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‘Executive Summary

The Andrews Industrial Foundation retained Dr. Ken Rainwater to evaluate the sultability
of the Waste Control Specialists, Inc. waste treatment, storage, and disposal facility currently
under construction in western Andrews County with respect to fts potential impact oz ocal and
regional groundwater resources. The site was already permited for acceptance of hazardous -
wastes, and & new permit for low-level radicactive wastes is sought. Special concern was placed
on the possible presence of the Ogaliala aquifer at the site Jocation. ‘The identification of the |,
presence or abseace of the Ogallala aquifer at the site was based on the definition of an aquiferas
containing sufficient saturated perméable material to yield water to wells. The study approach
included review of permit documents, site visits, public meeting auendance, inspection of core
saroples, evaluation of water quality sampling, and review of published descriptions of local and
regional hydrogeologic information. )

A report was delivered to the Foundation in December, 1996, with these coaclusions:

[1] The presence of a thick Triassic clay layer near the ground surface at the sitc makesitan

~ excellent location for a properly designed and constracted landfill, .

{2} A thin stratum at the site was originally identified as the Ogallala fonmation, but it does
not contain sufficient water for classification of the formation a5 an aquifer.

(3] Previous publications and recent ficld study of the local hydrogeologic conditions in
Andrews County show that the Ogallala aquifer is not present, and the shallow permeable
formation s actually the Antlers Sandstone.

{4) Publications about the regional hydrologic conditions in the Southern High Plains
implied the presence of water in the Ogallala formation throughout Andrews County, but the
assumed saturated thicknesses in the westem portion are not well supported by ficld data.

{S) The siltstone layers in the Dockum group appear to be the uppermost water-bearing
zone and may be acceptable for monitoring, but their low penmeability and possibly Emited exteat

- do not mect the traditional definition of an aquifer. '

(6] ¥f properly constructed and operated, the Tandfill should have no impact on usable
groundwater in Andrews Couaty,

It is recommended that the Foundation continue to pursue the use of this site as & waste treatment,
storage, and disposal facility. Proper design, construction, and operation should allow the site to
serve its purpose without damage to groundwater resources.
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Evaluation of Pofential Groundwater Impacts
by the WCS Facility in Andrews County, Texas

QObjective and Apgroach

The primary objective of this report is to evaluate the suitability of the westem Andrews
County site for the Waste Control Specialists (WCS) facility with specific concern to the site’s
impact on groundwater resources. This yeport was commissioned by the Andrews Industrial
Foundaton, Inc. (AIF), as an independent, impartial review of the suitability of the siie for \
development as 2 hazardous waste treatment end disposal facility, Drs. Lloyd Urban and Ken
Rainwater originally collaborated in this study beginning in 1993, and each produced reports based
on data available at that time. The site received its permit in 1994, and construction began in 1996,
During 1996, Drs. Tom Lehman, Harold Gurrola, and Priyantha Jayawickrama were brought in to
address related geological and geotechnical issues as the sitc owners pursued a pamit‘for low-level
radioactive waste disposal at this site. Dr. Rainwater composed this report as an update of the
1993 document, while the other scientists and engineers provided their own documents as
appropriate to the AIF. The WCS site is Jocated at the western boundary of Andrews County,
north of state highway 176 and cast of the Texas-New Mexico border. Due to the lack of
Ecpcndablc fresh surface water, groundwater resources arc precious in this county. The major
water-bearing aquifer in the Southem High Plains of Texas is the Ogallala formation, which '
supplies water for agricultural and domestic purposes for much of the region. Site selection for
landfil installations for safe, long-term disposal of hazardous matedials in this segionmust
minimize or completely prevent future deterioration of this water pesource. The state agency with
regulatory jurisdiction for this project is the Texas Natural Resouroe Conservation Cormission
(TNRCCQ), and this agency actively enforces waste management regulations with intent of
groundwater protection. '

AspcdaloonocrnofﬁﬁSwpmisdctcmﬁnaﬁonof&xc!oca!chamteﬁsﬁcs of the Ogaliala
formation and other shallow permeable strata, as expressed in the geologic setting and the storage
and transmission of water. Many citizeas are concemed with the protection of the Ogallala aquifer
in the High Plains of Texas as the primmary water source for irrigation, rural families, and many

1



"+ 05/04/2004 @7:16 505-830-9528 . AREVA PAGE ©5/39
R

municipalitics. Some use the presence of the Ogallala aquifer as a reason to oppose any industrial
and/or waste disposal projects that jnvolve hazardous chemjcals that may somehow cater the
aquifer. There is debate as to whether the Ogaliala aquifer is actually physically present at the
WCS site. The definition of an aquifer is given by Freeze and Cherry (1979) as “a saturated
permeable geologic vnit that can transmit significant amounts of water under ondinary hydraulic
gradients,” and also states that “an aquifer is permeable enough o yicld economic quantities of
water to wells” (p. 47). Todd (1980) defined an aquifer as “a formation that contains sufficient
saturated parmeable material to yield significant quanttics of water to wells and springs™ (p. 25).
‘The operative words in these two definitions arc “saturated” and “permeable,” implying water mxkt
be present in adequate amounts 1o move through the geologic stratum. This investgation of the
subsurface hydrogeologic conditions at the proposed WCS site specifically considers whether the
formation, whether or not it is the Ogallala, at this locadon fits both these criteria for definition as
an aquifer.

The epproach taken in this study can be described as a serics of tasks. These tasks arc
summuarized in the following list:

{1] Review of the 1993 permit documents and recent site-specific hydrogeologic data;

[2) Visits to the WCS site;

(3] Attendance at TNRCC public meeting in Andrews to bear local concerns;

(4] Inspection of core samples collected during subsurface investigation;

[5) Recommendation and evaluation of water quality sampling and analyses; and

(6] Review of regional and local hydrogeologic information. ’
In this report, the efforts and results associated with cach task are briefly preseated in separate
scctions. It should be noted that this updated report benefits greatly from the recent work by Dr.
Tom Lehman on the description of the local geologic setting (Lehman, 1996). The last section of

the report summarizes the major conclusions and recomrendations appropriate to the information
reviewed,
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Copics of Volumes I, IV, and V of the "RCRA Permit Application For A Hazardous

Waste Storage, Treatment, and Disposal Facility” (AME, 1993) werc provided by the design firm,
AM Eavironmental, Inc. (AME), of Austin, Texas. ‘The material of concem to the groundwater
cvaluation in these volumics included the landfill engineering design documents (Vol. II),
geotechnical investigaton results and groundwater mqn!toring plan (Vol. IV), and Jocal geologic
and hydrogeologic descriptions (Vol. V). Thesc docoments were submiitted 10 the TNRCC for
regulatory review, This report does not constitute another form of regulatory approval, but docs
provide additional expert evaluation of the eavironmental suitability of the site for the proposed
facility. The regulatory agency is also interested in protection of groundwater resources, and the
permit application contains much useful site-specific information for evaluation of the possible
impacts. if any, of the sitc on the local and regional groundwater. The principal points associated

" with the local groundwater are summarized ia this section. AME also provided summaries of e
results of groundwater monitoring events since 1993 (Messenger, personat communication). The
regional geologic evaluation by Lehman (1996) was also used in evaluation of this information.

