
81.20 
81.00 
80.70 
80.60 
80.30 
80.20 
79.80 
79.70 
79.30 
79.30 
78.90 

91.20 

90.97 

90.70 

90.45 

90.17 

89.88 

89.59 

89.29 

89.03 

88.74 

88.49 

88.23 

87.97 

87.67 

87.36 

87.03 

86.72 

86.39 

86.09 

85.74 

85.31 

84.85 

84.38 

83.94 

83.52 

83.11 

82.69 

82.25 

81.83 

81.41 

80.97 

80.55 

80.13 

79.69 

79.30 

91.30 

91.05 

90.79 

90.52 

90.25 

89.96 

89.66 

89.36 

89.07 

88.76 

88.47 

08.17 

87.87 

87.56 

87.25 

86.94 

86.64 

86.35 

86.07 

85.74 

85.29 

84.81 

84.33 

83.88 

83.44 

83.01 

82.59 

82.17 

81.76 

81.34 

80.92 

80.50 

80.08 

79.65 

79.20 

91.40 

91.14 

90.87 

90.60 

90.32 

90.03 

89.74 

89.43 

89.10 

88.77 

88.44 

88.11 

87.78 

87.45 

87.14 

86.84 

86.56 

86.29 

86.03 

85.71 

85.26 

84.75 

84.26 

83.79 

83.35 

82.92 

82.50 

82.09 

81.69 

81.28 

80.87 

80.46 

80.05 

79.63 

79.20 

91.50 

91.22 

90.95 

90.68 

90.40 

90.11 

89.82 

89.50 

89.15 

88.79 

88.42 

88.05 

87.69 

87.34 

87.00 

86.72 

86.47 

86.23 

86.00 

85.68 

85.22 

84.69 

84.17 

83.68 

83.24 

82.81 

82.40 

82.01 

81.62 

81.22 

80.82 

80.42 

80.02 

79.61 

79.20 

91.50 

91.27 

91.02 

90.75 

90.48 

90.20 

89.92 

89.61 

89.20 

88.80 

88.39 

87.99 

87.58 

87.21 

86.84 

86.60 

86.37 

86.18 

85.99 

85.67 

85.17 

84.61 

84.06 

83.53 

83.10 

82.70 

82.29 

81.92 

81.55 

81.17 

80.78 

80.39 

79.99 

79.60 

79.20 

91.60 

91.35 

91.09 

90.82 

90.55 

90.28 

90.03 

89.82 

89.39 

88.83 

88.30 

87.68 

86.95 

86.83 

86.63 

86.47 

86.27 

86.13 

85.99 

85.66 

85.10 

84.50 

83.85 

83.17 

82.86 

82.51 

82.15 

81.84 

81.49 

81.13 

80.75 

80.36 

79.97 

79.59 

79.20 

91.70 

91.43 

91.15 

90.88 

90.60 

90.34 

90.10 

89.91 

89.50 

88.86 

88.18 

87.20 

85.19 

86.39 

86.53 

86.39 

86.09 

86.08 

85.98 

85.63 

85.04 

84.39 

83.59 

82.31 

82.59 

82.38 

82.08 

81.79 

81.45 

81.09 

80.72 

80.34 

79.95 

79.57 

79.20 

91.80 

91.50 

91.21 

90.93 

90.64 

90.37 

90.11 

89.90 

89 * 47 

88.90 

88.35 

87.71 

86.96 

86.82 

86.61 

86.45 

86.24 

86.10 

85.97 

85.62 

85.05 

84.44 

83.79 

83.11 

82.80 

82.45 

82 * 10 

81.79 

81.44 

81.08 

80.70 

80.32 

79.93 

79.55 

79.20 

gi.80 

91.54 

91.26 

90.96 

90.67 

90.37 

90.07 

89.75 

89.34 

88.91 

88.47 

88.03 

87.59 

87.19 

86.81 

86.56 

86.33 

86.13 

85.93 

85.60 

85.09 

84.52 

83.96 

83.42 

82.99 

82.58 

82.19 

81.82 

81.45 

81.07 

80.69 

80.30 

79.91 

79.51 

79.10 

91.90 

91.59 

91.30 

90.99 

90.69 

90.37 

90.05 

89.70 

89.31 

88.91 

88.50 

88.09 

87.68 

87.30 

86.95 

86.66 

86.40 

86.15 

85.91 

85.58 

85.11 

84.56 

84.04 

83.54 

83.08 

82.66 

82.25 

81.86 

81.47 

81.07 

80.68 

80.28 

79.89 

79.49 

79.10 

91-90 

91.63 

91.33 

91.02 

90.70 

90.37 

90.03 

89.68 

89.31 

88.92 

88.52 

88.13 

87.75 

87.39 

87.05 

86.74 

86.45 

86.18 

85.91 

85.58 

85.12 

84.59 

84.09 

83.61 

83.15 

82.72 

82.30 

81.89 

81.49 

81.08 

80.68 

80.27 

79.87 

79.47 

79.10 

16 

92.00 

91.68 

91.36 

91.04 

90.71 

90.37 

90.03 

89.67 

89.30 

88.93 

88.54 

88.16 

87.79 

87.44 

87.11 

86.79 

86.49 

86.20 

85.92 

85.58 

85.12 

84.61 

84.12 

83.65 

83.20 

82.77 

82.34 

81.92 

81.51 

81.09 

80.68 

80.26 

79.85 

79.43 

79.00 

92.00 

91.71 

91.39 

91.06 

90.71 

90.37 

90.02 

89.67 

89.31 

88.93 

88.55 

88.17 

87.82 

87.48 

87.15 

86.83 

86.51 

86.20 

85.90 

85.56 

85.10 

84.60 

84.13 

83.68 

83.24 

82.81 

82.38 

81.95 

81.53 

81.11 

80.68 

80.26 

79.83 

79.40 

79.00 

92.10 

91.76 

91.41 

91.07 

90.71 

90.35 

90.02 

89.68 

89.34 

88.95 

88.54 

88.16 

87.82 

87.49 

87.18 

86.86 

86.52 

86.20 

85.87 

85.51 

85.06 

84.57 

84.12 

83.69 

83.27 

82.85 

82.43 

81.98 

81.56 

81.14 

80.70 

80.26 

79.81 

79.35 

78.90 

........................................................................................................ 
0 1 .oo .oo .oo .oo .oo .oo -00  .oo .oo .oo .oo .oo .oo .oo .oo .oo 
0 2 -00 - 0 5  -04  -03 -03 -02 -08 -07 -06 .06 -06 .05 .06 -.03 -.02 .OO 
0 3 - 0 0  .07 -06 -06 .06 .16 .14 .13 .12 .12 .12 .Ol .02 -04 .06 .OO 
0 4 -00  -09 -08  -08 -19 e19 -18 -18 .18 -18 -18 -08 -08 - a 0 0  -01 -00  
0 5 .OO .09 .08 -08 -20 .22 .23 -23 -23 .23 .24 .14 .05 -07 .08 .OO 
0 6 .OO .06 .04 .14 -26 -29 -30 -31 -31 .31 .22 .21 -11 .13 .06 -00  
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0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
1 

0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 

0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 

a 21 

. 00 . 00 . 00 . 00 

.oo . 00 
00 . 00 

.oo 

.oo 

.oo 

.oo 

.oo . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 
-00 
-00 . 00 
.oo 
-00  
.oo - 00 

.07 
-04 
.05 
.17 
.15 
.13 
-17 
.18 
.24 
.20 
.10 
.09 
-08 
.10 
.08 
.12 
.07 
.09 
.07 
.06 
.08 
- 0 3  
-06 
-03 
.oo 
-07 
-01 

-.04 
-00  

.15 
-14 
.20 
.25 
.28 
.39 
.38 
.42 
.40 
-36 
.35 
.28 
* 22 
.22 
.18 
-24 
.18 
.20 . 11 
.13 
.15 
.08 
.12 
.06 
-01 
-06 

-.oo 
.04 
-00  

-16 
.26 
.25 
.34 
.42 
.58 
-64 
.73 
.67 
.50 
.46 
.35 
.36 
.34 
.30 
-27 
.31 
.26 
.29 
.21 
.23 
.15 
.17 
.10 
.03 
.06 
.09 . 01 
-00 

.28 

.28 

.40 

.42 

.54 
-78 
-96 

1.21 
.84 
.71 
.55 
.52 
.50 
.47 
.43 
.42 
.40 
.36 
.39 
.30 
.31 
.21 
.12 
.14 
.06 
-07 
.09 

-.oo 
-00 

.30 

.31 

.43 

.47 

.63 

.95 
1.34 
1.10 
.96 
.77 
.70 
.56 
.54 
-50  
.47 
.49 
.51 
.61 
.52 
.40 
.29 
.28 
.18 
.18 
-09 
-10 
.10 . 00 
-00 

-31 
.33 
.45 
.50 
.67 
.88 
1.20 
1.08 
-92 
.87 
.73 
.68 
.55 
.52 
.61 
.56 
.65 
.85 
.68 
-50  
.36 
.34 
.22 
.22 
.12 
.12 
* 02 
.Ol 
00 

- 32 
.33 
.46 
.51 
.68 
.91 

1.30 
1.00 
.95 
-84 
.88 
.68 
.64 
.61 
.62 
.71 
-80 
1.25 

.84 

.58 

.42 
-28 
.27 
.16 
.16 
.05 
.05 
.03 
-00 

-32 
-33 
.36 
.49 
-53 
.69 
.93 
.87 
.80 
-72 
.73 
.60 
.60 
.58 
.59 
.57 
.68 
.79 
.64 
.48 
.44 
.32 
.21 
.20 
* 10 
10 

.08 

.06 
-00 

DRAWDOWN IN WLYER 2 A!T ElOD OF TIME STEP 

-31 
.33 
-34 
.37 
.48 
.58 
.65 
-66 
.63 
-69 
.60 
.52 
.54 
.53 
.55 
-51 
.57 
.60 
.54 
.45 
.35 
-24 
.25 
.15 
.15 
.05 
.04 
.03 
-00 

.31 
-32 
.34 
.36 
.36 
.42 
.47 
.48 
.47 
.54 
.49 
.43 
.47 
-48 
.40 
.46 
.40 
-42 
.39 
.33 
.25 
.27 
.19 
.20 
.10 
.ll 
-01 

.20 

.21 

.23 

.26 

.35 

.31 

.34 

.36 

.35 

.43 

.39 
-34 
-40 
.33 
.36 
.32 
.36 
.28 
.26 
.23 
.28 
.21 
.13 
.15 
.06 
-08 
.09 

.17 
19 
-24 
.17 
.26 
.21 
.24 
-25 
.25 
.32 
.29 
.26 
.23 
-29 
.25 
.21 
.26 
.27 
.17 
.16 
.12 
.16 
.09 . 11 
.03 
-05 
.07 

.01 -.or -.01 

.oo -00 .oo 
1INSTRESSPERXOD 1 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3  

. lo  

.b9 

.I3 

-17 

.13 

.20 

.I7 
-16 
. I 5  
.14 
.13 
.19 . 11 
.12 
.12 
.08 
.13 
.06 
.08 
.01 
04 

.06 
-.01 
.oo 

.16 

.i8 

.16 

.16 

j 
14 

.03 

.04 

.ll 
-04 
.03 
.06 
.ll . 11 
.08 
.05 
.10 
.06 
-08 
.09 
.05 
.06 
.07 
.02 
.03 . 01 
.05 
.Ol 
.04 
.05 
.07 
.02 
.05 
-.01 
.oo 

15 

. 00 

.oo . 00 

.oo . 00 

.oo . 00 
-00 . 00 
.oo 
.oo . 00 
* 00 
* 00 . 00 . 00 . 00 . 00 
.oo . 00 . 00 . 00 . 00 
.oo 
.oo 
.oo . 00 . 00 
s 00 

16 
.............e ......................................................................................... 

0 1 .oo .oo -00 .oo -00 -00 .oo .oo .oo .oo .oo .oo .oo .oo .oo 
0 2 -00  -03 -05 -.04 -.02 -03 .05 -.03 -00 -.04 -01 -.03 -02 -.01 .04 

-00 -.OD -01 -03 -05 -.02 -01 -05 -.Dl .04 -00 -a03 -04 -0'1 -.01 
e00 -05 -e02 -.OO -02 -.05 -.02 -02 -.03 .04 .01 -.02 -06 -0'4 .03 
-00 -03 -05 -.02 -00 -02 -.05 -.OO -e04 -03 -01 -00 -.01 -.01 -.01 
-00 SO2 -04 -.03 -e01 .OO -.08 -.04 -.07 -SO7 -03 -03 .03 -03 -05 
.OO -01 .04 
-00  -01 .04 
-00  .07 .03 
.OO -06 .14 
-00 .ll .13 
.OO .07 .13 
-00  .13 .23 
-00  .13 -24 
-00  .14 .25 
.OO -07 -26 

.OO .01 -15 
- 0 0  -01 -03 
-00  .06 -06 
.oo -.01 -01 
-00 -05  .09 
-00  .02 .07 
-00 -06 .12 
.OO -08 .16 
.oo .09 .09 
.oo .ll .ll 
-00  .05 -13 
-00  .07 .14 
-00  .09 .06 
-00  .03 .08 
-00  .05 .10 

.oa .OB .i6 

-06 -.02 -.02 
-07 -.OO -.01 
.10 .15 .10 
-13 .21 .20 
-16 -28 -31 
.29 .35 .4l 
-32 -41 .52 
.35 .56 -69 
.36 .60 .76 
-36 -58  .70 
.34 .43 .53 
.21 -27 .32 
.07 .10 .01 

-a01 -02 -.07 
.04 -08 -03 
.15 .ll .19 
.14 -23 -34  
-21 -32 .37 
.15 .26 .40 
.18 .29 -40 
-20 .30 -31 
-21 .19 .28 

-12 .18 .23 
.13 .08 .12 
.04 .08 .ll 

.ii .le .25 

-.13 
-.22 
-.09 
.17 
.40 
.82 

1.25 
1.07 
.97 
.83 
a 63 
.27 . 01 

-.06 
.10 
-30 
-45 
.73 
.64 
.59 
-45  
.36 
.31 
.17 
.15 
.14 

-. 10 
-.21 
-.lo 
-24 
-62 

1.30 
3.01 
1.51 
1.07 
.91 
.71 
.32 
.02 

-.03 
-16 
.41 
-71 
1.59 
.91 
.62 
-52 
.41 
.25 
-21 
.18 
.06 

-. 11 
-.20 
-.07 
-20 
-45 
-79 
1.24 
1.08 
-99 
-75 
-56 
.30 
-03 

-.02 
-05 
.26 
-51 
.79 
.60 
.55 
.50 
-41 
.26 
.22 
.20 
.08 

-.07 -05 
-.05 .OO 

-06 .09 
.19 .19 
.33 .20 
-37 -31 
-51 .42 
.61 .50 
.79 .55 
.64 .44 
-47 .30 
.27 .15 

-.03 -.01 
-.lo -.08 
-01 -.01 
.18 .14 
.34 .16 
.48 .26 
.41 .32 
.42 .34 
.41 .25 
-28 .24 
.25 .23 
-23 .13 
.ll .12 
-10 -12 

.07 

.02 

.09 
-18 
.18 
-27 
.35 
-31 
.35 
-26 
.25 
.12 

-.01 -. 08 
-.02 
.01 
.ll 
.19 
.25 
.28 
.20 
.21 
.ll 
* 12 
.12 
.03 

.07 

.03 

.10 

.07 

.16 

.24 

.21 

.26 

.19 

.21 

.ll . 00 -. 12 
-.18 -. 12 
-.01 

.OB 

.15 

.20 

.23 

.16 

.18 

.09 . 11 

.12 

.04 

.08 

.03 

.09 

.07 

.15 

.13 

.18 

.12 

.15 
-07 
-09 

-.oo 
-.lo 
-.16 
-.lo 
-.oo 
.07 
.12 
-16 
.09 
.12 
.15 
.07 
.09 
.02 
.04 

.~ 
-.02 
.02 

-.01 
.05 
.06 
.04 
.08 . 11 
.02 
.04 

-.02 
.oo 

-.07 
-.11 
-.06 

-03 
-.02 
-01 
.03 
.05 
.07 
.02 
-04 
.06 . 00 
.04 

- 0 0  .07 -02 -05  -08  -11 -03  -05 -07 -09 -01 -03 .05 -07 -.01 
-00  -01 .05 -07 -.01 .OO -01 -03 -05  -.01 .01 -03 -SO3 -00 .05 o 35 .oo .oo .oo .oo .oo .oo .oo .oo . 00 .oo .ao -00 .OD .ao .oo 

ODRAWDOWN WILL BE SAVED ON UNIT 40 A!P END OF TIME STEP 
0 

1, STRESS PERIOD 1 

0 

.oo . 00 

.oo . 00 . 00 . 00 . 00 

.oo 

.oo . 00 

.oo 

.oo 
-00  
-00  . 00 
-00  . 00 
.oo 
.oo 
.oo 
-00  
* 00 
.oo 
.oo . 00 . 00 
.oo 
-00 . 00 

.oo 

.oo 

.oo . 00 
00 

. oa 

J. 

IN : --- 
STORAGE = .OOOOO 

CONSTANT HEAD = .17499Et06 

IN: --- 
STORAGE = .OOOOO 

CONSTANT HEAD = .17499Et06 

J 
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0 

0 
0 
0 

0 

WELLS - .d&Ioo 
TOTAL I N  = .174993+06 

OUT: ---- 
STORAGE = .ooooo 

CONSTAN!l? HEAD = 97972. 
WELLS - 77007. 

TOTAL OUT - .17498E+06 
I N  - OUT 13.734 

PERCENT DISCREPANCY - . 01 

WEUS - .ooooo 
TOTAL I N  = .17499E+06' 

OUT: ---- 
s m G E  - .ooooo 

CONSTAKP HBAD = 97972. 
WELLS - 77007. 

TOTAL OUT - .17498Et06 
I N  - OUT 13.734 

PERCENT DISCRBPANCY = 

TIME SUMMARY AT END OF TIME STEP 1 I N  STRESS PERIOD 1 
SECONDS MIIIOUTBS HOURS DAYS YEARS 

,Ol 
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1 U.S. GEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-WATER MODEL 
OSHIBLDWOY METWUROICAL CORPORATION FOCUSED FS - HYDROGEOLOGIC SINULATION S M  4A - W EXISTING WELLS, RIW2 DEEP, 3 NEW SFn' Qw 

_j 2 LAYERS 35 Raw8 16 COLUMNS 
1 STRESS PERIOD(S) IN SIMULATION 

MODEL TIME UNIT IS DAYS 
OI/O UNITS: 
ELEMENT OF IUNIT: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

I/OUNIT:1112 0 0 0 0 0 0 1 9  0 0 2 2  0 0 0 0 0 0 0 0 0 0 0 0 
0-1 -- BASIC MODEL PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 1 
ARRAYS RES AND BUPF WILL SHARE MEMORY. 
START BEAD WILL BE SAVED 

10699 ELEMENTS IN X ARRAY ARE USED BY BAS 
10699 ELEMERTS OF X ARRAY USED OUT OF 100000 

OBCFl -- BLOCK-CENTERBD FLOW PACKAQE, VERSION 1, 9/1/87 INPWJ! READ FROM UNIT 11 
STEBDY-STATE SIMULATION 

. LAYER AQUIFKRTYPE ------------------- 
1 1 
2 0 

1122 ELEMENTS IN X ARRAY ARE USED BY BCP 
11821 ELEMERTS OF x ARRAY USED OUT OF 100000 

OWEL1 -- WELL PACKAGE, VERSION 1, 9/1/87 INPUT READ PIILm 12 
MAXIMUMOF 9WELLS 

36 ELEMENTS IN X ARRAY ARE USED FOR WELLS 
11857 ELEMENTS OF X ARRAY USED OUT OF 100000 

OSIP1 -- STRONGLY IMPLICIT PROCEDURE SOLUTION PACKAGE, VERSION 1, 9/1/87 INPUT RgAD d UNIT 19 
MAXIMUM OF 50 ITERATIONS W O W E D  FOR CLOSURE 
5 ITERATION PARAMETERS 

4685 ELEMENTS IN X ARRAY ARE USED BY SIP 
16542 ELEJdENTS OF X ARRAY USED OUT OF 100000 

1SHIELDALLOY METALLURGICAL CORPORATION FOCUSED FS - HYDROGEOLOGIC SIMtlLATION 
0 

S M  4A - ALL EXISTING WELLS, RIW2 DEEP, 3 NEW SHAGLOW 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  .......................................................................... 
0 1  
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
0 

-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 

1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

2 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

3 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

4 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

5 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
-1 -1 

J 

......................................................................... 
-1- 



0 1  
0 2  

3 
4 
5 

- 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 

-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 
2 2 2 2 2 2 2 2 2 2 2 2 - 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 .2 
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  

_ _ _  
2 2 2 2 2 2 2 2 2 2 - 2  
2 2 2 2 2 2 2 2 2 2 - 2  
2 2 2 2 2 2 2 2 2 2 - 2  _ _ _ _ _  
2 2 2 2 2 2 2 2 2 2 - 2  
2 2 2 2 2 2 2 2 2 2 - 2  
2 2 2 2 2 2 2 2 2 2 - 2  
2 2 2 2 2 2 2 2 2 2 - 2  

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
.2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

_ _ _ _ _  
2 2 2 2 2 2 2 2 2 2 - 2  
2 2 2 2 2 2 2 2 2 2 - 2  
2 2 2 2 2 2 2 2 2 2 - 2  
2 2 2 2 2 2 2 2 2 2 - 2  
2 2 2 2 2 2 2 2 2 2 - 2  
2 2 2 2 2 2 2 2 2 2 - 2  
2 2 2 2 2 2 2 2 2 2 - 2  
2 2 2 2 2 2 2 2 2 2 - 2  

2 2 -2 
2 2 -2 
2 2 -2 
2 2 -2 
2 2 -2 
2 2 -2 
2 2 -2 
2 2 -2 
2 2 -2 
2 2 -2 
2 2 -2 
2 2 -2 
2 2 -2 
2 2 -2 
2 2 -2 
2 2 -2 
2 2 -2 

2 2  
2 2  

_ _ _ 2 2  
-2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 

OAQUIPKR BEAD WILL BE SET To 999.99 AT W I9o-pLow NODES (IBOUND=O). 
0 

1 2 3 4 5 6 7 8 9 lo 
11 12 13 14 15 16 ............................................................................................................................. 

92.90 93.00 93.10 93.20 93.30 93.40 93.60 93.70 93.80 93.90 
94.00 94.10 94.20 94.30 94.40 94.50 
92.40 92.60 92.70 92.80 92.90 93.00 93.20 93.30 93.40 93.50 

1 

'u' 2 
0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

93.60 
92.00 
93.20 
91.60 
92.80 
91.20 
92.40 
90.70 
91.90 
90.20 
91.50 
89.70 
91.00 
89.40 
90.50 
89-00 
90.00 
88.70 
89.50 
88.30 
89.10 
88.00 
88.70 
87.70 
88.30 
87.50 
87.90 
87.30 
87.60 
87.00 
87.20 
86.50 
86.80 
86.00 

93.70 
92.20 
93.20 
91.80 
92.80 
91.40 
92.40 
90.90 
92.00 
90.40 
91.50 
89-90 
91.00 
89.50 
90.50 
89.20 
90.00 
88-80 
89.60 
88.40 
89-10 
88-10 
88.70 
87.80 
88.30 
87.60 
87.90 
87.30 
87.60 
86.90 
87.20 
86.50 
86.80 
86.10 

93.80 
92.30 
93.30 
91.90 
92.90 
91.50 
92.40 
91.00 
92.00 
90.60 
91.60 
90.10 
91.10 
89.70 
90.60 
89.30 
90.00 
88.90 
89.60 
88.60 
89.10 
88.20 
88.70 
87.90 
'88.30 
87.60 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.20 

93.80 
92.40 
93.40 
92.00 
92.90 
91.60 
92.50 
91.20 
92.10 
90.70 
91.60 
90.30 
91.10 
89.80 
90.60 
89.40 
90.00 
89.00 
89.60 
88.70 
89.10 
88.30 
88.70 
88.00 
88.30 
87.70 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.30 

93.90 94.00 
92.50 92.70 
93.50 93.50 
92.20 92.30 
93.00 93.10 

92.60 92.60 
91.40 91.50 
92.10 92.10 
90.90 91.00 
91.60 91.60 
90.40 90.50 

91,80 . (., 91-90 

91-10 91-10 
90.00 90.10 
90.60 90.50 
89.50 89.60 
90.00 90.00 
89-10 89.20 
89.50 89.50 
88.80 88.90 
89.10 89.10 
88.40 88.50 
88.70 88.60 
88.10 88.10 
88.30 88.20 
87.70 87-80 
87.90 87.90 
87.40 87.40 
87.50 87.50 
87.00 87.10 
87.20 87.20 
86.70 86.70 
86.80 86.90 
86.40 86.40 
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92.80 

92.40 

92.00 

91.60 

91.10 

90.60 

90.20 

89.70 

89.30 

88.90 

88.60 

88.20 

87.80 

87.50 

87.10 

86.80 

86.40 

92.90 

92.50 

92.10 

91.70 

91.20 

90.70 

90.30 

89.80 

89.40 

89.00 

88-60 

88.20 

87.90 

87.50 

87.20 

86.80 

86.50 

93.00 

92.60 

92.20 

91. 80 

91.30 

90.80 

90.30 

89.90 

89.40 

89.00 

88.70 

88.30 

87.90 

87.50 

87.20 

86.80 

86.50 

93.10 

92.70 

92.30 

91.90 

91.40 

90.90 

90.40 

89.90 

89.50 

89.10 

88.70 

88.30 

87.90 

87.60 

87.20 

86.80 

86.50 



0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

86.50 
85.60 
86.10 
85.10 
85.50 
84.70 
85.00 
84.20 
84.40 
83.80 

83.50 
83.40 
83.10 
82.90 
82.70 
82.40 
82.20 
82.00 
81.80 
81.50 
81.30 
81.10 
80.80 
80.60 
80.30 
80.20 
79.90 
79.70 
79.40 
79.30 
78.90 
78.90 

83. go 

86.50 
85.70 
86.00 
85.20 
85.50 
84.80 
84.90 
84.30 
84.40 
83.90 

83.50 
83.30 
83.10 
82.80 
82.70 
82.40 
82.20 
81.90 
81.80 
81.40 
81.30 
81.00 
80.80 
80.50 
80.40 
80.10 
79.90 
79.70 
79.40 
79.20 
79.00 
78.80 

83. ea 

86.40 
85.80 
86.00 
85.30 
85.40 
84.90 
84.80 
84.40 
84.30 
84.00 
83.80 
83.50 
83.20 
83.10 
82.70 
82.70 
82.20 
82.20 
81.80 
81.80 
81.30 
81.30 
80.90 
80.80 
80.40 
80.40 
80.00 
79.90 
79.60 
79.50 
79.10 
79.00 
78.70 

86.40 
85.90 
85.90 
85.40 
85.30 
84.90 
84.70 
84.50 
84.20 

83.60 
83.60 
83.10 
83.10 
82.60 
82.70 
82.10 
82.20 
81.70 
81.80 
81.20 
81.30 
80.80 
80.80 
80.30 
80.40 
79.90 
80.00 
79.50 
79.50 
79.00 
79.10 
78.60 

84.00 

86.40 
86.00 
85.90 
85.50 
85.20 
85.00 
84.60 
84.50 
84.00 
84.00 
83.40 
83.60 
82.90 
83.10 
82.40 

82.00 
82.20 
81.50 
81.70 
81.10 
81.30 
80.70 
80.80 
80.30 
80.40 
79.80 
80.00 
79.40 
79.50 
78.90 
79.10 
78.50 

82.70 

86.40 
86.00 
85.90 
85.50 

85.00 
84.50 
84.50 
83.80 
84.10 
83.30 
83.60 
82.80 
83.10 
82.30 
82.60 
81.90 
82.20 
81.40 
81.70 
81.00 
81.30 
80.60 
80.80 
80.20 
80.40 
79.70 
80.00 
79.30 
79.50 
78.80 
79.10 
78.40 

85. io 

86.00 i 
85.60 ' 
85.00 

84.50 1 

I 
84.10 ' 

83.60 

83.10 

82.60 

82.20 

81.70 

81.30 

80.80 

80.40 

79.90 

79.50 

79.10 

INITIAL HgAD FOR LAYER 2 WILL BE READ ON UNIT 

86.10 86.10 

85.60 85.60 

85.10 85.00 

84.50 84.50 

84.00 84.00 

83.60 83.50 

83.10 83.00 

82.60 82.60 

82.10 82 - 10 
81.70 81.60 

81.20 81.20 

80.80 80.70 

80.30 80.30 

79.90 79.90 

79.50 79.50 

79.10 79.10 

1 USING FORMAT: (16F5-11 

86.10 ' , 
85.60 

85.00 

84.50 

84.00 

83.50 

83.00 

82.50 

82.00 

81.60 

81.10 

80.70 

80.20 

79.80 

79.40 

79.00 

J 

. 

1 2 3 4 5 6 7 8 9 lo 
11 12 13 14 15 16 ............................................................................................................................. 

91.80 91.80 0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

91.20 
91.90 
90.90 
91.60 
90.60 
91.30 
90.40 
91-00 
90.10 
90.90 
89.80 
90.40 
89.50 
90.10 
89.20 
89.70 
89.00 
89.40 
88.70 
89.10 
88.50 
88.70 
88.30 
88.40 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.10 
87.10 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.70 
85.50 

91.20 
91-90 
91-00 
91.60 
90.70 
91.30 
90.50 
91-00 
90.20 
90.70 
89.90 
90.40 
89.60 
90.10 
89.30 
89.70 
89.10 
89.40 
88.80 
89.10 
88.60 
88.70 
88.30 
88.40 
88.10 
88.10 
87.80 
87.70 
87.50 
87.40 
87.10 
87.00 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.80 
85.50 

91.30 
92.00 
91.10 
91.70 
90.80 
91.40 
90.50 
91-10 
90.30 
90.70 
90.00 
90.40 
89.70 
90.10 
89.40 
89.70 
89.10 
89.40 
88.90 
89.00 
88.60 
88.70 
88.30 
88.40 
88.10 
88.00 
87.80 
87.70 
87.50 
87.30 
87.20 
87.00 
86.80 
86.60 
86.50 
86.20 
86.10 
85.80 
85.80 
85.40 

91.40 
92.00 
91.10 
91.70 
90.90 
91.40 
90.60 
91.10 
90.30 
90.70 
90.00 
90.40 
89.80 
90.10 
89.50 
89.70 
89.20 
89.40 
88.90 
89.00 
88.60 
88.70 
88.40 
88.30 
88.10 
88.00 
87.80 
87.60 
87.50 
87.30 
87.20 
86.90 
86.90 
86.60 
86.50 
86.20 
86.10 
85.80 
85.70 
85.40 

91.50 91.50 91.60 
92.10 92.10 
91.20 91.30 91.40 
91.80 91.80 
91-00 91.00 91-10 
91.40 91.40 
90.70 90.70 90.80 
91.10 91-10 
90.40 90.50 
90.70 90.70 
90.10 90.20 
90.40 90.30 
89.80 89.90 
90.00 90.00 
89.50 89.60 
89.70 89.70 
89.30 89.30 
89.30 89.30 
89.00 89.00 
89.00 89.00 
88.70 88.70 
88.60 88.50 
88.40 88.40 
88.20 88.10 
88.10 88.10 
87.90 87.80 
87.90 87.90 
87.60 87.50 
87.60 87.60 
87.20 87.20 
87.30 87.30 
86.90 86.90 
86.90 86.90 
86.50 86.50 
86.50 86.50 
86.20 86.20 
86.10 86.00 
85.80 85.80 
85.70 85.60 
85.40 85.40 

90.50 

90.20 

89.90 

89.60 

89.30 

89.00 

88.70 

88.50 

88.20 

87.90 

87.60 

87.30 

86.90 

86.40 

86.00 

85.60 

9i.70 

91.40 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88 e 80 

88.50 

88.20 

87.90 

87.60 

87.30 

86.80 

86.40 

86.00 

85.60 

91.50 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.20 

86.80 

86.40 

86.00 

85.60 

91.50 

91.30 

91.00 

90.70 

90.30 

90.00 

89.70 

89.40 

89-10 

88.80 

88.40 

88.10 

87.80 

87.60 

87.20 

86.80 

86.40 

85.90 

85.50 

-3- 



0 21 

' 22 

'b 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

85.30 
85.10 
84.90 
84.70 
84.40 
84.20 
84.00 
83. 80 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
81-90 
81.70 
81.50 
81.20 
81.00 
80.80 
80.60 
80.40 
80.20 
79.90 
79.70 
79.50 
79.30 

85.30 
85.10 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
81.90 
81.60 
81.50 
81.20 
81.00 
80.80 
80.60 
80.30 
80.20 
79.90 
79.70 
79.50 
79.30 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.10 
83.00 
82.70 
82.50 
82.30 
82.10 
81.90 
81.60 
81.40 
81.20 
81.00 
80.80 

.80.60 
80.30 
80.10 
79.90 
79.70 
79.40 
79.20 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.50 
83.40 
83.10 
82.90 
82.70 
82.50 
82.30 
82.10 
81.80 
81.60 
81.40 
81.20 
81.00 
80.70 
80.50 
80.30 
80.10 
79.90 
79.70 
79.40 
79.20 

85.30 
85.00 
84.80 
84.60 
84.40 
84.10 
84.00 
83.70 
83.50 
83.30 
83.10 
82.90 
82.70 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 
80.50 
80.30 
80.10 
79.80 
79.60 
79.40 
79.20 

85.20 
85.00 
84.80 
84.50 
84.40 
84.10 
83.90 
83.70 
83.50 
83.30 
83.10 
82.90 
82.60 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 
80.50 
80.30 
80.10 
79.80 
79.60 
79.30 
79.20 

*' '-85.20 

84.80 

84.30 

83.90 

83.50 

83.10 

82.60 

82.20 

81.80 

81.30 

80.90 

80.50 

80.00 

79.60 

79.20 

85.20 

84.80 

84.30 

83.90 

83.50 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 
79.10 79.10 79.00 79.00 78.90 78.90 

OEEAD PRINT FORMAT IS FORMAT lqLTMBER 4 DRAWDOWN PRINT FORMAT IS FORMAT NUMBER 9 
OEEADS WILL BE SAVED ON UNIT 30 DRAWDOWNS WILL BE SAVED ON UNIT 40 
OOUTPUT CONTROL IS SPECIFIED EVERY TfElE STEP 
0 COLUMN 'Po Row AIOIBOTROPY - 1.000000 
0 DELR - 200.0000 
0 DIjLC - 200.0000 
0 

85.10 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

85.10. 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

82.10 

81.70 

81.30 

80.80 

80.40 

80.00 

79.50 

79.10 

1 

'Ld' 2 

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

1 2 3 4 5 6 7 8 9 10 

300.0 300.0 300.0 300.0 300.0 225.0 225.0 225.0 225.0 225.0 
225.0 ' 225.0 300.0 300.0 300.0 .. 300.0 
300.0 300.0 300.0 300.0 300.0 225.0 225.0 225.0 225.0 225.0 
225.0 225.0 300.0 300.0 300.0 300.0 

11 12 13 14 15 16 ................................................................................................*.*............*..**.*........ 

300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 

300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 225.0 
300.0 300.0 
300.0 225.0 
300.0 300.0 
300.0 225.0 
300.0 300.0 
225.0 200.0 
300.0 300.0 
225.0 200.0 
300.0 300.0 
225.0 200.0 
225.0 300.0 
225.0 200.0 
225.0 300.0 
225.0 200.0 
225.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 250.0 
250.0 300.0 
250.0 250.0 
250.0 300.0 
250.0 250.0 
250.0 300.0 
250.0 250.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

-4- 



0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 
0 
0 

250.0 
300.0 
175.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 . 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 * 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 

1 
11 

250.0 
175.0 
175.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
200.0 
150.0 
200 * 0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 

2 
12 

250.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 

250.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
150.0 
175.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 

250.0 
175.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
200.0 
110.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 

300.0 
175.0 175.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 

175.0 175.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

BOlTW = 30.00000 FOR LAYER 1 
VERT BYD COND /THICKNESS = .1000000E-02 FOR LAYER 1 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

"ISMIS. ALONG ROWS FOR LAYER 2 WILL BE RBAD ON UNIT 11 USING FORMAT: (16F5.0) 

3 4 5 6 
13 14 15 16 

7 

0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

8000. 

8000. 

8000. 

8000. 

8000. 
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0 20 

21 

'-2 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

0 

0 
1 

W. 

0 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000.1 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

OAVERAGE SEED = 
MINIMUM SEED - 

0 

I 

9 WELLS 

.00187924 

.00055600 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

,. 
4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 4000. 
4000. 4000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 

> , '  

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

1500. 1500. 

1500. 1500. 

1500. 1500. 

1500. 1500. 

1500. 1500. 

1500. 1500. 

1500. 1500. 

3000. 3000. 

3000. 3000. 

3000. 3000. 

3000. 3000. 

3000. 3000. 

3000. 3000. 

3000. 3000. 

3000. 3000. 

3000. 3000. 

SOLUTION BY THE STRONGLY IMPLICIT PROCEDURE 
-------------------c----------------------- 

MXIMOM ITERATIONS ALLOWED FOR CLOSURE - 50 
ACCELERATION PARAMETER * 1.0000 

BEAD CHANGE CRITERION FOR CLOSURE = .10000E-02 
SIP HEAD CEANDE PRINTOUT IHTERVAL - 1 
CALCTJTATE -ON PARAEIETERS PROM MODEL CALCULATED WSEED 
STRESS PERIOD NO. 1, LEN- - 1.000000 

NUMBER OF TIME STEPS = 1 

.............................................. 

MULTIPLIW FOR DELT - 1.000 

INITIAL TIME STEP SIZE = 1.000000 

LAYER Row COL STRESS BATE WELL NO. 

1 14 5 -13476. 1 
1 13 6 -13476. 2 
1 13 8 -13476. 3 
1 17 8 -4813.0 4 
1 24 8 -7701.0 5 
1 26 8 -9626.0 6 
2 13 8 -4813.0 7 
2 17 8 -4813.0 8 
2 24 8 -4813.0 9 

4000.' 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. . 
3000. 

3000. 

3000. 

3080. 

3000. 

3000. 

3000. 
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L J I I .  

................................................................................................................................ 
0 1 92.90 93.00 93.10 93.20 93.30 93.40 93.60 93.70 93.80 93.90 94.00 94.10 94.20 94.30 94.40 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

1 

94.50 
92.40 92.55 
94.00 
92.00 92.13 
93.50 
91.60 91.72 
93.10 
91.20 91.31 
92.60 
90.70 90.84 
92.10 
90.20 90.33 
91.60 
89.70 89.86 
91.10 
89.40 89.45 
.90.50 
89.00 89.04 
90.00 
88.70 88.66 
89.50 
88.30 * 88.28 
89.10 
88.00 
88.60 
87.70 
88.20 
87.50 
87.90 
87.30 
87.50 
87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84.50 
84.20 
83.80 
83.80 
83.30 
83.50 
82.80 
83.10 
82.30 
82.70 
81.90 
82.20 
81.40 
81.80 
81.00 
81.30 
80.60 
80.80 
80.20 
80.30 
79.70 
79.90 
79.30 
79.40 
78.80 
78.90 
78.40 

87.94 

87.63 

87.37 

87.11 

86.80 

86.42 

86.02 

85.61 

85.13 

84.68 

84.23 

83.81 

83.43 

83.03 

82.61 

82.16 

81.73 

81.27 

80.79 

80.33 

79.89 

79.44 

79.00 

92.66 

92.24 

91.83 

91.42 

90.96 

90.45 

89.97 

89.51 

89.06 

88.63 

88.22 

87.84 

87.50 

87.22 

86.95 

86.66 

86.34 

86.00 

85.59 

85.13 

84.67 

84.22 

83.80 

83.38 

82.95 

82.53 

82.09 

81.66 

81.22 

80.77 

80.33 

79.90 

79.46 

79.00 

92.77 

92.34 

91.93 

91.52 

91.06 

90.55 

90.05 

89.56 

89.07 

88.60 

88.14 

87.69 

87.30 

87.06 

86.82 

86.56 

86.26 

85.95 

85.57 

85.11 

84.65 

84.19 

83.74 

83.29 

82.85 

82.43 

82.01 

81.59 

81.17 

80.74 

80.32 

79.90 

79.49 

79.10 

92.87 

92.44 

92.02 

91.60 

91.14 

90.63 

90.12 

89.62 

89.10 

88.58 

88.05 

87.48 

86.94 

86.90 

86.72 

86.48 

86.21 

85.92 

85.55 

85.09 

84.60 

84.12 

83.64 

83.17 

82.74 

82.32 

81.92 

81.52 

81.11 

80.71 

80.30 

79.89 

79.49 

79.10 

92.98 

92.54 

92.11 

91.68 

91.22 

90.71 

90.20 

89.68 

89.15 

88.59 

87.98 

87.20 

87.04 

86.87 

86.66 

86.43 

86.17 

85.89 

85.53 

85.06 

84.55 

84.03 

83.51 

83.04 

82.59 

82.20 

81.83 

81.45 

81.06 

80.67 

80.27 

79.88 

79.49 

79.10 

93.12 

92.66 

92.22 

91.78 

91.30 

90.80 

90.29 

89.76 

89.22 

88.65 

88.05 

87.45 

87.16 

86.91 

86.66 

86.40 

86.15 

85.88 

85.52 

85.04 

84.49 

83.92 

83!34 

82.86 

82.39 

82.07 

81.73 

81.38 

81.01 

80.63 

80.24 

79.86 

79.48 

79.10 

93.23 

92.77 

92.32 

91.88 

91.40 

90.89 

90.38 

89.85 

89.31 

88.75 

88.13 

87.36 

87.24 

86.99 

86.69 

86.35 

86.15 

85.89 

85.52 

85.03 

84.46 

83.83 

a 3 . p  
82.68 

82.02 

81.93 

81.66 

81.33 

80.96 

80.59 

80.21 

79.83 

79.46 

79.10 

93.34 

92.88 

92.42 

91.97 

91.50 

90.99 

90.48 

89.96 

89.43 

88.89 

88.35 

87.81 

87.46 

87.13 

86.81 

86.50 

86.22 

85.93 

85.55 

85.05 

84.48 

83.89 

83.29 

82.80 

82.32 

81.99 

81.65 

81.29 

80.92 

80.55 

80.17 

79.79 

79.43 

79.10 

93.44 

92.98 

92.52 

92.07 

91.60 

91-09 

90.59 

90.07 

89.55 

89.04 

88.54 

88.08 

87.67 

87.29 

86.94 

86.62 

86.31 

85.99 

85.60 

85.08 

84.53 

83.96 

83.41 

82.91 

82.44 

82.04 

81.66 

81.27 

80.89 

80.50 

80.12 

79.74 

79.36 

79.00 

BEAD IN LAYGR 2 A!J! END OF TIME STEP 1 IN STRESS PERIOD 1 

93.54 

93.08 

92.62 

92.16 

91.69 

91.20 

90.69 

90.17 

89.65 

89.16 

88.70 

88.25 

87.84 

87.45 

87.08 

86.73 

86.39 

8$.06 

85.64 

85.12 

84.56 

84.02 

83.48 

82.98 

82.51 

82.07 

81.66 

81.25 

80.85 

80.46 

80.06 

79.67 

79.29 

78'. 90 

I 

'1 1 

93.65 

93.19 

92.73 

92.26 

91.79 

91.31 

90.80 

90.27 

89.75 

89.26 

88.81 

88.37 

87.96 

87.57 

87.19 

86.83 

86.47 

86.12 

85.69 

85.15 

84.59 

84.04 

83.52 

83.01 

82.53 

82.07 

81.64 

81.22 

80.81 

80.41 

80.00 

79.60 

79.20 

78.80 

12 

93.74 

93.28 

92.82 

92.35 

91.89 

91.43 

90.92 

90.37 

89.84 

89.35 

88.90 

88.47 

88.06 

87.67 

87.29 

86.92 

86.56 

86.18 

85.72 

85.16 

84.59 

84.05 

83.53 

83.02 

82.52 

82.05 

81.61 

81.18 

80.76 

80.35 

79.93 

79.52 

79.11 

78.70 

13 

93.83 

93.36 

92.90 

92.44 

91.97 

91.51 

91.00 

90.44 

89.91 

89.42 

88.98 

88.54 

88.14 

87.75 

87.38 

87.01 

86.64 

86.25 

85.76 

85.16 

84.58 

84.01 

83.48 

82.97 

82.47 

82.00 

81.55 

81.12 

80.70 

80.28 

79.85 

79.43 

79.01 

78.60 

14 

93.92 

93.44 

92.99 

92.52 

92.0& 

91.57 

91.06 

90.49 

89.97 

89.48 

89.04 

88.59 

88.19 

87.83 

87.45 

87.11 

86.75 

86.33 

8 5 . 1 b  I 
84.54 

83.93 

83.38 

82.87 

82.39 

81.94 

81.48 

81.06 

80.64 

80.22 

79.78 

79.35 

78.91 

78.50 

15 
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a .  ................................................................................................................................. 
0 -  1 

2 

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 t o  
0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

0 22 

23 

--. .J24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

91.20 
92.10 
90.90 
91.80 
90.60 
91.40 
90.40 
91.10 
90.10 
90.70 
89.80 
90.30 
89.50 
90.00 
89.20 
89.70 
89.00 
89.30 
88.70 
89-00 
88.50 
88.50 
88.30 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.20 
87.10 
86.90 
86.80 
86.50 
86.40 
86.20 
86.10 
85.80 
85.70 
85.40 
85.30 
85.00 
84.90 
84.50 
84.40 
84.10 
84.00 
83.70 
83.60 
83.30 
83.20 
82.90 
82.80 
82.50 
82.30 
82.00 
81.90 
81.60 
81.50 
81.20 
81.00 
80.70 
80.60 
80.30 
80.20 
79.80 
79.70 
79.30 
79.30 
78.90 

91.20 

90.97 

90.70 

90.45 

90.17 

89.88 

89.59 

89.30 

89.03 

88.74 

88.49 

88.23 

87.97 

87.67 

87.36 

87.03 

86.72 

86.39 

86.09 

85.74 

85.31 

84.85 

84.38 

83.94 

83.52 

83.10 

82.68 

82.24 

81.83 

81.41 

80.97 

80.55 

80.13 

79.69 

79.30 

91.30 

91.05 

90.79 

90.52 

90.25 

89.96 

89.66 

89.36 

89.07 

88.76 

88.47 

88.17 

87.87 

87.56 

87.25 

86.94 

86.64 

86.35 

86.07 

85.74 

85.29 

84.81 

84.33 

83.87 

83.44 

83.01 

82.59 

82.17 

81.75 

81.34 

80.92 

80.50 

80.08 

79.65 

79.20 

91.40 

91.14 

90.87 

90.60 

90.32 

90.04 

89.74 

89.43 

89.11 

88.78 

88.44 

88.11 

87.78 

87.46 

87.14 

86.84 

86.56 

86.30 

86.04 

85.71 

85.26 

84.75 

84.26 

83.79 

83.34 

82.91 

82.50 

82.09 

81.68 

81.27 

80.87 

80.46 

80.04 

79.62 

79.20 

91.50 

91.22 

90.95 

90.68 

90.40 

90.12 

89.82 

89.50 

89.15 

88.79 

88.42 

88.05 

87.69 

87.34 

87.01 

86.73 

86.47 

86.24 

86.00 

85.68 

85.22 

84.69 

84.17 

83.68 

83.23 

82.81 

82.40 

82.00 

81.61 

81.22 

80.82 

80.42 

80. 01 

79.61 

79.20 

91.50 

91.27 

91.02 

90.75 

90.48 

90.20 

89.92 

89.61 

89.20 

88.80 

88.40 

87.99 

87.59 

87.21 

86.84 

86.60 

86.38 

86.18 

85.99 

85.67 

85.17 

84.61 

84.06 

83.53 

83.10 

82.69 

82.28 

81.91 

81.54 

81.16 

80.78 

80.38 

79.99 

79.60 

79.20 

91.60 

91.35 

91.09 

90.82 

90.55 

90.28 

90.03 

89.82 

89.39 

88.84 

88.30 

87.68 

86.95 

86.83 

86.63 

86.47 

86.27 

86.13 

86.00 

85.66 

85.10 

84.50 

83.85 

83.17 

82.86 

82.50 

82.14 

81.83 

81.48 

81.12 

80.74 

80.36 

79.97 

79.58 

79.20 

91.70 

91.43 

91.15 

90.88 

90.61 

90.34 

90.10 

89.91 

89.50 

88.86 

88.19 

87.21 

85.19 

86.39 

86.54 

86.39 

86.10 

86.08 

85.98 

85.63 

85.05 

84.40 

83.59 

82.31 

82.58 

82.37 

82.07 

81.78 

81.44 

81-08 

80.71 

80.33 

79.95 

79.57 

79.20 

91-80 

91.50 

91.21 

90.93 

90.65 

90.37 

90.11 

89.90 

$9.47 

88.91 

88.35 

87.71 

86.97 

86.83 

86.61 

86.45 

86.25 

86.11 

85.97 

85.62 

85.05 

84.45 

83.79 

83.11 

82.79 

82.43 

82.08 

81.77 

81.43 

81.07 

80.69 

80.31 

79.93 

79.55 

79.20 

91.80 

91.54 

91.26 

90.96 

90.67 

90.37 

90.07 

89.75 

89.34 

88.91 

88.47 

88.03 

87.60 

87.20 

86.81 

86.56 

86.33 

86.13 

85.93 

85.60 

85.09 

84.52 

83.95 

83.42 

82.98 

82.57 

82.17 

81.81 

81.44 

81.06 

80.68 

80.29 

79.90 

79.51 

79.10 

91.90 

91.59 

91.30 

90.99 

90.69 

90.37 

90.05 

89.70 

89.32 

88.91 

88.50 

88-09 

87.69 

87.31 

86.95 

86.66 

86.40 

86.16 

85.91 

85.58 

85.11 

84.56 

84.03 

83.53 

83.08 

82.65 

82.24 

81.85 

81.46 

81.07 

80.67 

80.28 

79.88 

79.49 

79.10 

91.90 

91.63 

91.33 

91.02 

90.70 

90.37 

90.03 

89.68 

89.31 

88.92 

88.52 

88.13 

87.75 

87.39 

87.05 

86.74 

86.45 

86.18 

85.92 

85.58 

85.12 

84.59 

84.09 

83.60 

83.15 

82.71 

82.29 

81.88 

81.48 

81.08 

80.67 

80.27 

79.87 

79.47 

79.10 

16 

92.00 

91.68 

91.36 

91.04 

90.71 

90.37 

90.03 

89.67 

89.31 

88.93 

88.54 

88.16 

87.79 

87.44 

87.11 

86.79 

86.49 

86.20 

85.92 

85.58 

85.12 

84.61 

84.12 

83.65 

83.20 

82.76 

82.34 

81.92 

81.50 

81.09 

80.67 

BO. 26 

79.84 

79.43 

79.00 

92.00 

91.71 

91.39 

91.06 

90.71 

90.37 

90.02 

89.67 

89.31 

88.93 

88.55 

88.17 

87.82 

87.48 

87.15 

86.83 

86.51 

86.20 

85.91 

85.56 

85.10 

84.60 

84.13 

83.67 

83.23 

82.80 

82.38 

81.95 

81.53 

81.11 

80.68 

80.26 

79.83 

79.40 

79.00 

92.10 

91.76 

91.41 

91.07 

90.71 

90.35 

90.02 

89.68 

89.31 

88.95 

88.54 

88.16 

87.82 

87.49 

87.18 

86.86 

86.52 

86.20 

85.87 

85.51 

85.06 

84.57 

84.12 

83.69 

83.27 

82.85 

82.43 

81.98 

81.56 

81.14 

80.69 

80.26 

79.81 

79.35 

78.90 

........................................................................................................ 
0 1 -00  -00  .oo .oo -00 .oo .oo .oo .oo .oo -00 .oo .oo .oo .oo .oo 
0 2 -00 -05 -04  -03 -03 .02 e08 -07 -06 .06 -06 -05 .06 -.03 -.02 -00 
0 3 -00 .07 -06 .Ob .06 -16 .14 -13 .12 .12 .12 .01 .02 .04 .06 .OO 
0 4 -00 -08 -07 .07 .18 -19 -18 -18 -18 -18 -18 -07 -08 -.OO -01 - 0 0  
0 5 -00 .09 -08 .08 -20 .22 .22 .22 .23 .23 .24 .14 .05 .06 .08 .OO 
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0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
1 

-00 
-00 
.oo . 00 . 00 
.oo . 00 
-00 . 00 . 00 . 00 . 00 
-00 
-00 . 00 . 00 . 00 . 00 
.oo 
-00 . 00 
-00 
.oo 
.oo . 00 
* 00 
.oo . 00 . 00 
-00 

.06 

.07 

.04 

.05 

.16 

.14 

.12 

.16 

.17 

.23 

.19 

.10 

.OB 
.OB 
.09 
.01 
.12 
.07 
-09 
-07 
.07 
.09 
.04 
.07 
.03 
-01 
.07 
.01 

-.04 . 00 

.04 

.15 
-13 
.19 
.24 
-27 
.38 
.36 
-40 
.38 
.35 
.34 
.26 
-20 
-21 
.17 
.23 
.18 
.20 
.12 
.15 
.17 
.ll 
-14 
.08 
.03 
.07 . 00 
.04 
- 0 0  

.14 .26 

.15 -27 
-25 .28 
-24  .38 
-33  .40 
.40 .52 
-56 .75 
.61 .92 
.70 1.16 
.64 .80 
.48 .68 
.44 .52 
.34 .49 
.35 .48 
.33 .45 
.29 .41 
-25 .40 
.31 .38 
.26 .36 
.31 .43 
.25 .36 
.27 .38 
.19 .28 
*21 .18 
.13 .19 
.06 .09 
.08 .10 
.10 .ll 
-01 -01 
-00 -00  

-28 
.29 
- 3 0  
-42 
-45 
.61 
.92 

1.30 
1.06 
.93 
-74 

.51 

.47 
* 44 
.45 
.47 
-59 
.56 
.51 - 40 
.37 
-25 
.24 
.13 
-13 
.12 
-01 
-00 

: 2:: 

.30 
-30 
.31 
.44 
-48 
-65 
.85 
1.15 
1.04 
-89 
-84 
.70 
.65 
-52 

.56 
-51 
.58 
.76 
.74 
.71 
.53 
.47 
-32 
.29 
-17 
.16 
.04 
.02 
-00 

.4a 

-30 
.31 
.32 
.45 
.49 
-65 
.87 
1.24 
.96 
-91 
.81 
.85 
-65 
-61 
.58 
.57 
.64 
.67 
.95 
-92 

.67 

.44 
-37 
-24 
.21 
.09 
.01 
.04 . oc 

1.08 

.30 

.31 
-32 
.34 
-47 
.51 
.65 
.89 
-84 
.77 
.69 
.70 
.58 
.57 
.55 
.55 
-52 
-61 
-71 
.70 
.68 
.61 
.45 
.31 
-28 
.15 
-13 
.ll 
.07 
-00  

.30 

.31 
-31 
-33 
* 35 
-46 
.56 
-62 
.63 
.61 
.66 
.58 
.49 
-51 
- 5 0  
-52 
.47 
-54 
.59 
-59 
.56 - 46 
-34 
.33 
-21 
.20 
.08 
.06 
- 0 4  . 00 

.21 

.30 

.31 

.33 

.35 
-34 
.40 
-45 
.46 
.45 
.52 
.47 
.41 
.44 
.46 
.38 
.44 
.38 
.42 
.42 
.39 
-33 
.34 
.25 
.25 
.14 
.14 
.03 
-01 .oo 

.21 

.19 
-20 
.23 
.25 
.34 
-29 
.33 
.34 
.33 
.41 
.37 
.33 
.38 
-31 
.35 
.31 
.36 
-28 
.29 
.27 
.33 
.26 
.18 
.19 
.09 
.10 
.10 
.oo - . 00 

.ll 

.17 

.18 

.23 
-16 
.25 
.20 
.23 
-24 
.23 
.31 
.28 
-24 
.22 

.24 

.21 

.25 

.21 

.18 

.15 

.19 

.12 
-14 
-05 
.07 

..01 
* oc 

.2a 

. ia 

. oa 

-13 .06 .OO 

.kO .04 .OO 
-16 .I1 .OO 

I .b9 -03 -00  
.18 .02 .OO 
.12 .06 .OO 
-16 .ll .OO 
.16 .ll .OO 
.15 .07 .OO 
.12 -05 .OO 
.19 .09 .oo 
.k6 .05 -00 
.k5 .07 .OO 
.k4 .09 .OO 
.'14 .05 .OO 
.'12 .06 .OO 
.'19 .07 .OO 

I .13 .03 .OO 
1 .13 -01 .OO 

-10 .06 .OD 
I .15 .02 .DO 

, 0 8  .04 .OO 
I -10 .06 -00 
, .'02 -08 .OO 
' .'05 .02 -00 
I .'07 .05 .OO 

-:01 -.01 .oo 
I :oo .oo .oo 

.bs .03 .OD 

.I2 .02 .oo 

D R A k I N L A Y &  2 A T E N D O F T I U E S T K P  1 Il?S!CRESSPERIOD 1 

0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 

........................................................................................................ 
0 1 -00 .oo -00 .oo -00 -00 .oo -00 -00 -00 .oo -00 .oo -00 .oo .oo 
0 2 .OO .03 -05 -e04 -.02 -03 -05 - a 0 3  -00 -.04 .01 -.03 -02 -.01 -04 -00 

.OO -.OO -01 .03 .OS -a02 -01 -05 -.Ol -04 e00 -SO3 -04 -01 -e01 .OO 
-00 -05 -.02 -.OO -02 -.OS -.02 -02 -.03 -04 -01 -.02 -06 .04 -03 -00 

.oo .02 
-00 .01 
.oo -00 
.OO .07 
.OO .06 
.oo .ll 
-00  .07 
.OO .13 
-00 .13 
-00 -14 
.OO .07 
.OO .08 
-00  -01 
.oo -01 
.OO -06 
-00 -.01 
.OO .05 
-00  .02 
-00  .06 
.oo .OB 
.oo .10 
.oo .12 
.OO .06 
.OO .07 
.oo -09 
-00 -03 
-00  -05  
-00  .07 

~ .- 
.os 
.04 
-04 
- 0 4  
-03  
.14 
13 
-13 
-23 
.24 
.25 
.26 
.16 
.15 
-03 
.os 
.01 
.09 
-01 
-13 
.16 
-09 
-11 
-13 
-15 
.06 
.08 
.1c 
.02 

-.02 
-.04 
.06 
-07 
.09 
.12 
.16 
-29 
-32 
.34 

I -36 
I .36 
1 .34 

.20 
I -06 
b -.Ol 

-04 
I -15 

-14 
.21 

I .16 
I .19 

.20 

.21 
-12 

I .13 
I -13 
I .04 
I .06 

. 00 
-.02 
-.02 
-.oo 
.15 
-21 
-28 
.35 
.41 
.56 
-59 
* 57 
.43 
.26 
.10 
.02 
.08 
-11 
.23 
.32 
.27 
-29 
.30 
.20 
.19 
.18 
.08 
.08 
.09 

.02 

.oo -. 02 
-.01 
.10 
.20 
-30 
.41 
-51 
a 69 
.76 
.70 
-52  
-32 
-01 

-03  
.19 
-34 
.37 
.40 
-41 
.32 
.29 
.26 
-24 
.12 
.12 . 11 

-.a7 

-.05 
-.08 
-.13 
-.22 
-.09 
.16 
-40 
.82 

1.25 
1.07 
.97 
-83 
.63 
-27 
* 00 -. 06 
* 10 
-30  
.45 
.73 
-64 
-60 
.46 
.37 
.32 
.18 
.16 
.14 
.03 

-. o i  
-a04 
-.lo 
-.21 
-.lo 
-24 
.61 

1.29 
3.01 
1.51 
1.06 
.91 
.70 
.32 
* 02 

-.03 
-15 
.40 
.71 
1.59 

-92 
.63 
.53 
.42 
-26 
.22 
-19 
.07 
.os 

-. 05 -. 07 
-.11 
-.2c 
-.07 
-19 
.45 
.79 

1.23 
1.07 
-99 
.75 
-55 
.29 
-03 

-.02 
-05 
.25 
- 5 1  
.79 - 61 
.51 
-52 
.43 
.27 
-23 
.23 
.09 
* 01 

-03 
-.07 
-e07 

I -.05 
-06 

I -19 
.33 

I -37 
.50 
.60 

I .79 
, -64 
1 -47 
I .27 
1 -.03 
' -.lo 
, -01 
, .18 . .35 
I - 4 8  
. -42 
' .43 
I .43 
, -29 
' .26 
I -24 
. -12 
I .ll 
I .10 

. o i  

.03 

.05 

.oo 
-08 
-19 
.20 - 31 
.41 
.49 
.55 
-44 
-30 
.14 

-.01 -. 08 
-.01 
.14 
.17 
.27 
-32 
.35 
.26 
.25 
.24 
.13 
-13 
-12 
.02 

. 00 

.03 

.07 

.02 

.09 

.18 

.17 

.27 

.35 
-31 
.35 
.26 
.25 
* 12 

-.02 
-.08 
-.02 
-01 
.ll 
-20 
.25 
.29 
.21 
.22 
.12 
.12 
-13 
.03 
.03 

-.01 
-03 
.07 
.03 
.09 
.07 
.16 
-24 
.21 
.26 
.19 
.21 
.ll .oo 

-.12 
-.18 
-.12 
-.01 

.08 

.15 
e 20 
.24 
.16 
.18 
-10 
.ll 
.13 
-04 
.06 

-.01 
.03 
.08 
.03 : 09 
107 
.15 
; 13 
; 18 
; 12 
15 
07 : 09 

-Loo 
-:11 

-: 10 -1 00 
-: 16 

.07 

.13 

.17 

.10 

.12 

.15 
I. 07 
'. 09 
'. 02 :. 04 
-07 

-.01 
-05 

-.02 
-02 

-.01 
-05 
.06 
.04 
.08 
.ll 
.02 
.04 

-.02 
-00  

-.07 -. 11 
-.06 

.03 
-.02 
.Ol 
.03 
.05 
.07 
.02 
.04 
.06 
-01 
.04 

-.01 

0 00 
* 00 . 00 . 00 
-00  
-00 
.oo 
.oo 
* 00 
.oo 
-00  
.oo . 00 
.oo . 00 
-00 . 00 
.oo . 00 
.oo . 00 
* 00 
D 00 . 00 . 00 
.oo 
-00  . 00 
.oo 

0 34 -00 -01 -05 .08 -.01 .OO -02 .03 .05 -.01 -01 -03  - .03 -00  e05 -00 
0 35 .oo .oo -00 -00  .oo .oo .oo .oo .oo .oo .oo .oo .DO .oo .oo .oo 
ODRAWDOWN WILL BE SAVED ON U N I T  40 AT END OF TIME STEP 
0 

1, STRESS PERIOD 1 

0 

IN: --- 
STORAGE = .OOOOO 

IN: --- 
STORAGE = .OOOOO 

J 

\ J. 

-9- 
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0 
0 
0 

CONSTANT BEAD - .17399B+06 
WELLS - .ooooo 

TOTAL IN - .17399Et06 
OUT: ---- 

STORAGE = .ooooo 
CONSTANT BEAD = 96968. 

WELLS - 77007. 
!EOTAL OUT - .173983+06 
IN - OUT 13.063 

PERCENT DISCREPAlPCY - .01 

CONSTANT HEAD - .17399Et06 , 
WELLS - .ooooo 

TUTAL IN - .17399Bt06 
Om: ---- 

I .  SrnRAGE = .ooooo 
CONSTANT BEAD = 96968. 

WELLS - 77007. 
TOTAL OUT - .17398EtO6 
IN - OUT 9 13.063 

PERCENT DISCREPANCY - . 01 

0 

. 
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1 U.S. GEOLOGIcAt SURVEY MODULAR FINITE-DIPFBRENCX GROUND-WATER MODEL 
'SHIELDALLOY MEI!ALLURGIW CORPORATION FOCUSED FS - HYDROGEOLOGIC SIMULATION SIMULATION 5 - SIM. 4 W/ mTERNATING BASIN RECH. 

2 LAYERS 35 Rows 16 COLUMNS 
-' 3 STRESS PEKIOD(S) IN SIMULATION 

MODEL TIME UNIT IS DAYS 
OI/O UNITS: 

ELXMBNT OF IUNIT: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
I/OUNIT:1112 0 0 0 0 0 1 8 1 9  0 0 2 2  0 0 0 0 0 0 0 0 0 0 0 0 

0-1 -- BASIC MODEL PACKAGE, VERSION 1, 9/1/87 INPUT REIIll FROM UNIT 1 
ARRAYS RBS AND BUFF WILL SHARE MEMORY. 
START HEAD WILL BE SAVED 

10699 ELBMENTS IN X ARRAY ARE USED BY BAS 
10699 -S OF X ARRAY USED OUT OF 100000 

OBCFl -- BLOCK-- PLOW PACKAGE, VERSION 1, 9/1/87 INPUT READ FRon UNIT 11 
TRAIOSIENT SIMULATION 

LAYER AQUIFKRTYPE ------------------- 
1 1 
2 0 

2242 ELEMENTS IN X ARRAY ARE USED BY BCF 
12941 ELEMEFTS OF X ARRAY USED OUT OF 100000 

O W B L l  -- WELL PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM 12 
MAXIMUMOF 8WELLS 

32 ELEMENTS IN X ARRAY ARE USED FOR WELLS 
12973 ELEMENTS OF X ARRAY USED OUT OF 100000 

ORCHl -- RECHARGE PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 18 
OPTION 1 -- RECHARGE TO TOP LAYER 

560 ELEMENTS OF X ARRAY USED FOR RECHARGE 
13533 ELEMENTS OF X ARRAY USED OUT OF 100000 

OSIPl -- STRONGLY IMPLICIT PROCEDURE SOLUTION PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 19 
MAXIMUM OF 50 ITERATIONS ALLWED FOR CLOSURE 

5 ITERATION PARAMETERS 
4685 ELEMENTS IN X ARRAY ARE USED BY SIP 

18218 ELEMENTS OF X ARRAY USED OUT-OF 100000 
1SHIELDALLOY MBTALLURGIW CORPORATION FOCUSED BS - HYD-LOGIC SIMULATION 
0 

SIMULATION 5 - SIM. 4 W/ ALTEMATINQ BASIN RECE. 

BOUNDARY ARRAY FOR lAYKR 1 WILL BE READ ON UNIT 1 USINQ FORMAT: (1613) 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ......................................................................... 
0 1  
' 2  

3 u: 
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
0 

-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 

-1 -1 

BOUNDARY ARRAY FOR LAYER 2 WILL BE READ ON UNIT 1 USING FORMAT: (1613) 
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0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 

-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

.. 
-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

.. 
-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 i _ _ _ _ ~ ~ ~  

-2 -2 -2 -2 -2 -2 -2 -2 
OAQUIPER HBAD WILL BE SET TO 
0 

999.99 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 ~~ 

-2 -2 -2 -2 -2 -2 -2 -2 
AT ALL NO-PLOW NODES (IBOUND=O). 

INITIAL HEAD FOR LAYER 1 WILL BE READ ON UNIT’ 1 USING FORMAT: (16F5.1) 
,-,--,,----,-,-----,-------------------------,----~-,-----l,----------------------------------~ 

10 J 1 2 3 4 5 6 7 8 9 1 
11 12 13 14 15 16 

0 1 92.90 93.00 93.10 93.20 93.30 93.40 93.60 
................................................................*......................~........**........................... 
0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

94.00 
92.40 
93.60 
92.00 
93.20 
91.60 
92. 80 
91.20 
92.40 
90.70 
91.90 
90.20 
91.50 
89.70 
91-00 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89.10 
88-00 
88.70 
87.70 
88.30 
87.50 
87.90 
87.30 
87.60 
87.00 

94.10 
92.60 
93.70 
92.20 
93.20 
91-80 
92.80 
91.40 
92.40 
90.90 
92.00 
90.40 
91.50 
89.90 
91-00 
89.50 
90.50 
89.20 
90.00 
88-80 
89.60 
88.40 
89.10 
88.10 
88.70 
87.80 
88.30 
87.60 
87.90 
87.30 
87.60 
86.90 

94.20 94.30 
92.70 92.80 
93.80 93.80 
92.30 92.40 
93.30 93.40 
91.90 92.00 
92.90 92.90 
91.50 91.60 
92.40 92.50 
91.00 91.20 
92.00 92.10 
90.60 90.70 
91.60 91.60 
90.10 90.30 
91-10 91.10 
89.70 89-80 
90.60 90.60 
89.30 89.40 
90.00 90.00 
88-90 89-00 
89.60 89.60 
88.60 88.70 
89-10 89.10 
88.20 88.30 
88.70 88.70 
87.90 88-00 
88.30 88.30 
87.60 87.70 
87.90 87.90 
87.30 87.30 
87.60 87.60 
87.00 87.00 

94.40 
92.90 
93.90 
92.50 
93.50 
92.20 
93.00 
91.80 
92.60 
91.40 
92.10 
90.90 
91.60 
90.40 
91.10 
90.00 
90.60 
89.50 
90.00 
89-10 
89.50 
88.80 
89.10 
88.40 
88.70 
88.10 
88.30 
87.70 
87.90 
87.40 
87.50 
87.00 

94.50 
93.00 
94.00 
92.70 
93.50 
92.30 
93.10 
91.90 
92.60 
91.50 
92.10 
91.00 
91.60 
90.50 
91.10 
90.10 
90.50 
89.60 
90.00 
89.20 
89.50 
88.90 
89.10 
88.50 
88.60 
88.10 
88.20 
87.80 
87.90 
87.40 
87.50 
87.10 

-2 - 

93.20 

92.80 

92.40 

92.00 

91.60 

91-10 

90.60 

90.20 

89-70 

89.30 

88.90 

88.60 , 

88.20 

87.80 

87.50 

87.10 

93.70 

93.30 

92.90 

92.50 

92.10 

91.70 

91.20 

90.70 

90.30 

89.80 

89.40 

89-00 

88.60 

88.20 

87.90 

87.50 

87.20 

93.80 

93.40 

93.00 

92.60 

92.20 

91.80 

91.30 

90.80 

90.30 

89.90 

89.40 

89.00 

88.70 

88.30 

87.90 

87.50 

87.20 

93.90 

93.50 

93.10 

92.70 

92.30 

91-90 

91.40 

90.90 

90.40 

89-90 

89.50 

89.10 

88.70 

88.30 

87.90 

87.60 

87.20 

I _j 



1 18 

i$ :: 
0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

87.20 
86.50 
86.80 
86.00 
86.50 
85.60 
86.10 
85.10 
85.50 
84.70 
85.00 
84.20 
84.40 
83.80 
83.90 
83.50 
83.40 
83.10 
82.90 
82.70 
82.40 
82.20 
82.00 
81.80 
81.50 
81.30 
81.10 
80.80 
80.60 
80.30 
80.20 
79.90 
79.70 
79.40 
79.30 
78.90 
78.90 

1 
11 

87.20 
86.50 
86.80 
86.10 
86.50 
85.70 
86.00 
85.20 
85.50 
84.80 
84.90 
84.30 
84.40 
83.90 
83.80 
83.50 
83.30 
83.10 
82.80 
82.70 
82.40 
82.20 
81.90 
81.80 
81.40 
81.30 
81.00 
80.80 
80.50 
80.40 
80.10 
79.90 
79.70 
79.40 
79.20 
79.00 
78.80 

2 
12 

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17  

0 18 

87.20 
86.60 
86.80 
86.20 

' 86.40 
85.80 
86.00 
85.30 
85.40 
84.90 
84.80 
84.40 
84.30 
84.00 
83.80 
83.50 
83.20 
83.10 
82.70 
82.70 
82.20 
82.20 
81.80 
81-80 
81.30 
81.30 
80.90 
80.80 
80.40 
80.40 
80.00 
79.90 
79.60 
79.50 
79.10 
79.00 
78.70 

87.20 
86.60 
86. 80 
86.30 
86.40 
85.90 
85.90 
85.40 
85.30 
84.90 
84.70 
84.50 
84.20 
84.00 
83.60 
83.60 
83.10 
83.10 
82.60 
82.70 
82.10 
82.20 
81.70 
81.80 
81.20 
81.30 
80.80 
80.80 
80.30 
80.40 
79.90 
80.00 
79.50 
79.50 
79.00 
79.10 
78.60 

87.20 
86-90 
86.80 
86.40 
86.40 
86.00 
85.90 
85.50 
85.20 
85.00 
84.66 
84.50 
84.00 
84.00 
83.40 
83.60 
82.90 
83.10 
82.40 
82.70 
82.00 
82.20 
81.50 
81.70 
81-10 
81.30 
80.70 
80.80 
80.30 
80.40 
79.80 
80.00 
79.40 
79.50 
78.90 
79.10 
78.50 

INITIAL HEAD FOR LAYER 

- . ,, 
87.20 
86.70 86.80 
86.90 
86.40 86.40 
86.40 
86.00 86.00 
85.90 
85.50 85.60 
85.10 
85.00 85.00 
84.50 
84.50 84.50 
83.80 
84.10 84.10 
83.30 
83.60 83.60 
82.80 
83.10 83.10 
82.30 
82.60 82.60 
81.90 
82.20 82.20 
81.40 
81.70 81.70 
81.00 
81.30 81.30 
80.60 
80.80 80.80 
80.20 
80.40 80.40 
79.70 
80.00 79.90 
79.30 
79.50 79.50 
78.80 
79.10 79.10 
78.40 

2 WILL BE READ ON UNIT 

86.80 

86.50 

86.10 

85.60 

85.10 

84.50 

84.00 

83.60 

83.10 

82.60 

82.10 

81.70 

81.20 

80.80 

80.30 

79.90 

79.50 

79.10 

86.80 

86.50 

86.10 

85.60 

85.00 

84.50 

84.00 

83.50 

83.00 

82.60 

82.10 

81.60 

81.20 

80.70 

80.30 

79.90 

79.50 

79.10 

1 USING WRMAT: (16F5.1) 

86.80 

86.50 

86.10 

85.60 

85.00 

84.50 

84.00 

83.50 

83.00 

82.50 

82.00 

81.60 

81.10 

80.70 

80.20 

79.80 

79.40 

79.00 

. 

3 4 5 6 7 8 9 10 
13 14 15 16 ............................................................................................................................. 

91.20 91.20 91.30 91.40 91.50 91.50 91.60 91.70 91.80 91.80 
91.90 91-90 92.00 92.00 92.10 92.10 
90.90 
91.60 
90.60 
91.30 
90.40 
91.00 
90.10 
90.70 
89-80 
90.40 
89.50 
90.10 
89.20 
89.70 
89.00 
89.40 
88.70 
89.10 
88.50 
88.70 
88.30 
88.40 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.10 
87.10 
86.80 
86.70 
86.40 
86.30 