The main strength of this specific location for 2 hazardous waste landfill is the presence of 2

thick natural clay (or claystone) layer at fess than 30 ft below the ground surface. This red clay
material is referred to as the upper portion of the Triassic Dockum Group, sometimes refarredto . |
scparately as the Chinke formation. The upper surface of this formation has a local topographic
high dirccdy bencath the proposed site as shown in Figure 1 (AME, 1993). Echman (1996)
demonstrated that this local high is actually part of regional “Red Bed Ridge™ that extends from
castem New Mexico through western Andrews County southward to Winkler and Ector Counties.
Atthe WCS site, the clay layer is over 200 ft thick, with three to four separate interbedded
siltstone/sandstone layess. The hydraulic conductivitics of the clay and siltstone were measured in
the laboratory at 1.76x10® cm/fsec (5.0x10°9 fid or 3.7x10% gpd/fi?) and 3.20x10°S cofsec
(9.1x102 fud or 6.8x102 gpd/fi?), respectively. The natural peracability of the clay is in the range
of design hydraulic conductivity for engineered landfitl Yiner materials. The selection of the landfill



Figure 1. Topographic contour m=
& [gguorcc: AME (1993)]

p of the upper surface of the Dockum group beneath the WCS site
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dimensions takes advantaée of the shallow depth to this low permeability material by locating the
bottom of the landfill excavation within the Triassic clay, completely penctrating the more
permeable materials above the top of the Dockum group. The constructed landfill double liner
system will rest atop the Triassic clay. The conventonal double liner system includes two
geomembrancs, two compacted clay layers, and onc leachate coliection layer and onc Ieachate
detection Iayer. Unless the Triassic clay has significant fractures, it should provide a good .
foundation for the landfill construction.

The geotechnical investigation of the proposed site included collection of cores from e large
number of borings and installation of several monitoring wells in suspected water-bearing zones.
As previously stated, the Ogallala aquifer is the principal regional freshwater aquifer. In the
geologic descriptions in the permit application, the geologic material above the Triassic clay was
referred 10 as the typical Ogallala formation, with & caliche caprock overlying & layer of permeable
alluvial sands and gravels, but the thickness of the permeable sands and gravels was usually less
than 15 ft. Based on close examination of the gravels in the exposure of the formation at the WCS
sitc and other outcrops in Andrews County, Lehman (1996) identified this material beneath the
caprock as the Antlers Sandstone, not the Ogallala formation. The Antlers Sandstone has sufficient
sand and gravel content with limited cementation 10 have significant permeability, but the thin
formation apparently is not continﬁous!y saturated over significant arcal extent in this vicinity,

Due 1o the low average rainfsll amounts, the Jocal high In the elevation of the 1op of the
Dockum group, and the undulating shape of the top of the Dockum group, the permeable
sediments atop the Triassic clay do not store siéniﬁcant amounts of water in this westemn part of
Andrews County. Saturated sediments were only encountered bencath a local depression referred
t0 a5 & “buffalo wallow,” and it was concluded that a similar depression existed in the top of the
Dockum beneath the surface depression, trapping the water in & small volsme. Domestic and
windmill wells that exist in the area do not produce much water during dry periods. Although the
Ogaliala formation was initially identified at the site, that identification was in error. No matier
what the shallow permeable formation is named, it apparently docs not hold and transmit sufficient
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amounts of water for development of wells. Control of stormwater drainage at the site may affect
the storage of water in the formation beneath the “buffalo wallow,” other natural depressions, or
constructed impoundments if the collecied runoff is kept on site and allowed o infiloate,

Within the Dockum group, three or four separate siltstone layers were cnconntaed inthe
grid of borings. These materials were found 1o have laboratory-measured hydraulic conductivities
two orders of magnitude higher than the claystonc: Screened monitoring wells were establishied in
these zones at several locations within the grid. The water levels in these wells were mcasumd
several times between November, 1992 and April, 1995. A complete listing, Table A-1, is
provided in the Appendix summarizing the well identities (based on original boring grid locations),
top-of-casing elevations, screened intervals, depths to water, and water surface clevations for
monitoring cvents by AME (Messenger, personal communication). Teble 1 was derived by
grouping monitoring wells with approximately similar screened interval locations. These groups
roughly align with the identification of three possibly continuous siltstone layers. Groups A and B
arc most likely the first siltstone, while groups C and D roughly correspond o the second and thind
silistone layers, respectively. The lateral and vertical extents of these layers are not completely
known.

Inspection of Tables A-1 and 1 allows scveral important conclusions. First, whea bailed ©o
dryness, the water Ievels in the wells typically 1ok several weeks to return to static levels. This
delay indicated cither low local permeability, little water volume in storage, or both controlied the
retun of water 1o the screcncd interval, Seoond, the equilibrated water suface elevations at most
of the monitoring wells with similar depths of sereca were not close enough 1o imply hydravlic
coatinuity. For example, only well pairs 4-C end 5-C in group B, 4-G2 and 9-G2 in group C, and
4-G3 and 9-G3 in group D had water swiface elevations within a few feet of cach other. Third, the
height of the water columas above the tops of the screens at wells 7-G, 2-G, 11-D, 6-B1, and 6-
B2 were 44.3, 67.4, 107.13, 41,7, and 98.75 ft, respectively. These values indicate that the water
in the siltstones at those locations was under pressurized confined conditions, yet the permeability

or discondnuity stll restricted the flow.
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Group with Well | ScreenTop | SereenBottom | Water Surface |
Similar Intervals Elevation (g) Elevaton (ft) { Elevation (ft)
A 9-G1 3330.17 3325.17 dry
B SE 3312.28 3302.28 dry
5-C 3307.94 3287.94 3288.12
4-C 3307.55 3285.55 3288.79
4-Gl 3294.56 3264.56 3260.65
6-B1 3295.66 3285.66 333736 |
C 7-G 3262.72 3232.72 3307.15
11.D 3241.07 3216.07 3348.20
4-G2 3249.69 3219.68 3245.16
9-G2 3248.99 3238.99 3242.36
6-B2 3220.26 3210.26 3319.01
D 2-G 3214.93 3189.93 3282.33
4-G3 3202.11 3197.11 3194.10
9-G3 3197.02 3187.02 3193.06

PAGE 18/39

Table 1. Well Screened Intervals and Water Level Elevations Observed on April 19, 1995

-~

The total dissolved solids (TDS) contents of the water samples taken from these wells were

mg/L). In addition, the TDS values varied significantly betweea the wells in these layers, possibly

indicating little if any flow between the well locations. The upper siltstone layer was identified as

the “uppermost aquifer” for monitoring purposes. Due to the difficulties in static water kevel
cquilibration and development, dedicated sampling pumps were recommended for future
monitoring well installations. Further discussion of the hydmgwlogic and geochemical data will

be given in 2 later-section of this report.

ite Visit

On July 28, 1993, Drs. Lloyd Urban and Ken Rainwater visited the proposed site, Allen
Messenger and Andy Witteveld of AME conducted the tour. The site is currently part of the Flying

W Diamond Ranch, a short distance east of Eunice, New Mexico. The property is used as 2

working ranch, with limited development for oil and gas wells. The grid of soil borings was still

7
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cvident at the surfac?. as were the existing monitor wells. Mr. Witteveld described the bailer-
development procedure he was using to encourage increased flow in the screened intervals of the
wells, He also ;xovidc;! preliminary water quality data from sampling cvents since the preparation
of the permit documents. M. Bill Yance, ranch manager, took the group over to the Monument
Draw arca on the other side of the state line for viewing of the 20- to 30-fi high cutbank of the
daw. He als;: identfied the Baker Spring location within the draw. No secent flow was evideat at
the spring. | )

During 1996, scveral visits 10 the site were made by Drs. Rainwater, Urban, Lehman,
Gurrola, and Jayawickrama. On July 17, 1996, Drs. Rainwater, Urban, and Lehman visited the
WCS site for their first view of the initial cell excavation, hosted by AME. Over the next three
months, variovs combinations of the five scicntists and engineers made additional visits 1o the site
to gather geological and geophysical information about the vicinity.

At the request of the AIF, Drs. Urban and Rainwater atended a public mecting held by the
TNRCC at the Righ School Auditorium in Andrews, Texas, on the evening of September 30,
1993. The purpose of the public meeting was to give Jocal resideats opm@w to ask questions
of the TNRCC about the landfill and the permitting process. It was appareat that civic group
support for the project was quite high, and that the AIF and AME had spent considerable .cﬁ'ort
describing the facility design to the resideats. The TNRCC staff raised no questions at that time.,
Inspection of Core Samples

On October 4, 1993, Dr. Rainwater visited the office of Jack H. Hok, Ph.D,, and
Associates, Inc. (JHA) with Mr. Witicveld to visually examine core samples from selected
borings. Cores 6-B Aand 9-G, which are shown in Figure 1, represent locations in which almost all
of the different lithological were penctrated. Of particular concem in this examination was the |
condition of the red claystone. In the samples from both cores, the red claystone core was _
typically continuous (few fracture planes not atuibutable to the sampling process), solid, and tight
As indicated by the results of the laboratery hydraulic conductivity tests, the claystone was
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probably naturally compacted by the weight of ovesburden during deposition. The zones identified
as siltstone and sandstonc were typically grayish or white oohesive materials with fine grains of silt
or sand visible on the outside of the cores. The presence of the sand and silt apparently accounts
- for the higher hydraulic conductvitics of these materials relative to that of the claystone. However,
the siltstone and sandstone did not appear to have enough porosity to allow significant flow under
typical natural gradients. |
Recommendation and Evaluation of Water Ouality Samples

AME provided the results of the analyses of water samples collected on July 23, 1993,
from wells 2-G, 7-G, 11-D, and 6-B1. The surface Jocations of these wells are shown in Figure

1. The samples were analyzed for several water quality parameters, including some major foas,
pH, and TDS. The major ion analyses are of primary concern 10 this report since ionic
compositon of groundwater sometimes provides clues ebout hydraulic connections in the local
- subsurface. For example, water quality in an aquifer gencrally deteriorates with distance from the:
point of recharge, as more materials are dissolved. Also, the nzture and armount of dissolved
species can indicate the rock types through which the water moved. Table 2 summarizes the
results of the analyses. The concentrations of the ionic species wer;: given by the 1aboratory in
mg/L, and then converted to millicquivalents/L (meq/L) to check for elmncut;ality. The
condition of electroneutrality in a water solution requires that the sum of the meq/L of cations must
. equal the sum of the meq/L, of anions. The “ion %" column Yists the portion that cach jonic
constitucnt comprises in the major cations or anions as appropriate. The analyses for this sample
setincluded all of the typical major ions in natural waters except for bicarbonate QO

Table 2 shows that there was litde similarity in the waters from the four wells. The
measured TDS varied from 1800 to S500 mg/L. In each sample, sodium (Na) was the dominant
cation and sulfate (SO,) was the doruisiant anion, but the relative concentrations varied by & factor
of almost 3. Itis possible to check a major ion analysis by comparing the measured and calculated
TDS values. The measured TDS is normally done with a conductivity meter based on the fonic
strength of the solution. The calcalated TDS is found by summing the total mg/L of the cations



Tabls 2, Water Quality Analyses for Samples Collected 7/23/93

11-D

Well 24.40-602 (Ogallala) - Flying W Diamond Ranch well, sampled by TWDB on 10/10/1990, included for comparison
TDS Error(%) = 100 {TDS(som) - TDS(meas)! / [TDS(sum) + TDS(meas))
Ton Error(%) = 100 ITotal Cations(meq/L)-Total Anions(meq/L)} / [Total Cations(meq/L)+Total Anions(meq/L)]

nr=notrun

Well 2G 7-G 6B-1 26-40-602(Ogaliala) "
Constituent meg/L | meq/L] ion % | mg/L | mea/L.| ion % | mg/L | meq/l.| ion % | me/L { meq/L lion % | mp/L | meq/L.| ton %
Cations

Ca 28] 1401 4.1 64 320f 42 60| 3.00] 6.1 71 035] 13 78t 3901 533

Mg 20 165 4.8 58 4771 6.3 511 420| - 85 11} 091 33 21 173 236

Na 710] 30.87| 90.5] 1560] 67.83| 83.8] 960| 41.74] 84,7 590 25.65] 94.0 36 1571 214

K 8I 019 06 22| 056 0.7 13| 0321 06 15 0.37 14 5| 0.13 1.7
Total 766] 34.1| 1000 1704] 76.36] 100.0] 1034| 49.26] 100.0] 623} 27.28] 100.0} 140 7.32] 100.0
Anions

a 200] 5.63] 171} 1157| 32591 38.6f 290| 8.17] 244| 200| 5.63] 23.1 39| L.10} 153

S04 1300 27.08] 82.3] 2460] 51.25] 60.7] 1200] 25.00| 747} 900} 18.75] 769 39| o0.81f 113

HCO3 nr ne nr nr 304] 498 69.4

NO3 121 0191 06 33 053] 06 19] 031} 09 of o000l 0.0 18] 0.29 4.0
Total 1512] 3291 100.0] 3650] 84.37| 100.0] 1509| 33.48] 100.0] 1100} 24.38] 100.0] 400 7.19{ 100.0
Neutral

Si02 11 13 11 13 43
TDS{meas) 2600 5500 4000 1800 431
{TDS(stm) 2289 5367 2604 1736 583 {
{TDS Emror(%) 6.4 1.2 21.1 1.8 15.0
fon Error{% 1.8 : 5.0 19.1 5.6 0.9
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(Ca, Mg, Na, and K), the anions (Cl, SO, NO,), and neutral compounds (Si0,). The TDS
(meas) and TDS (sum) should agree within S percent, as shown for wells 7-G and 6B-1.
Elecroncunality is checked by comparing the total meg/L of the cations with the total megq/L of the
anions in what is called the ion balance emvor. The ion balance error should also be less than §
percent for an aceeptable analysis, as it is for wells 2-G and 7-G. When these two checks are not
consistent for 2l the analyses, especially when the TDS (sum) is less than the TDS (meas) for all
the samples, it is quite possible that one or more other significant jons should be analyzed in thc
samples. Other ervors could have takea place in one or more of the analyscs which were
performed on the samples. Dr Rainwater suggested to Mr. Witteveld that bicarbonate should be
added to the list of analyses for the next round of samples. A fifth water sample is included in
Teble 2 for comparison of typical local shallow groundwater quality to that in the Dockurs group.
Well 26-40-602 is located on the Flying W Diamond Ranch near state highway 176, and this well
. is occasionally monitored and sampled by the Texas Water Development Board (TWDB). The

well is referred to as an “Ogaliala™ well by the TWDB.

A sccond set of samples was collected by AME on September 21, 1993, from wells 2-G,
7-G, 11-D, 6B-1, and 6B-2. Table 3 summarizes the results of the ion analyses. Comparison of
Tables 2 and 3 show limited agreement between the two sets of analyses of wells 2-G, 7-G, 11-D,
and 6B-1. This disaprecment is not surprising, considering the difficulty of purging and sampling
the wells in these siltstone layers. It is possible that there were sampling, handling, or analytical
errors between the two sample sets, but it is also possible that the chemical composition of the
water in the vicinity of cach well has not been homogenized by mechanical mixing due to flow.
This question would hopcfuily be resolved as additional samples were collected from these wells in
subsequent monitoring eveats. The TDS values for well 2-G were similar, while the TDS values
were higher in September for wells 7-G, 11-D, and 6B-1. Well 6B-2 showed very poor
agreement between TDS (meas) and TDS (sumw), and only well 7-G had acceptable agreement
between TDS (meas) and TDS (sum).