91.00 91. i o  
91.60 91.70 
90.70 90.80 
91.30 91.40 
90.50 90.50 
91.00 91.10 
90.20 90.30 
90.70 90.70 
89-90 90.00 
90.40 90.40 
89.60 89.70 
90.10 90.10 
89.30 89.40 
89.70 89.70 
89.10 89.10 
89.40 89.40 
88.80 88.90 
89-10 89.00 
88.60 88.60 
88.70 88.70 
88.30 88.30 
88.40 88.40 
88-10 88.10 
88.10 88.00 
87.80 87.80 
87.70 87.70 
87.50 87.50 
87.40 87.30 
87.10 87.20 
87.00 87.00 
86.80 86.80 
86.70 86.60 
86.40 86.50 
86.30 86.20 

~~~~~ 

91.10 91.20 91.30 
91.70 
90.90 
91.40 
90.60 
91.10 
90.30 
90.70 
90.00 
90.40 
89.80 
90.10 
89.50 
89.70 
89.20 
89.40 
88.90 
89.00 
88.60 
88.70 
88.40 
88.30 
88.10 
88.00 
87.80 
87.60 
87.50 
87.30 
87.20 
86.90 
86.90 
86.60 
86.50 
86.20 

91.80 91.80 
91.00 91.00 
91.40 91.40 
90.70 90.70 

I91.10 91-10 
90.40 90.50 
90.70 90.70 
90.10 90.20 
90.40 90.30 
89.80 89.90 
90.00 90.00 
89.50 89.60 
89.70 89.70 
89.30 89.30 
89.30 89.30 
89.00 89.00 
89.00 89.00 
88.70 88.70 
88.60 88.50 
88.40 88.40 
88.20 88.10 
88.10 88.10 
87.90 87.80 
87.90 87.90 
87.60 87.50 
87.60 87.60 
87.20 87.20 
87.30 87.30 
86.90 86.90 
86.90 86.90 
86.50 86.50 
86.50 86.50 
86.20 86.20 

91.40 

91.10 

90.80 

90.50 

90.20 

89.90 

89.60 

89.30 

89.00 

88.70 

88.50 

88.20 

87.90 

87.60 

87.30 

86.90 

86.40 

91.40 91.50 

91.20 91.20 

90.90 90.90 

90.60 90.60 

90.30 90.30 

90.00 90.00 

89.70 89.70 

89.40 89.40 

89.10 89.10 

88.80 88.80 

88.50 88.50 

88.20 88.20 

87.90 87.90 

87.60 87.60 

87.30 87.20 

86.80 86.80 

86.40 86.40 

91.50 

91.30 

91.00 

90.70 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.40 

88.10 

87.80 

87.60 

87.20 

86.80 

86.40 

-3- 



o 19 
0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

86.10 
85.90 
85.70 
85.50 
85.30 
85.10 
84.90 
64.70 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
81.90 
81.70 
81.50 
81.20 
81.00 
80.80 
80.60 
80.40 
80.20 
79.90 
79.70 

86.10 
85.90 
85 - 80 
85;50 
85.30 
85.10 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
Eli90 
81.60 
81.50 
81.20 
81.00 
80.80 
80.60 
80.30 

86.10 
85.80 
85.80 
85.40 

85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.10 
83.00 
82.70 
82.50 
82.30 
82.10 
81.90 
81.60 
81.40 
81.20 
81.00 
80.80 
80.60 
80.30 

85.30 

86.10 
85.80 
85.70 
85.40 
85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.50 
83.40 
83.10 
82.90 
82.70 
82.50 
82.30 
82.10 
81.80 
81.60 
81.40 
81.20 
81.00 
80.70 
80.50 
80.30 

86.10 
85.80 
85.70 
85.40 
85.30 
85.00 
84.80 
84.60 
84.40 
84.10 
84.00 
83.70 
83.50 
83.30 
83.10 
82.90 
82.70 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 
80.50 
80.30 

86.00 
85.80 
85.60 
85.40 
85.20 
85.00 
84.80 
84.50 
84.40 
84.10 
83.90 
83.70 
83.50 
83.30 
83.10 
82.90 
82.60 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 
80.50 
80.30 

86.00 

85.60 

85.20 

84.80 

84.30 

83.90 

83.50 

83.10 

82.60 

82.20 

81.80 

, 

I 
80*90 t 

I 80.50 

i 80.20 80.10 80.10 80.10 80.10 
79.90 79.90 79.90 79.80 79.80 
79.70 79.70 79.70 79.60 79.60 79.60 

79.50 79.50 79.40 79.40 79.40 79.30 
79.30 79.30 79.20 79.20 79.20 79.20 
79.10 79.10 79.00 79.00 78.90 78.90 

I 
79.20 f 

0- PRINT FORMPAT IS FORMAT NUMBER 4 DRAWDOWN PRINT FORMAT IS FORMAT NUMBER 9 
0-S WILL BE SAVED ON UNIT 30 DRAWDOWNS WILL BE SaVED ON UNIT 40 
OOUTPUT COHTROL IS SPECIFIES EVERY TIME STEP 
0 MLuMlo M ROW ANISOTRDW = 1.0000 

86.00 

85.60 

85.20 

84.80 

84.30 

83.90 

83.50 

83.00 

82.60 

82-20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

1 
86.00 

85.60 

85.10 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

85.90, 

85.50 

85.10 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

82.10 

81.70 

81.30 

80.80 

80.40 

80.00 

79.50 

79.10 

J 

. 

0 
0 
0 
0 

0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

1 2 3 4 5 6 7 8 9 10 .LJ 
11 12 13 14 15 16 ............................................................................................................................. 

300.0 300.0 300.0 300.0 300.0 225.0 225.0 225.0 225.0 225.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 

225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 300.0 300.0 
300.0 300.0 225.0 
300.0 300.0 300.0 
300.0 300.0 225.0 
300.0 300.0 300.0 
300.0 300.0 225.0 
300.0 300.0 300.0 
300.0 300.0 225.0 
300.0 300.0 300.0 
225.0 225.0 200.0 
300.0 300.0 300.0 
225.0 225.0 200.0 
300.0 300.0 300.0 
225.0 225.0 200.0 
225.0 225.0 300.0 
225.0 225.0 200.0 
225.0 225.0 300.0 
225.0 225.0 200.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

225.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 
250.0 300.0 
250.0 200.0 

250.0 250.0 300.0 
250.0 250.0 200.0 
250.0 250.0 300.0 
250.0 250.0 250.0 
250.0 250.0 300.0 

225.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

225.0 

225.0 

225.0’ 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

225.0 225.0 

225.0 225.0 

225.0 225.0 

225.0 225.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

250.0 250.0 
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0 17 

18 

L/J' 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 
0 
0 
0 

W 

300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
175.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 

1 
11 

250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
175.0 
175.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 

2 
12 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

250.0 
250.0 
250.0 
250.0 

. 250.0 
250.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 

re- . 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
150.0 
175.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 

250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
175.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 

250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
175.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 

:.. 31 
250.0 250.0 

250.0 250.0 

250.0 . 250.0 

175.0 175.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

150.0 150.0 

250.0 

250.0 

250.0 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

= 30.00000 FOR LAYER 1 

= .1750000 FOR LAYER 2 
i. .1000000E-02 FOR LAYER 1 

250.0 * 

250.0 

250.0 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 t 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

3 4 ' 5  6 7 8 9 lo 
13 14 15 16 ............................................................................................................................. 

0 1 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 

6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000.- ' '"6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
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6000. 6000. 

6000. 6000. 

6000. 6000. 

6000. 6000. 

6000. 6000. 

700.0 700.0 

700.0 700.0 

700.0 700.0 

700.0 700.0 

700.0 700.0 

700.0 700.0 

8000. 8000. 

8000. 8000. 

6000. 6000. 

6000. 6000. 

6000. 6000. 

6000. 6000. 

6000. 6000. 

6000. 6000. 

6000. 6000. 

700.0 6000. 

700.0 6000. 

700.0 6000. 

700.0 6000. 

700.0 6000. 

700.0 6000. 

8000. 8000. 

8000. 8000.  



I -  

O 17 

0 18 

0 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

0 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

8 WEUS 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

8000. 
6000. 
8000. 
6000. 
6000. 
6000. 
4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

8000. 

z: i 

1500- 1500. i I 

1500. 

1500. 

1500. I 
I 

i 
I 

1500. 

1500. 

3000. 
i 

3000. ; 
3000. 1 
3000. 

3000. 

3000. 

3000. 

3000. 

3000. i 
! 

8000. 

8000. 

8000. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

8000. 

8000. 

8000. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

1 13 6 -13476. 
1 13 8 -14439. 
1 17 8 -4813.0 
1 24 8 -15401. 
2 13 8 -4813.0 
2 17 6 -4813.0 
2 24 8 -4813.0 

2 
3 
4 
5 
6 
7 
8 

0 

RECBARGE WILL BE READ ON U N I T  18 USING P O W :  (16F5.2) 

8000.. 

J 8000. 

8000. 

4000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

1 2 3 4 5 6 7 8 9 10 

0 1 .oooo . 0000 .oooo .oooo .oooo .oooo .oooo .oooo .moo .oooo 
0 2 .oooo .oooo .oooo .oooo .oooo .oooo .oooo .oooo .oooo .oooo 
0 3 .oooo . 0000 .oooo .oooo .oooo .oooo .oooo .oooo .oooo .oooo 

11 12 13 14 15 16 

.oooo .oooo .oooo .oooo .oooo .oooo 

.oooo .oooo .oooo .oooo .oooo .oooo 

.om0 . 0000 .oooo .oooo * 0000 .oooo 

............................................................................................................................. 
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0 4  

5 

-J' 6 

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

4 
0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 
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.oooo . 0000 . 0000 

.oooo . 0000 . 0000 
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.oooo 
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.oooo . 0000 
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.oooo 

.oooo 

.oooo 

.oooo 
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.oooo 

.oooo 
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.oooo . 0000 . 0000 
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OAVERAGE SEED = ,00187924 
MINIMUM SEED = ,00055600 
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0 
5 ITERATION PARAMETERS CALCULATED FROM A W G E  SED: 

.000OOOOE+00 .7917928E+OO .9566497B+00 .9909742E+OO .9981208E+00 
0 

10 ITERATIONS FOR TIME STEP 1 IN STRESS PERIOD 1 
OMAXIMUM HEAD CHANGE FOR EACH ITERATION: 
0 HEAD CEANGE LAYKR,ROW,COL EEAD CHMGE LAYER,ROW,COL HEAD CEANGE LAYFX,Row,COL BEAD CHANGE LAYER,ROW,COL HEAD CBANGE LAYdR,ROW,COL 

OHEAD/DRAWDOWN PRINTOUT FLAG - 1 
OOUTPUT FLAGS FOR EACE LAYER: 

TOTAT, BUDGET PRINTOUT FLAG = 1 CELL-BY-CELL FLOW TERM FLAG = 0 

BEAD DRAWDOWN EEAD DRAWDOWN 
LAYER PRINTOUT PRINTOUT SAVE SAVE 
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1 2 3 4 5 6 7 8 9 10 e 11 12 13 14 15 
16 

0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

1 

92.90 
94.50 
92.40 
94.00 
92.00 
93.50 
91.60 
93.10 
91.20 
92.60 
90.70 
92.10 
90.20 
91.60 
89.70 
91-10 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89.10 
88.00 
88.60 
87.70 
88.20 
87.50 
87.90 
87.30 
87.50 
87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84.50 
84.20 
83.80 
83.80 
83.30 
83.50 
82.80 
83.10 
82.30 

81.90 
82.20 
81.40 
81.80 
81.00 
81.30 
80.60 
80.80 
80.20 
80.30 
79.70 
79.90 
79.30 
79.40 
78.80 
78.90 
78.40 

82.70 

93.00 

92.55 

92.13 

91.71 

91.31 

90.84 

90.33 

89.86 

89.45 

89.03 

88.65 

88.27 

87.93 

87.62 

87.36 

87.10 

86. 80 

86.41 

86.02 

85.60 

85.13 

84.68 

84.23 

83.81 

83.43 

83.04 

82.62 

82.17 

81.74 

81.27 

80.80 

80.33 

79.89 

79.44 

79.00 

93.10 

92.66 

92.24 

91.82 

91.42 

90.96 

90.45 

89.96 

89.50 

89.05 

88.62 

88.21 

87.82 

87.48 

87.20 

86.94 

86.65 

86.32 

85.99 

85.58 

85.12 

84.67 

84.22 

83.80 

83.39 

82.97 

82.55 

82.12 

81.68 

81.24 

80.79 

80.34 

79.90 

79.46 

79.00 

93.20 

92.77 

92.34 

91.92 

91.52 

91.06 

90.54 

90.05 

89.56 

89.06 

88.58 

88.12 

93.30 

92.87 

92 - 44 
92.01 

91.60 

91.14 

90.63 

90.12 

89.61 

89.08 

88 a 56 

88.02 

87.66 '' 87.44 

87.27 
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-27 . 00 -. 06 
-10  
.30 
* 45 
.72 
.63 
- 5 8  
.44 
.36 
.30 
-17 
.15 
-14  

-.01 
-.04 -. 10 
-.21 -. 10 

.23 

.61  
1.29 
3.00 
1.50 
1.06 

.91 

.70 

.32 

.02 
-.04 

.15 

.40 

.71 
1.58 

.90 
-61 
.51 
.40 
D 24 
.20 
.18 
-06 

-.05 
-.07 
-.11 
-.20 
-.07 

.19 

.45 

.78 
1.23 
1.07 

-98 
.74 

.29 

.03 
-.02 

-04 
.25 
-50 
-78 
.59 
-55 
-50  
.41 
-25 
.22 
.20 
.08 

- 5.5. 

-03 
-.07 
-.07 
-.05 

-06 
.19 
-33 
.37 
.50 
.60 
-78  
.64 
-46. 
-27 

- .03 -. 10 
.oo 
.17 
-34 
.47 
. 4 1  
-41  
. 41  
.28 
-25 
.23 . 11 
* 10 

.01 
-03 
.05 . 00 
.OB 
.19 
.20 
.31 
.41 
.49 
.54 
.44 

-14 
-.02 
-.09 
-.01 

.13 
-16 
.26 
.31 
.34 
.25 
.24 
.23 
.12 
.12 
.ll 

,., -30 

.oo -.01 
-03 .03 
-07 .07 
-02 .03 
.09 .09 
.18 .07 
-17 .16 
.27 .24 
.35 .20 
.31 -26 
.35 .19 
.26 .21 
.25 -11 
-12 .oo 

-.02 -.12 
-.08 -.18 
-.02 -.12 

.oo -.01 

.ll -08  
-19 .15 
.24 .20 
.28 -23 
.20 .16 
.21 .17 
-11 -09  
.12 .10 
.12 .12 
-03 .04 

- .d l  . d3 
.d8 . d3 . ds . d6 
-15 
. is  . is . i z  
.i5 . d7 . d9 

-.oo 
1: 3; 
-.io 
-.do 

.07 

.12 
-16 . d9 . i2 
.14 . d7 . d9 . d l  . d4 

-.01 
-05  

-.02 
.02 

-.01 
.05 
-06 
.04 
.08 
.ll 
.02 
.04 

-.02 
.oo 

-.07 
-.11 
-.06 

.03 
-.02 

. O l  

.03 

.05 
-07 . 01 
.04 
.06 . 00 
.04 

-00 
-00  
-00  
-00  
.oo 
* 00 
.oo 
.oo . 00 
.oo . 00 
0 00 
.oo 
.oo 
.oo . 00 
.oo 
.oo 
.oo 
-00 
.oo 
.oo 
.oo 
v 00 
.oo 
.oo . 00 
.oo 

-00 e07 .02 -05 .08 .10 -02 -04 -07 .09 .01 .03 .05 .d7 -.01 .OO 
-00 -01 .05 -07 - .01 -00 .01  -03 .05 -.01 .Ol .03 -.03 .do .05 .OO 
.oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo -90  -00 .oo 

ODRWDOWN WILL BE SAVED ON UNIT 40 AT END OF TIME STEP 1, STRESS PERIOD 1 
0 I 

0 

J 
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4 -  
0 
0 

0 
0 
0 

--- 
STORAGE = 

CONSTANT HEAD - 
WEUS = 

RECFIARQE = 
TOTAL IN - 

STORAQE = 
CONSTANT HEAD = 

WELLS = 
R B m a  = 
TorAL OUT = 
IN - OUT 

PERCENT DISCRXPANCY = 

OUT: --- 

.103823+07 

.31873Et09 

.ooooo 

.ooooo 

.31977EtO9 

28668. 
.17918Et09 
.14054E+09 
.ooooo 
.31974E+09 
24448. . 01 

--- 
STORAQE = 568.87 

CONSTANT HBAD = .174653+06 
WELLS = .ooooo 

REcEARa = .ooooo 
TorAL IN = .1752lEt06 

OUT: ---- 
STORAGE - 15.708 

CONSTANT HEAD = 98179. 
WEUS = 77007. 

R E m a  = .ooooo 
IN - OUT 13.391 

PERCENT DISCXEPANCY = . 01 
TorAL OUT = .17520Et06 

0 

OREUSING WELLS PROM LiiST STRESS PERIOD 
0 

INITIAL TIHE STEP SIZE - 4.500000 

1 2 3 4 5 6 7 8 9 l o  

* 0000 .oooo .oooo .oooo .oooo .oooo .oooo . 0000 .oooo .oooo 
11 12 13 14 15 16 ............................................................................................................................. 

<&, 1 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.6420 

.oooo 

.oooo 

.oooo 

.oooo 
* 0000 . 0000 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 

. oaoo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 
* 0000 
.oooo . 0000 
-6420 
.oooo 
.oooo 
* 0000 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
* 0000 
.oooo 
.oooo 
.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.OOQO . 0000 

.6420 . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 . 0000 . 0000 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo . 0000 .oooo . 0000 .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo * 0000 

.oooo .oooo . 0000 .oooo 

.oooo .oooo . 0000 .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo . 0000 

.oooo .oooo 

.oooo . 0000 

.oooo .oooo 

.oooo .oooo 
* 0000 .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo . 0000 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 

.oooo 

.oooo 
* 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 
* 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 
* 0000 

* 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 
* 0000 

. 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

. 0000 

. 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

. 0000 

.oooo 

. 0000 

. 0000 

.oooo 

.oooo 

.oooo 

.oooo 

. 0000 

.oooo 

. 0000 

.oooo 

.a000 

.oooo 

.oooo 

.oooo 

.oooo 
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0 19 

0 20 

0 21  

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

n 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.a000 

.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.a000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 
..oooo 

.oooo 

.oooo 
* 0000 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo . 0000 
.oooo 
.oooo . 0000 
.oooo 
.oooo 
.oooo . 0000 
.oooo 
.oooo 
.oooo 
.oooo . 0000 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 

.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.a000 

.oooo 

.oooo 

.oooo 

.oooo 

.a000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo . 0000 

.oooo .oooo 

.oooo . 0000 . 0000 . 0000 

.oooo .oooo 

.oooo .oooo . 0000 .oooo 

.oooo . 0000 

.oooo .oooo 

.oooo .oooo 

.oooo . 0000 . 0000 . 0000 

.oooo . 0000 

.oooo .oooo 

.oooo .oooo 

.oooo . 0000 

.oooo . 0000 

.oooo . 0000 

.oooo .oooo 

.oooo .OD00 

.oooo .oooo 

.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

. 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

. 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.a000 

.oooo 

.oooo 

.oooo 

. 0000 

. 0000 

.oooo 

.oooo 

.oooo 

.oooo 

. 0000 

.oooo 

.oooo 

.oooo 
* 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

. 0000 

.oooo 

.oooo 

.oooo 

. 0000 

.oooo 

.oooo 

. 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 
,0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

J 

- 
8 ITERATIONS FOR TIME STEP 1 IN STRESS PERIOD 2 

OMAXIMUM HEAD CHANGE FOR EACH ITERATION: 
O BBAD CHANGE LAYER,ROW,COL BEAD CHANGE IAyER,ROW,COL BEAD CHANGE LAyER,ROW,COL BBAD CHANb IAyER,ROW,COL HEAD CEANGE ~ ~ , ~ I C d L  

REUSING PREVIOUS VATIJES OF IOFLG 
1 HEAD IN LAYER 1 AT END OF TIME STEP 1 IN STRESS PERIOD 2 

1 2 3 
16 

4 5 6 7 8 9 10 1 11 12 13 14 

0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

92.90 
94.50 
92.40 
94.00 
92.00 
93.50 
91 60 
93.10 
91.20 
92.60 
90.70 
92-10 
90.20 
91.60 
89.70 
91.10 
89.40 
90.50 
89-00 
90.00 
88.70 
89.50 
88.30 
89.10 
88-00 
88.60 
87.70 
88.20 
87.50 
87.90 
87.30 
87.50 

93.00 

92.55 

92.13 

91.73 

91.32 

90.85 

90.35 

89.87 

89.46 

89.05 

88.67 

88.29 

87.94 

87.63 

87.37 

87.11 

93.10 

92.67 

92.25 

91.85 

91.45 

90.99 

90.49 

90.00 

89.54 

89.08 

88.65 

88.24 

87.84 

87.50 

87.22 

86.95 

93.20 

92.78 

92.37 

91.96 

91.56 

91.11 

90.61 

90.11 

89.62 

89.12 

88.64 

88.16 

87.70 

87.30 

87.06 

86.82 

93.30 

92.89 

92.48 

92.07 

91.67 

91.23 

90.72 

90.22 

89.70 

89.17 

88.63 

88.08 

87.49 

86.93 

86.89 

86.71 

93.40 

93.01 

92.60 

92.19 

91.79 

91.34 

90.85 

90.34 

89.81 

89.26 

88.67 

88.03 

87.23 

87.05 

86.88 

86.66 

93.60 
.................................................................................*.....!...........*...........................-. 

93.90 94.00 94.10 94.20 94.30 94.40 

93.16 

92.74 

92.34 

91.93 

91.49 

91.01 

90.50 

89.95 

89.38 

88.77 

88.13 

87.49 

87.19 

86.93 

86.67 

93.70 

I 

I 
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93.28 

92.88 

92.49 

92.10 

91.67 

91.21 

90.70 

90.14 

89.54 

88.92 

88.24 

87.41 

87.28 

87.01 

86.71 

93.80 

93.40 

93.02 

92.64 

92.28 

91.89 

91.46 

90.97 

90.37 

89.74 

89.12 

88.50 

87.91 

87.52 

87.17 

86.83 

I 
93.52 93.64 

93.16 '93.29 

92.81 '92.96 

92-48 '92.69 
I 

92.16 92.46 

91.81 92.25 

91.37 '92.06 

90.66 '90.95 

89.96 '90.13 

89.32 '89.47 

I 

i 

(aaggo 
88*20 87.75 <87.92 

87.34 '87.50 

86.97 87.11 
I 

93.74 

93 e 40 

93.10 

92.87 

92.76 

92.73 

91.84 

90.96 

90.20 

89.55 

89.00 

88.50 

88.04 

87.62 

87.22 

93.83 

93.48 

93.17 

92.97 

92.99 

92.36 

91.65 

90.89 

90.20 

89.59 

89.06 

88.58 

88.13 

87.71 

87.32 

93.90 

93.51 

93.16 

92.84 

92.54 

92.06 

91.46 

90.78 

90.15 

89.59 

89.09 

88.62 

88.19 

87.78 

87.40 

93.95 

93.52 

93.12 

92.71 

92.29 

91.82 

91.27 

90.65 

90.08 

89.56 

89.09 

88.63 

88.21 

87.84 

87.46 



0 17 

18 

u 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31  

0 32 

0 33 

0 34 

0 35 

1 

87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84.50 
84.20 
83.80 
83.80 
83.30 
83.50 
82.80 
83.10 
82.30 
82.70 
81.90 
82.20 
81.40 
81-80 
81-00 
81.30 
80.60 
80.80 
80.20 
80.30 
79.70 
79.90 
79.30 
79.40 
78.80 
78.90 
78.40 

86.80 

86.42 

86.02 

85.60 

85.13 

84.68 

84.23 

83.81 

83.43 

83.04 

82.62 

82.17 

81.74 

81.27 

80. 80 

80.33 

79.89 

79.44 

79.00 

86.66 

86.33 

85.99 

85.59 

85.12 

84.67 

84.22 

83.80 

83.39 

82.97 

82.55 

82.12 

81.68 

81.24 

80. 79 

80. 34 

79.90 

79.46 

79.00 

86.55 

86.26 

85.95 

85.56 

85.10 

84.64 

84.19 

83.75 

83.31 

82.89 

82.47 

82.05 

81.63 

81.20 

80.77 

80. 34 

79.91 

79.49 

79.10 

86.47 

86.20 

85.91 

85.54 

85.08 

84.59 

84.11 

83.64 

83.21 

82.80 

82.39 

81.99 

81.58 

81.16 

80.74 

80.33 

79.91 

79.50 

79.10 

86.42 

86.16 

85.88 

85.52 

85.04 

84.52 

83.99 

83.50 

83.08 

82.70 

82.32 

81.92 

81.53 

81.12 

80.71 

80.31 

79.90 

79.50 

79.10 

86.40 

86.14 

85.87 

85.50 

85.00 

84.45 

83.85 

83.26 

82.93 

82.60 

82.24 

81.87 

81.48 

81.08 

80.68 

80.28 

79.88 

79.49 

79.10 

86.36 

86.15 

85.88 

85.50 

84.99 

84.40 

83.71 

82.75 

82.77 

82.52 

82.19 

81.82 

81.43 

81.04 

80.64 

80.25 

79.86 

79.47 

79.10 

86.51 86.63 

86.22 86.31 

85.92 85.99 

85.54 85.58 

85.02 85.06 

84.44 84.50 

83.83 83.93 

83.21 83.40 

82.87 82.96 

82.53 82.56 

82.16 82.16 

81.78 81.76 

81.39 81.36 

81.00 80.95 

80.60 80.55 

80.20 80.15 

79.82 79.76 

79.44 79.37 

79.10 79.00 

HgAD IN LAYER 2 ZCl2 END OF TIME STBP 1 IN STRKSS PERIOD 2 

86.75 

86.40 

86.06 

85.64 

85.11 

84.55 

84.01 

83.49 

83.02 

82.57 

82.15 

81.73 

81.32 

80.91 

80.50 

80.09 

79.69 

79.29 

78.90 

86.85 

86.48 

86.12 

85269 

85.15 

84.59 

84.04 

83.53 

83.04 

82.57 

82.12 

81.69 

81.27 

80.85 

80.44 

80.02 

79.61 

79.21 

78.80 

86.94 

86.56 

86.19 

85.72 

85.16 

84.59 

84.05 

83.54 

83.04 

82.55 

82.08 

81.64 

81.21 

80.79 

80.37 

79.95 

79.53 

79.11 

78.70 

87.02 

86.65 

86.25 

85.76 

85.16 

84.58 

84.01 

83.49 

82.98 

82.48 

82.02 

81.57 

81.14 

80.72 

80.29 

79.86 

79.44 

79.01 

78.60 

87.11 

86.75 

86.33 

85.82 

85.15 

84.54 

83.93 

83.39 

82.88 

82.40 

81.95 

81.49 

81.07 

80.65 

80.23 

79.78 

79.35 

78.91 

78.50 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
16 ................................................................................................................................ 

91.20 91.20 91.30 91.40 91.50 91.50 91.60 91.70 91.80 91.80 91.90 91.90 92.00 92.00 92.10 
92.10 

1 

2 

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

90.90 
91.80 
90.60 
91.40 
90.40 
91-10 
90.10 
90.70 
89.80 
90.30 
89.50 
90.00 
89.20 
89.70 
89.00 
89.30 
88.70 
89.00 
88.50 
88.50 
88.30 
88-10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.20 
87.10 
86.90 
86.80 
86.50 
86.40 
86.20 
86.10 
85.80 

90.97 

90.71 

90.45 

90.17 

89.88 

89.59 

89.30 

89.03 

88.75 

88.49 

88.23 

87.97 

87.67 

87.36 

87.03 

86.72 

86.39 

86.09 

91.05 

90.79 

90.53 

90.25 

89.96 

89.66 

89.37 

89.07 

88.76 

88.47 

88.17 

87.87 

87.56 

87.25 

86.94 

86.64 

86.35 

86.07 

91.14 

90.87 

90.60 

90.32 

90.04 

89.74 

89.43 

89-11 

88.78 

88.45 

88.11 

87.78 

87.46 

87.14 

86.84 

86.56 

86.30 

86.04 

91.22 

90.95 

90.68 

90- 40 

90.12 

89.82 

89.51 

89.15 

88.79 

88.42 

88.06 

87.69 

87.34 

87.01 

86.73 

86.47 

86.24 

86.00 

91.28 

91.02 

90.75 

90.48 

90.20 

89.92 

89.62 

89.20 

88.80 

88.40 

87.99 

87.59 

87.21 

86.85 

86.60 

86.38 

86.18 

85.99 

91.35 

91.09 

90.82 

90.55 

90.29 

90.04 

89.83 

89.40 

88.84 

88.30 

87.68 

86.96 

91.43 

91.16 

90.88 

90.61 

90.35 

-90.11 

89.92 

89.51 

88.87 

88 * 20 

87.21 

85.20 

91.50 

91.22 

90.93 

90.65 

90.38 

90.12 

89.91 

89.48 

88.92 

88.36 

87.72 

86.97 

91.54 

91.26 

90.97 

90.68 

90.38 

90.09 

89.77 

89.35 

88.92 

88.48 

88.04 

87.60 

91.60 

91.30 

91-00 

90.70 

90.38 

90.06 

89.72 

89.33 

88.92 

88.51 

88.10 

87.69 

91.63 

91.33 

91.03 

90.71 

90.38 

90.05 

89.69 

89.32 

88.93 

88.53 

88.14 

87.76 

91.68 

91.37 

91.05 

90.72 

90.38 

90.04 

89.69 

89.32 

88.93 

88.55 

88.17 

87.80 

91.71 

91.39 

91.06 

90.72 

90.38 

90.03 

89.68 

89.31 

88.94 

88.55 

88.18 

87.82 

91.76 

91.41 

91.07 

90.72 

90.36 

90.02 

89.68 

89.31 

88.95 

88.54 

88.16 

87.82 

86.84 86.40 86.83 87.20 87.31 87.39 87.45 87.48 87.50 

86.63 86.54 86.62 86.82 86.96 87.05 87.11 87.15 ; 87.18 

86.48 86.39 86.46 86.57 86.66 86.74 86.79 86.83 86.86 

86.27 86.10 86.25 86.34 86.40 86.45 86.49 86.51 86.52 

86.13 86.08 86.11 86.13 86.16 86.18 86.20 86.21 86.20 

86.00 85.98 85.97 85.93 85.92 85.92 85.92 85.91 85.87 
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0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

85.70 
85.40 
85.30 
85.00 
84.90 
84.50 
84.40 
84.10 
84.00 
83.70 
83.60 
83.30 
83.20 
82.90 
82. 80 
82.50 
82.30 
82.00 
81.90 
81.60 
81.50 
81.20 
81.00 
80.70 
80.60 
80.30 
80.20 
79.80 
79.70 
79.30 
79.30 

85.74 

85.31 

84.85 

84.38 

83.95 

83.52 

83.11 

82.69 

82.25 

81.83 

81.41 

80.97 

80.55 

80.13 

79.69 

79.30 

85.74 

85.30 

84.81 

84.33 

83.88 

83.44 

83.02 

82.60 

82.17 

81.76 

81.34 

80.92 

80.50 

80.08 

79.65 

79.20 

85.71 

85.26 

84.76 

84.27 

83.80 

83.35 

82.92 

82.51 

82.10 

81.69 

81.28 

80.87 

80.46 

80.05 

79.63 

79.20 

85.68 

85.22 

84.69 

84.18 

83.69 

83.24 

82.82 

82.41 

82.01 

81.62 

81.23 

80.83 

80.42 

80.02 

79.61 

79.20 

85.67 

85.18 

84.62 

84.06 

83.54 

83.11 

82.70 

82.30 

81.93 

81.55 

81.17 

80.79 

80.39 

80.00 

79.60 

79.20 

85.66 

85.10 

84-50 

83.85 

83.18 

82.87 

82.52 

82.16 

81.84 

81.50 

81.13 

80.75 

80.36 

79.98 

79.59 

79.20 

85.64 

85.05 

84.40 

83.59 

82.32 

82.60 

82.39 

82.09 

81.80 

81.46 

81.10 

80.72 

80.34 

79.96 

79.57 

79.20 

85.62 

85.06 

84.45 

83.79 

83.11 

82.81 

82.45 

82.10 

81.79 

81.45 

81.08 

80.70 

80.32 

79.93 

79.55 

79.20 

85.60 

85.09 

84.52 

83.96 

83.43 

82.99 

82.59 

82.19 

81.82 

81.45 

81.07 

80.69 

80.30 

79.91 

79.51 

79.10 
78.90 

0- WILL BE SAVED ON UNIT 30 A?! END OF TIME STEP 
1 DRAWDOWN I1 LAYER 1 AT END OF TIME STEP 1 I1 STRESS PERIOD 2 

1, STRESS PERIOD 2 

85.59 

85.11 

84.57 

84.04 

83.54 

83.09 

82.66 

82.25 

bl.86 

$1.47 

i31.08 

10.68 

60.29 

79.89 

79.49 

49.10 

85.58 

85.12 

84.60 

84.09 

83.61 

83.16 

82.72 

82.30 

81.89 

81.49 

81.08 

80.68 

80.27 

79.87 

79.47 

79.10 

85.58 

85.12 

84.61 

84.12 

83.65 

83.20 

82.77 

82.34 

81.92 

81.51 

81.10 

80.68 

80.26 

79.85 

79.43 

79.00 

0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
1 

-00  
- 0 0  
.oo 
-00 . 00 
.oo 
* 00 
.oo . 00 
-00  
-00 
.oo 
* 00 
-00 
.oo 
.oo . 00 . 00 
-00 . 00 
.oo 
.oo 
.oo . 00 
.oo 
-00  . 00 
-00 
.oo . 00 
-00  . 00 
.oo 
.oo 
-00  

.oo 
-05 
-07 
-07 
.08 
.05 
.05 
.03 
.04 
-15 
.13 
.ll 
.16 
.17 
-23 
.19 
-10 
.08 
.08 
.10 
-07 
-12 
.07 
.09 
.07 
.06 
.08 
.03 
.06 
.03 
-00 
-07 
.Ol 

-.04 
.oo 

.oo 

.03 

.05 

.05 
-05  
-01 . 11 
.10 
-16 
-22 
-25 
.36 
.36 
.40 
.38 
-35  
.34 
.27 
.21 
-21 
.18 
.23 
.18 
.20 
-11 
.13 
.15 
.08 
.12 
.06 
.01 - 06 

-.oo 
.04 . 00 

1 2 3 4 5 6 7 8 9 10 11 12 13 14, 15 16 ........................................................................................................ 
0 1  -00  -00  -00  .oo -00  .oo -00 .oo -00 .oo .od .oo .oo 
0 2  -02 -01 -a01 -04 -02 -.OO -.02 -SO4 -.04 -.03 -.ld -.05 .OO 

-03  -02 -10 -06 -02 -.02 -.06 -.09 -.20 -.le -.li -.02 -00 
-04  .13 
.04 .13 
.09 -17 
-09 .18 
-19 .18 
.18 -30 
-28 .33 
-36 .47 
-54 .72 
.60 .91 
.70 1.17 
.64 . .81 
.48 -69 
.45 .53 
.34 -50  
.35 .49 
-34 .46 
.30 .42 
.26 .4l 
.31 -39 
.25 -36 
-29 -39 
.21 .30 
.23 .31 
.15 -21 
.17 -12 
-10 .14 
.03 .06 
.06 .07 
.09 -09 

-11 
.ll 
.16 
.15 
.16 
-29 
-34 
-53  
.87 

1.27 
1.05 
.92 
.74 
.68 
.54 
.52 
* 48 
.46 
.48 
.51 
.60 
.52 
.40 
-28 
.28 
.17 
.18 
-09 
.09 
.10 

.06 

.07 

.ll 

.09 
-10 
.25 
.32 
.53 
.77 

1.11 
1.01 
.87 
-83 
-70 
.66 
.53 
.50 
.60 
-55 
-65 
.84 
.67 
.50 
.36 
.33 
.22 
.22 
.12 
.12 
.02 

-01 . 00 
-03 

-.01 . 00 
.16 
.26 
.48 
-76 
1.19 
-92 
-89 
-79 
.84 
-65 
-62 
-60 
.61 
.70 
.79 

1.25 
.83 
.58 
.41 
.28 
.27 
.16 
.16 
.05 
.04 

-.04 
-.08 
-.09 
-.16 
-.17 
-.07 
.16 
.28 
.50 
.79 
.78 
.73 
-67 
.69 
.58 
.58 
-56 
.58 
.56 
.67 
.79 
-63 
.47 
.44 
.32 
.21 
.20 
.10 
.10 
.08 

-. 11 
-.18 
-.26 
-.41 
-.47 
-.26 
-.06 
a 18 
.37 
-50 - 55 
-56 
.63 
.57 
.49 
-51 
.52 
.54 
.50 
.57 
.60 
-54 
-44 
.34 
.24 
.24 
.15 
.15 
-05 
-04  

-.16 
-.29 
-.56 
-.75 
-1.06 
-.45 -. 13 

.03 

.20 

.32 

.38 

.40 

.49 

.45 
-40 
.44 
-46 
.39 
-45 
.39 
.41 
-38 
-33 
.25 
.27 
.18 
.19 
.10 . 11 
.Ol 

-.io 
-.47 
-.76 
-1.23 

-.e4 
-.46 
-.20 

.05 

.10 

.20 
-26 
.28 
.38 
.35 
.32 
-38 
.31 
-35 
-31 
-36 
-27 
-26 
.23 
.28 
.21 
-13 
.15 
.06 
.OB 
.09 

-.27 
-.57 
-.99 
-.76 
-.55 
-.29 
-.20 
.01 
.04 
.12 
.17 
.19 
.28 
.26 
.24 
.21 
-28 
-24 
.21 
.25 
.26 
-16 
.15 
.12 
.16 
.09 
-11 
.03 
-05 
-07 

-.22 
-.34 
-.44 
-.46 
-.36 
-.la 
-.19 
.os 
.os 
.08 
.ll 
.12 
.20 
.18 
.15' 
-15' 
-14' 
.14, 
.12 
.19 
.ll 

.12 

-13 
-06 
-08 
.Ol 
.04 
-06 

-12, 

.os: 

. . ~  .~~ 
-.12 .oo 
-.11 .oo 
-.19 .oo 
-.22 .oo 
-.17 .OO 
-.05 -00  
-.08 .oo 
-.06 .OO 

.01 .oo 

.07 -00  

.09 .oo 

.06 -00 
-04 .OO 
-09 - 0 0  
-05 .OO 
.07 -00 
-08 .OO 
.05 -00 
.06 .OO 
.07 -00 
-01 .oo 
.02 -00  
.oo .oo 
.05 .OO 
.01 .oo 
.03 .OO 
.05 -00 
.07 .OO 
.02 .oo 
-05 -00  

.01 -.OO .OO .01 .03 -06 -03 -01 -a01 -.01 -a01 -.01 .OO .oo .oo .oo .oo .oo .oo .oo -00 .oo .oo .oo .oo e 00 
DRAWDOWN IN LAYER 2 AT END OF TIME STEP 1 IN STRESS PERIOD 2 ....................................................................... 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ........................................................................................................ 
0 1 -00 .oo .oo * 00 -00  .oo -00  .oo .oo .oo .oo .oo * 00 -00 .oo .oo 
0 2 - 0 0  -03  .05 -SO4 -.02 -02 -05 - .03 - 0 0  - S O 4  -00 - .03 .02 -.01 .04 -00  
0 3 -00 -.01 -01 -03 -05  -.02 SO1 -04 -.02 -04 -.OO -SO3 .03 .01 -.01 .OO 
0 4 -00  -05  - .03 -.OO .02 -a05 -.02 -02 - .03 .03 .OO -.03 -05 .04 .03 .OO 
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85.56 

85.10 

84.60 

84.13 

83.68 

83.24 

82.81 

82.38 

81.96 

81.53 

81.11 

80. 69 

80.26 

79.83 

79.40 

79.00 

85,.51 

84.5 85-, J, 
84.12 

83.69 

83.27 

82.85 

82.43 

81.99 

81.56 

81.14 

80.70 

80.26 

79.81 

79.35 

78.90 

J 



0 5  
6 
7 

\\\J ; 
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 

-00 -03 .05 -.02 -a00 
-00 -02 -04 -.04 -.02 
-00 -01 -04 -06 -.02 
.OO .OO .03 -07 -.01 
.OO .07 .03 -09 .15 
.OO .OS .14 .12 .21 
-00 -11 .13 .15 -28 
.OO -07 -13 .29 .34 
.OO .13 .23 .32 .41 
.OO .13 .24 .34 .56 
.OO .14 .25 .36 .59 
-00 .07 .26 .36 .57 
.OO .OB .16 .34 .43 
-00 .01 .15 .20 .26 
-00 .01 .03 .06 .10 
-00 -06 .06 - . D l  .02 
-00 -.01 .OO .04 .08 . 11 

.22 

.31 
-26 
.28 
.29 
.19 
.18 
-17 
-07 
.08 
.08 

.OO .05 .09 .14 
-00 -02 .07 .13 
.oo -05 .12 .20 
* 00 . 00 . 00 . 00 
-00  
* 00 
* 00 
* 00 . 00 

.08 

.09 
* 11 
.05 
.07 
.09 
.03 
.05 
.07 

-16 
.08 
-10 
.13 
.14 
.06 
.08 
* 10 
* 02 

.15 

.18 

.19 

.20 

.ll 

.12 

.13 

.04 
-05 

.02 
-.oo 
-.02 
-.02 

.10 

.20 
-30 
.41 
.51 
.69 
.75 
.70 
-52 
-32 . 01 

-.07 
.02 
.18 
.34 
.36 
.39 
.40 
.30 
.27 
.25 
.23 
.ll 
* 11 
.10 

-7 
-.os 
-.09 -. 14 
-.23 
-.lo 

.16 

.40 
-82 

1.24 
1.06 

.97 

.82 

.63 

.27 . 00 
-.06 

.10 

.30 

.45 

.72 

.63 

.58 

.44 

.36 

.30 

.17 

.15 

.14 

.02 

-40 .25 
-71 .51 

1.58 .79 
.90 .59 
.61 .55 
.51 .50 
.40 -41 
.24 .25 
.20 -22 

-.01 -.05 

-.11 -.12 
-.22 -.21 

.60 .44 

3.00 1.23 
1-50 1.07 

-91 .74 
-70 .55 
.32 .29 
.02 .03 

-.04 -.02 
-15 .04 

-.os -.oa 

-.ii -.oa 
.23 . l a  

1.29 .7a 

1.06 .9a 

I .02 .oo -.01 
1 -.08 -02 .02 
~ -.09 .04 .05 

-.07 -.02 .01 
1 .05 .07 .08 
I . l 8  .18 .17 
t .32 .19 .17 
1 .36 .30 .26 

.50 . 4 l  .34 

.60 .49 .31 
1 .78 .54 .35 

.46 .30 .25 
1 -27 -14 .12 

-.03 -.02 -.a2 
-.lo -.09 -.08 

I -01 -.01 -.02 
.18 .13 .OO 
.34 .16 .ll 

1 .47 .26 .19 
1 -41 .31 .24 

. 4 l  .34 .28 
1 . 4 l  -25 -20 

.28 .24 .21 

.25 .23 .ll 

.23 .12 .12 
.18 .20 .ll .12 .12 
-06 .08 .10 .ll .03 
.04 -07 -09 -01 -03  

t -63 -44 -26 

-.02 
.02 
.06 . 01 
.08 
.07 
-15 
.23 
.20 
.25 
.19 

, -21 
.ll . 00 -. 12 -. 18 -. 12 

I -.01 
.08 
.15 
.20 
-23 
.16 
-18 
.09 
.10 
.12 
.04 
-05 

-.02 
* 02 
.07 
.02 
.09 
.06 
.15 
.12 
-18 
.12 
.15 
.07 
.09 

-.01 
-.11 
-.16 
- . lo  
-.oo 

.07 

.12 

.16 

.09 
* 12 
.14 
.07 
.09 . 01 
-04 
-07 

-.02 
.04 

-.02 
.02 

-.01 
.05 
.06 
.04 
-08 
.10 
.02 
.04 

-.02 . 00 
-.07 -. 11 

'-.06 
.03 

-.02 . 01 
.03 
.05 
-07 . 01 
.04 
.06 . 00 
.04 
-.01 

.oo 
-00 . 00 . 00 . 00 . 00 . 00 . 00 
.oo 
.oo 
.oo . 00 . 00 . 00 
.oo 
.oo 
.oo . 00 . 00 . 00 . 00 
-00 . 00 . 00 . 00 
-00 . 00 . 00 
-00 

-00 -01 -05 -07 -.01 .OO -01 .03 -05 -.01 .01 -03 -.03 .OO .Of .OO 
.oo .oo -00  .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo 

ODRAWWWH WILL BE SAVED ON UNIT 40 AT END OF TIME STEP 
0 

1, STRESS PERIOD 2 

0 

'L/ 

1 
1 

IN: --- 
STORAGE - .10387B+07 

CONSTANT HEAD = .3194lB+09 
WELLS = .ooooo 

RECEARGE - .34668B+06 
TollAL IN - .32079E+09 

STORAGE = .1743lB+06 
CONSTANT HEAD = .179718+09 

WELLS = .14088E+09 
RECBARDE - .ooooo 

TOTAL OUT = .32077E+09 
IN - OUT 24352. 

OUT: ---- 

PERCENT DISCREPANCY = . 01 

TIME SUMMARY AT END OF TIME STEP 1 IN STRESS PERIOD 2 
SECONDS MINUTES B O W  DAYS 

In: --- 
STORAGE = 112.94 

CONSTANT BEAD = .15112B+06 
WELLS = .ooooo 

RECHARGE = 77040. 
TOTAL IN = .22827Et06 

OUT: ---- 
STORAGE = 32365. 

CONSTANT HEAD - .11892E+06 
WEUS - 77007. 

RECHARGE = .ooooo 
TollAL OUT - .22830B+06 
In - OUT -25.063 

PERCENT DISCREPANCY = -.01 

YEARS 

OREUSING WELLS FROM LAST STRESS PERIOD 
0 

RECHARGE WILL BE READ ON UNIT 18 USING FORMAT: (16F5.2) 
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...... 
0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20' 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

o 213 
0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

1 2 
11 12 

.oooo .oooo 

.oooo * 0000 

.oooo . 0000 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo . 0000 

.oooo .oooo 

.oooo .DO00 

.oooo .OD00 

.oooo .oooo . 0000 .oooo 

.oooo .oooo . 0000 .oooo 

.oooo . 0000 

.oooo .oooo 

.oooo . 0000 
* 0000 .oooo 

0000 .oooo 
.OD00 * 0000 
.oooo - .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo * 0000 . 0000 . 0000 
.oooo .oooo 
.oooo . 0000 
.oooo .oooo . 0000 .OD00 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
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* 0000 .oooo 
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.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo * 0000 
.oooo * 0000 
.oooo .oooo 
.oooo . 0000 
.oooo .oooo 

.................... 
3 4 5 
13 14 15 ...................................... 

.oooo .oooo . 0000 . 0000 .oooo . 0000 

.oooo .oooo .oooo 

.oooo . 0000 .oooo 

.oom .oooo .oooo . 0000 . 0000 .oooo . 0000 .oooo .oooo 

.oooo .oooo .oooo 

.oooo .oooo . 0000 

.oooo .oooo . 0000 

.oooo .oooo .a000 

.OD00 . 0000 . 0000 

.oooo . 0000 . 0000 . 0000 . 0000 .oooo . 0000 . 0000 .oooo 

.oooo .oooo .oooo 

.oooo .oooo .OD00 

.9630 .9630 . 0000 

.oooo .oooo .oooo 

.oooo .oooo .oooo . 0000 .oooo . 0000 

.oooo .oooo .oooo 

.DO00 . 0000 .oooo 

.oooo .oooo . 0000 

.oooo .oooo .oooo . 0000 . 0000 .oooo . 0000 .oooo .oooo . 0000 .oooo .oooo . 0000 .oooo . 0000 . 0000 .OD00 .oooo . 0000 . 0000 . 0000 . 0000 * 0000 . 0000 

.oooo .oooo 
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.oooo .a000 

.oooo .oooo . 0000 .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .DO00 

.oooo . 0000 

.oooo .oooo 
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.oooo .oooo 

.oooo .oooo 
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* 0000 .oooo 
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.oooo 

.oooo . 0000 

.oooo 

.oooo 
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.oooo 

.oooo 
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.oooo 

.OD00 
* 0000 
.OOOO 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
* 0000 
.OD00 

-----------------------.)--------------------------- 

I J 6 7 '  8 9 
16 .......................!..........................*.......... 

.oooo .oooo ' .oooo . 0000 .oooo 

.OD00 . 0000 . 0000 .oooo .oooo . 0000 

.oooo . 0000 .oooo , .oooo .oooo .PO00 

. 0000 .OD00 , . 0000 .oooo .oooo 
.oooo ' .oooo . 0000 .a000 

. 0000 . 0000 .DO00 .oooo .oooo .oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo .a000 .oooo .oooo .oooo 
I 

.oooo 

.oooo .oooo .oooo .oooo .oooo 

.oooo 

. 0000 

.oooo . 0000 .oooo 0000 .oooo 

.oooo 

.OD00 .oooo . 0000 .oooo .oooo 
* 0000 
.oooo . 0000 .oooo .oooo .oooo 
.oooo . 0000 . 0000 .oooo .oooo . 0000 

.oooo .oooo . 0000 .oooo . 0000 

. 0000 

.oooo .oooo .oooo .oooo . 0000 

.oooo . 0000 .oooo .oooo .DO00 .oooo 

.oooo 

.oooo .oooo .oooo .oooo .a000 . 0000 

.oooo .oooo .oooo .oooo .oooo 

.oooo 

.oooo .oooo . 0000 .oooo . 0000 
* 0000 
.oooo .oooo .oooo .oooo . 0000 
.oooo 
.oooo .oooo .oooo .oooo . 0000 
.oooo 
.oooo .oooo .oooo .oooo . 0000 
.oooo 
.oooo .oooo .oooo .oooo .oooo 
.oooo 
.oooo .oooo .oooo .oooo .oooo 
.oooo 
.oooo .oooo .a000 .oooo .oooo 
.oooo 
.oooo . 0000 .oooo .oooo .oooo 
.oooo 
.oooo .oooo .oooo .oooo s 0000 
.oooo 
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-.91 

-1.69 
-.91 
-.38 
-.20 
-.03 

.07 

.12 

-. 17 
-.19 
-.25 
-.48 -. 85 

-1.62 
-.e5 
-.35 
-.20 
-.05 

.03 

.06 

.17 

.15 

.13 

.13 

.13 

.13 
* 12 
-18 . 11 
.12 
.12 
.08 
.13 
-06 
.08 
.01 
.04 
.06 

-.01 
.oo 

-.08 
-.06 
-.14 
-.27 
-.40 
-.53 
-a40 
-.25 -. 11 . 00 

.04 

.03 

.02 

.04 

.06 

.08 

.04 

.06 

.07 

.Ol 

.02 

.DO 

.05 
* 01 
.03 
.05 
.07 
-02 
.05 

-.Ol 

. oa 

. oa 

. 00 . 00 

.oo 

.oo 
* 00 
.oo 
.oo . 00 . 00 

1 .oo 
, .oo 

.DO 
I .oo 
I .oo 
I .oo 
I .oo 
I .oo 
, .oo 
1 .oo 
I .oo . .oo . 00 
I .oo 
I .oo . .oo 
1 .DO 
I .OD 
' .DO 
I .oo 
I .oo . .oo 
1 .oo 

, . .................................................................. 
1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ........................................................................................................ 

0 1 .OD .oo .OD .oo .oo .oo .oo .oo -00 .oo .oo .oo .oo .oo .OD .oo 
0 2 -00  -03 -05 -.04 -.02 -02 -05 -.03 -00 -.04 .OO -.03 .02 -.01 -04  -00 
0 3  
0 4  
0 5  
0 6  

8 
9 

0 7  

'-0 ;: 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 

-00 -.01 
-00  -05 - 
.OO .03 
.oo .02 
-00 .01 
-00 .oo 
.OO .07 
.OO .05 
.oo .ll 
.OO .07 
.DO .13 
.OO -13 
.OD -14 
.OD .07 
.DO .08 
.oo -01 
.OD .01 
.OO .06 
.oo -.01 
.OO .05 
-00 .02 
.OO -05  
.OO -08 
.OD .09 
.oo .ll 
.DO -05 
.OD -07 
.oo -09 
.OO -03 
.OO -05  
.OO -07 
-00 .01 

.01 .03 
-.03 -.OO 
.05 -.03 
.04 -.04 
-04  .06 
-03 -07 
.03 .09 
.13 -12 
.13 .15 
.13 -28 
-23 .32 
.24 .34 
.25 .36 
.26 .36 
.16 .33 
.15 -20  
.03 .06 
.06 -.01 
.DO .04 
-09 .14 
.07 -13 
-12 .20 
-16 .15 
.08 -18 
-10 .19 
- 1 3  .20 
-14 .ll 
.06 .12 
.08 .13 
-10 .04 
-02  .05 
.05 .07 

.05 

.02 
-.oo 
-.02 
-.02 
-.01 

.15 

.21 

.28 

.34 
-41 
-56 
.59 
.57 
.43 
.26 
.10 
-02 
.08 
.ll 
.22 
.31 
.26 
.28 
-29 
.19 
-18 
.17 
.07 
.08 
.08 

-.01 

-. 02 
-.05 

.02 
-.01 -. 02 -. 02 

.09 

.20 
-30 
-41 
-51 
.68 
.75 
-70 
.52 
-32 
.01 

-.07 
.02 
.18 
* 34 
.36 
.39 
-40  
.30 
-27 
.25 
.23 
.ll 
.ll 
.10 . 00 

. 01 
-.02 
-.05 
-.09 
-.14 
-.23 -. 10 

-16 
.39 
.81 

1.24 
1.06 

* 97 
.82 
.63 
-27 . 00 

-a06 
.10 
.30 
.45 
.72 
-63 
.59 
.44 
-36 
.30 
.17 
.15 
.14 
.03 
-01 

.04 . 01 
-.01 -. 05 -. 11 
-.22 -. 11 

.22 

.60 
1.28 
3.00 
1.50 
1.06 

.91 
-70 
.32 
.02 

-.04 
.15 
.40 
.71 

1.58 
.90 
.61 
-51 
-41 
.24 
.20 
-18 
.06 
.04 
-03 

-. 02 
-.04 
-.D6 
-.08 
-.13 
-.21 
-.09 

.18 

.43 
-78 

1.22 
1.06 

.98 

.74 

.55 ' 

.29 

.03 
-.02 

-04 
.25 
.51 
.79 
-59 
.55 
.50 
-41 
.25 
-22 
-20  
-08 
.07 
.05 

.04 

.03 

.02 
-.09 
-.09 
-.07 

.04 
-17 
.31 
.36 
-49 
.60 
.78 
.63 
.46 ' 
.27 

-.04 
- . lo  . 00 

.18 

.34 

.47 
-41 
.41 
.41 
.28 
.25 
.23 . 11 
.10 
.09 

-.01 

-.oo 
-.oo . 00 

. O l  
-04 

-.02 
.06 - 17 
.18 
-30 
-40 
.49 
.54 
.44 

.i -30 
.14 

-.02 
-.09 
-.01 

-13 
.16 
-26 
.31 
.34 
.25 
.24 
.23 
.12 
.12 
.ll 
. O l  
.01 

-.04 
-.03 
-.01 

. O l  

.05 
-.oo 

.07 

.16 

.16 
-26 
-34 
.30 
.35 
.26 
.24 
.12 

-.02 
-.OB 
-.02 

-00 
-11 
.19 
.24 
.28 
.20 
.21 
.ll 
.12 
.12 
.03 
.03 
.03 

-03 
.05 

-.02 
.01 
.06 
.Ol 
-07 
.06 
-14 
.23 
.20 
.25 
.19 
.20 
.ll 
.oo 

-.12 

-.12 
-.01 

* 08 
.15 
.20 
.23 
. 1 6  
.18 
.09 

.12 
-04 
-05 

- . l a  

. i o  

-.03 

.01 -.01 .OD 

.04 -02 -00 
-.02 -.02 .oo 

-02 .04 .OO 
-06 -.02 -00 
.01 -02 -00  
.08 -.02 a 0 0  
.05 -04  .OO 
.14 .05 .OO 
-12 .04 .OO 

1 .18 .08 .OO 
.12 .10 .oo 

1 .15 .02 .OO 
1 -07 -04 .OD 

.09 -.02 .oo 
1 -.01 -00  .OD 

-.11 -.07 a 0 0  
-.16 -.11 e00 
- . l o  -.06 .DO 
-.DO .03 e00 

-07 -.02 -00 
-12 .01 .oo 

I -16 -03 .OO 
-09 .05 .OO 

1 .12 .07 -00 
I .14 .Dl .OD 
I .07 .04 .DO 
I .09 .06 .OO 
I -01 -00 .DO 
I .04 .04 .DO 
I . O f  -.01 -00  
I .DO .05 .OO 

0 35 .oo .OD .oo .OD -00 .oo .OD .DO -00 .oo .oo -00 .DO -00 .oo .oo 
ODRAWDOWN WILL BE SAVED ON UNIT 40 AT END OF TIME STEP 
0 

1, STRESS PERIOD 3 

0 
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I -  

O 
0 

0 
0 
0 

0 

--- 
STORAGE = .10618Et07 

CONSTANT HEAD - .31986B+09 
WELLS = .ooooo 

RECHARGE = .57780Et06 
TOTAL IN - .32150Et09 

OUT: ---- 
STORAGE - .22940E+06 

CONSTANT HEAD = .18013E+09 
WELLS - .14112E+09 

RECBARDE = .ooooo 
'IDTAL OUT = .32148Et09 
IN - OUT = 24256. 

PERCENT DISCRBPAIPCY - .01 

--- 
mRAa - 

CONSTANT HEAD = 
WELLS - 

RECHARGE - 
'POTAL IN = 

OUT: ---- 
STORAGE - 

CONSTANT HEAD = 
WBLLS = 

RECHARCE - 
mTAL OUT = 
IN - OUT - 

PERCBNT DISCREPANCY - 

J 
7699.9 = 
.15144Bt06 
.ooooo 
77040. 
.236181+06 ' 

18363. 
.14083Et06 
77007. 
.ooooo 
.2362OEtO6 

-17.547 
-.01 

TIHE SUMMARY AT EElD OF TIHE STgp 1 IN STRESS PERIOD 3 
SECONLM MINUTES HOUR8 DAYS YEARS 

-20- 
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1 U.8. GEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-WATER MODEL 
OSEIELDALLOY METALLURGICAL CORPORATION FOCUSED FS - HYDROGEOLOGIC SIMULATION SI-TION 6 - SIM. 4 W/ LAGOONS, ALT W3IN REQ 

2 LAYERS 35 Rows 16 COLUMNS 
3 STRESS PERIOD(9) IN SIMULATION 

'WDEL TIME UNIT IS DAYS 
OI/O UNITS: 
ELBHBNT OF IUNIT: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

I/OUNIT:1112 0 0 0 0 0 1 8 1 9  0 0 2 2  0 0 0 0 0 0 0 0 0 0 0 0 

ARRAYS RHS AND BUFP WILL S8ARE MEMORY. 
START BEAD WILL BE SAVED 

O m 1  -- BASIC MODEL PACKAGE, VERSION 1, 9/1/87 INPUT READ PRDn UNIT 1 

10699 ELEMENTS IN X ARRAY ARE USED BY BAS 
10699 ELEMENTS OF X ARRAY USED OUT OF 100000 

OBCPl -- BLOCK-- FLOW PACKAGE, VERBION 18 9/1/87 INPUT READ FROM UNIT 11 
TNWSIENT SIMULATION 

LAYER AQUIFERTYPE ------------------- 
1 1 
2 0 

2242 ELEHENTS IN X ARRAY ARE USED BY BCF 
12941 ELEMENTS OF X ARRAY USED OUT OF 100000 

OWEL1 -- WELL PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM 12 
MAXIMUMOF 8 w g U S  

32 ELEMENTS IN X ARRAY ARE USED FOR WKLLS 
12973 ELEMENTS OF X ARRAY USED OUT OF 100000 

ORCHl -- RECXARGE PACKAGE, VERSION 18 9/1/87 INPUT READ FROM UNIT 18 
OPTION 1 -- RECHAROE To TOP LAYER 

560 ELEMENTS OF X ARRAY USED FOR RECXARGE 
13533 ELEMENTS OF X ARRAY USED OUT OF 100000 

OSIPl -- STRONGLY IMPLICIT PROCEDURE SOLUTION PACKAGE, VERBION 18 9/1/87 INPUT READ PROM UNIT 19 
MAXIMUM OF 50 ITERATIONS W O W E D  FOR CLOSURE 
5 ITERATION PARAMETBRS 

4685 ELEMENTS IN X ARRAY ARE USED BY SIP 
18218 ELEMENTS OP X ARRAY USED OUT OF 100000 

1SHIELDWOY METAUURGICAL CORPORATION FOCUSED FS - HYDROQEOLOGIC SIMULATION 
0 

SIMULATION 6 - SIM. 4 W/ LAGOONS, ALT BASIN REQ 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ......................................................................... 
0 1  
0 2  

3 
4 

0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
0 

'4 5 

-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

i 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
'1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

. 1  
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
-1 -1 

BOUNDARY ARRAY FOR LAYER 2 WILL BE READ.ON UNIT 1 USING FORMAT: (1613) 
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............................................................................................... 
i 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ......................................................................... 

0 1  
0 2  

-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 

-2 -2 
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 .2 
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 '2 
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
- 2  
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 -2 -2 -2 -2 
2 -2 

- 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

- 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

- 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 

2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 

- -  
2 2  

-2 2 2 2 2 2 2 2 
-2 -2 -2 -2 -2 -2 -2 -2 

2 
2 2 2 2 2 2 2 - 2  
-2 -2 -2 -2 -2 -2 -2 -2 
AT ALL NO-FLOW NODES (IaOUND=O). OAQUIFER BEAD WILL BE SET 'IO 999.99 

0 

INITIAL HEAD FOR LAYER 1 WILL BE RgAD ON UNIT 1 USINQ FORMAT: (16P5.1) ............................................................................................... 
lo J 1 2 3 4 5 6 7 8 9 

11 12 13 14 15 16 ............................................................................................................................. 
0 1 92.90 93.00 93.10 93.20 93.30 93.40 93.60 93.70 93. BO 93.90 

94.00 94.10 94.20 94.30 94.40 94.50 
0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

93.30 

92.90 

92.50 

92.10 

91.70 

91.20 

90.70 

90.30 

89.80 

89.40 

89.00 

88.60 

88.20 

87.90 

87.50 

87.20 

93.40 

93.00 

92.60 

92.20 

91.80 

91.30 

90.80 

90.30 

89.90 

89.40 

89.00 

88.70 

88.30 

87.90 

87.50 

87.20 

93.50 

93.10 

92.70 

92.30 

91.90 

91.40 

90.90 

90.40 

89.90 

89.50 

89.10 

88.70 

88.30 

87.90 

87.60 

87.20 

92.40 92.60 92. lo 92.80 92.90 93.00 93.20 
93.60 93.70 93.80 93.80 93.90 94.00 
92.00 92.20 92.30 92.40 92.50 92.70 92.80 
93.20 93.20 93.30 93.40 93.50 93.50 
91.60 91.80 91.90 92.00 92.20 92.30 92.40 
92.80 92.80 92.90 92.90 93.00 93.10 
91.20 91.40 91.50 91.60 91.89 91.90 92.00 
92.40 
90.70 
91.90 
90.20 
91.50 
89.70 
91.00 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89-10 
88.00 
88.70 
87.70 
88.30 
87.50 
87.90 
87.30 
87.60 
87.00 

92.40 
90.90 
92.00 
90.40 
91.50 
89.90 
91.00 
89.50 
90.50 
89.20 
90.00 
88.80 
89.60 
88.40 
89.10 
88-10 
88.70 
87.80 
88.30 
87.60 
87.90 
87.30 
87.60 
86.90 

92.40 
91-00 
92.00 
90.60 
91.60 
90.10 
91.10 
89.70 
90.60 
89.30 
90.00 
88.90 
89.60 
88.60 
89.10 
88.20 
88.70 
87.90 
88.30 

87.90 
87.30 
87.60 
87.00 

87.60 

92.50 
91.20 
92.10 
90.70 
91.60 
90.30 
91.10 
89.80 
90.60 
89.40 
90.00 
89.00 
89.60 
88.70 
89.10 
88.30 
88.70 
88.00 
88.30 
87.70 
87.90 
87.30 
87.60 
87.09 

92.60 
91.40 
92.10 
90.90 
91.60 
90.40 
91-10 
90.00 
90.60 
89.50 
90.00 
89.10 
89.50 
88.80 
89.10 
88.40 
88.70 
88.10 
88.30 
87.70 
87.90 
87.40 
87.50 
87.00 

92.60 
91.50 
92.10 
91.00 
91.60 
90.50 
91-10 
90.10 
90.50 
89.60 
90.00 
89.20 
89.50 
88.90 
89-10 
88.50 
88.60 
88.10 
88.20 
87.80 
87.90 
87.40 
87.50 
87.10 

91.60 

91.10 

90.60 

90.20 

89.70 

89.30 

88.90 

88.60 

88.20 

87.80 

87.50 

87.10 

-2 - 



18 

L.’ 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

87.20 
86.50 
86.80 
86.00 
86.50 
85.60 
86.10 
85.10 
85.50 
84.70 
85.00 
84.20 
84.40 
83.80 
83.90 
83.50 
83.40 
83.10 
82.90 
82.70 
82.40 
82.20 
82.00 
81.80 
81.50 
81.30 
81.10 
80.80 
80.60 
80.30 
80.20 
79.90 
79.70 
79.40 
79.30 
78.90 
78.90 

87.20 
86.50 
86.80 
86.10 
86.50 
85.70 
86.00 
85.20 
85.50 
84.80 
84.90 
84.30 
84.40 
83.90 
83.80 
83.50 
83.30 
83.10 
82.80 
82.70 
82.40 
82.20 
81.90 
81.80 
81.40 
81.30 
81.00 
80.80 
80.50 
80.40 
80.10 
79.90 
79.70 
79.40 
79.20 
79.00 
78.80 

87.20 
86.60 
86.80 
86.20 
86.40 
85.80 
86.00 
85.30 
85.40 
84.90 
84.80 
84.40 
84.30 
84.00 
83.80 
83.50 
83.20 
83.10 
82.70 
82.70 
82.20 
82.20 
81.80 
81.80 
81.30 
81.30 
80.90 
80.80 
80.40 
80.40 
80.00 
79.90 
79.60 
79.50 
79.10 
79.00 
78.70 

87.20 
86.60 
86.80 
86.30 
86.40 
85.90 
85.90 
85.40 
85.30 
84.90 
84.70 
84.50 
84.20 
84.00 
83.60 
83.60 
83.10 
83.10 
82.60 
82.70 
82.10 
82.20 
81.70 
81.80 
81.20 
81.30 
80.80 
80.80 
80.30 
80.40 
79.90 
80.00 
79.50 
79.50 
79.00 
79.10 
78.60 

87.20 
86.70 
86.80 
86.40 
86.40 
86.00 
85.90 
85.50 
85.20 
85.00 
84.60 
84.50 
84.00 
84.00 
83.40 
83.60 
82.90 
83.10 
82.40 
82.70 
82.00 
82.20 
81.50 
81.70 
81.10 
81.30 
80.70 
80.80 
80.30 
80.40 
79.80 
80.00 
79.40 
79.50 
78.90 
79.10 
78.50 

., 2 * +  

87.20 
86.70 86.80 
86.90 
86.40 86.40 
86.40 
86.00 86.00 
85.90 
85.50 85.60 
85.10 
85.00 85.00 
84.50 
84.50 84.50 
83.80 
84.10 84.10 
83.30 
83.60 83.60 
82.80 
83.10 83.10 
82.30 
82.60 82.60 
81.90 
82.20 82.20 
81.40 
81.70 81.70 
81.00,  
81.30 81.30 
80.60 
80.80 80.80 
80.20 
80.40 80.40 
79.70 
80.00 79.90 
79.30 
79.50 79.50 
78.80 
79.10 79.10 
78.40 

I N I T I A L  HEAD FOR LAYER 2 WILL BE RBAD ON UNIT 

86.80 

86.50 

86.10 

85.60 

85.10 

84.50 

84.00 

83.60 

83.10 

82.60 

82.10 

81.70 

81.20 

80.80 

80.30 

79.90 

79.50 

79.10 

86.80 

86.50 

86.10 

85.60 

85.00 

84.50 

84.00 

83.50 

83.00 

82.60 

82.10 

81.60 

81.20 

BO. 70 

80.30 

79.90 

79.50 

79.10 

1 USING PORMkT: (1685.1) 

86.80 

86.50 

86.10 

85.60 

85.00 

84.50 

84.00 

83.50 . 
83.00 

82.50 

82.00 

81.60 

81.10 

80.70 

80. 20 

79.80 

79.40 

79.00 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

1 2 3 4 5 6 7 8 9 10 

LJ’ 1 91.20 91.20 91.30 91.40 91.50 91.50 91.60 91.70 91.80 91.80 
91-90 91-90 92.00 92.00 92.10 92.10 
90.90 91.00 91.10 91.10 91.20 91.30 91.40 91.40 91.50 91.50 
91.60 91.60 91.70 91.70 91.80 91.80 
90.60 90.70 90.80 90.90 91.00 91.00 91.10 91.20 91.20 91.30 
91.30 91.30 . 91.40 91.40 91.40 91.40 

11 12 13 14 15 16 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

90.40 
91.00 
90.10 
90.70 
89.80 
90.40 
89.50 
90.10 
89.20 
89.70 
89.00 
89.40 
88.70 
89.10 
88.50 
88.70 
88.30 
88.40 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.10 
87.10 
86.80 
86.70 
86.40 
86.30 

90.50 
91.00 
90.20 
90.70 
89.90 
90.40 
89.60 
90.10 
89.30 
89.70 
89.10 
89.40 
88.80 
89.10 
88.60 
88.70 
88.30 
88.40 
88.10 
88.10 
87.80 
87.70 
87.50 
87.40 
87.10 
87.00 
86.80 
86.70 
86.40 
86.30 

90.50 
91-10 
90.30 
90.70 
90.00 
90.40 
89.70 
90.10 
89.40 
89.70 
89.10 
89.40 
88.90 
89.00 
88.60 
88.70 
88.30 
88.40 
88.10 
88.00 
87.80 
87.70 
87.50 
87.30 
87.20 
87.00 
86.80 
86.60 
86.50 
86.20 

90.60 
91.10 
90.30 
90.70 
90.00 
90.40 
89.80 
90.10 
89.50 
89.70 
89.20 
89.40 
88.90 
89.00 
88.60 
88.70 
88.40 
88.30 
88.10 
88.00 
87.80 
87.60 
87.50 
87.30 
87.20 
86.90 
86.90 
86.60 
86.50 
86.20 

90.70 
91-10 
90.40 
90.70 
90.10 
90.40 
89.80 
90.00 
89.50 
89.70 
89.30 
89.30 
89.00 
89.00 
88.70 
88.60 
88.40 
88.20 
88.10 
87.90 
87.90 
87.60 
87.60 
87.20 
87.30 
86.90 
86.90 
86.50 
86.50 
86.20 

90.70 
91-10 
90.50 
90.70 
90.20 
90.30 
89.90 
90.00 
89.60 
89.70 
89.30 
89.30 
89.00 
89.00 
88.70 
88.50 
88.40 
88.10 
88.10 
87.80 
87.90 
87.50 
87.60 
87.20 
87.30 
86.90 
86.90 
86.50 
86.50 
86.20 

90.80 

90.50 

90.20 

89.90 

89.60 

89.30 

89.00 

88.70 

88.50 

88.20 

87.90 

87.60 

87.30 

86.90 

86.40 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.30 

86.80 

86.40 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.20 

86.80 

86.40 

91.00 

90.70 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.40 

88.10 

87.80 

87.60 

87.20 

86.80 

86.40 
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0 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

86.10 
85.90 
85.70 
85.50 
85.30 
85.10 
84.90 
84.70 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
81.90 
81.70 
81.50 
81.20 
81.00 
80.80 
80.60 
80.40 
80.20 
79.90 

86.10 
85.90 
85.80 
85.50 
85.30 
85.10 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
81.90 
81.60 
81.50 
81.20 
81.00 
80.80 
80.60 
80.30 
80.20 
79.90 

79.70 79.70 
79.50 79.50 
79.30 79.30 
79.10 79.10 

0- PRINT FORMAT IS FORMAT 
0-S WILL BE SAVED ON UNIT 
DOUTPUT CONTROL IS SPECIFIED 
0 
0 
0 
0 
0 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

86.10 
85.80 
85.80 
85.40 
85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.10 
83.00 
82.70 
82.50 
82.30 
82.10 
81.90 
81.60 
81.40 
81.20 
81.00 
80.80 
80.60 
80.30 
80.10 
79.90 

86.10 
85.80 
85.70 
85.40 
85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.50 
83.40 
83.10 
82.90 
82.70 
82.50 
82.30 
82.10 
81.80 
81.60 
81.40 
81.20 
81.00 
80.70 
80.50 
80.30 
80.10 
79.90 

86.10 
85.80 
85.70 
85.40 
85.30 
85.00 ~ 

84.80 
84.60 
84.40 
84.10 
84.00 
83.70 
83.50 
83.30 
83.10 
82.90 
82.70 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 
80.50 
80.30 
80.10 
79.80 

86.00 
85.80 
85.60 
85.40 
85.20 
85.00 
84.80 
84.50 
84.40 
84.10 
83.90 
83.70 
83.50 
83.30 
83.10 
82.90 
82.60 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 
80.50 
80.30 
80.10 
79.80 

86.00 

85.60 

85.20 

84.80 

84.30 

83.90 

83.50 

83.10 

82.60 

82.20 

81.80 

81.30 

80.90 

80.50 

80.00 

86.00 

85.60 , 85.20 

84.80 

84.30 

83.90 

83.50 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

I 

79.60 ‘ 79.70 79.70 79.60 79.60 
79.40 79.40 79.40 79.30 
79.20 79.20 79.20 79.20 79.20 ’ 
‘79.00 79.00 78.90 78.90 

I 
NUMBER 4 DRAWDOWNPRINTFORMATISFORMATNUMBER 9 
30 DRAWDOWNS WILL BE SAVED ON UNIT 40 
EVERY TIME STEP 

COLUMN To Row ~IsormdPY - 1.000000 
DELR - 200.00bO 
DELC - 200.00b0 

PRIMARY SMRAGE COEP .83600bOE- 

79.60 

79.20 

-01 FOR 

86.00 

85.60 

85.10 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

LAYER 1 

85.90 

1 85.50 

85.10 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

82.10 

81.70 . 

81.30 

80.80 

80.40 

80.00 

79.50 

79.10 

EYD. CONO. ALONG ROWS FOR LAYER 1 WILL BE READ ON UNIT 11 USINQ FORMAT: (16F4.0) 

J ............................................................................................. 
1 2 3 4 5 6 7 8 9 lo 
11 12 13 14 15 16 ............................................................................................................................. 

0 1 300.0 300.0 300.0 300.0 300.0 225.0 225.0 225.0 225.0 225.0 
225.0 225.0 300.0 300.0 300.0 300.0 
300.0 300.0 300.0 300.0 300.0 225.0 225.0 225.0 225.0 225.0 
225.0 225.0 300.0 300.0 300 - 0 300.0 _ _ _ _ _  
300.0 300.0 300.0 300.0 300.0 225.0 225.0 225.0 225.0 225.0 
225.0 225.0 300.0 300.0 300.0 300.0 
300.0 300.0 300.0 300.0 300.0 225.0 225.0 225.0 225.0 225.0 
225.0 225.0 300.0 300.0 300.0 300.0 
300.0 300.0 300.0 300.0 300.0 225.0 225.0 225.0 225.0 225.0 
225.0 225.0 300.0 300.0 300.0 300.0 

225.0 225.0 300.0 300.0 300.0 300.0 

225.0 225.0 300.0 300.0 300.0 300.0 

225.0 225.0 225.0 225.0 225.0 300.0 

225.0 225.0 225.0 225.0 225.0 300.0 

225.0 225.0 225.0 225.0 225.0 300.0 

250.0 250.0 250.0 250.0 250.0 300.0 

250.0 250.0 250.0 250.0 250.0 300.0 

250.0 250.0 250.0 250.0 250.0 300.0 

250.0 250.0 250.0 250.0 250.0 300.0 

250.0 250.0 250.0 250.0 250.0 300.0 
300.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0 
250.0 250.0 250.0 250.0 250.0 300.0 

300.0 225.0 225.0 225.0 225.0 200.0 200.0 200.0 200.0 200.0 

300.0 225.0 225.0 225.0 225.0 200.0 200.0 200.0 200.0 200.0 

300.0 225.0 225.0 225.0 225.0 200.0 200.0 200.0 200.0 200.0 

300.0 225.0 225.0 225.0 225.0 200.0 200.0 , 200.0 200.0 200.0 

300.0 225.0 225.0 225.0 225.0 200.0 200.0 200.0 200.0 200.0 

300.0 250.0 250.0 250.0 250.0 200.0 200.0 200.0 200.0 200.0 

300.0 250.0 250.0 250.0 250.0 200.0 200.0 , 200.0 200.0 200.0 

300.0 250.0 250.0 250.0 250.0 200.0 200.0 , 200.0 200.0 200.0 

300.0 250.0 250.0 250.0 250.0 200.0 200.0 200.0 200.0 200.0 

300.0 250.0 250.0 250.0 250.0 200.0 200.0 200.0 200.0 200.0 
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0 17 

18 w 19 
0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 
0 
0 
0 

300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
175.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 

1 
11 

250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
175.0 
175.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 

2 
12 

250.0 250.0 
250.0 250.0 
250.0 250.0 
250.0 250.0 
250.0 250.0 
250.0 250.0 
175.0 175.0 
175.0 175.0 
175.0 175.0 
175.0 175.0 
175.0 175.0 
175.0 175.0 
175.0 175.0 
175.0 175.0 
175.0 150.0 
175.0 175.0 
150.0 150.0 
150.0 150.0 
150.0 150.0 

150.0 150.0 
150.0 150.0 

250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
175.0 
175.0 
150.0 . 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 

250.0 250.0 
300.0 
250.0 250.0 
300.0 
250.0 250.0 
300.0 
175.0 175.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 _.... 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 

250.0 

250.0 

250.0 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 

250.0 

250.0 

250.0 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

200.0 300.0 
150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 
200.0 300.0 

BOTTOM = 30.00000 FOR LAYER 1 

PRIMARY STORAOE COEF - .1750000 FOR LAYER 2 
VERT HYD COND /THICKNESS 9 .1000OOOE-02 FOR LAYER 1 

250.0' 

250.0 

250.0 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

............................................................................................................................. 
0 1 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 

6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
8000. 
6000. 
8000. 
6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

8000. 

8000. 

-5- 



0 17 6000. 
6000. 

0 18 6000. 
6000. 

0 19 6000. 
6000. 

0 20 4000. 
4000. 

0 21 3000. 
3000. 

0 22 3000. 
3000. 

0 23 3000. 
3000. 

0 24 3000. 
3000. 

0 25 3000. 
3000. 

0 26 3000. 
3000. 

0 27 3000. 
3000. 

0 28 3000. 
3000. 

0 29 3000. 
3000. 

0 30 3000. 
3000. 

0 31 3000. 
3000. 

0 32 3000. 
3000. 

0 33 3000. 
3000. 

0 34 3000. 
3000. 

0 35 3000. 
3000. 

0 

0 

0 
1 

0 

0 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

8 WELLS 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

6000. 8000. 8000. 8000. 
6000. 6000. 
6000. 8000. 8000. 8000. 
6000. 6000. 
6000. 8000. 8000. 8000. 
6000. 6000. 
4000. 4000. 1500. 1500. 
4000. 4000. ~~~~~ 

3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. - . ~ ~ .  
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 

ACCELERATION PARAMgTER - 1.0000 
BEAD CHANGE CRITERION FOR CLOSURE - .10000E-02 
SIP HEAD CHANGE PRINTOUT INTEWAL - 1 

8000. 

8000. 

8000. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

RECEARGE WILL BE ReAD ON UNIT 18 USING F O h :  (16P5.2) 

800O.* 

J 8000. 

8000. 

4000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000, 

3000. 

3000. 

3000. 

3000. 

3000. 

. 

J 

1 2 3 4 5 6 7 8 9 10 

0 1 .oooo .oooo .oooo .oooo .oooo .oooo .oooo .oooo .oooo .oooo 

0 2 .oooo * 0000 .oooo .oooo .oooo .oooo .oooo .oooo .oooo .oooo 

11 12 13 14 15 16 

.oooo .oooo .oooo .oooo .oooo .oooo 
............................................................................................................................. 

.oooo .oooo .oooo .oooo .oooo .oooo 

.oooo .oooo .oooo .oooo .oooo .oooo 
0 3 .oooo .oooo .oooo .oooo .oooo .oooo .oooo .oooo .oooo .oooo 
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0 4  

5 

bJ 6 
0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

. 26 
u 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

.oooo . 0000 . 0000 

.oooo 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 
* 0000 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
* 0000 
.oooo 
.oooo 
* 0000 
.oooo 

. 0000 

.oooo . 0000 . 0000 

.oooo 

.oooo . 0000 

.oooo 

.oooo 
* 0000 
.oooo 
.oooo 
.oooo 
.oooo . 0000 
.oooo . 0000 . 0000 . 0000 
.oooo 
.oooo . 0000 . 0000 
.oooo . 0000 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
;oooo 
.oooo . 0000 . 0000 
.oooo . 0000 
.oooo . 0000 
.oooo 
.oooo 
.oooo . 0000 . 0000 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
* 0000 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo . 0000 
.oooo 
.oooo 
.oooo 
.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

.oooo 
* 0000 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo . 0000 . 0000 . 0000 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo . 0000 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo . 0000 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 . 0000 

.oooo . 0000 . 0000 . 0000 

.oooo . 0000 . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 . 0000 

.oooo . 0000 

.oooo . 0000 

.oooo 

.oooo . 0000 . 0000 

.oooo . 0000 

.oooo 

.oooo 

.oooo . 0000 . 0000 

.oooo . 0000 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

.oooo 
* 0000 
.oooo . 0000 
.oooo 
.oooo . 0000 
.oooo 
.oooo 
.oooo 
.oooo . 0000 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo . 0000 

.oooo 

.oooo . 0000 . 0000 

.oooo 

.oooo 

.oooo . 0000 . 0000 . 0000 

.oooo 

.oooo 

.oooo . 0000 

.oooo . 0000 

.oooo . 0000 . 0000 . 0000 . 0000 . 0000 . 0000 . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

.OD00 

.oooo . 0000 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo . 0000 

.oooo . 0000 . 0000 . 0000 . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.OOOO 

.oooo 

.OOOO . 0000 

.oooo 

.0000 . 0000 . 0000 

.oooo 

.oooo 

.oooo 

.oooo 

. 0000 

.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
. 0000 

.oooo 

.oooo 

.oooo 

. 0000 

.oooo 

. 0000 

.oooo 

. 0000 

.oooo 

.oooo 

. 0000 

. 0000 

.oooo 

. 0000 

.oooo 
.oooo 
.oooo 
.oooo 
. 0000 

.oooo 

. 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

. 0000 

. 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.OD00 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

. 0000 

.oooo 
* 0000 

.oooo 

.oooo 

.oooo . 

.oooo 

.oooo 

.oooo 

.oooo 

* 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.OD00 

.oooo 

. 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.OOOD 

. 0000 

.oooo 

.oooo 

.oooo 

.oooo 

. 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 
* 0000 

.oooo 

. 0000 

.oooo 

.OOOO' 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

. 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.OOOD 

. 0000 

. 0000 

. 0000 

.oooo 

.oooo 

.oooo 

.oooo 

. 0000 

. 0000 

.oooo 

.oooo 

.0000 

. 0000 

.oooo 

.oooo 

.oooo 

.oooo 
OAVERAGE SEED = .00187924 
MINIMUM SEED = .00055600 
0 

5 ITERRTION PARAMeTERs CALCULATBD FROM AVF.RAGE SEED: 

.0000000E+00 .79179286+00 .95664973+00 .99097423+00 .99812083+00 
0 

OMAXIMUM HEAD CHANGE FOR EACH ITERATIOH: 
10 I!KSBATIONS FOR TIME STEP 1 IN 8TRBSS PERIOD 1 

-2.328 [ 2, 13, 8) -.3493 ( 2, 14, 7) -.3448 ( 1, 14r 7) -.2319 ( 1, 14, 9) -.5752E-01 ( 1, 23, 10) 
-85496-02 ( 2, 21, 7) -75553-02 ( 1, 11, 9) .54266-02 ( 1, 14, 8) -3369E-02 ( 1, 13, 7) .8121E-03 ( 1, 22, 9) 

0 
iHEAD/DRAWDOWN PRINMUT FLAG = 1 
OOUTPUT FLAGS FOR EACH LAYER: 

TOTAL BUDGET PRINTOUT FLAG = 1 CELL-BY-CELL PLOW TERM PLAG = 0 

HEAD DRAWDOWN HEAD DRAWDOWN 
LAYER PRINTOUT PRINTOUT SAVE SAVE 
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0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19, 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

1 

......................................... 
1 1 1 1 1 
2 1 1 1 1 

1 BEAD IN LAYER 1 AT EM, OF TI13E STEP 1 IN STRESS PERIOD 1 ....................................................................... 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
16 ................................................................................................................................ 

0 1 92.90 93.00 93.10 93.20 93.30 93.40 93.60 93.70 93.80 93.90 '94.00 94.10 94.20 94.30 94.40 
94.50 
92.40 
94.00 
92.00 
93.50 
91.60 
93.10 
91.20 
92.60 
90.70 
92.10 
90.20 
91.60 
89.70 
91.10 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89.10 
88.00 
88.60 
87.70 
88.20 
87.50 
87.90 
87.30 
87.50 
87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84.50 
84.20 
83.80 
83. 80 
83.30 
83.50 
82-80 
83.10 
82.30 
82.70 
81.90 
82.20 
81.40 
81-80 
81-00 
81.30 
80.60 
80.80 
80.20 
80.30 
79.70 
79.90 
79.30 
79.40 
78.80 
78.90 
78.40 

92.55 

92.13 

91.71 

91.31 

90.84 

90.33 

89.86 

-89.45 

89.03 

88.65 

88.27 

87.93 

87.62 

87.36 

87.10 

86.80 

86.41 

86.02 

85.60 

85.13 

84.68 

84.23 

83.81 

83 * 43 

83.04 

82.62 

82 .I 17 

81.74 

81.27 

80.80 

80.33 

79.89 

79.44 

79.00 

92.66 

92.24 

91.82 

91.42 

90.96 

90.45 

89.96 

89.50 

89.05 

88.62 

88.21 

87.82 

87.48 

87.20 

86.94 

86.65 

86.32 

85.99 

85 * 58 

85.12 

84.67 

84.22 

83.80 

83.39 

82.97 

82.55 

82.12 

81.68 

81.24 

80.79 

80.34 

79.90 

79.46 

79.00 

92.77 

92.34 

91.92 

91.52 

91.06 

90.54 

90.05 

89.56 

89.06 

88.58 

88.12 

87.66 

87.27 

87.03 

86.80 

86.54 

86.25 

85.94 

85.56 

85.10 

84.64 

84.19 

83.74 

83.31 

82.89 

82.47 

82.05 

81.63 

81.20 

80.77 

80.34 

79.91 

79.49 

79.10 

92.87 

92.44 

92.01 

91.60 

91.14 

90.63 

90.12 

89.61 

89.08 

88.56 

88.02 

.87 * 44 

86.89 

86.86 

86.69 

86.45 

86.19 

85.90 

85.53 

85.07 

84.58 

84.10 

83.64 

83.21 

82. 80 

82.39 

81.99 

81.58 

81.16 

80.74 

80.33 

79.91 

79.50 

79.10 

92.98 

92.54 

92.11 

91.68 

91.21 

90.70 

90.19 

89.67 

89.13 

88.57 

87.95 

87.16 

87.00 

86.84 

86.63 

86.40 

86.14 

85.87 

85.51 

85.03 

84.51 

83.99 

83.49 

83.08 

82.70 

82.32 

81.92 

81.53 

81.12 

80.71 

80.31 

79.90 

79.50 

79.10 

93.12 

92.66 

92.22 

91.77 

91.30 

90.79 

90.27 

89.75 

89.20 

88.63 

88.02 

87.40 

87.12 

86.88 

86.63 

86.37 

86.12 

85.85 

85.49 

85.00 

84.44 

83 - 85 
83.26 

82.93 

82.60 

82.24 

81.87 

81.48 

81.08 

80.68 

80.28 

79.88 

79.49 

79.10 

93.23 

92.77 

92.32 

91.87 

91-39 

90.88 

90.37 

89.84 

89.29 

88.72 

88-09 

87.30 

87.20 

86.95 

86.66 

86.32 

86.13 

85.86 

85.49 

84.98 

84.39 

83.71 

82.75 

82.77 

82.52 

82.19 

81.82 

81.43 

81.04 

80.64 

80.25 

79.85 

79.47 

79.10 

93.34 

92.88 

92.42 

91.97 

91.49 

90.98 

90.47 

89.95 

89.41 

88.87 

88.32 

87.78 

87.43 

87.10 

86.78 

86.47 

86.20 

85.90 

85.52 

85.01 

84.43 

83.82 

83.21 

82.87 

82.53 

82.16 

81.78 

81.39 

81.00 

80.60 

80.20 

79.82 

79.44 

79.10 

93.44 

92.98 

92.52 

92.07 

91.59 

91.09 

90.58 

90.06 

89.54 

89.02 

88.52 

88.05 

87.65 

87.27 

86.92 

86.60 

86.28 

85.97 

85.57 

85.05 

84.49 

83.93 

83.40 

82.96 

82.55 

82.16 

81.76 

81.36 

80.95 

80.55 

80.15 

79.76 

79.37 

79.00 

93.54 

93.08 

92.62 

92.16 

91.68 

91.19 

90.68 

90.16 

89.64 

89.15 

88.68 

88.23 

i 

t87.82 
I 
87.43 

'87.06 

86.71 

'86.37 

86.04 

85.63 

85.10 

L4.55 

84.00 

83.49 

83.02 

82.57 

82.15 

81.73 

81.32 

80.91 

80.50 

80.09 

I b9.69 

79-29 

'I8.90 

93.65 

93.19 

92.72 

92.26 

91.79 

91.30 

90.79 

90.27 

89.74 

89.25 

88.80 

88.36 

87.94 

87.55 

87.18 

86.82 

86.46 

86.11 

85.68 

85.14 

84.58 

84.04 

83.53 

83.04 

82.57 

82.12 

81.69 

81.27 

80.85 

80.44 

80.02 

79.61 

79.21 

78.80 

93.74 

93.28 

92.82 

92.35 

91.89 

91.43 

90.91 

90.36 

89.83 

89.34 

88.89 

88.46 

88.05 

87.66 

87.28 

86.91 

86.55 

86.17 

85.71 

85.15 

84.59 

84.05 

83.53 

83.03 

82.54 

82.08 

81.64 

81.21 

80.79 

80.37 

79.95 

79.53 

79.11 

78.70 

93.83 93.92 

93.36 93.44 

92.90 92.99 

92.43 92.52 

91.97 92.04 

91.51 91.57 

91.00 91.06 

90.44 90.49 

89.91 89.96 

89.42 89.47 

88.97 89.04 

88.54 88.59 

88.13 88.19 

87.74 87.82 

87.37 87.45 

87.00 87.10 

86.63 86.74 

86.24 86. J 85.75 85.B. 

85.16 85.15 

84.58 84.54 

84.01 83.93 

83.49 83.39 

82.98 82.88 

82.48 82.40 

82.02 81.95 

81.57 81.49 

81.14 81.07 

80.72 80.65 

80.29 80.23 

79.86 79.78 

79.44 79.35 

79.01 78.91 

78.60 78.50 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 15 
16 ................................................................................................................................ 

91.20 91.20 91.30 91.40 91.50 91.50 91.60 91.70 91.80 91.80 91.90 91.90 92.00 92.00 92.10 

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

22 

23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

~~ ~ 

92.10 
90.90 
91.80 
90.60 
91.40 
90.40 
91.10 
90.10 
90.70 
89.80 
90.30 
89.50 
90.00 
89.20 
89.70 
89.00 
89.30 
88.70 
89.00 
88.50 
88.50 
88.30 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.20 
87.10 
86.90 
86.80 
86.50 
86.40 
86.20 
86.10 
85.80 
85.70 
85.40 
85.30 
85.00 
84.90 
84.50 
84.40 
84.10 
84.00 
83.70 
83.60 
83.30 
83.20 
82.90 
82.80 
82.50 
82.30 
82.00 
01.90 
81.60 
81.50 
81.20 
81.00 
80.70 
80.60 
80.30 
80.20 
79.80 
79.70 
79.30 
79.30 
78.90 

90.97 

90.70 

90.45 

90.17 

89.88 

89.59 

89.30 

89.03 

88.74 

88.49 

88.23 

87.97 

87.67 

87.36 

87.03 

86.72 

86.39 

86.09 

85.74 

85.31 

84.85 

84.38 

83.95 

83.52 

83.11 

82.69 

82.25 

81.83 

81.41 

80.97 

80.55 

80.13 

79.69 

79.30 

91.05 

90.79 

90.52 

90.25 

89.96 

89.66 

89.36 

89.07 

88.76 

88.47 

88.17 

87.87 

87.56 

87.25 

86.94 

86.64 

86.35 

86.07 

85.74 

85.30 

84.81 

84.33 

83.88 

83.44 

83.02 

82.60 

82.17 

81.76 

81.34 

80.92 

80.50 

80.08 

79.65 

79.20 

91.14 

90.87 

90.60 

90.32 

90.04 

89.74 

89.43 

89.11 

88.78 

88.45 

88.11 

87.78 

87.46 

87.14 

86.84 . 
86.56 

86.30 

86.04 

85.71 

85.26 

84.76 

84.27 

83.80 

83.35 

82.92 

82.51 

82.10 

81.69 

81.28 

80.87 

80.46 

80.05 

79.63 

79.20 

91.22 

90.95 

90.68 

90.40 

90.12 

89.82 

89.50 

89.15 

88.79 

88.42 

88.06 

87.69 

87.34 

87.01 

86.73 

86.47 

86.24 

86.00 

85.68 

85.22 

84.69 

84.18 

83.69 

83.24 

82.82 

82.41 

82.01 

81.62 

81.23 

80- 83 

80.42 

80.02 

79.61 

79.20 

91.27 

91.02 

90.75 

90.48 

90.20 

89.92 

89.61 

89.20 

88.80 

88.40 

87.99 

87.59 

87.21 

86.85 

86.60 

86.38 

86.18 

85.99 

85.67 

85.18 

84.62 

84.07 

83.54 

83.11 

82.70 

82.30 

81.93 

81.56 

81.17 

80.79 

80.39 

80.00 

79.60 

79.20 

91.35 

91.09 

90.82 

90.55 

90.28 

90.03 

89.82 

89.39 

88.84 

88.30 

87.68 

86.96 

86.84 

86.63 

86.48 

86.27 

86.13 

86.00 

85.66 

85.10 

84.50 

83.85 

83.18 

82.87 

82.52 

82.16 

81.84 

81.50 

81.13 

80.75 

80.36 

79.98 

79.59 

79.20 

91.43 

91.15 

90.88 

90.61 

90.34 

90.10 

89.91 

89.50 

88.87 

88.19 

87.21 

85.20 

86.40 

86.54 

86.39 

86.10 

86.08 

85.98 

85.64 

85.05 

84.40 

83.59 

82.32 

82.60 

82.39 

82.09 

81.80 

81.46 

81.10 

80.72 

80.34 

79.96 

79.57 

79.20 

91.50 

91.21 

90.93 

90.65 

90.37 

90.11 

89.90 

89.47 

88.91 

88.35 

87.72 

86.97 

86.83 

86.62 

86.46 

86.25 

86.11 

85.97 

85.62 

85.06 

84.45 

83.80 

83.12 

82.81 

82.45 

82.10 

81.79 

81.45 

81.08 

80.70 

80.32 

79.93 

79.55 

79.20 

91.54 

91.26 

90.96 

90.67 

90.37 

90.07 

89.75 

89.34 

88.91 

88.47 

88.03 

87.60 

87.20 

86.82 

86.56 

86.34 

86.13 

85.93 

85.60 

85.10 

84.53 

83.96 

83.43 

82.99 

82.59 

82.19 

81.82 

81.45 

81.07 

80.69 

80.30 

79.91 

79.51 

79.10 

91.59 

91.30 

90.99 

90.69 

90.37 

90.05 

89.70 

89.32 

88.91 

88.50 

88.09 

87.69 

87.31 

86.96 

86.66 

86.40 

86.16 

85.92 

85.59 

85.11 

84.57 

84.04 

83.54 

83.09 

82.66 

82.25 

81.86 

81.47 

81.08 

80.68 

80.29 

79.89 

79.49 

79.10 

91.63 

91.33 

91.02 

90.70 

90.37 

90.03 

89.68 

89.31 

88.92 

88.53 

88.13 

87.75 

87.39 

87.05 

86.74 

86.45 

86.18 

85.92 

85.58 

85.12 

84.60 

84.09 

83.61 

83.16 

82.72 

82.30 

81.89 

81.49 

81.08 

80.68 

80.27 

79.87 

79.47 

79.10 

91.68 

91.36 

91.04 

90.71 

90.37 

90.03 

89.67 

89.31 

88.93 

88.54 

88.16 

87.80 

87.44 

87.11 

86.79 

86.49 

86.20 

85.92 

85.58 

85.12 

84.61 

84.12 

83.65 

83.20 

82.77 

82.34 

81.93 

81.51 

81.10 

80.68 

80.26 

79.85 

79.43 

79.00 

OEEAD W I L L  BE SAVED ON UNIT 30 AT END OF TIME STEP 
1 DRAWDOWN IN LAYER 1 AT END OF TIME STEP 1 IN STRESS PERIOD 1 

1, STRESS PERIOD 1 
....................................................................... 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ........................................................................................................ 
0 1 .oo .oo .oo .oo .oo .oo .oo .oo -00 -00  .oo -00 .oo -00 .oo .oo 
0 2 -00  .05 -04 .03 .03 .02 .08 -07 -06 .06 .06 a05 -06 -.03 -a02 .OO 
0 3 -00  .07 -06 .06 .06 .16 - 1 4  -13 -12 .12 .12 -01 -02 -04 .06 .OO 

91.71 

91.39 

91.06 

90.71 

90.37 

90.02 

89.67 

89.31 

88.94 

88.55 

88.17 

87.82 

87.48 

87.15 

86.83 

86.51 

86.20 

85.91 

85.56 

85.10 

84.60 

84.13 

83.68 

83.24 

82.81 

82.38 

81.96 

81.53 

81.11 

80.69 

80.26 

79.83 

79.40 

79.00 

91.76 

91.41 

91.07 

90.71 

90.35 

90.02 

89.88 

89.31 

88.95 

88.54 

88.16 

87.82 

87.49 

87.18 

86.86 

86.52 

86.20 

85.87 

85.51 

85.06 

84.57 

84.12 

83.69 

83.27 

82.85 

82.43 

81.99 

81.56 

81.14 

80.70 

80.26 

79.81 

79.35 

78.90 

-9- 



0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
1 

-00 -09 
.oo .09 
-00  .06 
-00 .07 
.OO -04 
-00 -05 
-00 .17 
.OO .15 
.OO .13 
-00 .17 
.oo -18 
.OO .24 
-00 .20 
-00 .10 
.oo .09 
.oo .08 
.oo .10 
.OO .07 
.oo .12 
-00 .07 
.oo .09 
-00 .07 
-00 .06 
.oo .08 
.OO .03 
.OO -06 
-00 -03 
-00 .oo 
.OO .07 
.oo .01 
-00 -.04 
.oo -00 

------ 

* 08 
.08 
.04 
-15 
.14 

.25 

.28 
-39 
.38 
.42 
.40 
.36 
.35 
.28 
.21 
.22 
. l 8  
.23 
.18 
.20 
.ll 
-13 
-15 .23 .31 .28 
-08 .15 .21 .28 
.12 .17 .12 -17 
-06 .10 .14 -18 
.01 .03 -06 .09 
-06 .06 .07 -09 

-.oo .09 -09 -10 
-04 -01 -.OO .OO 
-00  .oo .oo -00 

DRAWDCWNINLAYER 2?iT 

.2a 

I .08 
I .08 
I .14 
I .16 
I -25 
1 -24 
I .34 
I -42 
1 .58 
I -64 
I .73 
1 -67 

.50 
-46 
.35 
-36 
.34 
.30 
.26 
.31 

1 .26 
.29 
.21 

.19 .19 
-20 .22 
.26 .29 
.27 .30 
.28 -31 
.39 -43 
.42 -47 
-54 -63 
.78 .95 
.96 1.34 

1.21 1.10 
.84 .96 
.71 -77 
-55 .70 
.51 .56 
-50 .53 
.47 -49 
.43 .47 
.42 .49 
.40 .51 
.36 .61 
.39 .52 
.30 .40 

.18 .18 

.23 -23 

.30 .31 

.31 .32 

.33 .33 

.45 .46 

.50 .51 
-67 .68 
.88 .91 

1.20 1.30 
1.08 1.00 

.92 -95 

.87 .84 

.73 .88 

.68 .67 

.55 .64 

.51 .61 

.60 .62 

.56 .71 

.65 .79 

.84 1.25 

.67 -83 

.50 .58 
-36 .41 
.33 .28 
-22 .27 
-22 -16 
.12 .16 
.12 .05 
.02 .05 
.01 .03 
-00 .oo 

END OF TIME 

.18 

.23 

.31 

.32 

.33 

.35 

.49 
-53  
.68 
.92 
-87 
-80 
.72 
.73 
.60 
.60 
.58 
.59 
.5? 
.68 
.79 
.63 
.47 
.44 
.32 
.21 
.20 
.10 
.10 
.OB 
.06 . 00 

STSP 

.18 .18 

.23 .24 

.31 .22 

.31 .31 

.32 .32 

.34 .34 

.36 .36 

.48 .35 

.58 -42 

.65 .47 

.65 .48 

.63 .47 
-68 -54 
.60 .49 
.52 .43 
-53 .46 
.53 .47 
.55 .40 
-51 -45 . ~- 
i57 .do 
.60 .41 
.54 .38 
.a5 .33 
-34 .25 
-24 -27 
.24 .18 
.15 -19 
.15 .10 
-05 .ll 
.04 .01 
.03 .01 
-00 .oo 

1 I N  STRESS 

.08 

.14 

.21 

.20 

.21 

.23 

.26 

.35 

.30 
0 34 
.36 
.35 
.42 
.38 
.34 
.39 
.32 
.36 
.32 
.36 
.27 
.26 
.23 
.28 
.21 
.13 
.15 
.06 
-08 
.09 

-.01 - . 00 
PERIOD -------- 

.OB 

.05 . 11 
-17 
.19 
.24 
-17 
.26 
.21 
.24 
.25 
-24 
-32 
.29 
.25 
.23 
.29 
.25 
.21 
.25 
.27 
.17 
.16 
.12 
.16 
.09 
.ll 
.03 
.05 
.07 

e.01 
-00 
1 .-- 

-.do . d7 
.13 
.09 
.10 
-16 
.09 
.1'8 . f 3  
.16 
.17 
-1.6 
-23 
.20 
.1'1 . l k  . l b  
.14 
-12 
.19 . ii 
.12 
.12 
* 08 
.13 
.06 
-08 
I O 1  
.04 
-06 

- . O l  . 00 

-01 
.08 
.06 
.03 
.04 
.ll 
.04 
.03 
.06 
.ll 
.ll 
.08 
.05 
.10 
.06 
.08 
.09 
.05 
.06 
.07 
. O l  
.02 
* 00 
.05 . 01 
.03 
.05 
.07 
.02 
.05 

-.01 . 00 

. 00 
* 00 . 00 . 00 
.oo 
.oo . 00 . 00 . 00 . 00 
.oo . 00 
.oo . 00 . 00 . 00 . 00 
* 00 . 00 . 00 . 00 . 00 . 00 
* 00 
-00 
.oo 
-00 
.oo 
.oo 
.oo 
.oo . 00 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ........................................................................ 
0 1 .oo .oo .oo .oo .oo -00 .oo .oo .oo .oo .oo 
0 2 -00 -03 -05 -e04 -.02 .03 .05 -.03 .OO -.a4 -01 
0 3 -00 - a 0 0  -01 -03 -05 -.02 -01 -05 -.01 -04 .OO 
0 4 -00 -05 -.02 -.OO -02 -.05 -.02 -02 -.03 -04 .01 
0 5 .OO -03 .05 -a02 -00 -02 -.05 -.01 -.05 -03 .01 
0 6 -00  -02 -04 -.04 -.02 -00 -.OS -.04 -.07 -.07 .03 
0 7 . O O  -01 -04 -06 -.02 -.a2 -.13 - . lo  -.11 -.07 -05 
0 8 -00 -00  -04 -07 -.OO -.01 -.22 -.21 -.20 -.05 .OO 
0 9 -00 -07 -03 -09 -15 .10 -.09 - . l o  -.07 .06 -08 
0 10 -00  -06 -14 -12 -21 .20 .16 -23 .19 .19 .19 
0 11 .OO -11 .13 -15 .28 -30 - 4 0  .61 -45 .33 -20 
0 12 .OO -07 .13 -29 -34 -41 -82 1.29 .?E .37 .31 
0 13 .OO -13 -23 -32 -41 . 5 l  1.24 3.00 1.23 .50 .41 
0 14 .OO .13 .24 -34  -56 -69 1.06 1.50 1.07 -60 .49 
0 15 -00 -14 .25 .36 .59 .75 .97 1.06 .98 .78 .54 
0 16 -00 -07 .26 -36 -57 -70 .82 .91 .?4 -64 .44 
0 17 -00 -08  -16 -34 -43  -52 .63 .70 -55 -46 .30 
0 18 -00 .01 -15 -20 .26 .32 -27 .32 -29 .27 .14 
0 19 -00  -01 -03 -06 -10 -01 -00  -02 -03 -.03 -.02 
0 20 -00 .06 -06 - S O 1  -02 -.07 -.06 -.04 -.02 - . l o  -.09 
0 21 -00  - S O 1  -00 -04  -08 -02 -10 e15 .04 .OO -.01 
0 22 -00  -05  -09 -14 -11 -18 -30 -40  .25 -17 -13 
0 23 -00  .02 .07 .13  .22 .33 -45 .71 .50 -34 .16 
0 24 -00 .05 -12 -20 .31 -36 .72 1.58 -78 -47 .26 
0 25 -00 -08 -16 -15 -26 .39 .63 -90 .59 -41 .31 
0 26 -00  -09 .08 .18 .28 .40 .58 .61 .55 .41 .34 
0 27 -00 -11 -10 .19 -29 .30 .44 -51 -50 -41 .25 
0 28 -00  -05 .13 .20 .19 .27 .36 .40 .41 .28 -24 
0 29 . O O  -07 .14 .ll -18 .24 .30 .24 -25 -25 .23 
0 30 . O O  -09 .06 .12 -17 .23 .17 .20 .22 .23 .12 
0 31 - 0 0  .03 .08 -13 .07 -11 .15 -18 .20 .ll .12 
0 32 -00  .05 .10 -04  -08 .11 .14 .06 -08 -10 .ll 
0 33 -00 .07 .02 - 0 5  .08 .10 .02 -04 .07 -09 .01 
0 34 -00 -01 -05 -07 - S O 1  -00 .01 .03 -05  -.01 -01 

ODRA- WILL BE SAVED ON UNIT 40 AT END OF TIME STEP 