With the addition of HCO, to the jon analyses, it was hoped that the jon balance errors

11



Table 3. Water Quality Analyses for Samples Collected 9/21/93

Well 2G -G — 11-D 6B-1 - 68-2 26-40~602(OQgallala)
Constiteent | me/l. [ meq/L] jon % | mg/L | mea/i] jon % | mg/L [meg/L[ion % | mg/L | meq/l| ion % | me/. | meq/l| ion % | mp/l. mea/l.] ion %
~Cations ‘

Ca 53| 263 122 m“ 8_.50H 104| 156] 7.80] 160 28] 1.40] 84 33 165 115 78] 390 533

Mg 25| 206 95] 55| 453 S5 33| 272y 56 1n| 091 55 12| 099 69 21] 173| 236

Na 187 16831 7741 1560| 67.83| 82.6] 870| 37.83] 77.8] 324 14.09] 849 264| 1148 802 360 157 24)

K st 020 09] 49| 125 15 1] 028} 0.6 8| 020] 1.2 8| 020 14 51 043 17
Total 473t 2174 1000] 18341 s2.11] 1000] 1070} 48.62] 100.0] 371 16.60| 10001 317 14.32] 1000] 140 7.2 100.0}
: Anions

a 2000 5431 156F 1700] 47.89] 457] 00| 1662} 32| 2100 592| 168 200} 5.63] 218 9 L10] 153

S04 1300| 27.08] 7500 26000 s4.17] s17) 1600 3333] 644] 1200] 2500] 70.4f 740] 1542 39.6 9] 081 113

BCO3 10} 31| 86l 150] 246 23] 100] 164f 32| 290} 475 133] 290| 475 184] 304 498 69.4

NO3 18} 029] 038 12{ 019] 02 10| 0.6 03 0] 000] 00 4] 006] 02 18] 029] 40
Total 17080 26.12] 1000! 2462 10471 1000} 2300| 5175 100.0] 1700] 35.67] 1000 1234] 25.87| 1000] 400} 7.19] 100.0
Neutral ‘

Si02 10 22 .10 11 12 43
TDS(mess) | 2700 900 2600 1500 7600 rEY]

TDS(sum) 2191 6318 3380 2082 1563 583
TDS Error(%)] 104 44 153. 46 249 150 .
ton Error(%) 24.9 12.1 31 365 28.7 0.9

Well 24-40-602 (Ogaliata) - Flylng W Dismond Rench well, sampled by TWDB on 10/10/1990, included for comparison
TDS Error(%) = 100 TDS(sum)<TDS(meas)l/ [TDS(um}+TDS(meas)]
Ton Error(%) = 100 (Total Cmons(moqﬂ..)—'l‘oul Anfons(meg/L)}/ [Total Cations(meq/L)+Total Anlons{meq/L)]
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would bereduced. In this sample set, however, only the enalyses from well 11-D met the §
pereent Limit. Itis difficult to identify a specific explanation for the larger ion balance errors.
Analytical laboratories sometimes have difficulty with these balances in saline waters duc to the
differing concentration ranges measurable in the different ion procedures. The catioas arc normally
quantified in clemental analyses by atomic spectrophotometry, which requires dilution of the
sample, while anions may be analyzed by ion chromatography, titrations, colorimetry, or ion':
specific elecrode methods which may or may not require dilution. The differcnt methods m.
sometimes interfered with by high concentrations of other compounds. In any case, the accuracy
of these analyscs is in question. However, it is possible to make some uscful comparisons. The
ion percentages were used to visually compare ion grouping among these water samples using a
trilinear, or Piper, diagram (Frecze and Cherry, 1979) in Figure 2. From this figure, the waters at
all of the Dockum group wells arc classified &s N2-SO«+Cl dominated solutons. Note that the
sample from well 26-40-602 plots far away from the Dockum samples, as 2 Ca+Mg-HCO; water.
The 26-40-602 water is esseatially a much “younger” water, more recently recharged from the
atmosphere. Although the Dockum water samples show somewhat similar fonic distributons, the
large differences in their TS values cannot be directly correlated 10 & reasonable flow
phenomenon in the siltstone.

Three more monitoting events occurred in October, 1993, January, 1994, and March,
1994. The results of these sampling events are summarized in Tables 4, 5, and 6, respectively.
The results from these three eveats compare somewhat more closcly overall than the first two
sampling events. "nzc fon and TDS balance errors often exceeded the S percent target, but the TDS
values are much more comparable across eveats. In addition, the concentrations of the ionic
constituents in each well are much more similar across events. When plotted on trilinear diagrams,
the results are practically identical to those in Figure 2 within the scale of that oonﬁg\uzﬁén. 50
additional figurcs ere not provided. The improved consisiency is encouraging, and does not
change the conclusions drawn in the previous paragraph.

In summary, the ionic analyses of the sampled wells were uscful in describing the poteatial
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Table 4. Water Quality Analyses for Samples Collected 10/20/93

well 25 __ G D 651 B2 | 2640-602(Cgaliala
Constituent | mg/L [ meq/L] fon % | mg/. | mea/L.] ion % | mg/L | mea/l.] ion % | me/L | mea/.] ion % | me/l. | meq/L.] fon % | mp/L | med/L | fon %
Catioas ) .
Ca 721 3.60] 104] 126/ 630] 63] 158 2.90f 126 421 2101 85 3| 165 44 78 390 353.3%.
Mg 6] 296 8.6 106]- 8.72| 8.7 68] 560] 90 17] 14| 5.7 15| 1.3 313 21| 1.73f 236}
Na 640 27.83| 804] 1940] 8435] 840] 1120} 4820 7729 480{ 2087 849 800| 34.78] 919 36 157 214
K 8 020f 0.6 41 1,05 1.0 11] 028] 0S 8f 020) 0.8 7t 0.18 0.5 51 013
Total 756/ 34.59] 100.0] 2213] 100.42] 1000 1357 62471 1000} 547| 24.57] 100.0] 8S5] 37.85] 100.0] 140 7.32{ 100.0
Anions
(o) 180] 5071 11.2] 1300] 3662 344] 550] 1549 21.1 190 5351 189] 200] 5.63] 153 39 1L10; 153
S04 1700] 3542{ 73.1] 3200] 66.67| 62.5| 2700] 5625 765| 8%0] 1833 647 1260] 2625 713 ot oS8t 113
HCO3 190] 3.11 69] 150] 246/ 23| 100] 1.64] 22| 280f 459 162f 300 4921 134] 3041 498 694
NO3 110 177 39 52{ 084 08 10{ 0.16] 02 3 0.05 0.2 I 002 €0 18] 029 40
Totalm 2180 45.38] 100.0] 4702| 106.58] 1000| 3380| 73.54] 100.0] 1353{ 2832 1000 1761 36.82] 100.0{ 400 7.19 100 0
New
§i02 10' 12 11 13 12 43
TDNmess) | 2500 5700 3400 1500 2500 B
[TDS(sem) 2046 6927 4728 1913 2628 583
'TDS Error(%) 82 1.7 38 30 25 15.0
Ton Brror(%) 135 ' 30 8.3 7.1 14 0.9

Well 24.40-602 (Ogallals) - Flying W Diamond Rench well, sampled by TWDB on 1071071999, included for comparison
TS Ecroe(%) = 100 TDS(sum)-TDS(mees)l / [TDS (sumWTDS (mens)]
Ton Error(%) = 100 ITotal Catioas(meq/L)-Total Anione{meq/L)} / [Tota) Cations{meq/L)+Total Anions(meq/L))
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Table 5. Water Quality Analyses for Samples Collected 1/26-2794

Well 2-G 7.G : 11.D 6B-1 6B-2 26-40-602(Qgallala)
Constituent | mg/L, Tmea/L] Ton % | me/l. meg/L ion % | me/. | mea/l.] fon % | mg/L | meq/L] ton % | me/L | mea/L] ion % { mp/L | meq/L.| jon %
m . .
Ca 941 4701 27| 186] 9.30] 83| 194 9.70| 137 46] 2.30F 49 34 1701 29 78] 390 3532
Mg 421 346] 57| 104] 856] 7.6 19 156 22 9] 074 1.6 91 074 12 21 1.73] 2.6
Na 1200] 52.17] 859| 2150] 9348] 83.1] 1350] 5870] 83.2] 1000] 43.48] 92.72] 1300] 56.52] 953 36| 1577 214
K 17| 043 0.7 4] 113 10 24| 0.61 09 151 0.38 0.8 13| 033 06 51 013 1.7
Total 1353] 60.771 100.0] 2484] 112.46] 100.01 1587 7057 100.0] 1070] 46.90] 100.0] 1356] 59.29{ 1000] 140 7.32] 1000
Antons
a 200{ 5.63] 115 1500 4225( 370] 720 20.56] 27.2] 230] 648] 219] 230 648 132 39] 1.10] 153
S4 1900| 39.58] 80.8] 3300] 68751 60.2| 2500 52.08f 68.8] 890] 18.54] 62.6] 1800] 37.50] 766| 39 o0.81] 113
HCO3 190 3.1} 64] 150] 246 22| 130] 213) 28] 280] 4.59] 155] 300] 492 100 304} 498] 694
NO3 All 066 13 421 068 06 56] 0.90 12 0] 000] 00 51 o008] 02 18] 029 40
Total 2331] 4899] 1000] 4992]114.14] 100.0} 3416! 75.68] 100.0] 1400] 29.61 100.0] 23351 48.98] 1000] 400f 2.19] 100.0
12 12 14 12 43
7100 4500 1900 2700 431
7488 ° 5015 2434 3703 583
27 54 133 15.2 150
10.7 0.7 35 22.6 . 9.5 09

Well 24-40-602 (Ogallala) - Flying W Dismond Ranch well, sampled by TWDB en 10/10/1990, included (or comparison
TDS Erroe(%) = 100 (TDS(sum)-TOS(meas)] H{TDS(sum}+ TOS(meas)) )
Ton Error(%) = 100 Total Catfons{meg/L.)-Totat Anfone{meq/L) / (Total Cations{men/L.)+Total Antons(meq/L)]
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Table 6, Water Quality Analyses for Samples Collected 3/17-18/94

26-40-602(Ogallala)

Welt 2-G 7-G 11.D 6B-1 6B«2
Constivent  { mpA. | mea/i.| 1on % | mp/L [ meai.] jon % | mp/. | meq/l] lon % | mg/L | mea/LJ jon % | mp/L Jmea/L | ion % | mp/ [meq/L| ion %
Cations .
Ca 84 420 89] 200 10007 7.6 180 9.00] 93 3 155 32 30” 150 30| 78 390 533
Mg 26& 214] 45 98 807 6.1 56| 461 A4S 19| 156 3.7 121 099 19 21 173 236
Na 930! 4043 85.6] 2600/ 113.04] 855] 1000 8261] 853] 89%0| 3870 916 1100] 47.83] 942 36 157 214
| 4 19 049] 10] 45| 115 09 2{ 059 0.6 17| 043 10 171 043 09 5| 013 1.7
Total 1059 47261 100.0] 2943| 132261 100.0] 2159] 96.81] 100.0{ 9571 42.24| 100.0] 1159] 50.75{ 100.0] 140{ 7.32 IO0.0L
Anions .
cl 2201 620] 15.0] 1640| 4620] 40.7| 610] 17.18) 255 230, 6.48| 23.7 230” 648 17.8 391 10} 153}
So4 1500 3128 75.6] 3100 6458 569] 2300] 4792 71.0| 780] 1625] 59.6] 1200] 25.00] 68.7 391 0.8t 113
HCO03 o1t 313 76l 148 2431 a1l 12s| 20s5| 30| 278] 4560 167 298] 4.89] 134{ 304 498] 694]
NO3 48t 0771 19 13]° 021 02 221 035] 0S5 0] 000} 00 0] 000, 00 18| 029 40
Total 1959] 41.35] 100.0] 4901} 113.42] 100.0] 3057 67.50] 100.0] 1288] 27.29] 100.0] 1728] 3636] 100.0{ 400| 7.19] 1000
Neutral '
Sio2 11 12 11 14 12 43
[TDS(meas) | 2060 7300 4630 1790 2700 431
TDS(sum) 3029 7856 527 2259 2899 583
TDS Erroc(%) 65 3.7 53 11.6 3.6 15.0
lon Brror(%) 6.7 B /Y 17.8 21.5 16.5 09

VWell 24-40-602 (Ogallals) - Flylng W Dismond Ranch well, sampled by TWDE on 10/10/1990, included for comperison
TDS Brror(%) = 100 {TDS(sum)-TDS(meas)! / [TDS(semM+TDS(mers))
Ton Error(%) = 100 (Tota! Catlons(meq/L)-Total Anlons(meq/L)l / [Total Cations(meq/L)sTotal Anions{meq/L)]
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for flow and mixing in the sampled silistone. Although the TDS and ion error values arc higher
than those typically accepted in fresh water analyses, they are not uncommon in more saline waters
with high ion concentrations that can cause interferences for some of the analytical techniques.
These results are sufficient to vexify the large difference in quality between the shallow fresh
groundwater and the Dockum waters. In addition, the large differences in composition of the

Dockum water samples indicate Ettle mixing due to flow in the siltstone,

As stated previously in this report, protection of existing groundwater resources is of
utmost concerm in siting and design o.f bazardous waste facilities. The major high quality
groundwater source in the Southern High Plains of Texas is the Ogallala aquifer. In this section,
the direct impacts of the WCS facility on the Ogaliala aquifer in both the local and regional scale arc
considered. The site investigation results from the permit application (AME, 1993) and the
historical findings published in the professional literature are combined in this evaluation,

As suated previously, the shallow permeable formation in the site vicinity is cvaluated under the
two aquifer critetia of [1] presence of geologic media that easily transmit water flow and [2}
presence of sufficient volume of water for flow to production wells. This section includes
discussion of geoloéic and hydrogcologic information from the AME (1993) permit documeats,

' existing Kiterature descriptions, and the most recent ficld work by Lehman (1996). Flease note that
&l of the references prior to Lehman (1996) refer to the shallow permeable formation in westermn
Andrews County as the Ogallala formation. Lehman's (1996) clarification is presented at the end
of this section. ‘ '

As reported in the hydrogeologic section in the permit epplication (AME, 1993), the
borings drilled in the subsurface investigation encountered perineable sands and gravels identified
as the lower portion of the Og:;nala formation. Saturated conditions in these sediments were only
rarely encountered, and thea only beneath & susface depression. The saturated zone bencath the
“buffalo wallow™ was not sufficient 1o allow water 1o collect in the borehole. The conclusion of

the site characterization was that the Ogallala formation is present beneath the site, but the
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formation docs not contain an extensive, continuous volume of water suitable for development
The experience of Mr. Vance with the shallow Ogallala well at the Flying W Diamond Ranch
corroborated this view, since the well was known to produce water oaly spotadically after sizable
rainfall events. The mounded shape, as shown in Figure 1, of the top of the Dockum group,
appareatly encourages water that infiltrates into the shallow permeable formation from the surface
to flow away from beneath the WCS site. Itis also possible that rainfall may be 5o Jow in t!us
Jocation that soil and vegetation combinations in the arca may prevent infiltration of signiﬂmt'
amounts of waltcr.

Documents describing the Ogallala aquifer m@ﬁOns in the Andrews County viciaity were
obtained from the TWDB and the holdings of the Texas Tech libraries. Six documents directly
addressed the groundwater resources in the county, but, as will be shown in the following
discussion, linle accurate historical information exists that describe the conditions in the weswm
portion of the county.