0 

0 35 .oo -00 -00  .oo .oo .oo .oo .oo .oo -00  -00 
1, STRESS PERIOD 

t..... 

-00 
-.03 
-.03 
-.02 . 00 
-03 
.07 
-02 
.09 
-18 
.17 
.27 
.35 
-31 
.35 
.26 
-25 
.12 

-.02 
-.OS 
-.02 

* 00 . 11 
.19 
.24 
.28 
-20 
-21 
-11 
-12 
* 12 
-03 
-03 
.03 
.oo 
1 

...... 
.oo 
.02 
.04 
.06 -. 01 
-03 
-07 
.03 
.09 
-07 - 16 
.24 
.20 
.26 
.19 
.21 . 11 . 00 

-.12 
-.18 
-.12 
-.01 

.08 

.15 

.20 

.23 
-16 
.17 
.09 
.10 
.12 
.04 
.05 

-.03 
.oo 

...... 
.oo 

- . O l  
.01 
.04 

-.01 
.03 
.08 
.03 
.09 
.06 
-15 
.13 . i a  
.1;! 
0 15 . o? 
.od, 

-.OO 
-.11 -. 16: -. 10 
-.Od 

.01 

.12' 

.16 

.09 
* 12 
-14 
-07; 

-04. 
.07 

.09# 

.01* 

-00:  
-00,  

I 
I 

...... . 00 
.04 

-.01 
-03 

-.01 
-05 

-.02 
.02 

-.01 
.05 
.06 
.04 
.OB 
.ll 
.02 
.04 

-.02 
.oo 

-.07 
-.11 
-SO6 

.03 
-.02 

. O l  

.03 

.05 

.07 

.01 

.04 
-06 
.oo 
.04 

-.01 
.05 
-00  

... ...... . 00 . 00 
e 00 
.oo 
.oo 
.oo 
.oo . 00 
.oo . 00 . 00 . 00 
.oo . 00 . 00 
.oo 
.oo . 00 . 00 
-00 . 00 . 00 
-00 
* 00 
.oo 
.oo 
00 

.oo . 00 . 00 
-00 
.oo 
.oo 
.oo 
-00  

0 

'J 

L 1 
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'0 
0 
0 

0 
0 
0 

--- 
STORAGE = 

CONSTANT HEAD - 
WELLS = 

RECHARGE = 
TollAt IN = 

OUT: ---- 
STORAGE = 

CONSTANT HEAD = 
WELLS = 

RECHARGE = 
TOTAL OUT = 
m-oUT= 

PERCENT DISCRKPMCY = 

*:A' 

.10382E+07 

.31873E+09 

.ooooo 

.ooooo 

.319773+09 

28668. 
.17918E+09 
.l4054Bt09 
.ooooo 
.31974Bt09 
24448. . 01 

--- 
SmRAGE - 

CONSTANT HEAD = 
WELLS = 

RBCEARGE = 
TQllAG IN - 

OUT: ---- 
STORAGE = 

CONSTANT HEAD = 
WELLS= 

RECHARDB = 
TUrFaL om - 
IN - OUT 

PERCENT DISCREPANCY = 

568.67 
.1746531+06 
.ooooo . 00000 
.1752lE+O6 

15.708 
98179. 
77007. 
.ooooo 
.1752033+06 
13.391 

.01 

0 

1 2 3 4 5 6 7 8 9 lo 
11 12 13 14 15 16 ............................................................................................................................. 

'\.-,,/ 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 
-5610 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo . 0000 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo . 0000 
.oooo 

.oooo .oooo 

.oooo * 0000 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo . 0000 .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .5610 

.oooo .oooo 

.5610 . 0000 

.oooo .oooo 

.oooo . 0000 

.oooo .oooo 

.oooo . 0000 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .a000 

.oooo .oooo 

.oooo . 0000 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo . 0000 

.oooo * 0000 

.oooo .oooo 

.oooo 

.oooo 

.oooo 
* 0000 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo . 0000 . 0000 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
.oooo 
* 0000 . 0000 . 0000 

.oooo . 0000 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.0000 . 0000 . 0000 . 0000 

.oooo . 0000 

.oooo . 0000 . 0000 .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo ,0000 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo . 0000 .oooo . 0000 .oooo . 0000 . 0000 

.oooo * 0000 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo . 0000 .oooo 

.oooo .oooo 

.oooo .a000 

. 0000 

.oooo 
* 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

. 0000 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.lZOO .oooo 

.oooo .1200 

. 0000 .oooo 

.oooo .oooo 
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-47 .35 . i 9  -09 -04 . b i  . o i  
.76 .54 .37 .25 .17 . il .09 
.72 .55 .39 -28 -19 .il -06 
.67 -63 -49 .37 .28 .20 .04 
-69 .56 .45 .35 .26 -17 .09 

.53 .65 -65 .57 .49 -40 .31 .23 .i5 .05 

.52 .53 .62 -57 -51 -44 -38 -21 -15  .07 

.48 .50 .59 

.46 -59 -61 

.48 .55 .70 
- 5 0  -65 .79 
.60 .84 1.25 
-52 .67 .83 
-40 -50 .58 
-28 -36 . 4 1  
-27 -33  .28 
.17 .22 .27 
-18 .22 -16 
-09 -12 .16 
-09 -12 .05 
.10 -02  .04 
.OO .01 -03 
.oo .oo -00 

85.58 

85.12 

84.60 

84.09 

83.61 

83.16 

82.72 

82.30 

81.89 

81.49 

81.08 

80.68 

80.27 

79.87 

79.47 

79.10 

85.58 

85.12 

84.61 

84.12 

83.65 

83.20 

82.77 

82.34 

81.92 

81.51 

81.10 

80.68 

80.26 

79.85 

79.43 

79.00 

.- . ~ -  

.56 .51 -46  .31 .28 .14 .08 
-58 .53 -39 .35 .24 -14 .05 
-56 .50 - 4 5  .31 .21 -12 .06 
-67 -57 .39 .36 -25 -19 .07 
.79 .60 .41 .27 .26 . il .01 
.63 .54 -38 .26 .16 -12 .02 
.47 .44 -33  -23 .15 -12 .OO 
.44 .34 .25 .27 -12 .08 -05 
-32 .24 .27 .21 -16 . i 3  .01 
.21 .24 -18 .13 .09 -06 .03 
-20 -15 -19 -15 -11 .b8 .05 

.08 .04 .01 .09 .07 . b6 .05 

. i o  .15 . l o  .06 -03 . b i  .07 

. i o  .os .ii .08 -05  . b4 .02 

.oo .oo .oo .oo .oo .bo .oo 

.06 .03 . O I  - .OI -.OI - .bI  -.OI 

DRAWDOWN I N  LAYER 2 AT END OF TIME STEP 1 I N  STRESS PERIOD 2 

-00 
.oo 
-00 . 00 
-00 
-00  . 00 
-00  
.oo . 00 . 00 . 00 
.oo 
.oo 
.oo 
.oo . 00 
.oo 
-00 . 00 
.oo 
-00 
-00 . 00 . 00 
.oo 

....................................................................... 
1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ......................................................................................................... 

0 1 .oo .oo -00 .oo .oo .oo -00  -00  .oo .oo .oo .oo .oo .oo .oo .oo 
0 2 .OO -03 .05 -.04 -.02 -02 -05 -.03 .OO -.04 .OO -.03 .02 - . b l  -04 . O O  
0 3 -00  -.01 -01 -03 -05 -.02 -01 .04 -.02 -04  -00 -.03 -03 -01 -.01 - 0 0  
0 4 .OO .05 -.03 - .OO .02 -.05 -.02 .02 -.03 -03 .OO -.02 .05 .b4 .03 -00  
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85.56 85.51 

84.60 85.10 84.: 85* .J 
84.13 84.12 

83.68 83.69 

83.24 83.27 

82.81 82.85 

82.38 82.43 

81.96 81.99 

81.53 81.56 

81.11 81.14 

80.69 80.70 

80.26 80.26 

79.83 79.81 

79.40 79.35 

79.00 78.90 . 

J 

I 



0 5  
0 6  :; 

-4 1: 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 

.OO -03  .05 -.02 
-00  -02 .04 -.04 
.OO -01 .04 .06 
.OO .OO .03 .07 
.OO .07 .03 .09 
.OO .05 .13 .12 
.OO .ll -13 .15 
-00  .07 .13 
-00  .13 .23 
.OO .13 .24 
-00 .14 .25 
.OO .07 -26 
.OO .08 .16 
.OO .01 .15 
.OO .01 .03 
.OO .06 -06 - 
.oo -.01 .oo 

.29 

.32 

.34 

.36 

.36 

.34 

.20 

.06 
a.01 
.04 

.OO .05 -09 .14 

.OO .02 .07 .13 

.OO .05 .12 .20 

.OO .08 .16 .15 
-00  .09 .08 .18 
.oo .ll .10 .19 
-00 .05 .13 .20 
-00 .07 .14 .ll 
-00 -09 .06 .12 
.OO .03 .08 -13 
.OO .05 .10 .04 
.OO .07 -02 -05 

-.oo 
-.02 
-.02 
-.01 
-15 
-21 
.28 
.34 
.41 
-56 
.59 
.57 
.43 
.26 
.10 
.02 
.OB 
.ll 
.22 
.31 
.26 
.28 
.29 
.19 
.18 
.17 
.07 
.08 
.08 

-02' ' - .05 
-.oo -.09 
-.02 -.14 
-.02 -.23 
.09 -.lo 
.20 .16 
.30 .39 
.41 .81 
.51 1.24 
.68 1.06 
.75 .97 
.70 .82 
.52 .63 
.32 .27 
.01 .oo 

-.07 -.06 
.02 .10 
.18 .30 
.34 .45 
.36 .72 
.39 .63 
.40 .58 
.30 -44 
.27 .36 
.25 .30 
.23 .17 
.ll .15 
-11 -14 
-10 -02 

-.01 
-a05 
-.11 
-.22 
-.11 
.23 
.60 

1.29 
3.00 
1.50 
1.06 
.91 
.70 
.32 
.02 

-.04 
.15 
.40 
.71 

1.58 
.90 
.61 
.51 
.40 
.24 
.20 
.18 
.06 
-04 

-.05 -02 -00 
-.08 -.OB -02 
-.12 -.09 -04 
-.21 -.07 -.02 
-.09 e05 e07 
.18 -18 -18 
.44 .32 .19 
.78 -36 .30 
1.22 .50 .41 
1.07 -60 .49 
-98 .78 .54 
.74 .63 .44 
.55 .46 .30 
.29 -27 -14 
.03 -.03 -.02 

-.02 -.lo -.09 
.04 -01 -.01 
.25 .18 .13 
.51 -34 -16 
.79 .47 .26 
.59 .41 .31 
.55 -41 -34 
.50 .41 .25 
.4l -28 .24 
.25 .25 .23 
-22 .23 .12 
-20 .ll .12 
.OB .10 .11 
-07 -09 .01 

I -.01r5'-.02 -.02 
.02 .02 -02 

I .05 .06 .07 
.01 .02 .02 
.OB .08 .09 

I .17 -07 .06 
I .17 .15 .15 
1 .26 .23 .12 

-34 .20 .18 
1 .31 .25 .12 
I -35 -19 -15 
I .26 .21 .07 
I .25 .ll -09  

-.02 .oo 
.04 .OO 

-.02 .oo 
.02 .oo 

1 -.01 .oo 
.05 .OO 
.06 .OO 
-04 .OO 
.08 .oo 
.10 .oo 
.02 .oo 
.04 .OO 

I -.02 .oo 
.12 .oo -.01 .oo .oo 

-.02 -.12 -.11 -.07 -00  
I -.08 -.18 -.16 -.ll .OO 

-.02 -.12 -.lo -.06 .OO 
-00 -.01 -.OO -03 .OO 

I .ll .08 .07 -.02 .OO 
I .19 .15 .12 .01 .OO 

.24 .20 .16 .03 .OO 

.28 -23 .09 .05 .OO 

.20 .16 .12 .07 -00 

.21 .18 -14 .01 .OO 

.ll .09 .07 .04 .OO 

.12 .10 .09 .06 .OO 

.12 .12 .01 .oo .oo 
-03 .04 .04 .04 .OO 
-03 -05 -07 -.01 -00  

0 34 -00 -01 -05 .07 -.01 .OO -01 -03 -05 -.01 -01 -03 -.03 -00 -05 -00 
0 35 .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo 
ODRAwwrwN WILL BE SAVED ON UNIT 40 AT END OF TIME STEP 
0 

1, STRESS PERIOD 2 

0 

0 
0 
a 

IN: --- 
STORAGE = .10387Et07 

CONS"Z HEAD = .31941E+09 
WELLS = .ooooo 

RECHARGE = .34614Bt06 
TOTAL IN .32079Et09 

OUT: ---- 
STORAQE = .18116Et06 

CONSTANT HEAD = .1797OEtO9 
WELLS = .14088Et09 

RECHARGE = .OOOOO 
TCTAL OUT = .32077Et09 
IN - OUT p 24384. 

PERCENT DISCREPANCY = . 01 

. 

IN: --- 
STORFLGE = 104.60 

CONSTANT HEAD - .1511lXt06 
WELLS = . .ooooo 

RECHARGE = 76920. 
TOTAL IN = .22813Et06 

OUT: ---- 
STORMS - 33887. 

WELLS - 77007. 
CONSTANT HEAD - .11727Et06 

RECHARDE - .ooooo 
IN - OUT -24.938 

PERCEHT DISCREPANCY - -.01 

ToTAt OUT - .22816E+06 

0 

TIME SUMMARY AT END OF TIME STEP 1 IN STRESS PERIOD 2 
SECONDS MINUTES HOURS DAYS YEARS 

A 
1 STRESS PERIOD NO. 3, LENGTB = 3.000000 

HUMBER OF TIME STEPS - 1 

.............................................. 

MULTIPLIER FOR DKLT = 1.000 

INITIAT, TIME STEP SIZE 3.000000 
OREUSING WELLS FROM LAST STRESS PERIOD 
0 

RECHARGE WILL BE READ ON UNIT 18 USING FORMAT: (16F5.2) 
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1 2 3 4 5 6 7 8 9 
11 12 13 14 15 16 ..................................................................................... 
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7 ITERATIONS FOR TIME STEP 1 IN STRgSS PERIOD 
OMAXIMUM BEAD CHANGE FOR EACH ITERATION: 
0 HEAD CHANGE LAYER,ROW,COL BEAD CEANGE LAYER,RMY,COL BEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL 
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WEAD/DRAWDOWN PRINMUT FLAG 9 1 nrpAt BUDGET PRINMUT FLAG 1 CELL-BY-CELL FLOW TBRM FLAQ 0 0 
~EUSING PREVIOUS VALUES OF IOFLG 

BEAD IN LA= 1 Al' END OF TIME STEP 1 IN STRESS PERIOD 3 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
16 ................................................................................................................................ 

0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

19 

-0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

1 

92.90 
94.50 
92.40 
94.00 
92.00 
93.50 
91.60 
93.10 
91.20 
92.60 
90.70 
92.10 
90.20 
91.60 
89.70 
91-10 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89-10 
88.00 
88.60 
87.70 
88.20 
87.50 
87.90 
87.30 
87.50 
87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84.50 
84.20 
83.80 
83.80 
83.30 
83.50 
82.80 
83.10 
82.30 
82.70 
81.90 
82.20 
81.40 
81.80 
81-00 
81.30 
80.60 
80.80 
80.20 
80.30 
79.70 
79.90 
79.30 
79.40 
78.80 
78.90 
78.40 

93.00 

92.55 

92.14 

91.73 

91.33 

90.86 

90.36 

89.89 

89.48 

89.06 

88.68 

88.30 

87.95 

87.64 

87.38 

87.12 

86.81 

86.42 

86.03 

85.61 

85.13 

84.68 

84.23 

83.81 

83.43 

83.04 

82.62 

82.17 

81.74 

81.27 

80.80 

80.33 

79.89 

79.44 

79.00 

93.10 

92.68 

92.26 

91.86 

91.47 

91.02 

90.52 

90.04 

89.58 

89.12 

88.68 

88.27 

87.87 

87.52 

87.24 

86.97 

86.67 

86.34 

86.00 

85.59 

85.13 

84.67 

84.22 

83.80 

83.39 

82.97 

82.55 

82.12 

81.69 

81.24 

80.79 

80.34 

79.90 

79.46 

79.00 

93.20 

92.79 

92.38 

91.98 

91.59 

91.15 

90.65 

90.16 

89.68 

89.18 

88.69 

88.21 

87.74 

87.33 

87. 08 

86.84 

86.57 

86.27 

85.96 

85.57 

85.11 

84.64 

84.19 

83.75 

83.31 

82.99 

82.47 

82.05 

81.63 

81.20 

80.77 

80.34 

79.91 

79.49 

79.10 

93.30 

92.89 

92.49 

92.10 

91.71 

91.28 

90.79 

90.29 

89.78 

89.25 

88.70 

88.14 

87.55 

86.97 

86.93 

86.74 

86.50 

86.22 

85.93 

85.56 

85.09 

84.59 

84.11 

83.64 

83.21 

82.80 

82.40 

81.99 

81.58 

81.16 

80.74 

80.33 

79.91 

79.50 

79.10 

93.40 

93.01 

92.62 

92.22 

91.83 

91.40 

90.94 

90.45 

89.92 

89.36 

88.77 

88.11 

87.30 

87.11 

86.92 

86.70 

86.45 

86.19 

85.90 

85.53 

85.05 

84.53 

84.00 

83.50 

83.09 

82.70 

82.32 

81.93 

81.53 

81.12 

80.71 

80.31 

79.90 

79.50 

79.10 

93.60 93.70 

93.16 

92.76 

92.36 

91.97 

91.56 

91.11 

90.65 

90.11 

89.52 

88.90 

88.24 

87.58 

87.26 

86.98 

86.71 

86.43 

86.17 

85.89 

85.52 

85.02 

84.45 

83.86 

83.26 

82.93 

82.60 

82.24 

81.87 

81.48 

81.08 

80.68 

80.28 

79.88 

79.49 

79.10 

93.29 

92.89 

92.50 

92.12 

91.72 

91.31 

90.94 

90.34 

89.71 

89.06 

88.36 

87.51 

87.36 

87.07 

86.76 

86.39 

86.18 

85.90 

85.52 

85.01 

84.41 

83.72 

82.76 

82.77 

82.52 

82.19 

81.82 

81.43 

81.04 

80.64 

80.25 

79.86 

79.47 

79.10 

93.80 

93.40 

93.01 

92.63 

92.26 

91.88 

91.47 

91.06 

90.61 

89.93 

89.28 

88.63 

88.02 

87.61 

87.23 

86.88 

86.55 

86.26 

85.95 

85.56 

85.03 

84.45 

83.83 

83.22 

82.87 

82.53 

82.17 

81.78 

81.39 

81.00 

80.60 

80.21 

79.82 

79.44 

79.10 

93.90 

93.51 

93.13 

92.76 

92.40 

92.03 

91.64 

91.22 

90.73 

90.12 

89.49 

88.88 

88.32 

87.85 

87.41 

87.02 

86.68 

86.34 

86.01 

85.61 

85.08 

84.51 

83.94 

83.41 

82.96 

82.56 

82.16 

81.76 

81.36 

80.95 

80.55 

80.15 

79.76 

79.37 

79.00 

HERD IN LAYER 2 AT END OF TIME STEP 1 IN STRESS PXRIOD 3 

94.00 

93.62 

93.24 

92.87 

92.51 

92.16 

91.81 

91.42 

90.94 

90.31 

89.67 

89.07 

88.52 

88.03 

87.58 

87.17 

86.79 

86.43 

86.08 

85.66 

85.13 

84.56 

84.01 

83.49 

83.02 

82.58 

82.15 

81.73 

81.32 

80.91 

80.50 

80.09 

79.69 

79.29 

78.90 

94.10 

93.72 

93.34 

92.97 

92.61 

92.28 

91.97 

91.66 

91.31 

90.55 

89.83 

89.20 

86.65 

88.15 

87.70 

87.28 

86.89 

86.51 

86.15 

85.71 

85.16 

84.59 

84.05 

83.53 

83.04 

82.57 

82.13 

81.69 

81.27 

80.85 

80.44 

80.02 

79.61 

79.21 

78.80 

94.20 

93.80 

93.41 

93.03 

92.67 

92.35 

92.08 

91.92 

92.10 

90.82 

89.94 

89.28 

88.72 

88.23 

87.78 

137.37 

86.97 

86.59 

86.21 

85.73 

85.17 

84.60 

84.05 

83.54 

83.04 

82.55 

82.09 

81.64 

81.21 

80.79 

80.37 

79.95 

79.53 

79.11 

78.70 

94.30 

93.88 

93.46 

93.06 

92.68 

92.32 

92.03 

91.86 

92.02 

90.76 

89.91 

89.28 

88.74 

88.26 

87.83 

87.43 

87.05 

86.67 

86.27 

85.77 

85.17 

84.58 

84.02 

83.49 

82.98 

82.48 

82.02 

81.57 

81.14 

80.72 

80.29 

79.86 

79.44 

79.01 

78.60 

94.40 

93.94 

93.49 

93. 08 

92.65 

92.23 

91.84 

91.46 

91.06 

90.36 

89.73 . 

89.20 

88.69 

88.25 

87.87 

87 * 48 

87.12 

86.76 

96.34 

85.82 

85.16 

84.54 

63.93 

83.39 

62. 88 

82.40 

81.95 

81.49 

81.07 

80.65 

80.23 

79.78 

79.35 

78.91 

78.50 
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0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

0 22 

0 23 

0 24 

. 0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

91.20 
92-10 
90.90 
91-80 
90.60 
91.40 
90.40 
91.10 
90.10 
90.70 
89-80 
90.30 
89.50 
90.00 
89.20 
89.70 
89.00 
89.30 
88.70 
89.00 
88.50 
88-50 
88.30 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.20 
87.10 
86.90 
86.80 
86.50 
86.40 
86.20 
86.10 
85 * 80 
85.70 
85.40 
85.30 
85.00 
84.90 
84.50 
84.40 
84.10 
84.00 
83.70 
83.60 
83.30 
83.20 
82.90 
82.80 
82.50 
82.30 
82.00 
81.90 
81.60 
81.50 
81.20 
81.00 
80.70 
80.60 
80.30 
80.20 
79.80 
79.70 
79.30 
79.30 
78.90 

91.20 

90.97 

90.71 

90.45 

90.17 

89.88 

89.59 

89.30 

89.03 

88.75 

88.49 

88.23- 

87.97 

87.67 

87.36 

87.03 

86.72 

86.39 

86.09 

85.74 

85.31 

84.85 

84.38 

83.95 

83.52 

83.11 

82.69 

82.25 

81.83 

81.41 

80.97 

80.55 

80.13 

79.69 

79.30 

91.30 

91.05 

90.79 

90.53 

90.25 

89.96 

89.67 

89.37 

89.07 

88.77 

88.47 

88.17 

87.87 

87.56 

87.25 

86.94 

86.64 

86.35 

86.07 

85.74 

85.30 

84.81 

84.33 

83.88 

83.44 

83.02 

82.60 

82.17 

81.76 

81.34 

80.92 

80.50 

80.08 

79.65 

79.20 

91.40 91.50 

91.14 91.22 

90.87 90.95 

90.60 90.68 

90.33 90.40 

90.04 90.12 

89.74 89.83 

89.43 89.51 

89.11 89.16 

88.78 88:79 

88.45 88.43 

88.12 88.06 

87.79 87.69 

87.46 87.34 

87.14 87.01 

86.84 86.73 

86.57 86.47 

86.30 86.24 

86.04 86.00 

85.71 85.68 

85.26 85.22 

84.76 84.69 

84.27 84.18 

83.80 83.69 

83.35 83.24 

82.92 82.82 

82.51 82.41 

82.10 82.01 

81.69 81.62 

81.28 81.23 

80.87 80.83 

80.46 80.42 

80.05 80.02 

79.63 79.61 

79.20 79.20 

91.50 

91.28 

91.02 

90.75 

90.48 

90.21 

89.93 

89.62 

89.21 

88.81 

88.40 

88.00 

87.59 

87.22 

86.85 

86.60 

86.38 

86.18 

85.99 

85.67 

85.18 

84.62 

84.06 

83.54 

83.11 

82.70 

82.30 

81.93 

81.55 

81.17 

80.79 

80.39 

80.00 

79.60 

79.20 

91.60 

91.35 

91.09 

90.82 

90.55 

90.29 

90.04 

89.83 

89.40 

88.85 

88.31 

87.69 

86.96 

86.84 

86.63 

86.48 

86.27 

86.13 

86.00 

85.66 

85.10 

84.50 

83.85 

83.18 

82.87 

82.51 

82.16 

81.84 

81.50 

81.13 

80.75 

80.36 

79.97 

79.59 

79.20 

91.70 

91.43 

91.16 

90.89 

90.61 

90.35 

90.11 

89.93 

89.51 

88.88 

88.20 

87.22 

85.20 

86.40 

86.54 

86.39 

86.10 

86.08 

85.98 

85.64 

85.05 

84 - 40 
83.59 

82.32 

82.60 

. a p 9  

82.09 

81.79 

81.46 

81.10 

80.72 

80.34 

79.96 

79.57 

79.20 

91.80 

91.50 

91.22 

90.94 

90.66 

90.38 

90.13 

89.91 

89.49 

88.93 

88.37 

87.72 

86.98 

86.84 

86.62 

86.46 

86.25 

86.11 

85.97 

85.62 

85.06 

84.45 

83.79 

83.11 

82.81 

82.45 

82.10 

81.79 

81.45 

81.08 

80.70 

80.32 

79.93 

79.55 

79.20 

OBEAD WILL BE SAVED ON UNIT 30 AT END OF TIME STEP 1. STRESS PERIOD 3 

91.80 91.90 

91.54 91.60 

91.26 91.30 

90.97 91.00 

90.68 90.70 

90.39 90.39 

90.09 90.06 

89.77 ' 89.72 

89.36 89.34 

88.93 ' 88.93 
88.49 ' 88.52 
88.04 ' 88.10 
87.61 87.70 

87.20 ' 87.31 
86.82 ' 86.96 

86.57 86.67 

86.34 , 86.40 

86.13 86.16 
1 

85.94 85.92 

85.60 85.59 

85.10 85.11 

84.52 84.57 
I 

83.96 84.04 
I 

83.43 83.54 

82.99 83.09 

82.59 82.66 

82.19 ' 82.25 
81.82 ' 81.86 
81.45 81.47 

I 
81.07 81.08 

80.69 80.68 

80.30 80.29 

79.91 79.89 

79.51 79.49 

79.10 79.10 

. I  

I 

I 

I 
I 

I 

I 

i 

91.90 

91.63 

91.34 

91.03 

90.71 

90.39 

90.05 

89.70 

89.33 

88.94 

88.54 

88.14 

87.76 

87.40 

87.05 

86.74 

86.46 

86.18 

85.92 

85.58 

85.12 

84.60 

84.09 

83.61 

83.16 

82.72 

82.30 

81.89 

81.49 

81.08 

80.68 

80.27 

79.87 

79.47 

79.10 

16 

92.00 

91.68 

91.37 

91.05 

90.72 

90.38 

90.04 

89.69 

89.33 

88.94 

88.56 

88.17 

87.80 

87.45 

87.11 

86.80 

86.49 

86.20 

85.92 

85.58 

85.12 

84.61 

84.12 

83.65 

83.20 

82.77 

82.34 

81.92 

81.51 

81-10 

80.68 

80.26 

79.85 

79.43 

79.00 

........................................................................................................ 
0 1 .oo -00 .oo -00  .oo -00 .oo -00 -00  - 0 0  .oo .oo .oo .oo .oo .oo 
0 2 -00  .05 -02 -01 .01 -a01 -04 -01 - .OO -.01 -.02 -.02 -.OO -.OB -.04 -00  
0 3 .OO -06 -04 -02 -01 -08  -04 -01 -.01 -SO3 -.04 -.14 -.11 -SO6 .01 -00  

92.00 

91.71 

91.39 

91.06 

90.72 

90.38 

90.04 

89.69 

89.32 

88.95 

88.56 

88.18 

87.82 

87.48 

87.15 

86.83 

86.51 

86.21 

85.91 

85.56 

85.10 

84.60 

84.13 

83.68 

83.24 

82.81 

82.38 

81.96 

81.53 

81-11 

80.69 

80.26 

79.83 

79.40 

79.00 

gid 91. 

91.41 

91.08 

90.72 

90.36 

90.02 

89.68 

89.32 

88.95 

88.55 

88.16 

87.82 

87.50 

87.18 

86.86 

86.52 

86.20 

85.87 

85.51 

85.06 

84. 84 _I 
83.69 

83.27 

82.85 

82.43 

81.99 

81.56 

81.14 

80.70 

80.26 

79.81 

79.35 

78.90 
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-.07 -.17 -.13 
-.11 -.21 -.27 
-.26 -.28 -.35 
-.31 -.a7 -.a8 
-a42 -.66 -.82 
-.44 - a 8 1  -1.50 
-.31 -.55 -.82 
-.17 -a23 -.34 
-03 -.lo -.18 
-18 -05 -.02 
-27 -15 .07 
.32 .20 .12 
.43 .32 .23 
-41 -31 .23 
.37 .29 .21 
.42 -35 .19 
.44 .29 .27 
.37 -34 .23 
.44 .31 -20 
.39 .35 .25 
.41 -27 .26 
.38 .26 .16 
.32 -23 .15 
.25 .27 .ll 
.27 .21 .16 
.18 .13 .09 
.19 .15 .ll 
.10 .06 .03 
.ll .08 .05 
.01 .09 .07 
-01 -.01 -.01 

0 4  
0 5  

-6 8 
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
1 

1 ;  

* 00 
.oo . 00 . 00 . 00 . 00 . 00 . 00 . 00 
.oo 
.oo . 00 
.oo . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 
.oo . 00 
.oo . 00 . 00 
.oo 
-00 . 00 
-00 . 00 

.07 

.07 

.04 

.04 

.Ol 

.02 

.14 

.12 

.10 

.15 

.16 

.22 

.18 

.09 

.08 

.07 
IO9 
.07 
.12 
.07 
.09 
-07 
.06 
.08 
.03 
.06 
.03 
.oo 
.07 . 01 

-.04 

.04 

.03 
-.02 
.08 
.06 
.12 
.18 
.22 
.33 
.33 
.38 
-36 
.33 
.33 
.26 
.20 
.21 
.17 
.23 
.18 
.20 
.ll 
.13 
.15 
-08 
.ll 
.06 
.01 
.06 

-.oo 
.04 

.02 . 01 

.05 

.05. 

.14 

.12 

.22 

.31 

.49 

.56 

.67 

.62 

.46 

.43 

.33 

.34 

.33 

.29 

.26 

.31 

.25 

.29 

.21 

.23 
-15 
-17 
.10 
.03 
.06 
.09 
.01 

.10 

.09 

.12 . 11 . 11 

.22 

.25 

.40 

.66 

.85 
1.13 
.77 
-66 
.50 
.48 
.47 
.44 
.41 
.41 
.39 
.36 
.39 
.30 
.30 
.21 
.12 
.14 
.06 
.07 
.09 

-.oo 

-08 
07 
.10 
.06 
.05 
.18 
.24 
.43 
.79 

1.20 
.99 
-88 
.70 
.65 
.51 
-50 
.47 
.45 
.47 
.50 
.60 
.51 
-40 
-28 
.27 
-17 
-18 
.09 
.09 
.10 . 00 

.04 

.03 

.04 
-.01 
-.05 
.09 
.18 
.40 
.66 

1.02 
.94 
.82 
.79 
.67 
.63 
.51 
.48 
.58 
.55 
.64 
.84 
.67 
.50 
.36 
.33 
.22 
.22 
.12 
.12 
.02 
.01 

. 00 
-.02 
-.02 -. 11 
-.24 
-.04 

.09 

.34 
-64 

1.09 
.84 
.83 
.74 
.81 
.62 
.60 
.58 
.59 
.69 
.78 
1.24 
.83 
.58 
.41 
* 28 
.27 
.16 - 16 
.05 
.04 
.03 

1 -.03 
-.06 
-.08 
-.17 
-.26 

I -e31 
1 -.03 
t .12 

.37 
I .68 

.69 

.67 
I -62 

.65 
I .54 
I .55 
I .54 
I .57 
1 .55 
I .67 
t .78 
b -63 
1 .47 

.43 
I .32 

.21 
1 .20 
b .10 
, .09 
I -08 
1 .06 

-.06 
-.lo 
-.13 
-.24 
-.32 
-.33 
-.22 
.01 
.22 
.38 
.45 
.49 
.58 
.52 
-46 
.49 
.49 
-52 
.49 
.56 
.59 
.54 
.44 
.34 
.24 
.24 
-15 
-15 
.05 
.04 
.03 

-.16 
-.18 
-.22 
-.43 
-.76 
-1.42 
-.76 
-.31 -. 18 
-.04 
.04 
.07 
.17 
.15 
.13 
.13 
.13 
.13 
.12 
.18 
.ll 
.12 
.12 
.08 
.13 
.06 
.08 
.01 
.04 
.06 

-.01 

-.OB 
-.05 -. 13 
-.24 
-.36 
-.46 
-.36 
-.23 
-.lo . 01 
.05 
.03 
-02 
.08 
.04 
.06 
.OB 
.04 
.06 
.07 . 01 
.02 . 00 
.05 
-01 
.03 
.05 
-07 
.02 
.05 

-.01 

. 00 . 00 

.oo 

.oo 

.oo 

.oo 

.oo . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 . 00 

.oo . 00 . 00 . 00 

.oo . 00 . 00 

.oo . 00 
.oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo 

DRAWDCMN IN LAYER 2 AT END OF TIME STEP 1 IN STRESS PERIOD 3 

................................................~..........*..*........................................* 
0 1 .oo .oo .oo .oo -00 .oo -00 -00 -00 -00 -00 -00 -00 -00 -00 -00 
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
' 8  

9 
10 

'-6 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 

.OO -03 .05 

.oo -.01 .01 
-00  -05 - .03 
.OO .03 .05 
-00 .02 .04 
.OO .01 .03 
.OO .OO .03 
.OO .07 .'03 
.OO -05 .13 
.OO .ll .13 
-00  .07 .13 
.OO .13 .23 
.OO .13 .24 
.OO -14 - 2 5  
.OO -07 .26 
.OO -08  .16 
.OO -01 .15 
.OO .01 .03 
.OO .06 . -06 
.oo -.01 -00 
-00 -05  -09 
.OO -02 -07 
.OO .05 .12 
.OO .08 .16 
.OO .09 -08 
.oo -11 .10 
-00 .05 .13 
.OO -07 .14 
.OO .09 .06 
-00 -03  .08 
-00 -05 .10 
.OO .07 .02 

-. 04 
.03 

-.oo 
-.03 
-e04 
.06 
.07 
.09 
.12 
.15 
.28 
.31 
.34 
-36 
-36 
.33 
.20 
.06 

-.01 
-04 
.14 
-13 
.20 
-15 
.l8 
-19 
.20 
.ll 
.12 
-13 
.04 
.os 

-.02 .02 
.05 -.02 
.02 -.05 

-.DO .02 
-.02 -.01 
-.03 -.03 
-.01 -.02 
.14 -09 
.21 .19 
.27 -30 
.34 .40 
.41 -51 
.56 -68 
.59 .75 
.57 .70 
.43 .52 
.26 .32 
.10 .01 
-02 -.07 
.08 .02 
.ll -18 
.22 .34 
.31 -36 
.26 .39 
.28 -40 
.29 .30 
.19 .27 
.18 .25 
.17 -23 
.07 .ll 
.08 .ll 
.08 -10 

.05 

.Ol 
-.02 
-.05 
-.09 -. 14 
-.23 -. 10 
.15 
.39 
.81 
1.24 
1.06 
-97 
-82 
-63 
.27 . 00 

-.06 
.10 
-30 
-45 
.72 
.63 
.59 
.44 
-36 
.30 
.17 
.15 
.14 
-03  

-.03 
-04 . 01 

-.01 
-.05 
-.11 
-.23 
-.ll 
.22 
-60 
1.28 
3.00 
1.50 
1.06 
.91 
.70 
.32 
.02 

-.04 
-15 
.40 
.71 
1.58 
-90 
.61 
-51 
.41 
.24 
.20 
-18 
.06 
.04 

.~~ 
-.OD 
-.02 
-.04 
-.06 
-.08 -. 13 
-.21 
-.09 
.17 
.43 
.78 
1.22 
1.06 
.98 
.74 
-55 
.29 
.03 

-.02 
.04 
-25 
.51 
.79 
-59 
.55 
.50 
.41 - 25 
.22 
.20 
-08 
.07 

-.04 
.04 
.03 
.02 
-.09 -. 09 
-.07 

.04 

.17 

.31 

.36 

.49 

.60 

.78 

.63 

.46 

.27 
-.04 -. 10 

-00 
-18 
-34 
.47 
-41 
.41 
.41 
.28 
.25 
.23 
* 11 
-10 
.09 

.~~ . 00 
-.oo 
-.oo . 00 . 01 
.04 

-.02 
.06 
.17 
* 18 
.30 
.40 
.49 
.54 
.43 
.30 
.14 

-.02 -. 09 
-.01 
.13 
.16 
.26 
-31 
.34 
.25 
.24 
.23 
.12 
.12 
-11 
-01 

1 -.03 .02 
1 -.04 -03 
1 -.03 .05 
1 -.01 -.o2 

.01 .02 
I -05 .06 

.oo .01 
I -07 .07 

.16 .06 
I -16 -14 
I .26 .23 
I .34 .20 
1 .30 .25 

.35 .19 

.26 .20 
I -24 .ll 

.12 .oo 
-.02 -.12 

1 -.08 -.18 . -.02 -.12 
1 -00 -.01 
I .ll .08 
I .19 -15 

.24 .20 
, -28 .23 

.20 .16 
I .21 .18 
I .ll .09 
' .12 -10 
! -12 .12 
, .03 .04 
. .03 -05 

.~ 
-.01 .04 -00 
.01 -.01 .oo 
.04 -02 .OO 

-.02 -.02 .oo 
.02 .04 .OO 
-06 -.02 -00 
.01 .02 .oo 
-08 -.02 -00 
-05 .05 -00 
.14 .05 .OO 
.12 .04 .OO 
.18 .08 .oo 
.12 .10 .oo 
.15 -02 .oo 
-07 -04 -00 
.09 -.02 .oo 

-.01 .oo .oo 
-.11 -.07 -00  
-.16 -.11 -00  
-.lo -.06 -00  
-.OO -03 -00  

-07 -.02 -00  
.12 .01 .oo 
.16 .03 -00  
.09 .05 .OO 
.12 .07 .OO 
.14 -01 .OO 
.07 .04 .OO 
.09 .06 .OO 
-01 .oo -00 
.04 .04 -00  
-07 -.01 -00 

- 0 0  -01 .05 -07 -.01 -00 -01 -03 -05 -.01 -01 -03 -.03 -00 .05 -00  
.oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo 

ODRAWDOWN WILL BX SAVED ON UNIT 40 A!F END OF TIME STEP 
0 

1, STRBSS PERIOD 3 

0 

. 
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0 
0 

--- 
STORAGE - .10567E+07 

CONSTANT BEAD - .31986E+09 
WELLS - .ooooo 

RECHARGE - .57702B+06 
TOTAL IN - .32149E+09 

STORAGE = .23762E+06 
CONSTANT BBRD - .18012B+09 

WELLS - .14112B+09 
RECHARGE - .ooooo 

mpllL OUT - .32147E+09 
IN - OUT 24288. 

PERCENT DISCREPANCY = .01 

OUT: ---- 

--- 
STORAGE - 

CONSTANT BEAD 
WELLS - 

RECHARGE = 
TOTAL IN - 

OUT: ---- 
sTomGE = 

CONSTANT BEAD = 
WELLS- 

RECEARGE = 
mYl!?JA OUT = 
IN - OUT 

PEREEWI! DISCREPANCY = 

6029.0 
.15058Et06 I 
.ooooo 
76960. J 
.23357E+06 

18820. 
.137763+06 
77007. 
.ooooo 
.23359E+06 

-17.703 
-*or 
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1 U.S. GEOLOGICAL SURVEP MODULAR PINITB-DIFFERENCE GROUND-WATER MODEL 
OSBIELDALLOY METAI&URGICAL MRPORJWION FOCUSED FS - EYDROWOLOGIC SIMULATION SENSIT ANAL, SIMULATION 4A: FLOW 1.440 GPh 

2 UYmS 35 Rows 16 COLUMNS 
1 STRESS PERIOD(S) IN SIMULATION 

MODEL TIME UNIT 18 DAYS 
LOI/O UNITS: 

ELEMENT OF IUNIT: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
I/OUNIT:1112 0 0 0 0 0 0 1 9  0 0 2 2  0 0 0 0 0 0 0 0 0 0 0 0 

0-1 -- BASIC MODEL PACKAGE, vKR8ION 1, 9/1/87 INPUT READ FROM UNIT 1 
ARRAYS R88 AND BUFP WILL SHARE MEMORY. 
START HEAD WILL BE SAVED 

10699 ELEMENTS IN X ARRAY ARE USED BY BAS 
10699 ELEMENTS OF X ARRAY USED OUT OF 100000 

OBCPl -- BLOCK-- FLOW PACKAGB, VERSION 1, 9/1/87 INT?UT READ PRDM UNIT 11 
STEADY-STATE SIMULATION 

WYER AQUIWRTYPE ------------------- 
1 1 
2 0 

1122 ELEMENTS IN X ARRAY ARE USED BY BCF 
11821 ELEMENTS OF X ARRAY USED OUT OF 100000 

OWEL1 -- WKLL PACKAGE, VERSION 1, 9/1/87 INPUT READ PROM 12 
luxIMuMOF 9 w e u s  

36 ELEMENTS IN X ARRAY ARE USED FOR WELLS 
11857 ELEMENT8 OP X ARRAY USED OUT OF 100000 

OSIPl -- STRONGLY IMPLICIT PROCEDURE SOLUTION PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 19 
MAXIMUM OF 50 ITERATIONS ALLOWED FOR CLOSURE 
5 ITERATION PARAMETERS 

4685 JaBMElJTS IN X ARRAY ARB USED BY SIP 
16542 ELEMENTS OF X ARRAY USED OUT OF 100000 

1SEIELDALLOY METALLURGICAL CORPORJWION FOCUSED PS - EYDROQEOLWIC SIMULATION 
0 

SENSIT ANAL, SIMULATION 4A: 

1 

0 1 -1 
0 2 -1 
0 3 -1 
0 4 -1 
0 5 -1 
0 6 -1 

7 -1 
8 -1 

0 10 -1 
0 11 -1 
0 12 -1 
0 13 -1 
0 14 -1 
0 15 -1 
0 16 -1 
0 17 -1 
0 18 -1 
0 19 -1 
0 20 -1 
0 21 -1 
0 22 -1 
0 23 -1 
0 24 -1 
0 25 -1 
0 26 -1 
0 27 -1 
0 28 -1 
0 29 -1 
0 30 -1 
0 31 -1 
0 32 -1 
0 33 -1 
0 34 -1 
0 35 -1 
0 

. . . . . . . . . 

’,-,’ 9 -1 

2 3 4 5  

-1 -1 -1 -1 
1 1 1 1  

................ 
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1 1 1  
1 1  1 1 
1 1 1 1  
1 1 1 1  

-1 -1 -1 -1 

PLOW - 440 QPM 

BOUNDARY ARRAY FOR LAYER 1WILL BE READ ON UNIT 1 USING FORMAT: (1613) 
------------------_-_______________mu___---------------------------------------------------- 

6 7 8 9 10 11 12 13 14 15 16 

-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1  1 1 - 1  

-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 

................................................ 

1 2  3 4 5 6 7 B 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ..............................................*.......................... 
-1- 



' 0  1 
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 

-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
'2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 -2 
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2' 2 
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  
2 2  

- 2 2 2 2 2 2 2 2  
-2 -2 -2 -2 -2 -2 -2 -2 

OAQUIpER-aEAD WIG BE SET Ta 
0 

999.99 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
.2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 _ _ _ _ ~ _ ~ _  

-2 -2 -2 -2 -2 -2 -2 -2 
AT ALL NO-FLOW NODES (IBOuzsD=O). 

INITIAL BEAD FOR LAYER 1 WIU BE READ ON UNIT 1 USING FORMAT: (16F5.1) 

. 

0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 %  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

1 2 3 4 5 6 7 8 9 10 
11 12 13 14 15 16 

1 ........................................................................................................................... 
92.90 93.00 93.10 93.20 93.30 93.40 93.60 93.70 93.80 93.90 
94.00 94.10 94.20 94.30 94.40 94.50 
92.40 92.60 32.70 92.80 92.90 93.00 93.20 
93.60 
92.00 
93.20 
91.60 
92.80 
91.20 
92.40 
90.70 
91-90 
90.20 
91.50 
89.70 
91.00 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89-10 
88-00 
88.70 
87.70 
88.30 
87.50 
87.90 
87.30 
87.60 
87.00 
87.20 
86.50 
86.80 
86.00 

93.70 
92.20 
93.20 
91-80 
92.80 . 
91.40 
92.40 
90.90 
92.00 
90.40 
91.50 
89-90 
91.00 
89.50 
90.50 
89.20 
90.00 
88.80 
89.60 
88.40 
89.10 
88-10 
88.70 
87.80 
88.30 
87.60 
87.90 
87.30 
87.60 
86.90 
87.20 
86.50 
86.80 
86.10 

93.80 
92.30 
93.30 
91.90 
92.90 
91.50 
92.40 
91-00 
92.00 
90.60 
91.60 
90.10 
91.10 
89.70 
90.60 
89.30 
90.00 
88.90 
89.60 
88.60 
89.10 
88.20 
88.70 
87.90 
88.30 
87.60 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.20 

93.80 
92.40 
93.40 
92 ..OO 
92.90 
91.60 
92.50 
91.20 
92.10 
90.70 
91.60 
90.30 
91.10 
89.80 
90.60 
89.40 
90.00 
89.00 
89.60 
88.70 
89.10 
88.30 
88.70 
88.00 
88.30 
87.70 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.30 

93.90 94.00 
92.50 92.70 
93.50 93.50 
92.20 92.30 
93.00 93.10 
91.80 91-90 
92.60 92.60 
91.40 91.50 
92.10 92.10 
90.90 91-00 
91.60 91.60 
90.40 90.50 
91-10 91.10 
90.00 90.10 
90.60 90.50 
89-50 89.60 
90.00 90.00 
89-10 89.20 
89.50 89.50 
88.80 88-90 
89.10 89.10 
88.40 88.50 
88.70 88.60 
88.10 88.10 
88.30 88.20 
87.70 87. 80 
87.90 87.90 
87.40 87.40 
87.50 87.50 
87.00 87.10 
87.20 87.20 
86.70 86.70 
86.80 86.90 
86.40 86.40 

92.80 

92.40 

92.00 

91.60 

91.10 

90.60 

90.20 

89.70 

89.30 

88.90 

88.60 

88.20 

87.80 

87.50 

87.10 

86. 80 

86.40 

93.30 

92.90 

92.50 

92.10 

91.70 

91.20 

! 90.70 

: 90.30 

' 89.80 

89.40 

89.00 

88.60 

88.20 

87.90 

87.50 

87.20 

86.80 

86.50 

, 

93.40 

93.00 

92.60 

92.20 

91.80 

91.30 

90.80 

90.30 

89.90 

89.40 

89.00 

88.70 

88.30 

87.90 

87.50 

87.20 

86.80 

86.50 

93.50 ' 
93.10 

92.70 

92.30 

91.90 

91.40 

90.90 

90.40 

89.90 

89.50 

89-10 

88.70 

88.30 

87-80 

87.60 

87.20 

86.80 

86.50 

LJ 

-2- 

. I  



86.50 
0 20 85.60 

86.10 
85.10 d:i 85.50 
84.70 
85.00 

0 23 84.20 
84.40 

0 24 83.80 
83.90 

0 25 83.50 
83.40 

0 26 83.10 
82.90 

0 27 82.70 
82.40 

0 28 82.20 
82.00 

0 29 81.80 
81.50 

0 30 81.30 
81.10 

0 31 80.80 
80.60 

0 32 80.30 
80.20 

0 33 79.90 
79.70 

0 34 79.40 
79.30 

0 35 79.90 
79.90 

0 

86.50 
85.70 
86.00 
85.20 
85.50 
84.80 
84.90 
84.30 
84.40 
83.90 
83.80 
83.50 
83.30 
83.10 
82.80 
82.70 
82.40 
82.20 
81.90 
81.80 
81.40 
81.30 
81.00 
80.80 
80.50 
80.40 
80.10 
79.90 
79.70 
79.40 
79.20 
79.00 
78.80 

86.40 
85.80 
86.00 
85.30 
85.40 
84.90 
84.80 
84.40 
84.30 
84.00 
83.80 
83.50 
83.20 
83.10 
82.70 
82.70 
82.20 
82.20 
81.80 
81.80 
81.30 
81.30 
80.90 
80.80 
80.40 
80.40 
80.00 
79.90 
79.60 
79.50 
79.10 
79.00 
78.70 

86.40 
85.90 
85.90 
85.40 
85.30 
84.90 
84.70 
84.50 
84.20 
84.00 
83.60 
83.60 
83.10 
83.10 
82.60 
82.70 
82.10 
82.20 
81.70 
81.80 
81.20 
81.30 
80.80 
80.80 
80.30 
80.40 
79.90 
80.00 
79.50 
79.50 
79.00 
79.10 
78.60 

86.40 
86.00 
85.90 
85.50 
85.20 
85.00 
84.60 
84.50 
84.00 
84.00 
83.40 
83.60 
82.90 
83.10 
82.40 
82.70 
82.00 
82.20 
81.50 
81.70 
81.10 
81.30 
80.70 
80.80 
80.30 
80.40 
79.80 
80.00 
79.40 
79.50 
78.90 
79.10 
78.50 

a '  , 
86.40 
86.00 86.00 86.10 86.10 86.10 
85.90 
85.50 85.60 85.60 85.60 85.60 
85.10 
85.00 85.00 85.10 85.00 85.00 
84.50 
84.50 84.50 84.50 84.50 84.50 
83.80 
84.10 84.10 84.00 84.00 84.00 
83.30 
83.60 83.60 83.60 83.50 83.50 

83.10 83.10 83.10 83.00 83.00 
82.80 

82.30 
82.60 82.60 82.60 82.60 82.50 
81.90 
82.20 82.20 82.10 82.10 82.00 
81.40 
81.70 81.70 81.70 81.60 81.60 
81.00 
81.30 81.30 81.20 81.20 81.10 
80.60 
80.80 80.80 80.80 80.70 80.70 
80.20 
80.40 80.40 80.30 80.30 80.20 
79.70 
80.00 79.90 79.90 79.90 79.80 
79.30 
79.50 79.50 79.50 79.50 79.40 
78.80 
79.10 79.10 79.10 79.10 79.00 
78.40 

INITIAL HEAD FOR LAYER 2 WILL BE READ ON UNIT 1 USING FORMAT: (16F5.1) 

1 2 3 4 5 6 7 8 9 lo 

0 1 91.20 91.20 91.30 91.40 91.50 91.50 91.60 91.70 91.80 91.80 

11 12 13 14 15 16 ............................................................................................................................. 
- 2  

;Lo/ : 
0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

91-90 
90.90 
91.60 
90.60 
91.30 
90.40 
91.00 
90.10 
90.70 
89.80 
90.40 
89.50 
90.10 
89.20 
89.70 
89.00 
89.40 
88.70 
89.10 
88.50 
89.70 
88.30 
88.40 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.10 
87.10 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.70 
85.50 

90.50 
91.00 
90.20 
90.70 
89.90 
90.40 
89.60 
90.10 
89.30 
89.70 
89.10 
89.40 
88.80 
89.10 
88.60 
88.70 
88.30 
88.40 
88.10 
88.10 
87.80 
87.70 
87.50 
87.40 
87.10 
87.00 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.80 
85.50 

92.00 
91.10 
91.70 
90.80 
91.40 
90.50 
91.10 
90.30, 
90.70 
90.00 
gob40 
89.70 
90.10 
89.40 
89.70 
89.10 
89.40 
88.90 
89.00 
88.60 
88.70 
88.30 
88.40 
88.10 
88.00 
87.80 
87.70 
87.50 
87.30 
87.20 
87.00 
86.80 
86.60 
86.50 
86.20 
86.10 
85.80 
85.80 
85.40 

92-00 
91.10 
91.70 
90.90 
91.40 
90.60 
91.10 
90.30 
90.70 
90.00 
90.40 
89.80 
90.10 
89.50 
89.70 
89.20 
89.40 
88.90 
89.00 
88.60 
88.70 
88.40 
88.30 
88.10 
88.00 
87.80 
87.60 
87.50 
87.30 
87.20 
86.90 
86.90 
86.60 
86.50 
86.20 
86.10 
85.80 
85.70 
85.40 

92.10 92-10 
91.20 91.30 
91.80 91.80 
91.00 91-00 
91.40 91.40 
90.70 90.70 
91.10 91.10 
90.40 90.50 
90.70 90.70 
90.10 90.20 
90.40 90.30 
89.80 89.90 
90.00 90.00 
89.50 89.60 
89.70 89.70 
89.30 89.30 
89.30 89.30 
89.00 89.00 
89.00 89.00 
88.70 88.70 
88.60 88.50 
88.40 88.40 
88.20 88.10 
88.10 88.10 
87.90 87.80 
87.90 87.90 
87.60 87.50 
87.60 87.60 
87.20 87.20 
87.30 87.30 
86.90 86.90 
86.90 86.90 
86.50 86.50 
86.50 86.50 
86.20 86.20 
86.10 86.00 
85.80 85.80 
85.70 85.60 
85.40 85.40 

91.40 

91.10 

90.80 

90.50 

90.20 

89.90 

89.60 

89.30 

89.00 

88.70 

88.50 

88.20 

87.90 

87.60 

87.30 

86.90 

86.40 

86.00 

85.60 

91.40 

91-20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.30 

86.80 

86.40 

86.00 

85.60 

91.50 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.20 

86.80 

86.40 

86.00 

85.60 

91.50 

91.30 

91.00 

90.70 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.40 

88.10 

87.80 

87.60 

87 -20 

86.80 

86.40 

85.90 

85.50 

-3- 



0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

85.30 
85.10 
84.90 
84.70 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
81.90 
81.70 . 
81.50 
81.20 
81.00 
80.80 
80.60 
80.40 
80.20 
79.90 
79.70 
79.50 
79.30 
79.10 

85.30 
85.10 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 . 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
81.90 
81.60 
81.50 
81.20 
81.00 
80.80 
80.60 
80.30 
80.20 
79.90 
79.70 
79.50 
79.30 
79.10 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.10 
83.00 
82.70 
82.50 
82.30 
82.10 
81.90 
81.60 
81.40 
81.20 
81.00 
80.80 
80.60 
80.30 
80.10 
79.90 
79.70 
79.40 
79.20 
79.00 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.50 
83.40 
83.10 
82.90 
82.70 
82.50 
82.30 
82.10 
81.80 
81.60 
81.40 
81.20 
81.00 
80.70 
80.50 
80.30 
80.10 
79.90 
79.70 
79.40 
79.20 
79.00 

85.30 
85.00 
84.80 
84.60 
84.40 
84.10 
84.00 
83.70 
83.50 
83.30 
83.10 
82.90 
82.70 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 
80.50 
80.30 
80.10 
79.80 
79.60 
79.40 
79.20 
78.90 

85.20 
85.00 
84.80 
84.50 
84.40 
84.10 
83.90 
83.70 
83.50 
83.30 
83.10 
82.90 
82.60 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 
80.50 
80.30 
80.10 
79.80 
79.60 
79.30 
79.20 
78.90 

85.20 

84.80 

84.30 

83.90 

83.50 

83.10 

82.60 

82.20 

81.80 

81.30 

80.90 

80.50 

80.00 

79.60 

79.20 

85.20 

84.80 

84.30 

83.90 , 83.50 

j 83.00 

82.60 

82.20 

81.70 

81.30 

' 80.90 

. 80.40 

80.00 

* 79.60 

' 79.20 

I 

85.10 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

85.10 

J 84.70 

84.30 

83.90 

83.40 

83.00 

82.60 . 

82.10 

81.70 

81.30 ' 
80.80 

80.40 

80.00 

79.50 

79.10 

i OBEAD PRINT FORMAT I S  FORMAT NUMBER 4 DRAWDOWN PRINT FORMAT IS FORMAT NUMBER 9 
OBEADS WILL BE SAVED ON UNIT 30 DRAWDOWNS WILL BE SAVED ON UNIT 40 
OOUTPUT CONTROL IS SPECIFIED EVERY TIME STEP 
0 mul4t? To ROW AloIsoTRoPY = 1.000000 
0 DELR - 200.000b 
0 DKLC = 200.0000 
0 

I 

EYD. COND. ALONG ROWS FOR LAYER 1 WILL BE READ ON UNIT 11 USING FORMAT: (16P4.0) 

1 2 3 4 5 6 7 8 9 10 
11 12 13 14 15 16 ........................................................................................................................... 

1 0 1 300.0 300.0 300.0 300.0 300.0 225.0 225.0 : 225.0 225.0 225.0 
225.0 225.0 300.0 300.0 300.0 300.0 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 

300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 . 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
225.0 225.0 
300.0 300.0 
225.0 225.0 
300.0 300.0 
225.0 225.0 
225.0 225.0 
225.0 225.0 
225.0 225.0 
225.0 225.0 
225.0 225.0 
250.0 250.0 
250.0 250.0 
250.0 250.0 
250.0 250.0 
250.0 250.0 
250.0 250.0 
250.0 250.0 
250.0 250.0 
250.0 250.0 
250.0 250.0 
250.0 250.0 
250.0 250.0 
250.0 250.0 
250.0 250.0 
250.0 250.0 
250.0 250.0 
250.0 250.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
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225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 

225.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

225.0 

I 225.0 

225.0 

225.0 i 
' 200.0 

200.0 

200.0 

200.0 

c 200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

225.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

225.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

1 



0 20 

21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0.30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 
0 
0 .  

/ 

250.0 
300.0 
175.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 . 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 

250.0 
175.0 
175.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0. 
175.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 

250.0 
175.0 
175.0 
175.0. 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 150.0 150.0 150.0 150.0 150.0 150.0 
150.0 150.0 200.0 300.0 
150.0 150.0 150.0 150.0 150.0 , 150.0 150.0 
150.0 150.0 200.0 300.0 

BOTPOM 5 30.00000 W R  LAYER 1 
VERT EYD COND /THICKNESS 9 .1000000B-02 FOR LAYER 1 

? -  250.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
150.0 
175.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 

250.0 
175.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 

2;;’ 
300.0 
175.0 175.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 ~~~. ~~ ~ 

300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 
i5o.o 150.0 
300.0 
150.0 150.0 
300.0 ~. . .  
150.0 150.0 
300.0 
150.0 150.0 
300.0 
150.0 150.0 
300.0 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

175.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

1 2 3 4 5 6 7 8 9 lo 
11 12 13 14 15 16 ............................................................................................................................. 

1 1  

2 

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

‘W 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000.  
6000. 6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000.  

8000.  

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

8000. 

8000. 

8000. 

8000. 

8000. 
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0 20 

0 2 1  

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

0 

0 
1 

0 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

9 WELLS 

OAVERAGE SEED = 
MINIMUM SEED = 

0 

. ooia7924 

.00055600 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 4000. 
4000. 4000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. . 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
.3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

4000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

. 

5 ITERATION PARAMETERS CALCULATED FROM AVERAGE SEED: 

.0000000Et00 .7917928EtOO .9566497Et00 .9909742EtOO .9981208E+00 ' 
0 

10 ITERATIONS FOR TIME STEP 1 IN STRESS PERIOD 1 

6HEAD/DRAWDOWN PRINTOUT FLAG = 1 
OOUTPUT FLAGS FOR EACH LAYER: 

TOTAL BUDGET PRINTOUT FLAG = 1 CELL-BY-CELL FLOW TERM FLAG = 0 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
16 ................................................................................................................................ 

0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

20 

L A  21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

1 

92.90 
94.50 
92.40 
94.00 
92.00 
93.50 
91.60 
93.10 
91.20 
92.60 
90.70 
92.10 
90.20 
91.60 
89.70 
91.10 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89.10 
88-00 
88.60 
87.70 
88.20 
87.50 
87.90 
87.30 
87.50 
87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84-50 
84.20 
83 - 80 
83.80 
83.30 
83.50 
82.80 
83.10 
82.30 
82.70 
81.90 
82.20 
81.40 
81.80 
81.00 
81.30 
80.60 
80.80 
80.20 
80.30 
79.70 
79.90 
79.30 
79.40 
78.80 
78.90 
78.40 

93.00 

92.55 

92.12 

91.71 

91.31 

90.83 

90.33 

89.85 

89.44 

89.03 

88.65 

88.27 

87.92 

87.61 

87.35 

87.10 

86.79 

86.41 

86.01 

85.60 

85.12 

84.68 

84.22 

83.80 

83.42 

83.02 

82.61 

82.16 

81.73 

81.26 

80.79 

80.33 

79.89 

79.43 

79.00 

93.10 

92.66 

92.24 

91.82 

91.42 

90.95 

90.44 

89.96 

89.49 

89.04 

88.60 

88.19 

87. 80 

87.46 

87.19 

86.92 

86.64 

86.31 

85.97 

85.57 

85.11 

84.65 

84.21 

83.78 
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-00  -.OO .02 .07 -12 .07 - 1 5  -21 -09 -05  -03  .01 
-00 -06 .ll .17 .15 .23 -36 .47 -31 .22 .17 .04 
-00  .03 .09 -16 -26 .39 .52 -80 .58 -39 .20 . 1 4  

.OO .09 .18 -18 .30 -45 -71 1.00 -67 -47 -36 .28 
-00  -10 .10 -21 .32 .45 -65 -68 -61 .47 .38 .31 
- 0 0  .12 .12 -22 .33  .35 -49 .57 -55 .46 .29 .23 
-00  -06 .14 .23 .22 -31 .40 .45 .45 -32 -28 -23 
-00 .08 -16 -13 -21 .28 .34 -28 -29 -28 .26 -14 
-00  .10 .07 .13 .20 .25 .20 .23 -25 -25 -15 -14 
-00  .03 .09 .14 .09 .14 .17 .20 -22 .13 .14 .14 

-00 -06 .14 -24 -35 -42 -82 1-75 -88 -53 -31 -23 

- 0 0  SO5 -10 -05  -09 -12 -15 -08  -10 -12 -13 .04 

. . . . . . . . 00 
.04 

-.01 
.03 

-.01 
.os 

-.01 
-03  

-.01 
.06 
.06 
.05 
* 09 
* 11 
.03 
.05 

-.01 

...... . 00 
-00 . 00 
-00 . 00 . 00 . 00 . 00 
-00  . 00 
.oo 
.oo 
.oo . 00 . 00 
-00 
.oo 

I .02 .01 -01 
. -.09 -.09 -.06 
I - . i 6  - . i o  - . i o  
. - . lo  -.09 -.05 
t .01 .01 .04 
! .10 -09 -.or 
, -17 -14 -02 
I -22 -18 - 0 4  
. .26 .ll .06 
, . l 8  -13 -08 
, -20 -16 -02 
I .ll .08 - 0 4  
I .12 .10 .06 
I .13 .02 .01 

.OS .OS .04 

0 29 
0 30 
0 31 
0 32 
0 33 -00 -07 -02 -06 -09 .ll -04 -06 - 0 8 '  -10 -02 -04 -06 -08 -.01 -00  
0 34 -00 -01 .05 -08 -.01 -01 -02 -03 -05 -.01 -01 - 0 3  -.03 -00 -05 -00 
0 35 -00  -00  .oo - 0 0  .oo .oo .oo -00  .oo .oo -00 .oo .oo -00 .oo .oo 
ODRAWDOWN WILL BE SAWD ON UNIT 40 AT END OF TIME STEP 
0 

1, STRBSS PERIOD 1 

. .oo 
i .oo 
I .oo 
I -00  
I .oo 

* 00 
~ .oo 
, -00  
1 .oo 
I -00 

-00 
.oo 

, -00 
.oo 
.oo 

0 

. 

I.. 

IN : --- 
STORAGE = .OOOOO 

IN: --- 
STORAGE = .ooooo 
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0 
0 

0 
0 
0 

0 

CONSTANT HEAD = .17909E+06 
WELLS = .ooooo 

TOTAL IN = .179093+06 
OUT: ---- 

STORAGE = .ooooo 
CONSTANT HEAD 94371. 

WELLS = 84707. 
TOTAL OUT = .17908E+06 
IN - OUT 13-531 

PERCENT DISCREPANCY -01 

CONSTANT HEAD = .179093+06 
WELLS - .ooooo * 

TOTAL IN = .17909E+06 J OUT: ---- 
STORAGE = .OOOOO 

CONSTANT HEAD = 94371. 
WELLS = 64707. 

TOTAL OUT = .17908B+06 
IN - OUT 13.531 

PERCEEC DISCREPANCY = .01 

TIME 8-Y AT END OF TIME STEP 1 IN STRESS PERIOD 1 
SECONDS MINUTES HOURS DAYS YBARS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
TIME STEP LENm 86400.0 1440.00 24.0000 1.00000 .273785E-02 

24.0000 1.00000 .273785E-02 
24.0000 1.00000 .273785E-O2 STRESS PERIOD TIME 86400.0 1440.00 

'K?TAL SIMUUTION TIME 86400.0 1440.00 
1 

-10- 



1 U.S. GEOLOGICAL SURVEY MODULAR FINITE-DIPPEREN- GROUND-WATER MODEL 
OSEIELDALLOY I3ETALLURGICAL CORPORATION FOCUSED FS - HYDRWEOLOGIC SIMULATION 

2 L A m  35 Rows 16 COLUMNS 
SENSIT ANAL, SIMULATION 4A: EYDRAULIC COhD X 0.1 

1 STRESS PERIOD(S) IN SIMULATION 
‘L,’MODEL TIME UNIT IS DAYS 

01/0 UNITS: 
ELEMENT OF IUNIT: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

I/OUNIT: 1112 0 0 0 0 0 0 1 9  0 0 2 2  0 0 0 0 0 0 0 0 0 0 0 0 
0-1 -- BASIC MODEL PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 1 
ARRAYS RBS AND BUFF WILL SEARE MEMORY. 
START aEAD WILL BE SAVED 

10699 -*S IN X ARRAY ARE USED BY BAS 
10699 ELEMENTS OF X ARRAY USED OUT OF 100000 

OBCFl -- BLOCK-CEHTERHD FLOW PACKAGE8 VERSION 1, 9/1/87 INPUT READ FRon UNIT 11 
STEADY-STATE SIMULATION 

LAYER AQUIPBRTYPE ------------------- 
1 1 
2 0 

1122 gLEMEIoTS IN X ARRAY ARE USED BY BCF 
11821 ELEMENTS OF X ARRAY USED OUT OF 100000 

OWEL1 -- WELL PACKAGE, VERSION 1, 9/1/87 INPUT READ PROM 12 
MAXIMUMOF 9-S 

36 ELEMENTS IN X ARRAY ARE USED FOR WELLS 
11857 ELEMENTS OF X ARRAY USED OUT OF 100000 

OSIPl -- STROIGLY IMPLICIT PROCEDURE SOLUTION PACKAGE, VERSION 18 9/1/87 INPUT READ FROM UNIT 
MAXIMUM OF 50 ITERATIONS ALLOWED FOR CLOSURE 

5 ITERATION PARAMETERS 
4685 ELBMEHTS IN X ARRAY ARE USED BY SIP 
16542 ELEMENTS OF X ARRAY USED OUT OF 100000 

TSHIELDALLOY METALLURGICAL CORPORATION FOCUSED FS - HYDROGEOLOGIC SIMULATION SENSIT MAL, 
0 

. 

19 

SIMULATION 4A: HYDRAULIC COND X O.! 

... 
0 1  
0 2  
0 3  
0 4  
0 5  
0 6  

7 
8 L A  9 

0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
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-1 
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-1 

1 

-1 -1 
1 
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1 
1 
1 
1 
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1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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1 
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1 
1 
1 
1 
1 
1 
-1 

2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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1 
1 
1 
1 
1 
1 
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1 
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1 
1 
1 
1 
1 
1 
1 
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1 
-1 

3 

.. 
-1 
1 
1 
1 
1 
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1 
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1 
1 
1 
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1 
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1 
1 
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1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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4 
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1 
1 
1 
1 
1 
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1 
1 
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1 
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5 
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1 -1 
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1 -1 
-1 -1 

......................................................................... 
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0 1  
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
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2 2  
2 2  
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2 - 2  
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2 2  
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2 2  
2 2  
2 2  

_ 2 2 - - - - 2  
-2 -2 -2 -2 -2 -2 -2 -2 
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OAQUIPW HEAD WILL BE SET TO 
0 

999.99 
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2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 2 

- 2 2 2 2 - 2 - 2  
-2 -2 -2 -2 -2 -2 -2 -2 
m ALL NO-FLOW NODES ~IBOUNDIO). 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
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2 
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2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 

3 

. 

1 2 3 4 5 6 7 8 9 10 
11 12 13 14 15 16 ..........................*...........*...............~........~.................~~....~..............~....~~.....~........ , 

0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 '15 

0 16 

0 17 

0 18 

0 19 

92.90 
94.00 
92.40 
93.60 
92.00 
93.20 
91.60 
92.80 
91.20 
92.40 
90.70 
91.90 
90.20 
91.50 
89.70 
91.00 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89.10 
88.00 
88.70 
87.70 
88.30 
87.50 
87.90 
87.30 
87.60 
87.00 
87.20 
86.50 
86.80 
86.00 

93.00 
94.10 
92.60 
93.70 
92.20 
93.20 
91.80 
92.80 
91.40 
92.40 
90.90 
92.00 
90.40 
91.50 
89-90 
91-00 
89.50 
90.50 
89.20 
90.00 
88.80 
89.60 
88.40 
89.10 
88-10 
88.70 
87.80 
88.30 
87.60 
87.90 
87.30 
87 .. 60 
86.90 
87.20 
86.50 
86.80 
86.10 

93.10 
94.20 
92.io 
93.80 
92.30 
93.30 
91.90 
92.90 
91.50 
92.40 
91.00 
92.00 
90.60 
91.60 
90.10 
91-10 
89.70 
90.60 
89.30 
90.00 
88.90 
89.60 
88.60 
89.10 
88.20 ' 

88.70 
87.90 
88.30 
87.60 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.20 

93.20 
94.30 
92.80 
93.80 
92.40 
93.40 
92.00 
92.90 
91.60 
92.50 
91.20 
92.10 
90.70 
91.60 
90.30 
91-10 
89.80 
90.60 
89.40 
90.00 
89.00 
89.60 
88.70 
89.10 
88.30 
88.70 
88.00 
88.30 
87.70 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.30 

93.30 93.40 
94.40 94.50 
92.90 93.00 
93.90 94.00 
92.50 92.70 
93.50 93.50 
92.20 92.30 
93.00 93.10 

92.60 '' 92.60 
91.40 91.50 
92.10 92.10 
90.90 91-00 
91.60 91.60 
90.40 90.50 
91-10 91.10 
90.00 90.10 
90.60 90.50 
89.50 89.60 
90.00 90.00 
89-10 89.20 
89.50 89.50 
88.80 88.90 
89.10 89.10 
88.40 88.50 
88.70 88.60 

88.30 88.20 
87.70 87.80 
87.90 87.90 
87.40 87.40 
87.50 87.50 
87.00 87.10 
87.20 87.20 
86.70 86.70 
86.80 86.90 
86.40 86.40 

91,80 . 91.90 

88.10 88. io 

93.60 

93.20 

92.80 

92.40 

92.00 

91.60 

91.10 

90.60 

90.20 

89.70 

89.30 

88.90 

88.60 

88.20 

87.80 

87.50 

87.10 

86.80 

86.40 

93.70 

93.30 

92.90 

92.50 

92.10 

91.70 

91.20 

90.70 

90.30 

89.80 

89.40 

89.00 

88.60 

88.20 

87 - 90 
87.50 

87.20 

86.80 

86.50 

93.80 

93.40 

93.00 

92.60 

92.20 

91.80 

91.30 

90.80 

90.30 

89.90 

89.40 

89-00 

88.70 

88.30 

87.90 

87.50 

87.20 

86.80 

86.50 

J 93.90 

93.50 

93.10 

92.70 

92.30 

91.90 

91.40 

90.90 

90.40 

89.90 

89.50 

89-10 

88.70 

88.30 

87.90 

87.60 

87.20 

86.80 

86.50 
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20 

,- 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

86.50 
85.60 
86.10 
85.10 
85.50 
84.70 
85.00 
84.20 
84.40 
83.80 
83.90 
83.50 
83.40 
83.10 
82.90 
82.70 
82.40 
82.20 
82.00 
81.80 
81.50 
81.30 
81-10 
80.80 
80.60 
80.30 
80.20 
79.90 
79.70 
79.40 
79.30 
78.90 
78.90 

1 
11 

86.50 
85.70 
86.00 
85.20 
85.50 
84.80 
84.90 
84.30 
84.40 
83.90 
83.80 
83.50 
83.30 
83.10 
82.80 
82.70 
82.40 
82.20 
81.90 
81.80 
81.40 
81.30 
81.00 
80.80 
80.50 
80.40 
80.10 
79.90 
79.70 
79.40 
79.20 
79.00 
78.80 

2 
12 

86.40 
85.80 
86.00 
85.30 

- 85.40 
84.90 
84.80 
84.40 
84.30 
84.00 
83.80 
83.50 
83.20 
83.10 
82.70 
82.70 
82.20 
82.20 
81.80 
81.80 
01.30 
81.30 
80.90 
80.80 
80.40 
80.40 
80.00 
79.90 
79.60 
79.50 
79.10 
79.00 
78.70 

3 
13 

86.40 
85.90 
85.90 
85.40 
85.30 
84.90 
84.70 
84.50 
84.20 
84.00 
83.60 
83.60 
83.10 
83.10 
82.60 
82.70 
82.10 
82.20 
81.70 
81.80 
81.20 
81.30 
80.80 
80.80 80.80 80.80 80.80 80. 80 80.70 
80.30 80.30 80.20 
80.40 80.40 80.40 80.40 80.30 80.30 
79.90 79.80 79.70 
80.00 80.00 80.00 79.90 79.90 79.90 
79.50 79.40 79.30 
79.50 79.50 79.50 79.50 79.50 79.50 

86.40 
86.00 
85.90 
85.50 
85.20 
85.00 
84.60 
84.50 
84.00 
84.00 
83.40 
83.60 
82.90 
83.10 
82.40 
82.70 
82.00 
82.20 
81.50 
81.70 
81.10 
81.30 
80.70 

86.40 
86.00 
85.90 
85.50 
85.10 
85.00 
84.50 
84.50 
83.80 
84.10 
83.30 
83.60 
82.80 
83.10 
82.30 
82.60 
81.90 
82.20 
81.40 
81.70 
81.00 
81.30 
80.60 

3 ,?i 

86.00 

85.60 

85.00 

84.50 

84.10 

83.60 

83.10 

82.60 

82.20 

81.70 

81.30 

86.10 

85.60 

85.10 

84.50 

84.00 

83.60 

83.10 

82.60 

82.10 

81.70 

81.20 

86.10 

85.60 

85.00 

84. 50 

84.00 

83.50 

83.00 

82.60 

82.10 

81.60 

81.20 

79.00 78.90 78.80 
79.10 79.10 79.10 79.10 79.10 79.10 
78.60 78.50 78.40 

8 

INITIAL BEAD FOR LAYER 2 WILL BE READ ON UNIT 1 USING FORHAT: (16F5.1) 

86.10 

85.60 

05.00 

84.50 

84.00 

83.50 

83.00 

82.50 

82.00 

81.60 

81-10 

80.70 

80.20 

79.80 

79.40 

79.00 

4 5 6 7 8 
14 15 16 

9 10 

............................................................................................................................. 
91.80 0 1  

? 2  

3 

q' 4 

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

91.20 
91-90 
90.90 
91.60 
90.60 
91.30 
90.40 
91-00 
90.10 
90.70 
89.80 
90.40 
89.50 
90.10 
89.20 
89.70 
89.00 
89.40 
88.70 
89-10 
88.50 
88.70 
88.30 

88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.10 
87.10 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.70 
85.50 

88.40 

91.20 
91.90 
91.00 
91.60 
90.70 
91.30 
90.50 
91-00 
90.20 
90.70 
89-90 
90.40 
89.60 
90.10 
89.30 
89.70 
89.10 
89.40 
88.80 
89.10 
88.60 
88.70 
88.30 
88.40 
88-10 
88-10 
87.80 
87.70 
87.50 
87.40 
87.10 
87.00 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.80 
85.50 

91.30 
92.00 
91.10 
91.70 
90.80 
91.40 
90.50 
91.10 
90.30 
90.70 
90.00 
90.40 
89.70 
90.10 
89.40 
89.70 
89.10 
89.40 
88-90 
89.00 
88.60 
88.70 
88.30 
88.40 
88.10 
88.00 
87.80 
87.70 
87.50 
87.30 
87.20 
87.00 
86.80 
86.60 
86.50 
86.20 
86.10 
85.80 
85.80 
85.40 

91.40 
92.00 
91-10 ~~~~ 

91.70 
90.90 
91.40 
90.60 
91-10 
90.30 
90.70 
90.00 
90.40 
89.80 
90.10 
89.50 
89.70 
89.20 
89.40 
88.90 
89.00 
88.60 
88.70 
88.40 
88.30 
88.10 
88.00 
87. 80 
87.60 
87.50 
87.30 
87.20 
86.90 
86.90 
86.60 
86.50 
86.20 
86.10 
85.80 
85.70 
85.40 

91.50 91.50 91.60 
92.10 92.10 
91.20 91.30 --. 
si.80 91-80 
91.00 91-00 
91.40 91.40 
90.70 90.70 
91-10 91.10 
90.40 90.50 
90.70 90.70 
90.10 90.20 
90.40 90.30 
89.80 89-90 
90.00 90.00 
89.50 89.60 
89.70 89.70 
89.30 89.30 
89.30 89.30 
89-00 89-00 
89-00 89.00 
88.70 88.70 
88.60 88.50 
88.40 88.40 
88.20 88.10 
88-10 88.10 
87.90 87.80 
87.90 87.90 
87.60 87.50 
87.60 87.60 
87.20 87.20 
87.30 87.30 
86.90 86.90 
86.90 86.90 
86.50 86.50 
86.50 86.50 
86.20 86.20 
86.10 86.00 
85.80 85.80 
85.70 85.60 
85.40 85.40 

91.40 

91.10 

90.80 

90.50 

90.20 

89.90 

89.60 

89.30 

89.00 

88.70 

88.50 

88.20 

87.90 

87.60 

87.30 

86.90 

86.40 

86.00 

85.60 

si. 70 gi.80 

91.40 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.30 

86.80 

86.40 

86.00 

85.60 

91.50 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

80.80 

88.50 

88.20 

87.90 

87.60 

87.20 

86.80 

86.40 

86.00 

85.60 

91.50 

91.30 

91.00 

90.70 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.40 

88.10 

87.80 

87.60 

87.20 

86.80 

86.40 

85.90 

85.50 

-3 - 



0 21 

0 22 

0 23 

0 24 

. O  25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

85.30 
85.10 
84.90 
84.70 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
81.90 
81.70 
81.50 
81.20 
81.00 
80.80 

85.30 
85.10 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
81.90 
81.60 
81.50 
81.20 
81.00 
80.80 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.10 
83.00 
82.70 
82.50 
82.30 
82 * 10 
81.90 
81.60 
81.40 
81.20 
81.00 
80.80 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83. 80 
83.50 
83.40 
83.10 
82.90 
82.70 
82.50 
82.30 
82.10 
81.80 
81.60 
81.40 
81.20 
81.00 
80.70 

85.30 
85.00 
84.80 
84.60 
84.40 
84.10 
84.00 
83.70 
83.50 
83.30 
83.10 
82.90 
82.70 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 

85.20 
85.00 
84.80 
84.50 
84.40 
84.10 
83.90 
83.70 
83.50 
83.30 
83.10 
82.90 
82.60 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 

85.20 

84.80 

84.30 

83.90 

83.50 

83.10 

82.60 

82.20 

81.80 

81.30 

80.90 

85.20 

84.80 

84.30 

83.90 

83.50 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.60 80.60 80.60 80.50 BO. 50 80.50 80.50 I 80.40 
80.40 80.30 80.30 80.30 80.30 80.30 
80.20 80.20 80.10 80.10 80.10 80.10 80.00 80.00 
79.90 79.90 79.90 79.90 79.80 79.80 
79.70 79.70 79.70 79.70 79.60 79.60 79.60 79.60 
79.50 79.50 79.40 79.40 79.40 79.30 
79.30 79.30 79.20 79.20 79.20 79.20 79.20 79.20 
79.10 79.10 79.00 79.00 78.90 78.90 

O W  PRINT FORMAT IS FORMAT NUMBER 4 D R A W  PRINT FORMAT IS FORMAT NUMBER 9 
OEEADS WILL BE SAVED ON UNIT 30 DRAWDOWNS WILL BE SAVED ON UNIT 40 
OOUTPUT CONTROL IS SPECIFIED EVERY TIME STEP 
0 
0 
0 
0 

COLuMLl To ROW ANISOTROPY * 1.0000 b 0 

85.10 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

85.10, 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

82.10 

81.70 

81.30 

80.80 

80.40 

80.00 

79.50 

79.10 

J 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

1 2 3 4 5 6 7 8 9 10 

0 1 150.0 150.0 150.0 150.0 150.0 113.0 113.0 I 113.0 113.0 113.0 
113.0 113.0 150.0 150.0 150.0 150.0 
150.0 150.0 150.0 150.0 150.0 113.0 113.0 1 113.0 113.0 113.0 
113.0 113.0 150.0 150.0 150.0 150.0 
150.0 150.0 150.0 150.0 150.0 113.0 113.0 113.0 113.0 113.0 
113.0 113.0 150.0 150.0 150.0 150.0 
150.0 150.0 150.0 150.0 150.0 113.0 113.0 113.0 113.0 113.0 
113.0 113.0 150.0 150.0 150.0 150.0 I 

11 12 13 14 15 16 1 .......................................................................................................................... 

150.0 150.0 
113.0 113.0 
150.0 113.0 
113.0 113.0 
150.0 113.0 
113.0 113.0 
150.0 113.0 
113.0 113.0 
150.0 113.0 
113.0 113.0 . 
150.0 113.0 
113.0 113.0 
150.0 125.0 
125.0 125.0 ~~~. ~ 

150.0 125.0 
125.0 125.0 
150.0 125.0 
125.0 125.0 
150.0 125.0 
125.0 125.0 
150.0 125.0 
125.0 125.0 
150.0 125.0 
125.0 125.0 
150.0 125.0 
125.0 i25. o 
150.0 125.0 
125.0 125.0 
150.0 125.0 

150.0 
150.0 
113.0 
150.0 
113.0 
150.0 
113.0 
113.0 
113.0 
113.0 
113.0 
113.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 

150.0 
150.0 
113.0 
150.0 
113.0 
150.0 
113.0 
113.0 
113.0 
113.0 
113.0 
113.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 

i50.0 
150.0 
113.0 
150.0 
113.0 
150.0 
113.0 
113.0 
113.0 
113.0 
113.0 
113.0 
125.0 
125.0 
125 0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 
125.0 

113.0 
150.0 
100.0 
150.0 
100.0 
150.0 
100.0 
150.0 
100.0 
150.0 
100.0 
150.0 
100.0 
150.0 
100.0 
150.0 
100.0 
150.0 
100.0 
150.0 
100.0 
150.0 
125.0 
150.0 
125.0 
150.0 
125.0 
150.0 
125.0 

4- 

113.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

125.0 

125.0 

125.0 

1.25.0 

113.0 

100.0 

100.0 

100.0 

100.0 

I 100.0 
1 

100.0 

100.0 

100.0 

100.0 

100.0 

125.0 

125.0 

125.0 

125.0 

I 

113.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

125.0 

125.0 

125.0 

125.0 

113.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

125.0 

125.0 

125.0 

125.0 

L- 1 



0 20 

21 

" q ' 2 2  

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 
0 
0 

125.0 125.0 
150.0 88.00 
88.00 88.00 
150.0 88-00 
75.00 75.00 
150.0 88.00 
75.00 75.00 
150.0 88.00 
75.00 75.00 
150.0 88.00 
75.00 75.00 
150.0 100.0 
75.00 75.00 
150.0 100.0 
75.00 75.00 
150.0 100.0 
75.00 75.00 
150.0 100.0 
75.00 75.00 
150.0 100.0 
75.00 75.00 
150.0 100.0 
75.00 75.00 
150.0 100.0 
75.00 75.00 
150.0 100.0 
75.00 75.00 
150.0 100.0 
75.00 75.00 
150.0 100.0 
75.00 75.00 
150.0 100.0 
75.00 75.00 

125.0 : 

88.00 
88.00 
88.00 
88.00 
88.00 
88.00 
88.00 
88-00 
88.00 
88.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 

125.0 
88.00 
88.00 
88.00 
88.00 
88.00 
88.00 
88.00 
88.00 
88.00 
88.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 
75.00 

125.0 
88.00 
88.00 
75.00 
88.00 
75.00 
88.00 
75.00 
88.00 
75.00 
88.00 
75.00 
100.0 
75.00 
100.0 
75.00 
100.0 
75.00 
100.0 
75.00 
,100.0 
75.00 
100.0 
75.00 
100.0 
75.00 
100.0 
75.00 
100.0 
75.00 
100.0 

150.0 
88.00 
150.0 
75.00 
150.0 
75.00 
150.0 
75.00 
150.0 
75.00 
150.0 
75.00 
150.0 
75.00 
150.0 
75.00 
150.0 
75.00 
150.0 
75.00 
150.0 
75.00 
150.0 
75.00 
150.0 
75.00 
150.0 
75.00 
150.0 
75.00 
150.0 

75.00 75.00 75.00 75.00 
75.00 75.00 100.0 150.0 

BOTTOM = 30.00000 FOR LAYER 1 
VERT HYD COND /TEIQwESS 5 .1000000E-02 FOR LAYER 1 

*?$  
88.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

88.00 

.75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

88-00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

88.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

75.00 

1 2 3 4 5 6 7 8 9 lo 
11 12 13 14 15 16 ............................................................................................................................. 

0 1  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 

3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 
3000. 
4000. 
3000. 

-5- 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

350.0 

350.0 

350.0 

350.0 

350.0 

350.0 

4000. 

4000. 

4000. 

4000. 

4000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

350.0 

350.0 

350.0 

350.0 

350.0 

350.0 

4000. 

4000. 

4000. 

4000. 

4000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

350.0 

350.0 

350.0 

350.0 

350.0 

350.0 

4000. 

4000. 

4000. 

4000. 

4000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

4000. 

4000. 

4000. 

4000. 

4000. 



0 20 2000. 
2000. 

0 21 1500. 
1500. 

0 22 1500. 
1500. 

0 23 1500. 
1500. 

0 24 1500. 
1500. 

0 25 1500. 
1500. 

0 26 1500. 
1500. 

0 27 1500. 
1500. 

0 28 1500. 
1500. 

0 29 1500. 
1500. 

0 30 1500. 
1500. 

0 31 1500. 
1500. 

0 32 1500. 
1500. 

0 33 1500. 
1500. 

0 34 1500. 
1500. 

0 35 1500. 
1500. 

0 

0 

0 
1 

2000. 
2000. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 

2000. 
2000. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 

2000. 
2000. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
i500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 

2000. 
2000. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 

2000. 
2000. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. - 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 
1500. 

1 

1 
750.0 

750.0 I 
1 

750.0 

750.0 

750.0 

750.0 

750.0 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. I 
1500. ' 
1500. 

750.0 

750.0 

750.0 

750.0 

750.0 

750.0 

750.0 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

750.0 

750.0 

750.0 

750.0 

750.0 

750.0 

750.0 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

SIP HEAD CEANGB PRIrnUT 1mvAL - 1 
CALCULATE rpKRATION P- FROM MODEL CALCULATED WSEED 

STRESS PERIOD NO. 1. LEN- = 1.000000 

0 9 WELLS 

NUMBER OF TIME STEPS - 1 

MULTIPLIER FOR DELT = 1.000 

INITIAL TIME STEP SIZE = 1.000000 

LAYER ROW COL STRESSRATE WELL NO. 

2000.. 

J 1500. 

1500. 

1500, 

1500.. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

1 14 5 -13476. 1 
1 13 6 -13476. 2 
1 13 8 -13476. 3 
1 17 8 -4813.0 4 
1 24 8 -7701.0 5 
1 26 8 -9626.0 6 
2 13 8 -4813.0 7 
2 17 8 -4813.0 8 
2 24 8 -4813.0 9 

OAVERAGE SEED = .00194253 
MINIMUM SEED = -00055362 
0 

5 ITERATION PARAMETERS C A L C W D  FROM AVERAGE SEED: 

~0000000E+00 .7900615E+OO .95592581+00 .9907472E+OO .99805751+00 
0 

11 ITERATIONS FOR TIME STEP 1 IN STRESS PERIOD 1 
OMAXIMUM HEAD -DE FOR mce ITERATION: 
0 HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,Row,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYEFt,ROW,COL 

-4.456 ( 2, 13, 8) -.5950 ( 1, 13, 6) -.6296 ( 1, 14, 7) -.4238 ( 1, 15, 8) -.1201 ( 1, 23, 10) 
-13543-01 ( 2, 21, 7) .1216E-01 ( 1, 23, 9) .8511E-02 ( 1, 14, 8) .5964E-d2 ( 1, 21, 9) -1579E-02 ( 1, 18, 12) 

-.3491B-O3 ( 2, 24, 8) 

................................................................................................................... 

0 
OHEADIDRAWDOWN PRINTOUT FLAG = 1 BUDGET PRINTOUT FLAG = 1 CELL-BY-CELL FLOW TERM PWLG = 0 
OOUTPUT FLAGS FOR EACH LAYER: 

HEAD DRAWDOWN BEAD DRAWDOWN 
LAYER PRINMUT PRINTOUT SAVE SAVE ......................................... 
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0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

? 19 

i/ 2o 
0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31  

0 32 

0 33 

0 34 

0 35 

1 

94.50 
92.40 
94.00 
92.00 
93.50 
91.60 
93.10 
91.20 
92.60 
90.70 
92.10 
90.20 
91.60 
89.70 
91.10 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89.10 
88.00 
88.60 
87.70 
88.20 
87.50 
87.90 
87.30 
87.50 
87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84.50 
84.20 
83.80 
83.80 
83.30 
83.50 
82.80 
83.10 
82.30 
82.70 
81.90 
82.20 
81.40 
81.80 
81.00 
81.30 
80.60 
80.80 
80.20 
80.30 
79.70 
79.90 
79-30 
79.40 
78.80 
78.90 
78.40 

92.54 

92.11 

91.69 

91.28 

90.80 

90.28 

89.80 

89.37 

88.94 

88.53 

88.13 

87.77 

87.45 

87.21 

86.97 

86.68 

86.31 

85.92 

85.52 

85.05 

84.61 

84.15 

83.74 

83.36 

82.97 

82.56 

82.12 

81.69 

81.24 

80.77 

80.31 

79.88 

79.43 

79.00 

92.65 

92.21 

91.78 

91.36 

90.88 

90.35 

89.84 

89.35 

88.85 

88.37 

87.91 

87.47 

87.11 

86.87 

86.65 

86.40 

86.10 

85.79 

85.40 

84.95 

84.50 

84.05 

83.63 

83.22 

82.81 

82.40 

81.98 

81.57 

81.15 

80.72 

80.29 

79.87 

79.44 

79.00 

92.75 

92.30 

91.86 

91.44 

90.95 

90.40 

89.06 

89.32 

88.76 

88.20 

87.65 

87.10 

86.65 

86.51 

86.36 

86.17 

85.92 

85.64 

85.28 

84.84 

84.38 

83.92 

83.47 

83.04 

82.61 

82.21 

81.82 

81.44 

81.05 

80.65 

80.26 

79.86 

79.47 

79.10 

92.84 

92.39 

91.94 

91.50 

91.01 

90.45 

89.89 

89.31 

88.70 

88.06 

87.37 

86.60 

85.87 

86.15 

86.12 

85.98 

85.77 

85.52 

85.18 

84.74 

84.24 

83.74 

83.26 

82.80 

82.38 

82.01 

81.66 

81.31 

80.95 

80.59 

80.21 

79.84 

79.47 

79.10 

92.95 

92.48 

92.02 

91.56 

91.06 

90.50 

89.93 

89.33 

88.69 

87.98 

87.14 

85.96 

86.03 

86.07 

86.00 

85.85 

85.66 

85.43 

85.09 

84.63 

84.10 

83.54 

82.99 

82.52 

82.09 

81.78 

81.49 

81.18 

80.86 

80.52 

80.17 

79.81 

79.46 

79.10 

93.08 

92.60 

92.12 

91.65 

91.13 

90.58 

90.00 

89.39 

88.73 

88.02 

87.21 

86.39 

86.21 

86.11 

85.96 

85.76 

85.59 

85.37 

85.03 

84.55 

83.97 

83.32 

82.64 

82.17 

81.70 

81.52 

81.32 

81.07 

80.78 

80.46 

80.12 

79.78 

79.44 

79.10 

93.70 

93.20 

92.71 

92.22 

91.74 

91.23 

90.67 

90.09 

89.48 

88.84 

88.13 

87.29 

86.15 

86.33 

86.22 

86.00 

85.64 

85.57 

85.36 

85.02 

84.52 

83.90 

83-14 

82.05 

81.83 

80.98 

81.29 

81.21 

81.00 

80.72 

80.41 

80.08 

79.75 

79.42 

79.10 

93.80 

93.30 

92.81 

92.33 

91.84 

91.33 

90.77 

90.20 

89.61 

89.00 

88.35 

87.67 

87.02 

86.73 

86.46 

86.19 

85.91 

85.69 

85.43 

85.07 

84.56 

83.95 

83.29 

82.58 

82.10 

81.61 

81.43 

81.23 

80.98 

80.69 

80.37 

80.05 

79.72 

79.39 

79.10 

93.90 

93.41 

92.92 

92.43 

91.95 

91.44 

90.90 

90.34 

89.77 

89.18 

88.60 

88.03 

87.50 

87.10 

86.75 

86.42 

86.12 

85.84 

85.54 

85.16 

84.64 

84.06 

83.46 

82.87 

82.37 

81.93 

81.60 

81.30 

81.00 

80.68 

80.35 

80.01 

79.67 

79.33 

79.00 

EE%D IN LAYER 2 AT END OF TIME STEP 1 IN STRESS PERIOD 1 

1 2 3 4 5 6 7 8 9 10 
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93.51 

93.02 

92.54 

92.05 

91.55 

91.02 

90.48 

89.92 

89.35 

88.81 

88.30 

87.82 

87.40 

87.01 

86.65 

86.32 

86.00 

85.67 

85.27 

84.75 

84.18 

83.61 

83.07 

82.57 

82.12 

81.73 

81.37 

81.02 

80.67 

80.32 

79.97 

79.61 

79.26 

78.90 

11 

93.62 

93.14 

92.65 

92.17 

91.67 

91.16 

90.62 

90.07 

89.51 

88.98 

88.50 

88.04 

87.62 

87.23 

86.86 

86.50 

86.16 

85.81 

85.39 

84.86 

84.29 

83.74 

83.21 

82.71 

82.24 

81.82 

81.42 

81.04 

80.67 

80.30 

79.92 

79.55 

79.18 

78.80 

12 

13 

...... 
4.20 

93.72 

93.24 

92.76 

92.28 

91.80 

91.32 

90.79 

90.21 

89.66 

89.15 

88.68 

88.23 

87.81 

87.42 

87.04 

86.68 

86.32 

85.95 

85.49 

84.94 

84.38 

83.83 

83.31 

82.81 

82.32 

81.88 

81.46 

81.05 

80.66 

80.27 

79.88 

79.48 

79.09 

78.70 

13 

14 15 

................. 
94.30 94.40 

93.82 

93.34 

92.86 

92.38 

91.91 

91.44 

90.91 

90.34 

89.79 

89.29 

88.83 

88.39. 

87.97 

87.59 

87.21 

86.85 

86.49 

86.10 

85.61 

85.02 

84.44 

83.87 

83.35 

82.84 

82.35 

81.90 

81.46 

81.05 

80.64 

80.23 

79.82 

79.41 

79.00 

78.60 

14 

93.91 

93.43 

92.97 

92. $9 

92.01 

91.53 

91.02 

90.44 

89.91 

89.41 

88.97 

88.52 

88.11 

87.75 

87.38 

87.03 

86.67 

86.25 

85.75 

85.09 

84.48 

83.87 

83.33 

82.82 

82.34 

81.90 

81.45 

81.03 

80.62 

80.20 

79.76 

79.34 

78.90 

78.50 

15 
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90.98 

90.72 

90.46 

90.18 

89.88 

89.58 

89.28 

89.00 

88.71 

88.44 

88.17 

87.90 

87.60 

87.28 

86.95 

86.63 

86.30 

86.01 

85.66 

85.22 

84.76 

84.29 

83.86 

83.44 

83.03 

82.62 

82.19 

81.78 

81.37 

80.94 

80.52 

80.11 

79.68 

79.30 

91.07 

90.81 

90.54 

90.26 

89.96 

89.65 

89.34 

89.02 

88.69 

88.37 

88.05 

87.73 

87.41 

87.09 

86.77 

86.47 

86.18 

85.90 

85.57 

85 - 12 
84.63 

84.15 

83.70 

83.28 

82.86 

82 - 46 
82.06 

81.66 

81.26 

80.86 

80.45 

80.05 

79.63 

79.20 

90.90 
91.80 
90.60 
91.40 
90.40 
91.10 
90.10 
'90.70 
89.80 
90.30 
89.50 
90.00 
89.20 
89.70 
89.00 
89.30 
88.70 
89.00 
88.50 
88.50 
88.30 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.20 
87.10 
86.90 
86.80 
86.50 
86.40 
86.20 
86.10 
85.80 
85.70 
85.40 
85.30 
85.00 
84.90 
84.50 
84.40 
84.10 
84.00 
83.70 
83.60 
83.30 
83.20 
82.90 
82.80 
82.50 
82.30 
82.00 
81-90 
81.60 
81.50 
81.20 
81.00 
80.70 
80.60 
80.30 
80.20 
79.80 
79.70 
79.30 
79.30 
78.90 

OEBAD WILL BE SAVED ON UNIT 30 
1 DRAWDOWN IN 

91.15 

90.90 

90.62 

90.34 

90.04 

89.72 

89.39 

89.04 

88.67 

88.30 

87.94 

87.57 

87.23 

86.89 

86.59 

86.31 

86.04 

85.78 

85.46 

85.00 

84.49 

83.99 

83.52 

83.09 

82.69 

82.30 

81.92 

81.55 

81.17 

80.78 

80.39 

80.00 

79.60 

79.20 

91.24 

90.97 

90.70 

90.42 

90.12 

89.80 

89.46 

89.06 

88.65 

88.24 

87.82 

87.41 

87.03 

86.67 

86.38 

86.13 

85.89 

85.67 

85.35 

84.88 

84.34 

83.80 

83.31 

82.89 

82.51 

82.14 

81.79 

81.44 

81.08 

80.71 

80.34 

79.96 

79.58 

79.20 

91.29 

91.05 

90.78 

90.49 

90.20 

89.90 

89.56 

89.10 

88.64 

88.17 

87.69 

87.22 

86.83 

86.43 

86.18 

85.95 

85.77 

85.59 

85.28 

84.77 

84.18 

83.58 

83.02 

82.64 

82.31 

81.97 

81.66 

81.33 

81.00 

80.65 

80.29 

79.93 

79.56 

79.20 

91.37 

91.12 

90.85 

90.57 

90.29 

90.02 

89.79 

89.29 

88.63 

87.94 

87.08 

86.02 

86.21 

86.14 

85.98 

85.75 

85.65 

85.55 

85.22 

84.63 

83.96 

83.17 

82.33 

82.21 

82.03 

81.79 

81.54 

81.25 

80.93 

80.60 

80. 25 

79.90 

79.55 

79.20 

91.45 

91.19 

90.91 

90.63 

90.35 

90.09 

89.88 

89.40 

88.62 

87.70 

86.16 

82.58 

85.41 

86.01 

85.84 

85.42 

85.55 

85.50 

85.16 

84.54 

83.77 

82.68 

80.66 

81.71 

81.82 

81.69 

81.47 

81.20 

80.89 

80.56 

80.22 

79.88 

79.53 

79.20 

91.52 

91.24 

90.96 

90.67 

90.38 

90.11 

89.87 

89.39 

88.72 

88.02 

87.14 

86.07 

86.23 

86.14 

85.97 

85.73 

85.63 

85.52 

85.18 

84.58 

83.90 

83.10 

82.25 

82.14 

81.96 

81.72 

81.48 

81-19 

80.88 

80.54 

80.20 

79.86 

79.52 

79.20 

AT END OF TIME STEP 1, STRESS PERIOD 1 
LAYER 1 A!l? END OF TIME STEP 1 IN STRESS PERIOD 

91.56 

91.29 

91.00 

90.70 

90.39 

90.07 

89.72 

89.26 

88.78 

88.28 

87.77 

87.27 

86.84 

86.42 

86.15 

85.91 

85.72 

85.53 

85.21 

84.68 

84.07 

83.45 

82.89 

82.50 

82.17 

81.84 

81.53 

81.21 

80.88 

80.54 

80.19 

79.83 

79.48 

79.10 

1 

91.62 

91.33 

91.03 

90.72 

90.39 

90.05 

89.67 

89.25 

88.81 

88.35 

87.89 

87.44 

87.02 

86.64 

86.33 

86.05 

85.81 

85.57 

k5 24 

84 * 75 

y.19 

ki .64 
13.13 

82.70 

i2.32 

$1.95 

61.60 

$1.26 

q0.90 

80.54 

80.18 

79.82 

79.46 

79.10 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  

91.65 

91.37 

91.06 

90.73 

90.39 

90.04 

89.66 

89.26 

88.84 

88.41 

87.98 

87.57 

87.18 

86.81 

86.49 

86.19 

85.91 

85.64 

85.31 

84.83 

84.30 

83.78 

83.30 

82.86 

82.45 

82.06 

81.68 

81.31 

80. 93 

80.56 

80.18 

79.81 

79.44 

79.10 

16 

91.70 

91.40 

91.08 

90.74 

90.40 

90.04 

89.67 

89.28 

8'8.87 

88.46 

88.06 

87.66 

87.29 

86.94 

86.61 

86.30 

86.00 

85.72 

85.37 

84.91 

84.39 

83.89 

83.42 

82.98 

82.56 

82.16 

81.76 

81.37 

80.98 

80.58 

80.19 

79.79 

79.40 

79.00 

91.73 

91.42 

91.09 

90.74 

90.39 

90.04 

89.67 

89.29 

88-90 

88.50 

88.11 

87.74 

87.38 

87.04 

86.71 

86.39 

86.08 

85.78 

85.42 

84.96 

84.46 

83.98 

83.53 

83.09 

82.67 

82.25 

81.84 

81.43 

81.03 

80.62 

80.20 

79.79 

79.38 

79.00 

91. +J 

91.43 

91.09 

90.73 

90.37 

90.03. 

89.68 

89.31 

88.94 

88.52 

88.13 

87.78 

87.45 

87.13 . 

86.80 

86.46 

B6.14 

85.81 

85.44 

84.99 

:::J 
83.62 

83.19 

82.78 

82 -36 

81.92 

81.51 

81-10 

80.66 

80.23 

79.79 

79.34 

78.90 

........................................................*............................................... 
0 1 .oo .oo .oo .oo -00  * 00 -00  * 00 * 00 .oo .oo .oo .oo -00 .oo .oo 
0 2 -00  -06 .05 - 0 5  e06 -05  .12 -10 .10 -09 -09 -08 - 0 8  -.02 -.01 .OO 
0 3 -00 -09 .09 .10 -11 .22 -20 -19 -19 .l8 -18 -06 .06 .06' .07 .OO 
0 4 -00 -11 .12 .14 .26 .28 -28 -28 -27 .27 -26 .15 -14 .04: .03 -00  
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* 33 
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.15 
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.15 
.'16 
.14 
.13 
.14 
-08  
* 11 
.06 
-03 
.09 
-02 

-.03 . 00 

- 14 
* 12 
-25 
.26 
.35 
-45 
.53 
.69 
.73 
-79 
.73 
.65 
.60 
-50 
.41 
.40 
.35 
.40 
.35 
.37 
-28 
.29 
.30 
.22 
-23 
-15 
-08 . 11 
-03 

.16 

.25 

.30 

.44 

.48. 
-64 
* a0 
1.05 
1.20 
1.35 
1.19 
.94 
-83 
.68 
.66 
.62 
.56 
.52 
-58 
.53 
.56 
.49 
.49 
.38 
-36 
-25 
-15 
.14 
14 

.30 

.39 

.45 
-51 
.69 

. -80  
1.04 
1.43 
1.80 
2.23 
1.55 
1.28 
1.02 
.93 
.88 
.82 
.76 
.76 
.76 
.74 
* 80 
.72 
-69 
.54 
.39 
.35 
-21 
.19 
-16 

.44 .47 

.50 .52 
-57 .60 
.77 .81 
-91 .97 
1.22 1.28 
1.76 1.69 
2.54 2.21 
2.07 1.99 
1.73 1.69 
1.40 1.54 
1.25 1.34 
1.04 1.21 
.97 1.03 
.91 .97 
.87 1.05 
.90 1.03 
.96 1.18 
1.11 1.46 
1.08 1.43 
1.01 1.40 
-82 1.08 
-71 .88 
.52 .63 
-44 -52 
.28 .34 
.23 .28 
-19 .12 

.36 
-47 
.53 
.61 
-82 
-96 
1.27 
1.71 
2.45 
1.87 
1.68 
1.50 
1.56 
1.23 
1.14 
1.08 
1.08 
1.20 
1.36 
1.95 
1.77 
2.12 
1.31 
.89 
-70 
.48 
* 39 
.22 
-15 

-36 
47 

-53  
.60 
.69 
* 90 
1.05 
1.33 
1.68 
1.57 
1.44 
1.31 
1.29 
1.11 
1.07 
1.03 
1.04 
1.05 
1.21 
1.42 
1.40 
1.39 
1.17 
-87 
.62 
.51 
.33 
-25 
-18 

.35 

.46 

.50 

.56 
-63 
-72 .. 90 
1.07 
1.20 
1.20 
1.15 
1.18 
1.08 
.96 
.96 
.94 
.96 
.94 

1.04 
1.13 
1.13 
1.07 
-90 
.70 
-60 
-42 
-35 
.19 
.13 

.35 
-35 
.48 
-52 
.58 
-65 
.69 
.80 
.88 
.90 
.89 
.95 
-88 
.80 
.83 
.83 
.75 
.82 
.79 
-83 
-83 
.78 
-67 
.63 
.48 
.43 
-28 
.23 
-09 

-23 ',12 
-33 -20 
.34 .28 
-38 .31 
.43 .39 
-49 .34 
.62 .45 
.60 .42 
-66 -47 
-68 -49 
.67 -48 
.74 .56 
-70 .52 
-64 .48 
.69 .45 
.61 .51 
-64 .46 
.61 .42 
.66 -47 
.59 .49 
.59 .39 
.56 .38 
-58 .32 
.48 .34 
.36 .25 
.33 -24 
.20 -13 
.18 .12 
.15 .12 

.12 .ll -00 

.19 .09 .oo 

.16 .07 -00 

.19 .OB .OO 
-26 -16 -00 
-21 -09 .oo 
-31 .09 -00 
-27 .13 .OO 
.31 .18 .OO 
.33 .19 .oo 
.31 .15 -00 
-39 .12 -00 
-35 -17 .OO 
.31 .13 -00 
.30 .15 .OO 
.29 .15 -00 
-28 .ll .oo 
.26 .12 .OO 
.33 .13 .Or) 
.25 .07 -00 
-26 -08  .OO 
.25 .06 -00 
-20 .10 -00 
.24 -05 .OO 
.15 .07 -00 
.16 .08 -00 
-07 -10 -00 
.OB -04 .OO 
.09 -06 .OO 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ........................................................................................................ 
0 1 -00  -00 -00 -00 -00 -00 -00  -00 -00 -00  * 00 .oo .oo * 00 .oo -00 
0 2  

.~~ 

.oo 
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
9 10 
' 11 

'.-- 0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 

,J 12 

. 00 . 00 . 00 
-00  
-00  
.oo 
* 00 
00 . 00 

.oo 
-00  
-00 
-00 . 00 
-00 
-00 . 00 . 00 . 00 . 00 . 00 
-00 . 00 . 00 
-00 
-00 
-00 . 00 . 00 
-00 . 00 
-00 
-00  

-.02 
-04 
.02 
.02 
.02 
.02 
.10 
.09 
-16 
-13 
-20 
-20 
.22 
.15 
-17 
* 10 
.09 
-14 
-08 
-14 . 11 
.14 
.16 
.17 
* 18 
* 11 
* 12 
.13 
.06 
.08 
.09 
f 02 
* 00 