In 1940, the Texas Board of Water Engineers published 2 report on the groundwatér
development in Andrews County (TBWE, 1940). ‘This report was a compilation of drillers’ logs,
well and test hole reports, and chemical analyses from wells in existence prior to 1940. The
reports referred to a few hundred wells in the county, with most of the purnping wells in the
castern two-thirds of the county near the city of Andrews. No wells were shown in the vicinity of
the WCS site. '

Cronin (1961) presented a report on the occurrence and use of groundwater in the Southern
High Plains as part of a joint cffort between the U.S. Gcol;)gical Survey (USGS), TBWE. and the
High Plains Underground Water Conservation District. The report included a thorough discussion
of the regional Lithology as understood at that time and & number of contour maps that showed the
clevation of the water table in the Ogallala aquifer, the elevation of the base of the Ogallala, and the
saturated thickness of the aquifer across the region. Figure 3, which shows the elevation of the
base of the Ogallala, provides no resolution of that quantity in the western one-fifth of Andrews
County, implying that acceptably accurate records were not available to the avthor. Figurc 4,

19
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Figure 3. Contonr M2p of Base of Ogallela Formation. [Source: Cronin (1961))

.

o o2\
//n.... .
AL

Ndl. aed Corzzeye




1z

- oo o oy
\\\\:}':q‘}
N

EXPLANATION

anets 280 nne
Line shening epprecimete etilivde
of mater teble, in toet
Contewr lntarvel, 50 ool
Datum h masn 2ea lowt

A ————
[ e 3
Lecation of gedlogic tethiom

_"T— . Cacerpmant of e pleing

A
y

Bare staphd tnen ¢oreret Reghoey
@0t of Tesot Mighony Bepirineny |
1e0e

| oy ot

Figure 4, Contour Map of Water Leve) Elevation in Ogallala Formation. [Source: Cronin (1961))

91:28 PROZ/PB/SA

82G6-0€8-56S

VARN

6E/PZ 3Ovd



' 85/64/2004 @7:16 $05-830-9528 AREVA

PAGE 25/39

-+ *

which shows the clcvation of the watcr table in 1958, only indicates measured values in the
northeast comer of Andrews County. Figure 5, the contour map of saturated thickness in the
Ogallala, is directly related to the limited information in Figures 3 and 4. ‘Figure § displays the
cstimated saturated thickness at the intersection of state highway 176 and the state line, near the
WCS site, 1o be 0 (zero) fu. The method used to derive this estimate was not explained in the
report. Apparealy, the only appreciable Ogallala water storage in Andrews County was belicved
to be in the eastern portion of the county. )

The TWDB is now the state agency that manages the database describing the state’s surface
and groundwater resources. Wilhm this responsibility, the TWDB monitors groundwater levels
and water quality at sclected locations around the state. This data is then uscdbin modeling efforts
for projections of groundwater usage and storage for periods 20 to 50 ycars in the future. Three
TWDB wells were identified within 2 miles of the WCS sitec (AME, 1993, Plate VL.A.1). A visit
was made on October 4, 1993 to the TWDB office in Austin to obtain the records for these three
wells, Well 26-40-201, owned by Mr. Ed Tinsky, is located approximately 1.2 miles aortheast of
the WCS site. Wells 26-40-601 and 26-40-602 (zbout 1200 £t cast of 26-40-601), both assaciated
with the Flying W Diamond Ranch, are located about 1.4 miles cast-southeast of the WCS site.
Table? summarizes the reported water depth measurements at these wells. Without a site-specific
value of the clevation of the base of the Ogallala at wells 26-40-201 and -601, it is impossible to
cstimate the local saturated thickness. Also, it appears that no water depth measurement was ade
by the TWDB at well 26-40-602. Therefore, the wells moaitored and seported by the TWDB
provide no assistance in estimating local storage in the Ogallala aquifer. A total of four water
samples have been coliected from the three wells since 1974, with the most recent at well 26-40-
602 (Table 2). The water quality at wells 26-40-601 and -602 have been quite similar, as would be
expected due 1o their proximity. Well 26-40-201 has about twice the TDS of the other two wells,
due 10 larger concentrations of calcium, sulfate, and chloride.

Ashworth end Flores (1991) of the TWDB published 2 st of two maps that delincated the

arcal extents of the major and minor aquifers in Fexas, elong with a report which described the
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Table 7. Water Depth Measurements at TWDB Wells Near WCS Site

(n2 =infornation not available)
Well Depth of Date Depthto | Water Surface |
Well () Measured | Water (ft) Elevation (fi)

26-40-201 na 11725779 82.47 3408.53
1/13/93 87.14 3403.86
26-40-601 na 12/10/69 78.55 341145
. 171393 80.03 340997

26-40-602 g0 n - na na

criteria used to define the aquifer Jocations on the maps. Figﬁxc G is a color copy of their major
aquifer map, which ideatifies the presence of the Ogallala aquifer in virtvally all of Andrews
County. The primary reference for this map was Cronin (1961). According to Ashworth
(personal communication), this classification was based on the presence of the geologic formation,
with only secondary consideration of the amount of water in storage at any given location. The
fact that the western portion of Andrews County is identified as underiain by the Ogallala aquifer
docs not mean that the formation holds sut"ﬁcicm. if any, water for production. The publication of
the maps was intended to show regional distribution of the formations that serve as aquifers across
the state, not to define site-specific representation of available water.

Ashworth and others (1991) published an “Evaluation of the Ground-Water Resources in
the Southern High Plains of Texas™ under the direction of the state legislature as part of a state-
wide effort o identify arcas with porentally critical problems of groundwater quantity or quality in
the next 20 years. This report was supported by the TWDB's on-going computer modeling of the
aquifer’s response to recharge and withdrawal, later published by Peckham and Ashworth (1993).
Ashworth and others (1991) included data describing historical groundwater usage in Andrews
County for municipal, agricultural, and industrial purposes as well as contour waps of water level
changes and storage in the aquifer. Of particular interest to this study of the WCS site is Figare 7,
a regional contour map of the water table elevation that shows that the approximate altitude of the
water table in the Ogallala at the WCS location as of 1990 was 3400 ft This value of 3400 £t

cannot be accurate in the site-specific sense for the WCS site, since the elevation of the base of the
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Ogallala at the WCS site ranges from 3400 to 3450 f1 &s shown in Figure 1. In addition, Figure 8,
a contour map of regional saturated thickness, shows an approxﬁmtc saturated thickness for 1990
atthe WCS site location of SO ft. This thickness is also not possible at the WCS focation since the
thickness of the shallow permcable formation is less than 40 fe, most of which is caliche. Again, it
is not smprisi.ng that the regional informaﬁon in the report by Ashworth and others (1991) does not
accurately represent the conditions at the WCS site. The publication was intended to show rcéional
distribudon of the water in the Ogallala formation, not to define site-specific description of storage.
The detailed subsurface investigation reported in the permit application (AME, 1993) provides the
necessary spatal resolution for description of the site-specific conditions for the proposed WCS
facility,

Two very recent publications of the TWDB also included Andrews County within their
study arcas. Peckham and Ashworth (1993) described their efforts 10 calibrate a computer model
for the behavior of the Ogallala aquifer in termns of changes in storage from 1980 to0 1990. The
intent of the cffort was to align the model's output with the observed changes in water levels
during that decade by manipulation of the input to the model, especially Iocal aquifer recharge. The
initial 1980 conditions assumed a saturated thickness of approximately 50 ft near the WCS site.
The report did not detail how the inital saturated thicknesses were assigned at specific points in the
region. Itis interesting that the simulation of the 50-yr period from 1990 to 2040 with the
calibrated model showed no appreciable change in saturated thickness in the western half of
Andrews County. This result implics linle withdrawal activity relative to that predicted for counties
with more irrigated acreage. Hopkins (1993) summarized regiotial waier quality information for
the Ogallala aquifer in Texas. Samples were collected and analyzed over a G-yt period. The only
point of interest in this report is that only 4 wells were sampled in the westemn third of Andrews
County. The scarcity of wells in this poorly productive arca limited the number of wells available
for analyses.

Lehman (1996) evaluated the literature and field evidence in western Andrews County asa
direct attempt to determine the presence or absence of the Ogallala formation at the WCS site. His
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study indi.catcd that the “Red Bed Ridge"” that makes the WCS site so desirable is a regional feature
over 160 km in length and S to 10 km in width. His map of the ridge extent is not included with
this report due to its large size. The ridge runs from the northwest to the southeast from the state
line through st County into Winkler and Ector Counties. It serves as a palco-drainage
divide that separates the Ogallala aguifer on the northeast from the Cenozoic basin fill aquifer to the
southwest. Dirccily above the ridge, the shaliow pcmmble sediments are the Cretaceous Edwands
Limestone, Comanche Peak formation, or the Antlers Sandstone. These formations may be "
overlain by a caprock caliche, which in turn may have 2 thin veneer of younger sediments. The
Ogallala likely pinches out near the line defined by Mbnumcnt Draw in northemn Andrews County,
and it may be hydraulically connected to the, Cretaccous sediments. However, the lack of
developable groundwater resources in western Andrews County south of Monument Draw makes
it unlikely that significant flow could move from the WCS sitc northward to the producing areas in
Gaines County. Atthe WCS site, the shallow penineable formation was positively identified as the
Antlers Sandstone by its characteristic gravels and absence of Cretaceous Gryphaea shells that
occur in the Ogallala formation. The exposure of the Antlers Sandstone at the WCS excavation end
other locations in Andrews County show that this formation is permcable, but it does not have
significant water storage for development of dependable water wells other than low-flow
windmills. n light of these findings, the water wells monitored by the TWDB in the vicinity may
150 not be in the Ogallala formation. Groundwater collects in the Antlers Sandstonc oaly where
the Triassic surface relief allows storage volume. The combination of low rainfall and kigh
cvapotranspiration likely limit recharge to this formation in the site vicinity.

In summary, the TWDB and TBWE generated several reports over the years that have
included descriptions of the groundwater resources of Andrews County. In all cases, the vast

- majority of the water in storage was located in the castern pordon of the county. Close

examination of the contour maps in these reports results in estimated saturated thickness of the

Ogallalz at the WCS site to be 0 (zero) fi. The shaliow permieable formation at the site was
orciginally identificd as the Ogallala in the subsurface investigation. Lehman (1996) showed that
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the Ogallala formation is not present at the WCS site, nor is it present in z significant portion of
Andrews County. No matter what the name of the local shallow permeable formation is, the local
high in the upper surface of the Dockum group apparcntly encourages water that infiltrates, if there
is enough for recharge, into this formation to flow away from the site. According to typical
definidons of an aquifer, both sufficicat permeability and saturated conditions are necessary fora
stratum to be an economical water sourcc The shallow permeable formation at the WCS si!c:docs
not mect both requirements.
Conclusi IR gati

After review of the permit documents and available information gbout the local
hydrogeology, the operation of the WCS facility should have no significant impact on local
groundwater resources: The instaljation of the landfill with its bottom excavated through the
Antiers Sandstone formation into the red clays of the Dockum group should prevent transport of
contaminants into that shallow permeable formation. The conventional double liner system
coupled with the thick Triassic clay foundation provide multple barriers to contantinant migration.
Carcful operation of the facility during construction and over its uscful life a5 controlled by state
and federal regulations should mect the objectives of safe disposal and protection of the
cavironment. |

The Ogallala aquifef doces not exist a1 the site. The shallow permeable formation is more
correctly identified as the Antlers Sandstone. This formation does not meet both criteria for
classification 2s an aquifer at this location. The presence of the “Red Bed Ridge™ in the Dockum
group apparently encourages water that infiltrates into the sands and gravels in the basc of the
formation to move away to the northeast and southwest. The shallow permeable formation does
not contain sufficicnt water at this Jocation for development with purnping wells. Low rainfall and
high evapotranspiration in this area limit the potential for groundwater recharge.

It is recommended that questions about the Ogaliala aquifer as this site be considered be put
aside as irrelevant based on the available information and landfill design. Emphasis should be
placed on the positive features of the site, primarily the proximity of the Triassic clay as the
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foundation for the l1andfill bottor, in presentation to regulatory and public groups.

The siltstone layers in the Dockum group, identified as the “uppermost aguifer * for
monitoring purposcs, &lso do not fit the two criteria for an aquifer in the water resource
development sense. The monitoring wells established in the siltstone are the only altemative for
detection of leachate in the remote possibility that the landfill’s multiple liner systems fail. ‘The Jack
of a typical productive aquifer bencath the proposed site is an advantage, since that type of tmdimn
could easily transport contaminants if the double liner system failed.
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Appendix
Water Level Measurements Provided by AME (Messenger, personal communication)
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' (Souree, AM Environmental [Messenger, personal communication])

Table A-1. Water Level Measurements

WELL NOs _

GRIDLLCC. 76 &8 2.0 1D 4q1 461 4.03 9.01 501 403 681 &02 5.8 5.¢
DATE INSTALLED vem | g | wme | omm | sy |oamas | ymes | e | wem | sy | inems | ioss | v 121
T.0C.ELEY. 7 | M6Is | uNS Mo | 3ess | a30s | amat | nealr | w5999 | weom | sssds | wmae | ssnas | dstom

SCREENED 126215 | 160191 | 2252%0 2229 1es07s | 19020 | amaaer | 1038 | aman | 260273 | 19r2m | 2822 | w5188 17319
INTERYAL DEFTHS
TOP-BOTTOM SCREENED| 326272, | $w73s. | 3Me0% | 320107 | 129436 | 320905 | 170200 | 333002 | 324899 | 319702 | 329365 | 17026 | N2 | 3294
INTERVAL ELEVATIONS snam | aoesss | 1903 | 9neo7 | asass | amvoew | sionmn | a92at7 | 923395 1 oie%en | 268 | 3302d | 3xn2e | 370004

DATE: 1150

et o waler 20015 1D | o= o— oo — — avoes - s - - —— —
waler rerface dhevedon s | nn

DATE: 120V ]

Seph fa ety 200.15 12747 - —— — — osasa womme eome oreae oodee v tatme e
waler rfacs elevetion 1.9 | aastee

DATE M

Mhm 1.‘-” !ﬂ-” —— v —— L Lt [ L] ot L dhase L] ssore
woter purfocs eleredo mam | e

DATE: \W10Mm

dep o weter 171.10 184,30 - — e weee wtons P, o, Sasen avase Py povey onons
water rerfsce leviticn A2 | 129029

DATE: 11115m ,

m“ weter '”M . 1743 bl — Enand L el mee awas aseee veme -mose -~ooo e shon
srcier veriace clevetion mn 21982

DATE: 1¥11m

m o water Sodan osees onany ﬂi.w [ taad L agad synay Sotmd wssns Seaee -—vte v staas sosre
senier Arfare tlevetion M7

DATE: 1272992

Sepdh Vo watey 197.10 19720 2920 193,99 e - aess - ——— - S — W | e
weter purfrceelevation 120047 | 21398 I20.13 70907 924022 .