~~~ 

.03 
-.01 
-.04 

.04 
-04 
.05 
.06 
.OB 
.21 
.23 
-25 
.37 
39 
-41 
.43 
-33 
-32 
-20 
.23 
-18 
-27 
.25 
.30 
.32 
.24 
.24 
.24 
-24 
-14 
-14 
.15 
.05 
.07 
.oo 

-.05 
-00 

-.02 
-.04 
-.04 

.08 

.ll 

.16 
-23 
.30 
.46 
-53 
-57 
-61 
.61 
.59 
-46  
-32 
.24 
- 3 0  
.41 
.41 
.48 
.41 
.41 
.40 
.38 
-25 
-23 
- 2 2  
-11 
-10 
-10 
* 00 

~~~ 

-.04 
.03 

-.DO 
-.02 
-.02 
.oo 
.04 
.24 
.35 
.46 
-58 
-69 
-87 
-93 
.92 
.77 
-61 
-43 
.35 
-42 
.46 
.60 
.69 
.61 
.59 
.56 
.41 
.36 
-32 
.19 
.16 
.14 
.02 
-00 

.01 
-.05 
-.08 
.Ol 

-.oo . 00 
.04 
.20 
-36 
.53 
.71 
.88 
1.07 
1.17 
1.12 
.95 
.73 
.41 
.32 
.43 
.62 
.82 
.88 
.86 
-79 
.63 
.54 
* 47 
-40 
.25 
.21 
.17 
.04 
* 00 

.03 
-.02 
-.05 
-.07 
-.09 
-.12 
-.19 
.Ol 
* 37 
.76 
1.42 
2.18 
1.69 
1.46 
1.32 
1.15 
-75 
.45 
.38 
.57 
.84 
1.13 
1.57 
1.29 
1.07 
.81 
-66 
-55 
.37 
.30 
-25 
-10 
.05 
-00 

-.05 . 01 
-.or 
-.03 
-.05 
-.09 
-.18 . 00 
.48 
1.10 
2.34 
5.62 
2.49 
1.59 
1.46 
1.38 
-85 
.50 
-44 
.66 
1.03 
1.62 
3.24 
1.79 
1.18 

* 91 
.73 
-50  
.41 
* 34 
.18 
-12 
-07 
.oo 

-.02 
-.04 -. 06 
-.07 
-.08 
-.11 -. 17 
.Ol 
.38 
-78 
1.36 
2.13 
1.67 
1.46 
1.23 
1.07 
.77 
.48 
.42 
.52 
.80 

1.20 
1.65 
1.26 
1.04 
.88 
-72 
.51 
.42 
.36 
.20 
-14 
.08 
.oo 

-.06 
-01 . 00 
.oo 

-.09 
-.07 
-.02 
.14 
.32 
.52 
-63 
I83 
.96 

1.18 
1.05 
.89 
.68 
-37 
-29 
.42 
-63 
.85 
1.01 
-90 
-83 
.76 
.57 
.49 
-42 
.26 
.21 
-17 
-02 
-00 

-.02 -.05 -.OO 
-.03 -.07 -00 
-.03 -.06 -02 
-.02 -.03 -e04 
.01 -01 .oo 
.05 .06 -06 
.03 -04 .03 
.15 -14 .12 
.29 -26 .13 
.35 .29 .24 
.51 .42 -34 
.66 -53  -34 
.78 - 5 2  -41 
.86 .59 .36 
.77 .51 .39 
.65 .51 -30  
.49 .39 -20 
-33 -26 .08 
.26 .19 .03 
-35 -27 .09 
.51 .30 .21 
.56 .42 .31 
.67 .50 .38 
.70 -54  .42 
.68 .55 .44 
.55 .44 .34 
-50  -42 -34 
.44 .29 .23 
.30 -27 -22 
.26 .24 .22 
.22 .12 .ll 
.08 .09 .ll 
-04 .06 -.OO 
.oo .oo .oo 

ODRAWDOWN W I L L  BE SAVED ON UNIT 40 AT END OF TIME STEP 1, STRESS PERIOD 1 
0 

0 

-.03 
-.02 
01 

-.04 
* 01 
-06 
.03 
.ll 
.10 
-20 
-19 
.26 
.22 
.26 
-19 
-21 
I12 
-02 

-.02 
.04 
.14 
-22 
.27 
-31 
.23 
.25 
-26 
.17 
.17 
.08 
-10 
.ll 
-02  
- 0 0  

.03 
-.03 
-01 

-.03 
.03 -. 03 
.02 

-.01 
.06 
-08  
.07 
.12 
-15 
-07 
.10 
.04 
.06 

-.01 
-.04 

* 01 
.10 
.05 
.08 
.ll 
.12 
.14 
.08 
.09 
.10 
-04 
-07 
* 01 
.06 
.oo 

.oo 

.oo . 00 
-00 . 00 . 00 
-00 
-00 
-00 
-00  
-00 
-00  
-00  . 00 . 00 
-00  
-00 
-00 
.oo 
.oo 
.oo 
.oo 
.oo 
-00  . 00 
-00  
-00  . 00 
.oo 
-00  
.oo 
.oo 
.oo 
.oo 

L**3/T 

I N  : --- IN: --- 
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0 
0 

0 
0 
0 

0 

STORAGE - .OOOOO 
CONSTANT HEAD = .11672EtO6 

WEUS = .ooooo 
TO!PAL IN = .11672Bt06 

OUT: ---- 
STORAGE = .ooooo 

C 0 N S " T  BEAI) = 39707. 

TOWiL OUT = .1167lEt06 
IN - OUT 6.0938 

PERCENT DISCREPANCY = .D1 

STORrLGE = .ooooo 
CONSTANT HEAD - .11672Et06 

WELLS = .ooooo 
TOTAL IN = .11672E+06 J OUT: ---- 
STORAGE = .ooooo 

CONSTANT BEAD = 39707. 
WEUS = 77007. 

TOTAL OUT = ,11671EtO6 
IN - OUT 6.0938 

PERCENT DISCREPANCY = . 01 

TIME STEP LENGTH 86400.0 1440 .OO 24.0000 1.00000 -2737853-02 
STRESS PERIOD TIME 86400.0 1440.00 24.0000 1.00000 -273785E-02 

TUIAL SIMULATION TIME 86400.0 1440.00 24.0000 1.00000 -273785E-02 
1 
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1 U.S. GEOLOGICAL SuRVE!! MODULAR FINITE-DIFFERENCE GROUND-WATER MODEL 
OSHIELDWOY MBTALLURGICAL CORPORATION FOCUSED FS - EYDROGE!OLOGIC SIMULATION SENSIT ANAL, SIMULATION 4A: EYDRAULIC COND X 2 

2 LAYERS 35 Rows 16 COLUMNS 
1 STRESS PERIOD(9) IN SIMULATION 

MODEL TIHE UNIT IS DAYS 

ELEMENT OF IUNIT: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
I/OUNIT:1112 0 0 0 0 0 0 1 9  0 0 2 2  0 0 0 0 0 0 0 0 0 0 0 0 

-OI/O UNITS: 

0-1 -- BASIC MDEL PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 1 
ARRAY8 RHS AND BUFF WILL SHARE MEMORY. 
START READ WILL BE SAVED 

10699 ELEMENTS IN X ARRAY ARE USED BY BAS 
10699 ELEMENTS OF X ARRAY USED OUT OF 100000 

OBCFl -- BLOCK-CEIPTBRED PLOW PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 11 
STEADY-STATE SIMULATION 

LAYER AQUIWRTYPE ------------------- 
1 1 
2 0 

1122 ELEMENTS IN X ARRAY ARE USED BY BCF 
11821 ELEMENTS OF X ARRAY USED OUT OF 100000 

OWBLl -- WELL PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM 12 
MAXIMUMOF 9WELLS 

36 ELEMENTS IN X ARRAY ARE USKD FOR WELLS 
11857 ELMENTS OF X ARRAY USED OUT OF 100000 

OSIPl -- STRONGLY IMPLICIT PROCEDURE SOLUTION PACKAGE, VERSION 1, 9/1/87 INPUT READ PROM UNIT 19 
MAXIMUM OF 50 ITERATIONS ALLOWED FOR CLOSURE 
5 ITERATION PARAEIETBRS 

4685 ELEMENTS IN X ARRAY ARE USED BY SIP 
16542 ELEMENTS OF X ARRAY USED OUT OF 100000 

1SHIELDWY METALLURGICAL CORPORATION WCUSXD FS - EYDROGEOLOGIC SIMULATION 
0 

SENSIT ANAL, SIMULATION 4A: BYDRAULIC COND X 2 

1 2  3 4 5 6 7 8  9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ......................................................................... 
0 1  
0 2  
0 3  
0 4  
0 5  
0 6  
7 7  

8 
9 

0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
0 

' b 6  10 

-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 

1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

2 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

3 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

4 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

5 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

~~ 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

~~ 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

~~ 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

.~ 
-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

~. 
-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

.. 
-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

.. 
-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

' 1  
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 ; 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
-1 -1 

......................................................................... 
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0 1  
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 

-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 ~~~ 

0 35 -2 -2 -2 -2 -2 -2 -2 -2 
OAQUIFER BEAD WILL BE SET To 
0 

999.99 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 _ _ _ _ _  2 - -  

-2 -2 -2 -2 -2 -2 -2 -2 
AT ALL NO-FWIW NODES (IBOUMD~O). 

J 

I N I T I A L  HEAD FOR LAYER 1 W I L L  BE RgAD ON U N I i  1 USING FORMAT: (16P5.1) ................................................................................................ 
1 2 3 4 5 6 .  8 9 lo 7 :  
11 12 13 14 15 16 

I 
................................................................*........................*..*.............................. 
0 1 92.90 93.00 93.10 93.20 93.30 93.40 93.60 [ 93.70 93.80 93.90 

94.00 94.10 94.20 94.30 94.40 94.50 
0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

92.40 
93.60 
92.00 
93.20 
91.60 
92.80 
91.20 
92.40 
90.70 
91.90 
90.20 
91.50 
89.70 
91.00 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89.10 
88.00 

92.60 
93.70 
92.20 
93.20 
91.80 
92.80 
91.40 
92.40 
90.90 
92.00 
90.40 
91.50 
89.90 
91.00 
89.50 
90.50 
89.20 
90.00 
88.80 
89.60 
88.40 
89.10 
88.10 

88.70 88.70 
87.70 87.80 
88.30 88.30 
87.50 87.60 
87.90 87.90 
87.30 87.30 
87.60 87.60 
87.00 86.90 
87.20 87.20 
86.50 86.50 
86.80 86.80 
86.00 86.10 

92.70 
93.80 
92.30 
93.30 
91-90 
92.90 
91.50 
92.40 
91.00 
92.00 
90.60 
91.60 
90.10 
91.10 
89.70 
90.60 
89.30 
90.00 
88.90 
89.60 
88.60 
89.10 
88.20 
88.70 
87.90 
88.30 
87.60 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.20 

~ ~~~~ 

92.80 
93. 80 
92.40 
93.40 
92.00 
92.90 
91.60 
92.50 
91.20 
92.10 
90.70 
91.60 
90.30 
91-10 
89.80 
90.60 
89.40 
90.00 
89.00 
89.60 
88.70 
89.10 
88.30 
88.70 
88-00 
88.30 
87.70 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.30 

. .. .. 
92.90 
93.90 
92.50 
93.50 
92.20 
93.00 
91.80 
92.60 
91.40 
92.10 
90.90 
91.60 
90.40 
91-10 
90.00 
90.60 
89.50 
90.00 
89.10 
89.50 
88.80 
89-10 
88.40 
88.70 
88-10 
88.30 
87.70 
87.90 
87.40 
87.50 
87.00 
87.20 
86.70 
86.80 
86.40 

-_.__ 
93.00 
94.00 
92.70 
93.50 
92.30 
93.10 
91.90 
92.60 
91.50 
92.10 
91.00 
91.60 
90.50 
91.10 
90.10 
90.50 
89.60 
90.00 
89.20 
89.50 
88.90 
89-10 
88.50 

93.20 

92.80 

92.40 

92.00 

91.60 

91.10 

90.60 

90.20 

89.70 

89.30 

88.90 

88.60 
88.60 
88-10 88.20 
88.20 
87.80 87.80 
87.90 
87.40 87.50 
87.50 
87.10 87.10 
87.20 
86.70 86.80 
86.90 
86.40 86.40 

-2 - 

93.30 93.40 

92.90 93.00 

92.50 92.60 

92.10 92.20 

91.70 91.80 

91.20 91.30 

90.70 90.80 

90.30 90.30 

89-80 89.90 

89.40 89.40 

89.00 89.00 

88.60 88.70 

88.20 88.30 

87.90 87.90 

87.50 87.50 

87.20 87.20 

86.80 86.80 

86.50 86.50 

93.50 ,. 
93.10 

92.70 

92.30 

91.90 

91.40 

90.90 

90.40 

89.90 

89.50 

89.10 

88.70 

88.30 

87.90 

87.60 

87.20 

86.80 

86.50 



0 20 

21 

L A  22 
0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

86.50 86.50 
85.60 85.70 
86.10 86.00 
85.10 85.20 
85.50 85.50 
84.70 84.80 
85.00 84.90 
84.20 84.30 
84.40 84.40 
83.80 83.90 
83.90 83.80 
83.50 83.50 
83.40 83.30 
83.10 83.10 
82.90 82.80 
82.70 82.70 
82.40 82.40 
82.20 82.20 
82.00 81.90 
81.80 81.80 
81.50 81.40 
81.30 81.30 
81.10 81.00 
80.80 80.80 
80.60 80.50 
80.30 80.40 
80.20 80.10 
79.90 79.90 
79.70 79.70 
79.40 79.40 
79.30 79.20 
78.90 79.00 
78.90 78.80 

1 2 
11 12 

86.40 
85.80 
86.00 
85.30 
85.40 
84.90 
84.80 
84.40 
84.30 
84.00 
83.80 
83.50 
83.20 
83.10 
82.70 
82.70 
82.20 
82.20 
81.80 
81.80 
81.30 
81.30 
80.90 
80.80 
80.40 
80.40 
80.00 
79.90 
79.60 
79.50 
79.10 
79.00 
78.70 

86.40 
85.90 
85.90 
85.40 
85.30 
84.90 
84.70 
64-50 
84.20 
84.00 
83.60 
83.60 
83.10 
83.10 
82.60 
82.70 
62-10. 82.00 
82.20 82.20 
81.70 81.50 
81.80 81.70 
81.20 81.10 
81.30 81.30 
80.80 80.70 
80.80 80.80 

86.40 
86.00 
85.90 
85.50 
85.20 
85.00 
84.60 
84.50 
84.00 
84.00 
83.40 
83.60 
82.90 
83.10 
82.40 
82.70 

80.30 80.30 
80.40 80.40 
79.90 79.80 
80.00 80.00 
79.50 79.40 
79.50 79.50 
79.00 78.90 
79.10 79.10 
78.60 78.50 

INITIAL BEAD FOR LAYER 

3 4 5 
13 14 15 

86.40 
86.00 
85.90 
85.50 
85.10 
85.00 
84.50 
84.50 
83.80 
84.10 
83.30 
83.60 
82.80 
83.10 
82.30 
82.60 
81.90 
82.20 
81.40 
81.70 
81.00 
81.30 
80.60 
80.80 
80.20 
80.40 
79.70 
80.00 
79.30 
79.50 
78.80 
79.10 
78.40 

86.00 

85.60 

85.00 

84.50 

84.10 

83.60 

83.10 

82.60 

82.20 

81.70 

81.30 

80.80 

80.40 

79.90 

79.50 

79.10 

86.10 

85.60 

85.10 

84.50 

84.00 

83.60 

83.10 

82.60 

82.10 

81.70 

81.20 

80.80 

80.30 

79.90 

79.50 

79.10 

86.10 

85.60 

85.00 

84.50 

84.00 

83.50 

83.00 

82.60 

82.10 

81.60 

81.20 

80.70 

80.30 

79.90 

79.50 

79.10 

86.10 ' 

85.60 

85 .€IO 

84.50 

84.00 

83.50 

83.00 I 

82.50 

82.00 . 
81.60 

81.10 

80.70 

80.20 

79.80 

79.40 

79.00 

6 7 
16 

8 9 10 

0 2  

3 

L 6  4 
0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

__._. 
91.90 
90.90 
91.60 
90.60 
91.30 
90.40 
91.00 
90.10 
90.70 
89.80 
90.40 
89.50 
90.10 
89.20 
89.70 
89.00 
89.40 
88.70 
89.10 
88.50 
88.70 
88.30 
88.40 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.10 
87.10 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.70 
85.50 

91.20 91.30 
91.90 92.00 

............................................................................................................................. 
0 1 91.20 92.50 91.50 91.60 91.70 91.80 91.80 

91.00 
91.60 
90.70 
91.30 
90.50 
91-00 
90.20 
90.70 
89.90 
90.40 
89.60 
90.10 
89.30 
89.70 
89.10 
89.40 
88.80 
89.10 
88.60 
88.70 
88.30 
88.40 
88.10 
88.10 
87.80 
87.70 
87.50 
87.40 
87.10 
87.00 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.80 
85.50 

91.10 
91.70 
90.80 
91.40 
90.50 
91.10 
90.30 
90.70 
90.00 
90.40 
89.70 
90.10 
89.40 
89.70 
89.10 
89.40 
88.90 
89.00 
88.60 
88.70 
88.30 
88.40 
88.10 
88.00 
87.80 
87.70 
87.50 
87.30 
87.20 
87.00 
86.80 
86.60 
86.50 
86.20 
86.10 
85.80 
85.80 
85.40 

91.40 
92.00 
91-10 
91.70 
90.90 
91.40 
90.60 
91.10 
90.30 
90.70 
90.00 
90.40 
89.80 
90.10 
89.50 
89.70 
89.20 
89.40 
88.90 
89.00 
88.60 
88.70 
88.40 
88.30 
88.10 
88.00 
87.80 
87.60 
87.50 
87.30 
87.20 
86.90 
86.90 
86.60 
86.50 
86.20 
86.10 
85.80 
85.70 
85.40 

._. .~ ~- ~ 

92.10 92.10 
91.20 91.30 
91.80 91.80 
91.00 91.00 
91.40 91.40 
90.70 90.70 
91.10 91-10 
90.40 90.50 
90.70 90.70 
90.10 90.20 
90.40 90.30 
89.80 89.90 
90.00 90.00 
89.50 89.60 
89.70 89.70 
89.30 89.30 
89.30 89.30 
89.00 89-00 
89.00 89.00 
88.70 88.70 
88.60 88.50 
88.40 88.40 
88.20 88.10 
88.10 88.10 
87.90 87.80 
87.90 87.90 
87.60 87.50 
87.60 87.60 
87.20 87.20 
87.30 87.30 
86.90 86.90 
86.90 86.90 
86.50 86.50 
86.50 86.50 
86.20 86.20 
86.10 86.00 
85.80 85.80 
85.70 85.60 
85.40 85.40 

91.40 

91.10 

90.80 

90.50 

90.20 

89.90 

89.60 

89.30 

89.00 

88.70 

88.50 

88.20 

87.90 

87.60 

87.30 

86.90 

86.40 

86.00 

85.60 

91.40 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89-10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.30 

86.80 

86.40 

86.00 

85.60 

91.50 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.20 

86.80 

86.40 

86.00 

85.60 

91.50 

91.30 

91-00 

90.70 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.40 

88.10 

87.80 

87.60 

87.20 

86.80 

86.40 

85.90 

85.50 

-3- 



0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

85.30 
85.10 
84.90 
84.70 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
81.90 
81.70 
81.50 . 
81.20 
81.00 
80.80 
80.60 
80.40 
80.20 
79.90 - 
79.70 
79.50 
79.30 
79.10 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.10 
83.00 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.50 
83.40 
83.10 
82.90 

85.30 
85.10 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82.80 82.70 82.70 
82.50 82.50 82.50 
82.30 82.30 82.30 
82.10 82.10 82.10 
81.90 81.90 81.80 
81.60 81.60 81.60 
81.50 81.40 81.40 
81.20 81.20 81.20 
81.00 81.00 81.00 
80.80 80.80 80.70 
80.60 80.60 80.50 
80.30 80.30 80.30 
80.20 80.10 80.10 
79.90 79.90 79.90 
79.70 79.70 79.70 
79.50 79.40 79.40 

85.30 
85.00 
84.80 
84.60 
84.40 
84.10 
84.00 
83.70 
83.50 
83.30 
83.10 
82.90 
82.70 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 

85.20 
85.00 
84.80 
84.50 
84.40 
84.10 
83.90 
83.70 
83.50 
83.30 
83.10 
82.90 
82.60 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 

85.20 ; 85.20 

84.80 f 84.80 

84.30 

83.90 

83.50 

83.10 

82.60 

82.20 

81.80 

81.30 

80.90 

, 
84.30 

83.90 

83.50 

1 83.00 

82.60 

1 82.20 

81.70 

81.30 

80.90 

t 

80.70 80.70 1 
80.50 80.50 80.50 80.40 
80.30 80.30 I 
8o.io 8o.io 80.00 f 80.00 
79.80 79.80 I 

79.60 

79.20 
I 

79.60 79.60 79.60 
79.40 79.30 

79.30 79.20 79.20 79.20 79.20 79.20 
79.10 79.00 79.00 78.90 78.90 

COLUMN M ROW ANISOTROPY = 1.0000 0 

0- PRIHT-FORMAT IS FORMAT NUMBER 4 DRAWDOWN PRINT FORMAT IS FORMAT NUK8ER 9 
OBEADS WILL BE SAVED ON UNIT 30 DRAWDOWNS WILL BE SAVKD ON UNIT 40 
OOUTPUT CONTROL IS SPECIFIED EVERY TIME STEP 
0 
0 DELR - 200.00 0 
0 D E C  - 200.00bO 
0 

1 

85.10 

84.70 

04.30 

83.90 

83.40 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

85.10 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

82.10 

81.70 

J 

81.30 

80.80 

80.40 

80.00 

79.50 

79.10 

t 

RYD. COND. ALONG ROWS FOR LAYER 1 WILL BE I(FAD ON UNIT:11 WINO FORMAT: (16F4.0) 

1 2 '  3 4 5 6 7 8 9 10 

0 1 600.0 600.0 600.0 600.0 600.0 450.0 450.0 ' 450.0 450.0 450.0 

11 12 13 14 15 16 

1 
...................................................**....*......................**...............................*......... 

600.0 600.0 
~~. 
450.0 

~ . ~ . .  
600.0 

.~... 
600.0 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

450.0 
600.0 
450.0 
600.0 
450.0 
600.0 
450.0 
600.0 
450.0 
600.0 
450.0 
600.0 
450.0 
600.0 
450.0 
600.0 
450.0 
600.0 
450.0 
600.0 
500.0 
600.0 
500.0 
600.0 
500.0 
600.0 
500.0 
600.0 
500.0 
600.0 
500.0 
600.0 
500.0 
600.0 
500.0 
600.0 

600.0 
450.0 
600.0 
450.0 
600.0 
450.0 
600.0 
450.0 
450.0 
450.0 
450.0 
450.0 
450.0 
450.0 
450.0 
450.0 
450.0 
450.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 

600.0 
600.0 
600.0 
600.0 
600.0 
600.0 
600.0 
600.0 
450.0 
600.0 
450.0 
600.0 
450.0 
450.0 
450.0 
450.0 
450.0 
450.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 

600.0 
600.0 
600.0 
600.0 
600.0 
600.0 
600.0 
600.0 
450.0 
600.0 
450.0 
600.0 
450.0 
450.0 
450.0 
450.0 
450.0 
450.0 
5UO.O 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 
500.0 

600.0 450.0 
600.0 600.0 
600.0 450.0 
600.0 600.0 
600.0 450.0 
600.0 600.0 
600.0 450.0 
600.0 600.0 
450.0 400.0 
600.0 600.0 
450.0 400.0 
600.0 600.0 
450.0 400.0 
450.0 600.0 
450.0 400.0 
450.0 600.0 
450.0 400.0 
450.0 600.0 
500.0 400.0 
500.0 600.0 
500.0 400.0 
500.0 600.0 
500.0 400.0 
500.0 600.0 
500.0 400.0 
500.0 600.0 
500.0 400.0 
500.0 600.0 
500.0 500.0 
500.0 600.0 
500.0 500.0 
500.0 600.0 
500.0 500.0 
500.0 600.0 
500.0 500.0 

450.0 

450.0 

450.0 

450.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

500.0 

500.0 

500.0 

500.0 

I 

450.0 

450.0 

450.0 

450.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

500.0 

500.0 

500.0 

500.0 

450.0 

450.0 

450.0 

450.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

500.0 

500.0 

500.0 

500.0 

450.0 

450.0 

450.0 

450.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

400.0 

500.0 

500.0 

500.0 

500.0 
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0 20 

21 u 22 
0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 
0 
0 

500.0 
600.0 
350.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 

1 
11 

500.0 
350.0 
350.0 
350.0 
300.0 
350.0 
300.0 
350.0 
300.0 
350.0 
300.0 
400.0 
300.0 
400.0 
300.0 
400.0 
300.0 
400.0 
300.0 
400.0 
300.0 
400.0 
300.0 
400.0 
300.0 
400.0 
300.0 
400.0 
300.0 
400.0 
300.0 
400.0 
300.0 

2 
12 

I -  

500.0 500.0 
350.0 350.0 
350.0 350.0 
350.0 350.0 
350.0 350.0 
350.0 350.0 
350.0 350.0 
350.0 350.0 
350.0 350.0 
350.0 300.0 
350.0 350.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 
300.0 300.0 

500.0 
350.0 
350.0 
300.0 
350.0 
300.0 
350.0 
300.0 
350.0 
300.0 
350.0 
300.0 
400.0 
300.0 
400.0 
300.0 
400.0 
300.0 
400.0 
300.0 
400.0 
300.0 
400.0 
300.0 
400.0 
300.0 
400.0 
300.0 
400.0 
300.0 
400.0 
300.0 
400.0 

600.0 
350.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 
300.0 
600.0 

2 i ,_ ,, , . 
350.0 

300.0 

300.0 

300.0 

300.0 

300.0 

300.0 

300.0 

300.0 

300.0 

300.0 

300.0 

300.0 

300.0 

300.0 

300.0 

350.0 350.0 

300.0 300.0 

300.0 300.0 

300.0 300.0 

300.0 300.0 

300.0 300.0 

300.0 300.0 

300.0 300.0 

300.0 300.0 

300.0 300.0 

300.0 300.0 

300.0 300.0 

300.0 300.0 

300.0 300.0 

300.0 300.0 

300.0 300.0 

BolcroM - 30.00000 FOR LAYl3R 1 
VERT HYD COND /TRICKNESS .10000OOE-02 FOR LAYER 1 

350.0 

300.0 

300.0 

300.0 

300.0 

300.0 

300.0 

300.0 

300.0 . 
300.0 

300.0 

300.0 

300.0 

300.0 

300.0 

300.0 

TRAF1SMIS. ALONG RWS FOR LAYER 2 WILL BE READ ON UNIT 11 USING FORMAT: (16F5.0) ................................................................................................ 
3 4 5 6 7 8 9 lo 
13 14 15 16 ............................................................................................................................. 

0 1 1.2000E+04 1.2000E+04 1.2000E+04 1.2000E+04 1.2000Et04 1.2000E+04 1.2000E+04 1.2000E+04 1.2000E+04 1.2000E+O4 
1.2000E+04 1.2000E+04 1.2000E+04 1.2000E+04 1.2000Et04 1.2000E+04 

2 

‘.-4 3 

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

1.2000E+04 
1.200OEt04 

1.2000E+04 
1.2000Et04 
1.2000E+04 

1.2000EtOL 

i. ZOooE+o4 
1.2000E+04 
1.2000E+04 
1.2000E+04 
1.2000E+04 
1.2000E+04 
1.2000E+04 
1.2000E+04 
1.2000E+04 
1.2000E+04 
1.2000E+04 
1.2000E+04 
1.2000E+04 
1.2000E+04 
1.2000Et04 

1.2000E+04 
1.2000E+04 
1.2000E+04 
1.2000Et04 
1.2000Et04 
1.2000Et04 
1.2000E+04 

1.2000EtO4 
1.2000Et04 
1.2000EtO4 
1.2000Et04 
1.2000E+04 
1.2000E+04 
1.2000E+04 
1.2000E+04 

1.2000E+O4 
1.2000E+04 
1.2000E+04 
1.2000E+04 
1.2000Et04 
1.2000Et04 
1.2000Et04 
1.2000E+04 
1.2000E+04 
1.2000Et04 
1.2000Et04 
1.2000E+04 

1.2000E+04 

1.2000E+04 
1.2000E+04 
1.2000E+04 

1.2000E+04 
1.2000E+04 
1.2000Et04 
1.2000Et04 
1.2000E+04 
1.2000Et04 
1.2000Et04 
1.2000E+04 
1.2000Et04 
1.2000Et04 
1.2000E+04 
1.2000E+04 
1.2000E+04 
1.2000E+04 
1.2000E+04 
1.2000E+04 
1.2000E+04 

1.2000E+04 

1.2000E+04 

1.2000E+04 

1.2000E+O4 

1.2000E+04 

1.2000E+04 

1.2000E+04 

1.2000E+04 

1400. 

1400. 

1400. 

1400. 

1.2000E+04 

1.2000Et04 

1.2000E+04 

1.2000E+O4 

1.2000E+04 

1.2000E+04 

1.2000E+04 

1400. 

1400. 

1400. 

1400. 

1.2000E+04 

1.2OOOE+O4 

1.2000E+04 

1.2000Et04 

1.2000Et04 

1.2000E+04 

1.2000E+04 

1400. 

1400. 

1400. 

1400. 
1.2000E+04 1.2000Et04 1.2000E+04 1.2000E+04 1.2000E+04 1.2000Et04 
1.200OE+04 1.2000E+04 1.2000Et04 1.2000Et04 1.2000E+04 1.2000E+04 1400. 1400. 1400. 
1.2000Et04 1.2000E+04 1.2000Et04 1.2000Et04 1.2000E+04 1.2000Et04 

1.2000E+04 

1.2000E+04 1.2000E+04 1.2000Et04 1.2000Et04 1.2000E+04 1.200OE+04 1400. 1400. 1400. 1.2000E+04 
1.2000E+04 1.2000E+04 1.2000E+O4 1.2000Et04 1.2000E+O4 1.2000Et04 
1.2000E+04 1.2000E+04 1.2000Et04 1.2000E+04 1.2000E+04 1.6000Et04 1.6000E+04 1.6000E+04 1.6000Et04 1.6000E+04 
1.2000Et04 1.2000E+04 1.2000E+04 1.2000E+04 1.2000E+04 1.2000Et04 
1.2000Et04 1.2000E+04 1.2000E+04 1.2000E+04 1.2000Et04 1.6000Et04 1.6000E+04 1.6000E+04 1.6000Et04 1.6000E+04 
1.200OEt04 1.2000E+04 1.2000E+04 1.2000E+04 1.2000E+04 1.20006+04 

1.6000E+04 1.6000E+04 1.6000E+04 1.6000Et04 

1.60006+04 1.600OE+04 1.6000E+04 1.6000Et04 

1.2000E+04 1.2000E+04 1.2000E+04 1.2000E+04 1.2000Et04 1.6000E+04 1.6000Et04 1.6000E+04 1.6000E+04 1.6000EtO4 
1.2000Et04 1.2000E+04 1.2000E+04 1.2000E+04 1.2000E+04 1.2000E+04 
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0 20 8000. 
8000. 

0 21 6000. 
6000. 

0 22 6000. 
6000. 

0 23 6000. 
6000. 

0 24 6000. 
6000. 

0 25 6000. 
6000. 

0 26 6000. 
6000. 

0 27 6000. 
6000. 

0 28 6000. 
6000. 

0 29 6000. 
6000. .~... 

0 30 6000. 
6000. 

0 31 6000. 
6000. 

0 32 6000. 
6000. 

0 33 6000. 
6000. 

0 34 6000. 
6000. 

0 35 6000. 
6000. 

0 

0 

0 
1 

0 

8000. 
8000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

9 WELLS 

OAVERAGE SEED - .00152628 
MINIMUM SEED = -00055719 

0 

8000. 
8000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

8000. 
8000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

8000. 
8000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

8000. 
8000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. ' 6000. 

6000. 

3000. 

3000. 

3000. 

3000. 

3000, 

3000. 

3000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

MAXIMUM ITXRATIONS WOWED FOR CLOSURE = 50 
ACCELERATION PARAMgTER - 1.0000 

HEAD CHANGE CRITERION FOR CLOSURE - 
SIP BEAD CBAlPoE PRINTOUT INTERVAL - 1 
CALCULATE ITERATION PARAMETERS FROM MODEL CALCULATED WSEED 

.100OOE-02 

STRESS PERIOD NO. 1, LENm = 1.000000 

NUMBER OF TIME STEPS = 1 

.............................................. 

MULTIPLIER FOR DELT - 1.000 

INITIAL TIME STEP SIZE - 1.000000 

LAYER ROW COL STRESS RATE WELLNO. 
............................................. 
1 14 5 -13476. 1 
1 13' b " -13476. 2 
1 13 8 -13476. 3 
1 17 8 -4813.0 4 
1 24 8 -7701.0 5 
1 26 8 -9626.0 6 
2 13 8 -4813.0 7 
2 17 8 -4813.0 8 
2 24 8 -4813.0 9 

8000. 

J 6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

1 1 

5 ITERATION PARAMETERS CALCULATED FROM AVERAGE SEED: 

. 0 0 0 0 0 0 0 E + 0 0  .8023446EtOO .9609323Et00 .99227803+00 .9984737Et00 
0 \ 

OMAXIMUM HEAD CHANGE FOR EACB ITERATION: 
0 BEAD CHANGE LAYER,ROW,COL HgAD CEANGE LAYER,ROW,*COL 

10 ITERATIONS FOR TIME STEP 1 IN S q S S  PERIOD 1 1 

CZANGE LAYER,ROW,COL BEAD CHANL LAYER,ROW,COL BEAD CHANGE L A m 8 R 0 W 8 c 0 L  

-6- 
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reb 2 1 1 1 1 . I' 
1 HEAD IN LAYER 1 AT END OF TIME STKP 1 IN STRESS PERIOD 1 ....................................................................... 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
16 ................................................................................................................................ LJ 

0 1 92.90 93.00 93.10 93.20 93.30 93.40 93.60 93.70 93.80 93.90 94.00 94.10 94.20 94.30 94.40 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

20 

>,b 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

1 

94.50 
92.40 
94.00 
92.00 
93.50 
91.60 
93.10 
91.20 
92.60 
90.70 
92.10 
90.20 
91.60 
89.70 
91.10 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89.10 
88.00 
88.60 
87.70 
88.20 
87.50 
87.90 
87.30 
87.50 
87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84.50 
84.20 
83.80 
83.80 
83.30 
83.50 
82.80 
83.10 
82.30 
82.70 
81.90 
82.20 
81.40 
81.80 
81.00 
81.30 
80.60 
80.80 
80.20 
80.30 
79.70 
79.90 
79.30 
79.40 
78.80 
78.90 
78.40 

92.55 

92.13 

91.73 

91.33 

90.86 

90.36 

89.89 

89.49 

89.09 

88.72 

88.36 

88.02 

87.72 

87.45 

87.18 

86.87 

86.48 

86.07 

85.65 

85.17 

84.72 

84.27 

83.84 

83.46 

83.06 

82.64 

82.19 

81.75 

81.28 

80.81 

80.34 

79.90 

79.44 

79.00 

92.67 

92.26 

91.85 

91.45 

91.00 

90.51 

90.04 

89.60 

89.17 

88.77 

88.39 

88.02 

87.69 

87.40 

87.11 

86.80 

86.45 

86.10 

85.69 

85.22 

84.76 

84.31 

83.88 

83.45 

83.02 

82.59 

82.15 

81.71 

81.26 

80.80 

80.35 

79.91 

79.46 

79.00 

92.78 

92.37 

91.96 

91.56 

91.12 

90.63 

90.15 

89.69 

89.24 

88.80 

88.39 

87.99 

87.62 

87.34 

87.05 

86.76 

86.44 

86.11 

85.72 

85.25 

84.78 

84.33 

83.87 

83.42 

82.98 

82.54 

82.10 

81.67 

81.23 

80.79 

80.35 

79.92 

79.50 

79.10 

92.88 

92.47 

92.06 

91.66 

91.22 

90.73 

90.25 

89.78 

89.30 

88.84 

88.39 

87.92 

87.47 

87.28 

87.02 

86.73 

86.43 

86.12 

85.74 

85.27 

84.78 

84.30 

83.83 

83.37 

82.92 

82.48 

82.06 

81.63 

81.20 

80.77 

80.34 

79.92 

79.51 

79.10 

92.99 

92.58 

92.16 

91.74 

91.30 

90.82 

90.34 

89.86 

89.38 

88.90 

88.40 

87.82 

87.55 

87.28 

87.00 

86.72 

86.43 

86.13 

85.75 

85.28 

84.77 

84.27 

83.77 

83.30 

82.84 

82.42 

82.00 

81.58 

81.16 

80.75 

80.33 

79.91 

79.51 

79.10 

93.14 

92.70 

92.27 

91.85 

91.40 

90.92 

90.44 

89.96 

89.47 

88.98 

88.48 

87.97 

87.64 

87.32 

87.01 

86.72 

86.43 

86.14 

85.76 

85.28 

84.76 

84.22 

83.69 

83.21 

82.73 

82.34 

81.94 

81.54 

81.13 

80.71 

80.30 

79.90 

79.50 

79.10 

93.25 

92.81 

92.38 

91.95 

91.49 

91.01 

90.53 

90.05 

89.56 

89.07 

88.55 

87.97 

87.70 

87.37 

87.04 

86.71 

86.45 

86.15 

85.78 

85.28 

84.74 

84.18 

83.54 

83.11 

82.54 

82.26 

81.89 

81.49 

81.09 

80.68 

80.27 

79.87 

79.48 

79.10 

93.36 

92.92 

92.48 

92.04 

91.59 

91.11 

90.62 

90.14 

89.65 

89.17 

88.69 

88.21 

87.84 

87.46 

87.12 

86.80 

86.49 

86.18 

85.79 

85.30 

84.75 

84.20 

83.65 

83.15 

82.67 

82.26 

81.86 

81.46 

81.05 

80.64 

80.23 

79.83 

79.45 

79.10 

93.46 

93.02 

92.57 

92.14 

91.68 

91.20 

90.72 

90.23 

89.74 

89.27 

88.81 

88.37 

87.96 

87.57 

87.20 

86.87 

86.54 

86.22 

85.82 

85.31 

84.76 

84.22 

83.69 

83.18 

82.71 

82.26 

81.84 

81.42 

81.00 

80.59 

80.18 

79.77 

79.38 

79.00 

HEAD IN LAYER 2 AT END OF TIME STEP 1 IN STRESS PERIOD 1 

93.56 

93.11 

92.67 

92.22 

91.76 

91.29 

90.80 

90.31 

89.82 

89.34 

88.90 

88.47 

88.06 

87.67 

87.29 

86.94 

86.59 

86.25 

85.83 

85.31 

84.76 

84.22 

83.69 

83.19 

82.71 

82.25 

81.80 

81.37 

80.95 

80.53 

80.11 

79.70 

79.30 

78.90 

11 

93.66 

93.21 

92.76 

92.31 

91.85 

91.38 

90.89 

90.38 

89.88 

89.41 

88.97 

88.54 

88.13 

87.74 

87.36 

87.00 

86.63 

86.28 

85.84 

85.30 

84.74 

84.20 

83.67 

83.17 

82.68 

82.21 

81.75 

81.31 

80.88 

80.46 

80.04 

79.62 

79.21 

78.80 

12 

93.75 

93.30 

92.85 

92.39 

91.94 

91.49 

90.99 

90.45 

89.94 

89.46 

89.02 

88.59 

88.19 

87.79 

87.42 

87.05 

86.68 

86.30 

85.83 

85.27 

84.70 

84.16 

83.64 

83.13 

82.62 

82.14 

81.69 

81.24 

80.81 

80.39 

79.96 

79.54 

79.12 

78.70 

13 

93.84 

93.38 

92.92 

92.46 

92.00 

91.55 

91.05 

90.50 

89.98 

89.49 

89.05 

88.62 

88.22 

87.83 

87.46 

87.09 

86.72 

86.33 

85.83 

85.24 

84.65 

84.08 

83.55 

83.03 

82.53 

82.06 

81.60 

81.16 

80.73 

80.30 

79.87 

79.44 

79.01 

78.60 

14 

93.92 

93.45 

93.00 

92.53 

92.06 

91.59 

91.08 

90.52 

90.00 

89.51 

89.08 

88.63 

88.23 

87.87 

87.49 

87.14 

86.79 

86.36 

85.85 

85.18 

84.57 

83.96 

83.41 

82.90 

82.41 

81.96 

81.50 

81.07 

80.65 

80.23 

79.78 

79.35 

78.91 

78.50 

15 
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......................................................................................................................... 
0 1 91.20 91.20 91.30 91.40 91.50 91.50 91.60 91.70 91.80 91-80 91.90 91.90 92.00 92.00 91 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

92.10 
90.90 
91.80 
90.60 
91.40 
90.40 
91.10 
90.10 
90.70 
89.80 
90.30 
89.50 
90.00 
89.20 
89.70 
89.00 
89.30 
88.70 
89.00 
88.50 
88.50 
88.30 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.20 
87.10 
86.90 
86.80 
86.50 
86.40 
86.20 
86.10 
85.80 
85.70 
85.40 
85.30 
85.00 
84.90 
84.50 
84.40 
84.10 
84.00 
83.70 
83.60 
83.30 
83.20 
82.90 
82.80 
82.50 
82.30 
82.00 
81.90 
81.60 
81.50 
81.20 
81.00 
80.70 
80.60 
80.30 
80.20 
79.80 
79.70 
79.30 
79.30 
78.90 

90.96 

90.70 

90.44 

90.16 

89.88 

89.58 

89.30 

89.03 

88.76 

88.50 

88.26 

88.00 

87.71 

87.40 

87.07 

86.75 

86.43 

86.13 

85.78 

85.35 

84.89 

84.42 

83.98 

83.56 

83.14 

82.72 

82.27 

81.85 

81.43 

80.98 

80.56 

80.14 

79.70 

79.30 

91- 04 

90.78 

90.51 

90.23 

89.95 

89.66 

89.37 

89.08 

88.79 

88.50 

88.22 

87.93 

87.63 

87.32 

87.02 

86.72 

86 - 43 
86.15 

85.82 

85.38 

84.89 

84.42 

83.96 

83.52 

83.08 

82.65 

82.22 

81.80 

81.37 

80.95 

80.52 

80.09 

79.66 

79.20 

91.13 

90.86 

90.58 

90.31 

90.03 

89.74 

89.44 

89.13 

88.81 

88.50 

88.19 

87.87 

87.56 

87.25 

86.96 

86.68 

86.41 

86.15 

85.83 

85.38 

84.88 

84.39 

83.92 

83.46 

83.02 

82.59 

82.16 

81.74 

81.33 

80.91 

80.49 

80.06 

79.64 

79.20 

91.21 

90.93 

90.66 

90.38 

90.10 

89.82 

89.51 

89.18 

88.84 

88.49 

88.15 

87.81 

87.48 

87.16 

86.88 

86.63 

86.39 

86.16 

85.84 

85.38 

84.86 

84.35 

83.86 

83.40 

82.95 

82.52 

82.10 

81.69 

81.28 

80.87 

80.46 

80.04 

79.62 

79.20 

91.26 

91-00 

90.73 

90.46 

90.19 

89.91 

89.62 

89.23 

88.86 

88.49 

88.12 

87.75 

87.38 

87.03 

86.80 

86.58 

86.38 

86.18 

85.86 

85.37 

84.83 

84.29 

83.78 

83.32 

82.87 

82.43 

82.03 

81.64 

81.24 

80. 84 

80.43 

80.02 

79.61 

79.20 

91.34 

91.07 

90.80 

90.53 

90.27 

90.02 

89.83 

89.42 

88.92 

88.46 

87.96 

87.41 

87.13 

86.85 

86.70. 

86.52 

86.36 

86.21 

85.87 

85.33 

84.76 

84.18 

83.58 

83.17 

82.72 

82.30 

81.96 

81.59 

81.20 

80.80 

80.40 

80.00 

79.60 

79.20 

91.42 

91.13 

90.85 

90.58 

90.32 

90.09 

89.91 

89.53 

88.96 

88.41 

87.72 

86.50 

86.87 

86.79 

86.65 

86.42 

86.33 

86.21 

85.86 

85.29 

84.70 

84.04 

83.14 

83.01 

82.63 

82.24 

81.92 

81.56 

81.17 

80.78 

80.38 

79.98 

79.59 

79.20 

91.48 

91.19 

90.90 

90.62 

90.35 

90.10 

89.89 

89.50 

88.98 

88.50 

87.98 

87.41 

87.11 

86.84 

86.68 

86.49 

86.33 

86.18 

85.83 

85.28 

84.72 

84.13 

83.53 

83.11 

82.66 

82.25 

81.91 

81.54 

81.16 

80.76 

80.36 

79.96 

79.57 

79.20 

91.53 91.58 

91.23 91.27 

90.94 90.97 

90.64 90.66 

90.35 90.35 

90.06 90.03 

89.75 89.70 

89.36 ,89.33 

88.96 88.95 

88.55 88.56 

88.15 88.18 

87.75 87.80 

87.36 87.43 

87.00 87.10 

86.76 ,86.82 

86.53 86.56 

86.33 86.32 

86.12 ,86.08 

85.79 85.75 

85.29 85.28 

i 

84.74 ,84.74 

84.20 84.23 

83.68 83.73 

83.21 83.26 

82.76 82.81 

82.33 82.38 

81.94 '81.96 

81.54 81.55 

81.15 81.14 

80.75 80.73 

80.34 180.32 

79.94 99.91 

79.53 79.51 

79.10 79.10 

91.61 

91.31 

90.99 

90.67 

90.35 

90.02 

89.68 

89.32 

88.95 

88.57 

88.20 

87 * 83 

87.48 

87 - 16 
86.86 

86.58 

86.31 

86.04 

85.71 

85.25 

84.74 

84.24 

83.75 

83.29 

82.84 

82.40 

81.98 

81.56 

81.14 

80.73 

80.31 

79.89 

79.48 

79.10 

16 

91.67 

91.34 

91.01 

90.68 

90.35 

90.01 

89.67 

89.31 

88.94 

88.57 

88.21 

87.85 

87.51 

87.18 

86.87 

86.58 

86.29 

86.01 

85.67 

85.22 

84.71 

84.23 

83.76 

83.30 

82.86 

82.42 

81.99 

81.57 

81.14 

80.72 

80.29 

79.87 

79.44 

79.00 

91.70 

91.37 

91.04 

90.69 

90.35 

90.01 

89.67 

89.31 

88.94 

88.57 

88.20 

87.85 

87.52 

87.20 

86.88 

86.57 

86.26 

85.97 

85.62 

85-17 

84.67 

84.20 

83.75 

83.30 

82.87 

82-44 

82.00 

81.58 

81.15 

80.71 

80.28 

79.84 

79.41 

79.00 

...... 
in 

91 

91.h- 

91.06 

90.70 

90.34 

90.01 

89.67 

s9.p 

88.95 

88.55 

88.17 

87.83 

87.51 

87.20 

86.88 

86.54 

86.23 

85.90 

85.54 

85.09 

84.61 

84 

83 ib 

83.30 

82.88 

82.46 

82.01 

81.59 

81.16 

80.71 

80.28 

79.82 

79.36 

78.90 

.........................i..'................*............................................~..............*.. 
o 1 - 0 0  -00  .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .oo .ob -00  .oo 
0 2 .OO .05 -03 .02 .02 -01 .06 .05 -04 .04 .04 .04 -05 -.Ok -.02 .OO 
0 3 .OO .07 -04 .03 .03 -12 .10 .09 -08 -08 .09 -.01 - .OO -05 .05 .OO 
0 4 .OO .07 -05  .04 .14 .14 .13 .12 -12 -13 -13 .04 .05 -. 02 -. 00 .OO 
0 5 -00  .07 .05 -04 .14 .16 .15 .15 .16 -16 .18 .09 .01 -04 .07 .OO 
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0 6  
0 7  
7 8  

9 

b o  11: 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
1 

. 00 . 00 . 00 . 00 
-00 . 00 . 00 . 00 
:oo . 00 . 00 . 00 . 00 . 00 
-00 . 00 . 00 . 00 . 00 
-00 . 00 
-00 . 00 . 00 
.oo 
.oo 
-00 . 00 . 00 . 00 

.04 

.04 

.01 

.01 . 11 

.08 
-04 
.08 
.08 
.15 
* 12 
.03 
.02 
.03 
-05 
.03 
.08 
.03 
.06 
.04 
.04 
.06 
.01 
.05 
.02 

-.01 
-06 
* 00 

-.04 
-00 

1 

.oo 

.09 

.06 

.10 
-1'3 
.13 
.21 
.18 
.21 
-20 
.19 
.20 
-15 
.10 
.ll 
.08 
.14 
.09 
.12 
.05 
.08 . 11 
.05 
.09 
.04 

-.oo 
.05 

-.01 
.04 

-08 
.07 
.15 
.ll 
.16 
.20 
.31 
.31 
.38 
.36 
.25 
.24 
.16 
19 
.18 
.15 
.12 
.17 
.13 
.18 
.12 
.16 
.10 
.13 
.07 
-01 
.05 
-08 . 00 

.18 

.17 

.15 

.22 

.20 

.26 
-41 
-48 
.63 
.42 
.38 
.27 
.27 
.28 
.26 
.23 
.22 
.20 
-17 
.23 
.18 
.22 
.14 
.07 
.10 
I 03 
.06 
-08 

-.01 

-20 
.18 
.16 
.24 
.22 
.30 
.50 
.68 
.55 
.52 
.40 
-38 
.27 
.27 
.25 
.22 
.23 
.23 
.33 
.30 
.26 
.18 
.20 
.12 
.14 
.05 
.07 
.09 

-.01 

-20 
.18 
-16 
.24 
.23 
.32 
.42 
.63 
.56 
-48 
-49 
.38 
-37 
.26 
.24 
.32 
.24 
.28 
.dl 
-39 
-37 
.26 
.26 
.16 
.17 
.09 
* 10 
* 00 
.oo 

-21 
.19 
.17 
.25 
.24 
.33 
* 45 
-63 
.50 
-53 
-46 
.49 
* 35 
-35 
.32 
-32 
.36 
.32 
-46 
.49 
.56 
.34 
.21 
.21 
.ll 
.12 
.03 
.03 
-02 

.21 

.19 

.18 
-16 
.25 
.23 
.31 
.49 
-46 
-44 
.38 
-40 
-31 
-32 
.31 
.30 
.25 
.30 
-35 
.35 
-33 
-34 
-24 
.14 
.15 
.06 
.07 
-07 
-05 
-00 .oo .oo .oo .oo .oo .oo 

DRAWDOWN IN LAYER 2 AT EM0 OF TIME S& 

.22 
* 20 
.18 
.17 
.16 
.23 
-29 
.33 
-34 
-33 
.40 
-33 
.26 
.28 
-28 
.29 
.24 
.28 
-31 
-32 
.29 
.24 
.16 
.18 
.10 
-11 
.02 
-03 

-14 
.21 
.20 
.19 
-18 
.16 
.20 
.23 
.24 
-23 
-31 
-26 
.21 
.25 
.27 
.19 
.24 
.18 
.21 
-21 
.19 
.15 
.20 
.13 
.15 
.07 
.09 

-.oo 

.15 -06 

.12 .ll 
-11 .ll 
-12 .15 
-12 .06 
.19 .14 
.13 .08 
.16 .ll 
-17 .ll 
-16 .11 
-24 .18 
-20 .15 
-17 -12 
.22 .10 
-16 .17 
.20 .13 
.16 .10 
.20 .l4 
.13 -16 
-13 .07 
.12 .08 
.19 .06 
.15 .ll 
.09 .06 
.12 .09 
.04 .01 
.06 -04 
-08 -06 

.02 .oo -.01 -.02 
-00 .oo -00 .oo 

1 IN STRBSS PKRIOD 1 

2 3 4 5 6 . 7  8 9 10 11 12 13 

-10 .04 
.05 .01 
.05 -02 
.10 .08 
.02 .oo 
.ll -.01 
.05 .02 
-08 .07 
.08 .07 
.07 .03 
.14 .01 
.ll .06 
-08 -01 
.07 -04 
.07 -05 
-06 -02 
.05 .03 
.12 .04 
-05 -.01 
.07 .OO 
-07 -.01 
.04 -04 
-10 -.oo 
.04 .03 
-07 .05 

-.OO -07 
.03 -02 
.06 .05 

-.01 -.01 
-00  .oo 

14 15 

-00 
.oo 
.oo 
-00 
.oo . 00 . 00 . 00 
-00 
-00 . 00 
-00 
* 00 
* 00 
-00 . 00 
-00 . 00 . 00 
-00 
.oo . 00 
-00 
.oo 
.oo 
.oo 
.oo 
-00 
.oo 
.oo 

16 

0 1  
0 2  
0 3  
0 4  
0 5  

' 0 6  
' 0 7  

0 8  
0 9  
0 10 
11 
12 

' L o '  E 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 

-00 .oo 
-00 -04 
-00 -00 
.OO .06 
.OO .04 
.oo .02 
-00  .02 
.oo -00 
.OO .07 
.OO -04 
-00  .10 
.OO .04 
.oo .10 
.oo -09 
.oo .10 
.OO .03 
-00 -05 
-00 -.03 
-00 -.03 
-00 .02 
-00 -.05 
.oo .01 
-00 -.02 
.oo -02 
-00  -04 
-00  -06 
.oo -08 
.OO -03 
.OO -05 
-00 -07 
-00 .02 
.OO -04 
-00 -06 
.oo .oo 
-00 -00 

. 00 

.06 

.02 -. 01 

.07 
05 

-04  
-03 
.02 
.ll 
.10 
.08 
.17 
.17 
.18 
.18 
.08 
.07 -. 05 

-.02 
-.08 
.Ol 

-.02 
-04 
.08 
.02 
.05 
.OB 
.10 
.03 
.05 
.08 
.Ol 
.04 
-00  

. 00 
-.03 

.04 
-02 

-.01 
-.03 
-06 
-06 
.07 
.09 
.10 
-21 
.23 
-24 
.25 
.24 
.22 
-09 

-.05 -. 13 
-.08 
-02 
-01 
.08 
-04 
.08 
-11 
-14 
-06 
-07 
-09 
.01 
-04 
.06 
- 0 0  

. 00 
-.01 
.07 
.04 
.02 

-.oo 
-.02 
-.01 
.12 
.16 
.21 
-25 
.29 
.42 
* 44 
.42 
.27 
.ll 

-.06 
-.14 
-.08 
-.06 

-05  
.14 
-10 
.15 
-18 
-10 
.ll 
.12 
.03 
.04 
.06 

-.02 
* 00 

. 00 

.04 . 00 
-.03 

.04 

.Ol 
-.01 
-.02 
.07 
.14 
.21 
-28 
.35 
.52 
-57 
.50 
.32 
.12 -. 18 

-.26 -. 17 
-.03 
.ll 
.12 
-18 
.23 
-17 
-17 
-16 
.16 
.06 
-07 
-08  

-.01 
-00 

.oo 

.06 

.03 . 00 
-.03 
-.07 
-.12 
-.23 
-.12 

-08 
.24 
-54  
.79 
.77 
-75 
.60 
-38 
.04 

-.21 
-.27 
-.13 

.04 

.12 

.32 
-33 
.38 
-30 
-24 
-21 
-10 
.10 
-10 

-.oo 
-00 
-00  

.oo 
-.02 
.07 
-05 
.02 

-.02 
-.09 
-.21 
-.13 
-14 
-39 
-78 
1.70 
1.03 
.81 
-65 
-38 
.07 

-.21 
-.26 
-.09 
.10 
.26 
-76 
-49 
.37 
-36 
-28 
-14 
-13 
.12 
-02 
-02 
-01 
-00  

. 00 

.02 

.01 
-.oo 
-.02 
-.05 
-.lo 
-.19 -. 10 
-12 
.30 
.52 
.79 
-79 
.76 
-52 
.31 
.07 

-.18 
-.23 
-.18 
-.02 
17 
-37 
.29 
.34 
* 35 
-29 
-16 
-14 
-14 
.04 
.04 
.03 
-00  

. 00 
-.03 
-07 
-06 
-06 

-.05 
-.06 
-.05 
.04 
.14 
.25 
.25 
.35 
* 44 
.60 
44 
-27 
-07 

-.22 
-.29 
-.19 
-.04 
.10 
.22 
-19 
.24 
-27 
-16 
.16 
.15 
.05 
-06 
.06 

-.03 
.oo 

. 00 
* 02 
-03 
-03 
.04 
-05 
.07 . 00 
-07 
.15 
.14 
-22 
.30 
-37 
-40 
.28 
.14 

-.02 
-.18 
-.25 
-.18 
-.04 
-.a3 
.07 
-14 
.19 
-12 
-14 
-15 
-06 
.07 
.08 

-.01 
-.01 

-00 

-00 
-.01 
-.01 
-01 
-03 
-05 
.08 
.02 
-08  
.15 
.13 
-20 
.27 
-22 
.24 
.14 
-12 

-.01 -. 14 
-.21 -. 15 -. 14 
-.04 

.05 
* 11 
.16 
.10 
.12 
-04  
.06 
-07 

-.01 
-01 
-02 
.oo 

ODRAWDOWN WILL BE SAVED ON UNIT 40 AT END OF TIME STEP 1, STRESS PERIOD 1 
0 

0 

-00 
.03 
.06 
.09 
* 02 
.05 
.09 
.03 
.09 
.06 
.13 
.19 
.15 
.19 
.12 
.13 
-02 -. 09 

-.21 
-.27 
-.22 -. 11 -. 03 

.04 
-10 
.14 
-08  
* 11 
-03 
.06 
-08 
.Ol 
.03 

-.04 
.oo 

.oo 
* 00 
-03 
-06 
-01 
.05 
.09 
-03 
-09 
.06 
.13 
-10 
-15 
-08 
.10 
-02 
-03 

-.06 
-.17 
-.22 
-.17 
-.07 

-00 
-05 
-10 
-03 
-06 
-10 
-02 
-05 

-.01 
.02 
-06 

-.01 
-00 

-00 
.05 
-00 
-04 
.oo 
.06 

-.01 
-03 

-.01 
.05 
.05 
.03 
.07 
.09 
.oo 
-02 

-.04 
-.03 -. 10 -. 14 
-.09 
-.01 
-.06 
-.03 
-.OD 
.02 
.04 

-.01 
.Ol 
-04 

-.01 
-02 -. 02 
.04 
* 00 

-00  
.oo 
.oo 
.oo 
.oo 
-00 . 00 
-00 . 00 . 00 
-00 
-00  . 00 . 00 
-00 . 00 . 00 
-00 
.oo 
.oo . 00 
-00 
-00  
-00 
100 
-00 . 00 . 00 . 00 
.oo 
-00 
-00 
-00 . 00 
.oo 

IN: --- 
STORAGE - .ooooo 

IN: --- 
STORAGE = .OOOOO 
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0 
0 

0 
0 
0 

CONSTANT HEAD 
WELLS 

TOTAL IN 
OUT: ---- 

STOmGE 
CONSTAN" HEAD 

WELLS 
TmAL OUT 
IN - OUT 

PEACENT DISCREPANCY 

= .304573+06 
= .ooooo 
= .304573+06 

5 .ooooo 
= .22754E+06 - 77007. 
= .30454E+06 - 23.719 
P -01 

CONSTANT EQAO .30457E+06 

I m s  = .ooooo * 
TOTAL IN = .304573+06 

OUT: u* ---- 
STORAGE - ,00000 

CONSTANT HEAD = .227543+06 
WBUS = 77007. 

TMlAt OUT = -30454EtO6 
IN - OUT 23.719 

PERCENT DISCREPANCY = -01 

0 

TIME SUMEVLRY AT END OF TIME STEP 1 IB 8TRESS PERIOD 1 
SECOrnS MINUTES HOURS DAYS YEARS 

J 

-io- 



1 
OSHIELDALLOY METALLURGICAL CORPORATION FOCUSED FS - HYDROGEOLOGIC SIMULATION U.S. GEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-bTER MODEL 

SENSIT ANAL, SIMULATION 4A: VERT LEAKAGE 'x 0.5 
2 LAYERS 35 Rows 16 COLUMNS 

1 STRESS PERIOD(B) IN BIMUWLTION 
DDEL TIME UNIT IS DAYS 

-;1/0 UNITS: 
ELEMENT OF IUNIT: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

I / O U N I T : 1 1 1 2  0 0 0 0 0 0 1 9  0 0 2 2  0 0 0 0 0 0 0 0 0 0 0 0 
0-1 -- BASIC MODEL PACKAGE, VERSION 1, 9/1/87 INPUT READ UNIT 1 
ARRAYS RBS AND BUFF WILL SHARE MEMORY. 
STARl? HEAD WILL BE SAVED 

10699 ELEMENTS IN X ARRAY ARE USED BY BAS 
10699 ELEMENTS OF X ARRAY USED OUT OF 100000 

OBCPl -- BLOCK-- FLOW PACKAGE, VERSION 1, 9/1/87 INPUT READ PROH UNIT 11 
STEADY-STATE SIMULATION 

LAYER AQUIPERTYPE ------------------- 
1 1 . 
2 0 

1122 ELEMENTS IN X ARRAY ARE USED BY BCP 
11821 ELEMENTS OF X ARRAY USED OUT OF 100000 

-1 -- WELL PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM 12 
l4MIMuMOF 9wELLs 

36 ELEMENTS IN X ARRAY ARE USED FOR WELLS 
11857 ELEMENTS OP X ARRAY USED OUT OF 100000 

OSIP1 -- STRONGLY IMPLICIT PROCEDURE SOLUTION PACKAOE, VERSION 1, 9/1/87 INPUT READ PROM UNIT 19 
MAXIMUM OF 50 ITERATIONS WOWED FOR CLOSURE 
5 ITBRATION P- 

4685 ELEMENTS IN X ARRAY ARE USED BY SIP 
16542 ELEMENTS OF X ARRAY USED OUT OF 100000 

1SHIELDALLOY METALLURGICAL CORPORATION FOCUSED PS - HYDROOEOMOIC SIMULATION 
0 

SENSIT ANAL, SIMULATION 4A: VERT LEAXAGE X 0 - 5  

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  

0 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
0 2 - 1  1 1  1 1  1 1  1 1  1 1 1  1 1  1 - 1  
0 3  -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
0 4  -1 1 1  1 1  1 1  
0 5  -1 1 1  1 1  1 1  
0 6  -1 1 1  1 1  1 1  

......................................................................... 

7 -1 1 1  1 1  1 1  1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1 ' 1  1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  

8 - 1 1 1 1 1 1 1  
- 1 1 1 1 1 1 1  

" q ' l :  -1 1 1 1 1 1 1 
0 1 1  -1 1 1 1 1 1 1 
0 1 2  -1 1 1 1 1 1 1 
0 1 3  -1 1 1 1 1 1 1 
0 1 4  -1 1 1 1 1 1 1 
0 1 5  -1 1 1 1 1 1 1 
0 1 6  -1 1 1 1 1 1 1 
0 1 7  -1 1 1 1 1 1 1 
0 1 8  -1 1 1 1 1 1 1 
0 1 9  -1 1 1 1 1 1 1 
0 2 0  -1 1 1 1 1 1 1 
0 2 1  -1 1 1 1 1 1 1 
0 2 2  -1 1 1 1 1 1 1 
0 2 3  -1 1 1 1 1 1 1 
0 2 4  -1 1 1 1 1 1 1 
0 2 5  -1 1 1 1 1 1 1 
0 2 6  -1 1 1 1 1 1 1 
0 2 7  -1 1 1 1 1 1 1 
0 2 8  -1 1 1 1 1 1 1 
0 2 9  -1 1 1 1 1 1 1 
0 3 0  -1 1 1 1 1 1 1 
0 3 1  -1 1 1 1 1 1 1 
0 3 2  -1 1 1 1 1 1 1 
0 3 3  -1 1 1 1 1 1 1 
0 3 4  -1 1 1 1 1 1 1 
0 35 -1 -1 -1 -1 -1 -1 -1 

1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  

1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  ~~ 

1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  
1 1  1 1  1 1  1 1 - 1  

-1 -1 -1 -1 -1 -1 -1 -1 -1 
0 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  .......................................................................... 
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0 3 4  -2 2 2 2 2 2 2 2 
0 35 -2 -2 -2 -2 -2 -2 -2 -2 
OAQUIFER HEAD WILL BE SET M 
0 

999.99 
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?iT ALL NO-PLOW NODES ( I B O ~ ~ O ) .  
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J, 

0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

1 2 3 4 5 6 7 8 9 10 
11 12 13 14 15 16 ........................................................................................................................... 

92.90 93.00 93.10 93.20 93.30 93.40 93.60 
94.00 94.10 94.20 94.30 94.40 94.50 
92.40 92.60 92.70 92.80 92.90 93.00 93.20 
93.60 93.70 93.80 93.80 93.90 94.00 
92.00 92.20 92.30 92.40 92.50 92.70 92.80 
93.20 93.20 93.30 93.40 93.50 93.50 
91.60 91.80 91-90 92.00 92.20 92.30 92.40 
92.80 92.80 92.90 92.90 93.00 93.10 
91.20 91.40 91.50 91.60 91.80 91-90 92.00 
92.40 
90.70 
91.90 
90.20 
91.50 
89.70 
91.00 
89.40 
90.50 
89-00 
90.00 
88.70 
89.50 
88.30 
89.10 
88.00 
88.70 
87.70 
88.30 
87.50 
87.90 
87.30 
87.60 
87.00 
87.20 
86.50 
86.80 
86.00 

92.40 
90.90 
92.00 
90.40 
91.50 
89.90 
91.00 
89.50 
90.50 
89.20 
90.00 
88-80 
89.60 
88.40 
89.10 
88.10 
88.70 
87.80 
88.30 
87.60 
87.90 
87.30 
87.60 
86.90 
87.20 
86.50 
86.80 
86.10 

92.40 
91-00 
92.00 
90.60 
91.60 
90.10 
91.10 
89.70 
90.60 
89.30 
90.00 
88-90 
89.60 
88.60 
89.10 
88.20 
88.70 
87.90 
88.30 
87.60 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.20 

92.50 
91.20 
92.10 
90.70 
91.60 
90.30 
91-10 
89-80 
90.60 
89.40 
90.00 
89.00 
89.60 
88.70 
89-10 
88.30 
88.70 
88-00 
88.30 
87.70 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.30 

92.60 
91.40 
92.10 
90.90 
91.60 
90.40 
91.10 
90.00 
90.60 
89.50 
90.00 
89.10 
89.50 
88.80 
89.10 
88.40 
88.70 
88.10 
88.30 
87.70 
87.90 
87.40 
87.50 
87.00 
87.20 
86.70 
86.80 
86.40 

92.60 
91.50 
92.10 
91-00 
91.60 
90.50 
91-10 
90.10 
90.50 
89.60 
90.00 
89.20 
89.50 
88-90 
89-10 
88.50 
88.60 
88-10 
88.20 
87.80 
87.90 
87.40 
87.50 
87.10 
87.20 
86.70 
86.90 
86.40 

91.60 

91-10 

90.60 

90.20 

89.70 

89.30 

88.90 

88.60 

88.20 

87.80 

87.50 

87.10 

86.80 

86.40 

93.70 

93.30 

92.90 

92.50 

92.10 

91.70 

91.20 

90.70 

90.30 

89-80 

89.40 

89-00 

88.60 

88.20 

87.90 

87.50 

87.20 

86.80 

86.50 

93.80 

93.40 

93.00 

92.60 

92.20 

91.80 

91.30 

90.80 

90.30 

89-90 

89.40 

89-00 

88.70 

88.30 

87.90 

87.50 

87.20 

86.80 

86.50 

93.90 

93.50 

93.10 

92.70 

92.30 

91.90 

91.40 

90.90 

90.40 

89.90 

89.50 

89.10 

88.70 

88.30 

87.90 

87.60 

87.20 

86. 80 

86.50 
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0 20 

21 u 22 
0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

86.50 86.50 
85.60 85.70 
86.10 86.00 
83.10 85.20 
85.50 85.50 
84.70 84.80 
85.00 84.90 
84.20 84.30 
84.40 84.40 
83.80 83.90 
83.90 83.80 
83.50 83.50 
83.40 83.30 
83.10 83.10 
82.90 82.80 
82.70 82.70 
82.40 82.40 
82.20 82.20 
82.00 , 81.90 
81.80 81.80 
81.50 81.40 
81.30 81.30 
81.10 81.00 
80.80 80.80 
80.60 80.50 
80.30 80.40 
80.20 80.10 
79.90 79.90 
79.70 79.70 
79.40 79.40 
79.30 79.20 
78.90 79.00 
78.90 78.80 

86.40 
85.80 
86.00 
85.30 
85.40 
84.90 
84.80 
84.40 
84.30 
84.00 
83.80 
83.50 
83.20 
83.10 
82.70 
82.70 
82.20 
82.20 
81-80 
81-80 
81.30 
81.30 
80.90 
80.80 
80.40 
80.40 
80.00 
79.90 
79.60 
79.50 
79.10 
79.00 
78.70 

86.40 86.40 
85.90 86.00 
85.90 85.90 
85.40 85.50 
85.30 85.20 
84.90 85.00 
84.70 84.60 
84.50 84.50 
84.20 84.00 
84.00 84.00 
83.60 83.40 
83.60 83.60 
83.10 82.90 
83.10 83.10 
82.60 82.40 
82.70 82.70 
82.10 82.00 
82.20 82.20 

86.40 
86.00 
85.90 
85.50 
85.10 
85.00 
84.50 
84.50 
83.80 
84.10 
83.30 
83.60 
82.80 
83.10 
82.30 
82.60 
81-90 
82.20 

1 i =: 

86.00 

85.60 

85.00 

84.50 

84.10 

83.60 

83.10 

82.60 

82.20 

86.10 86.10 

85.60 85.60 

85.10 85.00 

84.50 84.50 

84.00 84.00 

83.60 83.50 

83.10 83.00 

82.60 82.60 

82.10 82.10 

86.10 ‘ 

85.60 

85.00 

84.50 

84.00 

83.50 

83.00 

82.50 

82.00 . 
81.70 81.50 81.40 
81.80 81.70 81.70 81.70 81.70 81.60 
81.20 81-10 81.00 
81.30 81.30 81.30 81.30 81.20 81.20 
80.80 80.70 80.60 
80.80 80.80 80.80 80.80 80.80 80.70 
80.30 80.30 80.20 
80.40 80.40 80.40 80.40 80.30 80.30 
79.90 79.80 79.70 
80.00 80.00 80.00 79.90 79.90 79.90 
79.50 79.40 79.30 
79.50 79.50 79.50 79.50 79.50 79.50 
79.00 78.90 78.80 
79.10 79.10 79.10 79.10 79.10 79.10 
78.60 78.50 78.40 

81.60 

81.10 

80.70 

80.20 

79.80 

79.40 

79.00 

INITIAL HEAD FOR WYE3 2 WILL BE RBAD ON UNIT 1 USING FORMAT: (16F5.1) ................................................................................................ 
1 2 3 4 5 6 7 8 9 lo 

0 1 91.20 91.20 91.30 91.40 91.50 91.50 91.60 91.70 91-80 91.80 

11 12 13 14 15 16 ............................................................................................................................. 
0 2  

3 

-0 4 

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

91-90 
90.90 
91.60 
90.60 
91.30 
90.40 
91-00 
90.10 
90.70 
89.80 
90.40 
89.50 
90.10 
89.20 
89.70 
89.00 
89.40 
88.70 
89.10 
88.50 
88.70 
88.30 
88.40 
88.10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.10 
87.10 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.70 
85.50 

91.90 
91-00 
91.60 
90.70 
91.30 
90.50 
91-00 
90.20 
90.70 
89-90 
90.40 
89.60 
90.10 
89.30 
89.70 
89-10 
89.40 
88.80 
89.10 
88.60 
88.70 
88.30 
88.40 
88.10 
88.10 
87.80 
87.70 
87.50 
87.40 
87.10 
87.00 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.80 
85.50 

92.00 
91.10 
91.70 
90.80 
91.40 
90.50 
91.10 
90.30 
90.70 
90.00 
90.40 
89.70 
90.10 
89.40 
89.70 
89.10 
89.40 
88.90 
89.00 
88.60 
88.70 
88.30 
88.40 
88.10 
88.00 
87.80 
87.70 
87.50 
87.30 
87.20 
87.00 
86.80 
86.60 
86.50 
86.20 
86.10 
85.80 
85.80 
85.40 

92.00 
91-10 
91.70 
90.90 
91.40 
90.60 
91.10 
90.30 
90.70 
90.00 
90.40 
89.80 
90.10 
89.50 
89.70 
89.20 
89-40 
88.90 
89.00 
88.60 
88.70 
88.40 
88.30 
88.10 
88.00 
87.80 
87.60 
87.50 
87.30 
87.20 
86.90 
86.90 
86.60 
86.50 
86.20 
86.10 
85.80 
85.70 
85.40 

92.10 92.10 
91.20 91.30 
91.80 91.80 
91.00 91.00 
91.40 91.40 
90.70 90.70 
91.10 91-10 
90.40 90.50 
90.70 90.70 
90.10 90.20 
90.40 90.30 
89.80 89.90 
90.00 90.00 
89.50 89.60 
89.70 89.70 
89.30 89.30 
89.30 89.30 
89-00 89-00 
89.00 89.00 
88.70 88.70 
88.60 88.50 
88.40 88.40 
88.20 88.10 
88-10 88.10 
87.90 87.80 
87.90 87.90 
87.60 87.50 
87.60 87.60 
87.20 87.20 
87.30 87.30 
86.90 86.90 
86.90 86.90 
86.50 86.50 
86.50 86.50 
86.20 86.20 
86.10 86.00 
85.80 85.80 
85.70 85.60 
85.40 85.40 

-3- 

91.40 

91.10 

90.80 

90.50 

90.20 

89.90 

89.60 

89.30 

89.00 

88.70 

88.50 

88.20 

87.90 

87.60 

87.30 

86.90 

86.40 

86.00 

85.60 

91.40 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88-80 

88.50 

88.20 

87.90 

87.60 

87.30 

86.80 

86.40 

86.00 

85.60 

91.50 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.20 

86.80 

86.40 

86.00 

85.60 

91.50 

91.30 

91.00 

90.70 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.40 

88.10 

87; 80 

87.60 

87,20 

86.80 

86.40 

85.90 

85.50 



0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

85.30 
85.10 
84.90 
84.70 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
81.90 
81.70 
81.50 
81.20 
81.00 
80.80 
80.60 
80.40 

79.90 
79.70 
79.50 
79.30 

80.20 

85.30 
85.10 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
81.90 
81.60 
81.50 
81.20 
81.00 
80.80 
80.60 
80.30 
80.20 
79.90 
79.70 
79.50 
79.30 

65-30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.10 
83.00 
82.70 
82.50 
82.30 
82.10 
81-90 
81.60 
81.40 
81.20 
81-00 
80.80 
80.60 
80.30 
80.10 
79.90 
79.70 
79.40 
79.20 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.50 
83.40 
83.10 
82.90 
82.70 
82.50 
82.30 
82.10 
81.80 
81.60 
81.40 
81.20 
81-00 
80.70 
80.50 
80.30 
80.10 
79.90 
79.70 
79.40 
79.20 

85.30 
85.00 
84.80 
84.60 
84.40 
84.10 
84.00 
83.70 
83.50 
83.30 
83.10 
82.90 
82.70 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 
80.50 
BO. 30 
60.10 
79.80 
79.60 
79.40 
79.20 

85.20 
85.00 
84.80 
84.50 
84.40 
84.10 
83.90 
83.70 
83.50 
83.30 
83.10 
82.90 
82.60 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 
80.50 
80.30 
80.10 
79.80 
79.60 
79.30 
79.20 

85.20 85.20 

84.80 84.80 

84.30 84.30 

83.90 83.90 

83.50 83.50 

83.10 ! 83.00 

82.60 82.60 

82.20 82.20 

81-80 81.70 

81.30 81.30 

80.90 80.90 

80.50 80.40 

80.00 80.00 

79.60 79.60 

79.20 79.20 

85.10 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 
79.10 79.10 79.00 79.00 78.90 78.90 

OBEAD PRINT FORMAT IS FORMAT NUMBER 4 DRAWDOWN PRINT FORMAT IS FORMAT NUMBER 9 
OBEADS WILL BE SAVED ON UNIT 30 DRAWDOWNS WILL BE SAVED ON UNIT 40 
OOUTPUT CONTROL IS SPECIFIED EVERY TIME STEP 
0 COLUMN To ROW ANISOTROPY = 1.000000 
0 DELR = 200.0000 
0 DELC = 200.0000 
0 

85.10 

84.70 

84.30 ,J, . 
83.90 

83.40 

83.00 

82.60 

82.10 

81.70 

81.30 

80.80 

80.40 

80.00 

79.50 

79.10 

0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

1 2 3 4 5 6 7 8 9 10 
11 12 13 14 15 16 ............................................................................................................................ 

J 225.0 225.0 225.0 

225.0 225.0 225.0 
I 

300.0 300.0 300.0 300.0 300.0 225.0 225.0 
225.0 225.0 300.0 300.0 300.0 300.0 
300.0 300.0 300.0 300.0 300.0 225.0 225.0 
225.0 225.0 300.0 300.0 300.0 300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 

300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

225.0 

225.0 

225.0 

200.0 

, 200.0 

f 200.0 

I 
I 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

, 200.0 
I 
, 250.0 

250.0 

250.0 

250.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

225.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 
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0 20 

21 
/ 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 
0 
0 

\-u 22 

250.0 250.0 
300.0 175.0 
175.0 175.0 
300.0 175.0 
150.0 150.0 
300.0 175.0 
150.0 150.0 
300.0 175.0 
150.0 150.0 
300.0 175.0 
150.0 150.0 
300.0 200.0 
150.0 150.0 
300.0 200.0 
150.0 150.0 
300.0 200.0 
150.0 150.0 
300.0 200.0 
150.0 150.0 
300.0 200.0 
150.0 150.0 
300.0 200.0 
150.0 150.0 
300.0 200.0 
150.0 150.0 
300.0 200.0 
150.0 150.0 
300.0 200.0 
150.0 150.0 
300.0 200.0 
150.0 150.0 
300.0 200.0 
150.0 150.0 

2 ,-a 3 

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

1 
11 

0 1 6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

..................a 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

250.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 

- l i s  

250.0 
175.0 
175.0 

, 175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
150.0 
175.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 

..*, h . 
250.0 300.0 
175.0 175.0 175.0 175.0 175.0 
175.0 300.0 
150.0 150.0 150.0 150.0 150.0 
175.0 300.0 
150.0 150.0 150.0 150.0 150.0 
175.0 300.0 
150.0 150.0 150.0 150.0 150.0 
175.0 300.0 ~~ 

150.0 i50.0 150.0 150.0 150.0 
175.0 300.0 
150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 

vmtl!EYDcoND 

150.0 150.0 150.0 150.0 
300.0 
150.0 150.0 150.0 150.0 
300.0 
150.0 150.0 150.0 150.0 
300.0 
150.0 150.0 150.0 150.0 
300.0 
150.0 150.0 150.0 150.0 
300.0 
150.0 150.0 150.0 150.0 
300.0 
150.0 150.0 150.0 150.0 
300.0 
150.0 150.0 150.0 150.0 
300.0 
150.0 150.0 150.0 150.0 
300.0 

BOTTQM - 30.00000 FOR LAYER 1 
/‘J!EICXXESS .5000000E-03 FOR LAYER 1 

175.0 - 
150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

2 3 4 5 6 7 8 9 lo 
12 13 14 15 16 

I.......................................................................................................... 

6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. , 6000. 
6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

~ ~ ~ . .  ..._. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. . 6000. 
606b. vi6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000.  

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000.  

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

8000. 

8000. 

8000. 

8000. 

8000. 

-5- 



0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

0 

0 
1 

0 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

' 3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

9 WELLS 

4000. 4000. 
4000. 4000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 
3000. 3000. 

4000. 4000. 1500. 1500. 
4000. 4000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 1500. 1500. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 
3000. 3000. 3000. 3000. 
3000. 3000. 

1500. 4000. 

1500. 3000. 

1500. 3000. 

1500. 3000. 

1500. 3000. 

1500. 3000. 

1500. 3000. 

3000. 3000. 

3000. 3000. 

3000. 3000. 

3000. 3000. 

3000. 3000. 

3000. 3000. 

3000. 3000. 

3000. 3000. 

3000. 3000. 

INITIAL TIME STEP SIZE 1.000000 

LAYER ROW COL STRESS RATE WELL NO. 

J 
1 14 5 
1 13 6 
1 13 8 
1 17 8 
1 24 8 
1 26 8 
2 13 8 
2 17 8 
2 24 8 

OAVERAGE SEED - .00152628 
MINIMUM SEED = .00055719 
0 

5 ITERATION PARAmmmS CALCULATED FROM AVERAOE SEED: 

.0000000E+00 .8023446E+OO .9609323E+00 .9922780E+OO 
0 

11 ITERATIONS FOR TIME STEP 1 IN STRESS PERIOD 1 

-13476. 1 
-13476. 2 
-13476. 3 
-4813.0 4 
-7701.0 5 
-9626.0 6 
-4813.0 7 
-4813.0 8 
-4813.0 9 

.9984737E+OO 

OMAXIMUM HEAD CHANGE FOR gACE ITERATION: 
0 HEAD CHANGE LAYER,E(Ow,COL BEAD CHANGE LAYER,ROW,COL HEAD CEANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL BEAD CHANGE ~ Y E R , R O W , C O L  

0 
OEEAD/DRAWDOWN PRINMUT FLAG 1 "l?AL BUDGET PRINTOUT FLAG 1 CELL-BY-CELL FLOW TERM FLAG = 0 
OOUTPUT FLAGS FOR EACH LAYER: 

BgAD DRAWDOWN HEAD DRAWDOWN 
LAYER PRINTOUT PRINTOUT SAVE SAVE 
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q +* 

1 1 1 1 1 
2 1 1 1 1 

3 EEAD IN LAYER 1 AT END OF TIME STEP 1 It4 STRESS PERIOD 1 ....................................................................... 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
16 

\d 
................................................................................................................................ 

92.90 93.00 93.10 93.20 93.30 93.40 93.60 93.70 93.80 93.90 94.00 94.10 94.20 94.30 94.40 0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

,20 

' , L L  21 
0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

1 

94.50 
92.40 
94.00 
92.00 
93.50 
91.60 
93.10 
91.20 
92.60 
90.70 
92.10 
90.20 
91.60 
89.70 
91-10 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89.10 
88.00 
88.60 
87.70 
88.20 
87.50 
87.90 
87.30 
87.50 
87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84.50 
84.20 
83.80 
83.80 
83.30 
83.50 
82.80 
83.10 
82.30 
82.70 
81.90 
82.20 
81.40 
81.80 
81.00 
81.30 
80.60 
80.80 
80.20 
80.30 
79.70 
79.90 
79.30 
79.40 
78.80 
78.90 
78.40 

92.55 

92.13 

91.72 

91.31 

90.84 

90.34 

89.86 

89.45 

89.04 

88.66 

88.28 

87.94 

87.63 

87.37 

87.11 

86.80 

86.42 

86.02 

85.61 

85.13 

84.68 

84 - 23 
83.81 

83.43 

83.03 

82.61 

82.16 

81.73 

81.27 

80.79 

80.33 

79.89 

79.44 

79.00 

92.67 

92.25 

91.83 

91.43 

90.97 

90.46 

89.98 

89.52 

89.06 

88.63 

88.23 

87.84 

87.50 

87.22 

86.96 

86.67 

86.34 

86.00 

85.59 

85.13 

84.67 

84.22 

83-60 

83.38 

82.95 

82.52 

82.09 

81.66 

81.22 

80.77 

80.33 

79.89 

79.45 

79.00 

92.77 

92.35 

91-94 

91.53 

91.07 

90.56 

90.06 

89.57 

89.08 

88.61 

88.15 

87.70 

87.30 

87.06 

86.83 

86.56 

86.27 

85.96 

85.57 

85.11 

84.65 

84.19 

83.74 

83.29 

82 - 85 
82.43 

82.01 

81.59 

81.17 

80.74 

80.32 

79.90 

79.49 

79.10 

92.87 

92.45 

92.03 

91.62 

91.16 

90.65 

90.14 

89.63 

89.11 

88.59 

88.06 

87.49 

86.95 

86.90 

86.72 

86.48 

86.21 

85.92 

85.56 

85.09 

84.60 

84.12 

83.64 

83.17 

82.73 

82.32 

81.92 

81.52 

81.11 

80.71 

80.30 

79.89 

79.49 

79.10 

92.98 

92.55 

92.13 

91.70 

91.23 

90.73 

90.22 

89.70 

89.16 

88.60 

87.99 

87.21 

87.05 

86.88 

86.67 

86.43 

86.17 

85.89 

85.53 

85.06 

84.55 

84 - 03 
83.51 

83.03 

82.59 

82.20 

81.82 

81.44 

81.06 

80.67 

80.27 

79.88 

79.49 

79.10 

93.13 

92.68 

92.23 

91.79 

91.32 

90.82 

90.30 

89.78 

89.24 

88.67 

88.07 

87.46 

87.17 

86.92 

86.67 

86.40 

86.15 

85.88 

85.52 

85.04 

84.50 

83.93 

83.34 

82.86 

82.39 

82.06 

81.73 

81.38 

81.00 

80.62 

80.24 

79.86 

79.48 

79.10 

93.24 

92.79 

92.34 

91.89 

91.42 

90.91 

90.40 

89.87 

89.33 

88.76 

88.14 

87.38 

87.26 

87.00 

86.70 

86.36 

86.16 

85.89 

85-53 

85.03 

84.46 

83.83 

83.05 

82.68 

82.02 

81.93 

81.66 

81.32 

80.96 

80.58 

80.20 

79.83 

79.46 

79.10 

93.34 

92.89 

92.44 

91.99 

91.52 

91-01 

90.50 

89.98 

89.45 

88.91 

88.36 

87.83 

87.48 

87.14 

86.82 

86.51 

86.23 

85.94 

85.56 

85.05 

84.49 

83.90 

83.29 

82.80 

82.31 

81.98 

81.65 

81.29 

80.92 

80.54 

80.16 

79.79 

79.43 

79.10 

93.45 

92.99 

92.54 

92.09 

91.62 

91-11 

90.60 

90.09 

89.57 

89.06 

88.56 

88.09 

87.69 

87.30 

86.95 

86.63 

86.31 

86.00 

85.60 

85.09 

84.53 

83.96 

83.41 

82.91 

82.44 

82.04 

81.65 

81.27 

80.89 

80.50 

80.12 

79.74 

79.36 

79.00 

HEAD IN LA= 2 AT END OF TIME STEP 1 IN STFlESS PERIOD 1 

93.55 

93.10 

92.64 

92.18 

91.71 

91.22 

90.71 

90.19 

89.67 

89.18 

88.71 

88.26 

87.85 

87.46 

87.09 

86.74 

86.40 

86.06 

85.65 

85.13 

84.57 

84.02 

83.48 

82.98 

82.50 

82.07 

81.65 

81.25 

80.85 

80.45 

80.06 

79.67 

79.28 

78.90 

11 

93.65 

93.20 

92.74 

92.28 

91.81 

91.33 

90.82 

90.29 

89.77 

89.28 

88.82 

88.39 

87.97 

87.58 

87.20 

86.84 

86.46 

86.13 

85.69 

85.16 

84.59 

84.04 

83.52 

83.01 

82.53 

82.07 

81.64 

81.22 

80.81 

80.40 

80.00 

79.60 

79.20 

78.80 

12 

93.75 

93.29 

92.83 

92.37 

91.90 

91.44 

90.93 

90.38 

89.85 

89.36 

88.91 

88.48 

88.07 

87.68 

87.30 

86.93 

86.56 

86.19 

85.72 

85.16 

84.60 

84.05 

83.53 

83.02 

82.52 

82.05 

81.60 

81.18 

80.76 

80.34 

79.93 

79.52 

79.11 

78.70 

13 

93.84 

93.37 

92.91 

92.45 

91.98 

91.52 

91-01 

90.46 

89.92 

89.43 

88.99 

88.55 

88.14 

87.76 

87.38 

87.02 

86.65 

86.25 

85.76 

85.17 

84.58 

84.01 

83.48 

82.97 

82.47 

82.00 

81.55 

81.12 

80.70 

80.28 

79.85 

79.43 

79.01 

78.60 

14 

93.92 

93.45 

93.00 

92.52 

92. i5 

91.58 

91.07 

90.50 

89.97 

89.48 

89.04 

88.60 

88.19 

87.83 

87.46 

87.11 

86.75 

86.33 

85.82 

85.15 

84.54 

83.93 

83.38 

82.87 

82.39 

81.94 

81.48 

81.06 

80.64 

80.22 

79.77 

79.35 

78.91 

78.50 

15 
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16 ..........................................~....................~~.....**~.~...........~..*................~................~’ . 
0 1 91.20 91.20 91.30 91.40 91.50 91.50 91.60 91.70 91.80 91-80 91-90 91-90 92.00 92.00 92. I 
0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 3 1  

0 32 

0 33 

0 34 

0 35 

92.10 ~~ ~ 

90.90 
91.80 
90.60 
91.40 
90.40 
91.10 
90.10 
90.70 
89.80 
90.30 
89.50 
90.00 
89.20 
89.70 
89-00 
89.30 
88.70 
89.00 
88.50 
88.50 
88.30 
88.10 
88-10 
87.80 
87.80 
87.50 
87.50 
87.20 
87.10 
86.90 
86.80 
86.50 
86.40 
86.20 
86.10 
85.80 
85.70 
85.40 
85.30 
85.00 
84.90 
84.50 
84.40 
84.10 
84.00 
83.70 
83.60 
83.30 
83.20 
82.90 
82.80 
82.50 
82.30 
82.00 
81.90 
81.60 
81.50 
81.20 
81.00 
80.70 
80.60 
80.30 
80.20 
79.80 
79.70 
79.30 
79.30 
78.90 

90.96 

90.69 

90.44 

90.16 

89.87 

89.57 

89.28 

89.02 

88.74 

88.48 

88.23 

87.96 

87.67 

87.36 

87.03 

86.71 

86.39 

86.09 

85.74 

85.31 

84.85 

84.38 

83.94 

83.52 

83.11 

82.69 

82.25 

81.83 

81.41 

80.97 

80.55 

80.13 

79.70 

79.30 

91.04 

90.77 

90.50 

90.22 

89.94 

89.64 

89.34 

89.05 

88.75 

88.45 

88.16 

87.86 

87.56 

87.25 

86.94 

86.64 

86.35 

86.07 

85.73 

85.29 

84.81 

84.33 

83.88 

83.44 

83.01 

82.59 

82.17 

81.76 

81.34 

80.92 

80.50 

80.08 

79.65 

79.-20 

91.12 

90.85 

90.57 

90.29 

90.00 

89.71 

89.40 

89.08 

88.75 

88.43 

88.10 

87.77 

87.45 

87.13 

86.83 

86.56 

86.29 

86.03 

85.71 

85.26 

84.75 

84.26 

83.79 

83.35 

82.92 

82.50 

82.09 

81.69 

81.28 

80.87 

80.46 

80.05 

79.63 

79.20 

91.20 

90.92 

90.64 

90.36 

90.08 

89.78 

89.47 

89.12 

88.76 

88.40 

88.03 

87.67 

87.33 

86.99 

86.71 

86.46 

86.23 

85.99 

85.68 

85.21 

84.69 

84.17 

83.68 

83.24 

82.81 

82.40 

82.01 

81.62 

81.22 

80.83 

80.43 

80.02 

79.61 

79.20 

91.26 

90.99 

90.71 

90.43 

90.16 

89.88 

89.57 

89.17 

88.77 

88.37 

87.97 

87 * 57 

87.20 

86.83 

86.58 

86.36 

86.17 

85.98 

85.66 

85.17 

84.61 

84.06 

83.53 

83.10 

82.69 

82.29 

81.92 

81.55 

81.17 

80.78 

80.39 

80.00 

79.60 

79.20 

91.33 

91.06 

90.78 

90.50 

90.23 

89.99 

89.78 

89.35 

88.79 

88.26 

87.64 

86.92 

86.81 

86.61 

86.45 

86.25 

86.12 

85.98 

85.65 

85.09 

84.49 

83.84 

83.17 

82.86 

82.50 

82.15 

81.84 

81.49 

81.13 

80.75 

80.36 

79.98 

79.59 

79.20 

91.41 

91.12 

90.84 

90.56 

90.29 

90.05 

89.86 

89.45 

88.81 

88.13 

87.15 

85.13 

86.35 

86.51 

86.37 

86.08 

86.06 

85.96 

85.62 

85.04 

84.39 

83.58 

82.31 

82.59 

82.38 

82.08 

81.79 

81.45 

81.09 

80.72 

80.34 

79.96 

79.57 

79.20 

91.48 

91.18 

90.88 

90.60 

90.32 

90.06 

89.85 

89.42 

88.85 

88.30 

87.66 

86.92 

86.79 

86.59 

86.43 

86.23 

86.09 

85.95 

85.61 

85.05 

84.44 

83.78 

83.10 

82.80 

82.44 

82.09 

81.79 

81.44 

81.08 

80.70 

80.32 

79.94 

79.56 

79.20 

91.52 

91.22 

90.92 

90.62 

90.32 

90.02 

89.70 

89.29 

88.86 

88.43 

87.99 

87.56 

87.16 

86.78 

86.54 

86.31 

86.11 

85.92 

85.59 

85.08 

84.51 

83.95 

83.42 

82.99 

82.58 

82.19 

81.82 

81.45 

81.07 

80.69 

80.30 

79.91 

79.52 

79.10 

91.58 

91.26 

90.95 

90.64 

90.32 
i 

89.99 

89.65 

89.27 

88.87 

88.46 

88.05 

87.65 

87.27 

86.92 

86.64 

‘86.38 

‘86.14 

‘85.90 

‘85.57 

85.10 

h . 5 6  

Y O 3  83.54 

I 
‘83.08 

82.66 

82.25 

‘81. 86 
i 
81.47 

‘sl. 08 

b0.69 

S O .  29 

59.89 

$9.10 

$9.50 

91.61 

91.30 

90.98 

90.65 

90.32 

89.99 

89.63 

89.26 

88.88 

88.48 

88.10 

87.72 

87.36 

87.02 

86.72 

86.43 

86.16 

85.90 

85.57 

85.11 

84.59 

84.09 

83.61 

83.15 

82.72 

82.30 

81.90 

81.49 

81.09 

80.68 

80.28 

79.87 

79.47 

79.10 

91.66 

91.33 

91.00 

90.67 

90.33 

89.99 

89.63 

89.27 

88.89 

88.51 

88.13 

87.77 

87.42 

87.09 

86.77 

86.47 

86.18 

85.90 

85.57 

85.11 

84.60 

84.12 

83.65 

83.20 

82.77 

82.35 

81.93 

81.52 

81.10 

80.69 

80.27 

79.85 

79.43 

79.00 

OHEAD WILL BE SAWD ON UNIT 30 AT END OF TIME STEP 
1 DRAWDOWN IN LAYER 1 AT END OF TIME STEP 1 I N  STRESS PERIOD 1 

1, STRESS PERIOD 1 

....................................................................... 
1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ............ ........................................................................... 1 ...... ........... 

0 1 .oo .oo - 0 0  .oo .oo .oo .oo .oo .oo - 0 0  .oo .oo -00 .ob - 0 0  .oo 
0 2 - 0 0  .05 -03  .03 .03 -02 .07 .06 -06 .05 - 0 5  .05 -05  -.Oh - .02  .OO 

0 4 -00  .08 -07 .06 .17 -17 .17 .16 -16 .16 -16 .06 .07 - . O ’ l  .OO -00  
0 3 .OO .07 -05  -05 .05 -15 -12 .11 -11 .11 .10 -00  -01 .Ob .05 -00 

91.70 91 .3 .J  

91.36 91.39 

91.03 91.06 

90.68 90.69 

90.34 90.33 

89.99 90.00 

89.64 89.66 

89.28 89.29 

88.91 88.93 

88.52 88.53 

88.15 88.15 

87.80 87.81 

87.46 87.48 

87.13 87.17 

86.81 86.85 

86.50 86.51 

86.19 86.19 

85.90 85.87 

85.55 85.50 

85.10 85.06 

84.60 84.13 84. ““‘2 
83.68 83.69 

83.24 83.27 

82.81 82.85 

82.39 82.43 

83.96 81.99 

81.54 81.57 

81.12 81.15 

80.69 80.70 

80.27 80.27 

79.83 79.81 

79.40 79.35 

79.00 78.90 
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0 5  
0 6  
? 7  

8 
9 

0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
1 

' L L  10 

0 1  
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
O B  
0 9  
'I 10 
11 
12 

' L d  13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 

* 00 . 00 
.oo 
-00 . 00 . 00 
* 00 
.oo . 00 
* 00 
* 00 . 00 
-00  
-00 
.oo . 00 . 00 . 00 
-00 . 00 . 00 
.oo 
.oo . 00 
.oo 
.oo 
.oo 
.oo 
-00 
.oo 
* 00 

-09 
.06 
.06 
.04 
.05 
-16 
.14 
.12 
.16 
.17 
.23 
-19 
.10 
.08 
-08 
.09 
-07 
-12 
.07 
.09 
.07 
-07 
.09 
.04 
.07 
-03 
-01 
.07 
-01 

-.04 
.oo 

- 07 
-03  
.14 
.12 
-18 
.24 
.27 
.37 
-36 
.40 
-38 
.34 
.33 
-26 
-20 
.21 
-17 
-23 
.18 
.20 
.12 - 15 
.18 
.11 
.14 
-08 
-03 
.07 
.01 
-05 

.07 

.13 

.14 
-24 
.23 
.32 
-39 
.55 
.60 
.70 
-64 
.47 
-44 
-33  
.34 
.33 
.29 
-25 
.31 
.26 
.31 
.25 
.27 
.19 
.21 
.13 
.06 
* 08 
* 10 
.Ol 

-18 
.24 
.25 
.26 
.37 
.39 
.51 
.74 
.91 
1.15 

.80 

.68 

.52 

.49 

.48 

.44 

.41 

.40 

.38 

.36 

.43 

.37 

.38 

.28 

.18 

.19 
-09 
.10 
.ll 
.01 .01 

.oo -00 .oo 
DRAWDOWN IN LAYER 

.20 

.27 
-27 
.28 
.40 
.44 
-60 
.91 
1.29 
1.05 
.92 
.73 
.67 
.53 
.51 
.47 
.44 
.45 
.47 
.59 
.57 
.51 
.40 
-38 
.26 
.24 
.13 
.13 
-12 

-21 -21 -21 
-28 .28 .28 
.28 .29 .29 
.30 -30 .30 
.42 .43 .32 
-46  .47 .45 
.63 .64 .49 
.83 .86 .64 

1.14 1.22 .87 
1.03 .94 -82 

-88 -90 .76 
.83 .BO .68 
.70 .84 -69 
.65 .64 .57 
.52 -61 .56 
.48 .57 .54 
-56 .57 -55 
.50 .64 -51 
-57 .67 .60 
.76 .95 .71 
.74 -92 .70 
-71 1.08 .69 
.54 -67 .62 
.47 .44 .45 
.32 .38 .31 
.30 .24 .28 
.18 .22 -16 
.16 -10 .14 
-04 -07 -11 

-21 .22 
.28 .19 
.29 .28 
.30 .29 
-31 -31 
.33 -33 
.44 -32 
-54 -39 
.61 .44 
-61 .45 
.60 .44 
-65 .51 
.57 -46 
.49 -40 
.50 -44 
.50 .45 
-51 .37 
.47 .43 

.59 .42 

.59 .42 

.56 .4Q 

.46 .33 

.35 .35 

.33 .25 
-21 .25 
.20 - 1 5  
.08 -14 
-06 -03 

-54 .3a 

-12 
1 .19 

.17 
I -18 

-21 
.23 
-32 

1 .28 
-31 
.33 
-32 
.40 

I .36 
I -32 
I .37 
I -31 
' -34 
I -31 
I -36 
' .28 
' .29 
I -27 
1 .33 
I .26 
1 .18 
I .19 
1 -10 
I .lo 
I -10 

.03 -05 .08 

.10 .12 .05 

.16 .08. .02 

.17 .09 -03 

.22 .14 -10 
-15 .OB -03 
.24 .17 -02 
.19 .11 .06 
.22 .15 .10 
.23 .16 .ll 
-22 -14  -07 
.30 -22 .04 
-27 -18 .09 
.24 .15 -05  
.21 .15 .07 
.28 .14 .08 
.24 .13 .05 
.20 .12 -06 
.25 .19 .07 
.27 .12 -02 

.15 -10 .06 

.20 -15 -02 

.12 .08 -04 

.14 .10 .06 

.06 -02 .OS 

.07 .05 .03 
-08  -07 .05 

-00 
.oo 
.oo . 00 
.oo 
-00  . 00 
.oo . 00 . 00 . 00 . 00 . 00 
-00 . 00 
* 00 
* 00 
.oo 
-00 . 00 
.oo 
-00 . 00 
-00 . 00 
-00 . 00 
* 00 
* 00 

.02 -04 .07 -04 -02 -00 -.01 -.01 -.01 .OO 
.oo -00 -00 .oo .oo -00 .oo .oo .oo -00 .oo 
2 AT END OF TIME STEP 1 I N  STRESS PERIOD 1 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.oo .oo .oo .oo .oo -00 .oo -00 .oo .oo -00 .oo .oo .oo .oo .oo 
-00 .04 
-00 .01 
.OO -06 
-00 .04 
.OO .03 
.OO .03 
.oo -02 
.OO, -08 
.OO -06 
.oo .12 
.OO .07 
-00 -14 
-00  .13 
.OO -14 
.OO -07 
.oo . 00 
.oo . 00 
-00  . 00 
* 00 
.oo 
- 0 0  . 00 
.oo 
-00  
-00 
-00 
-00 . 00 
-00  
.oo . 00 

-09 
-01 
.01 
-06 

-.01 
-05 
.02 
-06 
-08  
.09 
-11 
.05 
.07 
.09 
.03 
.05 
.07 
.oo 
.oo 

-06 -.02 
-03 -05 

-.DO -03  
.08 .01 
-06 -.OO 
-06 .09 
-06 .10 
.05 .12 
-15 .15 
-15 -17 
.14 - 3 0  
-24 -33  
.24 -35 
-25  -37 
-26 -37 
-16 .34 
-15 .21 
.03 -07 
-07 -.01 
.01 .04 
-09 .15 
.07 -14 
.12 -21 
.16 -15 
-09 .18 
.ll .20 
-13 .21 
.14 -11 
.06 .12 
.08 .13 
-10 .04 

-.OO -04 
-08 .01 
-06 -.01 
.04 .07 
-02 - 0 4  
.02 -02 
.03 -03 
-18 .13 
.24 .23 
.30 .33 
.37 .43 
.43 -53 
.57 -70 
-61 .77 
-59 .72 
.44 .54 
.27 .33 
-11 -02 
-02 -.06 
.09 .03 
.11 .19 
.23 -34 
.32 .31 
-26 -40 
.29 .41 
.30 -31 
.19 -28 
.18 -25 
.18 .23 
-07 .12 
-07 .11 

f -07 
. .04 
. -02 
' -.oo 
I -.03 
~ -.09 
I -.18 
I -.05 
' .21 
I .44 
' -86 
, 1.28 
I 1-09 
' .99 
1 .85 
I -65 
1 -28 
~ .02 
I -.05 
' -11 
1 -31 
v .46 

.73 
1 -64 

.60 
, - 4 5  
~ .36 
, .31 
' .17 
I -15 
, -14 

-.01 
-08 
.06 
.04 
.01 

-.05 
-.16 
-.05 
.29 
-67 

1.35 
3.07 
1.55 
1.09 
.93 
.72 
-34 
.04 

-.02 
.16 
.41 
-72 
1.59 

* 91 
.62 
.52 
-41 
.25 
-21 
.18 
.06 

-02 
.02 
-02 . 00 

-.02 
-.06 -. 15 
-.02 
.25 
.50 
.84 
1.28 
1.11 
1.01 
-77 
.57 
-31 
-05  

-.01 
-05 
-26 
.52 
.80 
-60 
-56 
-51 
-41 
-26 
.22 
-20 
.08 

-.02 
-08 
-08 
.08 

-.02 
-.02 

* 00 
.ll 
-24 
.37 
-41 
-54  
.64 
-82 
.66 
.49 
.29 

-.02 
-.09 
-02 
.19 
.35 
-48 
-41 
.42 
-41 
.28 
.25 
.23 
* 11 
* 10 

.02 -.01 

.04 -00 

.05 -02 

.06 .05 

.OB .08 
-11 -11 
.OS -07 
.13 .14 
.23 -22 
.24 -22 
-35 .30 
.45 -38 
.53 -34  
-58 -38  
-46 .28 
-32 .27 
-16 .14 
.oo .oo 

-.07 -a07 
-00 -.01 
-14 -01 
.17 .11 
-26 .19 
-32 -25 
.34 -28 
.25 -20 
-24 -20 
.23 -11 
-12 -11 
.ll .12 
.ll .02 

.04 -00  .05 

.07 .04 -01 

.10 -07 -04  

.03 .02 .01 

.07 .06 -07 
-11 .ll -00  
.07 -06 .04 
.13 .12 .01 
.11 -09 -07 
.19 -18 .07 
-27 .15 .05 
.23 .20 .09 
.28 .14 .12 
-21 .17 .03 
-23 -09 .05 
-13 .10 -.01 
-02 .01 .01 

-.lo -.lo -.07 
-.17 -.15 -.lo 
-.11 -.lo -.06 
-.OO -00 -03 

-08 .07 -.02 
-15 .12 -01 
-20 .16 -03  
.23 .09 .05 
.15 -11 .07 
-17 -14 .01 
- 0 8  -06 .03 
-10 .08 -05  
-11 -01 -.oo 
.03 -03 -03  

-00 . 00 . 00 
-00 . 00 
-00 
-00 
* 00 
.oo 
.oo . 00 . 00 
.oo 
.oo . 00 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
-00 
-00 . 00 
-00 . 00 
-00 . 00 
-00 

-02 .05 .08 .10 .02 -04 .06 .09 .01 -03 -05 -07 -.01 -00 
-05 -07 -.01 -00 .01 -03 -04 -.02 .OO -03 - .03 -.OO .05 -00 
-00  .oo -00  -00 -00  -00 .oo .oo -00 .oo -00 -00 .oo - 0 0  

ODRAWDOWN WILL BE SAVED ON UNIT 40 A!T END OF TIME STEP 1, STRESS PERIOD 1 
0 

0 L**3/T 

IN: --- 
-9- 

IN : --- 



I -  

O 
0 

0 
0 
0 

0 

STORAGB = 
CONSTANT HEAD = 

WELLS = 
TOTAL IN = 

OUT: ---- 
STORAGE E 

CONSTANT HEAD - 
WELLS - 

m A L  OUT = 
IN - OUT 

PERCENT DISCRKPANCY - 

. 00000 

.17312E+06 

.ooooo 

.17312E+O6 

. 00000 
96105. 
77007. 
.17311E+06 
10.578 

-01 

STORAGE - .ooooo 
CONSTANT HEAD .1731233+06 

WELLS - .ooooo 
TOTAL IN - .173123+06 

OUT: ---- 
STORAGE - .OOOOO 

CONSTANT HEAD - 96105. 
WEUS - 77007. 

lVTAL OUT - .1731lEt06 
IN - OUT 10.578 

PERCENT DISCREPANCY - 

TIME STEP LENGTE 86400.0 1440.00 24.0000 1.00000 -2737853-02 
STRESS PERIOD TIME 86400.0 1440.00 24.0000 1.00000 -2737853-02 

TOTAL SIMULATION TIME 86400.0 1440.00 24.0000 1.00000 .273785E-02 
1 

-01 

J 

-10- 

I 
W 



1 U.S. GBOLOGICPLL SURVEY MODULAR FINITE-DIFPERENCE GROUND-WATER MODEL 
OSHIELDALLOY PIETAUURGICAL CORPORATION FOCUSED FS - EYDIOOOEOLOGIC SIMULATION SENSIT ANAL, SIMULATION 4A: VERT LEAKAGE'X 2 

2 LAYER8 35 Rows 16 CoLuMlOS 
1 STRESS PERIOD(S) IN SIMULATION 

dDBL TIME UNIT IS DAYS 
L h / O  UNITS: 

ELDlENT OF IUNIT: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
I/OTJNIT:1112 0 0 0 0 0 0 1 9  0 0 2 2  0 0 0 0 0 0 0 0 0 0 0 0 

O B A S l  -- BASIC HODEL PACKAGE, VERSION 1, 9/1/87 INPUT READ PROn UNIT 1 
ARRAYS RH8 AND BUFF WILL SBARE MEMORY. 
START HEAD WIU BE SAVED 

10699 -5 IN X ARRAY ARE USED BY BAS 
10699 ELEMENTS OF X ARRAY USED OUT OF 100000 

OB-1 -- BLOCK- FLOW PA--, VERSION 1, 9/1/87 INPUT READ FROM UNIT 11 
STEADY-STATE SIMULA!l!ION 

LAYKR AQUIPKRTYPE ------------------- 
1 1 
2 0 

1122 ELEMERTS IN X ARRAY ARE USED BY BCF 
11821 ELEMENTS OF X ARRAY USED OUT OF 100000 

MvELl -- WELL PACKAGE, -ION 1, 9/1/87 INPUT READ FROM 12 
MMIMUMOF 9WELLS 

36 ELEMLlQTS IN X ARRAY ARE USED FOR WEUS 
11857 -5 OF X ARRAY USED OUT OF 100000 

OSIP1 -- STRONGLY IMPLICIT PROCEDURE SOLUTION PACKAGE, VBRSION 1, 9/1/87 INPUT READ 
HlwMUM OF 50 ITERATIONS ALLOWED FOR CLOSURE 

. 

FROM UNIT 19 

5 ITERATION PARAMFpER8 
4685 ELDEN!CS IN X ARRAY ME USED BY SIP 

16542 ELEMENTS OF X ARRAY USED OUT OF 100000 
1SHIELDALLOY PIETAUURGICAL CORPORATION POCUSED PS - EYDROGXOLOGIC SIMULATION SENSIT ANAL, SIMULATION 4A: VERT LEAKAGE X 2 
0 

BOUNDmY ARRAY FOR LAYER 1 WILL BE READ ON UNIT 1 USING FORMAT: (1613) 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  ......................................................................... 
0 1  
0 2  
0 3  
0 4  
0 5  
9 ;  

\ L , d  1; 
8 

0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
0 

-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 
-1 

1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

2 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

3 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

4 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

5 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

- 1  
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-1 

-1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
2 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
1 -1 
-1 -1 

BOUNDARY ARRAY FOR LAYEX 2 WILL BE ReAD ON UNIT 1 USING FORMAT: (1613) 

6 7 8 9 10 11 12 13 14 15 16 ......................................................................... 
-1- 



0 1  
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 

-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 
-2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
J2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 0 34 

0 35 -2 -2 -2 -2 -2 -2 -2 -2 
OAQUIFER HEAD WILL BE SET To 
0 

999.99 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 

2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

-2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 
2 -2 ~~- 

-2 -2 -2 -2 -2 -2 -2 -2 
AT ALL NO-FLOW NODES (IBOUND=O). 

,J. 

* 

1 2 3 4 5 6 
11 12 13 14 15 16 

7 8 9 10 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

94.00 
92.40 
93.60 
92.00 
93.20 
91.60 
92.80 
91.20 
92.40 
90.70 
91.90 
90.20 
91.50 
89.70 
91-00 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89.10 
88.00 
88.70 
87.70 
88.30 
87.50 
87.90 
87.30 
87.60 
87.00 
87.20 
86.50 
86.80 
86.00 

93.00 
94.10 1 

............................................................................................................................ 
93.60 93.70 93.80 93.90 0 1 92.90 

92.60 
93.70 
92.20 
93.20 
91.80 
92.80 
91.40 
92.40 
90.90 
92.00 
90.40 
91.50 
89.90 
91.00 
89.50 
90.50 
89.20 
90.00 
88.80 
89.60 
88.40 
89.10 
88.10 
88.70 
87.80 
88.30 
87.60 
87.90 
87.30 
87.60 
86.90 
87.20 
86.50 
86.80 
86.10 

93.10 
94.20 
92.70 
93.80 
92.30 
93.30 
91.90 
92.90 
91.50 
92.40 
91-00 
92.00 
90.60 
91.60 
90.10 
91.10 
89.70 
90.60 
89.30 
90.00 
88.90 
89.60 
88.60 
89.10 
88.20 
88.70 
87.90 
88.30 
87.60 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.20 

93.20 
94.30 
92.80 
93.80 
92.40 
93.40 
92.00 
92.90 
91.60 
92.50 
91.20 
92.10 
90.70 
91.60 
90.30 
91-10 
89.80 
90.60 
89.40 
90.00 
89.00 
89.60 
88.70 
89.10 
88.30 
88.70 
88.00 
88.30 
87.70 
87.90 
87.30 
87.60 
87.00 
87.20 
86.60 
86.80 
86.30 

93.30 
94.40 
92.90 
93.90 
92.50 
93.50 
92.20 
93.00 
91.80 
92.60 
91.40 
92.10 
90.90 
91.60 
90.40 
91.10 
90.00 
90.60 
89.50 
90.00 
89.10 
89.50 
88.80 
89.10 
88.40 
88.70 
88.10 
88.30 
87.70 
87.90 
87.40 
87.50 
87.00 
87.20 
86.70 
86.80 
86.40 

93.40 
94.50 
93.00 
94.00 
92.70 
93.50 
92.30 
93.10 
91.90 
92.60 
91.50 
92.10 
91.00 
91.60 
90.50 
91.10 
90.10 
90.50 
89.60 
90.00 
89.20 
89.50 
88.90 
89.10 
88.50 
88.60 
88.10 
88.20 
87.80 
87.90 
87.40 
87.50 
87.10 
87.20 
86.70 
86.90 
86.40 

93.20 

92.80 

92.40 

92.00 

91.60 

91.10 

90.60 

90.20 

89.70 

89.30 

88.90 

88.60 

88.20 

87.80 

87.50 

87.10 

86.80 

86.40 

93.30 

92.90 

92.50 

92-10 

91.70 

91.20 

90.70 

90.30 

89.80 

89.40 

89.00 

88.60 

88.20 

87.90 

87.50 

87.20 

86.80 

86.50 

93.40 

93.00 

92.60 

92.20 

91.80 

91.30 

90.80 . 

90.30 

89.90 

89.40 

89.00 

88.70 

88.30 

87.90 

87.50 

87.20 

86.80 

86.50 

93.50 4 
93.10 

92.70 

92.30 

91.90 

91.40 

90.90 

90.40 

89.90 

89.50 

89.10 

88.70 

88.30 

87.90 

87.60 

87.20 

86.80 

86.50 

-2- 



0 20 

21 

d o  22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

86.50 
85.60 
86.10 
85.10 
85.50 
84.70 
85.00 
84.20 
84.40 
83.80 
83.90 
83.50 
83.40 
83.10 
82.90 
82.70 
82.40 
82.20 
82.00 
81.80 

81.30 81.30 
81.10 81.00 
80.80 80.80 
80.60 80.50 
80.30 80.40 
80.20 BO. 10 
79.90 79.90 
79.70 79.70 
79.40 79.40 
79.30 79.20 
78.90 79.00 
78.90 78.80 

81.50 si. 40 

1 2 
11 12 

86.50 
85.70 
86.00 
85.20 
85.50 
84.80 
84.90 
84.30 
84.40 
83.90 
83.80 
83.50 

.* 83.30 
83.10 
82. 80 
82.70 
82.40 
82.20 
81.90 
81-80 

86.40 
85.80 
86.00 
85.30 
85.40 
84.90 
84.80 
84.40 
84.30 
84.00 
83.80 
83.50 
83.20 
83.10 
82.70 
82.70 
82.20 
82.20 
81.80 
81.80 
81.30 
81.30 
80.90 
80.80 
80.40 
80.40 
80.00 
79.90 
79.60 
79.50 
79.10 
79.00 
78.70 

86.40 
85.90 
85.90 
85.40 
85.30 
84.90 
84.70 
84.50 
84.20 
84.00 
83.60 
83.60 
83.10 
83.10 
82.60 
82.70 
82.10 
82.20 
81.70 
81-80 
81.20 
81.30 
80. 80 
80.80 
80.30 
80.40 
79.90 
80.00 
79.50 
79.50 
79.00 
79.10 
78.60 

86.40 
86.00 
85.90 
85.50 
85.20 
85.00 
84.60 
84.50 
84.00 
84.00 
83.40 
83.60 
82.90 
83.10 
82.40 
82.70 
82.00 
82.20 
81.50 
81.70 
81.10 
81.30 
80.70 
80.80 
80.30 
80.40 
79.80 
80.00 
79.40 
79.50 
78.90 
79.10 
78.50 

)3 i 

86-40 
86.00 
85.90 
85.50 
85.10 
85.00 
84.50 
84.50 
83.80 
84.10 
83.30 
83.60 
82.80 
83.10 
82.30 
82.60 
81.90 
82.20 
81.40 
81.70 
81.00 
81.30 
80.60 
80.80 
80.20 
80.40 
79.70 
80.00 
79.30 
79.50 
78.80 
79.10 
78.40 

* .- 
86.00 

85.60 

85.00 

84.50 

84.10 

83.60 

83.10 

82.60 

82.20 

81.70 

81.30 

80.80 

80.40 

79.90 

79.50 

79.10 

86.10 

85.60 

85.10 

84.50 

84.00 

83.60 

83.10 

82.60 

82.10 

81.70 

81.20 

80.80 

80.30 

79.90 

79.50 

79.10 

86.10 

85.60 

85.00 

84.50 

84.00 

83.50 

83.00 

82.60 

82.10 

81.60 

81.20 

80.70 

80.30 

79.90 

79.50 

79.10 

86.10 

85.60 

85.00 

84.50 

84.00 

83.50 

83.00 

82.50 

82.00 

81.60 

81.10 

80.70 

80.20 

79.80 

79.40 

79.00 

3 4 5 6 7 8 9 lo 
13 14 15 16 ............................................................................................................................. 

0 1 91.20 91.20 91.30 91.40 91.50 91.50 91.60 91.70 91.80 91.80 
91.90 91.90 92.00 92.00 92.10 92.10 

0 2  

3 

L-4 4 

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

90.90 
91.60 
90.60 
91.90 
90.40 
91.00 
90.10 
90.70 
89.80 
90.40 
89.50 
90.10 
89.20 
89.70 
89.00 
89.40 
88.70 
89.10 
88.50 
88.70 
88.30 
88.40 
88.10 
88-10 
87.80 
87.80 
87.50 
87.50 
87.10 
87.10 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.70 
85.50 

91-00 
91.60 
90.70 
91.30 
90.50 
91.00 
90.20 
90.70 
89-90 
90.40 . 
89.60 
90.10 
89.30 
89.70 
89.10 
89.40 
88-80 
89-10 
88.60 
88.70 
88.30 
88.40 
88-10 
88-10 
87.80 
87.70 
87.50 
87.40 
87.10 
87.00 
86.80 
86.70 
86.40 
86.30 
86.10 
85.90 
85.80 
85.50 

91.10 
91.70 
90.80 
91.40 
90.50 
91.10 
90.30 
90.70 
90.00 
90.40 
89.70 
90.10 
89.40 
89.70 
89.10 
89.40 
88.90 
89.00 
88.60 
88.70 
88.30 
88.40 
88-10 
88.00 
87.80 
87.70 
87.50 
87.30 
87.20 
87.00 
86.80 
86.60 
86.50 
86.20 
86.10 
85.80 
85.80 
85.40 

91.10 
91.70 
90.90 
91.40 
90.60 
91.10 
90.30 
90.70 
90.00 
90.40 
89-80 
90.10 
89.50 
89.70 

89.40 
88-90 
89-00 
88.60 
88.70 
88.40 
88.30 
88-10 
88 * 00 
87.80 
87.60 
87.50 
87.30 
87.20 
86.90 
86.90 
86.60 
86.50 
86.20 
86.10 
85.80 
85.70 
85.40 

89.20 

_ ~ . _ ~  
91.20 
91.80 
91.00 
91.40 
90.70 
91.10 
90.40 
90.70 
90.10 
90.40 
89.80 
90.00 
89.50 
89.70 
89.30 
89.30 
89.00 
89-00 
88.70 
88.60 
88.40 
88.20 
88.10 
87.90 
87.90 
87.60 
87.60 
87.20 
87.30 
86 - 90 
86.90 
86.50 
86.50 
86.20 
86.10 
85.80 
85.70 
85.40 

91.30 
91.80 
91.00 
91.40 
90.70 
91.10 
90.50 
90.70 
90.20 
90.30 
89.90 
90.00 
89.60 
89.70 
89.30 
89.30 
89.00 
89-00 
88.70 
88.50 
88.40 
88.10 
88.10 
87.80 
87.90 
87.50 
87.60 
87.20 
87.30 
86.90 
86.90 
86.50 
86.50 
86.20 
86.00 
85.80 
85.60 
85.40 

91.40 

91-10 

90.80 

90.50 

90.20 

89-90 

89.60 

89.30 

89-00 

88.70 

88.50 

88.20 

87.90 

87.60 

87.30 

86.90 

86.40 

86.00 

85.60 

91.40 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.30 

86.80 

86.40 

86.00 

85.60 

91.50 

91.20 

90.90 

90.60 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.50 

88.20 

87.90 

87.60 

87.20 

86.80 

86.40 

86.00 

85.60 

91.50 

91.30 

91.00 

90.70 

90.30 

90.00 

89.70 

89.40 

89.10 

88.80 

88.40 

86.10 

87.80 

87.60 

87.20 

86.80 

86.40 

85.90 

85.50 

-3- 



0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

85.30 
85.10 
84.90 
84.70 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82.80 
82.50 
82.30 
82.10 
81.90 
81.70 
81.50 
81.20 
81.00 
80.80 
80.60 
80.40 

85.30 
85.10 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.20 
83.00 
82 * 80 
82.50 
82.30 
82.10 
81.90 
81.60 
81.50 
81.20 
81.00 
80.80 
80.60 
80.30 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83.60 
83.40 
83.10 
83.00 
82.70 
82.50 
82.30 
82.10 
81.90 
81.60 
81.40 
81.20 
81.00 
80.80 
80.60 
80.30 

85.30 
85.00 
84.90 
84.60 
84.40 
84.20 
84.00 
83.80 
83 50 
83.40 
83.10 
82.90 
82.70 
82.50 
82.30 
82.10 
81.80 
81.60 
81.40 
81.20 
81.00 
80.70 
80.50 
80.30 

85.30 
85.00 
84.80 
84.60 
84.40 
84.10 
84.00 
83.70 
83.50 
83.30 
83.10 
82.90 
82.70 
82.50 
82.20 
82 * 00 
81.80 
81.60 
81.40 
81.20 
80.90 
80.70 
80.50 
80.30 

85.20 
85.00 
84.80 
84.50 
84.40 
84.10 
83.90 
83.70 
83.50 
83.30 
83.10 
82.90 
82.60 
82.50 
82.20 
82.00 
81.80 
81.60 
81.40 
81.20 

80.70 
80.50 
80.30 

90.90 

85.20 

84.80 

84.30 

83.90 

83.50 

83.10 

82.60 

82.20 

81.80 

81.30 

80.90 

80.50 

80.20 80.20 80.10 80.10 80.10 80.10 80.00 
79.90 79.90 79.90 79.90 79.80 79.80 
79.70 79.70 79.70 79.70 79.60 79.60 79.60 
79.50 79.50 79.40 79.40 79.40 79.30 
79.30 79.30 79.20 79.20 79.20 79.20 79.20 
79.10 79.10 79.00 79.00 78.90 78.90 

OBBAD PRINT FORHAT IS FORMAT NUMBER 4 DRAWWWN PRINT FORMAT IS FORMAT NUMBER 9 
OHEMS WILL BE SAVED ON UNIT 30 DRAWDOWNS WILL BE SAVE0 ON UNIT 40 
OOUTPUT CONTROL IS SPECIFIED EVERY TIME STEP 
0 
0 
0 
0 

COLUHN M Row ANISOTROPY = 1.000000 
DELR = 200.0000 
DELC = 200.0000 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

85.20 

84.80 

84.30 

83.90 

83.50 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

85.10 

84.70 

84.30 

83.90 

83.40 

83.00 

82.60 

82.20 

81.70 

81.30 

80.90 

80.40 

80.00 

79.60 

79.20 

HYD. COND. ALONG ROWS FOR LAYER 1WILL BE READ ON UNIT 11 USING FORMAT: (16F4.0) 

85.10 

84.70 

84.30 ~ 

83.90 

83.40 

83.00 

82.60 

82.10 

81.70 

81.30 

80.80 

80.40 

80.00 

79.50 

79.10 

J 

1 2 3 4 5 
11 12 13 14 15 

0 1 300.0 300.0 300.0 300.0 300.0 
225.0 225.0 300.0 300.0 300.0 
300.0 300.0 300.0 300.0 300.0 
225.0 225.0 300.0 300.0 300.0 
300.0 300.0 300.0 300.0 300.0 

................................................................... 

225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 

225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
300.0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

6 7 8 9 10 
16 .......................................................... 

225.0 225.0 225.0 225.0 225.0 
300.0 
225.0 225.0 225.0 225.0 225.0 
300.0 
225.0 225.0 225.0 225.0 225.0 

300.0 
300 0 
300.0 
300.0 
300.0 
225.0 
300.0 
225.0 
300.0 
225.0 
225.0 
225.0 
225.0 
225.0 
225.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 
250.0 

300.0 
225.0 
300.0 
225.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
200.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 
300.0 
250.0 

.4- 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

'200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 

225.0 225.0 

225.0 225.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

200.0 200.0 

250.0 250.0 

250.0 250.0 

250.0 250.0 

250.0 250.0 

225.0 

225.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

250.0 

250.0 

250.0 

250.0 



250.0 
300.0 
175.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 
150.0 
300.0 

250.0 
175.0 
175.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
175.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 
150.0 
200.0 

250.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

250.0 
175.0 
175.0 
175.0 
175.0 
175.0 
175 - 0 
175.0 . 
175.0 
150.0 
175.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 
150.0 

250.0 300.0 
175.0 175.0 175.0 175.0 175.0 
175.0 300.0 
150.0 150.0 150.0 150.0 150.0 
175.0 300.0 
150.0 150.0 150.0 150.0 150.0 
175.0 300.0 
150.0 150.0 150.0 150.0 150.0 
175.0 300.0 
150.0 150.0 150.0 150.0 150.0 
175.0 300.0 
i5O.o i50.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 
200.0 300.0 
150.0 150.0 150.0 150.0 150.0 

0 20 

21 

w' 22 

0 2 3 .  

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 300.0 200.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 

0 30 300.0 200.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 

0 31 300.0 200.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 

0 32 300.0 200.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 

0 33 300.0 200.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 

0 34 300.0 200.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 

0 35 300.0 200.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0 

0 BCYlTOM = 30.00000 FOR LAYBR 1 
0 vEI(T HYD COND /THICKNESS - .2000000E-02 FOR LAYER 1 
0 

i50.0 i s 0  . o i50.0 150.0 200.0 300.0 

150.0 150.0 150.0 150.0 200.0 300.0 

150.0 150.0 150.0 150.0 200.0 300.0 

150.0 150.0 150.0 150.0 200.0 300.0 

150.0 150.0 150.0 150.0 200.0 300.0 

150.0 150.0 150.0 150.0 200.0 300.0 

150.0 150.0 150.0 150.0 200.0 300.0 

150.0 150.0 150.0 150.0 200.0 300.0 

175.0 ' 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

150.0 

2 
12 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

. . . . . . . 

!PRANSMIS. -0 ROWS FOR L&XER 2 WILL BE READ ON UNIT 11 USING FORMAT: (16F5.0) ................................................................................................ 
3 4 5 6 7 8 9 l o  

6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 

13 14 15 16 .................................................................................................... 
1 

11 

9 1 6000. 
6000. 

2 6000. 

.................. 

\--d 3 %%: 
6000. 

0 4 6000. 
6000. 

0 5 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 

0 6 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 

0 7 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 
6000. 6000. 6000. 6000. 6000. 6000. 

0 8 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 6000. 

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 
6000. 

6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. 8000. 
6000. 6000. 
6000. , 8000. 
6000. 6000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

700.0 

700.0 

700.0 

700.0 

700.0 

700.0 

8000. 

8000. 

8000. 

8000. 

8000. 

6000. 

6000. 

6000. 

6000. 

6000. 

6000. 

eoao. 
8000. 

8000. 

8000. 

8000. 
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0 20 4000. 4000. 4000. 
4000. 4000. 4000. 

0 21 3000. 3000. 3000. 
3000. 3000. 3000. 

0 22 3000. 3000. 3000. 
3000. 3000. 3000. 

0 23 3000. 3000. 3000. 
3000. 3000. 3000. 

0 24 3000. 3000. 3000. 
3000. . 3000. 3000. 

0 25 3000. 3000. 3000. 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

0 

3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

3000. 
3000.. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

0 

0 
1 

4000. 4000. 4000. 1500. 1 1500. 1500. 
4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

4000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 
3000. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

1500. 

1500. 

1500. 

1500. 

1500. 

1500. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

SIP HEAD CHANGE PRINTOUT INTERVAL - 1 
CALCULATE ITBRATION PXWEl%RS FROM MODEL CALCULATED WEED 
STRESS PERIOD NO. 1. LENGTE - 1.000000 

0 9 WELLS 

NUMBER OF TIME STEPS = 1 

MULTIPLIBR FOR DELT = 1.000 

INITIAL TIMB STEP SIZE - 1.000000 

LAYER ROW COL STRESS RA!l?E WEU NO. 

4000: 

3000. 

3000. 

3000, 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

3000. 

1 14 5 -13476. 1 
1 13 6 -13476. 2 
1 13 8 -13476. 3 
1 17 8 -4813.0 4 
1 24 8 -7701.0 5 
1 26 8 -9626.0 6 
2 13 8 -4813.0 7 
2 17 8 -4813.0 8 
2 24 8 -4813.0 9 

OAVERAGE SEED = .00194247 
MINIMUM SEED = .00055362 
0 

5 ITERATION PARAMETERS CALCULATED FROM AVERhGE SEED: 

.000OOOOEt00 .7900632Et00 .9559265E+00 .9907473EtOO .9980575EtOO 
0 

-6- 



c 

2 1 1 1 1 
1 HBAD IN LAYER 1 AT h OF TIME STEP 1 IN STRgSS PERIOD 1 ....................................................................... 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 5  
d 16 ................................................................................................................................ 

93.70 93.80 93.90 94.00 94.10 94.20 94.30 94.40 93.10 93.20 93.30 93.40 93.60 0 1  

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

20 

u 21 
0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 3 1  

0 32 

0 33 

0 34 

0 35 

1 

92.90 
94.50 
92.40 
94.00 
92.00 
93.50 
91.60 
93.10 
91.20 
92.60 
90.70 
92.10 
90.20 
91.60 
89.70 
91.10 
89.40 
90.50 
89.00 
90.00 
88.70 
89.50 
88.30 
89-10 
88.00 
88.60 
87.70 
88.20 
87.50 
87-90 
87.30 
87.50 
87.00 
87.20 
86.50 
86.90 
86.00 
86.40 
85.60 
85.90 
85.10 
85.10 
84.70 
84.50 
84.20 
83. 80 
83.80 
83.30 
83.50 
82.80 
83.10 
82.30 
82.70 
81-90 
82.20 
81.40 
81.80 
81.00 
81.30 
80.60 
80.80 
80.’20 
80.30 
79.70 
79.90 
79.30 
79.40 
78.80 
78.90 
78.40 

93.00 

92.54 

92.12 

91.71 

91.30 

90.83 

90.33 

89.85 

89.44 

89.03 

88.65 

88.28 

87.94 

87.63 

87 37 

87.11 

86.80 

86.42 

86.02 

85.61 

85.13 

84.68 

84.23 

83.81 

83.43 

83.03 

82.61 

82.17 

81.73 

81.27 

80.80 

80.33 

79.89 

79.44 

79.00 

92.66 

92.23 

91.81 

91.41 

90.94 

90.44 

89.96 

89.50 

89.05 

88.62 

88.22 

87.83 

87.49 

87.22 

86.95 

86.66 

86.33 

85.99 

85.59 

85.13 

84.67 

84.22 

83.80 

83.38 

82.95 

82.53 

82.10 

81.66 

81.22 

80.78 

80.33 

79.90 

79.46 

79.00 

92.76 

92.33 

91.91 

91.50 

91.04 

90.53 

90.03 

89.55 

89.06 

88.59 

88.13 

87.68 

87.29 

87.05 

86.82 

86.55 

86.26 

85.95 

85.57 

85.11 

84.65 

84.19 

83.74 

83.29 

82.85 

82.43 

82.01 

81.59 

81.17 

80.75 

80.32 

79.90 

79.49 

79.10 

92.86 

92.42 

92.00 

91.58 

91.12 

90.61 

90.10 

89.60 

89.08 

88.56 

88.03 

87.47 

86.93 

86.89 

86.71 

86.47 

86.20 

85.91 

85.55 

85.09 

84.60 

84.12 

83.64 

83.18 

82.74 

82.33 

81.92 

81.52 

81.12 

80.71 

80.30 

79-90 

79.50 

79-10 

92.97 

92.52 

92.09 

91.65 

91.19 

90.68 

90.17 

89.66 

89.13 

88.57 

87.96 

87.19 

87.03 

86.86 

86.65 

86.42 

86.16 

85.89 

85.53 

85.06 

84.55 

84.03 

83.51 

83.04 

82.59 

82.21 

81.83 

81.45 

81.07 

80.67 

80.28 

79.88 

79.49 

79.10 

93.11 

92.64 

92.19 

91.75 

91.27 

90.77 

90.26 

89.73 

89.19 

88.63 

88.03 

87.43 

87.14 

86.90 

86.65 

86.39 

86.14 

85.87 

85.51 

85.03 

84.49 

83.92 

83.34 

82.86 

82.39 

82.07 

81.74 

81.38 

81-01 

80.63 

80.25 

79.86 

79.48 

79.10 

93.22 

92.75 

92.29 

91.84 

91.37 

90.86 

90.35 

89.82 

89.29 

88.72 

88.10 

87.34 

87.22 

86.97 

86.68 

86.34 

86.14 

85.88 

85.52 

85.02 

84.46 

83.83 

83.04 

82.69 

82.03 

81.94 

81.67 

81.33 

80.97 

80.59 

80.21 

79.83 

79.46 

79.10 

93.32 

92.86 

92.40 

91.94 

91.46 

90.96 

90.45 

89.93 

89.40 

88.86 

88.32 

87.79 

87.44 

87.11 

86.79 

86.49 

86.21 

85.92 

85.54 

85.04 

84.48 

83.89 

83.29 

82.80 

82.32 

81.99 

81.66 

81.30 

80.93 

80.55 

80.17 

79.80 

79.43 

79.10 

93.43 

92.96 

92.49 

92.04 

91.56 

91.06 

90.55 

90.04 

89.52 

89.01 

88.52 

88.05 

87.65 

87.27 

86.92 

86.60 

86.29 

85.98 

85.59 

85.08 

84.52 

83.96 

83.41 

82.91 

82.45 

82.05 

81.66 

81.28 

80.90 

80.51 

80.13 

79.74 

79.37 

79.00 

HEAD IN LAYER 2 AT END OF TIME STEP 1 IN STRESS PERIOD 1 

1 2 3 4 5 6 7 8 9 10 
16 

-7- 

93.53 

93.06 

92.59 

92.13 

91.65 

91.16 

90.66 

90.14 

89.63 

89.13 

88.67 

88.23 

87.82 

81-43 

87.06 

86.72 

86.38 

86.05 

85.64 

85 12 

84.56 

84.01 

83.48 

82.98 

82.51 

82.08 

81.66 

81.26 

80.86 

80.47 

80.07 

79.68 

79.29 

78.90 

11 

93.63 

93.17 

92.70 

92.23 

91.76 

91.28 

90.77 

90.24 

89.72 

89.24 

88.78 

88.35 

87.94 

87.55 

87.18 

86.82 

86.46 

86.11 

85.68 

85.15 

84.59 

84.04 

83.52 

83.02 

82.53 

82.08 

81.65 

81.23 

80.82 

80.41 

80.01 

79.60 

79.20 

78.80 

12 

93.73 

93.26 

92.80 

92.33 

91.86 

91.40 

90.89 

90.34 

89.82 

89.33 

88.88 

88.45 

88.04 

87.65 

87.28 

86.91 

86.55 

86.17 

85.71 

85.16 

84.59 

84.05 

83.53 

83.02 

82.52 

82.06 

81.62 

81.19 

80.77 

80.35 

79.94 

79.52 

79.11 

78.70 

13 

93.82 

93.35 

92.89 

92.42 

91.95 

91.49 

90.98 

90.43 

89.89 

89.41 

88.96 

88.53 

88.12 

87.74 

87.37 

87.00 

86.63 

86.24 

85.75 

85.16 

84.58 

84.01 

83.49 

82.97 

82.47 

82.01 

81.56 

81.13 

80.71 

80.29 

79.86 

79.44 

79.01 

78.60 

14 

93.91 

93.43 

92.98 

92.51 

92.03 

91.56 

91.05 

90.48 

89.96 

89.47 

89.03 

88.59 

88.18 

87.82 

87.45 

87.10 

86.74 

86.32 

85.81 

85.15 

84.54 

83.93 

83.38 

82.87 

82.39 

81.94 

81.49 

81.06 

80.65 

80.23 

79.78 

79.35 

78.91 

78.50 

15 



............................. 0 . . . . * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . * . . . . ~ . . . . * . . . . . . . . . . . . . . * . . . . . . .  

i 0 1 91.20 91-20 91.30 91.40 91.50 91.50 91.60 91.70 91.80 91.80 91.90 91.90 92-00 92.00 92.1n 

0 2  

0 3  

0 4  

0 5  

0 6  

0 7  

0 8  

0 9  

0 10 

0 11 

0 12 

0 13 

0 14 

0 15 

0 16 

0 17 

0 18 

0 19 

0 20 

0 21 

0 22 

0 23 

0 24 

0 25 

0 26 

0 27 

0 28 

0 29 

0 30 

0 31 

0 32 

0 33 

0 34 

0 35 

.~ 
92.10 

78.90 

90.90 
91.80 
90.60 
91.40 
90.40 
91-10 
90.10 
90.70 
89.80 
90.30 
89.50 
90.00 
89.20 
89.70 
89.00 
89.30 
88.70 
89.00 
88.50 
88.50 
88.30 
88-10 
88.10 
87.80 
87.80 
87.50 
87.50 
87.20 
87.10 
86.90 
86.80 
86.50 
86.40 
86.20 
86.10 
85.80 
85.70 
85.40 
85.30 
85.00 
84.90 
84.50 
84.40 
84.10 
84.00 
83.70 
83.60 
83.30 
83.20 
82.90 
82.80 
82.50 
82.30 
82.00 
81.90 

81.50 
81.20 
81-00 
80.70 
80.60 
80.30 
80.20 
79.80 
79.70 
79.30 
79.30 

81.60 

90.98 

90.72 

90.47 

90.19 

89.90 

89.61 

89.31 

89.04 

88.76 

88,.50 

88.24 

-67.98 

87.68 

87.37 

87.03 

86.72 

86.39 

86.09 

85.74 

85.31 

84.85 

84.38 

83.94 

83.52 

83.10 

82.68 

82.24 

81.82 

81.40 

80.96 

80.54 

80.13 

79.69 

79.30 

91-07 

90.82 

90.56 

90.29 

90.00 

89.70 

89.40 

89.09 

88.79 

88.49 

88.19 

87.88 

87.57 

87.26 

86.95 

86.65 

86.35 

86.07 

85.74 

85.29 

84.80 

84.33 

83.87 

83.43 

83.01 

82.58 

82.16 

81.74 

81.33 

80.91 

80.49 

80.07 

79.64 

79.20 

91.16 

90.91 

90.65 

90.38 

90.09 

89.79 

89.48 

89.15 

88.81 

88.47 

88.13 

87.80 

87.47 

87.15 

86.85 

86.57 

86.30 

86.04 

85.71 

85.26 

84.75 

84.26 

83.79 

83.34 

82.91 

82.49 

82.08 

81.67 

81.26 

80.86 

80.45 

80.04 

79.62 

79.20 

91.25 

91.00 

90.74 

90.46 

90.18 

89.88 

89.56 

89.20 

88.83 

88.45 

88-08 

87.71 

87.36 

87.02 

86.74 

86.49 

86.25 

86.01 

85.69 

85.22 

84.69 

84.17 

83.68 

83.23 

82.80 

82.39 

81.99 

81.60 

81.20 

BO. 81 

80.41 

80.01 

79.60 

79.20 

91.31 

91.07 

90.81 

90.55 

90.27 

89.99 

89.68 

89.26 

88.85 

88.44 

88.02 

87.61 

87.24 

86.87 

86.62 

86.40 

86.20 

86.00 

85.68 

85.18 

84.62 

84.06 

83.53 

83.09 

82.68 

82.27 

81-90 

81.53 

81.15 

80.76 

80.37 

79.98 

79.59 

79.20 

91.38 

91.14 

90.89 

90.62 

90.36 

90.11 

89.90 

89.46 

88.90 

88.36 

87 * 74 

87.01 

86.87 

86.66 

86.50 

86.29 

86.15 

86.01 

85.67 

85.11 

84.50 

83.85 

83.17 

82.85 

82.49 

82.12 

81.81 

81.46 

81.10 

80. 72 

80.34 

79.96 

79.58 

79.20 

91.46 

91.21 

90.95 

90.69 

90.43 

90.19 

90.00 

89.58 

88.95 

88.27 

87.30 

85.29 

86.45 

86.57 

86.42 

86.12 

86.10 

86.00 

85.65 

85.06 

84.40 

83.59 

82.32 

82.58 

82.35 

82.05 

81.76 

81.42 

81.07 

80.69 

80.32 

79.94 

79.56 

79.20 

91.53 

91.27 

91.00 

90.73 

90.46 

90.20 

89.99 

89.56 

89.00 

88.44 

87.80 

87.05 

86.89 

86.65 

86.49 

86.28 

86.13 

85.99 

85.64 

85.07 

84.45 

83.79 

83.11 

82.79 

82.42 

82.07 

81.75 

81.41 

81.05 

80.67 

80.29 

79.92 

79.55 

79.20 

91.58 

91.32 

91.04 

90.76 

90.46 

90.16 

89.84 

89.42 

88.99 

88.55 

88.10 

87.66 

87.25 

86.86 

86.60 

86.37 

86.16 

85.96 

85.62 

85.10 

84.53 

83.96 

83 * 42 

82.97 

82.56 

82.16 

81.79 

81.42 

81.04 

80.66 

80.27 

79.89 

79.50 

79.10 

91.63 

91.36 

91.07 

90.77 

90.46 

90.13 

89.79 

89.40 

88.99 

88.57 

88.16 

87.75 

87.36 

87.00 

86.70 

86.43 

86.18 

85.94 

85.60 

85.12 

84.57 

84.04 

83.53 

83.07 

82.63 

82.22 

81.82 

81.43 

81.04 

80.65 

80.26 

79.87 

79.48 

79.10 

91.66 

91.39 

91.09 

90.78 

90.45 

90.12 

89.76 

89.38 

88.99 

88.59 

88.19 

87.81 

87.44 

87.09 

86.78 

86.48 

86.21 

85.94 

85.60 

85.13 

84.60 

84.09 

83.60 

83.14 

82.70 

82.27 

81.86 

81.45 

81.05 

80.65 

80.25 

79.85 

79.46 

79.10 

16 

91.71 

91.41 

91.10 

90.78 

90.44 

90.10 

89.74 

89.37 

88.99 

88.60 

88.21 

87.84 

87.49 

87.15 

86.83 

86.52 

86.22 

85.94 

85.59 

85.13 

84.61 

84.12 

83.64 

83.18 

82.75 

82.32 

81.89 

81.48 

81.07 

80- 65 

80.24 

79.83 

79.42 

79.00 

........................................................................................................ 
0 1 .oo -00 .oo -00  .oo -00  -00  -00 -00  .oo -00 -00 .oo .oo -00 .oo 
0 2 -00 -06 .04 .04 .04 -03 .09 -08 .08 .07 .07 .07 .07 -. 02 -.01 .OO 
0 3 .OO .08 .07 -07 .08 .18 .16 -15 -14  .14 .14 .03 .04 .05 .07 -00  
0 4 .OO .09 .09 .09 .20 .21 -21 -21 .20 .21 .21 -10 -10 .01 .02 -00  
0 5 .OO .10 .09 .10 .22 -25 .25 .26 -26 .26 .27 .17 -07 .08 .09 .OO 

91.73 

91.43 

91.11 

90.77 

90.42 

90.08 

89.73 

89.36 

88.98 

88.59 

88.21 

87.85 

87.51 

87.18 

86.85 

86.53 

86.22 

85.92 

85.57 

85.11 

84.60 

84.13 

83.67 

83.22 

82.79 

82.36 

81.93 

81.51 

81.09 

80.66 

80.24 

79.81 

79.39 

79.00 

91. 91 J 
91.10 

90.74 

90.38 

90.05 

89.71 

89.34 

88.97 

88.57 

88.18 

87.84 

87.51 

87.19 

86.87 

86.53 

86.21 

85.88 

85.51 

85.07 

84.57 

83. 84 J 
83.26 

82.84 

82.41 

81.97 

81.55 

81.13 

80.68 

80.25 

79.80 

79.34 

78.90 

-8- 



0 6  
0 7  

8 
9 
10 

0 12 
0 13 
0 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 
1 

u' 11 

. 00 . 00 . 00 
-00 . 00 . 00 
-00  . 00 . 00 . 00 . 00 . 00 
* 00 . 00 
.oo . 00 . 00 . 00 . 00 
* 00 
.oo 
.oo . 00 
-00 . 00 . 00 . 00 . 00 . 00 . 00 

.07 
-07 
.05 
.06 
.17 
.15 
.12 
.16 
.17 
-23 
.19 
.10 
.08 
.08 
.09 
-07 
.12 
.07 
.09 
.07 
.07 
.09 
.03 
.07 
-03 . 00 
.07 
.01 

-.04 
.oo 

.06 
-16 
.14 
.20 
.25 
.28 
-38 
.37 
-41 
.38 
.35 
-34 
.27 
.21 
.21 
.17 
.23 
.18 
.20 
.12 
.15 
.17 
.10 
.14 
-08 
.02 
.07 
-00 
.04 
-00 

.16 
17 

-27 
-25 
.34 
.41 
.57 
-62 
.71 
-65 
.48 
.45 
-34 
.35 
.33 
.29 
-25 
-31 
.26 
.31 
.25 
.27 
.19 
.21 
-13 
.05 
.08 
-10 
.Ol 
-00  

.28 

.29 
-30 
.40 
.42 
.54 
.77 
.93 
1.17 
.81 
.69 
.53 
.50 
.49 
.45 
-41 
.40 
.38 
.36 
.42 
.36 
.37 
.28 
-18 
.18 
.09 
.10 
.10 . 00 
-00 

-31 
-32 
.33 
.44 
.47 
.63 
.94 
1.31 
1.07 
.94 
.75 
.68 
54 
.51 
.47 
-44 
.45 
.47 
-59 
.56 
.51 
.39 
.37 
.25 
.23 
.13 
.12 
.12 . 01 
-00 

.33 

.33 
-34 
* 47 
.51 
.67 
.87 
1.17 
1.06 
-90 
.85 
-71 
.66 
.53 
-49 
.57 
.51 
.58 
.76 
.74 
.71 
-53 
-46 
.32 
.29 
-17 
.15 
.04 
.02 
00 

.33 

.34 I 

-35 
-48 
.51 
.68 
.90 

1.26 
-98 

I .93 
-82 
.86 

, .66 
.62 

I .58 
.58 
.64 

1 -67 
I .96 
, -91 

1.07 
I .66 
I .43 
1 .37 
I .23 

.21 
I .09 
, -07 
~ -04 
I -00 

.34 .34 

.34 .34 

.35 .35 
-37 .36 
.50 .38 
-54 -49 
-68 .58 
.91 .65 
.86 -65 
.79 .63 
.71 .68 
.71 .60 
.59 .51 
-58 .52 
.56 .51 
.56 .52 
-52 .48 
.61 .54 
.71 .59 
.70 .59 
.68 .55 
.61 -45 
.44 .34 
.30 .32 
.27 .20 
.15 -19 
.13 .07 
.10 .06 
.07 .03 
.oo .oo 

.25 .24 -14 

.34 .22 .20 

.34 -23 -21 
-36 .26 .26 
.37 -28 .18 
.37 .36 .27 
-43 .32 .22 
.47 .35 .25 
-48 -36 -26 
.47 .35 .25 
.54 .42 .32 
-48 .38 -29 
.42 .34 -25 
.45 -39 .23 
.46 -32 .29 
.38 .35 -24 
.44 -33 .21 
.39 .36 .25 
-42 -20 .27 
.42 .28 .18 
.39 .27 .18 
-32 -32 .14 ~~ 

.34 -25 .18 
-24 .17 .ll 
.24 .I8 .13 
.13 .09 .05 
-13 .09 .06 
-02 .10 .08 
-01 -.oo -.01 
.oo -00 .oo DRAWDOWN-IN LAYER 2-AT END OF TIME STEP 1 IN STRBSS PXRIOD 1 

.15 
-11 
-12 
.17 
-11 
.19 
-14 
.17 
.18 
-16 
.23 
.20 
.17 
.16 
.15 
.14 
* 12 
.19 
.ll 
.13 
.13 
-09 
.14 
.07 
.09 
.01 
.04 
.06 

-.01 . 00 

-07 
.04 
-05 
.12 
-04 
.03 
.07 . 11 
.12 
.08 
.05 
-10 
.06 
-08 
-09 
.05 
.06 
.07 
.02 
-03 
.Ol 
.06 
-01 
.04 
.05 
-07 
.02 
-05 

-.01 
.oo 

. 00 

.oo . 00 . 00 

.oo 

.oo 
-00 
.oo . 00 . 00 . 00 . 00 . 00 
.oo 
.oo 
.oo 
.oo 
-00 . 00 . 00 . 00 . 00 . 00 . 00 
-00 
-00 
-00 . 00 . 00 . 00 

........................................................................................................ 
.oo .oo -00 .oo -00 .oo .oo .oo .oo -00 .oo .oo .oo -00  -00 .oo 
-00 -02 -03 -e06 -.05 -.01 -02 -.06 -.03 -.08 -.03 -.06 -.01 -.03 -03  -00 
-00 -a02 -.02 -SO1 .OO -.07 -.04 -.01 -.07 -.02 -.06 -.09 -.01 -.03 -.03 -00 

0 1  
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  
0 10 
11 
12 
13 

h' 14 
0 15 
0 16 
0 17 
0 18 
0 19 
0 20 
0 21 
0 22 
0 23 
0 24 
0 25 
0 26 
0 27 
0 28 
0 29 
0 30 
0 31 
0 32 
0 33 
0 34 
0 35 

.OO .03 - 

.oo .01 

.oo -.oo 
-00 -.01 
.oo -.01 
-00 .06 
.OO .04 
.oo .10 
.OO .06 
.DO .12 
-00 .12 
-00  -13 
.OO -07 
-00  -08 
.oo .01 
.oo .01 
.OO -06 
.oo -.01 
.OO .05 
.oo .02 
-00  -06 
.oo .08 
.oo -10 
.oo .12 
.OO .06 
-00  .08 
.oo -.lo 
.OO -04 
.OO .06 
-00 .07 
.oo -01 
.oo .oo 

-. 06 
.Ol . 00 
* 00 . 00 
-01 
.ll . 11 
.ll 
.22 
-23 
-24 
.25 
.15 
.15 
.03 
.06 
-01 
-10 
.07 
-13 
-17 
-09 
.12 
.14 
.16 
-07 
.09 
.ll 
.03 
.06 
.oo 

-.05 
-.08 
-.09 
-01 
.02 
-05 
.09 
.13 
.27 
.30 
-33 
-35 
-35 
-33 
.20 
.06 

-.01 
.04 
.15 
.14 
-21 
-16 
-19 
.21 
.22 
.13 
.14 
.14 
.05 
-06 
.08 
.oo 

-.04 
-.06 
-.08 
-.08 -. 06 
-10 
.17 - 25 
.32 
.39 
.54 
-58 
-56 
-41 
.25 
.09 
-01 
.08 
* 11 
.23 
-32 
-27 
-30 
.31 
.21 
.20 
.20 
.09 
.09 
-09 

-.oo . 00 

.-. 11 
-.05 
-a07 
-.09 -. 08 

.04 

.15 

.26 

.38 

.49 

.66 

.73 

.68 

.50 

.30 
-.OD 
-.08 
.02 
.18 
.34 
.37 
.41 
.42 
.33 
.30 
-27 
.25 
.14 
.13 
* 12 
.Ol 
.oo 

-.09 
-.12 
-.16 
-.21 
-.30 
-.16 
.10 
.34 
.76 

1.19 
1.03 
-94 
-80 
-61 
.25 

-.01 
-.07 
.09 
.30 
.45 
.73 
-65 
-61 
.48 
-39 
.34 
.20 
.18 
.16 
-04 
-02 . 00 

-.05 
-.09 
-.13 -. 19 
-.30 
-.18 
.15 
-53 
1.20 
2.91 
1.45 
1.03 

.88 
-68 
.30 
.oo 

-.05 
.14 
.40 
.71 
1.58 
-92 
.65 
.55 
.44 
.28 
-23 
-21 

.06 

.04 . 00 

. oa 

-.lo -.04 -e07 
1 -.13 -.06 -.07 
-.16 -.16 -.06 

1 -.20 -.16 -.03 
I -.29 -.14 -.09 
-.16 -.02 -00 
.lo .ll .I1 
.36 -25 .13 

1 .70 -30 .24 
1.15 .44 .35 
1.01 .55 .44 
-95 .74 .50 
.71 .60 .40 
-52 -43 .27 

1 .27 -24 -12 
1 .01 -.06 -.04 

-.04 -.12 -.lo 
.03 -.OO -.02 

1 .25 .17 .13 
.51 -34 .16 
.79 .48 .27 
.61 -43 -33 
-58 -44 .37 
.53 .44 .28 
-45 -31 .28 
-29 .28 .27 
.25 .26 .16 
.23 .14 .15 
.ll -13 -14 

t .08 -11 .03 
.05 -.OO -02 

I .oo .oo .oo 

-.09 
-.08 
-.05 
-.02 
-.06 
.02 
.ll 
* 11 
.21 
.29 
.26 
.31 
* 22 
.22 
-09 

-SO4 
-.lo 
-.03 

* 00 
.ll 
-20 
-26 
.30 
.23 
.24 
.15 
.15 
.15 
-05  
-05 
.04 . 00 

ODRAWDOWN WILL BE SAVED ON UNIT 40 AT END OF TIME STEP 
0 

1, STRESS PERIOD 1 

0 

-.oo 
-.08 
-.04 . 00 
-.04 
.03 
.01 
.10 
.19 
.16 
.21 
.15 
.17 
-08 

-.02 
-.14 
-.19 
-.13 
-.01 
.08 
.16 
-22 
.25 
.18 
.21 
.12 
.13 
-15 
-06 
-07 

-.02 . 00 

-.01 
-.07 
-.02 
.02 

-.03 
.04 
.02 . 11 
.09 
.15 
-09 
.12 
.05 
-07 

-.02 -. 12 -. 17 -. 11 
-.oo 
.07 
.13 
.18 
* 11 
.14 
.17 
.09 . 11 
.04 
.06 
.09 
-01 
-00  

-.oo 
-.04 
.02 

-.05 
-.01 
-.04 
.03 
-03 
-02 
-06 
.09 
.01 
.03 

-.03 
-.01 
-.08 
-.11 
-.07 
.03 

-.02 
.02 
-04 
-06 
.09 
-03 
.05 
.07 
.02 
-05 
-00 
.06 . 00 

* 00 . 00 
-00  . 00 . 00 
-00  
* 00 
* 00 
.oo 
* 00 
.oo 
.oo 
.oo . 00 
-00  
.oo . 00 
-00  
-00 
.oo 
.oo 
* 00 . 00 
-00  
-00  
.oo 
.oo 
.oo 
.oo 
-00 
.oo 
.oo 

IN: --- 
STORAGE = .OOOOO 

-9- 

IN : --- 
STORAGE = .OOOOO 



0 
0 

0 
0 
0 

0 

CONSTANT HEAD = .17596E+06 
WELLS - .ooooo 

!WEAL IN - .175963+06 
OUT: ---- 

STORAGE = .ooooo 
CONSTANT HEAD - 98941. 

WEUS - 77007. 
TOTAL OUT - .17595B+06 
IN - OUT * 12.250 

PERCENT DISCREPANCY - .Ol 

CONSTAN" HEAD = .17596E+06 
WKLLS = .ooooo 

TOTAL IN = .17596Et06 
OUT: ---- 

STORAGE - .ooooo 
CONS!l!ANT HEAD = 98941. 

WgUS - 77007. 
TOTAL OUT I: .17595E+06 
IN - OUT = 12.250 

PERCENT DISCREPANCY = .01 

TIME STBP LEN(;.pH 86400.0 1440.00 24.0000 1.00000 .2737a5~-02 
8TRgSS PERIOD TIME a6400.0 1440.00 24.0000 1.00000 .2737a5~-02 

TOTAL SIMULATION TIME 86400.0 1440.00 24.0000 1.00000 .2737a5~-02 
1 

-10- 



APPENDIX c 

ASSESSMENT OF AIR STRIPPER EMISSIONS AND DISCHARGE REQUIREMENTS 



APPENDIX C 

ASSESSMENT OF AIR STRIPPER EMISSIONS AND DISCHARGE REQUIREMENTS 

An assessment of volatile organic emissions from the air stripper system 

was conducted to evaluate the potential need for off-gas treatment in 

accordance with state and federal requirements. This evaluation assumes 

removal of the highest detected VOC concentrations based on three months' VOC , 

data (June, July, and August, 1992) for extracted ground water at the SMC site 

(data summary tables are attached). During the three-month period, methylene 

chloride, 1,l-dichloroethene, 1,2-dichloroethene (total) and trichloroethene 

were the only VOCs detected. Methylene chloride was also detected in blank 

samples. Maximum detected levels for the three-month period are listed in 

Table C-1. Assuming 100% of the extracted contaminant is emitted into the air 

by the air stripper and that the extracted ground water is treated at an 

extraction rate of 400 gallons per minute, the maximum emission rate for each 

u contaminant of concern was calculated. For trichloroethene, the maximum 

estimated emission rate is 0.018 lblhour, which is less than the 0.1 lb/hr 

limitation specified under NJAC 7:27-17. Because the maximum detected 

concentrations for all other contaminants were less than that of 

trichloroethene, their maximum rates of emission (assuming 100% removal) would 

also be less than the 0.1 lb/hr limitation. Similarly, the total estimated 

emission rate falls well within limiting discharge values presented in 

7:27-16.6. Therefore, this assessment indicates vapor phase treatment will 

not be required. However, further assessment of vapor phase treatment 

requirements may be required if monitoring of VOC inlet concentrations 

identifies significant increases in influent VOC levels. 

c-1 



d TABLE C-1 
ESTIMATED MAXIMUM VOLATILE ORGANIC COMPOUND VAPOR EMISSION RATES VS. 

STATE OF NEW JERSEY MAXIMUM EMISSION RATE STANDARDS 
ALTERNATIVE 3 - TREATMENT OPTION T2 - AIR STRIPPING 

Methylene Chloride 3.3 

1,l -Dichloroethene 1.2 

1,2-DichIoroethene (Total) 12 

Trichloroethene 74 

Totals 90.5 

2.75 x O.OOO66 Y 

1.00 x 10-8 0.00024 Y 

1.00 x 0.0024 Y 

6.17 x 10’~ 0.0 18 Y 

7.55 x 10” 0.021 3 Y 
( ~ 0 . 1  lbhr Tot. VOCs) I.- 

’ Maximum concentration of volatile organic compounds detected in monthly inlet samples collected from June to August 
1992. 

1 ppb (lpu) = 8.34 x lo-’ Ib/gal 

Assuming 100% removal, 400 gpm (24,000 gal/hr) 

Notes: - Under NJAC 727-17, the maximum vapor emission rate standard for individual volatile organic compounds 
isO.l Ib.hr. 

is 0.1 Ibhr. 
- ‘Under NJAC 727-16.6, the maximum vapor emission rate standard for total volatile organic compounds 



Client: SHIELD ALLOY 
Sanple ID: VOC INLET 
X Uoisture: N/A 

Benzene 
Brdichloromethane 
Bromoform 
Bromamethane 
Carbon Tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chloroethylvinyl ether 
Chloroform 
Chloromethane 
Dibrmchloromethane 
1,3 & 1,4-Dichlorobenzene 
1,2-Dichlorobenrene 
1,l-Dichloroethane 
1,2-Dichloroethene 

NATIONAL ENVIRONMENTAL TESTING, INC. 
. Thorofare Division 

Report of Results 

Voletiles by GC/US 624 

. 4.0 U 
2.0 U 
5.0 U 
10. U 
3.0 U 
6.0 U 
10. U 
10. U 
2.0 U 
10. U 
3.0 U 
10. U 
1.9 U 
5.0 U 
3.0 U 

Report NO: 92.1968 
NET-Uid ID: 94324 

AQ 

1 , 1 -D ich 1 oroethene 
total-l,2-Dichloroethene 
1,2-Dichloropropane 
cis-l,3-Dichloropropene 
t&ns-l,3-Dichloropropene 
Ethylbenzene 
Methylene Chloride 
1,1,2,2-Tetrachloroethane 
Tetrach loroethene 
Toluene 
1,l , 1 -Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Tr ich lorof luoromethane 
Vinyl Chloride 

VALUE If the result i s  a value greater than or equal to the detection limit, the value is 
reported. 

1 .o J 
12. 
6.0 U 
5.0 U 
5.0 U 
7.0 U 
3.3 B=13 
7.0 U 
4.0 U 
6.0 U 
4.0 U 
5 .O U 
74. 
2.0 U 
10. U 

U 

B 

w J  

Indicates conpound was analyzed for but not detected (eg. 
concentration/dilution. The nunber is the m i n i m  attainable detection limit for the 
swrple. 

lOU), based on necessary 

This flag is used when the analyte is found in the blank as well as a sample. 
possible/probable contamination and uarns the data user to take appropriate action. 

It indicates 

Indicates an estimated value. 
conpound that meets identification criteria or the result is less than the specified 
detection limit. 
i s  calculated, report as 3 J.) 

This flag i s  used uhen the data indicates the presence of a 

(e.g. If the limit of detection is 10 ug/L and a concentration o f  3 ug/L 



Client: SHIELD ALLOY 
Sample ID: INLET 
X Moisture: N/A 

- 
Benzene 
Eromodichloromethane 
Bromoform 
B romomethane 
Carbon Tetrachloride 
Chlorobenzene 
Ch loroethane 
2-Chloroethylvinyl ether 
Chloroform 
Chloromethane 
Dibromochloromethane 
1,3 & 1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
1,l-Dichloroethane 
la2-Dichloroethane 
la4-Dioxane 

u Ethylene dibromide 

NATIONAL ENVIRONMENTAL TESTING, INC. 
Thorof are Division 
Report of Results 

Volati les by CC/MS 624 

4 .o U 
2.0 U 
5 .O U 
10. U 
3.0 U 
6.0 U 
10. U 
10. U 
2.0 U 
10. U 
3.0 U 
10. U 
1.9 U 
5.0 U 
3.0 U 
Not Present 
Not Present 

Report NO: 92.2178 
NET-Mid ID: 95628 

AP 

1,l -Dich loroethene 
total - 1,2-D i ch loroethene 
1,2-Dichloropropane 
cis- 1,3-D i ch loropropene 
trans- 1,3-Dich loropropene 
Ethylbenzene 
Methylene Chloride 
1,1,2,2-Tetrachloraethane 
Tetrachloroethene 
Toluene 
1 a 1,l -Trichloroethane 
1 , 1 ,2-Tr i ch 1 oroethane 
Tri ch loroethene 
Trich lorof luoromethane 
Vinyl Chloride 
Ethylemine 

VALUE If the result is a value greater than or equal to the detection limit, the value is 
reported. 

1 .2 J 
9.8 
6.0 U 
5.0 U 
5.0 U 
7.0 U 
2.0 J B 4  
7.0 U 
2.6 J 
6.0 U 
2.4 J 
5.0 U 
68. 
2.0 U 
10. U 

Not Present 

U 

B 

J 
4 

Indicates compound was analyzed for but not detected (eg. 
concentration/dilution. The nunber is the m i n i m  attainable detection limit for the 
sample. 

lOU), based on necessary 

This flag is used when the analyte is found in the blank as well as a sample. 
possible/probable contamination and warns the data user to take appropriate action. 

It indicates 

Indicates an estimated value. 
compound that meets identification criteria or the result i s  less than the specified 
detection limit. (e.9. 
is calculated, report as 3 J.) 

This flag is used when the data indicates the presence of a 

If the limit of detection is 10 ug/L and a concentration of 3 ug/L 



Yn ATLANTIC, IYC. 
Popart of Raults 

Cllmr: SYIELD ALLQI 
sorplr ID: INLET -LE 
X Moisture: Y/A 

BmZ8n8 
B r d i c h  lormtham 
Brolrof om 
B r a o r t h m  
C w b m  T o t r u h l o r f b  
Q l l o r o k n t m  
orloro8thme 
2 - C h l o r ~ t h y l v l y l  ether 
Chlarof arm 
MLorasthsn, 
D%raooeklor-thum 
1,2 L 1,l-Oltklorabrnrrn 
1.3-Dichloroknrrw 
1 , 1 -Dichlomthrr 
1,2-Dichlororthm 
1,GOiaxna 

, Etwlm dlbraldo 
'-' 

1.0 U 
2.0 U 
9.0 U 
10. U 

' 3.0 U 
6.0 U 
10. * u 
10. U 
2.0 U 
10. U 
3.0 U 
10. U 
1.9 U 
5.0 U 
3.0 U 

not Pr .rmt 
b t  P m t  

rreport NO: 92.lS01 
NET-Uld ID: 91022 

1.2 J 
2.0 U 
6.0 U 
5 -0 U 
s.0 U 
7.0 U 
1 .I JtW6) 
7.0 U 
2.6 J 
6.0 U 
b.0 U 
5.0 U 
n. 
2.0 U 
10. U 
Nor Prenmt 

VALUE I f  the m l t  Ir (I nlrw armtor t h n  o r  own1 t o  tha btoctlon Liair, tho vaCucr ir 
roportd. 



APPENDIX D 

NEWLY INSTALLED MONITORING WELL LOGS 



BOWNG NO.: SC-20 P) 
PROJECTNO.: 7Bso-N51 
PAOJECT: SHlELMLLOY 
Cumm SMC 
m n o N :  NEWIELD,KI GROUND ELNATION: 80.82 FT 
BOWNGDEPTH: l n F T  CASING ELEVATION: D2.7OFT 

CONTfWXOR UNI-TECH DRlLUNG DATE STARTED: 1i2IQZ 
1- m m .  CONovER,JANDRAs DATE C O M W .  

TRC INSPECTOR DRAKE STATC WATER LML: 85.00 FT 
DRILLNGM€WOD: MUDROTMY NJMP PERMITNUMBER 31-38194 

-4 

- 8  

- 8  

3 -  12 

2-14 

>-22 

5-27 

1-32 

1-37 

1-42 

1-52 

i -57 

1-82 

i-67 

1-72 

i-77 

1-82 

I - 87 

2 
7 
8 

10 
41 
12 
18 

8 
18 
15 
23 

I 
14 

14 
25 

28 
68 

30 
100 

42 
loo 

30 
75 

3s 
80 

45 
80 

33 
l 00W 

35 
10015' 

20 
65 

20 
35 

80 
100/5' 

3 
0 

11 
27 
47 
17 
14 

15 
19 
15 
22 

8 
18 

18 
30 

27 
75 

56 

BROWNIORANGEFINETO MWUM BRAVEL,SOWSAND 

ORANGE SlLM SAND, WET 

0- 14'TANSlLMSAND; 14-24'0RANGEFiNE81LWSANO 

ORANGEFINE-WmESAND.TRACE SILTRECOVERY = 10 

ORANGVUGHT BROWN MEDIUM COURSE sAND,TRACE SILT, RECOVERY = 12' 

ORANGE I LIGHT BROWN FlNR - MWUM SAND. SOME SILT. RECOVERY I 14. 

LIGHT BROW FINE - MEDIUM SILT. RECOVERY 10' 

68 ORANGE LIGHT B R O W  FINE - MEDIUM SAND,TW\CE SILT. RECOVERY = 1 

52 
76 

40 
75 

70 
1oo/5- 

85 

XI 

XI 
70 

25 
45 

0 - 3' RED a LIGHT BROWN LAYERS OF FINE-MEDIUM SAND, SOME SILT 6 CLAY; 
3 - 15' ORANGE 6 RED LAYERS OF MEDIUM TO COURSE SAND. TRACE SILT. 
RECOVERY = 1s 

REDFlNESAND.LIlTESILT.RECOVERY= le 

...... .. .. 
RED FINE SAND, LI1TLE SILT 
SILT6 CLAY3 - 15'ORANGE 6 RED LAYERS OF MEDIUM-COURSE SAND. TRACE SILT 
RECOVERY = 1B 

80' :: ;.s;;; 
@ I.:.:.:.:.>.{ . ...... ...... ...... . . . . . , 
. . . . . . . ...... . . . . . . . ...... ...... ...... . . . . . . . ...... . . . . . . . ...... . . . . . . . 

RED FINE SAND TRACE SILT 
RECOVERY= 1 0  

LIGHT BROW 6 FED LAYERS OF FINE SAND, SOME SILT 
RECOVERY = 13' 

LlGMBROWNFlNESANDWrrHTHlNWHFTESlLTCLAYSTRPIGERS. 
RECOVERY = 8' 

LIGHT BROWN FINE SAND, TRACE SILT 
RECOVERY = 

CONTINUED ON NDT PAGE 

80' 

. 



PAGE 2 OF 2 
BORNG NO.: Sc-m Qv 
PROJECT No.: 7650-N51 

m-82 

s-91 

00-102 

05-107 

10-112 

15-11? 

17-119 

19 - 121 

21 -123 

23-125 

25-127 

20 
15 

21 
42 

eo 

107 

125 

18 
31 

15 
22 
13 
20 
14 
70 
25 
33 
17 
19 

27 
22 

27 
40 

1Wl.w 

1W4' 

1- 

29 
41 

18 
33 

28 
35 
64 
26 
43 
23 
25 

i a  

UQHT BROWN MEDIUM TO FINE SAND, TRACE SILT, RECOVERY 0 

UQHTBROWNflNE-L(WUMBAND,SOMESlLMCLAYLAYERS 
RECOVERY- 11. 

U G M  BROWN MEDIUM SANDTRACE SILT 
RECOVERY=W 

SAME c9 ABOVE 
RKxIVEAyIlB. 

0 - 1B SAME AS ABOVE; 18-24'DRANGE MEMUM BAND, SOME SILTY 
GRAY STFIINGERS. RECOVERY - 24' 

GR4Y-BUCK FINE-MEDIUM SAND, SOME SILT, LlTTLE M Y .  
ECOVERYI: 1 c  

GRAYBUCK FINE-MEMUM SAND. UTTLE SILT h M Y  

GRAYIBUCU FINE-MEMUM SAND. UTTLE SILT 6. C U Y  
ECOVERV-B 
SAMEASABOVE 
RECOVERY= 3. 
0-r VAAlW CLAYSILT LAYERS; 2-4' MEDIUM-FINE SAND 
LlllLE SILT AND CUY,  ONE STFUNGEF? OF SILTICUY; RECOVERY - B. 
FINE-MEDIUM SAND, UnLE SILT AND CLAY 
RECOVERY- Y 

END OF BORlNG - 1- 

REcovER( - e; WE AMOUNTS OF WASH 



'4 
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BOFUNG NO.: SC-30 p) 
PROJECTNO.: 7850-Ml 
PROJECT: SHIELDWOY 
WENT: SMC 
LOCATION NEWFIELD,NJ 
BORlNGDWTR 127FT 

CONTRACTOR UNI-TECH MllLLING 
DRILLERS CONOVER$ JANORAS 
m INSPECTOR Mw(E 
DWUNG METHOD: MUD ROTARY 
GROUND ELEVATION 88.75 FT 
CASING ELEVATION 9lMlFT 

DATESTARTED: 1- 
DATE COMPLETED: ll7i82 
STATX: WATER LML: 86.01 FT 
NJDEP PERMITNUMBER: 31-38185 

NO ODOR WATERTABLE AT 25'. RECOVERY = 24. LOaaNGCOVEF 

- 7  

0 - 12 

5-17 
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5 - 2 7  

1-32 

1-37 
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i -47  

) -52  
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i-67 

1-72 

i-77 

1-82 

I - 87 
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12 
30 

17 
19 

2 
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10 
25 

16 
34 

i a  
80 

25 
40 

27 
4a 

20 
25 

a 
17 

5 
5 

42 
83 

13 
37 

40 
1WRY 

50 
loow 

42 
100/5' 

34 
58 

4 

18 
31 

12 
20 

8 
7 

18 
28 

25 
40 

a 
80 

a 
43 

30 
58 

25 
28 

? 
15 

5 
11 

68 
87 

13 
45 

54 

58 

57 

62 
84 

B R O W A N  MEDIUM-COURSE SAND, SOME FINE SAND AND GRAVEL. 
TRACE SILT. NO O W R  RECOVERY 12' 

0-8. WASH; 8-14' B R O W A N  MEDIUM-FINE SAND. UTN FINE GRAVEL. 
TRACE SILT, NO ODOR RECOVERY - 14' 

0 - 12'GRAYFlNESAND.SOMESlLT: 12-lffREDBROWN MEDIUM-COURSE 
SAND AND GRAVEL, TRACE SILT, NO ODOR -VERY - 19' 

O-rWASH;2-14*UYERSOFWmANDTAN MEDIUMSANDANDFINESAI 
TRACE SILT, No ODOR RECOVERY= 10 

0-P UGMEROWN MEDIUM-COURSE SAM), SOME QRAVEL; 8-7 GRAVEL LAYER; 
7-17UGHTORANGE-BROWN MEDIUM-COURSE SAND, LITRE GRAVEL 
AND FINE SAND, TRACE SILT. NO O W R  RECOVERY - 17' 

UGHT BROWN MEDIUM-COURSE SAND, SOME FINE GRAVEL. COURSE GRAVEL AT 
FlNERSANDSATBASEOFSPOON.NoODOR RECOVERY-24' 

0-1YUGHTBROWN MEDIUM-COURSESAND.UTNFlNESANDrrVICESILT: 
15-24. WHITE MEDIUM SAND, LITTLE FINE SAND. RECOVERY 24' 

TAN MEDIUM-COURSE SAND, UlllE FINE SAND, TRACE GRAVEL. 
RECOVERY - 18' 

TAN MEDIUM-COURSE SAND, UlllE FINE SAND, TRACE GRAVEL. 
RECOVERY - 10 

* 1 8  

o-(F TAN-BROWN MEDIUM-FINE SAND, 8-140 m-Bmw COURSE SAND, 
IJTILE FINE-MEDIUM SAND. RECOVERY 14'. 

0-8' TAN-BROW MEDIUM-FINE SAND, UrrCE SILT; 8-14'RED-BROWN 
MEDIUM-FINE SAND. UrrCE SILT. RECOVERY 14. 

TAN-BROWN MEDIUM SAND, UTN FINE SAND, TRACE SILT 
RECOVERI-2cr 

TAN WITH PlNKU\YOF;O-CMEDIUM-COURSESAND; 4-1F FINESAND, 
UllLE SILT. RECOVERY 18. 

0-2'TAN MEDIUM-COURSESAND;2-12TANANDREDU\YERSOFFlNESAND 
LlllLE SILT, THIN WHtTE FINE SAND NEAR BASE OF SPOON, RECOVERY = 18' 

o-c WASH; 8-8 TAN MEDIUM FINE SAND, 8-189 uorr BROWN FINE SAND, 
UTnESILT, RECOVERY=lC 

0-6TAN MEDIUM FINESAND, 6-PTANFlNESAND,UTTLESILT, 
RECOVERY - 8' 
0-?TAN MEDIUM-FINE SAND; 2-12 UGHT BROWN FINE SAND, TRACE SILT, 
RECOVERY = lr 

CONTINUED ON N M T  PAGE 
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BOFUNG NO.: so= P) 
PROJECT No.: 7B5o-Hs1 

lo-e2 

6-s? 

00-lG? 

05-10? 

10-112 

34 
6a 

54 
10015. 

25 
35 

38 
10015. 

17 
20 

0-E' TAN FINE-COURSE SAND, Lilll.E GRAVEL; 6-12' BROWN-TAN 
FINE-MDIUM SAM). UrrtE SILT, RECOVERY 12' 

0-10. TANMEDl~SAND.10-12' E D  MEDIUM-OOUFSESAND; 
12-15' OAANGE-BROWN MEDIUM-COURSE SAND Wnl SILT STRNGERS. 
RECOVERY= 1 c  

0-P TAN MEDIUM SAND, SOME COURSE SAND; 3-10' TAN-BROW FINE U 
8ANDWllHILTsTwNGERs.LmLESILT,RECOVERY- 1 0  

fn' 

loo' 

0-14' TAN L(EMlJM SANO, SOME COURSE SAND; 14-21'TAN-BROWN 
FINE-MEDIUM W, UrrtE QRAVEL AND SILTSTWNGERS. RECOVERY I 21' 

0-12' TAN MEMUM SAND, SOME COURSE SAM); 12-24' VAWGATDD MEDIUM SAND 
FAN, RED, AND BROW LAYERS) WlTH SILT STWNGERS. SOME FINE SAND urn€ SILT. REcovERl- 24- 

EM)OFBORNG= 119 11% 

111' 



BORING NO.: SC-IlS(R) CONTRIY=TOA: UNI-TECH DRILUNG 
PRWECT NO.: 785o-N51 DRILLERS FRECX 
PRWECT: SHIELDALLW SMC INSPECTOR: VALENTI 
CUENT: SMC DRILLING METHOD: MUD ROTARY 
LOCATION: NEWFIEID, NJ GROUND ELEVATION: 108.01 FT 
BORING DEPTH: 24 FT CASING ELEVATION laB.PFT 

7IlB2 DATE STARTED 
DATE CMPLEIED: 7IlB2 
STATIC WATER LEVEL: B1.10 FT 
NJOEP PEWIT NUMBER: 31-38500 

. 7  3 
6 

- 12 2 
5 

- 17 2 
3 

-P 3 
6 

END OF BORING * 24' 

AUOEREO 105' 

ORAffiETOLGHTBROWN SILMGAND WITHGRAVEL 

ORAffiE-LIGHTBROWN SILTYSANDWHGRAVEL 

ORAffiE-TAN G M M L  

ORANGE-TANGAAML 



BORNG NO.: SC-W2 (R) CON7WcTOR UNI-TECH MIILUNQ DATESTARTED: 12R0101 
PROJECTNO.: 7BK)-U51 DFPLLERS: CoNovEqEVANs DATE COMPLETED: 1 m 1  
PROJECT: S H l M W o Y  SMCINSPECTOR VALENTI STATC WATER LML: 8320 R 
cum: SMC D R I L L N G ~ D  MUDROTARY NJMP PERMIT NUMBER: 
LOCATION: NEWFIELD, NJ GROUNO ELEVATION: O5.66 FT 
8 O W N Q m  17FT CASlNQ ELWATION WS6FT 

1-2 

! -4  

1-8 

0 - 12 

5-  17 

15 
6 
4 

$5 
11 
6 

6 
7 

6 
10 

7 
10 

Ught my, SAND6 GR4vEL. pbM.0 to 3Ng,tnly und.111' 

LOCKlNG COVE 
0.0 

2' 

i t  



BORING No.: SC-200 OONTFWXOR UNl-TECH DRlLUNG OATESTARTED: 1/8/92 
PROJECTNO.: 7650451 MPLLERS: CONOMR,JANDRAs OATE COMPLEFEO: lllole2 
PRQJECT: SHIELDAUOY TRC INSPECTOR MULLEN STATIC WATER LEVEL: 89.65 FT 
cum: SMC M P L U N G M ~ D  MUDROTAFW NJDEP PERMIT NUMBER 31 -38187 
LOCATION: NEWFIELD, NJ GROUNDELEVATION 10155FT 
BORINGMPTH: 138FT CASING ELEVATION 104.53FT 

5-7 

IO - 12 

15 - 17 

33-22 

5-27 

0-32 

s-37 

10-42 

15 - 47 

0-62 

5 - 57 

0-62 

5 -87  

0 - 7 2  

5-n 

0 - 8 2  

5 - 87 
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45 
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39 
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45 

49 
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25 
62 

43 
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14 
45 

38 
52 
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100/5' 

20 
45 

14 
24 

25 
37 

28 
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22 
38 

27 
50 
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37 
83 

65 
65 

31 
80 

43 
53 

22 
56 

46 
56 

46 

22 
50 

. ._ __ -- . - -. 
SEE LOG OF S C - m  FOR SOL OESCWmDN 

BROWN-ORANGE MEDIUM-COAFISE SAND, TRACE FINE SAND. NO OWR. 
REcom=o 

0-TWASH; 7-17'SAMEASABOVEWlTHTRACEFlNE GRAVEL.NOODOR. 
FIEcovERI..ir 

0-2' WASH; 2-13' BROWN ORANGE MEDIUM SAND, LlTRE FINE SAND, 
TRA# FINE GRAVEL; 19-15' BROWN-ORANGE FINE SAND. NO ODOR. 
RECOMAT-IY 

0-2' WASH; 2-19 BROWN-ORANGE FINETO MEDIUM SAND. NO ODOR. 
R€COVERY=IY 

0-?WASH; 3-15'SAMEASABOVE 
RECOVERY=lY 

0-e BROWN-ORANGE FINE SAND 6-12' BROWN-ORANGE FINE TO MEDIUM 
SAND. RECOVEFlY=12' 

STEEL CASING SEiTO 49' 

0-2'WASH; 2-4. BROWN-ORANGE SILT, SOME CLAY, L K K E  SAND; 
4-21. BROWN-ORANGE MEOIUM SAND, UTTLE FINE SAND. RECOMRYI21' 

BROW-ORANGE FINE TO COARSE SAND, TRACE SILT, RECOVERY- 12' 

0-7' TAN MEDIUM SAND, UTILE FINE SAND, TRACE FINE GRAVEL; 
7-12' BROWN-ORANGE FINETO MEDIUM SAND. FECOVEAYIl2' 

VARlGATEOTAN TO RR)s MEDIUM SAND, SOME COARSE LL FINE SAND, 
TRACE GRAVEL. RECOVERY-13' 

SAME AS ABOVE McEm SILTSTRINGER IS LOCATED 4' DOWN FORM TOP 
OF SAMPLE. RECOvERY-1r 

TAN FINE TO MEDIUM SAND; STRINGER OF FINE GRAVEL AT 4'. 
RECOVERY-I? 

BROWN FINE SAND, UTnE FINE GRAVEL. RECOVERY- 12' 

0-?TAN CLAY, LlTTLESILT,TRACEFlNESAND, STFF; 
3-21'TAN TO RED FINE SAND M H  SILT'Y STRINGERS. 
RECOVERY=Pl' 

CONTINUED ON NEXT PAGE 

LOCKING COVER 
I 
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BORNG NO.: sc-200 
PROJECT NO.: 7Bv)-N51 

0 - 9 2  

5-97 

W-102 

05-107 

10-112 

16-117 

20-122 

25-121 

30-132 

37-139 

10015. 

16 
28 

48 
33 

87 

1 W4' 

91 

22 
28 

53 

25 
33 

28 
28 

19 
47 

28 
38 

lWP 

1W4' 

20 
13 

133 

24 
32 

. 24 
34 

UQM BROWN MEDIUM TO FINE SAND, TRACE SILT, RECOVERY - B 

o-8.TANFlNETOMEDlUMSAND,~COARSESAND;8-1FRED 
FINE TO MEDIUM SAND LAYERS SEPARATED BY CLAY STFWGER. RECXVEFW=lS' 

RED-BROWN FINE SAM) Wrm WHITE SILT AND M A Y  STWNGERS. 
RECOVERY-Iff 

0-'c SAME As ABOVE; 2-8. TAN-FINK FINE TO MEDIUM SAND, TRACE SILT. 
REcovERY=E' 

BROWN-ORANGE FINE TO MWUM SAND, TRACE SILT. RECOVERY-+ 

UQHTTAN-BROWN MEDIUM SAND, U l l U  FINE SAND. RECOVERY=e 

120' piq 
...... ...... ....... ....... ...... TANFINESANDWITH REDUIMINATI~NS,~OMESILT. RECOVERY-ID 

BROWN-RED FINE SAND, UTILE SILT. RECOMRYI 8. 

SAME ICs ABOVE. RED AT TOP TO TAN AT BOTrCW. REcoVERY=CP 

DAW GRAY; 0-E' FINE SAND; 8-24'STFF SILT LL CUIY LA=, SOME 
TO UTILE SAND AT BASE OF SPOON. RECOVERY=24' 

END OF BORNG = 140' 
CPSTEELCASlNGSETFROMOTO48' 

128' 

138' 

140' 



BORlNGNO.: SC-W25S 
PAOJECTNO.: 7850-NSl 
fJFioJEm: SHIELDALLOY 
WENT: SMC 

B O W N Q E P W  P F T  
Loanow WIM,NJ 

) - 2  

? - 4  

1-6 

1-8 

1-10 

5- 17 

0-22  2 2 Ught bovm to Ught amp, GRAVEL 

END OF BORING = 22fT 

LOCKlNGCOVE 
on- _.- 
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BORING NO.: SC-26D 
PROJBCT NO.: 7650-N51 
PROJECT: SH IEDAUOY 
awn: SMC 
LOCATION: NEWRELD,NJ 
EOWNGDEPTH: 143FT 

CONTRPCTOR: UNI-TECH DWUlNG 
DRILLERS: FRB=K.VlSAW 
TAC INSPECTOR: SMm( 
DRLUNG METHOD: MUD ROTARY 
GROUND ELEVATION: 100.68 FT 
CASING ELEVATION: 100.45 FT 

DATESTARTED: 7 m m  
DATECOMPLETED: 7 m m  
STATIC WATER LEVEL: W.40 FT 
NJDEP PERMIT NUMBER: 31 -39612 

LCCKINGCOKR 
0.0 -J-- 

6 - 7  

10- 12 

15- 17 

10 
20 

10 
16 

7 
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8 
17 

10 
16 

20 
28 

37 
41 
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20 
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20 
w4 
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40 

34 
45 

46 
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SOB 

14 
20 

15 
15 

8 
8 

10 
18 

12 
22 

20 
24 

38 
51 

54A1' 

WE' 

28 
30 

38 

SOB' 

5OR' 

38 
43 

Wi4' 

SOB' 

~mwn. fine-medum SAND. m slt m ador. dry, 1.6' mamy 

Same m b x e ,  0.W m v w y  

%Ill9 6 abov0,l' recwSry 

~mwn. fine-medum SAND. m slt m ador. dry, 1.6' mamy 

Same m b x e ,  0.W m v w y  

%Ill9 6 abov0,l' recwSry 

Same m &we, 1' recovery 

Brown, fine-mdum SAND, 1 1 t h  rllf no odor, Wa, 1 2  recowry 

Same m b e ,  1' recovery 

Same m b e ,  0.5' recawy 

Lightbrown,fine-madlm SAND, litbsIlfnoodor,wet, 
1 2  m m I y  

Same m above, 0.5' recovery 

Reddish-brow, same e, b e ,  0.5' recovery 

Llghtbrown,Rne-medwm SAND, litbsllt,noodor,wet, 
aw 

Same m b e ,  0.87' recovery 

Same 85 above, 025' recovery 

CONTINUEDON NMT PAGE 
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5-107 

5-117 

0-1P 

5-12? 

15-137 

15-147 

4s 

25 

4e 

9 
20 
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BORNG NO.: sc-260 

5o/r u p h t m n ,  reddkh brown, fine-medium SAND, attb sk no odor, 
1' - 

W4' Ughtkorm,flne-me&m SAND, llttlesII(, no odor, W O ~  

05' ICOHY 

S M  of aay  layayer 

D d o r ,  

S 
1 

s 
47 

Dark gray CUY, IWe slk, cby, no odor, Y r - w  

END OF BORING - 144' 
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APPENDIX E-1 

FEASIBILITY ANALYSIS 

INTRODUCTION 

The objective of this appendix is to preliminarily evaluate the 

feasibility of removing chromium from the effluent of the electrochemical 

treatment system such that draft surface water discharge permit conditions for 

' chromium removal can be achieved using commercially available technology and 

equipment. 

Presently wastewater is treated in an electrochemical treatment system 

(described in Section 5.3.11) which effectively removes chromium from an 

influent concentration of approximately 10 to 30 parts per million (ppm) down 

to approximately 30 parts per billion (ppb) in the effluent. However, the 

proposed discharge to surface water permit conditions establish a daily 

allowable maximum level of 5.8  ppb total chromium and 166 ppm total dissolved 

u solids (among other requirements). Following a brief discussion of the 

electrochemical treatment system as it exists at the SMC facility, treatment 

options for further reduction of chromium are presented and evaluated. 

EXISTING CONDITIONS 

Chromium contaminated ground water is treated at Shieldalloy's Newfield, 

New Jersey facility in an existing, permitted (Treatment Works Approval No. 

88-1176-4-N), electrochemical wastewater treatment facility. Discharge from 

the treatment facility currently is to the Hudson Branch tributary to the 

Maurice River. The heavy metal treatment system is comprised of a number of 

unit operations including electrochemical precipitation, clarification, and 

filtering of sludge and treated effluent. 

E-1 



Influent ground water is directed to a 12,000 gallon influent tank 

(T-301). Effluent from tank T-301 is routed to a series of proprietary ' 

electrochemical precipitation cells. A series of five cells, each capable of 

processing a variable flow rate up to 130 gpm, produce ferrous ions [(Fe+2) in 

the form of Fe(OH)2] when a direct current is applied across iron sheet 

electrodes. The purpose of producing the ferrous ions is to reduce hexavalent 

chromium (Cr+6) to the less toxic and more readily precipitated trivalent 

chromium (Cr+3). A reaction illustrating the reduction of sodium chromate 

(Cr+6) to chromium hydroxide (Cr+3) is provided below: 

NA2CR207 + 6Fe(OH)2 + 7H20 ----- > 2CR(OH)3 + 6Fe(OH)3 + 2NaOH 

The trivalent chromium-rich water is then routed to an 8,200-gallon 

fiberglass reinforced plastic (FRP) degassing tank (T-4011, which allows 

removal of residual hydrogen gas produced as a byproduct of the reactions 

within the electrochemical cells. After the degassing tank, the water is 

routed to a 7,900-gallon pH adjustment/retention tank (T-601) equipped with a 

mixer. Adjustment of pH is accomplished in the retention tank by the addition 

of caustic to raise the pH to between 8.0 and 8.5. At this pH, ferrous ions 

will adsorb and coprecipitate the dissolved trivalent chromium [as chromium 

hydroxide Cr(OH)2]. Hydrogen peroxide is also added at this point to 

facilitate oxidation of residual ferrous (Fe+2) ions to the less soluble 

ferric (Fe+3) ions, which subsequently precipitate as ferric hydroxide 

" 

[Fe(OH)31. 

Water from the pH adjustment tank is discharged to a clarifier. A 3 to 10 

part per million (ppm) solution of a high molecular weight anionic polymer is 

added to promote flocculation at this point. Sludge is removed from the cone 

of the clarifier and pumped to a plate-and-frame-style filter press. Sludge 
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produced within the existing system has been tested and determined to be a 

non-hazardous waste. 

u Effluent from the clarifier is routed to a multi-media filtration system 

consisting of three parallel tanks, each approximately 880 gallons in volume 

and containing a mixture of anthracite, garnet, filter sand, and support 

media. This filtration system provides removal of particles down to 10 

microns in size. From this point the effluent is routed to the existing 

on-site air stripper for treatment of volatile organics and then pumped to 

Outfall 001. 

Effluent from the Andco system (approximately 400 gpm) is maintained at a 

pH of between 8.0 and 8.5, with a total chromium content of less than 0.030 

mg/l. Typical operating data are provided in Table E-1. Typical operating 

parameters are a lso  included in Appendix E-5 with the presentation of 24-hour 

test data. 

POTENTIAL CHROMIUM TREATMENT TECHNIQUES W 

To determine treatment techniques which were potentially applicable to the 

polishing of the electrochemical treatment system effluent, the inorganic 

treatment technology and process option screening previously presented in 

Tables 3-6 and 3-7 of the FFS was reviewed. Supplemental information, such as 

that presented in Figure E-1, was also reviewed. Based on this review, three 

inorganic treatment technologies, as well as potential upgrading of the 

electrochemical treatment system, were selected as being worthy of further 

consideration as inorganic polishing technologies which may be effective in 

the reduction of total chromium from approximately 30 to 50 ppb down to 5.8 

ppb. These treatment options include: 
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0 Ion Exchange; 
0 Reverse Osmosis; and 
0 Ultrafiltration. 

4 
An evaluation of these treatment options as well as an evaluation of the 

upgrading of the electrochemical system are presented below. 

Ion-Exchange Systems 

The addition of an ion-exchange unit process may provide a means of 

polishing the electrochemical treatment system effluent to achieve the 

proposed chromium effluent limit. Ion exchange is a reversible chemical 

reaction between a solid resin and a fluid where undesirable cations 

(positively charged particles) or anions (negatively charged particles) are 

replaced with, or bound to, more desirable ionic groups contained within the 

resin. Following the exchange process the resin must be regenerated to 

achieve its original properties or replaced. The goal of the treatment 

process is to replace, or bind, undesirable chromium cations (primarily Cr+3)  

such that the final effluent contains less than 5.8 ppb total chromium. 
‘d 

Ion-exchange resin suppliers which were contacted as part of this analysis 

indicate that two general approaches may be taken to reduce the total chromium 

content within an effluent stream. The first approach relies on a 

non-specific cation resin to remove chromium. Suppliers indicate that removal 

of chromium to a level of below 5.8 ppb may be achievable, but factors such as 

chromium speciation, pH, contact time, competing ionic species present within 

the wastestream and other factors would need to be evaluated through a bench- 

or pilot-scale test to verify its effectiveness. This will also remove other 

cations which may be present within the effluent stream, and may therefore 

provide removal of total dissolved solids (TDS) from the effluent. Available 

data suggest the presence of up to several hundred ppm TDS in the effluent. 

\e 
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The second approach would be to contact the effluent with a targeted ionic 

resin which would only remove chromium or other heavy metals. While ' 

information is limited, several ion-exchange resin vendors note that chelation 

resins are commercially available and may allow the targeted removal of 

chromium and other heavy metals from effluent. Chelation resins are designed 

to selectively remove particular groups of metals from a solution by binding 

the metallic ions to nonmetallic groups within the structure of the resin. 

Treatability testing was conducted in April 1990 to evaluate the potential 

treatment of ground water initially using electrochemical treatment followed 

by ion exchange. The study was conducted by Andco ground water samples from 

the SMC facility. The ground water samples were treated using electrochemical 

treatment, multi-media filtration and ion exchange. Following thirty minutes 

of equilibration time, various stage effluent samples were collected. Tests 

were also run at electrochemical iron (Fe2+) addition levels of 75 ppm, 150 

ppm and 350 ppm. The initial untreated ground water sample contained 20.5 ppm 

chromium and 1,100 ppm TDS. At 150 and 350 ppm Fe2+, post-multi-media filter 

chromium concentrations were less than 15 ppb and TDS ranged from 570 to 830 

ppm. Reductions in both chromium (to less than 4 ppb) and TDS concentrations 

(to 270 to 350 ppm) were noted after treatment with the cation exchange 

resin. TDS continued to decrease (to 25 to 41 ppm) following treatment by the 

anion exchange resin; however chromium levels increased slightly ( 9  to 11 

ppb). Additional samples were collected following treatment in the anion 

exchange resin after approximately 15 minutes to help understand how the test 

set-up performed over time. These samples both exhibited less than 4 ppb 

chrome with TDS ranging from 28 to 160 ppm. Therefore, existing treatability 

study testing indicates that achievement of chromium and TDS proposed surface 

water discharge limitations may be achievable using ion exchange as a 

%d 
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polishing technology. Additional testing would be required to determine if a 

cation resin alone would provide sufficient treatment of TDS and chromium such ' 

e that the existing system could be operated as a fixed-bed system with only 

cation resins used for removal. The treatability study report is included in 

Appendix E-2. 

To implement ion exchange at the SMC facility, the existing system could 

potentially be retrofitted to provide secondary treatment, although the 

applicability of the existing equipment would be dependent on the selected 

resin and associated vendor. At a minimum, new ion exchange resin would have 

to be purchased and the existing system would have to be tied in to the 

electrochemical treatment unit. Available information indicates that the 

approximate cost for ion-exchange resins alone may be on the order of 

$80,000. Total capital costs are estimated to be around $150,000. The costs 

associated with operation and maintenance of the ion exchange system include 

the costs associated with brine disposal, and are estimated at approximately 

$500,000 annually, although they will be dependent on the frequency of resin 4 

regene rat ion. 
* I., 

The main advantage of using an ion-exchange resin to perform chrome 

polishing is the presence of existing ion-exchange equipment at SMC. Other 

advantages include the possibility of specifically targeting the removal of 

chromium, and the potential removal of TDS. A disadvantage associated with 

ion exchange is the production, handling and disposal of acidic waste streams 

produced by the resin regeneration process which are expected to require 

disposal as a hazardous waste. Also, the TDS may cause early fauling of the 

resins. 

Given the number of different ion exchange resins that are available and 

the influence other influent parameters may have on the operation of the resin 

{e.g., TDS) ,  further evaluation of specific resins is recommended prior to 
i/ 
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selection and/or initiation of bench/pilot scale testing programs. Vendor 

supplied ion-exchange literature is provided in Appendix E-2. 

,'d' 

Reverse Osmosis Systems 

Existing information suggests that addition of a reverse osmosis system to 

the effluent stream may achieve the required chromium reduction in the 

, effluent. Osmosis is the spontaneous flow of solvent (e.g., water) from a 

dilute solution through a semi-permeable membrane (impurities or solute 

permeates at a much slower rate) to a more concentrated solution. A certain 

amount of potential energy exists between the solutions on either side of the 

membrane. Flow will occur from the solution with the higher potential energy 

level (the purer water, referred to as the dilute solution) to the solution 

with the lower potential energy level (the less pure water, referred to as the 

concentrated solution). Reverse osmosis (RO) is the application of sufficient 

pressure to the concentrated solution to overcome the osmotic pressure and 
W 

force the net flow of water through the membrane toward the dilute phase. 

This allows the concentration of solute (impurities, ions, small molecules) to 

be built up on one side of the membrane while relatively pure water is 

transported through the membrane. The driving force for separation is the 

applied pressure gradient. The solution passes across the membrane, and the 

pressure forces only a percentage of the solvent through the membrane, while 

some of the initial solution, enriched in solutes, remains to be carried away 

via the turbulent flow maintained at the surface of the membrane. It is not a 

mechanical filtration mechanism, although dissolved organics are rejected 

primarily by a screening mechanism where rejection is a function of pore size, 

molecule size and molecule geometry. Certain organics may be enriched in the 

permeate due to preferential passage through the membrane. Osmosis and 

reverse osmosis process are depicted graphically in Figure 5-11. 
L-./ 
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The membranes used in RO are assembled into modules containing sheets 

(spiral wound), tubes or hollow fibers. The modules can be connected in ’ 

series, in parallel, or a combination of the two. The most common RO membrane L\ d 

materials used are cellulose acetate and other polymers such as polyamides and 

polyether-polysulphones. 

Similar to the non-selective ion exchange systems, RO systems are 

non-selective and would result in the removal of all ions and dissolved 

species greater than a certain particle size and containing a certain ionic 

charge. Operating conditions which affect the ability of reverse osmosis to 

achieve separation include: 

pressure differential, 
4 the apparent or differential, osmotic pressure between the 

4 the area and characteristics of the membrane. 

ionic charge of the separating species, 

solutions, and 

In addition the presence of colloidal and organic matter can clog the 

membrane surface, thus reducing the available surface area for permeate flow. l-./ 

Overall membrane performance is affected by feed constituent concentrations, 

operating pressure and temperature, flow rate and pH. In general, flux and 

rejection data are not affected by changes in pH, but extreme pH values can 

limit the life of the membrane. The presence of low molecular weight, 

dissolved organics can present operational difficulties and may require 

pretreatment. Pretreatment techniques such as activated carbon adsorption may 

be required to extend service life. 

Advantages of a RO polishing system would be that potential removal of 

chromium and TDS. In addition, once the systems are fabricated and installed, 

operational costs tend to be generally low due to the limited energy 

requirements of the pumping equipment. 

d 
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Disadvantages of reverse osmosis membranes (cellulous acetate, aromatic 

polyamides, and thin film composites) are high capital cost, potential fouling 

e problems, poor resistance to chlorine, and susceptibility to microbial 

attack. Operational upsets, pH changes and other conditions may limit the 

lifetime of the membrane. Reverse osmosis also produces a concentrated waste 

stream which would contain the separated chromium and other ionic species, and 

would most likely require off-site disposal/treatment as a hazardous waste. 

Rough estimates indicate that design and construction of a reverse osmosis 

system for a 400 gpm process effluent may cost on the order of $1,000,000. 

Operation and maintenance costs, estimated at approximately $300,000 annually, 

will include membrane replacement, waste disposal and electricity costs. 

Prior to implementation, preliminary bench scale testing of the process to 

assess its applicability to the electrochemical treatment system effluent 

would be required. Vendor-supplied RO literature is provided in Appendix E-2. 

'W 
Microfiltration/Ultrafiltration Systems 

Available data suggests that precipitation and microfiltration or 

ultrafiltration of aqueous solutions may remove total chromium within the 
* I ,  

effluent to a level below 5 . 8  ppb. In general, filtration removes particles 

down to about 1 micron, whereas microfiltration may remove solids down to 

about 0.01 microns in diameter and ultrafiltration may be effective for 

particles as small as 0.001 microns in diameter. The basic driving force 

behind microfiltration is pressure. Microfiltration discriminates on the 

basis of molecular size, and shape and is used to physically remove particles 

and ions from solutions. This is a physical process where all matter larger 

than a certain size is unable to pass through the filtration system. 

Therefore, larger particles or ions are retained on the influent side of the 

filtration system, while filtered fluid is able to pass through the membrane. 
u 
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Microfiltration essentially relies on chemical pretreatment in which 

precipitation is followed by a series of filtration steps which results in the 

u non-selective removal of particles. Ultrafiltration systems are typically 

.operated at pressures ranging from 10 to 100 psig, resulting in flow rates 

that are several orders of magnitude below conventional filtration processes, 

but with the retention of much smaller sized particles (10 to 200 angstroms). 

’ 

Ultrafiltration membranes are generally not defined by their pore sizes, but 

by the size or equivalent molecular weight of the particles excluded. 

Ultrafiltration membranes are reported as retaining species in the 300 to 

300,000 molecular weight range. Therefore, ultrafiltration is not sufficient 

by itself to remove dissolved ionic species such as metal ions. However, both 

ultrafiltration and microfiltration are capable of effectively collecting 

‘d 

colloidal metal suspensions following precipitation of dissolved metal ions. 

Available background information indicates that removal of chromium to less 

than 10 ppb may be achievable with this technology. 

As with reverse osmosis membranes, ultrafiltration membrane systems can 

consist of tubular, hollow fiber, plate-type or spiral-wound units. Turbulent 

flow at the membrane surface can carry rejected solids back to. the beginning 

of the system or, in the case of a plate system, the system can be operated 

cyclically, with accumulated solids discharged with each operating cycle. The 

residual filter cake requires off-site disposal. 

Advantages to microfiltration systems are the generally lower pressures 

required for filtration as compared to RO systems, the generally wider 

selection of materials of construction from which filter membranes are 

fabricated, and the non-selective nature of the process where other 

undesirable materials may be removed from the waste stream. Disadvantages 

include the necessity of preceding the microfiltration system with a chemical 

~d 
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precipitation system (such as that already employed by the electrochemical 

system), the inability of the system to treat dissolved inorganics, and the 

‘4 high initial design and capital cost to fabricate such a system. A l s o ,  an 

ultrafiltration system may have difficulty treating the flow rate at the SMC 

facility and, therefore, multiple units may be required. The largest 

available unit offered by DuPont/Oberlin, whose microfiltration system has 

been evaluated as a SITE technology (USEPA, 1991), is a 36-square foot unit. 

While the amount of water the system is able to treat is dependent on the 

concentration of contaminants, amount of filter aid used and the size of the 

unit, a treatment rate of 300 gallons per 20-minute cycle was assumed for 

conducting the economic analysis of the SITE demonstration, compared to the 

approximate treatment rate of 400 gallons per minute at the SMC facility. 

Available rough estimates indicate that the approximate cost to design and 

build an ultrafiltration system for a 400 gpm process stream would be on the 

order of $700,000 to $1,000,000, while annual operation and maintenance costs 

can average $100,000 to $500,000. In the SITE demonstration economic analysis 

(USEPA, 19911, a 36-square foot treatment unit was estimated to have 

- 
associated capital costs of $1,251,200 and annual O&M costs of $549,100. 

Existing Electrochemical Treatment System Modifications 

This option would involve modifying the existing Andco electrochemical 

precipitation system to meet the 5.8 ppb discharge limit for total chromium. 

A review of existing process data indicates that modification of process 

stream conditions may result in the attainment of the proposed chromium 

effluent limit. Background process data which support this position include 

results of a March 1990 bench scale and a May 1993 full-scale 24-hour 

operational test. Each of these tests is described below. 

e 
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A bench-scale test conducted by Andco in March 1990 resulted in an 

effluent chromium concentration of 1.9 ppb when an 18-fold stoichiometric * 

u excess (20 ppm chromium, 350 ppm ferrous ions) of ferrous ions was maintained 

in the treatment system. Other bench-scale process conditions which helped to 

achieve the low chromium concentration within the effluent included the 

addition of a polyelectrolyte to aid floc formation and clarification. 

Results of the March 1990 bench-scale testing are provided in Appendix E-5. 

A 24-hour, full-scale treatment test was conducted using existing process 

equipment on May 22, 1993. Process conditions for this test included an 

influent ground water flow rate of 401 gallons per minute (gpm) from the five 

extraction wells. This flow was increased by the addition of recycle streams 

to a total process flow rate of approximately 450 gpm. The influent chromium 

concentration was 10 ppm. Treatment was conducted at a five-fold excess of 

ferrous ions to chromium ions at a pH ranging from 7.6 to 7.9. Hourly samples 

of treated effluent were analyzed by SMC's internal laboratory, by a 

laboratory (E&E) contracted by Andco, the treatment system manufacturer, and 

an independent "referee" laboratory (National Environmental Testing, Inc.). 

Results of this analysis are summarized in Table E-2. Chromium was not 

detected in the samples analyzed by E&E and NET (each lab had a detection 

limit of 10 ug/l or ppb). Analyses conducted by SMC's laboratory exhibited 

total chromium levels ranging from non-detectable (less than 1.0 ppb) to 15.1 

ppb. Process conditions and analytical results of the 24-hour pilot test are 

provided in Appendix E-5. 

u 

While variations in operational parameters (pump operation, cycle periods, 

etc.) have been used to optimize system operation, the reliability of 

operating the electrochemical system to consistently achieve a level of 

chromium in the effluent which is less than 5.8 ppb has not been 
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demonstrated. When contacted regarding potential improvements to the system 

to lower chromium effluent levels on a consistent basis, the manufacturer 

d indicated that achievement of treatment levels in the single part per billion 

.range is not a normal operating requirement. While modification of the system 

can likely attain the desired effluent level ( 5 . 8  ppb total chromium) on a 

consistent basis, operating data (other than SMC's 24-hour test) are not 

available to verify removal rates below about 10 ppb. The basic reason for 

this data gap is that most chromium treatment processes are not required to 

treat to levels below about 50 ppb. Also, based on chromium's practical 

quantitation limit (PQL) of 10 ppb, standard water analyses run for other 

operating systems are typically not sensitive enough to detect such a level of 

treatment. The existing system is not expected to comply with proposed TDS 

surface water discharge permit conditions under normal operating procedures. 

Advantages to utilizing the existing electrochemical precipitation system 

to attain the proposed chromium discharge to surface water permit conditions 

include; the presence of the process equipment on-site and on-line; the 

familiarity of SMC personnel with the existing equipment; the relatively low 

u 

capital costs associated with any required modification of. the existing 

system; and the documented performance of the system to achieve the proposed 

chromium limit under test conditions. 

The major disadvantage is the anticipated increased consumption of iron 

electrodes necessary to achieve conditions suitable for removal of chromium to 

below 5.8 ppb. Increased electrode consumption would increase sludge 

generation. A series of preliminary calculations indicate that at present 

typical operating conditions (9 ppm hexavalent chromium, 45 ppm ferrous ion 

concentration, 450 gpm flow) a total of approximately 80 cubic feet of metal 

hydroxide sludge (30% weight percent solids) could be produced per day. If 

d 
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process conditions were modified to achieve a 15- to 20-fold stoichiometric 

excess of ferrous to chromium ion concentration, sludge generation would . 
increase approximately three- to four-fold. Other factors which would change 

as a result of process stream modifications would be the increased consumption 

of the sacrificial iron electrodes, the increased need for hydrogen peroxide 

to oxidize residual ferrous ions, and increased power consumption required to 

produce the necessary ferrous ion concentration. Additional filtration 

capacity could also be required. Capital costs for system modification are 

estimated at approximately $100,000 for filtration improvements and annual 

operation and maintenance costs are estimated to be approximately $140,000, 

based on increased operating costs and additional sludge disposal. 

In summary, modifications of the existing electrochemical treatment system 

would appear to be relatively easy to implement, and capital cost-effective in 

achieving the proposed chromium discharge to surface water permit condition. 

However, the long-term reliability of the system to consistently achieve this 

level is unknown at this time and the inability of the treatment system to 

achieve proposed TDS discharge to surface water permit conditions is a 

disadvantage. 

Ll 

PRELIMINARY SYSTEM EVALUATION 

This section summarizes the results of a brief evaluation of each of the 

four identified treatment technologies on the basis of the following criteria: 

0 Effectiveness, 
0 Implementability, and 

cost. 

A summary of the comparative analysis is provided in.Table E-3. 
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Effectiveness 

Available background information indicates that each of the four treatment ’ 

u technologies may be effective in reducing the total chromium content of the 

effluent stream to below 5.8 ppb, depending on the type of separation process 

used and its associated applicability to the physical state of the chromium i n  

the electrochemical system effluent. However, in general, treatability data 

for these additional systems which demonstrate chromium removal rates below 10 

ppb are typically not available. 

Of the four treatment technologies outlined above only modification of the 

Andco system and addition of a chelation ion exchange resin have the 

capability to selectively remove heavy metals such as chromium from the 

effluent. The Andco system is not expected to provide adequate removal of TDS 

to meet the proposed surface water discharge permit conditions. The 

effectiveness of the ion exchange system in providing primary treatment of the 

ground water was limited based on the presence of colloidal particles in the 

wastestream: the potential for fouling of the resins as a result of 

post-treating the electrochemical treatment system effluent is currently 

undefined. Preliminary treatability study testing indicates the system may be 

able to meet both chromium and TDS effluent conditions. The Andco system 

produces a non-hazardous waste while the ion exchange waste is expected to be 

hazardous. 

‘d 

The other two technologies, reverse osmosis and microfiltration/ 

ultrafiltration are non-specific in their removal capabilities. The 

micro f i l t r a t iodu l t r a f i l t r a t ion  technology would not be effective in removing 

dissolved species. The reverse osmosis waste is expected to be hazardous 

while the microfiltration waste will require characterization to determine if 

it is hazardous. 
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Implementability 

Implementability refers to the technical and administrative feasibility of ‘ 

implementing a’remedy. Given the presence of the Andco treatment system at 

the site, and the available process equipment for ion-exchange present at the 

SMC facility, these two options are clearly more readily implemented than 

reverse osmosis and microfiltration systems. Initial treatability study 

testing of the Andco and ion exchange treatment systems has been completed. 

Design and pilot scale development of the reverse osmosis and microfiltration 

systems would likely take a longer time period as compared to modification of 

the Andco system or evaluation of alternate resin systems. 

As noted within the descriptions of each of the four treatment 

technologies, capital and especially operations and maintenance costs may be 

quite variable for each system. However, the capital cost required for design 

and construction of either a microfiltration or reverse osmosis system is far 

greater than that required to either modify the existing electrochemical 

precipitation process or add an ion exchange unit process to the existing 

system. Therefore, selection of either the existing system modification or 

addition of an ion exchange system would be most cost-effective in the 

short-term. Long-term operational costs are more difficult to define based on 

d 

existing data. 

CONCLUSIONS 

Based on the preliminary information presented above, it appears 

technically possible to achieve a total chromium content in the 

electrochemical treatment system effluent of less than 5.8 ppb using one of 

~4 
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several technologies. The following two technologies offer the best 

combination of effectiveness, implementability and cost: 

i/ 
Modification of the existing Andco Electrochemical Treatment Unit, 

Ion Exchange. 
and 

Additional study through bech-scale or, in the case of electrochemical 

treatment, possible full-scale tests is recommended to further establish the 

best technology. 
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APPENDIX E - REFERENCES 

Vendors : 

Advanced Separations Technology, Lakeland, Florida. 

Andco Environmental Processes, Inc., Amherst, New York. 

Bio-Recovery Systems, Inc., 2001 Copper Avenue, Las Cruces, New Mexico 

"d 

Osmonics, 5951 Clearwater Drive, Minnetonka, Minnesota. 

Oberlin Filter Company, 404 Pilot Court, Waukesha, Wisconsin. 

The Purolite Company, 150 Monument Road, Bala Cynwnyd, Pennsylvania. 

Weston Analytics Division, 208 Welsh Pool Road, Lionville, Pennsylvania. 

Other Sources of Information: 

Applegate, L.E., 1984. "Membrane Separation Processes", Chemical Engineering, 
June 11, 1984. 

Freeman, Harry M., Editor, 1989. Standard Handbook of Hazardous Waste 
Treatment and Disposal. McGraw-Hill Book Company, 1989. 

Palmer, S.A.K., et. al., 1988. Metallcyanide Containing Wastes: Treatment 
Technologies. Pollution Technology Review No. 158, Noyes Data Corporation. 

Parekh, B.S., 1991. "Get Your Process Water to Come Clean", Chemical 
Engineerinq, January 1991. 

USEPA, 1985. Handbook: Remedial Action at Waste Disposal Sites (Revised). 
EPA/625/6-85/006, October 1985. 

USEPA, 1991. E.I. DuPont De Nemours & Company/Oberlin Filter Company 
Microfiltration Technology. EPA/540/A5-90/007; October 1991. 

USEPA, 1992. The Superfund Innovative Technology Evaluation Program: 
Technology Profiles; Fifth Edition. EPA/540/R-92/077; November 1992. 
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TABLE E-1 

TYPICAL OPERATING DATA 
MAY 1993 

ELECTROCHEMICAL TREATMENT SYSTEM 
SHIELDALLOY METALLURGICAL CORPORATION 

May 1,1993 
May 2,1993 
May 3,1993 
May 4,1993 
May 5,1993 
May 6,1993 
May 7,1993 
May 8,1993 
May 9,1993 
May 10,1993 
May 11, 1993 
May 12,1993 
May 13,1993 
May 14,1993 
May 15,1993 
May 16, 1993 
May 17, 1993 
May 18, 1993 
May 19, 1993 
May 20, 1993 
May 21, 1993 
May 22, 1993 
May 23, 1993 
May 24, 1993 
May 25, 
May 26, 
May 27, 
May 28, 
May 29, 
May 30, 
May 31, 

993 
993 
993 
993 
993 
993 
993 

41 0 
41 1 
393 
384 
41 2 
387 
Off 
370 
398 
385 
355 
359 
395 
421 
396 
31 6 
398 

. 413 

398 
401 
401 
394 
404 

‘400 

389 
408 
406 
409 
400 
41 4 
41 3 

377 
394 
377 
352 
41 2 
129 
Off 
31 
381 
385 
296 
299 
280 
385 
396 
31 6 
282 
379 
400 
365 
368 
401 
394 
337 
389 
408 
406 
409 
368 
41 4 
41 3 

31 -DAY HOURLY AVERAGE: 382 gpm -. 
31 -DAY 24-HOUR AVERAGE: 
lote: The average hourly flow represents the average flow over the hours the system is 

352 gpm 

operating (i.e., does not consider downtime due to high tank alarms, etc:) 
The average 24-hour flow is the average flow over the 24-hour period, including 
downtime. 



Sample ID 

5-21 -93-4B 
5-21-93-5B 
5-21-93-6B 
5-21-93-7B 
5 - 21 - 93 -8B 
5 - 21 - 93 - 9B 
5-21-93-1OB 
5- 21 -93 - 11B 
5-21-93- 12B 
5-21-93- 13B 

5-22-93-3B 
5-22-93-4B 
5-22-93-5B 
5 - 22 - 93 - 6B 
5-22-93-7B 
5- 22- 93 - 8B 
5-22- 93 - 9B 
5 -22 - 93 - 1OB 
5-22-93-11B 
5-22-93-12B 
5-22-93-13B 
5-22-93-14B 
5-22-93-15B 
5 -22 - 93 - 16B 
5 -22 -93 - 17B 

TABLE E-2 
24-Hour Pilot Test Analytical Data 

Total Chromium in Effluent 

Time 

1300 
16:OO 
17:OO 
18:OO 
1 9:oo 
20:oo 
21 :oo 
22:oo 
23:OO 
23:59 

01 :oo 
02:oo 
03:OO 
04:OO 
05:OO 
06:OO 
07: 00 
08: 00 
09:oo 
1o:oo 
1 1 :oo 
12:oo 
13:OO 
14:OO 
15:OO 

rlotes: 
1. Analyzed by SMC's Laboratory. 

Results - ugfl (ppb) Total Chromium 

c1.0 
3.4 
c1.0 
1.1 

c1.0 
3.2 
1.5 

c1.0 
c1.0 
c1 .o 

c1.0 
3.8 
1.9 
4.7 

c1.0 
3.1 
2.2 
c1.0 
c l  .o 
1.3 
2.4 
1.1 
15.1 
3.3 
1.7 

c10 
e10 
e10 
c10 
<lo 
e10 
c10 
e10 
c10 
e10 

e10 
c10 
<10 
B 
B 

c10 
B 

c10 
c10 
e10 
e10 
<lo 
c10 
c10 
C I O  

2. Analyzed by Andco's laboratory - Ecology and Environment. 
3. Analyzed by National Environmental Testing, Inc. of Thorofare, N.J. 
4. -= Indicates that chromium was not reported above the detection limit. 
5. - - Indicates not analyzed. 
6.  Sample broken prior to analysis. 
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TABLE E-3 

COMPARISON AMONG SUPPLEMENTAL TREATMENT TECHNOLOGIES 
IN ACHIEVING COMPLIANCE WITH PROPOSED DISCHARGE TO SURFACE WATER PERMIT CONDITIONS 

SHIELDALLOY METALLURGICAL CORPORATION 

TECHNOLOGY EFFECTIVENESS IMPLEMENTABILITY COST 

Ion Exchanae 

Reverse Osmosis 

Microfiltration/UItrafiltration 

Expected to attain both chromium and 
TDS proposed discharge to surface water 

testing supports this expectation; a resin 
may be identiiied which specifically 
targets chromium removal 

May attain chromium and TDS proposed 
discharge to surface water permit 

study testing to verify treatability; not 
chemical-specific in terms of 
con tam in ant removal 

May attain chromium proposed discharge 
to surface water permit conditions; is not 

conditions; would require treatability 
study testing to verfy treatability; not 
chemical-specific in terms of 
contaminant removal 

Requires replacement of resin in 
existing ion exchange unit and tie-in 
of existing unit to electrochemical 
treatment system 

Capital Costs: $1 50,000 
Annual Operation and Maintenance: 

Present Worth: $2,800,000 
permit conditions; initial treatability study $500,000 

Requires construction of new 
treatment system; requires 

membrane type and system 
configuration for treatment of 
electrochemical effluent 

Requires contructlon of new 
treatment system 

Capital Costs: $1 ,OOO,OOO 
Annual Operation and Maintenance: 

Present Worth: $2,8OO,OOO 
conditions; would require treatability determination of appropriate $300,000 

Capital Costs: $700,000 to $1 ,OOO,O00 
Annuai Operation and Maintenance: 

Present Worth: $1,400,000 to $3,800,000 
expected to attain proposed TDS permit $100,000 to $500,000 

Electrochemical Treatment System 
Modification discharge to surface water permit existing treatment system; may Annuai Operation and Maintenance: 

Expected to attain chromium proposed 

conditions; is not expected to attain 
proposed TDS permit conditions; 
treatability and operational studies 
confirm proposed chromium discharge 
conditions may be achievable; 
technology is specifically targeted to 
chromium removal 

Requires modification of operation of 

require additional filtration capacity $140,000 

Capital Costs: $100,000 

Present Worth: $840,000 

Note: Present Worth cost estimate includes operation over five years and 20% contingency . 
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ION-EXCHANGE LITERATURE 



April 1990 - ElectrochemicaI/Multi-Media Filtration/ 
Ion Exchange Treatability Test Data 



W' 

Results of the A~ril  25. 1990 and April 27. 1990 Treatabiliw T e ~ t i n ~  

Performed for: 

procedure: 

1 -  

2 -  

3 -  

4 -  

5 -  

6 -  

7 -  

ShietdaUov MctalIurPical Cornration 

To a threegallon sample, add fetrous iron by eIecvochemica1 generation, 

Using sulfuric acid, adjust pH to 8.0-8.5. 

Add 5 ppm (2 ppm active) Andco 3640 anionic polyelecuolyre and allow to settle. 

Decant soluuon to'amther container and add 2 ppm hydrogen pcroxide. 

Next, begin pumping the sample through the Multi-Media FiltratiodIon Exchange System. 

Following thirty minu~es of equilibration time, various stage effhents were cdlcctcd. 

c 

Mer approximately fiEteea minutes, another W effluent sample was collected to help 
understand how the set-up performs over time. 

c 



Table 1 

Descrimion ls Chrome fl') 
mg/l 

Untreated 
-27-0 951 205 0.348 1100 

Tablc 2 

Treatment Test #l 

Fe'2 added (EC) = 75 ppm 

DH 

7.91 

7-86 

1.97 

10.45 

10.76 

DescriDtion 
'\d 

Post Solids Sep 
S427-1B 0.832 -- 1000 

Post M~lri-Media 
s427-1c 0.035 0.500 1000 
Post (+)l Resin 
S-4-27-1D 0.012 

4 0.004 

0.006 

68 
Post (-)2 Resin ,.. 
S427-1E 

50 
Post (-)z Resin 
PLUS 10-15 minutes 
S427-1F 94 

1 : (+) = Cotion Exchange 

2 : (-) = Anion Exchange 

. 



Tablc 3. 
Treatment Test #2 

Fe+2added (EC) = 2H)ppm 

Descrir, tion DH Chrome fl) 
mgn 

Post solids sep. 
S427-2B 7485 0.324 

S-4-27-2C 7-77 t0.015 
Post Multi-Media 

Past (+)' Resin 
-27-20 205 CO.004 

Post (-)* Resin u 
S427-2E 9.45 0.009 

830 - 

0261 830 

- 
350 u 

25 

1 : (+) = Cation &change 

2 : (-) Anion Exchange 



I 

%U 
Table 4. 

Tratmeni Test #3 

Fe+' added (EC) = 350 ppm 

Description 

Post soli& sep. 
S427-3B 

Post Multi-Media 
-27-3C 

Post (+)l Resin 
S427-3D 

Post (-)2 Resin 
S427-3E 

\ Post (-)2 Resin 
Plus 10-15 mins. 

l.l 

S427-3F 

7.66 0.155' - 670 

1 : (4-) = at ion Exchange 

co.015 0.150 570 757 

c0.w -- 270 - 214 

41 10.24 0.011 - 

10.28 <O.W - 28 

2 : (-) = h i o n  bhaxlge 





Ten reasons whv Point SI 
Compliance. 
Compliance with low metalef- 
fluent limits ispossibleday after 

day. Bio-Recovery’s Point Source 
SystemTM is proven technology. 

Ion exchange is less 
expensive. 2 0 The price/performance value of 

ionexchange technology is superior to 
other technologies used to achieve low 
effluent limits. 

In today’s environmentally -aware world, 
where “toxic information” makes big 
headlines, Bio-Recovery is leading the way 
with safe, cost-effective solutions to your 
waste treatment needs. 

Corporate liability can be 
reduced or eliminated. 3 0 Conventional waste treatment 

systems frequently generate large quantities 
of toxic mixed metal sludge. Disposal of 
this sludge in alandfill exposes the gener- 

x to  perpetual liability. Bio-Recovery‘s 
u o i n t  Source SystemTM reduces or 

eliminates sludge. 
Metals can be recovered in 
a reusable concentrated 4 form. Ionexchangecanpullout 

heavy metals such as copper, nickel, 
chromium, cadmium, zinc, tin, lead,gold 
and silver in a concentrated form that can be 
reused or sold to other manufacturers. 
While conventional ion exchange systems 
can recover these metals, Bio-Recovery’s 
selective ion exchange technology can 
recoverthesemetals in apurerformand with 
higherefficiency. 

Small and flexible Point 
Source Modules can work 

ized system or can stand on their 
own to handle your waste treat- 
ment needs.When youaddanew 
manufacturing process it may upset the 

5 with your current central- 

Bio- Recovery’s PSRIPSTM Point SourceModuies 
forremoval of ionic impurities and heavy metals 
from solution. 
chemistry of your centralized waste 
processing system. Or maybe yourprocess- 
ing volume increases and you have a higher 
waste stream flow than your systemcan 
handle. The Bio-Recovery Point Source 
SystemTM is designed to supplement your 
current waste treatment system right at the 
source where the waste stream is generated. 

If you don’t have a waste treatment system, 
or if you need to replace your current waste 
treatment system with efficient, reliable 
state-of-the-art technology, our Point 
Source SystemTh4 is a cost-effective 
solution. 

Quick-connectldisconnet 
system can speed and sim, 6 e plify operation. Changing 

canistersonothersystemscanbeclumsy. 
time consuming and prone to spills of tox 
solutions. Our quickconnect/disconnect 
system saves you time and trouble. 

Quick-connectldisconnectsystem. 

Ion exchange columns cai 
be easily regenerated for 7 0 reuse.As the stream of contamj 

nated liquidflowsthrough the column, re 
beadspull theionsoutofthesolution. W 
the resincolumnis saturated, it is easily 
regenerated by treating the resin to releasc 
the contaminants so the column can be 
reused. 

8 0 Youdon’t have tobe aPhD to 
understand, operate and maintain our 
system. It’sdesignedto workand keep 
working. 

Long life and low 
maintenance are built in. 

Large-s ys t em experience 
has been applied. 

itself as the technology leader by installin 
fully automatic, integrated wastewater 
treatment systems for the segregated 
treatment of industrial wastewaters. 

9 Bio-Recoveryhasestablished 
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urce is the right solution. 
troduction of the Point Source 

u r n r n  marks the application of our 
proven technology to the special needs of 
customers for point source treatment in: 
Heavy metal removal 
Water recycle 
Bathpurification 
Pilot scale testing 

Acompletemodular 
system allows a custom- 10 @ izedsolutionat off- the- 

shelf pricing.Each customer has dif- 
ferent needs. That’s why our Point Source 
SystemTM is designed to allow eachcus- 
tomer to buy only the modules that are 
needed to solve his particular problem. 

Themodules are: 
Point Source Recovery Module 

(PSR)TM :This moduleremovesessentially 
all ionic impurities to produce deionized 
water. Available for2.5- and 5-gpm flow 
rates. 
Point Source Treatment Module 

(PST)TM :This module removes toxic heavy 
metals from wastewater, leaving non- 
hazardous ionic impurities, allowing treated 
water to be discharged or reused. Available 
for 2.5- and 5-gpm flow rates. 
Regeneration Control Module (RC)TM : 

This module automates the regeneration of 
the ion exchange columns, allowing their 
reuse. It contains the regeneration control- 
ler, plumbing, chemical storage tanks and 

pumps for regeneration 

This module consists 
of tanks used to hold 
the solutions gener- 
atedby theRCTM 
module during 
regeneration. 
Electrowinning 

Module (EW)TM : 
This module converts 
the concentrated metal 
solution generated by 
the RCTM module into 
a nonhazardous metal 
form. 

Bio-Recow?’s 
Regenerarion Control 
ModiileTxl for automated 
regeneration of ion 
eschange colrtmns. 

Bio Recovery S ElectrowinningModuleTU converts 
concentratedmetalsolution into a nonhazardous 
metal form. 

“The BRS PointSource 
System has reduced our 
toxic sludge output by 65 
percent. They’ve done a 
lotofgood for such a 
small investment.” 
- David Unger 

Environmenital Engineering Manager 
Alternate Circuit Technology 
Ward Hill, Massachusetts 

Corerphoto: Chromium ions being strippedj?oni an 
ion eschange resin aspart of a Bio-Recovery 
Feasibilin‘ Assessnzent Tesr. 

2001 Copper Avenue 

Fax (505) 523-1638 

Ourbusiness is to 

from aqueous solutions. 
remove heavy metals 

E l 0  R E C O \  E R Y  S Y S T E V S  I h C  



The Bio-Recovery Edge. 
It takes more than state-of-the-art 
equipment to make asuccessful 
wastewater treatment system. It 
takes dedicated professionals with 
experience, know-how and 
research capabilities who are 
committed to your success. 
Bio-Recovery maintains this 
cutting edge inresearch and 
development at its corporate 
headquarters in New Mexico. A 
fully integrated laboratory and a 
complete fabrication facility 
guarantee the high quality and 
success you've come to expect 
from Bio-Recovery. Fromour 
flexible modular designs to our 
full- size centralized systems, 
Bio-Recovery is the right choice 
for your wastewater treatment 
needs. 

Bio-Recovery can meet your 
needsfor systems, including: 

Ion Exchange 
Deionized Water 
Reverse Osmosis 
Ultrafiltration 

Wesolve your problems with: 
Discharge Compliance 
WaterReuse 
Bath Purification 
Incoming Water Treatment 

PHOTOS FROMUPPER LEFT: 5io-Recol.ery 
chemist evaluates treatmetltperforr~~ance drtritig 
Feasibility Assessnrenr Tesr. UPPER RIGHT: 
Portahle Eflrtent Treatmctrt Eqitiptnenr ( PETEIT'" 
allows portahlc nperarion andsmall- scale pilot 
resring. LEFT: Fitllj auronratir intepured waste\t'arcr 
rreatment systemspi-or.idc cost-ejj'eecri~ 
environmenral cnn~pliat~ce. 

2001 Copper Avenue 
L a  Cruces, N M  88005 

Fax (505) 523-1638 
(505) 523-0305 
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FEASl BI LlTY ASSESSMENT TESTING 

W 

I .  OBJECTIVES 

Client groundwaters  are contaminated  with chromium,  t h e  majority of 
which is hexavalent. Contaminated groundwaters  must  be pumped  a n d  treated so 
t h a t  t h e  discharge m e e t s  drinking water  limits fo r  chromium. 
al lowable levels of chromium are 50 par t s  per  billion. 

Maximum 

I I .  WATER CHARACTERISTICS 

Contaminated gr oun dwa t  ers 

Chemica l  

Total Dissolved Solids 
Total Organic Carbon 
S u l f a t e  
Magnesium 
Calcium 
Total Alkalinity 

Chromium 
PH 

w e r e  found to h a v e  t h e  following characteristic 

Concent ra t ion  ( o o m l  

I I 1 .  CHROMIUM REMOVAL AND RECOVERY 

207 
24 
37 
9 
42 
99 
7. a 
0.35 

Several different r e s ins  were initially t e s t e d  for efficiency of chromium 
removal  without pH adjus tment  of the waters. These t e s t s  are d o n e  by filling a 
smal l  column with resin to  a certain volume ( termed a resin bed volume.) Then  
g roundwate r s  a r e  pumped through the resin a t  a spec i f ied  flow ra te  a n d  effluents 
from the column are collected. The effluent volume is m e a s u r e d  a n d  converted 
into resin bed volumes. For example ,  if t h e  resin bed volume is 5 mL and  100 bed 
v o l u m e s  of water were passed through the resin,  this would t rans la te  into 
500 mL of water  which w a s  t rea ted .  In this example ,  i f  all metal  w a s  bound to 
t h e  resin during the p a s s a g e  of 100 bed volumes,  then  t h e  metal  would have been 
concen t r a t ed  by a factor of 100. By the s a m e  token if in this example  the resin 
.bed volume had been 100 gal lons,  a n d  100 bed volumes  were treated, this would 
co r re spond  to  treatment of 10,000 gallons of water .  Thus t h e  number  of bed 
v o l u m e s  of water which c a n  be  t rea ted  be fo re  e f f luen t s  e x c e e d  d ischarge  limits 
allows proper  sizing of the t rea tment  sys t em for  a specified flow rate. 
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One  specific a d s o r b e n t  s-howed excel lent  chromium removal  from 
groundwaters adjusted to pH 4. The groundwater  at pH 4.0 w a s  loaded at a flow 
rate of 20 bed volumes pe r  hour into a column (0.7 crn I.D.) containing a 5 mL bed 
volume of resin. 
ana lyzed  for chromium. Table 1 shows resul ts  of t h e s e  ana lyses .  

Four bed volume fract ions of effluent w e r e  collected a n d  

TABLE 1 

Chromium Loading. 
Influent chromium concentration was  0.35 ppm. 

Eff luent  C h ro rn iu m Concent ra t ion  
Bed Volume in Effluent (DD m\ 

272 

752 
880 

1008 
1136 
1200 

528 
0.0026 
0.0051 
0.0052 
0.0046 
0.0045 
0;0036 
0.0045 

After the p a s s a g e  of 1200 bed vo lumes  of t h e  chromium-containing waters 
t h r o u g h  the column,  e f f l u e n t s  were still below 5 parts per billion in chromium. 
At th i s  point, flow through t h e  column was s t o p p e d ,  a n d  t h e  column w a s  stripped 
of chromium by the  passage of 10 bed volumes  of 2 M sodium hydroxide followed 
by 3 bed volumes of distilled water. 
87 percent of t h e  bound chromium w a s  recovered  in t h e  first 4 bed volumes  of 
t h e  stripping solution. 
96.9 p e r c e n t .  

Analysis of effluents s h o w e d  that over 

Tota l  chromium recovery  from all effluents was 

The s a m e  column w a s  again loaded with 1200 bed volumes  of the 
chrcmiurn-containing waters as described above .  
were consistently below 5 ppb.  After p a s s a g e  of 1200 bed vo lumes  the column 
was stripped aga in  with similar results to t h o s e  desc r ibed  above .  
loading-stripping p rocedure  was r epea ted  yet a third t ime with similar results 
as :hose  described above .  

Effluents from t h e  column 

The entire 

L .  .. 
C ) .  E 



I v. CONCLUSIONS 

It is clear tha t  chromium c a n  be removed  from t h e  con tamina ted  
groundwaters  using ion-exchange  res ins  s o  tha t  t r ea t ed  w a t e r s  conta in  
chromium in t h e  low part  per billion level. 

i/ 
- 

The column exper iments  were  s t o p p e d  in t h e s e  expe r imen t s  af ter  t h e  
p a s s a g e  of 1200 bed volumes of waters  through t h e  columns. B a s e d  upon our  
p a s t  exper ience  w e  predict tha t  approximately 5000 to 6000 bed vo lumes  of 
wa te r s  c a n  be t rea ted  before t h e  level of chromium in t h e  eff luents  e x c e e d s  
50 ppb.  

d 
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PUROLITE" 
ION EXCHANGE RESINS 

Section 1. 

Chelation Systems 

Technical Data 

INTRODUCTION 

The removal of metals from process liquors 
is rapidly gaining in importance. The 
escalating costs of disposal of waste 
solutions, in order that they comply with 
increasingly tough regulation, have to be 
taken into account. Such costs have to be 
considered in conjunction with possible 
savings to be made from recovery. 
Purolite offers a range of chelation resins 
which will selectively remove particular 
groups of metals from solution. After 
preliminary recovery by precipitation, on the 
one hand, or where plated metal objects have 
been given final rinses, on the other hand, 
these metals are usually present in waste 
solutions in concentrations of several parts 
per million. Such concentrations although 
low are found to be environmentally harmful 
in many cases. 
The use of Purolite Chelation Resins for the 
purification of these waste aqueous streams 
to render them suitable for disposal through 
the domestic sewerage system, or direct 
disposal into suitable aquifers, affords a most 
suitable and economical means of treatment, 
which yields treated solutions containing 
almost undetectable (ppb) concentrations of 
the undesirable metals. The many-fold 
increase in 

Section I I .  

Resin Type 

Purolite 

S-920 

. 
S-930 

S-940 

S-950 

conceniration of the metals 

on the chelation resin makes possible the 
recovery of the metal for reprocessing or 
effective disposal in a less harmful form. 

Modern industrial chemical processes often 
use sophisticated techniques which provide 
a more economical route to high quality 
products. One such process uses membrane 
cells for the electrolysis of brine to produce 
caustic soda and chlorine. The membrane 
cells require that the inlet brine contains less 
than 20ppb of calcium for efficient operation. 
Purolite S-940 provides an ideal route to 
reduce calcium concentration in brine feed 
solutions from l - l5ppm,  as found in 
conventionally purified solutions, to well 
within the required specification, for the 
smooth operation of this process. 

Functional Group Matrix 

As analytical techniques continue to improve, 
the study of the effect of trace levels of 
impurities on the economics of industrial 
processes is increasingly well understood. 
The very high selectivity of chelation resins 
means that these ion exchange resins will 
offer many further possibilities to remove 
harmful contaminants to provide solutions of 
the required purity. 

Thiouronium Macroporous 
styrene-divinyl- 

benzene 

lminodiacetic Macroporous 
styrene-divinyl- 

benzene 

Aminophosphonic Macro porous 
styrene-divinyl- 

benzene 

Aminophosphonic Macro porous 
styrene-divinyl- 

benzene 

Principal Applications 

Mercury and precious metals 
removal from aqueous solutions 

Effluent treatment, 
hydrometallurgy 
(Specific for heavy metals) 

Brine purification 
(Removal of calcium etc) 

Effluent treatment 
Hydrometallurgy 
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ION EXCHA~GE RESINS 

Section 111. 

S-920 
Macroporous Thiouronium 

Chelating Resin 
(For the selective removal of mercury and 
precious metals from aqueous solutions) 

Technical Data 
PRODUCT DESCRlPTiON 

Purolite .S-920 is a macroporous poly- 
styrenic based chelating resin, with 
thiouronium groups designed for the selective 
removal of mercury and for the recovery of 
precious metals from the industrial effluents. 
The mercury, in particular, is strongly bound 
to the functional groups to form highly stable 
complexes, with high selective affinity 
compared with those of other heavy metals. 
These properties are largely unaffected by 
high chloride (or sulphate) content of the 
effluent. Effluent solutions which may typically 
contain 2-20ppm of mercury can be treated 
to reduce the concentration in solution to less 
than 0.005ppm. Purolite S-920 can load up 
to 150g of mercury, or gold, or 60g approx. 
of platinum or palladium for each litre of resin, 
equivalent to 9.4, and 3.75 Ib/ft3 respectively. 
Purolite S-920 is designed for the removal 

of low concentrations of soluble mercury 
salts from waste streams and for the recovery 
of precious metals from rinse waters in the 
galvanic and electronic industries. Purolite 
S-920 is also used in hydrometallurgy for the 
separation of precious metals from acid 
liquors. Mercury and precious metals are so 
strongly held, and run lengths are so long 
(thousands of hours) that it is not normally 
considered economic to regenerate the resin 
for reuse, hence the resin is burnt to recover 
the loaded metals. 

Purolite S-920 is more resistant to oxidation 
than many thiol based resins and contact with 
the atmosphere is not detrimental, however 
free chlorine and other strong oxidising agents 
may damage the resin and their removal from 
solution by filtering through activated carbon 
is recommended. 

Typical Chemical & Physical Characteristics 

Polymer Matrix Structure ....................... Macroporous Styrene-divinylbenzene . 
Physical form & Appearance ................................... Opaque Cream Spheres 
Whole Bead Count ....................................................................... >95% 
Functional Groups ...... .: ............ ;. ......... ..'..:. ......... Thiouronium 
Ionic Form (as shipped ............................................. H+ 
Shipping Weight ....... ... i: ............... 740g11 (461b/ft3) 
Screen Size Range (British Standard Screen) ...................... 14-52 mesh, wet 

Moisture Retention, H+ Form ...................................................... 48-54% 
Reversible Swelling, (H+ 4 Hg+ + )  .................................................. < 5 %  
Specific Gravity, Moist H+ Form ....................................................... 1.12 
Specific Gravity, Moist Hg+ + Form .................................................... 1.40 
Total Exchange Capacity, H+ Form (wet, volumetric) .................... 1509 Hgll 
Max, Operating Temperature, H+ Form .................................. 8OoC (1 76OF) 
Operating pH Range ..................................................................... 1-13 

. j  

Particle Size range ...................... : ................ + 1.2mm <5%, - 0.3mm <1% 
- 

. .  



STANDARD OPERATING CONDITIONS 

It is recommended that Purolite S-920 is 
used in a two column, lead and trail system. 
,In this way, maximum loading of the resin 
is achieved. When use is for mercury uptake, 
it is usual to pretreat the solution with lime 

neutralisation and to fully oxidise the metals @ 
and sulphites with H,O,. This is followed by 
flocculation with an inorganic polyelectrolite, 
sedimentation, sand and activated carbon 
filtration. 

6-18 mlh 
1 OOOmm 
4-8 mlh (see fig. 21, for 20 min. Backwash flow rate: 

PRINCIPLE OF REACTION 

Mercury Removal 

/ 
RCH,---- s--c 

\\ 
\\ 

NH 

+ Hg++ Cl;-- 

The mercury is strongly complexed by the by the mercury exchange (release of acid 
sulphur and nitrogen groups. When the resin held by the weakly basic thiouronium 
is well rinsed with water before use, the mer- groups). 
cury salt as a whole is accommodated on the 
resin. In most instances the p f f  of the water In general Purolite S-920 will complex 
to be treated will lie in the range of 3-10, precious metals when they are present as 
which is generally very suitable for highest free cations. The free cation state is 
mercury uptake. pH may be reduced slightly governed by the pH of the solution. 

HYDRAULIC CHARACTERISTICS 

The pressure drop (or headloss) across a pro- 
perly classified bed of ion-exchange resin 
depends on the particle size distribution, bed 
depth, and voids volume of the exchange 
material, and on the flowrate and viscosity 
(and hence on the temperature] of the in- 
fluent solution. Anything affecting any of 
these parameters, for example the presence 
of a particulate matter filtered out by the bed, 
abnormal compaction of the resin bed, 

or the incomplete classification of the bed will 
have an adverse effect, and result in an in- 
creased headloss. 

Service flow rates from 10-30 bed volumes 
per hour, depending on the application, may 
be regarded as the normal range used on this 
resin. Typical pressure drop figures to be ex- 
pected for ordinary aqueous solutions, are 
given in Fig. 1. 



Fig. 1. PRESSURE DROP VS FLOW RATE 

FLOWRATE U.S. g p m W  

W 1 .o 

0.8 
E - 
N 

4 5 
0.6 

n z 
w = 0.4 2 
U n 

0.2 

4- 

3- 

2- 

1- 

Fig. 2. BACKWASH EXPANSION 
(New resin) 

FLOWRATE U.S. gpm/ft2 

2 4 6 8 

FLOWRATE mlh 

During upflow backwash, the resin bed 
should be expanded in volume by between 
50 and 75%, to clear the bed of bubbles and 3 voids, and to classify the resin particles as 

i d  much as possible, ensuring minimum 
resistance to flow. Bed expansion increases 

FLOWRATE m/h 

with f low rate and decreases w i th  
temperature, as shown in Fig. 2. This applies 
to unused resin. Since the resin is not 
regenerated, backwash at exhaustion is not 
required. Care should always be taken to 
avoid resin loss by over-expansion of the bed. 

CONVERSION 

1 m/h (cubic metres p 

1 Kg/cm2/m (Kilograms per square cm. per metre of bed) 

= 0.409 U.S.gpm./ft*. 

= 4.33 psilft. 
= 1.03 atm./m. 
= 10 ft. H,O/ft. 

OPERATING PERFORMANCE 

The operating capacity will be higher on the 
first cycle since both lead and trail columns 
will use new resin. This cycle will be com- 
plete when the lead column is saturated (that 
is when influent and effluent have reached 3 equilibrium). The substantial leakage which 

d occurs from the lead column towards the end 
of the cycle is of course taken out by the trail 
column. This uses capacity depending upon 
the conditions of operation. In subsequent 
runs the throughput obtained from the lead 

column will be reduced according to load 
previously taken up while the bed was in the 
trail position. 

The Fig. 3. gives a typical exhaustion profile 
from the outlet of the trail column in terms 
of bed volumes throughput for the lead col- 
umn. In a typical operation as shown the lead 
column is loaded with a total of 90911 of mer- 
cury of which 70-85911 may be loaded while 
the bed is in the lead position. 



Fig. 3. OPERATING PROFILE: Typical from trail column 

Inlet Mercury - 2ppm 
to Lead Column 
Temperature 2OoC 
P H  8.0 
Flow Rate 8BVlh 

0 

THROUGHPUT BED VOLUMES X 1.000 
(for lead column) 
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S-930 
Macroporous lminodiacetic 

Chelating Resin 
(For the selective removal of heavy metals from 

aqueous solutions) 

Technical Data 'W. 

Section IV. PRODUCT DESCRIPTION 

Purolite S-930 is a macroporous 
polystyrenic based chelating resin, with 
iminodiacetic groups designed for the removal 
of cations of heavy metals from industrial 
effluents. These cations may be separated from 
high concentrations of univalent cations 
(typically sodium) and also from common 
divalent cations (such as calcium). Removal 
can be achieved both from weakly acidic and 
weakly basic solutions. 

Purolite S-930 finds use in processes for 
extraction and recovery of metals from ores, 
galvanic plating solutions, pickling baths, 
and effluents even in the presence of alkaline 
earth metals (calcium and magnesium). 
Further important uses include the refining of 
the salt solutions of transition and precious 
metals and for the cleaning and purification of 
various organic or inorganic chemical products 
by removal of heavy metals contamination 
(usually from aqueous solution). 

Typical Chemical & Physical Characteristics 

Polymer Matrix Structure ...................... Macroporous Styrene-divinylbenzene 
Physical Form & Appearance ................................... Opaque Beige Spheres 
Whole Bead Count ...................................................................... >90% 
Functional Groups .............................................................. lminodiacetic 
Ionic Form (as shipped) ................................................................... Na+ 

Screen Size Range (British Standard Screen) ..................... 14-52 mesh, wet 
Particle Size range .................................... + 1.2mm <2%, -0.3mm <I  % 

Reversible Swelling, [H+ --* Na+) ................................................... < 25% 

Total Exchange Capacity, H+ Form (wet, volumetric) ............ 2.4 eq./l., min. 
H+ Form ........................... 779 of Cu + + / I . ,  min. 
Na+ Form .................................... 1.9 eq./l., min. 

Max, Operating Temperature, H+ Form ................................. 7OoC (158OF) 
pH Range (operating) H+ Form ........................................................ 2-6 - Na+ Form .................................................... 6-1 1 

Shipping Weight ........................................................... 750911 (471b./ft3) 

Moisture Retention, Na+ Form .................................................... 45-50% 

Specific Gravity, Moist Na+ Form ..................................................... 1 . I7  

Na+ Form .......................... 629 of Cu + + / I . ,  min. 
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STANDARD OPERATING CONDITIONS - 

Purolite S-930 : - n- 
ditions are given as a general example. 

rates should be 'chosen for the particular 
application. For further recommendations 

1 2.5-201blft3 
200-32Ogll H2SO4 
8.5-12.5 Ib/ft3 

Slow rinse 30-40 2-3BV 
0.4-0. 5gpmlft3 1 5-25gal/ft3 

Conversion to sodium form as required: - 
3-4BVlh N - 2N NaOH 
0.4- 0.5g pmlft3 

Rinse 3 - 4BVl h Soft or Demin 
0.4-0.5gpm/ft3 Water 

Backwash expansion 75 
Design rising space 100% 
Minimum bed depth 1OOOmm 
"gallons" refer to 

40-60 120-1 60911 
7.5- 1 Olblft3 

20-40 2-4BV 
1 5-30gal/ft3 

PRINCIPLE OF REACTION 

The iminodiacetic functional groups, in 
either the sodium or the hydrogen form, will 
chelate heavy metals by ion attraction to the 

dicarboxylic functionality and electron dona- 
tion from the nitrogen: 

7H2 -c\= O 

ONa \ /  0' \ /  
+ M2+- R-CH2-N 4 O'M + 2Na+ 

FH2-f=0 ONa 
R-CHZ-N 

CH2-C=0 CH,--C=O 

J APP LI CAT1 0 N S 
d 

Purolite S-930 is particularly suitable for the according to the following order of selectivity. 
removal of heavy metals (as weakly acidic Cu>Ni>Zn>Co>Cd>Fe(ll)>Mn>Ca 
chelated complexes) which are held The macroporous resin structure ensures 



excellent diffusion of ions thus affording ef- 
ficient exhaustion and regeneration. 
Recovery of heavy metals from effluents from 
the plating industry is achieved by concen- 
tration and is particularly useful where full 

''L.,' demineralisation and recycling of the rinse 
water is not practised. The simplest case is 
where only one heavy metal is present, when 
volumes of rinse water are low, waste water 
fees may be low, and raw water has a low 
salt content. 
Purolite S-930 can be used to reduce 
residual toxic heavy metals to below the max- 
imum admissible concentration levels which 
are often far below those obtainable 

after precipitation reactions. It may also be 
used to remove similar residuals from 
demineralised rinse water circuits. 
Purolite S-930 is also used to separate 
and concentrate heavy metals in 
hydrometallurgical processes (ore dressing 
and scrap recovery). It is particularly suitable 
where metals are present in low concentra- 
tions. Separation techniques may be carried 
out according to the order of selectivity given 
above. However changes in the sequence 
occur with change in pH and in the presence 
of certain anions (including higher concen- 
trations of chloride and sulphate). The se- 
quence given above is applicable for neutral 
and weakly acidic solutions. 

OPERATING PERFORMANCE 
The information below may be taken as a 
general guide. However, before any plant 
design is contemplated, the user should 
ascertain the exact operating performance 
under the proposed conditions of use, by 
way of column testing of the feed solution 
to be treated. 
The operating capacity is a function of pH, 

7 Fig. 1, Exchange capacity for metals 
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and inlet concentration solution for each 
metal. Fig. 1 gives the exchange capacity ob- 
tainable when using the operating conditions 
given above, as a function of pH. This 
capacity is a function of ionic concentration, 
hence the multiplication factor given in 
fig. 2 should be applied. 

Fig. 2. Correction factor for ionic 
concentration 
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HYDRAULlC CHARACTERISTICS (General Applications) 

The pressure drop (or headloss) across a pro- 
perly classified bed of ion-exchange resin 
depends on the particle size distribution, bed 
depth, and voids volume of the exchange 
material, and on the flow rate and viscosity 

(and hence on the temperature) of the in- 
fluent solution. Anything affecting any of 
these parameters, for example the presence 
of particulate matter filtered out by the bed, 
abnormal compaction of the resin bed, or the 



incomplete classification of the bed will have 
an adverse effect, and result in an increased 
headloss. Service flow rates from 8- 16 bed 
volumes per hour, 1 -2gpm/ft3, depending 
on the application, may be regarded as the 
normal range used on this resin. 

Fig. 3 PRESSURE DROP VS. FLOWRATE 
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Typical pressure drop figures to be expected 
for ordinary aqueous solutions, are given in 
fig. 3., below. This is applicable to the freshly 
regenerated H+ Form. As the resin is con- 
verted to the metal form the pressure drop 
will decrease slightly. 

Fig. 4 BACKWASH EXPANSION 
(Exhausted Form) 
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\-,-' During upflow backwash, the resin bed possible, ensuring minimum resistance OJ 
should be expanded in volume by between 
50 and 75%, in order to free it from any par- 
ticulate matter from the influent solution, to 
clear the bed of bubbles and voids, and to 
reclassify the resin particles as much as 

to flow. Bed expansion increases with flow 
rate and decreases with temperature, as 
shown in fig. 4, for a typical exhausted form 
of the resin. Care should always be taken to 
avoid resin loss by over-expansion of the bed. 

CONVERSION OF UNITS 

1 m/h (cubic metres per square metre per hour) 

1 Kg/cm.z/m (kilograms per s re'cm.'per metre of bed) = 4.33 psi.lft. 

= 0.341 gpm./ft.2 
= 0.409 U.S. gpm./ft.2 

= 1.03 atm./m. 
= 10 ft.H,O/ft. 



ION EXCHANGE RESINS 

S-940 
Macroporous Aminophosphonic 

Chelating Resin 
(Especially for decalcification o f  

Section V. PRODUCT DESCRIPTION 

brine solutions) 

Technical Data 

Purolite S-940 is a chelating resin of affinity for certain cations, and form more 
macroporous structure, with a polystyrene stable complexes with cations of low atomic 
matrix crosslinked with divinylbenzene (DVB) mass metals than their iminodiacetic resin 
substituted with weakly acidic amino- counterparts. Hence Purolite S-940 is 
phosphonic active groups. This chemical capable of fixing one or more specific cations 
structure facilitates the formation of from a larger range even from solutions 
complexes with metallic ions. The amino- which are highly concentrated. 
phosphonic chelating resins have a greater 

Typical Physical, Chemical & Operating Characteristics 
\ 

Polymer Matrix Structure ...................... Macroporous Styrene-divinylbenzene 
Physical Form & Appearance ................................... Opaque Beige Spheres 
Whole Bead Count ....... : .............................................................. >95% 
Functional Groups ........................................................ - CH, NHCH,PO, 
Ionic Form (as shipped) ................................................................... Na+ 
Shipping Weight ........................................................ 740 gll, (46 Ib.lft3) 

British Standard Screen ...................................... 18-36 mesh 
U.S. Standard Screen ........................................ 20-40 mesh 

Particle Size Range ............................. + 0.85 mm <2%, -0.425 mm<2% 
Moisture Retention Na+ Form ..................................................... 60-65% 
Reversible Swelling (H+ -* Na+) Max ............................................. 45% 

(H+ -* Ca+ + )  Max ........................................... 20% 
Specific Gravity Na+ form ............................................................... 1.11 
Total Exchange Capacity, (Na+ Form) . 20 g Cal l  (1.24 Ib./ft.3) min a t  pH  9,5 
Max, Operating Temperature O C  ( O F )  ................................... 90°C (195OF) 
Solubility ................... Insoluble in water, acids and bases, common solvents 

Screen Size Range ' I 8  

NOTE: Purolite S-940 is susceptible to concentrations of chlorates. In this case it is 
oxidation. Hence direct treatment of brine necessary to ensure that the displacement 
solutions containing free chlorine should be rinse prior to the acid regeneration is efficient, 
avoided, for instance by preliminary reaction so as to avoid the formation of free chlorine 
with sulphur dioxide, sulphite or, by use of from contact of chlorates in the brine solution 
a treatment with activated carbon. Brine with the regenerant acid. 
solution can often contain significant 

LJ 



i/ Operation 
Service 

Brine Displacement 

Backwash 

Regeneration 

Rinse 
* 15gal/ft3 

Sodium Conversion NaOH (Normall 30-60 80- 150g11 (RT) 
0.25-0.5 gpmlft3 5-9.5 Ib/ft3 

Soft water 30-60 2BV (RT) 
0.25-0.5 gpmlft3 15 gal/ft3 

Rinse 2--40Vlh 

Exhaustion time and volume of treated brine depend upon the operating conditions 
(see Figures 1-41 "gallons" refer to US gallons =3.785 litres . 

Purolite S-940 may also be used in the 
hydrogen form for heavy metals removal. 
The above operating conditions may be 
adapted as follows. The regeneration is car- 
ried out using HCI, as above (or 2N H2S04 
may also be used at 200-3OOg11; 

12.5-1 91b/ft3). The sodium conversion is not 
necessary. Operation flow rates of 8-16 
BVlh (1-2 gpm/ft3) may be used, and 
displacement prior to backwash eliminated 
or modified. 

PRINCIPLES OF OPERATION 

The capacity of this resin is dependent upon 
pH; it is able to operate in neutral, acidic or 
alkaline media, however the relative affinities 
for metals vary as a function of pH and ionic 

concentration, hence it is recommended that 
laboratory trials (column tests) are carried out 
to prove the process. The list of relative af- 
finities will help serve as guide in such trials. 

In the particular case of brine purification by softening the feed solution of chloralkali 
electrolysis cells, the characteristic reactions are described as follows: - 
- Service 

- Regeneration to H+ form 

- Conversion to sodium form 

2RCH,NH CH,P03 Na, + Ca2+ -+ (RCH2NH CH,PO, l 2  CaNa, + 2 Na+ 

(RCH,NH CH2P03), CaNa, f 4HCl +ZRCH,NH CH2P0, H, f CaCI, + 2NaCI 

RCH2NH CH,P0,H2 + 2Na OH -+ RCH2NH CH,P03Na2 + 2H20  

4 
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PRlNClPAL APPLlCATlON 

The various applications of Purolite 'S-940 
are too numerous to cover individually in 
detail. Brine softening is the major applica- 
tion. Chlorine gas and alkali metal hydroxides 
are produced by the electrolysis of brine solu- 
tions in chlor-alkali cells. The industrial pro- 
cess has used three main types of these cells 
- mercury, diaphragm, and membrane elec- 
trolytic cells. The membrane cells are the 
most economic and are supported by the 
most sophisticated technology in their opera- 
tion. All types need periodic maintenance as 
a result of the impurities in the brine, 

'- 
especially Ca and Mg. Membrane cells re- 
quire the highest purity brine which should 
contain less than 20ppb calcium. 
In this way it is possible to operate at a steady 
lower voltage, thus saving energy and in- 
creasing production. 
Purification of brine (removal of divalent and 
trivalent cations) to the exacting standards 
required is achieved by using Purolite S-940 
which will remove the majority of contami- 
nant metals, even under very difficult condi- 
tions: saturated salt (more than 300911 of 
NaCI), alkaline pH, elevated temperature. 

OPERATING PERFORMANCE 

The operating capacity expressed in g Ca2+ per litre increases with: 
- pH, optimum >9 (see fig. I )  
- influent calcium concentration, (see correction factor in fig. 2) 
- temperature of feed, which is best maintained at above 6OoC (see fig. 3) 
- Reduction in flow rate, (see fig. 4) 

10-20BVlh is recommended, though rates up to 30BVlh are feasible. - The permanent leakage obtained in treating 
',\d brine using Purolite S-940 is generally very 

low: for example < 50ppb for strontium and 

< 20ppb for calcium and magnesium, see 
fig. 5 and 6. 

Fig. I CAPACITY FOR CALCIUM REMOVAL 
(as a function of pH) 

Fig. 2 CORRECTION FACTOR FOR 
INFLUENT CALCIUM CONCENTRATION 
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Fig. 3 CORRECTION FACTOR FOR 
TEMPERATURE 
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Fig. 5 TYPICAL LEAKAGE OF CALCIUM Fig. 6 TYPICAL LEAKAGE OF MIXED 
CATIONS 
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CHEMICAL AND PHYSICAL STABILITY 

Purolite S-940 has been exhaustively tested 
to demonstrate that  i t  will withstand 
temperatures above the maximum recom- 
mended limit of 90°C (194OF) in the 
presence of brine solutions at high ionic con- 
centration (300g11). It has also been shown 
that Purolite S-940 is both chemically and 
physically stable to high concentrations of 
acid and alkali (20% of sulphuric acid and 

20% of sodium hydroxide), which are 
stronger than would normally be used under 
the most severe conditions of operation: In 
tests for osmotic and physical stability using 
a specially developed rig * which incorporates 
mechanical stress and attrition, by pumping 
the resin against a retaining stainless steel 
mesh, the following results were typically ob- 
tained after 200 cycles of operation. 

Resin % Perfect % Cracks % Pieces % Mis shapes 
Purolite S-940 97 1 1 1 
Purolite S-940 100 cycles 96 0 2 1 
Purolite S-940 200 cycles 95 0 4 1 

u 

* Test Rig originally developed by the Scientific Services Division of the Electricity 

- 

Genera t ino  Board. 



GENERAL APPLICATIONS 

Purolite S-940 is also suitable for 
separation and recovery of heavy ;3 metals, including uranium. 

- 'Purolite S-940 has a high 
selectivity for heavy metals and tran- 
sition metals, more particularly, lead, 
copper and zinc. The affinity for cop- 
per is higher than for zinc and hence 
it is possible to separate and concen- 
trate these metals from a mixture in 
solution. 

- Purolite S-940 may be used to 
purify solutions. For example, lead 
can be removed from industrial 
waste streams etc.. . 

Fig. 7 EXTRACTION OF URANIUM 
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HYDRAULIC CHARACTERISTICS 

The pressure drop (or headloss) across a pro- 
perly classified bed of ion-exchange resin 
depends on the particle size distribution, bed 
depth, and voids volume of the exchange 
material , and on the flowrate and viscosity 
(and hence on the temperature) of the in- 
fluent solution. Anything affecting any of 
these parameters, for example the presence 
of particulate matter filtered out by the bed, 
abnormal compaction of the bed, or the 

Fig. 8 PRESSURE DROP VS FLOWRATE 
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incomplete classification of the bed will have 
an adverse effect, and result in an increased 
head I oss . 
Service flow rates from 10-30 bed volumes 
per hour depending on the application, may 
be regarded as the normal range used on this 
resin. Typical pressure drop figures to be ex- 
pected for ordinary aqueous solutions, are 
given in fig. 8 below. 

Fig. 9 BACKWASH EXPANSION 
(Exhausted Forms) 
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During upflow backwash, the resin bed 
should be expanded in volume between 50 
and 75%, in order to free it from any par- 
ticulate matter from the influent solution, to 
clear the bed of bubbles and voids, and to 
reclassify the resin particles as much as 

possible, ensuring minimum resistance to 
flow. Bed expansion increases with flow rate 
and decreases with temperature, as shown 
in fig. 9 for a typical exhausted form of the 
resin. Care should always be taken to avoid 
resin loss by over-expansion of the bed. d’ 

100 

Brine purification 
PRESSURE DROP AND BACKWASH 

- 

The pressure drop across a bed of resin when 
brine (300g11) is the influent solution is con- 
siderably higher than that for more dilute 
solutions hence the curves given below 
should be used, see fig. 10. The backwash 

Fig. 10 PRESSURE DROP VS FLOWRATE 
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expansion for the cGlziurn form resin at the 
end of the brine purification is higher than 
that for the heavier metals, thus the curves in 
fig. 11 are applicable 

Fig. 11 BACKWASH EXPANSION 
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S-950 
Macroporous Arninophosphonic 

Chelating Resin 
lFor the selective removal of toxic metals from 

aqueous solutionsl 

ION EXCHANGE RESINS 

Technical Data 
Section VI. PRODUCT DESCRJPTlOM 

Purolite S-950 is a macroporous 
aminophosphonic acid chelating resin, 
designed for the removal of cations of toxic 
metals such as lead, copper and zinc from 
industrial effluents at  low ph. At somewhat 
higher pH values, calcium, magnesium and 
barium, as well as the toxic metals cadmium, 
nickel, and cobalt are strongly .complexed 
and may be separated from quite high 
concentrations of univalent cations. 
Unlike Purolite S-930, the well known 

iminodiacetic acid resin, which is selective 
for heavy metal ions, but not for common 
divalent ions (calcium and magnesium), 
Purolite S-950 is more highly selective 
(under the appropriate conditions) for a range 
of both heavy metal and common divalent 
ions. Hence its use may be recommended 
where it is necessary to remove calcium or 
magnesium in order to avoid possible 
precipitation, or where its selectivity for a 
particular range of metals offers advantages. 

Typical Chemical & Physical Characteristics 

Polymer Matrix Structure Macroporous Styrene-divinylbenzene 
Physical Form & Appearance ............................ Opaque light brown spheres 
Whole Bead Count ...................................................................... >95% 

Ionic Form (as shipped) ................................................................... Na+ 
Shipping Weight gll .................................................... 740911 (46(lb./ft3)) 
Screen Size Range: British Standard Screen ...................... 14-52 mesh, wet 

U.S. Standard Screen .......................... 16-50 mesh wet 
Particle Size Range ................................... + 1.2mm <5%, - 0.3mm <I % 
Moisture Retention, Na + Form .................................................... 60-65% 
Reversible Swelling, (H+ + Na+) Max. 

Total Exchange Capacity, Na+ Form (wet, volumetric) ...... 2.0 meq./ml., min. 
(dry weight) ............... 5.5 meq./g., min. 

Exchange Capacity (Na+ Form) ............ 24 g. Ca++/I (1 .51b/ft3)min at  pH 9.5 
Max, Operating Temperature, H+Form ................................. 6OoC (14OOF) 

Ca++ Form ............................ 90°C (195OF) 
pH Range (operating), H+ Form ....................................................... 2-6 

Na+ Form ................................................... 6- 11 

...................... 

Functional Groups ......................................................... RCH,NHCH,PO, 

45% 
Specific Gravity, Moist Na+ Form ..................................................... 1.1 3 



APPLICATIONS 

a) Extracting heavy metal ions from leach 
liquors, tailings runoff, or from industrial 
effluents. For example, lead may be removed 
from oil refinery waste liquors, solvents and c) Refining of metal salt solutions by, 
aqueous wastes from the manufacture of 
paints and printing inks, or battery factory 
wastes. d)  "Polishing" of aqueous organic and 

inorganic solutions for the removal of trace 
b) Recovery of zinc from cooling-tower metals. 

waters, etc. where it is used as a corrosion 
inhibitor. 

\\& 

selective removal of individual ions. 

OPERATING PERFORMANCE 

Before attempting to use Purolite S-950 for 
any industrial application, it is strongly 
recommended that laboratory column tests 
are carried out on the solution which is to be 
treated, so as to determine the operating 
performance in terms of both treated solution 
quantity and quality once the chosen 
equilibrium cycle conditions have been 
established. This may take several cycles. 

The curves for copper and nickel for Purolite 
d S-950 given in fig. 3 may serve as a 

guide to the maximum exchange capacity 
obtainable from a feed of 3911 metal as a 
function of pH. In practice, lower capacities 
will usually be obtained, depending, 
depending upon regeneration level chosen, 
having regard to the leakage of metal 
acceptable. 
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ION EXCHANGE RESINS 

Section VII. COMMENTS 

The Purolite Chelation Resins described in this bulletin are the result of continued 
development of ion exchange products designed for many industrial processes. Further 
modifications of these products already exist in accordance with Purolite's policy to provide 
their customers with the superior resins for specific industrial processes. 

Chelation Resins and the associated systems, have already been shown to be indispensible 
for production of solutions of the high purity needed in special processes. The efficiency 
of removal of particular species ultimately depends upon the property of selectivity. 
However, the advantage of high selectivity has to be taken into account when considering 
how best to remove the concentrated metal from the collecting medium. In some cases 
resin destruction is economic and useful. in others, it is the change of stability of the 
chelation complex with the change in conditions between exhaustion and regeneration 
which ensures near perfect fixation and excellent removal on regeneration. Changes in 
pH and ionic concentration are often the best means to ensure efficiency in both parts 
of the cycle. The use of electrolytic processes for regeneration can also be considered, 
particularly for the electrodeposition of precious metals. 

The need for chelation materials with specific properties tailor made to suit particular 
industrial processes is now a commercial reality. 

The expertise of Purolite is available, to give recommendations both on specific uses 
of the chelation products described in this bulletin, and to provide modified products 
for evaluation. 



Further information, both on the properties and the applications of Purolite Ion-Exchange Resins, is 
available from Purolite International Ltd. on request. For a complete list of Purolite Products, including the 

full range of gel and macroporous cation-and anion-exchange resins, and nuclear and semiconductor 
grades, please contact our appropriate National Office 

The Purolite Company and Purolite International Limited have now taken a prominent position in the 
development, manufacture and distribution of Ion Exchange Resins. For more information call: 

LITE@ 
10N EXCHANGE RESINS 

REG NO. 1840987 
The Purolite Company and Purolite International Limited, Divisions of the Bro-Tech Group 

SALES OFFICES & BUSINESS CENTRES 

U.S.A. 
The Purolite Company 
150 Monument Road 
Bala Cynwyd, PA 19004 
Tel: 800-343-1 500 Phone Free 

Telex: 291 71 8 
Telefax: 2 15 668-8 139 

21 5-668-9090 

UNITED KINGDOM FRANCE . 
Purolite International Limited 
Ashley House 
89-94 High Street Paris 75008 
Hounslow, TW3 l N H ,  UK 
Telephone: 44-1 -570-4454 Telex: 648856 
Telex: 9 14030 
Telefax: 44-1 -1  572-7726 

Purolite International Limited 
44, Rue La Boetie 

Telephone: 33-1 4-256-4563 

Telefax: 33-1 4-563-3826 

WEST GERMANY Production & Administration ITALY 
Purolite Deutschland GmbH Cowbridge Road, Pontyclun, Purolite International S.r.1. 
Harkort Strasse 25 
4030 Ratingen Telephone: 44-443 229-334 
Telephone: 49-2 102-46033 Telex: 498 440 Telephone: 39-2-481 -81 45 
Telex: 8589065 Telefax: 44-443 222-336 Telex: 335827 
Telefax: 49-2102-43663 Telefax: 39-2-498-8749 

Mid Glam, Wales, CF47 8YL, UK Viale Coni Zugna, 29 
20144, Milan 

All suggestions and recommendations given above concernmg the use of Purolite products are based on tests and data believed 10 be reliable However, as Purolile Cannot control 
the use of 11s products by others, no guarantee is either expressed or implied by any such suggestion or recornmendation by Purolite. nor IS any inlormat8on contained in thts 

leaflet lo be construed as a recommendation to infringe any patent currently valid 
DlJ5T :89 



Specialists in water purification worldwide 

Mixed-Bed Deionizers 
manual and automatic regeneration - PRODUCT BULLETIN '-d 

Manual Mixed-Bed ' Deionizer 

Introduction 
Osmonics manufactures packaged mixed-bed deionizers for 
applications that require a higher level of water quality than 
normally available from other types of DI equipment. Osmonics 
packaged mixed-beds are often placed downstream of reverse 
osmosis equipment to further treat RO product water. Primary 
mixed-bed units produce 1-1 6 megohm water. Then, polishing 
mixed-beds will raise the resistivity of the water to 16-18 
megohms. 

entire bed surface area. Laterals are wrapped with fine mesh 
saran screen to prevent loss of resin. 

Resin: 
Osmonics DI units can use resin supplied by any of the major 
manufacturers to meet any application. Resin beds are designed 
to maximize efficiency of chemical usage during regeneration. 

,'d' 

Standard packaged deionizers are supplied with either manual 
or automatic regeneration control systems. Automatic regenera- 
tion systems feature Programmable Logic Controller (PLC) pan- 
els to simplify maintenance and operation for plant personnel. 
Standard packaged mixed-bed DI units are skid mounted, fully 
assembled and include the necessary chemical tanks, piping and 
valves to begin immediate operation. 

Tanks: 
Built of ASTM-283 Steel. Have a working pressure of 100 psig 
(689 kPa). Hydrostatically tested at 150 psig (1 034 kPa). Interiors 
are coated with 90 mil of cold sprayed plastisol. Exteriors are 
primed with epoxy and painted with high grade blue phenolic 
coating. 

Pipes and Valves: 
Pipes and valves having a diameter of less than 2.5 inches are 
PVC. Larger pipes and fittings are saran-lined cast iron. Manual 
units use handwheel operated valves with position indicators. 
Automatic valves are double action air actuated. 

i/ Distributors: 
System distributes service and regenerate waters evenly over 

Automatic Regeneration 
Programmable Logic Controller (PLC) panels provide instant 
accurate data and maximum operational flexibility for automatic 
regeneration. The control panel is encased in a NEMA 12 enclo- 
sure. The front of the panel has an L.E.D. graphic display that 
describes each phase of regeneration and indicates which 
valves are open during each regeneration and service step. 
Additional data is supplied by readouts, including current pro- 
gram position (regeneration step), flow rate, time remaining, and 
the resistivity of the product water. 

Contact Osmonics for information on Programmable Logic 
Controllers. 

Manual Regeneration 
Operator controls service and regeneration cycles. Resistivity 
meter continuously monitors water quality for operator. Osmon- 
ics provides complete instruction manuals. Standard instrumen- 
tation includes: 

Service flow meter, air flow meter, inlet pressure gauge, outlet 
pressure gauge, air pressure regulator and filter, and acid and 
caustic sample points. 



APPENDIX E-3 

REVERSE OSMOSIS LITERATURE 



OSMO 43CHF Series reverse osmosis (RO) 
machines are high capacity units designed to 
economically produce high purity water. Units 
operate at various pressures depending on the 
feed water and membrane type. The standard 
43CHF design consists of horizontally mounted, 
side-entry stainless steel sepralator (membrane 
element) housings and a quiet TONKAFXO@ 
multi-stage centrifugal pump mounted on a free- 
standing frame. Permeate and concentrate flow 
meters are standard on all machines. A sophisti- 
cated electrical system allows for an array of 
time delay alarm features and controls. 

Osmonics is a registered medical device manu- 
facturer. Each RO system is manufactured with 
the care used in the manufacture of machines for 
the medical market. Complete traceability by lot 
number of all critical raw materials and system 
components ensures quality in every RO unit. 
All basic components (multi-stage centrifugal 
pump, cartridge prefilters, sepralators, sepralator 
housings, electrical package) are manufactured 
by one company, Osmonics. 

. 

iJ . 
43CVF Modeis offer the same features as 43CHF models, except sepralator housings and pump are mounted vertically in a 
space-saving design. Maximum flow rates for 43CVF units are limited to those produced with 3 and 5 Hp pumps. 

43CVF-K Units are attractive, enclosed versions of the compact 43CVF vertical models. They feature an aesthetic cover and 
are ideal for confined spaces or areas where noise reduction is critical. For 43CHF models with feed flow rates less than 20 gpm 
(4.5 m3/hr). 

Osmonics' unique spiral-wound sepralators, which feature 
a turbulent flow design, are manufactured for each 
specific application. 
Side-entry stainless steel sepralator housings allow for 
easy sepralator installation and removal. 
All components in contact with permeate are stainless 
steel or inert plastic. 
TONKAFLO pump/motor are mounted on the base to 
enhance stability and to simplify service. 
All stainless steel welding is tungsten inert gas (TIG). 
In-line stainless steel thermometer. 
Cutout switch to protect against low flow and/or low inlet 
pressure to the pump. 
Thermal cutout switch is preset at 105'F (41OC) to prevent 
damaging the sepralators due to high temperatures. 
Tubular steel joints on upper portion of machine are 
welded angles to avoid open channels for water collection. 
Bolt pattern in frame base provided to allow for perma- 
nent mounting. 
Automatic inlet shut-off valve to prevent flow 
rhrough the machine when it is shut down. 

Check valve in permeate lines to prevent backflow 
or siphoning into the permeate side of the machine. 
Prewired motor starter. 
Onloff indicator light with separate alarm light. 
HYTREX@ I1 5-micron prefilter cartridges and housing. 
Panel-mounted pre- and post-filter pressure gauges. 
Panel-mounted permeate and concentrate flow 
meters for ease of reading. 
Panel-mounted concentrate valve with minimum flows 
preset at factory. 
Recycle control incorp0rating.a fixed orifice design. 
Each housing has its own test port to allow for testing of 
permeate quality of each sepralator during operation. 
Each sepralator is performance tested prior to being 
loaded in the RO unit. 
Machine frame and panels coated with epoxy,primer and 
phenolic overcoat paint for corrosion resistance. 
Complete quality testing with sepralators installed at our 
factory prior to shipment to ensure trouble-free start-up. 
Complete operating and instruction manual. 

. 



OSMO ECONOMY MODELS (ECN) have all the 
features necessary for safe continuous production of high 
purity water. This assumes good quality typical feed water, 
adequate pretreatment and regular operator attention, each 

L' shift or daily. Not recommended for use if feed water pH is 
below 5.8 or with DI water. 

OSMO DELUXE 316 STAINLESS STEEL MODELS 
(DLX 316SS) are specified when maximum material 
durability is required. All wetted components are 316 
stainless steel or inert plastic. 

_- OSMO DELUXE MODELS (DLX) contain several useful 
standard features that provide additional system safety and 
reliability, These features simplify system monitoring and 
data collection and ensure longest membrane life. pH limits 
are primarily membrane dependent. Additional items that 
are standard on DLX models include: 

, 

Stainless steel or inert plastic wetted components. 
Complete pH buffer system including chemical feed pump 
mounted on the unit, injection ports and day tank for acid 

TONKAFLO pump with stainless steel construction. 
Auto flush system (AUF-24). 
Panel-mounted conductivity monitor (CM-67 1) with 
temperature compensation. 

(CFS- IOX). 

Sepralator Housing: Stainless steel with injection molded glass-filled Noryl end caps. 
High Pressure Tubing: All wetted components stainless steel or inert plastic, tube fittings 316 stainless steel. 
Rigid Low Pressure Piping: PVC or stainless steel. 
Permeate Plumbing: Nylon tubing with polypropylene and PVC fittings. 
Inlet Plumbing: PVC. 
Prefilter: Filter housing with HYTREX I1 5-micron cartridge filters installed on machine. 
Flow Meters: Acrylic rotometers for flow rates under 20 gpm (4.5 m3/hr). Magnetic induced paddle wheel for flow 
rates over 20 gpm (4.5 m3/hr). 
Concentrate Valve: 316 stainless steel. 
Pump: ECN machine - nickel plated cast iron castings, stainless steel shaft/shell with Noryl impellers. 
DLX machine - 316 stainless steel castings and shaft/shell with Noryl impellers. 

I 

LJ' MOTOR CONTROL CIRCUIT 

Motors supplied are open drip proof (ODP) unless totally 
enclosed, fan cooled (TEFC) is specified. Voltages available 
are 208,230 and 460 VAC, 60 Hz, three-phase and 380 
VAC, 50 Hz, three-phase. Single-phase motors are available 
as an option. BE SURE TO SPECIFY ALL ELECTRICAL 
REQUIREMENTS WITH ORDER. 

110 VAC, 60 or 50 Hz, single phase. For 50 Hz operation, a 
transformer is included to transform 220 VAC, 50 Hz, 
single-phase to 110 VAC, 50 Hz, single-phase. For 60 Hz 
operation, a 110 VAC connection is required. The control 
circuit has a maximum rating of 3 amps. 

Feed Rate 
e20 gpm (c76 lpm) 

inlet (Feed) 1" FNFT 
Concentrate 1" FNPT 
Permeate (Pure Water) 1" FNPT 

Feed Rate 
20-50 gpm (76-189 lpm) 

1 - 1/2" FNPT 

1-1/2" FNPT 
1" FNPT 

Feed Rate 
51-100 gpm (193-379 lpm) 

2" FNF'T 
1 - 1/2" FNPT 
2" FNPT 

Permeate flow rates based on an inlet pressure of 30 psig (207 kPa). Maximum inlet pressure is 60 psig (413 P a ) ;  
minimum inlet pressure is 20 psig (138 kPa). 



I 
I -  Three types of OSMO membranes are available in 43CHF reverse osmosis water purification machines. Specify 

model number, construction (ECN, DLX or DLX 316SS), recovery and electrical requirements with order. 
OSMO-43CHF-SR4000-DLX is an example of a complete model number. 

MODEL# I RECOVER4 PERMEATE I PUMP I DIMENSIONS 1 WEIGHT 

9 

W 

I I RATE 

34 (86) 

SR4000 
SR8000 
SR12K 
SR16K 1 SR20K 
SR30K 
SR40K ' SR5OK ' SR63K I 
SR70K 
SR95K ' SR120K 
: > 1 -__ :- '"' ..*.-%%,----. _. 
HR3200 
HR6400 

: HR9600 
HR 12K 

! -----_-__-- ~ 

1,130 (514) 

HR14K 
, HR17K 
, HR22K 

HR30K 
' HR40K 

HR56K 
I 

j HR75K 

60P5 4,030 
60P5 8,060 
60P.5 12,100 
60P5 16,100 
60P5 20,800 
60f75 , 31,800 
60/75 41,200 
60P5 1 51,700 
60p.5 ! 63,000 (238.8)' 30 (22.4); 72 (183)' 154 (391) 
60/75 1 70,000 (265.3)' 40 (29.8), 72 (183)! 154 (391) 

1 .  60P5 j 95,000 (360.1)' 50 (37.3), 72 (183)' 154 (391) 
: 60P5 120,000 (454.8)' 60 (44.7); 72 (183)' 154 (391) I I 

. ----rccL.-a - .. , - -_ -- ------.T.7T- . ~, - _. --. . _ .  - .  e --- 
I -  4 4 I .  , * I  

--A_, . ~.. .- . . A.M."L-.." --2.s-- . 

60175 3,200 (12.1) 5 (3.7)' 72 (183); 92(234) 
60P5 6,400 ' (24.3)' 5 (3.7)' 72 (183) 92 (234) 
60P5 9,600 (36.4) 7.5 (5.6)' 72 (183)' 92 (234) 

' 60R.5 12,800 (48.5) 10 (7.5) 72 (183)' 92 (234) 

54 (137) I 2,300 (1,045) 
54 (137) 2,550 (1,159) 
54 (137) I 2,800 (1,273) 

34 (86)/ 423 (192) 
34 (86), 489 (222) 
34 (86) 444 (252) 

Ship ing 
Ibs (&s) 

662 (301) 
728 (331) 
794 (360) 
860 (390) 

1,174 (534) 
1,465 (666) 
1,570 (714) 
1,800 (818) 
2,350 (1,066) 
2,550 (1,159) 
2,800 (1,273) 
3,050 (1,386) 

662 (301) 
728 (331) 
794 (361) 

---a @ _  

34 (86); 621 (282) , 860 (391) 
60/75 14,100 (53.4) 10 (7.5) 72(183)' 131 (333) 34 (86)' 685 (311) 924 (420) 
60P5 17,300 (65.6) 10 (7.5); 72(183) 131 (333) ' 34 (86)i 716 (325) 1 926 (421) 
60P.5 21,600 (81.9) 10 (7.5) 72(183)' 172(437) ' 34 (86) 996 (453) 1 1,174 (534) 
60P5 30,400 (115.2) 20 (14.9)' 72 (183) 172 (437) 1 34 (86)' 1,520 (691) j 1,690 (768) 

60/75 ' 56,000 (212.0) 30 (22.4); 72 (1183) 154 (391) , 54 (137) 2,380 (1,082) I 2,500 (1,136) 
60P5 75,000 (284.3) 40 (29.8) 72 (183)' 154 (391) I 54 (137), 2,550 (1,159) 2,800 (1,273) 

60P5 41,500 (157.3) 20 (14.9)' 72.(183)1 172 (437) i 34 (86)' 1,880 (855) 2,000 (909) 

: HR94K 60P5 ; 94,000 (356.3) 40 (29.8): 72 (183)' 154 (391) 1 54 (137) ' 2,800 (1,273) 
HR113K 60P.5 113,000 (428.3)' 

----j 
I C  

I HR(PA)3600 60P5 3,600 (13.6)' 5 (3.7)' 72(183)1 92(234) ' 34 (86)' 433 (197) 
1 HR(PA)7200 ! 6005 

HR(PA)llK 
HR(PA)14K 
HR(PA)16K 
HR(PA)21K 
HR(PA)28K 
HR(PA)40K 
HR(PA)SOK 
HR(PA)66K 
HR(PA)88K 
HR(PA) 1 1 OK 

60P5 
60P5 
60P5 
60P5 
60P5 
60P5 
60P5 
60P5 
60P5 
60P5 

7,200 (27.3): 5 (3.7); 72 (183); 92 (234) 1 34 (86); 489 (222) 
1 1,000 
14,400 
16,200 
21,600 
28,800 
43,200 
5 1,800 
66,000 
88,000 

1 10,000 

3,050 (1,386) 
..- 3,350 (1,523) 

672 (305) 
728 (331) 
738 (335) 
784 (356) 
794 (360) 

1,370 (623) 
1,515 (689) 
1,530 (695) 
1,800 (818) 
2,550 (1,159) 
2,800 (1,273) 
3,050 (1,386) 

l i  I' .-T.<,> 

..s-.__- =--z%> _ .  

NOTE: Ordering information subject to change without notice. Please verib ail specifications prior to ordering. 

d 
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CONTAMINANT REJECTION SEPA-SR SEPA-HR SEPA-HR(PA) 

Salt Rejection' 
Organic RejectionZ 
Bacteria Rejection 
Pyrogen Rejection 
Particle Rejection 

90-95% 
>250 MW 
>99% 
>99% 
>99% 

FEED WATER SPECIFICATIONS 

Free Chlorine (Min.) 0.2 ppm 
(Max.) 2.0 ppm 

SDI <8 

93-97% 
>200 Mw 
>99% 
>99% 
>99% 

0.2 ppm 
2.0 ppm 
<8 

95-98% 
>150 MW 
>99% 
>99% 
>99% 

0.0 ppm 
cO.1 ppm 
d 

1. Assumes water with a typical mixture of monovalent and polyvalent salts. 
2. Nominal cutoff point for rejection of saccharide-type molecules larger than the stated molecular weight (MW). 

NOTES: 
Chlorine tolerance is pH dependent. Increased tolerance is likely where feed water pH is 7.0 or lower. 
Langlier Index as calculated on concentrate TDS must be a negative value. 
Operating Temperature, min. 35°F (2"C), max. 85°F (29°C). Optional high temperature designs are available. Permeate 
flow varies with temperature, contact factory. All capacities rated at 77'F (25OC). 

All machines are factory tested with sepralators installed and sanitized prior to shipment to ensure troublefree start-up in the 
field. A complete set of operating instructions and Quality Assurance data sheets are included. All units are shipped exworks, 
Minnetonka, Minnesota USA. Machines are crated for overland, air freight or containerized ocean freight. If you wish uncon- 
tainerized ocean freight, please specify. 

'b Osmonics stocks a complete line of cleaning, sanitizing and pretreatment chemicals. Please order separately. Osmonics also 
offers all pre- and post-treatment equipment required for a complete operating ultrapure water system. 

1 IMPORTANT NOTICE TO USER: 
The following is made in lieu of all other warranties expressed or implied. Manufacturer's and Seller's only obligation shall be to issue 
credit against the purchase or replacement of the equipment proved to be defective in material or workmanship. Neither manufacturer 
nor seller shall be liable for any injury, loss or damage, direct or indirect, special or consequential, arising out of the use of, misuse, or 
the inability to use such product. The information contained herein is based on technical data and tests which we believe to be reliable 
and is intended for use by persons having technical skill at their discretion and risk. Since conditions of use are outside Osmonics' 
control, we can assume no liability whatsoever for results obtained or damages incurred through the application of the data presented. 
This information is not intended as a license to operate under, or a recommendation to infringe upon, any patent of Osmonics or others 
covering any material or use. The foregoing may not be altered except by a written agreement signed by officers of the manufacturer. 

For More information Call Toll Free in the USA: 1-800/351-9008 

Manufactured in the USA 
Osmonics, Inc. 

5951 Clearwater Drive 
Minnetonka, Minnesota 55343 USA 

Telex: 29-0847 Fax: 612/933-0141 

Printed in USA 
f" 2 P/N 47393 



Engineering 
Memo #13' 

Re: Fundamentals of OSMW Systems 

From: The Osmonlcs Engineerlng Department 

OSMO systems are designed to produce purified 
water by a process called reverse osmosis. An 
understanding of this process can best be gained by a 
review of the process of osmosis. A simple osmosis 

equivalent to the apparent, or differential, osmotic 
pressure. This state of equilibrium can be expressed 
as follows: 

* 

system is shown in Figure 1 below: Ah = (x, - xl) = (AX) (Eq- - 1) 

Solution will rise to this point 
which is head equal to 
apparent osmotic pressure 

''d 

Water flow 

Figure 1 - Osmosis 

I I 1  

Normal osmosis takes place when water passes from 
a less concentrated solution to a more concentrated 
solution through a semipermeable membrane. A 
semipermeable membrane will pass water molecules 
but will not pass a great percentage of the solute 
(i.e., dissolved material) - mpst of this material is 
rejected. The word 
practice there is no such thing as a perfect membrane. 

is emphasized because in 

A certain amount of potential energy exists between 
the two solutions on each side of the semipermeable 
membrane, with the more dilute solution exhibiting the 
higher potential energy level. Water, like everything 
else in nature, will flow from the solution with the 
higher potential energy level (dilute solution) to the 
solution with the lower potential energy level (more 
concentrated solution). The highest energy level for 
water is pure water; as solutes (i.e., impurities) are 
added, the water becomes less pure and the energy 
level of the water is reduced. 

Due to this energy difference, water will flow from the 
less concentrated solution to the more concentrated 
solution until the system is in equilibrium. Equilibrium 
will be reached when the differential head, Ah is 

zl = Absolute osmotic pressure of less 
concentrated (higher energy) solution. 

x2 = Absolute osmotic pressure of more 
concentrated (lower energy) solution. 

The absolute osmotic pressures, x,  and n2 of the 
solutions shown in Figures 1 and 2 are defined as the 
potential energy difference between any solution and 
pure water. Keep in mind the higher the purity, the 
higher the potential energy. Remember that extremely 
pure water has a very high potential energy level and 
is a very aggressive material. 

Reverse osmosis can be defined as the separation of 
one component of a solution from another component 
by means of pressures exerted on a semipermeable 
membrane. Usually, RO is used for the separation of 
dissolved solids (solute) from water (solvent). 
Referring to Figure 2, the addition of pressure energy 
to the more concentrated solution will accomplish the 
same thing as the differential head, and it will stop the 
transport of water through the membrane when the 
head pressure equals the An head. As more pressure 
is applied, the water will flow from the concentrated 
solution to the dilute solution, in effect, reversing 
normal osmotic flow. The addition of pressure has 
increased the energy level of the more concentrated 
solution above the energy level of the less 
concentrated solution. Water always flows from higher 
energy to lower energy. In this case, the flow will be 
from the more concentrated to the less concentrated. 
The rate of water transport is a function of: 

1. The pressure applied. 

2. The apparent, or differential, osmotic pressure 
between the solutions. (Differential osmotic 
pressure is the difference between the absolute 
osmotic pressures of the two solutions.) 

3. Area and characteristics of the membrane. 



4. The solution temperature. 

Figure 2 - Reverse Osmosis 

Water flow 

A reverse osmosis machine, regardless of size of 
complexity, can be conceptualized as the simple 
"black box" shown in Figure 3. 

5. -. The percentage of dissolved material 
which does not pass through the membrane. 

6. -. The percentage of dissolved material 
which does pass through the membrane. 

7. Recovery. The ratio of permeate rate to feed rate: 

Recovery = p- = (S;g,) 
Feed Rate (GIfmd) 

(Eq. - 2) 

C *.d = Concentration of Feed 
C ~ s m r  = Concentration of Permeate 

Coon = Concentration of Concentrate 
Cavg = Average Concentration Over the Membrane 

Figure 3 
Cave 

8. Concent ra teCorumlW~~ . . The concentration of 
the concentrate stream, or blow-by, as it exits the 
machine. It is related to feed concentration and 
recovery as follows: I 

cam= A&- 
(1 - Recovery) 

(See Recovery example later in text.) 

Back-up Material 

DEFINITION OF TERMINOLOGY 

1. m i v e d  &&is ITDSl The total organic and 
inorganic material dissolved in the water expressed 
as a concentration C (e.g. mg/L, ppm). 

2. w. The solution which enters the system under 
pressure with solute concentration = Cfwd. 
Example: C,-, = 150 mgL TDS 

3. perme&. The solution (usually purified water) 
which passes through the membrane and is 
collected for use. The solute 
concentration = Cpm. 

4. . The solution which 
exits from the system which has not passed 
through the membrane. It is enriched in a particular 

concentration = Caw. 
W rejected material. The solute 

NOTE: This formula is based on the mass balance 
(Qfwd) 'fwd = (Qmdcmm + (Qpm)cm, and 
assumes that Crgm = 0. This IS an over- 
simplification which assumes a "perfect" 
membrane. It works satisfactorily when the 
solute rejection is 95% or greater, but 
severely distorts the true system when 
solute rejections are less than 85%. 

which the membrane is exposed to in the machine. 
It is calculated by averaging the CfWd and Cmw. 

9. U C o n c e n t r a t r o n .  The average concentration 0 

* " c.vg= ,Gw&nc (Eq. - 4) 
2 

NOTE: Again, this is an over-simplification and has 
the same restrictions as the above 
equation. It tends to give a higher C,, than 
what will actually occur and is therefore a 
conservative estimate. 

Small OSMO systems operate at relatively low 
recovery, typically less than 50%. The cost of higher 
recoveries on small systems is not justifiable, 
especially when the permeate quality is considered. 
We design the systems to operate on a flow rate, Q,, 
through the sepralator (membrane element), of about 
5 gpm (19 Lpm) in order to create turbulent flow. The 
basic, once-through, recovery of a typical sepralator 
that produces 10 gph (39 Lph) of permeate flow is 
only: 

luQ!3 =3% 
300 gph 

This low recovery is increased by recirculating a 
percentage of the concentrate Q,, that has passed 

2 
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Figure 4 
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over the sepralator (not through the membrane but 
over it) through an oriiice restriction back to the pump, 
where it is mixed with the incoming feed solution. The 
amount that is recirculated is a function of the 
restriction in the orifice and the concentrate valve, 
which is an oiiice-type valve that allows a 
predetermined amount of concentrate to flow at all 
times. (This is covered under Osmonics U.S. 
Patent #3,716,141. This apparatus is also patented in 
a number of foreign countries, notably Germany, 
Switzerland, Canada and Japan.) 

For a given input feed rate, Qfd, the permeate rate, 
Qpm, obtained from a machine is a function of a 
number of interrelated factors. Among these are: 

We can also increase recovery by adding sepralators 
‘d to the system, as we do in the larger units. Recovery 

is increased since each sepralator removes more 
permeate, adding to the total permeate rate without a 
corresponding increase in feed rate. In actual 
practice, both recirculation and the addition of 
sepralators is used to increase recovery. On some 
bigger systems, very little recirculation is necessary to 
achieve the recovery desired, and if recycle is not 
used, the quality of the permeate will be higher. All 
OSMO machines are manufactured so that Q, can be 
increased if necessary to avoid fouling the sepralators. 

1. The number of sepralators used in the machine. 

2. The type of membrane used. 

3. The operating pressure. 

4. The apparent osmotic pressure, Ax, of the solution 
in the machine, which is a function of average 
concentration and solute type. 

5. The temperature of the solution. 

6. The condition of the membrane. 

To estimate the concentrate concentration (blow-by) in 
terms of feed concentration at any given recovery, use 
the following method: 

(A) c,,= 2 W d -  

1 - Recovery 

‘W’ 



Recovery = 80% = 0.80 using Eq. 4 we have: 

CfWd = 500 ppm 

4 C,,= 500 = 500 =5(500)=2500ppm 

To estimate the average concentration with a given 
feed concentration and concentrate concentration, use 
the following method: 

1-0.80 0.20 

('1 Caw, = Gee.+c--nc 
2 

CfWd = 500 ppm 

C,, = 2500 ppm 

c,, = = = 1500 ppm 
2 2 

As mentioned previously, the process of reverse 
osmosis and the rejection of dissolved materials takes 
place under pressure, with the solution passing across 
the membrane, and only a percentage of the solvent 
passing through the membrane. This is not 
mechanical filtration such as you find in a cartridge 
filter where all of the solution passes through the filter 
media and some of the suspended material in the 
solution is caught by direct interception or inertial 
impaction on the filter media. Rather, the feed solution 
passes over the membrane, and pressure forces a 
percentage of the solvent (usually water) through the 
membrane, while some of the initial solution, enriched 
in solutes, remains to be carried away. 

For most pure water applications where the input feed 
concentration is low (less than 1000 ppm) and we 
operate the machines at relatively low recoveries 
(typically 33% to 75%), the Cpyg that we experience in 
the machine is low, resulting in an osmotic pressure 
that is a low percentage of the operating pressure. 

- M E  OSMOTIC PRESSURE FOR AN NaCl 
SOLUTION IS ABOUT 1 PSlG (0.069 BAR) PER 
100 PPM TDS. 

' 

- THE OSMOTIC PRESSURE FOR AN N%SO, 
SOLUTION IS ABOUT 0.5 PSlG (0.034 BAR) PER 
100 PPM TDS. 

- tT IS BEST TO ASSUME THAT ALL YOUR TDS IS 
NaCl WHEN MAKING ESTIMATES IN ORDER TO 
BE SURE YOU HAVE NOT UNDERESTIMATED. 

A the previous example, the 1500 ppm average 
Concentration would represent about 15 psig (1 .O bar). 
This is a very low percentage of the typical 430 psig 

(29.6 bar) operating pressure for 43 Series machines, 
so it can be essentially neglected in our calculations. 
(See Page 2, #7.) 

However, in a typical plating (metal reclamation) 
application, we do have higher concentrations in the 
feed, and we operate at relatively high recoveries. . 
Therefore, we must take the resulting osmotic 
pressure into account because it becomes a large 
percentage of the operating pressure. Thus, it has a 
considerable effect on permeate rate for a given set of 
conditions. 

Let us calculate the same parameters for a typical 
plating application: 

(A) C,, = where: Recovery = 95% = 0.95 

ClWd = 2500 ppm 
1 - Recovery 

C,, = 2500 = 2500 = 20 (2500) = 50,000 pprn 
1 -0.95 0.05 

(B) C,, = G , * A W  where: C,, = 2500 ppm 
2 

C,, = 50,000 ppm 

01 Cavp = 2500 + 50.000 = 52.500 = 26,250 ppm 
2 

This average concentration will result in an osmotic 
pressure of approximately 260 psig (17.9 bar), 
assuming NaCI, and is a large percentage of the 
operating pressure, Pop. This must be taken into 
account when sizing machines. 

SOMF S AMPI F OSMOT IC PRFSSURFS 

NOTE: 1. Percent concentration times 10,000 is 
equivalent to ppm or mg/L. 

2. One oz/gal is equivalent to 7500 mgR. 

3. Linear interpolation can be used to 
estimate intermediate concentrations. 

Osmotic 
Concentrat iorl Pressure 

SALTS: 
Sodium Chloride (NaCI) 0.5% 55 psi 3.8 bar 

1.0% 125 psi 8.6 bar 
3.5% 410 psi 28.2 bar 0) 

Sodium Sutfate (Na,SO,) 2.0% 110 psi 7.6 bar 
5.0% 304 psi 20.9 bar 

10.0% 568 psi 39.1 bar 

4 



Calcium Chloride (CaCI,) 1 .O% 90 psi 6.2 bar 
3.5% 308 psi 21.2 bar 

Copper Sulfate (CuSOJ 2.0% 57 psi 3.9 bar 
5.0% 115 psi 7.9 bar 

',d . 10.0% 231 psi 15.9 bar 

Osmotic 
Conceotration Pressure 

C>RGANICS: 
Sucrose MW 342 3.3% 36psi 2.5 bar 

6.4% 73 psi 5.0 bar 
9.3% 110 psi 7.6 bar 

24.0% 350 psi 24.1 bar 
30.0% 500 psi 34.5 bar 
35.0% 645 psi 44.4 bar 

MW 198 3.3% 62 psi 4.3 bar 
9.3% 19Opsi 13.1 bar 

24.0% 605 psi 41.7 bar 
30.0% 863 psi 59.5 bar 

Dextrose (glucose) 

For other organics, use the following ratio: 

MW of S u c r m  x R sucrose = R organics 
MW of Organic 

USING OSMOTIC PRESSURE 

When dealing with a solution which has a high osmotic 
'-, pressure, the effect of An becomes significant and the 

basic equation of reverse osmosis also becomes 
important. This equation is: 

Po, = P, - A7t (Eq- -5) 

where: 
P, = The operating pressure applied against the 

membrane 

AX = The apparent osmotic pressure as discussed 
earlier 

Po,, = The effective pressure available to force 
permeate through the membrane 

When considering an application, the P,, must be 
found in order to estimate the Q,,,,, that can be 
expected from a sepralator. The Q,,,,, is the actual 
permeate rate for a particular system. Q,, is the 
specified permeate rate when the effect of Arc is 
negligible. To estimate: 

u where the Pspec is the pressure at which Q,, is given. 
For PR and HR membranes, the Q,,,,,,spec is given at 
P- = 400 psig (27.6 bar). 

The next two examples will help to clariiy the effect of 
AR and the method of calculating the expected 
permeate rate for a given sepralator. 

ExabmJs 

Using Example 2, we found: 

AX = 260 psi (17.9 bar) 

If we are operating at an average pressure of 
400 psig (27.6 bar) we have: 

P, = Pop - AlC 

P,, = 400 psi (27.6 bar) - 260 psi (17.9 bar) 

Po, = 140 psi (9.6 bar) 

To estimate the permeate rate for an 
OSMO-411T-ST10 sepralator we will use: 

where: 

Qpem spec = 50 gph (189 Lph) 

P, = 400 psig (27.6 bar) 

P, = 140 psig (9.6 bar) 

and therefore: 

= 140 D& (50 gph) = 17.5 gph (66 Lph) per 
400 psig OSMO-411 T-ST1 0 

Qpom .a 

sepralator 

In other words, we will get about 1/3 of the normal 
Q rm from the sepralator due to the osmotic pressure 
erect. This OSMO machine will require three times 
the number of sepralators needed to produce.the 
same amount of water as a water purification unit 
operating at lower recoveries. 

Let us now look at a sugar application where both 
dextrose and sucrose are being concentrated. We will 
assume that the dextrose makes up 20% of the 
dissolved solids, OS, and sucrose makes up the 
remainder. Since over 99.9% of both dextrose and 
sucrose are rejected by the SEPA@STlO membrane, 
our equations will be quite accurate. 

Assume we start with a 2% sugar solution and want to 
remove 90% of the water. We have a required 
recovery of 90%. Using Equation 3 we have: 

5 



c,,= a =20% foul can have strong effects on the actual operation, 
Q ,,,,. As a general rule, the Pop should be at least 
16 psig (6.9 bar) greater than the AYC of the 
concentrate. It is best to try to keep P, at least 
200 psig (13.8 bar) over the An of the concentrate; 
however, compaction effects must be carefully 
weighed when P, exceeds 500 psig (35.5 bar). 

0.1 

and Equation 4 gives: 

C,, = 2"/0 + 20°/p = 11% DS 
u 

2 

.We know that 20% of the DS is dextrose and 80% is 
sucrose so we have: 

Sucrose = 0.80 x 11% = 8.8% DS 

Dextrose = 0.20 x 1 1 O h  = 2.2Oh DS 

With Table 1 we can estimate the osmotic pressure for 
the individual sugars. We have: 

For Sucrose: 6.4% = 73 psi (5.0 bar) 
8.8% = Answ psi 
9.3% = 110 psi (7.6 bar) 

and using proportions: 

Aq"&z3 = 8.8-6.4 
110 - 73 9.3 - 6.4 

'e An = 31.6 + 73 = 105 psi (7.2 bar) 

Another "rule of thumb" is that elements which have 
similar general properties will tend to have similar 
osmotic pressures for their salts. For example, nickel 
cadmium and copper are similar elements, are in close 
proximity in the periodic table, and the sulfate salts 
they form have nearly identical osmotic pressure 
concentration data. 

' 

To obtain An for unknown solutions use a PES/OSMO 
unit as outlined in the "PES - Questions and Answers" 
Engineering Memo. 

THERE ARE TWO FUNDAMENTAL MECHANISMS 
OF REJECTION AT WORK IN THE REVERSE 
OSMOSIS PROCESS. 

1. Jvlechanism of Sa It R&ction. Refer to Figure 6. 
The dissolved, ionized salts each carry an electrical 
charge the magnitude of which is a function of the 
valence and the "activity" of the ion. The ion is, in 
general, repelled away from the surface of the 
membrane to a degree proportional to its valence. 

Figure 6 

1. '970CRejection Memkane Pressure 

Solution 

I) Ni+2S04-2 Ca+2CIz ZrP2C12 

' Na3+POi3 
+3 so -2 Flow AI2 ( )3 Ca+2S04-2 

K+CI' Na+NOq Na +Cl- 

For Dextrose: 0% = 0 psi (0 bar) 

3.3% = 
2.2% = An*x 

62 psi (4.3 bar) 
and 

Ander- 0 = -  
62 - 0 3.3 - 0 

Andex = 41.4 psi or 42 psi (2.90 bar) 

The osmotic pressure of different components of a 
solution are additive so the total osmotic pressure, 
Anlot, will be the sum of the An of about 268 psi 
(18.5 bar). It will probably be best to operate at 
500 psig (35.5 bar) in order to get more QPT per 

as possible. Using P, = 500 psig (34.5 bar), the 

Dense Microporous Spongy Support 
Layer of Membrane sepralator and yet keep membrane compaction as low 

average effective pressure is: 2 'OW Rejection Membrane .+- Pressure 

Layer of Membrane 

P,, = 500 - 147 = 353 psi (24.3 bar) A1,+3(S04-2)3 Na3+P0i3 

ca+2s04-2 
Solution 

~b~ Ni+2S04-2 

ca+2CIS Zn+2C12 
u+cr Na+CI- 

\ # - - -  e------- 
Na+NOg 

I) 
and the average Qpm per sepralator for 
OSMO-411T-ST10 sepralators using Eq. 6 is: 

- - - - - -  
f Pure WaterLayer , I PR, = (50) = 44 gph (1 67 Lph) per sepraiator. 

400 

Remember that this is an estimated QPm and that 
factors such as recycle rate, recovery, and tendency to 00 
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Higher valence ions are repelled farther than lower 
valence ions. The rejection of each ion by a 
membrane is a result of its valence. (Refer to 

The repulsion of ions away from the membrane 
(dielectric effect) causes a very thin layer of pure 
water to form on the surface of the membrane, 
aided by the preferential sorption of pure water to 
the membrane surface, and the pressure on the 
solution forces some of the pure water molecules 
through the pores. 

9- Table 2.) 

LJ' 

The ions are generally considered to be repulsed 
away from the surface of the membrane because of 
an electrostatic "di-pole" effect, similar to like poles 
of a pair of magnets, that is set up between the 
charged ion and the surface of the membrane by 
virtue of a "mirror" effect. In other words, the 
charge on the ion sets up or induces an equal and 
like charge on the membrane surface which, in turn, 
causes a force or repulsion to exist between the 
membrane and the charged ion. Due to this effect, 
the rejection of dissolved ionized salts by reverse 
osmosis can be considered as a physico-chemical 
or an electrochemical interaction between the 
membrane and those constituents in the solution, 
and hence it can be considered to be chemically 
filtered. 

. 

-. Referto 2. Mechanism of 0 raanic 
e 
~1 Figure 7. Dissolved organics are rejected primarily 

by a screening or "sieving" mechanism (as are 
emulsed or suspended solids). The rejection of any 
given organic molecule is a function of membrane 
pore size, molecule size and the geometry of the 

. molecule, (Le., length to diameter ratio, etc). The 
size of an organic molecule is, in general, directly 
related to its molecular weight. There are 
exceptions; for example, a slightly ionized organic 
molecule will have a larger "apparent" size. 

Referring to Table 2, we notice that some small 
organics may be enriched in the permeate due to 
preferential passage through the membrane. 
These molecules are actually adsorbed toward the 
membrane and because of their small size readily 
pass through the membrane faster than water. 

It is sometimes desirable and necessary to be able 
to predict the quality of the permeate water one can 
expect, given a specific input feed analysis and 
recovery rate. (Permeate quality is, of course, a 
function of input feed concentration, average 
concentration in the machine and concentrate 

hf concentration). 

u 

Figure 7 

1. '97%. Rejection Membrane Pressure 

Solution 
Flow 

2. 'OW Rejedion Membrane .+. Pressure 

Solution 
Flow 

0 0  0 0  

In order to determine what concentration one can 
expect in the permeate of any given constituent in 
the feed, follow these steps: 

1. At any stipulated recovery, calculate what the 
average concentration of a given constituent will be 
in the machine using Equation 3 and 4. 

2. Refer to Table 2 for percent passage. For example, 
the passage of the cation sodium is given as 4%. 

3. Take the average concentration figure from (l), 
multiply it by the passage figure from (2), and the 
result is the concentration of that constituent which 
will appear in the permeate. 

a. Recovery = 80% 

b. Na+ = 100 ppm in feed 

C. SEPA-HR 
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Using Eq. 3 

1. c,,, = = 100 = m 
U' (1 - Recovery) 1 - 0.8 0.2 

= 511 00) = 500 ppm 

Using Eq. 4 

2. c, =Gee&- = 
2 

= '= 300 ppm 
> 2  

l!lQdaQ 
2 

3. CP, = C,xpassage* 

CP,=300x0.04= 12ppm 

'From the Table for SEPA-HR membrane (Na has 
96% rejection or 4% passage). 

NOW: 

4. For SEPA-SR membrane, the permeate 
concentration is: 

C,, = 300 x 0.08 = 24 ppm or double the 
permeate concentration with the SEPA-HR u sepralator. 

As you can see from the examples, passage is a more 
appropriate term than rejection. Passage is more 
useful in defining permeate quality. Keep in mind that 
the passages in Table 2 are given for the SEPA-HR 
membrane, and the SEPA-SR membrane passes 
about twice as much salt as the SEPA-HR does. 
Hence, the passage of the sulfate ion on the SEPA-HR 

membrane would be 0.01(1%) and the passage of the 
sulfate ion by the SEPA-SR membrane would be 0.02 

Another reason to think in terms of passage is that, 
while it appears to be a very small change from 
99% rejection to 98% rejection, it is more accurate to 
describe the change as 1 % passage to 2% passage, 
which is a 100% difference. This is a dramatic change 
which will cause the conductivity of the water to 
double. 

(2%). 

MEMBRANEREJECTIONS: 

Organics are rejected mainly on a size basis, with a 
cut-off between 100 and 200 molecular weight for the 
SEPA-HR or HR(PA) membranes. Compounds which 
react in water similarly to salts (i.e., they are partially 
ionized) but are organic in nature will still be rejected 
to some extent when the molecular weight is less than 
100. 

The SEPA-SR and PR membranes cut off around 250 
and 300 MW respectively. The SR passes 
approximately twice as much salt and the PR about 
three times as much salt as the SEPA-HR membrane 
does. 

Note: The following rejections are based on the 
average concentration for a membrane. If a system 
has 50% recovery, part of the membrane sees the 
feed concentration and part of the membrane sees a 
concentration that is double the feed concentration. 
Likewise, at 75% recovery the final concentration 
increases to 4 times the feed. For estimating 
purposes, take an average of the feed and the 
concentrate and use the average to figure the 
expected purity of the permeate. 
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SALTS 
CATlONS Percent Maximum 

Name Symbol Rejection (Average) Percent 

Sodium Na. 9597 4 3-4 

Calcium CA" 96-98 3 
Magnesium Mga 96-98 3 
Potassium K" 95-97 4 3-4 

Iron Fe+2 96-99 2 

Manganese Mn*2 96-99 2 

Ammonium NH," 86-95 8 3-4 
Copper Cu.2 96-99 1 6-10 

Nickel Ni.2 96-99 1 10-12 

Zinc Zw2 96-99 1 10-12 

Strontium Sr2 96-99 3 
Hardness CaandMg 96-98 3 

Cadmium Cd.2 96-96 3 6-10 

Silver Ag+l 94-96 5 

Mercury Hg*2 96-98 3 

Percent Pabsaga Concentration 

. 

Aluminum AI* 99+ 1 5-1 0 

ANIONS 

Chloride CI 95-97 4 3-4 

Bicarbonate HCO;' 95-96 4 S-8 
Sulfate so :2 99+ 1 8-1 2 

Nitrate NO;' 93-96 6 3-4 

Fluoride F-' 94-96 5 3-4 
Silicate SiO:2 95-97 4 

Phosphate PO,= 99+ 1 10-14 

Bromide Br' 94-96 S 3-4 

Borate B,0;2 3570" - ,  

Chromate CrO:2 90-98 6 8-1 2 

Cyanide CN-' 90-95" 4-1 2 

Sulfite q - 2  98-99 1 8-1 2 

Thiosulfate S2Oi2 99+ 1 10-14 

Ferrocyanide Fe(CN),J 99+ 1 8-14 

'Must watch for precipitation, other ion controls maximum concentration. 
"Extremely dependent on pH; tends to be an exception to the rule. 

The following are typical rejections of salts and organics using 
the OSM0411-HR sepralator. As can be seen divalent ions tend to 
reject better than monovalent ions. If monovalent ions are combined 
with divalent ions, the rejection will be controlled by the divalent ion. 

For estimating purposes, take an average of the feed and the 
concentrate and use this average concentration to figure the 
expected purity of the permeate. 

Salts complexed with organics of large molecular weights will 
tend to act like the organics they are complexed with. 

ORGANICS 
Maximum ' 

Percent Concentration Molecular 
Weiaht Reiection Percent 

Sucrose sugar 342 100 25 

Lactose sugar 360 100 25 

Protein 10,000 up 100 10-20 

Glucose 198 99.9 25 

Phenol 94 - .*. 

- .** Acetic acid 60 

Formaldehyde 30 - *.. 

Dyes 400 to 900 100 - 
Oxygen Demand (BOD) 

Oxygen Demand (COD) 

Biochemical 

Chemical 

Urea 60 40-60 Reacts similar 

90-99 - 

80-95 - 
to a salt 

~~ ~ ~ 

Bacteria & virus 50,000-500,000 100 - 
Pyrogen 1000-5000 100 

"'Permeate is enriched in material due to preferential passage through the 
membrane. 

GASES, DISSOLVED 
Carbon dioxide co, 30-50"h 

Chlorine CI, 30-7PYO 

Oxygen 0, Enriched in permeate 
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REVERSE OSMOSIS/ULTRAFILTRATION APPLICATION 
TO WATER REUSE AND MATERIAL RECLAMATION 

By: 0. Dean Spatz 
President 
Osmonics. Inc. 
May 1 ,  1975 

'L./ I NTROOUCT I ON : 

This paper is purposely short and none of the subjects are treated in 
depth in order to allow the reader to observe the overall breadth of reverse 
osmosis (RO) and ultrafiltration (UF) for water reuse and material reclamation 
from waste solutions, A few paragraphs are devoted to the difference between 
RO and UF, The technical aspects of how RO/UF works are reviewed. Examples 
of typical systems presently in operation for water reuse and material recla- 
mation are discussed in the last half of the paper, The author has more 
complete papers on all of the subjects discussed in this paper. Please send 
a written request if you wish more detail on a particular subject, 

L SOLUTION WILL RISE TO THIS 
+ M I N T  WHICH IS HEAO EQUAL TO 

APPARENT OSMOTIC PRESSURE 

SEMI-PERMEAILE 
MEMBRANE 

WATER FLOW 

OSMOSIS 
4 FIGURE 1 

THE PROCESS: 

SEMIPERMEABLE 
MEMBRANE 

CONCENTRATE0 
SOLUTION 

WATER FLOI'I 

REVERSE OSMOSIS 
FIGURE 2 

The process of  reverse osmosis is usually described by the two diagrams, 
Figure 1 and figure 2, Figure 1 depicts osmosis where water flows through a 
semi-permeable membrane f r o m  a less concentrated solution (LCS) to a more 
concentrated solution (MCS). Figure 2 depic ts  what we c a l l  reverse o s m o s i s .  
With reverse osmosis a pressure applied to the more concentrated solution (MCS) 
causes water to f l o w  through the same semi-permeable membrane into the less 
concentrated soiution (LCS) .  This explanation of RO seems to be a little like 
"black magic'' and very few people realize that RO can be explained with conven- 
tional energy relationships. 

It is  important that energy be considered. RO/UF is  a method of removing 
dissoIved materials from a solution without a phase change. 
tial energy saving over an alternative such as evaporation which requires a 
phase change to separate the two components. 
to supply the vaporization energy to change the phase o f  one liter o f  water 
from liquid to vapor. 
reuseapplicationrequires 0.003 KW to purify one liter of water. With RO the 
'temperature O F  the water i s  not 
concerned about . 

This is a substan- 

It requires nearly 0.7 KW just 

On the other hand, an RO machine operating on a water 

increased and there is no heat pollution to he 
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Figure 3 i nd i ca tes  a more techn ica l  way of descr ib ing  osmosis and reverse 
osmosis. Th is  ' f i g u r e  i s  a diagram of r e l a t i v e  energies. There has been no 
attempt a t  being q u a n t i t i v e l y  co r rec t .  Without mechanical pumping energy, the 
h ighest  energy s t a t e  o f  water i s  pure water. As more i m p u r i t i e s  a re  added, 
the energy s t a t e  decreases. A semi-permeable membrane can be placed a t  any 
po in t  i n  t h i s  diagram to  exclude the  impur i t y  and pass water. Refer t o  the  
"membrane A" l i n e  as an example. Th is  is a membrane separat ing the LCS f r o m  
the MCS. The water in  the LCS has a h igher  energy s t a t e  than the water i n  the 
HCS; therefore,  t he  only a v a i l a b l e  d i r e c t i o n  of water f l o w  i s  from the LCS to 
the MCS. This i s  commonly c a l l e d  osmosis. 

\d 

Refer r ing  t o  the "membrane B" l i n e ,  i n d i c a t i n g  the same type membrane i n  
a d i f f e r e n t  loca t ion ,  the MCS has pumping energy added t o  i t  and the water i n  
the MCS i s  now a t  a h igher  energy s t a t e  than the water i n  the LCS.  The o n l y  
a v a i l a b l e  d i r e c t i o n  o f  water f l o w  i s  now f r o m  the HCS + pump energy t o  the LCS. 
This  i s  commonly r e f e r r e d  to as reverse osmosis. 

Osmotic pressure o r  osmot ic  energy i s  important i n  reuse a p p l i c a t i o n s  
because many of the  waste s o l u t i o n s  a r e  a t  h igh  impur i t y  concentrat ions,  The 
higher impur i t y  concent ra t ion  requ i res  more pumping energy to r a i s e  the MCS 
energy over  the LCS energy. The energy . requi red t o  r a i s e  the MCS energy up 
t o  the LCS energy i s  what i s  r e f e r r e d  to as osmotic pressure or osmotic energy. 

I n  RO/UF, pressure, u s u a l l y  supp l i ed  by a pump, must overcome the osmotic 
pressure before water can be fo rced  through t h e  membrane. D i f f e r e n t  i m p u r i t i e s  
i n  waste so lu t i ons  have d i f f e r e n t  osmot ic  pressures so each i n d i v i d u a l  impur i t y  
must be considered independently, Osmotic pressure increases .wi  t h  concent ra t ion  
of the impur i ty .  Not a l l  i m p u r i t i e s  increase the osmotic pressure a t  the  same 

'2 ra te.  

DEFINITION OF REVERSE OSMOSIS AND ULTRAFILTRATION: 
I I  

This new f i e l d  of membrane process ing has es tab l i shed a d i s t i n c t i o n  between 
RO and UF. Yet b a s i c a l l y ,  the  membrane t h a t  i s  used for  RO i s  a l s o  used f o r  UF. 
I n  membrane processing the  i m p u r i t i e s  i n  a s o l u t i o n  can be separated i n t o  i o n i c  
ma te r ia l s  and non- ion ic  ma te r ia l s .  Cer ta in  po la r  organics can be considered t o  
be i on i c .  

The r e j e c t i o n  or s e l e c t i v e  r e t e n t i o n  o f  i o n i c  impur i t i es  by the membrane i s  
based on the s t reng th  of the i o n i c  charge. The i o n i c  i m p u r i t i e s  a re  repe l l ed  by 
the membrane and a r e  no t  a l lowed t o  pass through the membrane pore. Membranes 
tha t  have pores o f  a s u f f i c i e n t  s i z e  t o  r e j e c t  i o n i c  i m p u r i t i e s  a re  sa id  t o  be 
RO membranes. RO has become g e n e r a l l y  accepted as the removal o f  i o n i c  i m p u r i t i e s  
f r o m  water by means o f  a membrane. 

The r e j e c t i o n  o r  s e l e c t i v e  r e t e n t i o n  o f  non- ionic i m p u r i t i e s  such as organics 
by the membrane is based O n  the  s i z e  o f  the impur i ty  compared t o  the pore s i z e .  
Membranes tha t  remove non- ion ized i m p u r i t i e s  based on the s i z e  o f  the impur i ty  
a r e  c a l l e d  UF membranes. 
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I n  t h i s  same example assume tha t  t he  CuSO4 waste i s  be ing produced a t  

\d' 1000 gal/hour. 
and the evaporator removed 75 ga l lons  of water per  hour. 
r a t e  RO for t h i s  a p p l i c a t i o n  uses 27 Hp or 20.2 K i l owa t t s  o f  energy pe r  
hour. 
K i l owa t t s  o f  energy per  hour. 
the energy cos t  i s  20.2 KW + 180 KW = 200.2 K i l o w a t t s  per  hour. 

This means t h a t  RO removed 900 ga l l ons  o f  water  per  hour 
A 900 gph permeate 

The evaporator w i i i  evaporate 75 gph and use 622,000 Btu 's  o r  180 
To do the  e n t i r e  j o b  w i t h  t h e  RO + evaporator 

I f  the CuSO4 waste was handled e n t i r e l y  w i t h  evaporation, 975 ga l l ons  
o f  water would be removed e n t i r e l y  w i t h  evaporation. 
?,100,000 Btu 's  per  hour or 2350 K i l owa t t s  of energy per  hour. 

Th i s  would r e q u i r e  

The energy requirement us ing  s t r a i g h t  evaporat ion i s  11.6 times the  
requirement f o r  the RO/evaporation combination. The energy requirement 
per  g a l l o n  t o  handle the waste i s  52.35per ga l  for  evapora t ion  and o n l y  
$0.20 per  ga l  f o r  the RO/evaporation system. 

WATER REUSE ONLY 

With many waste so lu t i ons  the  va lue o f  the impur i t y  i s  ext remely low or  
i t  i s  very c o s t l y  t o  segregate a va luable stream from o the rs  of  l i t t l e  value. 
I n  these cases, the  reuse of water i s  the  o n l y  va lue received from the RO/UF 
u n i t .  These app l i ca t i ons  are t y p i c a l l y  "end o f  pipe" type waste treatment. 
End o f  p ipe  treatment f o r  water reuse should be implemented i f :  

Cost o f  Raw Water + Treatment Cost + Sewage Costs)Cost of RO/UF Treatment 

I n  many cases the on ly  way one w i l l  meet the  1985 EPA Gu ide l ines  w i l l  be i/ 
to use RO/UF a f t e r  conventional waste treatment. 

OSM&550043-A8978 i s  first stage of a two stage "zero effluent" system supplied to a 
large mid-west manufacturer for a new plant Total recovery on t h i s  system i s  98%. End view 
shorn proprietary S.S. pressure vessels and Ormonia unique mnifolding. All connecting 
tubes have the same bend which allom easy replacement in the field. Plastic permeate lines 
m'th individual check valves are shown. Heat exchanger in foreground i s  integrally mounted. 
Note hi# pressure pump behind H.E. Ststern has all standard "8 Machine" controls except 
for pH. Clpacify i s  65 gpm permeate rate and rize i s  21' L x 4' W x 6' H. (February 1975) 

F I GURE 4 

Figure 4 ,  shows a t y p i c a l  RO machine used t o  recyc le  water  a f t e r  a conven- 
t i o n a l  c l a r i f i e r  treatment o f  m e t a l  f i n i s h i n g  waste, Th is  i s  the second stage 
o f  a two s t a g e  RO system. 
a maximum o f  100 m g / l  i n  the reused water and ye t  wanted a m i n i m u m  concentrate 

Two s t a g e s  were requ i red  because the customer requ i red  

d flow. The o v e r a l l  percentage o f  w a s t e  w a t e r  t h a t  i s  reused i s  98%. 
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FIGURE 6 
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FIGURE 5 

METAL RECLAMATION SYSTEM FOR NlCKEL PLATING RINSE WATER 

figure 5 is a photograph of a typical METAL RECLAMATION SYSTEM. The system 
layout is shown in figure 6 .  This system is set up to recycle the RO permeate back 
to the rinse and reuse the NiS04 and NiC12 as well as the expensive organic bright- 
eners in the plating bath, This is typical o f  a situation where RO rejection of the 
salts is coupled-with UF rejection of the brighteners to give paybacks on the initial 
cost of equipment of less than one year. Nickel plating is especially well suited 
f o r  reuse because of the evaporation from the plating bath, I n  applications where 
there is little or no evaporation in  the process, some means of water loss, such as 
evaporation, is usually required, The amount o f  water that should be evaporated i s  
quite small, often only 3 gal/hour. Plating reuse appl ications other than nickel 
include chrome, copper and zinc plating baths, 

" 

An application that is similar to plating i s  the reclamation o f  silver from 

The silver is concentrated along with the sodium thio- 
PHOTOGRAPHIC flXER R I N S E  WATER. I n  this application the silver is not  reused 
directly in the process. 
sulfate salts i n  the fixer rinse and then s o l d  t o  a refiner. 

Water soluble ELECTRO-DEPOSITION PAINT is reused in a similar fashion to  the 
plating application, 
This allows rinsing of the parts directly over the paint bath and eliminates waste 
treatment of the rinse. 
pletely justifies the cost o f  the UF,unit, 

A UF unit operates on the paint and continuously removes water. 

In this case, the reclamation of the valuable p a i n t  corn- 

SOLUBLE O I L S  are very difficult to handle in conventional waste treatment. 
They are costly to break and require constant surveillance to be sure that the 
o i l  is breaking. 
t h e  o i l  can be concentrated and reused. One application i s  in the textile industry 
where  mineral oil is used to lubricate thread. T h i s  i s  an expensive o i l  and Part 
O f  i t  is rinsed off with excess water. The RO/UF can then concentrate the rinse 
f o r  reuse.  
cutting o i l s  have been concentrated to 50% with RO/UF.  

By using RO or UF, depending on the molecular weight of the oil, 

T h e  same system can be established for filtered cutting oils. Soluble 

4 



* REVERSE OSMOSIS/ULTRAFILTRATION APPLlCATlON 919 
TO WATER REUSE AND MATERIAL RECLAMATION 

OSMOQ -7930-ibSSOS3A Fractionation Mechine for 
cheese whey. Uses OSMO ultrafiltration modules. IS 
constructed to 3A standards. System installed by Thomas 
Technical Services in Granton. Wisc. cheese plant. Ham 
dies 50,000 Ib. of whey per hour to produce profitable 
milk replacer. (June 1974) 

Right end of OSMO' Fractionation Machine showing the 
feed tubes as well as the permeate tubes and all stainless 
steel  conslruction. (June 1974) 

4 

FIGURE 8 FIGURE 9 

CONCLUSION: 

The use of RO or UF for water reuse is dependent on the costs to reuse 
compared to the cost to process raw water and treat the waste. RO is the most 
economical method o f  meeting the E,P.A.'s I985 "Zero Discharge" Guideline. 'd' 

In order to,reclaim material ,while reusing the water, the solution.should 
be relatively pure. That is, it is best not to mix streams if material reclamation 
is contemplated. I f  material i s  reclaimed 'for reprocessing elsewhere, the system 
is easier to design. However, the cost savings are not as great as a system which 
reuses a material directly from the waste solution. 

The optimum use of  RO/UF in waste treatment is to reuse water as well as 
reusing material directly, A system where the reuse of material is contemplated 
must either have the entrance of  no impurities into the system o r  there must be 
an available method (e.g. filtration, activated carbon) to remove impurities that 
do enter the system. Experience with over 100 RO/UF systems in operation, where 
water and material are reused, indicates that the material savings pay for the 
operating cost and initial capital cost in less than 18 months and often in less 
than 12 months. 

- E N D  - 
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ENVIRONMENTAL 
PRODUCT PROFILES 
Du Pont/Oberlin Membrane Microfiltration Process 

Process 
Description 

A Microfilhrrtian 
A Automatic 

Pressure FiIter 

Reprinted from 
Environmental Technology 
and Product Profiles, a 
NETAC publication featuring 
innovative and emerging 
environmental technologies. 

Process 
Application 

A Groundwciter 
A Leachate 
A Wastewater 

A Metals 
A Cyanides 
A Patiiculate 

Matter 

A Permanent/ 
Mobile 

d 

The Du Pont/Oberlin Mem- 
brane Microfiltration Process 
combines auniquefiltermedium 
(developed and commercialized 
by Du Pont) with an automatic 
pressure filter supplied by 
Oberlin Filter Company. The 
filter medium, designated as 
TyveP T-980, is a spun-bonded 
polyolefin material that can be 
used to remove 0.1 -micron 
particulates from groundwater, 
wastewater, and other aqueous 
streams. Du Pont claims that the 
medium features superior 
filtration properties and longer 
life, and that it provides an 
alternative to microporous 
membranes, PTFE laminates, 
and various melt-blown medii. 
The strength of the Tyvek@ 

- material allows it to be used in 
automatic pressure filters, thus 

The technology is most suitable 
for filtration of groundwater, 
leachate, wastewater, and other 
aqueous waste streams. Con- 
taminants amenable to treatment 
include heavy metals and 
cyanidesas well as otherorganic 
and inorganic material present 
as particulate matter of 0.1 
microns or greater. Potential 
applications include treatment of 
industrial wastewaters, low-level 
radioactive wastes, plant 
equipment/floor washings, 
cyanide wastes, plant waste- 
waters containing heavy metals, 
and metals grinding wastes. 
Previous applications include 
treatment of effluent streams 
from electronics manufacturing 
facilities, a munitions plant, and 
a battery manufacturing plant. 
Table 1 provides performance 
data from an application using 
the system for direct filtration of 
a low-level radioactive plating 

allowing formulation of denser, 
dryer filter cakes. The process 
results in filter cakes containing 
40 to 60% solids, and are said to 
provide a "dry-cake" alternative 
to conventional filter cartridges, 

the system can replace the . 
conventional three-stage metals 
treatment process of clarifier, 
underflow filter press, and 
overflow polishing sand filter. A 
schematic of the filter unit is 

cross-flow microfilters and 
ultrafilters. In certain instances, 

provided in Figure 1. 

I 

FILTER 
LlEOlA 
OF 

TYVEKO 

mTEn 
BELT 

waste generated at the Savannah 
River Plant, a U.S. Department 
of Energy facility producing 
specialty nuclear materials near 
Aiken, South Carolina. This 
application involved replacement 
of a clarifier, sand filter, and 
underflow filter press with the I 

Du Pont/Oberlin system. The 
system can be furnished as part of 
a permanent installation or as a 
trailer-mounted system for on-site 
remediation activities such as 
lagoon cleanup or groundwater 
treatment. 

Parameter 
Concentration (ppm) 

Influent Effluent 

AI u mi num 127 0.95 
Capper 
Lead 
Uranlum 
Zlnc 
TSS 

2.0 c 0.1 
1.6 0.2 
2.3 0.01 
0.5 c 0.1 
687 1.4 

Nofe: Resulfs are based an use o f f h e  Du PonVOBerlin Membrane 
Microfjltrafion Process lo lrea! Samnnah River Plant wastewafer a! a 
raw waste flow rale of 35.000 GPO. 

VENDORS: Du Pont Engineering Department L1359 P.O. Box 6090 Newark, DE 19714-60% (302) 366-3652 
Oberlin Filter ComDanv 404 Pllot Court Waukesha. WI 53188 (414) 547-4900 

0 1991 II-5 April 1991 
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ENVIRONMENTAL PRODUCT PROFILES 

Du Pont/Oberlin Membrane Microfiltration Process 

Process 
Operation 

A Batch 
Operation 

A Pretreatment 
A FilterPIoren 
A Filter Chamber 
A Pneumatic 

Comok 
A AirDrying 

Vendor 
Information 

J A Bench 

J A Pilot 

J A Commercial 

The filmition unit operates on a 
batch basis. Since the process is 
designed to remove solid 
particles, dissolvedcontaminants 
must first be converted to a 
particulate form using standard 
pretreatment operations (e.g., 
chemical precipitation, coag- 
ulation, flocculation, etc.). The 
automatic pressure filter 
apparatus consists of two 
compartments -- an upper 
compartment (filter platen) and 
lower -compartment (filtrate 
chamber). These compartments 
are separated by TyveP fiter 
fabricdispensedfromarollacross 
the interfaceof thechambers. At 
the start of the filter cycle, 
pneumatic conttols lower the 
filter platen against the filter 
chamber, thus forming a seal 
against the filter medium. 
Influent water is then pumped 
into the platen and through the 
filter medium, after which the 

Founded in 1802, Du Pont began 
manufacture of its Tyvek@ series 
of polyolefins in 1970 and 
initially supplied the material for 
use in disposable garments, 
envelopes, and wrappings. 
Oberlin Filter Company, a 
division of Production Service 
Co., Inc., is a privately held 
company headquartered in 
Waukesha, Wisconsin. Oberlin 
and Du Pont have had a working 
relationship spanning 10 years, 
and introduced the DuPont/ 
Oberlin Membrane Micro- 
filtration Process in 1987. Since 
then, the technology has been 
applied to treat industrial effluents 
at over 14 locations and is now 
being refined for remedial 
applications. Applications to 
date include those listed in 
Table 3. The technology was 

filtered liquid is collected in the 
lower compartment and drained 
out When the filter pressure 
reaches 30 to 50 psi (depending 
on the model), pressurized air is 
fed into the platen to dry the 
filter cake and medium. The 
filtex platen is then 
pneumatically lifted and the 
filter cake is discharged by a 
conveyor belt (or by a conveyor 
motor which pulls the TyveP 
through), after which new filter 

fabric is automatically rolled into 
place and .a new filtration cycle is 
started. The filter cake typically is 
disposed off site, while the filtrate 
is discharged in accordance with 
applicable regulations. The entire 
process can be controlled by a 
programmable logic controller. 
Filter aids, stabilizing agents, or 
flocculants can be added in-line, if 
required. Table 2 summarizes 
typical operating parameters. 

Feed solids 
Flow rate 
Operating pressure 
Required utillties 

10 to 5,000 mg/l 
5 to 250 gpm 
30 to 50 pslg 

40 SCFM (i9 90 pslg 

As required for wash down 

Compressed air 
Electricity 11OV single-phase, 460V 3-phase 
Domestic water 

demonstrated at the Palmerton 
Zinc Superfund site (Palmerton, 
Pennsylvania) under the U.S. 
EPA SITE Program. This 
demonstration, conducted in 
April and May 1990, evaluated 
treatmentofabout 3,000gallons 

of groundwater containing 
dissolved zinc as well as copper, 
cadmium, lead, selenium, and 
maganese. Results from this 
evaluation will be published in the 
near future. 

Date Location Flow (GPD) Application 

1YU3 CA tiemoval 01 lead, cadmium, and barium tmm 

1988 AR I 7,000 Removal of copper, zinc, and lead from 

1989 Tx 40,000 Removal of heavy metals fmm battery 

1991 TX 400,000 Removal of heavy metals from chemical plant 

1991 TX 30,000 Removal of lead from groundwater at a former 

electronics manufacturing plant wastewater 

munitions plant wastewater 

manufacturing plant wastewater 

acidic wastewater 

lead manufacturing plant 
I 

Profile based on vendor literature only. Informaticn provided has not been independendy verified by NETAC. 

@ Prinfed on recycled paper 





'U' The OBERLIN PRESSURE FILTER has two compartments - an upper compartment or filter platen and a 
lower compartment or filter chamber. The platen moves while the chamber is fixed in place. The filter 
media lies between these two compartments. 

At the beginning of a filtering cycle, pneumatic airbag(s) lower the filter platen against the filter 
chamber. Platen seals on the perimeter of the compartments form a liquid tight seal around the filter 
media. Solids bearing liquid is pumped into the platen and forced by the pump pressure through the 
filter media. The filtered liquid is collected in the lower Compartment and drained out. 

When the filter pressure-reaches 30-50 psi (maximum, depending on the model), pressurized air is fed 
into the platen forcing the liquid through the filter cake and media. After the cake is dried (determined 
by backpressure and time elapsed), the platen is lifted by an air cylinder. The cake is then 
automatically discharged either by an endless conveyor belt or by simply pulling through the spent 
disposable media by a motor driven reroller. No hydraulics are used nor is there any mechanical 
squeezing. 

After cake discharge the filter platen automatically descends and a new filtration cycle starts. 

The filter area is the horizontal surface lying within the perimeter of the platen/filter chamber. The 
horizontal filter surface enables formation of thick filter cakes and easy precoating with filter aids such 
as Diatomaceous Earth (DE). Because of the horizontal surface prethickening is not required and small 
volume batches are easily filtered. 

'ii PRESSURIZED A I R  "/ 
AIR C Y L I N D E R  

b: y:: Y 0 R 

MOTOR 

F I L T E R  CHAMBER 

F I L T R A T E  

BAG 
F I L T E R  P L A T E N  

P L A T E N  S E A L S  

F I L T E R  MEDIA 
9- 

\ 
6 

C O N V E Y  OR 
CHAINS 

The filter structure is carbon steel. When required all wetted parts can be lined with 304/316 stainless 
steel or coated with Halar. Consult factory for special materials such as Titanium or Hastelloy C. The 
filter requires no special foundation. Electrical controls are based on either discrete relays and timers or 
programmable controllers. Explosion proofing is an option along with totally enclosed versions for vapor 

processing sequence. 
'- containment. Filter cakes can be washed and dried while inside the filter as part of an optional 

Complete systems available with automatic filter aid and polymer addition. 



OPF7 used to filter low level radioactive waste 
dissolved in strong acid. Remote controls, explosion 
proof, complete vapor containment, cake washing 
features, Recleanable filter media. All wetted parts 
316 SS. 

OPF7 used to filter hazardous ,,duid waste. 
Washdown water from ceramic ball mills exceeds 
lead standards. Average particle size (1 micron. 
Using disposable TYVEK@ filter media, filtrate 
meets 0.7 ppm lead standard and is discharged to 
sewer. Completely automatic diatomaceous earth and 
polymer injection system. 

OPF7 used to filter oxamide from ammonium 
hydroxide, Methanol wash. Cake solids 75% by 
weight. TYVEKB disposable media used. All wetted 
parts 304 SS. Modified discharge - media rerolled 
which pulls cake out of filter. No conveyor used. 

TYVEK? spunbounded olefin is a registered trademark of the DuPont Company 



The OBERLIN PRESSURE FILTER has unique capabilities to meet the liquid filtration and dewatering 
requirements for chemical processes and hazardous waste. 

W 30-50 PSI pressure differential (depending on model) yields high quality filtrate since cake 
filtration can occur and high performance filter media such as TYVEK@ can be used. Solids 
removal down to 0.6 micron particles with >93% retention using TYVEK@ T980. 
Completely automatic operation. No operator required. Minimal exposure to hazardous material. 
Dry cake discharge, Pressurized air or inert gas will reduce moisture to a minimum. Simple 
belt discharge. 
Versatility 

- most commercially available disposable medias can be used. 
- recleanable belts can be used. 
- filter aid and polymer addition systems available. 
- filter cake wash available. 

Easy access to filter chambers 
- easy cleaning and maintenance. 

Low operating costs 
- high pressure differential uses disposable media efficiently. 
- recleanable filter belts inexpensive due to simple design. 

SPECIFICATIONS 
FILTERING HEIGHT WEIGHT CAPACITY * 

MODEL AREA (sa. FT.) LENGTH WIDTH (typical) (Ibs) Ibs (dry wt.)/hr.  
OPF-2 2.4 64 33 83" 1,300 125 
0 PF-4 4 78 ' I  39 '/2 It 93" 2,000 200 
OPF-7 7 97 47" 96" 2,500 350 
OPF-12 12 100" 67 96" 4,000 600 
OPF-24 24 145" 67" 96" 6,800 1,200 
OPF-36 36 192" 67" 96" 10,000 1,800 

Nominal rates based on typical diatomaceous earth backwash slurry. Capacity will vary considerably depending on application. 
Cakes typically 50% solids (by wt.) for DE backwash type applications. 

Filters available to rent for on-site testing. Factory lab support i s  standard. 

Give us a call. We feel we have a truly unique, high performance filter to  offer you at a price far 
below alternative approaches. 

OBERLIN 'FILTER COMPANY 
Division of Production Service Co. Inc. 
404 Pilot Court 
Waukesha, Wisconsin 53188 
Phone: (414) 547-4900 
Fax: (414) 547-0683 

FOR MORE INFORMATION CONTACT 
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a PA 
United States 
Environmental Protection 

EPA/540/M5-90/007 
February 1991 

SUPERFUND INNOVATIVE 
TECHNOLOGY EVALUATION 

Demonstration Bulletin 
Membrane Micro filtration 

E. 1. DuPont de Nemours and Company, Inc. 
Oberlin Filter Company 

TECHNOLOGY DESCRIPTION: The DuPont/Oberlin 
microfiltration technology is a physical separation process that 
removes solid particles from liquid wastes. The process can filter 
particles that are submicron or larger in diameter. Pretreatment, 
such as chemical additions, will be required if dissolved contami- 
nants are present in the liquid waste. The end microfiltration 
products are filtered solids, called filter cake, and filtered liquids, 
called filtrate. 

The DuPonVOberlin microfiltration system is transportable and 
requires little or no attention during operation. The system uses 

'wrlin's automatic pressure filter and DuPont's special 
Jnbonded olefin style filter material called Tyvek@ 1-980. The 

b u t o m a t i c  pressure filter has two chambers-an upper chamber 
that feeds liquid waste under pressure through the Tyveke and a 
lower chamber that collects the filtrate (Fiiure 1). 

A typical microfikration cyde consists of four steps: (1) initial 
filtration, (2) main filtration and cake forming, (3) cake drying, and 
(4) cake discharge. The process begins with liquid waste being 
pumped usually from a waste feed tank into the upper chamber. 
During the first minute of filtration, or the initial filtration step, the 
filtrate is usually recycled to the waste feed tank. During the main 
filtration step, solids accumulate on the Tyvek@ and form a filter 
cake, while filtrate drains from the lower chamber to a filtrate 
collection tank. When the pressure in the upper chamber reaches 
a preset value (blowdown pressure), the waste feed valve closes 
and the cake drying step begins. Pressurized air (typically, 35 
psig) is fed into the upper chamber to further dry the cake. After 
air breaks through the cake, drying continues for a preset time 
(blowdown time). During this step, any remaining liquids are 
forced through the Tyvek@ and are recycled to the waste feed 
tank. Immediately following the cake drying step, the upper 
chamber is lifted, clean TyvekQ is drawn from a roll into the unit 
for the next cycle, and the filter cake is discharged. 

WASTE APPLICABILITY: The combined DuPont/Oberlin 
microfiltration system has been applied to landfill leachate, 
groundwater containing cyanide, wastewaters containing uranium, 
and electroplating wastewaters containing heavy metals. The 
'schnology is best suited for treating wastes with solid concentra- 

ns less than 5,000 parts per million prior to pretreatment; 
i-.nerwise, cake capacity and handling become limiting factors. 

DEMONSTRATlON RESULTS The DuPonVOberlin microfiltration 
system was demonstrated at the Palmerton Zinc Superfund (PZS) 

site in Palmerton, Pennsylvania, over a 4-week period in April 
and May of 1990. During the demonstration, about 3,000 gallons 
of groundwater contaminated primarily with zinc from the PZS 
site were treated by the microfiltration system. The demonstra- 
tion was carded out in four phases. Phases 1 and 2 involved 
nine runs each, and Phases 3 and 4 involved two runs each. 
Each run consisted of three cycles, as described above. 

To evaluate the technology under different operating conditions, 
chemical operating parameters (precipitation pH and filter aid 
dose) and filter operating parameters (blowdown pressure and 
blowdown time) were varied in Phases 1 and 2, respectively. 
The precipitation pH was controlled by adding lime slurry to the 
untreated groundwater in the precipitation tank. A filter aid, 
ProFix, was added in-line prior to the microfiltration unit to 
improve the filtering characteristics of the precipitated solids. The 
filter operating parameters were set using the controls on the 
microfiltration unit. The operating conditions were varied as fol- 
lows: pH, 8 to 10; ProFix dose, 6 to 14 gR; blowdown pressure, 
30 to 45 psig; and blowdown time, 0.5 to 3 minutes. Phase 3 
runs were performed at optimum conditions, based on the results 
from Phases 1 and 2, to verify the reproducibility of the 
microfiltration system's performance. Phase 4 runs were per- 
formed to evaluate the reusability of the Tyvek@ filter media. 

Key findings from the technology demonstration are summarized 
below: 

The DuPonVOberlin microfiltration system achieved the follow- 
ing: (1) zinc and total suspended solids (TSS) removal eff icien- 
cies ranged from 99.75 to 99.99 percent; and (2) the percent 
solids in the filter cake ranged from 30.5 to 47.1 percent. At the 
optimum conditions, shown in Table 1, the zinc and TSS 
removal efficiencies were about 99.95 percent; and the filter 
cake percent solids were about 41 percent. 

The treated groundwater (filtrate) met the applicable National 
' Pollutant Discharge Elimination System (NPDES) standards, 
established for disposal into a local waterway, for metals and TSS 
at the 95 percent confidence level. However, the filtrate did not 
meet the NPDES standard for pH. The filtrate pH was typically 
11.5, whereas the discharge standard is 6 to 9, pH units. 

The filter cake passed the paint filter liquid test (PFLT) in all runs. 
Also, a composite filter cake sample from the demonstration runs 
passed the extraction procedure (EP) toxicity and the toxicity 
characteristic leaching procedure (TCLP) tests. 

@ Prinfed on Recycled Paper 



ProFix contributed a significant portion (80 to 90 percent) of solids 
to the filter cake. The remaining solids were due to precipitated 
metals, TSS from the untreated groundwater, and any unreacted 
lime (from pH adjustment). 

The zinc and TSS removal efficiencies and the filter cake percent 
solids were unaffected by the repeated use (six cycles) of the 
Tyvek@ filter media. This indicates that the Tyvek@ media could 
be reused without adversely affecting the microfiltration system's 
performance. 

When operated in the automatic mode, the microfiltration system 
required little to no manual attention for several cydes. 

'd 

A Technology Evaluation Report and an Application Analysis Re- 
port describing the complete demonstration will be available. 

FOR FURTHER INFORMATION: 

€PA Project Manager: 
John F. h4artinW.S. EPA 
Office of Research and Development 

' 

Risk Reduction Engineering Laboratory 
26 West Martin Luther King Drive 
Cincinnati, OH 45268 
(513) 569-7758 (FTS: 684-7758) 

Redrculation Filtrate 
I . r I 

Miiofiltration 
Unit I 

To Filter Disposal f 
f+ 
I I 

I I 
Filtrate I I \ 

Figure 1. DuPonVOberlln Microfiltration Process Diagram. 

Table 1. Ylcrofiltratlon System's Performance in Reproducibility Runs' 
i--../ 

Zinc in TSS in 
Untreated Zinc in Percent Influent to TSS in Percent Percent Solids 

in Filter Run Groundwater, Fibate, Zinc Microfiltration Filtrate, TSS 
No. m(F'L m a n  R e m O V e d  Unit, mg/L m@L Removed Cake 

13 443.6 0.218 99.95 12,463 10.9 99.91 41.4 
19 464.8 0.237 99.95 14,338 7.7 99.95 41.2 

464.8 0.278 99.94 14,016 6.8 99.95 42.1 20 

'Reproduability runs were performed at Run 13 conditions: a precipitation pH of 9; a ProFix dose of approximately 12 g/L; a blowdown pressure of 38 
psig; and a blowdown time of 0.5 minutes. 
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SITE DEMONSTRATION OF M I  CROFI 1TRAT ION TECHNOLOGY FOR 
GROUNDWATER CONTAMINATED WITH METALS 'd 

John F. Martin 
Risk Reduction Engineering laboratory 
U.S. Environmental Protection Agency 

Cincinnati, Ohio 45268 

Ki rankumar Topudurti 
Stanley Labunskl: 

PRC Environmental Management, Inc. 
. Chicago, Illinois 60601 . 

ABSTRACT . 

The Superfund Innovat ive  Technology Evaluatf on (SITE) Program has .as 5 t s  
major thrust the documentation of reliable performance and cost information 
for innovat ive a1 ternatlve technologies so that;  they are devel oped, 
demonstrated, and made commercially available for t h e  permanent cleanup o f  
Superfund s i tes .  Demonstration projects Sdentify limitations o f  the 
technology, applicable wastes and waste media, otential opera t ing  problems, 
and the approximate cost of applying the techno p ogy. 

- A demonstration project was conducted with € . I .  DuPont de Nemours & 
Company, Inc. and the Oberlin Filter Company to evaluate a microfiltratfon 
technolo.gy for removal of suspended sbl ids from wastewater. The 
mfcrofiltration system utilized DuPont's TyvekQ.7-980 membrane filter media tn 
conjunction wlth the Oberl in automatfc pressure-filter. The project was 
undertaken at the Palmerton Zinc Superfund s f t e  i n  April 1990 t o  evaluate t h e  
ab i l i ty  o f  the technology t o  remove zinc from the s i t e ' s  shallow groundwater. 

+ Pretreatment of the groundwater to precipitate dtssolved zinc and other metals 
was included as part  o f  the demonstration program. The treated f i l t r a t e  
indicated that the system removed precipitated ginc and other suspended sol ids 
a t  greater than 99.9%, and t he  f i l ter  cake produced during the study passed 
both the EP Toxic i ty  t e s t  and the  TCLP. 

-2 

INTRODUCTJON 

Over the past few years, it has become increasingly evident t h a t  land 
disposal of hazardous wastes is at least only a temporary solution f o r  much of 
t he  material present a t  Superfund s i tes ,  Yhe need for more long-term, 
permanent treatment solutions as at ternatives t o  l a n d  disposal has been 
stressed by recent legislation such as the Hazardous and Solid Waste 
Amendments of the Resource Conservation and Recovery Act (RCRA) as well as the 
Superfund Amendments and Reauthorization Act (SARA) of 1986, SARA directed 
the U.S. Environmental Protectfon Agency to establish an " A l t e r n a t i v e  or 
Innovative Treatment Technology Research and Demonstration Program, to 
j den t i f y  promjsing technologies, assfst with their eva lua t ion ,  and promote t h e  
use o f  these technologies at Superfund sites. The Superfund I n n o v a t i v e  

e 
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Technology Evaluation (SITE) Program resulted from t h a t  mandate. 

The SITE Program 4s now in I t s  s t x t h  year o f  demonstrating technologies 
applicable to Superfund sites with SZ .developers conducting 55 projects. The 
Program offers several advantages to partleipants, in addi t ion  both the Agency 
and technology developers benef i t  from the demonstrathns. Primary benefits to 
developers fnclude: experience gained fromioperating a commercial f ie ld-  
scale process at a Superfund site; acquisition o f  valuable regulatory 
background; increased pub1 i c  awareness of the technology and its capzbil ities;’ 
and documentation o f  the applicability of the process t o  cleanup o f  hazardous 
waste sites. 

Under t h e  Demonstration Program, the developer and EPA participate in a 
jo fn t  venture to operate’ and evaluate a technology. In general the developer 
is requlred to oporate  the technology at the selected tocatlon while EPA 5s 
primarily responsible for writing a demonstration plan,  for a l l  sampling and 
analytical operations, and for reporting and technology transfer activlties. 

act ion s i t e s ) ,  EPA t e s t  facilities, or at Federally owned s i t e s  are 
encouraged; however, i f  such sites are not available or not apptlcable, a 
developer’s f a c i l i t y  or a private sf te  may be uti’llzed. 
jncreasingly flexible in the designatton of- apprbprlate s l  tes as the 
Demonstration Program continues t o  evolve. 

TECHNOLOGY DESCRIPTION 
. The demonstration project conducted by OuPont & Company, Inc., in 
conjunctfon wjth the Ober7in f l l t e r  Company, features a microfiltration system 
designed to remove solid partlcles from I f q u i d  w a s t e s ,  forming a filter cake 
typically ranging f rom 30 to 50 percent sol ids .  The filtration u n i t  can be 
manufactured as an enclosed, traller-mounted system, requiring 1 f t t l e  or no 
attention durSng operation. The system uti1 izes Oberl in‘s automatic pressure 
filter (APF) combined with DuPont‘s special TyvekQ T-980 filter media made o f  
spun-bonded olefin. The TyvekQ, material i s  :a thin, durable fabric w i t h  
openings of about one micron. During operation o f  the unit, i t  may be 
possible t o  get filtration down to the  half-.micron range or less.  
microscopic view of s tandard  TyvekQ rnateriat shows i t  to be only stjghtly 
porous, whereas t h e  newer T-980 material has increased p o r o s i t y  and sub- 
micron filtration capabil i ty.. 

t h r o u g h  the Tyveb where solids accumulate t o  form a filter cake, 
Contaminated water i s  pumped across the filter fabrCc during the f i t  tration 
cycle until build-up o f  a filter cake causes the feed pressure t o  rise to 
approximately 5s p s j g .  
switches to the cake dewatering cycle where air Zs blown through the filter 
cake to dry i t  prior to discharge. During the discharge cycle, t he  upper 
portion o f  the filter i s  r a i s e d  and the filter cake is conveyed out of  t h e  
f i l trat ion chamber on the used Tyveks filter media as new material is drawn 
from t h e  clean media roll i n t o  t he  fflter chamber. The upper half o f  the 
f i l t e r  then lowers, sealing the chamber above the Tyveks for the next 
filtration cycle. The u n i t  cycles through the complete operatton 
automatically so t h a t  there i s  minimal worker exposure t o  hazardous materials. 

2 

L./ 

. 

Demonstrations at Federal or’ State Superfund sites (remedial’ o r  removal 

EPA is becornlng 

%d 

A 

The APF, sup lSed by Obertin, p r o v i d e s  t h e  support for pumping wastewater 

A t  t h i s  point, the APF cuts the feed stream and 

4 



The Oberlin APF is available in a variety of  sizes from 2.4 square feet up 
to 36 square feet o f  filtering area, SfmSlarly, TyvekQ filter media f s  
produced i n  bulk rolls fn several standard widths. The demonstration u n l t  
evaluated by t h e  SITE Demonstration Program during the first three weeks o f  
April 1990 was a 2.4-square f o o t ,  skid-mounted filter. Treatability t e s t s  
conducted during July and October 1989, using groundwater f r o m  the 
demonstration site and a synthetk wastewater desSgned to simulate t h e  
groundwater, showed excel 'I ent performance by the filter 0 n removing 
precipitated zinc and other suspended solids. In the July 1989 treatability 
t e s t ,  on two separate groundwater runs w i t h  mean influent concentrations of 
12,433 mg/l and 6,640 mg/l o f  TSS, the  respective effluent concentratlons of 
TSS were 4 4  mg/l and 23 mg/l. 

. . 

DEMONSTfNTION SI?€ _- 

The microfiltration yrojsct was located a t  t h e  Palnerton Zinc Superfund 
si te  in the Lehigh Valley o f  Pennsylvania. 
from sneltlng operatfons begun in 1889 by the New Jersey Zinc Conpany. 
1990 .primary zinc smelting operations at the site were terminated, but 
secondary metal refining and processing operations continued under the 
ownership of the Zinc Corporation of America, a D i v i s i o n  o f  Horsehead 
Industries, Inc. 

Contamination at the site resulted 
In 

The solid process waste or slag from the srneltjng operations has been 
disposed a t  t h e  site since 1413, and by 1986 approximately 33 million tons of 
slag had accumulated i n  a p i l e  nearly.23 m i l e s  long. Because o f  elevated 
'levels o f  heavy metals in the surface water and groundwater of the Palmerton 
area, the slag pi le  site w a s  included on EPA's National Priorities LIst of 
hazardous waste sites. Samples o f  the shallow groundwater at t h e  s i t e  
Sndicate that zjnc i s  present at the highest levels (300-500 mg/l), while 
copper (0.02 mg/l), cadmiun ( 1  mg/l), and selenium (0.05 mg/l) are present 
down to trace levels. 

TECHNOLOGY EVAtUAT ION 
The demonstration was proposed to evaluate t h e  overall ability o f  the 

DuPont/Oberl i n  treatment process to remcve z i n c  from the groundwater at the 
Yalrcerton s i t e .  In order to accomplish this objective, f i e l d  studies were 
designed to produce data relating to four primary aspects o f  the technology 
appl i cation : 

1. Precipitation of metals from the groundwater w i t h  emphasis on zinc. 

2. Filtration and dewatertng of the  m e t a l s  precipitate. 

3. Production o f  f i l t r a t e  and f i l t e r  cake to meet  a p p l l c a b l e  disposal 
requirements. 

4 .  Oocunen ta t ion  o f  operating c o s t s ,  

D u r i n g  fhase I o f  the demonstratfon program, ope ra t i on  o f  the APF remained 
unchanged while l i m e  doses for metals precipitation, and P r o f i x  (a f i l t e r  aid 
ciater ia l  suppl i ed  by EnviroGuard, tnc.) doses for cake buildup and 



stabIl izatjon were varied. Nine separate runs (treatment batches) yielded 
data to indicate that optimum chemical addition rates were: lime additton to 
pH 9; ProFIx addit ion at the rate of 12 grams per liter. 

Optimum operating conditions for the  APF were set during Phase 11 of the 
project. During the rest of the evaluation the chemical addftion paramters 
were held constant. The t w o  items varted durfng t h i s  phase were the pressure 
at which air was blown through the f i l ter  cake to  dry it, and the length of 
time allowed for th i s  function after a l l  water was forced from the f i l t e r  
chamber and air broke through the f i l t e r  cake, Taking into account the 
filtrate quallty, the solids content of the cake, and the length o f  time 
(relating t o  the cost o f  treatment) f o r  the drying cycle, the  optjmum 
operating conditions were set at a drying (blowdown) tifie o f  0.5 minutes wjth 
33 psfg air. 

Phase I11 provided two additional runs at t h e  optimum operating conditions 
$0  that reproducibility of the treatment process cou7d be evaluated. The 
influent zinc concentration in Phase I1 was reduced from 444 mg/l to 0.22 mg/l 
(99.95% rercoval}, while I n  the two Phase 111 runs the zlnc concentratfon was 
reduced from 465 mg/l tc 0.24 and 0.28 mg/l (99.94 and 99.95% removal). Total 
suspended solids of 12,500 mg/l in the Phase 11 inf7uent were reduced to 10.9 
mg/l (99.93% removal), and TSS concentrations o f  14,300 and 14,000 mg/l .in t h e  
Phase 111 tests were lowered to 7.7 and 6.8 mg/l (indicat ng 99.95% removal). 

Phase IV was designed t o  test t h e  reusability o f  T vek@ I n  the f i l t er  
system. For t h i s  portlon o f  the evaluation rograrn, t K e f i l t e r  media was 
rolled back into the APF following cake disc f: arge. 'The same area of Tyvek was 
used for s i x  filtratfon cycles with no apparent degradation or loss o f  
filtering capacity. 

Econornfc evaluation o f  the system will be reported in the  Applicatfons 
Analysis Report for t h i s  demonstration to be published i n  the Spring o f  1991,  

CONCLUSIONS 

During optfmum operating condjtions the system removed zinc and TSS at a 
Filter cake solids varied from approxinately 30 to  47% with rate o f  99.95%. 

cake solids being 41% at optinurn conditions for filtrate quality, chemical 
addi t ion ,  and f5lter cycle time. The filtrate dSd meet applfcable National 
Pollutant DSscharge El iminatlon System (NPDES) permit l i m i t s  f o r  discharge to 
a loca l  waterway for metals and TSS, (maximum daily discharge limits to 
A Q X i S h i C O l a  Creek for zInc arid TSS are 2 .4  and 30 mg/l) but pH limits were 
c o n s i s t e n t l y  exceeded. t h e  alkaline nature o f  the ProFix added to the feed 
stream to fncrease filtration capability consistently raised the effluent pH 
t o  11.5,  thereby v i o l a t i n g  the 6-9 l M t .  This condftion is n o t  critical, 
however, and can be mitfgated by adding a pH adjustment step as a 
posttreatment opt ion.  The f t l t er  cake resulting from the process gassed the  
paSnt f i l t e r  liquids t e s t  for free liquids at a l l  operating conditions, and a 
composite cake sample for t h e  total demonstration successfully passed both t h e  
EP T o x i c i t y  and TCLP t e s t s .  A large scale system operating over a longer t i m e  
Right send the filter cake to a m e t a l s  recfamation f a c i l i t y  or a land disposal 
s i t e ,  
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APPENDIX E 5  

ELECTROCHEMICAL TREATABILITY STUDIES AND 
OPERATING DATA 



March 1990 - Bench-ScaIe Test Data 



Andco Environmental Precesses, Inc. 
595 Commerce Drive, Amherst, NY 14150 (nb] 691-2100/Telex 91-547 

W 

March 14, 1990 

SHIELDALLOY CORPORATION 
West Boulevard 
N d e l d ,  NJ 08344 

Attention: Mr.' Dave Smith 

. Subject: Lab Report on Chrome Removal 

Dear Mr. smith: 

Six five-gaIIon groundwater samples (3 preserved, 3 unpreserved) were received on January 16, 
1990. The results of the electrochemical (EC) treatability study are contained in this report 

i/ 
Sample Desmhxion: 

The deep yellow water samples were low in both turbidity and settleable particulate matter. 

Upon receipt of the samples, hexavalent chromium and conductivity were' measured. This data 
and sample designations are bted in Table 1. 

EC Treatment Procedure: 

The water samples were subjected to standard Andco electrochemical treatment tests. After 
determining the Iml of iron addition needed by evaluating untreated wastewater mditions, a 
known volume of sample was stirred and pH adjusted to between 7.0 and 9.0. Next, cold rolled 
steel electrodes were added and a specific amount of ferrous ion (Fe+') was generated in this 
minicell. Faraday's Law is used to determine generation time for a specific size sample at a 
known amperage. At pH >75, Fe(0w2 precipitates fiom solution and is capable of removing 
chrome by adsorptiodcoprecipitation processes To allow hydrogen formed during EC treatment 
to dissipate, a ten minute degassing period is allowed. Following iron addition, pH adjustment 
is utilized to meet efnuent requirements and also maintain pH dose to the m e d s  point of 
minimurn solubility. Andco 3640, an anionic polyelectrolyte, was added to assist Doc  formation 
and clarification. After thiny minutes of setthg, the sample was filtered using Whatman mter 

d paper- 



'u' 

Table 2 contains the treatability study designed in the Andco hhratory. AJI pWs of interest 
also be found in this Table. Results obtained from analyses done at outside labs are 1 - d  in 
Table 3. 

#balvses: 

Due to availability and turnaround time, two different analyticai labs were utilized. Samples wefe 
sent to Ecology and Environment, Inc. (Lancaster, NY) and Alpha Anafytid Laboratorie~, b c .  
(Niagara Falls, NY). Past experience with them has shown that the results are rcIiabIe and can 
be used for comparison. 

Conclusions: 

The data in Tabb 3 indicates that chrome can be moved by Fe" addition and polymer 
(Andco 3640) assisted clarification. A substantial amount (350 ppm) of ferrous ion and pH 
adjustment, EolIoWing iron generation to around 8.5, avc the best rtsufts. The range of 200 ppm 
Fe+2 (total chrome = 8 ppb) and 350 ppm Fe+% (total chrome = l.9 ppb) needs to be 
opthi&. Optimkition benefits incluk r e d d  sludge generation and sludge handling cosrs 
If additionaI work is needed, we would be willing to help you optimize the treatment 

If you have any questions or comments, pIease fttl fret to contact Jack Reich or me at (716) 
691-2100. 

Sincerely yours, 

ANDCO ENVIRONMENTAL PROCESSES, INC 

-p.- 

Michael D. Brewster 
Research Chemist 

- 
M D B h  



Table 1. 

Andco - CIient Preserved Conductivity - Cr+6 
UmhO PPm LD. LD. 

s-224-1 w-9 

s-224-2 Iw-2 

No 730 275 

No 1270 25.0 

s-224-3 rw-2 YeS - 0 

s-2244 Sc6D No 2560 325 

s-224-5 SC6D YeS - 
s-224-6 w-9 YeS 0 

- 
- 

- 
- 

InitiaI Cr+6 tests were done using a Hach HcxavaIcnt Chromium Test Kit (Model CH-8). 

Conductivity and Cr+6 were not measured on the prtscrved samples since both would be 
altered when acidified. 



Table 2 

Andco_ 
LD. 

DH 
initid 

oH 
adj. 

a 
OUt 

DH 
adj. 

s-224-lA a74 736 100 9.97 . 7.83 

s-224-lB 

S-2242A 

S-2242B 

5-224-3A 

S-2243B' 

S-2244A 

ld S-2244B' 

S-224-5A 

S-224-5B 

s-224-5c' 

S-224-A 

s-2246B' 

8.69 

736 

736 

123 

L23 

758 

7.65 

L26 

1.10 

131 

123 

123 

782 

750 

7.63 

7.61 

732 

856 

850 

849 

897 

755 

861 

858 

200 

100 

150 

100 

200 

150 

200 

100 

150 

350 

150 

200 

1031 

956 

9.63 

931 

957 

9B3 

9m 

9.85 

9.85 

10.45 

10.05 

10.42 

8l!j 

755 

780 

8.17 

852 

8.56 

a45 

8.45 

893 

851 

Due to money resuictions, only four treated sampIes and two untreated (S-224-3 and S-2244) 
were sent to an outside lab for analysis. 



- Andco 
LD. 

s-224-3 

S-224-3B 

s-2244 

S-224-4B 

s-224-5c 

s-22443 

- Fe+* 
PPm 

- 
200 

- 
200 

350 

200 

DH 

- 
852 

- 
a45 

a51 

10.42 

chromium 
Pofvmer - Total Hex 

PPm PPb PPb , 

- 
5 

5 

5 

23,700 

8 

W 

27 

17,500 

l3 

- pH data was relisted to show that pH adjustment (to around 85)  prior to poIymer additian 
needed. It is assumed that some chrome is returning to solution as the pH is increased 



May 1993 - Full-scale Test Data 
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Order 4b 93-0S231 
'--/' 05/27 f93 16:30 

Page 1 

Sample: 016 5-21-934 ANDCO #4 COMP Collected: 05/21/93 

--- T e s t  l3escr.i- 
Cr+6 by Colormetric 

Result --..-.-. L i m i t  u___ Units  Analvzed 
5.86 8-81 PPm 85/26/93 KD 

Sample: 02A 5-21-93-3 ANDCO t i 4  C O W  Collected: 85/21/93 

Test Description 
Chromlum by Graphite Furn 
Cr+6 by Colormetr ic 
Iron I n  Water ,  by ICP 
TDS by Gravimetric 

Limit Result: - 
(1.0 1.0 
(0.01 8.81 
0.01 0.01 

70 0 0.01 

- U n i t s  Analyzed & 
ppb 05/26/93 KD 
ppm t35/26/93 KO 
ppm 05/26/93 GP 
ppm 0 5 / 2 6 / 9 3  KO 

Sample: 8 3 A  5-21-9346 ANDCO Y14  Collected: 05/21?93 15:00 

'4 
T86t D e 6 C r i D t f O n  Result - L i m i t  - U n i t s  Analvzed & 
Chromium by Oraphite Furn (1-0 1.0 ppb 85/26/93 KD 

Sample: 04A S-21-93-58 ANDCO #14 C o l l e c t e d :  05/21/93 16:W 

Test  Descr ipt ion Result  - L i m i t :  - U n i t s  Analyzed & 
Chromium by Graphite Furn 3.4 1.0 ppb 05/26/93 KO 

Sample: 05A 5-21-93-68 ANDCO #14 Collected: 85/21/93 17x00 

Test  Oac c r i D t l ~  
Chromium by Graphite Furn 

Result  -- L i m i t  - U n i t s  Analvzad &t 

< l . S  1.0 ppb 05/26/93 KO 

Sample: 0 6 A  5-21-93-7B ANDCO B14 Collected: 06/21/93 18tW 

-- T e s t  Descr ip t ion  R e s u l t  -- L i r n i  t U n i t s  Rnalvzed 
Chromium by Graphite Furn 1.1 1.8 ppb 05/26/93 KO 



Order # 93-05-231 
85127193 16 :30 4' 

Page 2 

Sample: 074 5-21-93-8B ANDCO r14 Collacped: 85/21/93 19:W 

Test Oescriptlon .--..-. Resill t --- L i r n i  t U n i t s  CInalvzed BQ 
Chromium by Graphite Furn (1.0 1.0 ppb 85/26/93 KD 

Sample: %SA 5-21-9348 ANDCO e14 Colleotedt 05f2lt93 20teB 

-..----.. Units -.- Anelvred & Teez D e s c r i p t i o n  Result - L i m i t  
Chromium by Graphite Furn 3.2 1.8 ppb 05/26/93 KO . 

S v l e :  89A 5-21-93-1BS ANDCO #14 Colle&ed: 05)21193 21:00 

Test Descriotion Result - Limit U n i t s  Analvzed By 
Chromium by Graphite Furn 1.5 1.0 ppb 05/26 /93  KD 

d Sample.: 1 P A  5-21-93-11B ANDCO # l 4  Eollectedi 05/21/93 2 2 ~ 8 0  

Test Oescriptfon Result L i m i t  - U n i t s  Analyzed & 
'. (X.0 1.8 ppb 05/26/93 KD ChromLum by Graphite Furn 

Sample: 1 1 A  5-21-93-12B ANDCO #14 Collected: 85/22/93 23:00 

U n i t s  Analyzed & Test Description 
Chromium by Graphite Furn (1.0 1 .a ppb 05/26/93 KD 

R s s l J l  t -- Limft - 

Snmpht 1 2 A  621-93-138 ANDCO iC14 Collected: 05/21/93 23:59 

L i m i  t Units  Analyzed t& Test Descriptio2 
Chromium by Graphite Furn (1 .e 1.8 ppb 05/26/93 KO 

Resul t  - 

Sample: 1 3 A  5-22-93-1 ANDCO #4 COHP Collected: 85122/93 

Tesr  Descriotioq 
C r + t  by C o l o r m e t r i c  

\d 

Result Limit 
5.84 0.01 

U n l t s  Analvzed & 
ppm 0 5 / 2 6 / 9 3  KD 



Order # 93-05-231 
4 05/27/93 16:30 

Page 3 

Sample: 14C 5-22-93-2 AhlnCO Y14 COUP ColledCed: 05/22#93 

Test  Descriptioq 
Chromium by Graphite Furn 
Cr+6 by C o l o m t r i c  
Iron I n  Uater. by ICP 
IDS by Gravimetric 

Limit -- Result - 
1.4 1.8 

( 0 .  e 1  0.01 
8.02 0.01 

700 B . B 1  

- Units hnalvzed & 
ppb 05/26/93 KD 
pprn 85/26/93 KO 
ppm 05/26/93 GP , 

ppm 05/26/93 KD 

Sample: 1 5 A  5-22-93=3B ANDCO #1U Colleqtedr 05/22/93 81:W 

Units Analyzed & 
Chromium by Graphire Furn (1.0 1*0 ppb 05/26/93 KD 

L i m i t  Test Descr ipt ion P a l - %  - 

Sample: 1 6 A  5-22-9348 ANDCO #I4 Collected:! 85/22/93 02:08 

Te6 t De sc r i p  riori R e s u l t  --. L i m i t  Units Cinalvzed l& 
Chromium by Graphite Furn 3*8 1.0 ppb 05/26/93 KD 

Sample; 1 7 A  5-22-9348 ANDCO +14 Collected: 06/22/93 83:W 

rest Description Result - Limit - U n i t s  Analvzed py 
Chromium by Graphite Furn 1.9 1.8 ppb 05/26/93 KD 

Sample: 1 8 A  5-22-9348 ANDCO W.4 Collected: 05f22/93 64:60 

Test  Descrbt ion  -- Resul t  L i m i t  UnIts  Analyzed & 
Chromium by Graphite Furn 4.7 1.0 ppb 05/26/93 KD 

Sample: 1% 5-22-93-78 ANDCO 114 Collected: 05/22/93 05:88 

T a G t  DQ sc riP ti on -- Result: __. Llmf t - U n i t s  Analyzed & 
Chromium by Graphite Furn (1.0 1 .0  ppb 05/26/93 KD 

Sample: 2 0 A  5-22-9348 ANDCO #14 Collected:  05/22/93 06rW 

U n i t s  hnalyzed & T e s t  Descr ip t ion  R e s u l t  l- irni t 
Chromium by Graphite Furn 3.1 1.0 ppb 05/26/93 KD 

--- \d 



Order 93-05-231 
\.-' 85/27 f93 16:38 

Page 4 

Sample: 2 1 A  5-22-93-98 f)NOCO i 1 4  Col lecbd:  05/22/93 87:08 

Teat Descr iotIOn - Rasul t C\nalvzed 
Chromium by Graphite Furn 2.2 1.0 ppb 05/26/93 

Sampl~: 2 2 A  5-22-93-108 ANDCO +14 Col lec ted;  05/22/93 88:W 

Test  Desc r iptlon -- Result 1- Cimf t U n i t s  Clnalvzed 
Chromium by Graphite Furn' <1.0 1-0 ppb 05/26/93 

SWk: 234 5-22-93-138 ANDCO Y14 Collected: 65/22/93 09:00 

Test Description pesult __c_ L i m i t :  U n i t s  Analvzed 
Chromium by Graphite Furn (1-0 1. e ppb 05/26 /93  

T e s t  D ~ s c r i p t i o n  R e s u l t  - Limit - Units Analvzed 
Chromium by Graphite Furn 1.3 1 . B  ppb 05/26/93 

-le: 2 5 A  5-22-93-138 ANOCO #14 Collected: 05/22/93 1l:W 

Test OescrlDt lon Result Limit - U n i t s  Analyzed 
Chromium by Graphite Furn 2.4 1.0 ppb 05/26/93 

Sample: 2 6 A  5-22-93-148 ANDCO 414 Collected: P5/22/93 12:08 

- L i m i t :  U n l t s  Analvzed T m  D 8 S C r i D t i O n  R e s u l t  
ChrcmPum by Graphite Furn 1.1 1.0 ppb 05/26/93 

Sample: 2 7 A  5-22-93-158 ANDCO #14 Collected: 05/22/93 13:00 

T e s t  D e s c r i p t i o n  Pesu l t  L i m l .  t 
Chromium by Grephi te  Furn 15.1 1.0 

'd 

.--..-.- Units Analyzed 
ppb 55/26/93 

Pw 
KD 

!%! 
KO 

BY 
KO 

9. 
K a 

slr 
KO 

BY 
KD 

El! 
KO 



Order 93-65-231 
'd 05f27/93 16:3% 

Page 5 

Sample: 28th 5-22-93-168 ANDCO 114 Collected: #)5/22/93 1 4 ~ 0 8  

Test  Desc rs&&.t.t - Resuls -,- Lint i  c Un i ts  Analyzed 
Chromium by Graphite Furn 3.3 1.0 ppb 05/26/93 Y D  

S#nph; 2 9 A  5-22-9Sl7B ANOCO #14 Collected: 05/22/93 15:08 

Tesl: D e s c r i p t i .  Result . P A m i  t --.... Units Rnalvzed & 
Chromium by Graphite Furn 1.7 1.0 ppb 05/26/93 KD 

Sample: 308 5-22-93-28 ANDCO e14 Collected: 05/22/93 22t80 

Test Description 
Chromium by Graphite Furn 
Cr+6 by Colormetric 
I r o n  in Water, by I C P  

i-/ TDS by Gravimetric 

Result _c_ Limlc 
5 - 8  1.0 

(0.01 0.01 
0.05 0.01 

708 0.01 

Sample: 31e\ 5-23-93-1 ANDCO 114 C O W  Collected: 85/23193 

Test  Description 
Cr+6 by Colormetric 
pH by Wet Chemistry 

Result  -- Limit 
5.72 0 - 0 1  
7.82 0.10 

Sample: 32A 5-23-93-2 ANOCO #14 COCIP Collectedr 86/23/93 
Job: ANDCO ION EXCHCLNGE - NEW 8106, 

Test Description Result L i m i K  
Chromlum by Graphite Furn 3.6 1.0 
Cr+6 by Colormetric <0.01 0.01 
Iron in Water, by ICP 0.413 0.03. 
TDS by Gravhett ic  700 0 .e1  
TSS by Gravhatric 1 1 
pH by U e t  Chemistry 8.18 0.10 

Uni ts  rnalvzed & 
ppb 85/26 /93  KD 
ppm 05/26/93 (to 
ppm 05/26/93 GP 
ppm 05/26/93 KO 

- 

Analvzed 
85/26/93 
85/26/93 

EY 
KD 
KD 

Rnalyzed 
06 /26 /93  
05 /26 /93  
05  /26/9 3 
05 /26/93 
@sf 26/93 
05 /26/93 

la! 
KD 
KD 
GP 
'K D 
KD 
KD 
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12-1 
12-2 
L2-3 
12-4 
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I 2 4  

:2*8 
:2-9 
,2119 
.2-11 
.2-12 
,2113 
.&I4 
.2-X5 
2-16 
2-27 
2-18 
2-19 
2-20 
2-21 
2-22 

La-7 

JOE 3fUHBE.R t 9301.066 

05/26/93 
05/26/93 
031 26/93 
05126483 
05/26/93 
W26119 
01)/26/93 
05/26193 
O m 6  t93 
W126t93 
05136193 

05/26/93 
03/26/95 
03/26/39 
OSf 26193 
O5/26# 93 
05/26/93 
03126/93 
W 2 6 f  93 
05/26/93 
OW26 / 9  3 

wta6m 

03/27/93 
OW2 3/93 
05/27/93 
OS/2 7/93 
05/27/93 
05/27/93 
01)m 493 
OW27193 
05f 27/93 
05/27/93 
Ow27I93. 
0!!127/93 * 
b1)/27f 93 
031 27/93 
O f / Z ? f  93 
03/27/93 
03127193 
09f 27f  13 
09/27 1 9  S 
05/27/93 
O%27/ 93 
05?27/ 93 

P G G i  .883 

llS/P7/98 
05/27/93 

OS127193 
09/27/93 
05127/91 
O M 2  71 93 
OS/27/93 
OS/2f/93 
05/27/93 
05/27/93. 
aS727/- 
0512?/93.. 
03/2?/93 
05/27 a 3  
03/27/93 
03/27/93 
05/27133 
OW27493 
69/27/93 
W 2 1 f  93 
05/27 f 93 

a w n m  
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CLZBKI t ANPCO -0tiHENTAL PRQCESS INC. 
WATER 



NATIONAL 
ENVIRONMENTAL 

i/ TESTING, INC. 

* REPORT NO8 93.01391 
DATE: 06/03/1993 

Client SHIELDhLLOY WETALLUR61CAL 
12 WEST BLVD 
NEWFIELD, HJ 08344 

Authorization DAVID SXITH 

Subject Analytical result8 data packege for eamples eubmitted to 
National Environmental Testing, Inc. for chemical analysis. 
The followhg page l i e t a  all sample6 and the bate they were 
received by the laboratory. 

Procedure Samples were analyzed i n  accordance w i t h  one or more of  
the procedures presented ln the Pollowlngt 

USEPA Hethode for Chemical Analyeie of Water and 
Waetea(EPA-600/4-82-055). 

Standard Wethodor for the  Examination of Water and 
Wastewater. 16th Edition. 

lederal Register volume 40 part 136. 

Tse t  Hethode for Evaluating Solid Waete. (SW-846, Third 
Edition) r 

Approved by : National Environmental Testing, n! n Thorofare Division 

T h i e  report ha8 been prepared in accordance with NJDEPE regulation6 governing 
laboratory performance and standards of performance N . J . A . C .  7~18. 
HJ Laboratory  Certification 08153 



HATLONAL ENVXRONMENTAZ; TESTING, XHC. 

The following t a b h  identifies all 6 l ~ p l e e  8ubmitted t 4  NET for analynie. 
d 

Cliant  t SHIELDALLOY MSTALUJXG1CA.L Job No: 93,01391 

NET ID C l i e n t  ID Date Sampled Date Received 

114636 5-21-93-7C 
114637 S-21-93-11C 
114638 5-22-93-4C 
114639 5-22-93-8C 
114640 5-22-93-12C 
114641 5-22-93-16C 

05/21/1993 05/25/1993 
05/21/1993 05/25/1993 
05/22/1993 05/25/1993 
05/22/1993 05/2S/l993 
05/22/1993 05/25/1993 
05/22/1993 05/25/1993 

Lieted below are the current certifications that are held by 
NET, Inc. - Thorofare Divieiun. 

NJ Certification NO: 08153 
Ny CertffLcation No: 10867 
PA CertfficaLion No: 68-212 
SC Certification NO: 94008 
CT Certification No: PH-0784 
TN Cartification No: applied 

MA Certification No: NJ119 
DE Certification No: 08153[NJ) 
MD Certification No: 173 
VA Certification Nor 00043 
FL Certification No: pending 
AL Certification No: applied 
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Definit ion of terne, abbreviations and flags that may be ueed in t h i s  report. 

PlagJTernk/Abbrev. Definition 

U 

S 

B 

' H A  

ND 

NC 

m 
MIL 

LCS 

ns/nsr, 

RPD 

R I D  

umhoe 

NTO 

to1/3 

deg C 

deg F 

ug 

w 

9 

Kg 

ul 

ml 

L 

dw 

PPP 

PPb 

Compound wae analyzed for but ndt detectsd. The laboratory has 
reported the method detection l i m i t  for the compound. 

c4mpound wae detected at a concentration below the method 
detection limit. These valuee are estimates. 

Compound vas detected in the  msthod/axtraction blank a8 well 
ae the sample. The data uaer ia warned of  possible laboratory 
introduced contamination. 

N o t  A p p l i c a b l e  

Not Detected 

Not Calculcrbla 

N o t  mqueeted or Not Reported 

Uethod detection limit. Can be a l i m i t  epecifLed by the m e t h o d  
or a number determined by performing an HDL etudy. 

Labozatory Control Sample 

Matr ix  Spike/Xatrix Spike Quplicate 

Relative Percent Difference 

Relative Standard Deviation 

conductivity units) resistance is eXpEee6ed in ohm6. 

Nephlometric Turbidity Unite;  ueed for turbidity. 

Colonies per volume of eample analyzed; ueed for bacteriology. 

degreee celciue 

degreee fahrenheit 

microgramr t h e r e  are 1000 ug in 1 mg- 

milligram; there are 1000 mg i n  1 g. 

grami there are 1000 9 in 1 Kg. 

ki 1 logrem 

m k r o l i t e r ;  there are 1000 ul i n  1 m l .  

m i l l i l i t e r ;  there are 1000 ml in 1 liter. 

liter 

Dry weighti indicatee t h a t  t h e  reported value has been 
corrected for percent solide. 

Partu per million = mg/Kg, ug/g, mg/L, ugjrnl; 1 ppm = lOOOppb 

Parte per billion = ug/Kg, ug/L 
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NATIONAL E-AL TESTING, INC. 
Thorofare Division 

Clientt SRXOLOAlSbY AlETKLLURGICAL 
Job No: 91.01391 

Sample Not 114636 
client Sample IDS 5-21-93-7C 

parameter 

tlexavalent Chromium 
PR 
Solida,  diaaolved (TDS) 

Chromium (Cr)  200 ICP A 
eolida 8 8unpended { T88) 

Iron (Pe) 200 SCP A 

Sample Not 114637 
C l i e n t  Sample ID: 5-21-93-31C 

Hexavalent Chromium 
Pa 
Bolide, diucrolved (TDS) 
Sol ids ,  su8pended (T6S) 
chromium (cr) 200 ICP A 
Iron (Pe) 200 ICP A 

6mple No: 114638 
C l i e n t  Sample‘ ID: 5-22-93-4C 

Paramet= 

Hexavalent Chromium 
w 
&Aidet diaeolved (TDS) 
SolLda, suspended (TSS) 
Chromium (Cr) 200 ICP A 
Iron (Fe) 2PO ICP A 

r n u l t s  

e0.01 
a. 19 
682 
2 
eo. 01 
(0.05 

Reeulte 

<o .) 01 

698 
e1 
so. 01 
<o.os 

a. 18 

peeults 

eo. 01 
8.12 
652 
<I 
eo I O 1  
<O. 05 

Unite 

ynite 

Unite 

N o t e  that the pH and Hexavalent Chromium were run out8Fde the prescribed holding t ime .  
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NATfONAL ENVIRONHENTAL TESTING, INC. 
Thorofare Divirion 

Client: GHIELDALLOY ME!CALLURGICAL 
Job NOS 93.01391 

Sample No: 114639 
Client Sample ID3 S-22-93-8C 

Parameter 
Xsxavalent Chromium 
Pa 
lo l ide ,  dieeolved (TDSI 
Solids,  auepended (TSS) 
ChromLum (cr) 200 ICP A 
Iron (Fe) 200 ICP A 

sample KO: 114640 
C l i e n t  Sample ID: 5-22-93-12C 

PsratReter 

Kexavalent Chromium 
SH 
solids, disaolved (TDS) 
l o l l d s ,  mumpended (TS6) 
Chromium (Cr) 200 ICP A 
Iron (Fo) 200 ICP A 

Sample No: 114641 
C l i e n t  Sample ID: 5-22-93-16c 

Hexavalent Chromium 
PH 
S O l i d O ,  dLPOOlVUd (TDS 
Bolidr, muspended (TSS) 
ChromFum (Cr) 200 ICP A 
Iron (Fe) 200 ICP A 

i. 

ReEultB 

(0.01 
6-06 
680 
(1 
eo.01 
0. os0 

Reeu It E 

co. 01 
0.21 
670 
<1 
<o .01 
eo. 05 

mote that the pH and Hexavalent Chromium were fun outside the preecrfbed holding time. 

peeu1ts 

<0.01 
8-19 
682 
<1 
co -01 
a . 0 5  - 



NATIONAL ENVIRONHENTAL TESTING, INC. 

4 
CLIENT: S H I E L D U Y  WETALLIIRCICAL JOB HUBBER: 93.01391 

=ID Client ID mchnician Date kaalyzed 

Parame+er: €Yexavalent Chromium 

114636 5-21-93-7C 
114637 5-21-93-llC 
114638 5-22-93-UC 
114639 5-22-93-8C 
114640 5-22-93-12C 
114641 5-22-93-16C 

jfethodt 6n 350OD 

jhw 05/25/1993 
jhw 05/25/1993 

05/25/1993 
05/25/1993 

jhu 05/25/1993 
jhu 05/25/1993 

j b  
jhw 

Parameterr p€I Method: RPA 150.1 

116636 5-21-93-7C 
114637 5-21-93-llC 
114638 5-22-93-4C 
114639 5-22-93-BC 
114640 5-22-93-12C 
114641 5-22-93-16C 

05/25/1993 
05/25/1993 

jm 
jfi 
jhh 05/25/1993 
jhh 05/25/1993 
jhh 05/25/1993 
jhh 0 5 / 2  5/1993 

Parameter: Sol ids ,  diseolved (TDS) Method: EPA 160.1 

114636 5-21-93-70 
114637 S-21-93-11C 
114638 5-22-93-4C 
114639 5-22-93-8C 
114640 5-22-93-12C 
114641 5-22-93-16C 

'd 
mtnm 05/26 f 1993 
mrnm 05/2 6 /  1993 
mnml 05/26/1993 
1111311 05/26/1993 
mmm 05/26/1993 
mrm 05 /26/1993 

Parameter: Solide, suspended (TSS) Method: EPA 160.2 

114636 5-21-93-7C 
114637 S-21-93-llC 
114630 5-22-93-4C 
114639 S-22-93-8C 
114660 5-22-93-12C 
114641 5-22-93-16C 

pacr 05/26/1993 
Pdg 05/26/1993 

05/26/1993 
05/26/1993 

Pd9 
pag 
Pdg 05/26/1993 
pag 05/26/1993 

Parameter: Chromium (Cr) 200 5CP AQ Method: EPA 200 TCP 

13.4636 S-21-93-7C 
114637 5-21-93-llC 
114638 5-22-93-4C 
114639 S-22-93-8C 
114640 5-22-93-12C 
114641 5-22-93-16C 

Parameter: Iron (Pe) 

114636 5-21-93-7C 
114637 S-21-93-llC 

d 114638 5-22-93-4C 
114639 5-22-93-8C 
114640 5-22-93-12C 
114641 5-22-93-16C 

j V 8  06/02/1993 
3- 06/02/1993 
j v e  . 06/02/1993 
j vs 06/02/1993 
jve 06/02/1993 
j vs 06/02/1993 

200 ICP AQ Method: EPA 200 LCP 

j ve 06/02/1993 
j v e  06/02/1993 
j v~ 06/02/1993 
j ve 06/02/1993 
jvs 06/02/1993 
j vo 06/02/1993 
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"d NJDEPE COMMENTS' ON THE DRAFT FOCUSED FEASIBILITY STUDY 
AND SHIELDALLOY METALLURGICAL CORPORATION RESPONSES 

INTRODUCTION 

Subsequent to the receipt of NJDEPE comments on the Draft Focused Feasibility Study, SMC prepared 
draft responses to those comments. A meeting was held on May 20, 1993 between representatives of 
SMC and NJDEPE to discuss the comments and responses. Comment responses and report text have 

; been revised further in accordance with these discussions. The comments and revised responses follow, 

It should also be noted that references to insertions to specific pages of the text refer to the pages as they 
were paginated within the Draft Focused Feasibility Study Report. 

GENERAL COMMENTS 

1. The DFFS was based primarily on findings of the RI. However, investigative activities have 
continued since the RI report was prepared. Specifically, additional monitoring wells SC20D, 
SC25S, and SC26D were installed and sampled. The latter well is located south of the SMC 
facility, dong Weymouth Road. Reference is made to this well throughout the DFFS, although 
detailed information (well log, construction details, and analytic data) are not included. Both of 
the major contaminants of concern, chromium (Cr) and trichloroethene (TCE) were detected in 
this well. The TCE concentration is reportedly 12 ppb. The Cr concentration is not presented. 
These findings are of fundamental significance, as they indicate that the major contaminants in 
the deep portion of the aquifer extend outside previously determined boundaries. In fact, the 
southern boundary of the deep plume is not delineated. Additional discussion of this subject will 
be presented as Specific Comments, below. 

ResDonse: Monitoring wells SC2OD, SC25S, and SC26D were all installed afier the RI Report was 
submitted for regulatory review. nese  monitoring wells were installed to address 
specific data gaps identified in the RI Report. Analytical data from these wells have been 
presented in the SMC Monthly Monitoring Report. Copies of these monitoring well logs 
have been included in Appendix D. 

The additional investigative activities were discussed in Sections 1.4 and 3.1 .I of the 
DFFS and were not ignored in the evaluation of ground water remediation options. The 
presence of TCE and chromium in well SC26D was discussed in Section 3.1 . I ,  as well 
as the resultant conclusion that the limits of the extent of TCE and chromium 
contamination in this area extend beyond those previously presented. n e  level of 
chromium detected in well SC26D during the August 1992 sampling event (0.98ppm and 
1.13 ppm in a duplicate sample) has been provided in Section 3.1.1, where the last 
sentence of the jirst paragraph on page 3-8 has been revised to read as follows: Ground 
water monitoring of the toe of the chromium plume conducted since the preparation of 

'Reference letter from Donna L. Gaffigan, Case Manager, NJDEPE to David R. Smith, Shieldalloy 
Metallurgical Corporation, dated March 17, 1993. 



the RI Report has indicated no significant change in the downgradient extent of either the 
shallow or deep total chromium or hexavalent chromium contamination with the exception 
of the identijkation of chromium at a concentrafion of 0.98 ppm (1.13 ppm in a 
duplicate sample) within newly installed well SC26D, located south of the SMC facility 
(SMC, 1992). 

' 

As a result of discussions held at the May 20, 1993 project meeting (see Introduction), 
SMC agreed to meet with the NJDEPE site geologist to discuss the requirements for 
additional wells at the toe of the plume (in the vicinig of well Tw2) as well as in the 
vicinity of well SC26D, with the intent of further delineating the extent of chromium 
contamination in these areas. Based on these future investigation activities, the 
evaluation of the extent of ground water contamination as well as the analysis of the 
optimal means for capturing and remediating the plume will be updated and revised, as 
necessary. lhis has been noted within the text of the report. 

* 

2. Reference is made throughout the DFFS to a new interpretation of the hydrogeology of the area 
since earlier investigations. Specifically, Dan Raviv Associates, Inc. @MI) considered an upper 
and a lower aquifer in the Cohansey Sand, with a 20 to 60 foot thick semi-confining layer 
between. The RI and DFFS refute this finding, and conclude that the Cohansey operates as a 
single water table aquifer, with discontinuous confining beds scattered throughout. However, 
both the discussion on contaminant distribution and proposed remedial extraction schemes 
continue to refer to the upper and lower Cohansey. Monitoring wells tend to be screened either 
in the very shallow portion of the aquifer (less than 20 feet) or very deep (greater than 100 feet). 
If the Cohansey in the vicinity of SMC does function as single unit, additional consideration of 
the middle portion may be warranted. The stratigraphy and detailed hydraulic properties of the 
system are not well understood. 

I-' 

Response: As discussed in Section 3.5 of the RI report, the Cbhansey Sand is composed ofJine to 
coarse sand, with discontinuous layers of clay and zones of silt stringers. Grain size 
varies both vertically and laterally, which is consistent with deposition within a coastal 
environment. i%e Dan Raviv Associates, Inc. (DM) report described the Cbhansey 
Sand as consisting of two water producing zones separated by a 40- to 60-foot thick semi- 
conJining layer consisting of thin sand and clay interbeds. 73is description was based 
on well logs developed from drill cutting observations made during well construction 
using mud rotary techniques. As discussed in the RI, logging stratigraphy on this basis 
is dincult because the depth of the cutting cannot be determined, the geology can be mis- 
interpreted (e.g., when the drilling mud is thin or drilling encounters a coarse sand layer 
and no cuttings are brought to the surfiace, the drilling mud could be mis-interpreted as 
a clay layer), and there is no way to determine the percentage of silt or to diflerentiate 
a silt layer from a clay layer. 

Based on the typically continuous split-spoon sampling conducted by iTC during the RI 
soil borings, subsurfiace conditions were logged more accurately. Data gathered from 
the RI does not support the definition of a two-aquifer system in the Cohansey Sand at 
the SMC site. n i n ,  discontinuous silt and clay lenses were identijied at several 
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locan'ons, including in the vicinity of SCX2D and SCX3D (depth of 28 to 34 feet) and at 
the pilot hole for SC22D (4-inch layer at a depth of 30 feet). 

' 

. 

while it has been concluded that there is no semi-confning layer in the Cohansey Sand, 
this does not mean that the Cohansey Sand is considered as one unit. As stated in the 
FFS, for modeling purposes the Cohansey Sand has been divided into two units on the 
basis of hydrogeology to address the diflerence between the shallow and deep 
transmissivities observed from the pump test analysis. 73is interpretation has been 
confinned by the strong correlation between the MODELOW simulation and the actual 
ground water response to pumping during the two model verification monitoring events. 
This correlation supports the presented interpretation of the Cohansey Sands' upper and 
lower aquifer propertes and does not indicate the need for additional definition of the 
stratigraphy and hydraulic properties of the system. 

Discussions of the upper and lower Cohansey also allow for a presentation of the 
variation in contaminant distribution within the shallow portions of the aquifer as 
opposed to the deeper portions of the aquifer. lhis presentation supports the evaluation 
of pumping fiom various depths within the aquifer to capture contamination p o m  the 
zones with the highest contaminant levels. while wells installed during the Rl program 
tend to be screened within the shallow (less than 20 feet) or deep portions of the aquifer 
(greater than 100 feet - see Table 1-3 of the FFS), previously installed wells tend to be 
screened within the intermediate portion of the aquifer. 

Ihe response presented above has been incorporated into the text of the FFS (within 
Section 1.5.2 and Appendix B). In addition, a more detailed discussion of the vertical 
distribution of contamination has been incorporated into Section 3.1.1. 

3. Based on material presented in the RI and the DFFS, the mechanisms of contaminant transport, 
for organic and inorganic contaminants, have not been fully determined. If the limits of 
contamination were known with certainty, and*if the hydrogeology of the area were understood 
sufficiently to assure that whatever pumping scheme is adopted would capture all of the 
contaminants of concern, a complete understanding of the detailed mechanism of transport could 
be considered an unnecessary academic exercise. The recommended extraction scheme will 
probably capture most of the contaminants. However, there is sufficient uncertainty to warrant 
additional investigation. Additional discussion of this topic will be presented as Specific 
Comments, below. 

Resnonse: The Conditional Approval for the Feasibility Study Work Plan stated that the ground 
water portion of the Remedial Investigation has been conditionally approved.. . . . . so the 
development of the remedial action can move forward. n e  purpose of the FFS is to 
identijj and evaluate alternatives for mitigating ground water contamination at andlor 
emanating from the site, thereby minimizing potential impacts to human health or the 
environment. 'Ihe major contaminants associated with the site, chromium and TCE, are 
addressed within the FFS based on currently available information. n e  recommended 
extraction scheme has been developed to capture or control the majority of contamination 
at andlor emanatingfrom the site which was detected at levels exceeding ARARs/T2)Cs 
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andlor risk-based cleanup levels. While additional investigation may be required in 
portions of the site (see the response to specific comments #22 and #26), SMC is 
confident that the FFS can m e t  the objectives of the study based on available 
information. 

’ 

Ihe extent of chromium contamination is well-defined with the exception of the area south 
of the SMC facility. n?e extent of chromium contamination in the lower Gdumsey Sand 
in the vicinity of well IW2 also requires @?her definition. As presented in the response 
to spacijk comment #21, SMC is confdent that the area of TCE contamination 
attributable to the SMC facility has also been defined, although additional investigation 
is appropriate, as noted above. 73is FFS has been focused on the capture and control 
of these contaminants. Total chromium has been used as an indicator of general ground 
water flow and contaminant dispersion porn the site. Dissolved TCE would be expected 
to follow the same general subsu@ace flow pattern. 73e TCE plume does generally 
mirror the chromium plume in the upper and lower Cohansey Sands, wirh the exception 
of the increased levels of TCE Contamination detected to the southwest of the facility, 
outside of the chromiumplume. These anomalous results strongly indicate an additional 
source of TCE contamination. While SMC agrees to further investigate the extent of 
chromium contamination in the lower Cohansey Sand in the viciniv of IW2, the 
investigation of suspected ofl-site sources of TCE is not SMC’s responsibility. Further 
study of these potential source areas, especially with respect to deep ground water 
qualify, is of criticul importance in achieving an overall understanding of the extent of 
organic ground water contamination in the NeqfieldlVineland area; however, these issues 
are not critical in allowing SMCINJDEPE to meet project goals, which include the 
development of a Proposed Plan and Record of Decision in support of a an optimum 
extraction and remediation system to address the contamination at and/or emanating @om 
the SMC facility. 

4. Reference is made throughout the DFFS to the 400 gpm design rate for the proposed extraction 
system. In only one of these references (Section 5.3.3.1, page 5-16) is it recognized that the 400 
gprn rate may not be an absolute number. The use of this number as the recovery rate upper 
limit, for the final ground water remedy, is inappropriate. The 400 gpm requirement was based 
on the evaluation of the recovery system well configuration operated as an Interim Remedial 
Measure in 1988. It can not be considered the absolute maximum allowable pumping rate for 
the final ground water remedy. The installation of SC26D in 1992 extended the apparent scope 
of the contamination well beyond the apparent delineation in the RI. It now appears unlikely that 
400 gpm will be sufficient to contain the full plume. With the addition of more recovery wells 
(as proposed in the DFFS) the overall volume of recovered ground water would be expected to 
increase. As such, the DFFS must evaluate which recovery rates will most efficiently remediate 
contaminated ground water while being protective of humkn health and the environment. SMC 
must provide comprehensive documentation supporting the selection of recovery rates deemed 
appropriate for the ground water final remedy. 
The Department advised SMC in previous meetings that the modified treatment system should 
have the capacity to handle increased flow when the final ground water remedy is implemented. 
Therefore, recovery rates should not be restricted to 400 gpm as a result of treatment system 
inadequacy. ’ 
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Resoonse: Based on currently available information on the extent of contamination and based on the 
presented ground water modeling eflorts, a 400 gpm pumping rate will provide capture 
or control of the contaminated ground water at and emanating from the SMC facility. 
An increased extraction rate has been evaluated within Appendix B, with no significant 
impacts to the overall eficiency of the extraction system observed. Because the extent 
of chromium contamination in the vicinity of well SC26D has not been defined, the 
relative eflectiveness of ground water extraction scenarios which have various impacts on 
this area cannot be evaluated. However, the modeling output indicates that the 
recommended remedial alternative Will, at a minimum, provide hydraulic coritrol of the 
deep ground water contamination between SMC and SC26D, and therefore will prevent 
fwure contaminant migration in this direction. As documented in the FFS, the 
recommended remedial alternative provides protection to human health and the 
environment while eflciently remediating the ground water contamination, based on the 
currently existing information regarding the nature and extent of contamination. 

* 

* 

SMC has agreed additionul investigation in the vicinity of SC26D and in the vicinity of 
deep well IW2 is required. Based on the results of additional investigations in these 
areas, the optimal ground water extraction system to remediate contamination in these 
areas will be reevaluated and reJined. 17th has been noted at several places within the 
text, including the Conclusion Section of Appendix B. 

5. In the Compliance with A R A B  sections there are generalized references to the discharge to 
surface water @SW) requirements. For example, it is stated that "the potential compliance of 
treatment systems with discharge requirements are qualitatively discussed since discharge 
requirements are not currently defined." (page 5-62), and that "Alternative 2 is expected to 
achieve historical surface water discharge limi ts,..." (page 5-13). This is not acceptable. The 
DFFS must include discussion of the chemical-specific concentrations, otherwise it is very 
difficult, if not impossible, to evaluate whether the treatment alternatives will be able to comply 
with the ARAB. The NJDEPE agrees that the final DSW requirements, Le. ARARs, were not 
available at 'the time when the DFFS was completed, however, at the very least, the DFFS shouId 
have used the existing permit limits as points of comparison. Also, SMC was informally advised 
that the DSW limits would be much lower than the existing permit limits and that the DFFS must 
take that into account. 

The DSW ARARS are defined in Attachment 1. These limits are identical to those which will 
appear in the draft DSW permit and are based on the Category I status of the Maurice River, into 
which the Hudson Branch flows. 

Remonse: At the time of preparation of the DFFS, it was known that the State was developing 
discharge to surj?ace water permit limitations. nerefore, qualitative discussions of 
compliance with discharge requirements were considered to be appropriate based on the 
lack of specific information regarding the limits under development. nose  qualitative 
discussions did consider the existing permit limits but, since it was expected that Jinal 
permit requirements would be more stringent than the existing limitations (as noted in 
your comment), chemical-specific discussions were not provided. 
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nte draft DSWpennit conditions attached to the comment letter are evaluated as to be 
To-Be-Onsidered requirements (TBCS) within the report (see Sections 3 and 5 and Table 
34) .  NJDEPE has issued a draft pennit for this discharge to surface water. 

6. The recommended remedial alternative includes electrochemical treatment with an effluent 
concentration less than 30 ppb total chromium. The electrochemical treatment option was not 
adequately evaluated as an alternative with ion-exchange. The two systems together should allow 
treatment of the contaminated ground water to concentrations significantly less than 30 ppb total 
chromium, possibly approaching the discharge to surface water limit of 5.8 ppb. Therefore, the 

. DFFS shall be revised to fully evaluate an alternative that includes a modified extraction system, 
air stripping, electrochemical treatment, ion-exchange polishing, and discharge to surface water. 

Response: To evaluate the eflectiveness of electrochemical treatment, either through modification of 
the existing system or in concert with a separate polishing treament process, in meeting 
the proposed 5.8ppb discharge to surface water limit for chromium, a separate analysis 
is presented in Appendix E and s-rized in Section 5.3.11.3. Based on the analysis 
presented there, electrochemical treatment may be able to achieve the proposed discharge 
conditions applicable to chromium without supplemental treatment. However, it should 
be emphasized that the ability to consistently attain such levels for this or any other 
treatment process cannot be defined without continuous operation of a treament system. 
Furthermore, the ability of other treatment technologies to achieve chromium levels as 
low as 5.8 ppb is not well proven and the combination of these technologies with an 
electrochemical treatment system is also not well-defined. ?'herefore, there is a high 
degree of uncertainty associated with a review of the eflectiveness of a combined 
treatment system. nte efluent limits achievable by the electrochemical treatment system 
are still being refined based on continuing operations. Ion exchange, reverse osmosis 
and microjiltration/ultrafiltration are evaluated as supplemental treatment processes. 

Based on the separate presentation of extraction, treatment and discharge options within 
the detailed analysis of alternatives and the presentation of potential means of achieving 
the 5.8ppb chromium lBC in Section 5.3.11.3 and Appendix E, an all-encompassing 
alternative as described in the comment has not been included. The method of 
presentation which is used allows for the final combination of all options detennined to 
best meet the evaluation criteria. 

7. Although the existing air stripper and ion exchange units can be used for polishing groundwater 
treated by other treatment technologies, the treatment capacity of these units may need to be re- 
evaluated for this application since they were originally designed for a different purpose (as 
primary treatment units). 

Response: The air stripper continues to function as a primary treatment unit for the treatment of 
organic contaminants. Its eflectiveness in treating the organic contaminants of concern 
is not expected to vary. An evaluation of the expected air stripper emissions is presented 
in Appendix C. Based on this analysis, no emissions treatment is expected to be 
required. ?'he air stripping system would be monitored during operation of confirm that 
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a permit and emissions treatment are not required. See the responses to general comment 
#10 regarding air stripping and general comment #6 regarding the use of ion exchange. 

Reference is made to treatability studies and operating treatment data. However, no information 
is presented to allow independent evaluation of such studies or data. This information shall be 
included and presented in an appendix. 

d 
8. 

Rewonse: Treatability study data was provided with the Treatment Works Approval Application 
submitted in June 1992. A reference to this document h s  been added to the FFS in 
Section 5.3. I I .  I .  Operating data are also presented in Appendix E. 

9. Flow schematic diagrams should be presented for all alternatives and options, not just the 
individual technologies. 

ResDonse: To provide flexibility in the final recommendation of a comprehensive remedial 
alternutive, the technologies associated with Alternative 3, Modified Ground Water 
Restoration, W e  been evaluated separately. 7his approach allows for the combination 
of those technologies determined to provide the greatest protection of hwnan health and 
the environment and compliance with ARARsllBCs within a comprehensive remedial 
alternative, and is a commonly requested and accepted approach to evaluating various 
technologies within a feasibility study. If every permutation of technology combinations 
was evaluated, the objective of a "focused feasibility study" would not be met. Flow 
schemutic diagrams are provided for each of the individual technologies in accordance 
with this approach. 

',\> 10. The costs for air emissions control should be factored into the appropriate remedial alternatives 
and process options. 

Response: Historic operational monitoring of the air smpper supported the temtination of the 
previously existing air permit. To evaluate the emissions which will potentially be 
generated by the air smpper at an operational rate of 400 gallons per minute, air 
emission calculations were conducted based on waxtewater influent dara and have been 
included as Appendix C to the report. Based on these calculations, both individual and 
total volatile organic emissions rates will be less than 0.1 lbhr; therefore, no air 
emissions controls are anticipated to be required. Subsequently, costs of air emissions 
controls have not been added to the air stripping cost estimate. 

11. There appears to be a discrepancy in the inorganics data presented in the Tables section. 
Numerical values of maximum detected concentrations in filtered samples for barium, beryllium, 
potassium, sodium, selenium and boron in the Upper Cohansey aquifer and for arsenic, total 
chromium, sodium, antimony and vanadium in the Lower Cohansey aquifer are reported as being 
higher than corresponding values in unfiltered samples. This shall be explained. 

Response: Of the discrepancies noted in the comment above, the only filtered analytical results 
presented in the tables which were more than 10% greater than the unfiltered analytical 
results were those for barium and beryllium in the upper Cohansey and those for arsenic 
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in the lower cohansey, For most of these results, the maximwn filtered and maximum 
unfiltered analytical results were detected in samples collected from the same well. In 
the case of selenium in the upper cohansey Sand, the maximum filtered level was detected 
in well SCI3S. Since the unJ1tered sample for this well was not analyzed for selenium, 
a direct comparison of maximumfiltered and unfiltered analytical results cannot be Made 
for this compound. Field notes and CLP Form I infomtion were reviewed and 
confirmed that the data presented within the RI Report, on which Tables 3-2 and 3-3 were 
based, was accurate with respect to the actual collection of samples and analysis data. 
As stated on page 3-7 of the DFFS, while some variability was found, an overall 
comparison offiltered and unfiltered ground water sample analyses indicates that soluble 
inorganics are present in the ground water, with inorganic concentrations in filtered 
samples opically at similar concentrations to those detected in unfiltered samples. 

The discussion presented above has been added to the text in Section 3. I .  1. 

Also refer to the response to specific comment #20. 

12. SMC shall revise the MODFLOW ground water SimuIations in accordance with the Specific 
Comments, below. The revised simulations, and subsequent changes in interpretations, shall be 
included in the revised DFFS report. 

Resmnse: Where appropriate the MODFL.OW simulations have been mod@ed to address specipc 
comments. Please refer to specific comments #52 and #53 for comment responses. 

13. For the reasons discussed in General Comment No. 4, SMC shall evaluate pumping scenarios in 
excess of 400 gpm total volume. The recovery rates for the final system must achieve hydraulic 
capture of the entire ground water contaminant plume, and facilitate remediation of the plume. 
The MODFLOW ground water model will be used to determine the optimum locations and 
recovery rates for extraction wells. 

‘d 

Response: An additionalpumping scenario that exceeds 400 gpm total volume has been included, 
with its evaluation conducted as part of the sensitivity analysis. The recommended 
pumping scenario, as described within the FFS under extraction option E2, provides 
hydraulic control of the contaminants of concern, The increased pumping rate scenario 
does not greatly increase the zone of capture of the recovery wells, due to the high 
aquifer transmissivities. As presented in the response to specijic comment #22, SMC 
acknowledges the need for additional investigation of the extent of contamination in the 
vicinity of wells IW2 and SC26D. Based on additional information to be gathered in 
these portions of the site, the recommended extraction scenario will be re-evaluated to 
verifL its eflectiveness in capturing contaminated ground water. lhis has been noted 
within the text; however, based on currently available information, the recommended 
extraction scenario h a  not been amended. 

14. SMC shall conduct a sensitivity analysis of the MODFLOW ground water model simulations and 
include the results in the revised DFFS report. 
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Resuonse: A sensitivity analysis has been included in Appendix B of the revised FFS. m e  following 
parameters were varied as part of the sensitivity analysis: hydraulic conductivity1 
transmissivity (simulations of 2 times K and 0.5 times K were evaluated), interlayer 
vertical leakage (simulan'ons of 2 times and 0.5 times interlayer vertical leakage were 
evalwed), and pumping rate (a 10 percent increase in the total pumping rate). 
Increasing the pumping rate and varying the interlayer vertical leakage had minimal 
eflects on the modeling eflort; by varying the hydraulic conductivityltransmissivity , the 
greatest impacts on the modeling results were observed. 

15. . In numerous sections throughout the DFFS, it is stated that "the treatment process itself must 
comply with the substantive requirements of a .. . permit." The phrase "substantive requirement" 
is generally reserved for discussions of permit equivalences. Be advised that it is the NJDEPE's 
policy that all NJDEPE-lead Superfund sites must obtain actual permits, not permit equivalences, 
for all permit-requiring remedial activities. 

Resuonse: References to meting the "substantive " requirements of a permit have been revised to 
simply state that the requirements of a permit will be met. 

16. The DFFS must be written to reflect reality. The electrochemical treatment unit has been built 
and is currently operating at the facility. Actual operational data shall be presented and discussed 
in the DFFS. 

Resuonse: Ihe FFS has been written to reflect and document the decision process which was used 
in the selection of a ground water treatment technology, as requested in the NJDEPE 
conditional Approval of the Feasibility Study Work Plan dated August 17, 1992. As 
such, it is documenting past activities. However, given that the treatment system has 
been constructed and is operating, introductory discussions have been included in both 
the Executive Summary and in Section 1.0 of the report which provide the reader with an 
understanding of how previously conducted inorganic treatment system evaluations have 
been incorporated within the FFS. Existing operational data for the system have also 
been included in the report. SMC is encouraged that anificant reductions in chromium 
concentrations are being achieved by the electrochemical treatment. 
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SPECIFIC COMMENTS 

1. Pave iv. Executive Summary (also Paee 1-7) 
Please rephrase the rationale for installation of the four additional ground water extraction wells. 
The wells were installed to assist in hydraulically capturing and preventing further downgradient 
migration of SMC's ground water contamination plume. 

ResDonse: lhe text on page iv has been revised to read: "Four additional ground water extraction 
wells were installed to supplement the existing extmdion well in capturing and 
preventing further downgmdient migration of contaminated ground water, wiih the 
extmcted ground water to be treated by a new on-site ion exchange treatment system. 
Similarly, the text on page 1-7 has been revised to read: ... to supplement the existing 
extraction well (L.ayne) in capturing andpreventingfittther downgmdient migration of 
confaminafed ground water. The ground water extracted from these recovery wells was 
treated within a new on-site ion exchange treatment system ... 

2. Page v. Executive Summarv (also Page 1-15) 
Second Bullet: For the lower Cohansey Sand, please characterize the location where TCE was 
first detected as being "downgradient of the perceived source area for the TCE plume in the 
upper zone". Stating that TCE was first detected downgradient of the upper plume does not 
specify what plume (TCE or Cr) and may be interpreted to mean downgradient of the toe or end 
of the upper plume. 

Resuonse: lhe  text on page v and page I-15 has been revised to read: "In the lower Cohansey 
Sand, TCE is first detected downgradient of the suspected source area for  the TCE 
plume in the upper wne (as referenced above), and extends to the southwest. 

3. Page v. Executive Summary (also Page 1-16) 
Last BuIlet: Lead is stated to have been detected in an upgradient shallow well, near the 
underground storage tanks and the railroad siding. It must also be noted in this section that lead 
was detected in shallow monitoring well F at a concentration of 102 ug/I during the RI sampling. 

Resnonse: i%e text has been revised to include a reference to this additional area where lead was 
detected at an elevated level. Specijically, the last bullet on page v and the 
corresponding sentence on page 1-1 6 have been revised to read: ". . .and Railroad Siding. 
It was also detected in shallow monitoring well Fat a concentration of 102 MA!. 

4. Page vi. Executive Summary 
"he effects of TCE and other organics on the hazard assessment should be reported. 

Resnonse: m e  one instance in which organics contribute signgcantly to the hazard assessment for 
inhalation exposures under current residential use) has been noted. The text has been 
revised as follows: "...was the current residential use scenario, under which both total 
cancer rikks and the hazard index ratios exceeded the target risk levels. The major 
contributing factors to the calculation of cancer rkk  for  this scenario are ingestion of 
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arsenic and begllium (in both the shallow and deep ground water) and inhalation of 
TCE (deep ground water only). The text on page 1-18 has similarly been revised. 

5. PaPe vii, Executive Summary 
The Remedial Response Objectives presented in Section 3.1.3 shall also be presented here. 

Resvonse: The text has been revised. The pam'al sentence on top of page vii has been revised as 
follows: "current guidance criteria (TBCs) or to risk-based cleanup levels which were 
developed as appropriate. On the basis of this evdudion, remedial action objectives 
were developed. They include the following: 

. 
Prevent exposure, due to ground water ingestion, to ground water contaminants 
attributable to the SMC f a d @  which have been detected at levels exceeding 
acceptable ARARr/TBCs, as indicated in Tables 3-1 and 3-2 or acceptable risk- 
based cleanup levels; 

Minimize migmt'on of ground water contaminanfs; and 

Remediate the ground water contaminution attributable to the SMC facdity to 
achieve ARQRs/TBCs. 

General response actions which address the remedial response objectives were 
determined, followed by the identiJcation and screening ... . " 
Note that remedial response objectives have been revised in response to speciJc comment 

d #25. 

6. Page 1-5. Section 1.2 - Site History 
This section should repeat what was stated in the last paragraph of page ii and top of page iii. 

Response: The text has been revised. 

7. Page 1-5. Section 1.3 - Previous Investigations 
The initial discovery of ground water contamination at SMC in the Newfield municipal well. 
No mention is made concerning the depth of this former well, or the concentration of Cr or 
hexavalent chromium (Cr+6). Concentrations contours of total Cr in the shallow zone (Figures 
3-7 and 3-8) show minimal concentrations near this area. There is no indication of Cr in the deep 
zone, or any Cr+6 in either zone presented in Figures 3-9 through 3-12. It is not clear whether 
this is the result of significant improvement of ground water quality in this portion of the aquifer 
in the past 20 years, or whether it reflects the lack of sampling in the area. 

Response: Based on current information, as presented in the RI Report and summarized in the FFS 
Report, it is agreed that there is a general lack of signifcant levels of chromium 
contaminution in the vicinity of the former New$eld municipal well #3 (which was located 
in the northwest pom'on of the SMC facility and never was used to supply water to the 
Newfield water supply system). Municipal well #3 was drilled to a depth of 206 feet, 

RESPONSES TO NJDEPE FFS COMhIENTS 
SHIELDALLOY METALLURGICAL CORPORATION 

F -  11 



screenedfiom 129 to 149 feet in depth and was sealed in the early 1970's. TUC was 
unable to identify specsc contaminant concentrations for this well. Shallow wells in the 
vicinity of its former location exhibitedfiom nondetectable levels to 3.41 ppm of total 
chromium and nondetectable levels of hexavalent chromium during the RI sampling 
eforts. Downgrudient deep wells exhibitedfrom 485 to 715ppb total chromium andfiom 
nondetectable to 500 ppb hexavalent chromium. Considering these results, combined 
with the fact that the Layne well has been used for ground water extraction since 1979 
and has been supplemented by additional extraction wells since 1989, it is likely that 
ground water quality in the vicinity of the fonner Newfield municipal well #3 has 
improved as a result of active ground water remedial eforts. A discussion of changes 
in water quality in the vicinity of former Neyiield municipal well #3 has been inserted in 
Section 3.1.1. 

8. Page 1-7. Section 1.3 - Previous Investigations 
To accurately reflect the provisions of the ACO, the second sentence in the first full paragraph 
shall be changed to read: SMC was required to initiate operation of a 400 gpm ground water 
remediation system as an interim remedial measure and to conduct a comprehensive RI/FS. 

Response: The text has been revised as requested. 

9. Page 1-9. Section 1.4 - Site Investigation Summary 
The second paragraph shall state the c o ~ e c t  designations of the replacement wells (Le SC2D(R)). 
SMC was required to correct the designations on several occasions prior to the preparation of the 
DFFS. Failure to correct the designations in the revised DFFS and in the monthly reports WILL 
result in the issuance of stipulated penalties. 

Resoonse: 'Ihe text has been revised as follows: "Ihe following monitoring wells have been 
replaced, with their replacement well designations noted: SCZD by SC2R(R), SC3D by 
SC3D(R) and SCllS by SCllS(R). Well W2 was replaced with a shallow well, W2(R). 
Tables 5-2 through 5-5 have likewise been revised. Figure 5-1 has also been revised to 
include replacement well locations. Other Section 3 and Section Sjigures which show 
well locutions also show daa gahered during the RI; therefore, they have not been 
revised since the data presented represent data collected at the former well locations. 

W 

10. Page 1-10. Section 1.5.1 - Surface Water Hvdrolow 
The hydraulic relationship between Hudson Branch and ground water has not been adequately 
addressed. It is stated that the stream is intermittent at its headwaters, with the supply being a 
combination of discharging ground water and storm water. However, in Appendix B, there is 
indication, based on shallow ground water contours from April 1992, that significant ground 
water recharge may occur during storms. As contaminants were found in the "wetland" (the 
southwest comer of the plant property) and in the sediment, this stream may have played a role 
in initial ground water contamination, and may continue to contribute. Furthermore, mounding 
in the shallow zone after heavy rain could severely disrupt ground water recovery from this zone. 

Response: In the vicinity of SMC, the Hudson Branch is primarily a gaining stream (obtains base 
water flow from ground water). Iherefore, it is likely that contaminated ground water 
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enters the Hudson Branch, although the exact volume of this discharge is unknown. SMC 
also discharges city water (non-contact cooling water) treated ground water and storm 
water into the Hudson Branch. Evaluation of the results of the RI suqace water sampling 
and the subsequent 1991 ACO surjiace water sampling indicates that these discharges are 
not significantly impacting the water quality of the Hudson Branch. 

During major storm events, the Hudson Branch can locally transform into a losing stream 
and, as a result, the ground water in the vicinity of Hudson Branch may become 
mounded. Ihe impact of the ground water mounding on the ground water remediation 
syszem is minimal, because the mounding is of limited duration and of sporadic 
frequeng. In addition, ground water mounding could act as a temporary barrier to the 
migration of contaminated ground water into the Hudson Branch as well as provide a 
driving force towards the recovery wells. 

Sedimentlsurjiace soil samples from the southwest corner of the SMC facility showed 
relatively high concentrations of inorganic contamination. While elevated concentrations 
of inorganics were detected in the immediate vicinity of SMC, sediment samples collected 
Jirrther downstream were not signijicuntly impacted. merefore, migration of 
contaminated sediments by the Hudson Branch is not ,considered a major contaminant 
transport mechanism. 

As appropriate, this response has been integrated into Sections 1.5.1 and 1.6 of the 
report. 

11. Page 1-10, Section 1.5.1 - Surface Water Hvdrology 
The second paragraph of this section shall be revised to state that the discharge from Outfall 001 
consists of city water (non-contact cooling water), treated ground water and treated storm water 
(from the areas in and around Departments 102 and 106). Also the paragraph shall include a 
discussion of the potential wetland associated with the Hudson Branch in and around the 
southwest comer of SMC's property. 

d 

Response: Ihe text has been revised to indicate that treated and untreated storm water are 
discharged ftom Outfall 001. As presented in the Ecological Assessment portion of the 
Risk Assessment Report (April 1992), there are no wetlands within the SMC facility 
indicated on the National Wetland Inventory Map. Ihe following text will be added to 
the end of the first paragraph of Section I.5.1: "While the N a t i o d  Wetland Inventory 
Map identij2s no wetlands on-site, a wetland area in association with the Hudson 
Branch is idemfid to the south of the site (TRC, 1992~).  " Also, reference the response 
to specific comment #19. 

12. Pages 1-10 thru 1-12. Section 1.5.2 - Geolo~y 
Three generalized cross-sections are presented (Figures 1-6 through 1-9), along generally parallel 
tracks from the eastern portion of the site, southwest, parallel to the Hudson Branch. The cross- 
sections are fairly typical of the Cohansey Sand, with interbedded sands, silts and clays. In 
general, they show fine sand and silt (10 to 20 feet) at the bottom of the section, overlain by 
progressively coarser units. The middle of the section is shown as interbedded units of coarse 
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to fine sand, medium to coarse sand, medium to fine sand, and gravel. A bed of clay, apparently 
less than 10 feet thick, is shown in the vicinity of SC12D, in the eastern part of the site. 

As depicted on the cross-sections, there is no support for the earlier theory of a two aquifer 
system. Additional discussion on the topic is presented on page 45 of the XU. It is stated that 
older wells (pre-1990) were apparently logged from mud rotary cuttings, not from split spoon 
samples, and were not used to construct the cross-sections presented. It is implied that the 
reported 20 to 60 foot thick semi-confining zone originated from the older logs. With regard to 
defining the hydraulic characteristics of an aquifer, pumping test data are more accurate than 
lithologic logs, especially in a heterogenous formation such as the Cohansey. However, better 
definition of the clay lenses could help explain contaminant transport. A down-hole geophysical 
technique is available which could improve the understanding of the stratigraphy of the site. 
Natural gamma logging could preformed in cased wells, with either steel or PVC casings. 
Gamma logs could provide valuable data on the frequency and thickness of the clay beds in the 
formation. 

Response: As previously discussed in the response to General Comment #2, the Cohansey Sand is 
composed of fine to coarse sand, with discontinuous layers of clay and zones of silt 
stringers. Grain sue varies both vertically and laterally, which is consistent with 
deposition within a coastal environment. Due to the variations in depth, thickness and 
horizontal extent of these discontinuous zones, any attempt to map these zones would be 
inconclusive at best. '171e local variability is significant only in terms of general trends 
with respect to hydrogeologic impacts. Small discontinuous silt layers will not greatly 
impact the regional ground water flow and provide no major separation between the 
upper and lower zones of the aquifer. n e  current well spacing and referenced cross- 
sections support an understanding of the major hydrogeologic units and an evaluation of 
appropriate remedial measures. Determination of the vertical extent of clay lenses w'thin 
all of SMC's monitoring wells would notprovide any additional information which would 
significantly improve the understanding of the site hydrogeology. 

* ! I  

13. 

n e  infom2ation included in this response has been integrated into Section 1.5.2 of the 
report. 

Pape 1-12. Section 1.5.3 - Hvdrogeologv - Reeional Hvdrogeology 
As stated in the DFFS, the Kirkwood Formation underlies the Cohansey Sand. However, the 
upper part of the Kirkwood is not universally a confining layer. In general, the two formations 
function as a single unconfined aquifer, with local confining or semi-confining units. The borings 
used for construction of the cross-sections discussed above all show a few feet of penetration into 
a gray silt and clay. Since these sections cover only a portion of the site, and since the thickness 
and hydraulic conductivity of the silt and clay were not determined, the statement "The upper 
Kirkwood Formation acts as a confining layer and restricts the downward flow of ground water 
from the Cohansey Sand." is not supported. 

Response: irhe top of the Kirkwood Formation was encountered in all deep wells installed across the 
SMC site by TRC during the Phase I Remedial Investigation (TRC, April 1992). The 
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upper ten (10) feet of the Kirkwood Fomrztion was penetrated and was characterized, 
based on visual observations of split spoon samples, as a grayhlack clay. 

A review of previous investigations conducted at SMC indicate that well logs including 
the Luyne Well encountered black clays at depths of 120 to I60 feet. During the initial 
SMC ground water investigation conducted by Roy F. Weston, Inc. in 1972, the Luyne 
well was drilled to a depth of I70 feet below ground su@ace. Review of the -ne well 's 
boring log indicates that a Gray Marl (clay) was encountered at a depth of 130 to 152 
feet (22 feet of clay), wirh the Gray Marl underlain by a coarse gray sand (Kirkwood 
Formation). mis  coarse gray sandgraded to medium gray sand afrer I5 feet, at which 
depth the boring was teminated and the boring grouted to its present depth of 47 feet 
below ground su#iace. 

e 

During the Phase 11 Groundwater Contamination Study conducted by Woodward- 
Moorehouse in 1974, well Wl was installed to a depth of I60 feet below ground suvace. 
Well WI encountered a 20-foot clay layer at 130 feet. The same gray sand as was 
idemjied in rhe Layne well boring was encounteredfrom 150 - 160 feet. Woodward- 
Moorehouse installed monitoring well Wl and collected a ground water sample from the 
160 foot interval. 3% sample was analyzed for Cr", and the results indicated that Cri6 
concentration in the Kirkwood Formation is less than 0.01 mg4. Well WI was grouted 
to its present depth of 40 feet below ground surjace. 

i'be results of the two previous investigations along with the Phase I RI boring and well 
logs indicate that the clay layer is continuous across the NewJield area, thus preventing 
contaminant movement into the underlying aquifer system. nerefore, SMC believes that 
for the purposes of this investigation, the Kirkwood Formation (Gray Marl) acts as a 
confining layer and restricts the downward $ow of ground water from the Cohansey 
Sands. 

3% information contained within this response has been integrated into Sections 1.5.2 
and 1.5.3 of the report. 

14. Pages 1-13 thru 1-14. Section 1.5.3 - Hydrogeologv - Site-Specific 

Ground water contours are presented for the shallow and deep wells. Measurements were made 
during the sampling episodes (December 1990 and April 1991). Data are presented in Table 1-4. 

Contours based on the shallow wells appear to be unaffected by pumping. As drawn, they also 
appear to be unaffected by Hudson Branch. In reality, it is likely that equal elevation lines on 
the water table surface intersect the stream at an angle from each side, forming a "v" shape. The 
direction of the v is determined by the hydraulic relation between ground water and the stream. 

Water elevations show a strong downward vertical gradient. For example, at clusters SC19D/S 
and SC21D/S, the vertical gradient in December 1990 is 1.45 and 1.42 feet, respectively. This 
gradient is likely due to pumping in the deep zone. The magnitude of the gradient suggests that 
either there may be a semi-confining unit between the deep and shallow zone, or the system has 
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''d 

not reached equilibrium. This effect is more pronounced as depicted on the contours for April 
1991. A deep depression is shown centered over the well cluster RW6S/D and SC6SD. 

The report states that a distortion in deep contours caused by pumping RIW2, screened at 55 feet, 
demonstrates hydraulic connection between deep and shallow zones. No comment is made 
concerning the lack of apparent connection between upper and lower zones discussed above in 
relation to the depression centered near RW6D. Any distortion observed in deep wells near 
R W 2  may just as likely be showing influence from RW6D. 

The report states that: 

"The transmissivities cr) and specific yields (S,) varied between the upper and lower 
Cohansey Sands. The transmissivity and specific yield of the lower Cohansey Sand, due 
to the smaller grain size sand and increased percentage of silt and clay, were lower than 
in the upper Cohansey Sand. 

No reference is provided, but it is assumed that the T and S, values referred to were those 
calculated by DRAI. Additional reference will be made to this subject relative to the ground 
water modeling section (Appendix B). 

Response: ' "V"-shaped contour lines were not presented because there is no site-specific 
hydrogeologic data available to support such a representation of the water table suvace 
elevation contours. Furthermore, based on the topography of the site, it is unlikely that 
significant "V"'s exist in the water table suvace elevation contours. Tjpically, a "V"- 
shaped water elevation contour is observed in areas of large topography changes, such 
as in steep valley walls. 

Strong downward vertical gradients were noted at well nests that were located near 
pumping centers or adjacent to the Hudson Branch (where proximity to the stream 
influences the shallow water table). In well nests located awayfrom these areas, vertical 
gradients were of a much smller magnitude. Proposing a semi-conJning layer to 
explain these downward gradients, given the geologic logs of wells SC19 S D  and SC21 
S D  and the deep ground water pumping at RW6D, does not appear to be warranted. 

As clearly seen in Figures B-5 and B-7 of Appendix B, the pumping of RIW2 influences 
the deep ground water contours. l3e MODFLOW simulations are based on the aquifer 
characteristics calculated by TRCfrom the D M p u m p  tests and were calibrated and 
verified to SMC deep monitoring well water levels. In addition, given the distance 
between RW6D and SC3D (over 1 , W f e e t )  and the high transmissivities calculated for 
the lower Cohansey Sand, it is unlikely RW6D is impacting any deep monitoring wells 
downgradient of SC4D. 

'lhe discussion of transmissivity and specific yield values presented within Section 1.5.3 
of the FFS report is general and, therefore, applies to both DRAI's interpretation and 
iTC's interpretation of transmissivity and specific yield. When conducting the ground 
water modeling, TRC recalculated transmissivity and specific yield values based on the 

"ii 

RESPONSES TO NJDEPE FFS COMMENTS 
SHIELDALLOY MJZI'ALLURCICAL CORPORATION 

F - 16 



'd' 

DRAIpwnp test information. m e  footnote on page B-3 of Appendix B has been clarified 
to reflect how these values were calculated by 7RC. The text has been revised as follows: 
"....A semi-confining layer was detected in the vicini9 of monitoring wells SC12D, 
SCI3D, and SC22D; its depth, thickness and composition diflered between these 
monitoring wells. Therefore, the DRAIpwnp test duta were reanalyzed by TUC using 
AQUIX123= (Interpex Limited, 1988), an interactive analytical compufer p r o g m ,  
using the option for the curve-fi#ing method developed by Newnan (1975) for 
anisorropic unconfined aquifers with delayed g m w  response. The reanalyzed pwnp 
test res& were then used to deternone i n W  model input hydraulic panuneters, 
inclrrtIing transmissivify and specific yield, for the shauow and deep ground water 
layers.BIW OF FOOTNOEJ 

15. Page 1-15. Section 1.6 - Nature and Extent of Contamination 
Contaminants, organic and inorganic, have been found in the "wetland" (the southwest corner of 
the plant property) and sediment. There does not appear to have been any consideration given 
to the stream as a pathway to contaminant transport, especially in the shallow part of the aquifer. 
Not only might the stream have helped distribute contaminants to the southwest, but might be a 
continuing source of contaminants to the shallow system. SMC shall provide a discussion of this 
issue. 

Response: As discussed in the RI Report, stream and sediment sampling do not indicate that 
significant downstream migration of contamination is occurring. W i l e  contaminants, 
specif cally inorganics, were detected at elevated levels in Hudson Branch water and 
sediment samples collected adjacent to the SMC facility, concentrations generally 
decreased as afunction of distance downstream of the SMC facility. A sentence to this 
eflect has been added to the text. Potential impacts of these contaminants on the shallow 
aquifer are firther discussed in the response to Specific Comment #IO above. 

A discussion of this, as well as a discussion of sut$ace water quality data gathered by 
DRAI have been included in Section 1.6' of the report. 

16. Page 1-17. Section 1.3 - Previous Investigations 
In August 1992, chrome was detected in well SC26D at a concentration of 980 ug/l. This well 
is located approximately 500 feet south of the SMC facility along Weymouth road. The DFFS 
selects wells SC22S, SC22D, SC13S, SClSD, W2, and D, as "being representative of current 
contamination to the south of the SMC site, in an area where residences are located outside of 
the well restriction area." Well D should have been sealed by now and should not be used for 
evaluation within the DFFS since future sampling is not possible. In addition, well SC26D is the 
only monitoring point located within the residential area to the south of the SMC site. Since the 
residential area is the focus of the evaluation, well SC26D is more representative of potential 
impact from the SMC site than the other specified wells. Well SC26D must be used in place of 
well D for remedial evaluation in this section. 

Response: lIhe DFFS does not "select wells SG?2S, SC22D, SC13S, SCI3D, W2 and D as being 
representative of current contamination to the south of the SMC site.. . ". As indicated in 
the first sentence of Section 1.7, this section summarizes the findings of the Human 
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Health and Environmental Health Evaluation Report. Well SC26D was installed in July 
1992 and, therefore, could not be addressed wirhin the humun health evaluation, which 
was submitted in April 1992. 73e text has been revised to reflect this, as presented in 
the response to specific comment #17 below. As discussed previously, this comment 
addresses the human health evaluation and not the FFS. Reference the General Comment 
Response which precedes specific comment response #6 above. 

With respect to well D, well D has not yet been sealed but will be scheduled for closure 
within the next 30 days. 7his has been noted in Section 1.4 of the report. 

17. Page 1-17. Section 1.7 - Human Health and Ecological Evaluation 
This section describes a quantitative assessment of potential impacts of the SMC site to human 
health and the environment which was submitted by TRC as a separate document. However, a 
statement in this section is of concern: 

"The only scenario which evaluated exposures to contaminated ground water was the 
current residential use scenario. Data from monitoring wells SC22S SC22D, SC13S, W2 
and D were selected as being representative of current contamination to the south of the 
SMC site, in an area where residences are located outside of the well restriction area. 
Under this scenario, risks associated with exposures to contaminants in the upper 
Cohansey Sands were evaluated separately from those associated with exposures to 
contaminants in the lower Cohansey Sands, because it is currently unknown whether 
private wells exist and, if they do exist, whether they have been screened within the 
shallow or deep portions of the Cohansey Sands." 

The stated lack of knowledge related to domestic wells appears to be in conflict with a statement 
included on page 10 of the IU, which states that DRAI surveyed and sampled domestic wells in 
the area. The statement also conflict with the fact that a private well is known to exist in this 
area (Mohan Wells). 

With the apparent finding of TCE and Cr in new well SC26D, it is important to discuss domestic 
water use south of the site. 

Response: 2 7 ~  DRAI well survey, which was conducted prior to 1988, cannot be used to identifi 
domestic wells in the area which are still in use. nte  well restriction area to the 
southwest of the site should restrict any potable ground water use in that area. City 
water is available south of the site. nte Mohan well is located south of the site but is no 
longer in use. Per local ordinance, homeowners are required to tie into the city water 
supply where provided. 

n te  last paragraph of page 1 -I 7 has been revised as follows, incorporating the changes 
made in response to spec@ comment #Id, as well as changes made in response to this 
comment. Following the first sentence, the text has been revised as follows: "The well 
restriction area to the southwest of the site should restrict any potable ground water use 
in that area. However, residences are also located south of the site, outside of the weU 
restriction area. While city water supply is available in this residential area, it has not 
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been conflnned that no potable use of ground water is occurring. Therefore, the 
Human Health Evaluation considered potenlid reside& exposures to confaminated 
ground water in this area. At the time the Human HeaIfh Evaluution was conducted 
(i.e., prior to the instuhiion of additional monitoring wells, as described in Section 
1.4), CIata from monitoring wells SC22S, SC22D, SC13S, SC13D, W2 and D were 
selected as being representah've of confaminafion to the south of the SMC site. Under 
this re&nlid use scenario, rish associated with exposures to contaminants in the upper 
cohansey Sand were evaluated separately from those associated with exposures to 
contaminants in the lower cohansey Sand, because, if there are acrive potable wet% in 
this area, it is unknown whether they have been screened within the shallow or deep 
porrions of the cohansey Sand. 

* 

18. Page 2-3. Section 2.1.2 - Potential NJ Chemical-SDecific ARARs/TBCs 
This section describes the ground water as Class I1 based on reported TDS levels of less than 500 
ppm. It further discusses the proposed Ground Water Quality Criteria as TBCs. Be advised that 
the proposed Ground Water Quality Criteria (GWQC), N.J.A.C. 7:9-6.1 a., were 
promulgated on February 1,  1993 and shall be considered ARAB. The DFFS shall be revised 
to reflect that the ground water in the vicinity of SMC is classified as Class II, Ground Water for 
Potable Water Supply. 

Also, for ground water, aII references to New Jersey Ground Water Cleanup Standards must be 
omitted, The GWQS will now be used for cleanup levels. 

Similar changes shall be made in Section 3.1.1 and Tables 3-1 through 3-3. 

Response: The text starting with the third sentence of Section 2.1.2 has been revised as follows: 
"Ground water in the Vicinity of the SMC site is classified as Class II. '' All remaining 
text associated with that paragraph has been deleted. 

L/ 

Other text in Section 3.1.1 has been revised to reflect GWQS. Tables 2-2 and 3-1 
through 3-3 have &so been revised to reflect ground water quality standards rather than 
the previously proposed ground water cleanup standards. Similarly, where the ground 
water quality standards are more stringent than MCLS, they have been incorporated 
appropriately in Figures 3-5, 3-6, and 3-15 through 3-18. 

19. Page 2-5. Section 2.2 - Potential Location-SDecific ARARs/'IBCs 
The DFFS Report states that "no formal delineation of wetlands or floodplains and no cultural 
resources review of the SMC Newfield facility have been conducted." SMC shall conduct these 
activities as soon as possible to avoid unexpected difficulties. 

Resnonse: m s e  activities will be conducted by SMC in a timely fashion. Ihe text of Section 2.2 
has been revised to indicate these activities will be conducted. 

'W 

* Nothing herein constitutes a waiver of SMC's right to petition for a change in classification pursuant 
to NJAC 7:9-6.10. 
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'W 

'W 

Page 3-4. Section 3.1.1 - Distribution of Contamination and Comuarison to ARARs/TBCs 
The statement is made that "The modified pumping program could be partially accountable for 
variations in detected contaminant concentrations at monitoring wells from one sampling round 
to the next, especially in the area of wells A and SC22D, which could be affected by ground 
water extraction at well W9." Such an explanation for well A, located near one of the pumping 
centers, is possible. It is much less likely for SC22D, which is hundreds of feet from the 
pumping center. Concentration differences at SC22D between the December 1990 and April 
1991 samples do not seem unusually great. TCE and Cr concentrations (ppb) drop between the 
two events from 70 and 108,000 respectively to 35 and 62,000. A change of this magnitude is 
far more likely to result from minor differences in sampling technique, or random variation of 
concentrations in the ground water than pumping several hundred feet away. 

A more useful exercise would have been presenting an explanation for the major differences in 
concentration in the deep zone at the far southwest part of the pIume. No expIanation is offered 
for the major change in concentration of total Cr in the deep wells noted between December 1990 
and April 1991 (see Figures 3-11 and 3-12). 

Response: ntis comment contradicts specific comment #14, where the influence of well RW6D on 
deep wells near RIW2 (approximately 1,400 feet away) was inferred. In the case of wells 
SC22D and W9, which are approximately 700 feet apart, the potential for ground water 
extraction az well W9 to be partiallv accountable for variations in contaminant 
concentrations detected ac well SC22D exists. ntis comment also contradicts general 
comment # I l ,  where an explumion was requested for variations, typically of less than 
lo%, in filtered and unfiltered inorganic analytical results. r f  a 50% change in 
contaminant concentration is considered to be due to "minor differences in sampling 
technique or random variation of concentrations in ground water n, then the majority of 
the variations in filtered and unfiltered inorganic sample concentrations noted in general 
comment #I1 could be likewise explained. 

l'he "major diflerences" in total chromium concentrations in the deep zone at the far 
southwest part of the plume (see Figures 3-1 1 and 3-1 2 as well as Figures 3-1 3 and 3-1 4) 
do not uctually reflect changes in the contaminant distribution but rather reflect changes 
in the wells which were sampledfrom one round to the next. In December 1990, well 
IN2 was sampled and exhibited 26,400ppb total chromium while well SC4D exhibited 
12,600ppb total chromium. Well SC3D also exhibited total chromium at a concentration 
of 32.6ppb. Surrounding wells SCID, SCSD, SC18D, SCI9D and SC2ID all exhibited 
no detectable levels of total chromium. In the April 1991 sampling round, the suite of 
wells which were sampled changed from those sampled in December 1990, with an 
emphasis on sampling those wells near the outer fringes of the chromium plume. Again, 
wells SCID, SCSD, SCI8D, SC19D and SC2ID exhibited no detectable levels of total 
chromium while well SC4D exhibited total chromium at 12,600ppb. However, wells IW2 
and SC3D were not resampled in this round. nerefore, the chromium concentrations 
could not be shown as extending into the area of these wells based on the lack of data 
in this area. 
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21. 

lhis explanation has been integrated into the introductory text following the _first 
paragrqh of Section 3. I .  I .  

j 
As stated on page 3-6, the TCE "hot spot" observed at the northeast portion of the 7.5 acre 
property 'I.. .strongly suggests the likelihood of a separate contaminant source or sources.. . " . The 
stated reasons are the "hot spot" is not in line with the Cr plume, and that if it were a "slug", 
upgradient wells would show increased contaminant levels also. This is an excellent example for 
the need to understand the detailed stratigraphy and hydraulics of an aquifer, and of the danger 
of using isopleth maps alone for the delineation of plumes. Examination of the isopleths for TCE 
for the shallow and deep systems shows an interesting phenomenon. The shallow plume 
originates on-site, and travels directly downgradient, to the 7.5 acre parcel. The deep plume is 
offset to the south, and appears to have migrated more easterly. Examination of the isopleths for 
the shallow/deep chromium plumes shows a similar pattern. However, the pattern strongly 
suggests that the plume has been split, probably by the distribution of clay lenses, with some 
traveling directly southwest in the shallow zone, and some "dropping off the edge" of a clay lens 
somewhere north of SC22D. 

With regard to the TCE "hot spot", a slug could have followed the shallow route, and dropped 
to the lower zone southwest of the SMC site. Wells upgradient of the "spot" certainly do show 
elevated concentrations. 

The danger of putting too much emphasis on isopleth maps is that it is difficult to keep in mind 
that they can only show concentrations where wells have been sampled. For example, the deep 
TCE contours (Figures 3-4 and 3-5) show a 1 ppb "boundary" on the south side of the plume. 
Now, with the discovery of 12 ppb TCE in SC22D, it is obvious that the previous boundary was 
present only because data points were lacking in critical areas. 

Response: An initial review of the TCE isopleth maps may seem to indicate an oflset in the deep 
TCE plume to the south j?om the shallow plume location, however, this oflset may be 
partially due to the lack of deep ground water data in the plant area (see the response 
to general comment #20). In December 1990, well G2D, the only deep well in the plant 
area, exhibited no TCE. Well G2D was not sampled in April 1991. Iherefore, while 
TCE contamination in the deep wells could potentially extend to the northeast of the area 
shown in Figures 3-3 and 3-4, the lack of data in this area resulted in the interpretation 
of isopleths as presented in these _figures. 

While the explanation oflered by NJDEPE for TCE migration is a theoretically possible 
scenario, there is m existing data to support this interpretation. Rather, the available 
information more strongly suggests the interpretation oflered in the RI report and 
reiterated here. lhe major points of this interpretation are as follows: 

Ground water contamination would be expected to migrate in accordance with 
the regional ground water $ow direction; 
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Mile clay stringers were ident@ed in the vicinity of wells SClZD, SC13D and 
SC22D, rw continuous confining zone has been identified and no similar clay 
sm'ngers of geologic signiJicance were identged in other portions of the site; 

* 

Ihe chromium contamination migration pathway generally mirrors the TCE 
contamination migration pathway, with the exception of the TCE "hotspot * area 
near well SC5D. This increase in TCE levels strongly suggests the likelihood of 
a separate contaminant source or sources connibuting to the levels of TCE other 
than the source ot the SMC facility; 

As a result of on-going ground water extraction, the observed concentrations of 
TCE in well S C 5 .  continue to increase, further suggesting an ofl-site source area 
of significantly higher concentrations, whereas concentrations in wells SC4D and 
SC2D remain relati-vely constant. 

me ground waer in. the general area around the SMC faciliv is known to be 
contaminated with VOCs, with at least three (3) additional identified potem*ally 
responsibleparties (PRPs). Ihe lack of deep wells at PRP sites represents a data 
gap which could definitively idem> the presence of an og-site source; and 

Inspection of data presented in a suit against SMC (see PART, August 1991) 
indicates that contamination at other properties includes PCE (which was not 
detected at SMC) as well as TCE. TCE is a known breakdown product of PCE, 
further suggesting an 08-site source. 

Additional evaluation of the nature and &ent of contamination in the southwestern part 
of the site will be possible following an additional investigation in this area, the scope 
of which will be determined by SMC, TRC and NJDEPE, per the project meeting of May 
20, 1993. 

This discussion h s  been incorporated into the tea of Section 3.1.1. 

n e  limitations of isopleth maps in interpreting the extent and rnovernent of ground water 
contamination were considered in the interpretation of ground water contamination data. 

22. Page 3-8. Section 3.1.1 - Distribution of Contamination and Comparison to ARARsmCs 
On page 3-8, it is stated that: "Ground water monitoring of the toe of the chromium plume 
conducted since the preparation of the RI Report has indicated no significant change in the 
downgradient extent of either the shallow or deep total chromium or hexavalent chromium 
contamination with the exception of the identification of chromium within newly instalIed well 
SC26D ..." It shall be stated that Cr was detected in monitoring well SC26D at a concentration 
of 980 ug/l during sampling in August 1992 and continues to be detected at similar 
concentrations. This well is located in a residential area south of both the SMC facility and the 
Hudson Branch. Previous to installation of well SC26D, ground water quality data in this area 
was extremely questionable due to the lack of quality assurance associated in sampling of 
residential wells (Mohan wells). The detection of Cr in SC26D is of great concern considering 

RESPONSES TO NJDEPE FFS COMMENTS 
SHIELD ALLOY METALLURGICAL CORPORATION 

F - 22 



W- 

the extent of the Cr plume in this area is basically undefined. The DFFS shall provide a 
comprehensive discussion regarding data gaps in this area, and specify how this concern will be 
addressed when evaluating appropriate remedial action. 

Resoonse: 7 ' 7 ~  referenced sentence on page 3-8 has been revised per general comment #X. SMC 
agrees that additional investigation is required to fiirther deJine the extent of 
contamination in the area of well SC26D. n e  following sentence has been appended to 
the first paragraph of page 3-8: "Additional investigation is required to further define 
the extent of corrtMtinafion in this area". Also, reference the response to spec@% 
comment #26. 

23. Page 3-10. Section 3.1.1 - Distribution of Contamination and ComDarison to ARARs/TBC$ 
a. The third sentence contains a typographical error. It should read "In Table 3-3, the filtered 
inorganic levels.. . ". 
b. The second paragraph states: "Based on the results of quarterly ground water monitoring 
sampling,. . . MCLs for radiological parameters have not been exceeded. " Be advised that the 
Department has not agreed with this conclusion. 

ResDonse: a. The text has been corrected as requested. 

b. While the Depamnent's position is noted, SMC reiterates that, based on the results 
of quarterly ground water monitoring, MCLs for radiological parameters have not 
been exceeded. 

u 24. Page 3-12. Section 3.1.2 - Risk-Based Considerations 
The text states that the risk-based cleanup level for vanadium is 250 ppb, while Table 3-4 states 
it as 260 ppb. This discrepancy shall be resolved. 

Response: Table 3-4 is correct. 2% text has been revised to reflect the 260ppb risk-based cleanup 
level for vanadium. 

25. Page 3-13. Section 3.1.3 - Remedial ResDonse Obiectives 
The 400 gpm is the design rate for the ground water remediation system operated as an interim 
remedial measure, not a final remedy, therefore, this objective is not acceptable. The ion- 
exchange system and the current configuration of recovery wells was designed to capture 
chromium and sulfate QQ @RAI 1988a). The Remedial Response Objectives shall be revised, 
to state that the aquifer will be remediated to achieve ARAFWTBCs. 

Response: Ihe remedial response objectives have been revised. Reference the response to specific 
comment #5. 

26. Page 3-13. Section 3.2 - General Response Actions 
The first sentence of the second paragraph states "The first step in determining appropriate 
general response actions for a given media is an initial determination of the areas or volumes to 
which the general response actions may be applied." This step has yet to be completed at the 
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SMC site. The chromium, antimony, and volatile organic ground water plumes have not been 
fully delineated. The DFFS fails to discuss the implications of the missing data. It is possible 
to conduct additional field work during the design phase of the remedial action to fill the data 
gaps, however, no additional work is proposed or discussed. 

ResDonse: The text has been revised as follows: "& extent of ground water contamination at the 
SMC facility and 08-site of the facility, as defined by the Remedial Investigation, is 
indicated in Figures 3-1 through 3-18. As discussed previously in Section 3.1.1, the 
"hot spot" of TCE confamination identified in the northeast portion of SMC's 7.5 acre 

parcel strongly suggests the likelihood of a sepamfe contaminant source or sources 
conf&ufikg to the elevafed TCE levels in this portion of the sire. In detemining the 
exient of ground water requiring remetliation, only confamination which is attributable 
to SMC, not from other potential sources, is considered. 

The inrtaUation of well SC26D to the south of the facility (see Figure 1-5 for the 
well locafion) subsequent to the RIhas identified that the extent of TCE and chromiwn 
codmainution extends in this direction. AddirionaIplume delineation is required to 
confirm the extent of this contamination and to confirm or refute that SMC is the 
source of this contaminafion (especially the organic component). 

Therefore, the areal exte& of ground water requiring remediation in accordance with 
the remedial response objectives generally includes the area beneath the SMC facility, 
extending to the southwest towards SMC's off-site 7.5 acre parcel, with the extent of 
corttaminafion to the south which requires remediation not well-defined at this point in 
time. Remedial altenmives will be developed to address ground water contamination 
within this geneml area, with the intend of providing at a minimum hydraulic control 
of the deep ground water between SMC and well SC26D, to the south of the site and 
with the goal of meeting the remedial response objectives (including ARARs) in this 
urea. 2% ins&lhtion of an a&Xonal deep well to further define the southerly extent 
of coniamination can be conduded during the remedial design phase of the selected 
remedial action. " 

Other portions of the text b e  similarly been revised to maintain consistency within the 
report. 

27. Page 3-13. Section 3.2 - General Response Actions 
The last sentence of the second paragraph states "Remedial alternatives will be developed to 
address ground water contamination within this area while also meeting the 400 gpm remediation 
rate required under the 1988 ACO." As discussed in General Comment No, 4, the 400 gpm 
pumping rate may not be adequate to address the ground water contamination, therefore, this 
paragraph shall be revised. 

Response: The text has been revised as presented in the response to spec&? comment #26. Ihe 
subsequent reference to the 400 gpm remediation rate has been deleted. 

28. Page 3-14 thru 3-22. Section 3.3.1 - Technologv Screening 
The procedure of the preliminary screening allows for the elimination of inappropriate or 
non-implemental technologies or technology process options without a comprehensive review or 
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comparison. However, the text of the DFFS Report fails to present the results of the screening 
or the rationale for the elimination of a particular technology. The reader is referred to a table 
in the back of the document to ascertain the fate of each technology. While the information in 
Tables 3-5, 3-6, and 3-7 are well written, this presentation is backwards and very confusing for 
a public document. These tables should present a summary of the technology screening a 
exolained in the text. SMC shall revise this section of the DFFS to include a brief technical 
explanation of each technology, along with a rationale for retaining or eliminating it from krther 
consideration. 

Also, it is not clear why capping was considered applicable for a groundwater remediation - even 
under the broad initial round of technology screening. 

ResDonse: m e  brief technology descriptions provided in Section 3.3.1 and the process option 
screening description of Section 3.3.2 have been modijied to include brief statements of 
the reasons for the screening of individual technologies and process options for the SMC 
site. 

As described in the technology description in Section 3.3.1, capping is potentially 
applicable as a means of minimizing continued degradation of ground water quality due 
to injiltration of precipitation and potential leaching of contamination from soil to the 
ground water. It is typically used in combination with ground water monitoring, ground 
water containment or ground water extraction 

29. Page 3-22. Section 3.3.2 - Process Option Screening 
, The technology "groundwater use restrictions" is eliminated from further consideration according 
to Table 3-6, yet Table 3-7 includes it among other process options being considered for further 
review. This discrepancy shall be resolved. 

Resgonse: Table 3-6 has been revised to indicate that ground water use restrictions have been 
selected as a chosen process option. 

30. Parre 4-3. Section 4.1 - Development of Alternatives 
The "interactions of other environmental media not playing a major role in alternatives selection 
for ground water treatment" needs to be further explained, particularly in light of the hydraulic 
relationship between the Hudson Branch and the ground water as discussed in Specific Comment 
No. u. 

Response: The fourth sentence of Section 4.1 has been revised as follows: "Only remediation of 
ground water wiU be addressed in this operable unil. )I Refer to the comment response 
to specijic comment #IO. 

31. Page 4-5. Section 4.2.2.1 - Alternative 2 - Continuation of Existing Actions - DescriDtion 
The first paragraph states that continuation of existing actions consists of continued protection of 
downgradient receptors through the existing ground water use restrictions. Monitoring well 
SC26D is located within a residential area outside of the well restriction area. Chromium was 
detected in this well at a concentration of 980 ug/i in August 1992 and continues to exhibit 
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similar concentrations. It must be stated in the DFFS that downgradient receptors are not 
completely protected under the existing action. 

Response: %first sentence of Secrion 4.2.2.1 has been revised as follows: "...ground water 
monitoring and a continuation of the existing ground water use resmktions. a m last 
paragraph of this section @age 4-6) has been revised as follows: "potential exposures 
to ground water contamination. T;he opemtion of extmction wells within the aquifer 
exclusion a e a  provides further protection against potenrial exposures. I f  determined 
to be necessu ry... a 7 k  text of the Eflectiveness discussion in Section 4.2.2.2 has been 
revised us follows: a.. .existing well restriction area, although potential receptors m y  
be located outsidk the confines of the cuttent resttiction atea. Short-rem and... " 

32. Page 4-7. Section 4.2.3.1 - Alternative 3 - Modified Ground Water Restoration - Description 
It is stated that "Based on detailed design studies previously conducted @RAI 1988, and DRAI 
1991), modeling indicated that a pumping rate of 200 gpm would be sufficient to address ground 
water contamination, but that a total pumping rate of 400 gpm would ensure timely remediation 
of ground water. Therefore, the feasibility of significantly modifying the total design pumping 
rate will not be re-evaluated." The Department never agreed that a 200 gprn recovery rate was 
sufficient to address contamination. Chromium is intermittently detected in deep monitoring wells 
SC2D, SC3D, SC4D, and SC5D which are beyond the capture zone of the furthest downgradient 
deep recovery well, RW6D. Contamination is also consistently detected in monitoring well 
SC3S, which is beyond the capture zone of shallow recovery well RIW2. Further, Cr was 
detected in monitoring well SC26D at 980 ug/l, which is well beyond the capture zone of any of 
SMC's five recovery wells. There is enough data available to conclude that the present recovery 
well configuration and pumping rates are inadequate in addressing contamination. As previously 
stated in General Comment No. 4, the DFFS must evaluate the benefits of increased pumping 
rates (i.e. >400 gpm) to determine the most effective pumping configuration for the final 
remediation of ground water at the SMC site. 

Resuonse: For the purposes of conducting the preliminary screening of alternatives, which is 
presented in this portion of the report, use of a 400 gpm extraction rate has been 
asswned. The text has been revised as follows: ". . .thereby allowing the remedial system 
to operate at an optimum d e ,  while achieving remediation goals ... ... timely 
remediation of the ground water. While CUIdifioonal in formation on the extent of ground 
water contamination has been developed subsequent to those studies, for preliminary 
screening purposes, a ground watet exfraction rate of 400 gpm will be assumed. Ihe 
main focus of development.. . " All subsequent references ro "design rate of 400 gpm will 
be revised to "assumed" rate of 400 gpm or to reference an optimum extraction rate. 
Further evaluation of the effectiveness of the assumed rate in capturing the contaminated 
ground water has been addressed within the detailed analysis of alternatives presented 
in Section 5 and Appendix B of the report. In Section 5, it is also noted that 400 gprn 
is an approximate rate that may be varied during design or actual system implementation 
to ensure achievement of desired results. 

Also refer to the response to general comment 4'4 regarding the potential impact of 
additional site investigations on the proposed emaction method. 
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33. 

It should also be noted that well SC3S is located within the modeled capture zone of the 
ground water extramson component of the recommended remedial alternative. 

Page 4-9. Section 4.2.4.2 - Alternative 3 - Ground Water Extraction Option El - Existing 
Extraction Svstem - Evaluation 
It is stated that the proposed alternative “may not address contamination south of the SMC facility 
(per newly installed deep well SC26D).“ The closest deep recovery well (W9) to monitoring well 
SC26D is over 900 feet away. Not one of the modeled pumping scenarios included this area 
within the capture zone of a recovery point. It must be stated that “it is very unlikely that 
contamination south of the SMC facility (per newly installed deep well SC26D) will be addressed 
by this alternative”. 

ResDonse: l3e text has been revised as follows: “...deep Cbhansey Sands, although it is very 
unlikely to address contaminrztion south of the SMC fuciliq @er newly instulled deep well 
SC26D). 

It should be noted that the ground water extraction component of the recommended 
remedial alternative does provide hydraulic control of the deep ground water between 
SMC and well SC26D and additional investigation of this area will be conducted such 
that remedial response objectives can be achieved. 

34. Page 4-10. Section 4.2.5.1 - Alternative 3. Ground Water Extraction Option E2 - Modified 
Extraction Svstem - DescriDtion 
It is stated that installation of one shallow and one deep well will be required to “optimize the 
extraction system”. Page ES-viii and elsewhere throughout the DFFS Option E2 includes one 
deep and three shallow wells. This discrepancy shall be resolved. 

Response: 7his alternative option is undergoing preliminary screening in this section of the report; 
the detailed modeling effort which further de$nes the optimum extraction system has not 
yet been conducted at this point in the FFS. Iherefore, installation of one shallow and 
one deep well is assumed for preliminary evaluation puposes. Page ES-viii describes 
the final option, developed on the basis of the modeling effort, as presented in Section 
5. 23e txt has been revised to reflect that additional definition of this option would 
occur during the detailed analysis, as follows: “...under Option E2. If retained for 
detailed analysis, additional evaluation of the componenis (number of wells, well 
locations, extraction d e s ,  etc.) required to optimize a ground water extraction system 
wi l l  be conducted as pad of the &tailed analysis. As with.. ”. 

35. Page 4-13. Section 4.2.7.2 - Alternative 3 - Groundwater Treatment Oution T2 - Air StripDing - 
Evaluation 

Air stripping systems often have to be combined with vapor phase carbon treatment in order to 
meet state air discharge regulations. However, there is limited discussion in the DFFS on the 
necessity to treat off-gases from the stripping tower. Based on the remedial cost estimates in 
Appendix A, it does not appear that the cost of a vapor phase carbon treatment unit has been 
factored into the calculations. This should not affect the ultimate recommendation for 
groundwater remediation; however, it must be addressed in the DFFS. 
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Resuonse: Ihe eflectiveness evaluation section of this preliminary analysis addresses the potential 

need for vapor-phase carbon treatment. However, based on historic operating 
parameters for the air stripper at the SMC facility, vapor-phase treatment is not required. 
Reference the response to general comment #IO. Further analysis of the potential 
requirement of vapor-phase treatment has been addressed within the detailed analysis of 
alternatives presented in Clhapter 5. Ihe following text has been added to the end of the 
fkstfJlparagraph onpage 5-26: "While treatment of air enrissions has historically not 
been required based on the treatment mte and VOC levels, poterttial emisswn mtes are 
compared to regulatory levels on the basis of measured VOC influent levels and a 400 
gallon per minute trealment mte in the calculations presented in Appendix C.# 
Similarly, the remedial cost estimates presented in Appendix A are the detailed cost 
estimates conducted in association with the detailed alternative analysis of Chapter 5. 
Based on the detailed evaluation of the need for vapor-phase treatment presented in 
chapter 5 (and newly created Appendix C), the cost of vapor-phase treatment has not 
been included in the detailed cost estimate because there is no indication that it will be 
required to Meet air emission ARARs. 

. 

36. Pane - 4-19. Section 4.2.13.2 - Alternative 3 - Ground Water Treatment ODtion T8 - 
Electrochemical 1norg.anic Removal - Evaluation 
Electrochemical treatment is stated to be effective in treating cadmium, copper, chromium, 
arsenic, lead, and zinc. Antimony is a chemical of concern at the SMC site. It must be stated 
if this technology is effective in treating antimony. 

Response: Ihis section, being the preliminary screening of alternatives, provides a swnmary of 
infomation readily available in technical literature. A reference to the specpc 
publication which provided this information will be incorporated into the text. Ihe 
referenced article only provides information on the eflectiveness of the technology in 
treating the listed contaminants. Within the detailed analysis of this alternative option, 
as presented in Section 5.3. I I .  I ,  treatabiliv study infomation provided by Andco which 
demonstrated that electrochemi'cal keatment is eflective in treating antimony is 
referenced. 

'U 

37. PaPe 4-27. Section 4.3.3 - Selection of Alternatives for Detailed Analysis - Cost 
The last paragraph states that Option T8, electrochemical treatment, has the lowest cost without 
supplemental ion-exchange. For the reasons discussed in General Comment No. 6, the costs 
associated with Option T8 shall also include electrochemical treatment ion-exchange. 

7he last paragraph of page 4-27 has been revised as follows: n.. .without treatment by 
ion exchange. If supplemental ion exchange treatment is provided, the cost rises, with 
Option 77, membrane microfiltration, and Option T6, coagulation and filtration, 
following in order of increasing cost. I* 

Resuonse: 

38. Page 5.9. Section 5.3.2.1 - Alternative 2 - Continuation of Existing Actions - DescriPtion 
The top paragraph shall include a discussion of how and where the suspended soIids are 
disposed, and how and where the dewatered sludge is stored prior to disposal. 
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Resuonse: Ihe text at the top of page 5-9 has been revised as follows: "From the tmnsfer tank, 
the wastewater is &charged to a storage tank for o f f i t e  disposal. This wastestream 
is referred to as "brine ". 7he sludge fkom the separator is transferred to a sludge 
thickener and dewatered using a filter press. n e  dewatered sludge is temporarily stored 
within super sacks or mil-off containem in a covered area with an impervious floor for 
a period of less than nine0 days before being disposed of ofl-site.. . " n e  text has been 
corrected to reject the fact that no filtration for removal of suspended solids occurred 
aJter the supernatent entered the transfer tank. 

. 

39. Page 5-9. Section 5.3.2.1 - Alternative 2 - Continuation of Existing Actions - Descrirdon 
It shall be stated why the air stripper comes before the ion-exchange unit in the existing treatment 
train. 

Response: Ihe air stripper was placed before the ion exchange unit to limit organic fouling of the 
resins. 7 k  text has been revised as follows: n.. . comes before the ion exchange treaiment 
system to prevent organic fouling of the ion exchange resins. " 

40. Page 5-11. Section 5.3.2.2 - Alternative 2 - Continuation of Existinp Actions - Criteria 
Assessment 
It is stated that as a result of the 1991 stydy "The pumping rate and frequency at deep wells 
RW6D and W9 were increased and the recovery rate at shallow well RIW2 was decreased." 
These pumping rates, frequencies and recovery rates shall be provided. 

Response: The text wili be revised as follows: "... in January 1991. Ground water was extracted 
at increased rates from the deep extraction wells (SO to 60 gpm at W9 and 70 to 80 gpm 
at RW6D) and at a decreased mte at the shallow extraction well (65 to 85 gpm at 
RIW2). Ihe efects of... " 

u 

41. Page 5-11. Section 5.3.2.2 - Alternative 2 - Continuation of Existinp Actions - Criteria 
Assessment 
Figures 1-11 and 1-12 represent ground water contours of shallow wells, not deep wells, as 
stated. Deep ground water contour maps are represented by Figures 1-13 and 1-14. This 
discrepancy shall be resolved. 

Response: n e  reference to the$gure numbers has been corrected to read "Figures 1-13 and 1-14 w. 

42. Page 5-12. Section 5.3.2.2 - Alternative 2 - Continuation of Existing Actions - Criteria 
Assessment 
Under the heading Reduction of Toxicity, Mobility or Volume Through Treatment it is stated that 
the sludge is disposed at a land disposal facility. This paragraph shall state if the sludge is 
hazardous waste and if the sludge is disposed at a RCRA-uermitted land disposal facility. 

Response: The text has been revised as follows: " n e  sludge is disposed of as a 0007 waste at a 
RCRA-permitted land disposal facility. " 
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43. Page 5-14. Section 5.3.3 - Alternative 3- Modified Ground Water Restoration - DescriDtion 
The last paragraph of this section referencing the Treatment Optimization Study is difficult to 
follow and should be explained better. The required flows and the effects of the equalization 
tanks requires elaboration. 

Resuonse: Ihe text has been revised, as follows: a.. .existing system to increase pumping eficiency 
be evaluated, as previously described in Section 4.2.10. It had been detemhed that 
the existing treatment system's capacity was limited due to the high incoming sol& 
loading and, therefore, the system was operated in afixed bed mode, requiring perioac 
shutdowns for regenedon of the ion exchange columns. Flow equalization tanks 
would provide stomge capam to &ow ground water extrection to confinue during 
column regenemtion periods. However, in order to take advantage of the added 
capacity, the treatment system would subsequentlj have to be operated at treatment 
mtes higher than the optimum $ked bed treatment mtes. Therefore, the use of 
equalization tanks or surge tanks to increase pumping efficiency would not have any 
effect on the existing system's inability to treat the water at a higher rate while still 
maintaining discharge limitations. Based on . . . 

. 

44. Page 5-44. Section 5.3.11.1 - Alternative 3 - Ground Water Treatment Option T8 - 
Electrochemical Treatment - Description 
The Iast paragraph states the bench scde treatability studies showed that the "system would be 
capable of meeting a total chromium content (Cr+6 and Cr+3) of less than 0.03 ppm in the 
effluent based on the 400 gpm flow rate". The paragraph goes on to state that a pilot test was 
completed, however, the results of the pilot test were not discussed. The chromium content of 
the pilot test effluent shall be included in this section. 

Remonse: 371e text has been revised as follows: .,.. .used to run the tests. Most effluent samples 
exhibited less than 0.01 ppm Cr+6 and less than 0.05 ppm total chromium aJter 
treatment in the pilot test. 7h.c electrochemical cells.. .presence of colloidal materials. 
Some of the pilot tests showed an increase in l D S  following the electrochemical 
precipitation and TSS removal processes. Therefore, the ability of the...could not be 
confirmed. Both bench-scale and pilot treatabilily study test results are presented in the 
Industrid Wastewater Treatment System Approval Application (TRC, 1992e). 

Treatability study information is also provided in Appendix E, within the evaluation of 
inorganic treatment technologies ' abilities to meet the proposed discharge to suvace 
water permit conditions. 

45. Page 5-45. Section 5.3.11.2 - Alternative 3 - Ground Water Treatment Option T8 - 
Electrochemical Treatment -Criteria Evaluation 
This entire section shall be revised to include a discussion of electrochemical treatment in 
conjunction with ion-exchange. Please refer to General Comment No. 4. 

Response: Refer to response to general comment #6. 
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46. Page 5-47. Section 5.3.12.1 - Alternative 3 - Discharge Option D1 - Discharge to Ground Water 
- DescriDtion 
This section describes a 2-acre parcel of SMC-owned property along Weymouth Road in 
Newfield and shows the location on Figure 5-1 1. This SMC-owned property shall also be shown 
of Figures 1-2, 1-3 and 1-4 at a minimum. 

' 

Resuonse: 77Z general location of this parcel is shown on Figure 5-1 I .  However, this parcel has 
historically been limited to residential use and is not pertinent to the overall RIPS 
investigation of the SMC facility. Therefore, its location is not shown on Figures 1-2, 
1-3 and 14. 

47. Page 5-48. Section 5.3.12.1 - Alternative 3 - Discharge Option D1 - Discharge to Ground Water 
-Descrbtion 
The second paragraph discusses the modelling of the discharge of 350 gpm of treated ground 
water in lagoons B-6, B-7, and B-8. The implementability of the scenario is unclear. SMC shall 
describe in greater detail how this could be accomplished, recognizing that the lagoons are 
currently lined and filled with sludges and waste waters. 

Resnonse: m e  text has been revised as follows: "Implementation of this scenario could be firther 
evaluated pending future cleanup of the lagoons, which would be required before this 
option could be implemented. ,. 

48. Page 5-54. Section 5.4 - Comparative Analysis of Alternatives 
The second paragraph shall be modified to read: Community Acceptance, to be determined at 
the end of the public comment period, and federal acceptance,...". 

Response: 2he text has been revised as follows: "Community acceptance, to be determined at the 
end of the public comment period, and fedeml acceptance, to be determined on the basis 
of supporf agency comments. " "lhe I& sentence on page 5-1 as well as the second to 
last sentence on page ix of the Executive Swnmary have been similarly revised with 
respect to federal acceptance. 

49. Tables 5-2 through 5-5 
These tables shall be revised to state the correct designations of the replacement wells (Le. 
SC2D(R)). SMC was required to correct the designations on several occasions prior to the 
preparation of the DFFS. Failure to correct the designations in the revised DFFS and in the 
monthIy reports WILL result in the issuance of stipulated penalties. 

Response: Refer to response to specijic comment #9. 

50. Table 5-12 
The table shall include the cost of Option T8, electrochemical treatment, with ion-exchange. 

Response: Refer to response to general comment #6. 
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51. ADDendix A. Remedial Cost Estimates 
For Alternative 3, Options D1 and D3, the $1090.00 for the two gate valves was not added into 
the costs. The tables shall be revised to reflect this and the DFFS revised where appropriate (Le. 
page 5-13). 

Resoonse: The cost estimate tables in Appendix A have been corrected. Due to the rounding of 
nwnbers that is done to reflect the relative accuracy goals for cost estimates within the 
FFS @.e., +50 to -3Opercent), the costs reported in Sections 5.3.12.2 and 5.3.14.2 for 
the discharge options involving discharge to ground water are not impacted by this 
correction. 

52. ADDendix B. Ground Water Modeling Information 

a, Page B-1. (third sentence) 
The stated goals of the modeling are 1) to provide capture of Cr contaminated water at the 400 
gpm design rate (based on Figures 3-7 through 3-14), and 2) to provide capture of contaminated 
water as close as possible to the sources, to minimize dispersion. As previously stated in Specific 
Comment No. 32, the ground water design extraction rate should not be limited to 400 gpm. The 
main goal of the modeling evaluation should be to determine the most efficient combination of 
recovery points and pumping rates which will effectively capture the entire contaminated ground 
water plume. 

Response: The introductory section to Appendix B has been revised to indicate that the purpose of 
the modeling effort was to develop a pumping scheme that would control and capture the 
contamination at and/or emanating from SMC. n e  modeling effort has been used ro 
locate recovery wells and assign pumping rates to achieve this goal and to support the 
detailed ground water extraction anulysis presented within the body of the FFS. A 
secondary goal of the proposedpwnping scheme is to maximize the capture of the center 
of the p l u m  while maintaining hydraulic control of outlying low-concentration 
contamination. 

\L./ 

b. Page B-2. (toD Daraeraph) 
The first paragraph on page B-2, describes the capabilities of the MODFLOW model. It is stated 
that the model can simulate flow from external stresses, such as flow to and from riverbeds, wells 
andlor drains, areal recharge and evapotranspiration. TRC did not use the packages which 
simulate riverbed flow, evapotranspiration, or areal recharge in any of the model simulations. 
Discussions of the capabilities of the model are irrelevant if the capabilities are not used. TRC 
could have used a Iess sophisticated model to achieve similar results. Although the MODFLOW 
program is an effective program and it use is preferred by the Department, the above referenced 
stresses should have been incorporated into the DFFS MODFLOW simulations. SMC shall 
incorporate packages 4 (river), 5 (evapotranspiration), and 8 (recharge), into the MODFLOW 
program and re-run the simulations. The results and revised portions of the DFFS document 
which discuss the results, should be included in the revised DFFS. 

Also, MODFLOW assumes fully penetrating screens in pumping wells for each layer. The 
thickness of the layers used in the simulation are not presented. However, the screen lengths of 
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the recovery wells do not approach the thickness of the formation. A more detailed discussion 
of the assumptions and their potential effect on the outcome shall be presented in the revised 
DFFS . 

Response: lRC did not use the riverbed flow, evapotranspiration, or areal recharge modules of 
MODFZOW as they were not needed to simulate SMC's ground water flow. Use of these 
modules requires a great deal of specijic data that was not collected as part of previous 
investigations, or requires numerous assumptions without support data. In &ition, two 
of the modules (riverbed flow and evapotranspiration) would not greatly impact the area 
ground water flow. lk Hudson Branch is a minor stream of smull lateral extent and 
depth and does mt act as major source or sink of ground water. The areal recharge 
Module was not included as the necessary data on the mount and disnibution of areal 
recharge within and outside of the SMC facility is not available. It should be noted that 
in using the basic MODFZOW module, the ground water contours were 
calibratedhenped for two specijic seasons. lk MODECOW simulation more than 
adequately reflected the April and October ground water contours. For the above-stated 
reasons, modification of the MODFZOW simulations to include the riverbed flow, 
evapotranspiration, or areal recharge modules is not warranted. 

While the MODFZOW model assumes ;hat all pumping wells fully penetrate each layer, 
in realiv this MODFZOW simulation was calibrated to existing pumping well screen 
intervals and thus successfully simulates observed ground water elevation data. 

lhese discussions have been incorporated into the introductory section of Appendix B. 

c. Page B-2. (bottom paragraph) 
The grid for node spacing was uniformly set at 200 feet. The intent of the simulations should 
be to determine capture zones of recovery wells at specified pumping rates. This will assist in 
selecting the most efficient location and extraction rates for recovery wells. It is, therefore, 
beneficial to space nodes at a higher frequency around source areas and pumping wells to better 
define and refine calculations occurring within those areas. The rationale for the 200 foot grid 
spacing shall be provided. 

Response: A node spacing of 200 feet was selected because of the large area to be modeled. While 
under certain circumstances the spacing of node points with greater frequency around 
source areas and pumping wells can better define capture zones, this approach was not 
taken in this analysis for the following reasons: I )  The area to be modeled was over a 
mile and a quarter in length. Given this large area, a 200-foot node spacing was 
detemined to be appropriate. In addition, the water level elevation data required to 
calibrate the use of a smaller grid spacing around the recovery wells was not available. 
At a smaller site with closer coverage of monitoring and pumping wells, a greater 
frequency of node points can be supported; however, at SMC this approach is 
impracticable. 2) Ihe methodology required to calibrateherifl the model and develop the 
various pumping scenarios required that numerous 0.e. several hundred) computer 
simulations be conducted. The greater the number of nodes in the simulation, the longer 
the time required for parameter adjustment and simulation. A node spacing of 200 feet 
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was considered to be optimum to provide coverage of the modeled area while also 
allowing flexibility in the development and optimization of various pumping scenarios 
within the preparation time frame. 
This discussion has been incorporated into the introductory secrion of Appendix B. 

d. Page B-4. ItOD paragraDh) 
TRC considered the modeled area to be unbounded on any side by an impermeable boundary and, 
therefore, used a constant head boundary around the modeled area. The use of this boundary, 
at such a close proximity to the site, constrains the model. As such, it becomes easier to 
calibrate the mode1 to historical data, but subsequent simulations of aquifer responses may be 
distorted. Constant head boundary conditions will also reduce the sensitivity of the modeled 
system to changes in hydraulic conductivity. SMC shall review the use of a constant head 
boundary and/or expand the perimeter of the model area to reduce the effects of a constant head 
boundary on simulated flow within the study area. 

Resoonse: The model boundaries were extended outward as far as considered practical when taking 
into account the areal range of water level data points available. Limiting the outward 
extent of the model boundaries was particularly imperative in the northwest-southeast 
direction, due to the relarively narrow band of monitoring well water level data points. 
Extending the boundaries further outward would lead to a great deal of speculation 
regarding the input of initial heads around the model periphery, lowering confidence in 
the model’s simulation of steady-state conditions and responses to aquifer stresses. By 
its nature, constant head boundary is a recharge boundary; therefore, any boundary 
eflect the constant heads may contribute would cause the model to err on the conservative 
side, acting to limit the areal extent of the recovery well capture zones. 

lhis discussion has been incorporated into the introductory section of Appendix B. 

e. Pane B-5. (top of page) 
It is stated that shallow ground water was not verified for the April 1992, monitoring episode due 
to apparent effects of storm water infiltration from the Hudson Branch. As discussed in Specific 
Comment No. m, the river package and the areal recharge packages were not used in the 
MODFLOW simulations. TRC’s concern that storm water infiltration would affect verification 
of the model further supports the need to utilize the available input packages for the simulations. 

Response: As discussed in the response to specific comment #52b, these modules were not used as 
insuflcient input data were available. 212e aquifer simulations prepared by SMC for the 
FFS used values that reflect normal site conditions rather than extreme conditions such 
as heavy flooding. 

No other complete data set was available at the time the verijication modeling was being 
conducted which could be used in place of the April 1992 shallow ground water contour 
data. lhis has been noted in the Model Verifcation section of Appendix B. 
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f. Page B-8. Simulation 1 (end of 2nd uaragraph] 
It is stated that further degradation of ground water may be minimized through hydraulic control 
of contaminated ground water migrating from the SMC site toward well SC26D. While this 
scenario may minimize further degradation, it does not address existing ground water 
contamination in this area which is well above New Jersey Ground Water Quality Standards. 
SMC shall propose additional remedial action to adequately address this area. Since ground 
water in this area is not captured under any of the simulated pumping scenarios, this comment 
is applicable to all of the proposed ground water remedies. 

Response: 2 7 ~  FFS modeling effort was designed to devise a pumping scheme that would control 
and capture the contamination at and/or emanatingfrom SMC, based on the infonnution 
which was available at the time the modeling was conducted, and in support of the 
detailed ground water extraction dysispresented within the body of the FFS. SMC 
plans to fizrther investigate the extent of chromium contamination in the vicinity of well 
SC26D and in the vicinity of well IW2. 17te Pnal location of recovery wells and 
determination of extraction rates required to control and capture chromium contamination 
at and/or emanating from the SMC facility will be refined as additionid infomtion on 
the extent of contamination is developed. 

A discussion of the additional investigations and subsequent additional evaluation of the 
ground water extraction system has been added to the conclusions of Appendix B. 

g. SMC shall conduct a sensitivity analysis on the MODFLOW ground water model simulations 
and include the results in the revised D E S .  

Response: As discussed in the response to general comment #14, a sensitivity analysis has been 
conducted for the following aquifer parameters: hydraulic conductivity/transmissivity, 
interlayer vertical leakage, and total pumping rate. Ilhe results of these analyses have 
been presented and swnmarized in Appendix B. 

53. Model OutDut Data Sheets 

a. Calibration to Steadv State Conditions (1st data output) 
What is the output labeled "Drawdown in Layer 1 at the End of Time Step 1 in Stress Period 1" 
(page 8) represent? Under steady state conditions, there should not be any pumping or drawdown 
present. 

Resoonse: Ilhe MODELOW output item "drawdown ,, is included in the model output regardless of 
whether or not a source or sink is simulated in the model. In the case of the steady-state 
calibration, the "drawdown " model ourput term quantijies only the change in hydraulic 
head between the initial input head value and the final equilibrium head calculated during 
the calibration. 

lhis infonnation has been included in the introductory section of Appendix B. 
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b. Data Outputs 
What is the head change criteria for closure for all simulations? The criteria shall be presented 
in the revised DFFS. w 

Resaonse: As presented in the model ourput data sheets, the head change closure criterion for all 
simulations is 1E-3 foot. 

This infomation has been included in the introductory section of Appendix B. 

c. Dataatputs  
The simulations only utilize one time step. This ignores variations in ground water elevations 
resulting from seasonal changes in climate. The simulations shall utilize four time steps which 
will represent ground water fluctuations attributable to winter, spring, summer, and fall. 

Remonse: Since the model was calibratedherified to monitoring events during two distinct seasons 
(April and October), it is felt that no additional benefit would be gained, in t e r n  of 
representing the shallow and deep ground water response to the extraction scenarios, by 
utilizing time steps for each of the four seasons. In addition, mdeling seasonal 
JIuctuations in ground water $ow patterns was not possible because there is no other 
seasonal data available for use in calibrating the model. Therefore, the MODFZOW 
simulations were modeled for the average hydrologic condition. 

;This infomation has been incorporated into the introductory section of Appendix B. 
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SUPPLEMENTAL NJDEPE COMMENTS’ ON THE DRAFT FOCUSED FEASIBILITY STUDY 
AND SHIELDALLOY METALLURGICAL CORPORATION RESPONSES 

/ 
L-1  

A. The following are potential federal location-specific ARARs/TBCs that shall be added to the 
revised Focused Feasibility Study (FFS): 

0 Water Resources Council’s February 10, 1978 Floodplain Management Guidelines 

0 USEPA’s August 5, 1985 Statement of Policy on Floodplains and Wetland Assessments 
for CERCLA Actions 

Response: References to these AR4RS/122(3 have been added to Table 2-3. 

B. General Comment No. 19 in the March 17 letter requires that SMC delineate any wetlands and 
floodplains. Be advised that wetland delineation and characterization can be accomplished easiest 
during the late spring, so planning for this task should begin now. In accordance with NJDEPE 
policy, the delineation shall follow the Federal Manual for Identifying and Delineating 
Jurisdictional Wetlands dated January 10, 1989. In addition, be advised that both the 100-year 
and the 500-year floodplains are of concern and shall be delineated. 

Following delineation, wetlands and floodplains functional values assessments should be 
performed. 

Upon completion, the results of the wetlands and floodplains delineations shall be submitted to 
the Department for review. The results of the delineations and the potential impacts to these 
resources shall be addressed in the revised FFS. 

Response: As noted in the response to specific comment #19, SMC will conduct these activities in 
a timely fashion. l%e results will be presented in an addendum to the Final FFS. 

C. General Comment No. 19 also requires that SMC conduct a cultural resources review. As a first 
step in dealing with possible cultural resources, SMC shall have a professional archaeologist 
perform a Stage IA cultural resources survey. Upon completion, the Stage IA report shall be 
submitted to the Department for review. The results and any impacts to cultural resources shall 
be addressed in the revised FFS. 

Response: As noted in the response to specific comment #19, SMC will conduct these activities in 
a timely fashion. Ihe results will be presented in an addendum to the Final FFS. 

Reference letter from Donna L. Gaffigan, Case Manager, NJDEPE to David R. Smith, Shieldalloy 
Metallurgical Corporation, dated April 27, 1993. 
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D. Since the Farmland Protection Policy Act is a potential federal location-specific ARAR/TBC, 

of the remedy shall be discussed in the revised FFS to identify potential impacts to these 
farmlands. Please contact the Soil Conservation Service for assistance. 

I SMC shall identify and characterize these lands. The presence of contamination and the nature 
1-J- 

Response: As noted in Section 2.2 of the FFS, US. Department of Agriculture Maps for Gloucester 
and Cumberland Counties which identi& prime farmland areas on the basis of soil survey 
information were receivedfrom the Soil Conservation Service and were reviewed in the 
preparation of the FFS. Further evaluation ofpotential impacts to significant agricultural 
lands will be presented within an addendum to the Final FFX 

‘Li 
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