DATR: 1110/ T

dopet to warer 19149 m. 1110 16440 | cmm oo - wioe - o~ - aones 10990 1 wen
wiley nrface eleveden 3% ) 1NN 129.13 s 177398

DATE: 114/53

Aritg water 1 129 "o 1122 — - — - - _— ——— — 17848 o~
ity erfics dhevesion s | smmugs | sween | ewmes C 1113
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WELL NOJ

GRIDLOC, 1.0 4C 20 11-0 4N AQ1 403 9.01 901 903 [-3:]] [-3:7] e 3¢
T.0.C. ELEV. FD) a7 | Mrsss 343993 unm 303958 | ey | M0 | 3ee0n? | M990 | 8001 | Msses | M | wunn 343094

DATE: 117/ :

Seplto weser 1402 11 A1] 10108 198.52 . - - - e —a— w—ave — 200 o
water rfaca elevadion 329888 | 9oe ) srsnee p21LY) 2215.2¢

DATE: 129m .

depth 8 weter 149,00 1.2 mos 19472 | e — — o v ot some . 16788 § ome
waserpurfece tievetion 3 | smemy { vimas M3 329948

DATE: 1/

deph 0 oty 14710 19780 1101 15161 —— —— e acase ssee seees ) o 16493 s
waerprface slcvaton 900,62 N8 339192 IN48 nnny

DATE: yTIM)

Septh to wraler 14292 17757 18400 19T | - — -— v o - e — 16020 1 oo
waler aurface ghevetien ¥o1es | mem | s4md 1945 129648

DATE: 11507

Septh 19 wraler 192.08 1mnn 13643 155,18 o — . _— — —— omse — oovee o
svater gurfoce gleverion 320547 | sy | sanee 331492

DATR: M3

derh 16 waler 1569 11220 11920 1950 — - - -~ — asone o . o ——
weter prrface dlevetion 129142 | 1meesy | swsad | I

DATZ: 279/

depths tn waler 19940 1.2 mia | 1580 s ory pRY | DRY TUAS mm 1927 DRY DRY oRY
waire purfeca eicveticn 8.2 328933 It 331684 325041 202 %)) kit k] $71).9%

DATE: 211273 . :

Seph 1o wser 157.90 19298 11739 1950 179.10 nRY 204 DRY M2 7030 19013 DRY orY pRY
weterpurfacs tievetion 3219.22 288.58 pzarka] 19.17 3260044 1N LY pilyXed pare )

DATE: 2175} i

Seph be waler 15421 19798 11120 1209 7918 ORY US43 DRY n40 m.n 1477 2929 oy ORY
weter qurface tlevetion 7N | e | nun prreL)) 326041 20164 Insee [ Neoes | 30129 | 3¢9

DATE: 2/ )

depth o wuer 15218 11748 17952 1n DRY DRY 213% DRY mmn 2891 15269 21120 orY DAY
weter qurfics elevation 32958 | smoo | 34y | 1Imes NN mez | oy | smer | 3reos

DATE: I7m)

dpdh o water 14948 19748 1759 1204 oRY ory M7 | pRY 243 200,98 15178 moen DRY DRY
srater rrfics elevetion 729787 | 92ee0 | w108 130,19 39N INss | 3190.27 | 3301 | 3776

DATE: 3103 :

Aepd o preser 1150 1778 1070 13990 17929 DRY 338 DRY 2.1 291 193.28. 118 DRY DRY
ater purfacs elevedion 129.22 j 3Nz | _3n o N e S MR I 91973 Inass | 0029 | Insay | 34
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WELL NOJ )
GRID LOC. 2.0 AC 24 1.0 401 402 (XN 9-G) .07 $03 &R1 &N [2] sC
TOL. ELEV.FT) 3441.71 | WS preils] unm 1.9 MIes | e 20,17 343999 | 0.0 Mrs66 | wer nIN 490,94

DATE: Y193 .
depth 15 waler 14729 1. 1m0 17100 M0 DRY ns.37 DRY mi 29.0 15073 119.21 oY DRY
water parface tierstion 70052 | N0 | non 333807 125994 NNM 1.2 | 3042 | s | sno
DATR: 09 ,
Sepentowster 14513 19748 100.18 1188 [y, X1 mmn s pRY mxu 29941 1%.30 17949 ORY DRY
waierpurfsce elevation 130258 | 3mate | o e | s | mso | nan 329278 | 319054 | 333638 | 330028
DATR: 40193 .
depth p water 14343 174 teres | 1ima 11929 | 20090 | usay DRY mmn | ®a 150,08 ma orY 19594
water prfecs advation ey | mo imor | nase | wan | s | s 37829 | 3tenso | 33364 | 391108 1223.00
DATE: 43 SR
derh to wraley 141,63 171,68 1670 12900 1M 20128 850 DRY 71,08 209.28 149,63 1 2F ] DRY 154,44
waer pwrfset tdevetion 290600 | e | e 33000 | 220022 | 129243 | 114 _msser | steam | 336m | 9124 128850
DATE: 37240
Sopeh 48 waley 14840 [, X 16090 1287 N 200,64 MUSAS PRY 219.90 200.00 19.9% 1.5 DRY 1929
watey cwrlane slevetion 32 | 9ne 127.0 130530 | 32t | ymees | Simes 320000 | east | et | BN 39044
DATE: 471093
Bepeh 1o wreter 13052 ma 199,03 1250 189 199.97 M4 | owy 219.46 200,93 149.0¢ 18445 DAY 11K, ]
water purfuce etevation sserte | 10907 122058 3Mre9 | ymars | svem | 31enes e | smer | amn | wne 1119.16
DATE: 7M™ .
depthta were 14020 { 1% 199.5¢ 12400 171950 11120 253t DRY 21889 280.88 1499 15090 py (L/R1
watey purfece elevetion nmn | moes | 3unss 30847 | 3ma2s | sutas | wnn IMLA0 | 319184 | 331798 | snnee 210,74
DATE: 1S : o i
depth ta water mi (LIRT
water frfacs Slevetion 320700 3305.32
DATE: 711653 :
Aepth ty ey 10 7349
witer rurface tievrtion 3AULM 324744
DATE: 7783 .
Srpth 13 wetep 16401 mss 149.54 15194
witey parfice ehvetion br-2 Yl 1280.37 17391 s
DAT?: 3353
Opthta waer 150.50 .89 1.0 m2n 1719.30 19499 %N DRY 2629 252,90 15019 s orY nn
wetsp etxfane elvetion 32062 | smvss | 34y e | 3008 | saams | sy 2ot { 31102 | snie3e | 310 2
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WELL NO./
GRID LOC. 1.0 e 20 no Aq1 +02 403 5.a1 202 +3) &a) &M se ‘s8¢
T0.C. ELEV. (FT) 772 | e 3439.93 M0 33958 | 2306n | a0t | MOT | M99 | Meom | Setses | M | M 490,94
DATE: 9721/ '
fepdh b weter s 197.99 1 | s 1m0 19240 usn DRY 1830, | 1004 149.09 16832 oYY 19229
water ewrface clevetion 3049 | satses | a7r9es 14997 70029 | a1 | NNy 340 | It | 313878 | Inss pril G
DATR: 101151 ‘
et watee n 1125 16240 12910 17930 1.9 23.% DRY M2 m.0 151,04 15868 DRY 1920
water neface elevition 3302.94 Ny . 3343.97 335024 JUsAS 3193.41 JIA879 119212 ‘| 319592 13N.4 prit 8]
DATE: 1012/ )
depeh 18 wetzy 1 177,88 16149 129.10 179.%0 197.29 2489 DRY 7m0 261.90 13114 15465 DRY 19201
water nrface tievation 330184 | 30370 | 3mss 341,97 325028 | M4y | N sy | N2 | sz | 330 $218.19
DATE: 31654
Aepth to woier 1924 wnes 19003 12504 9.4 19497 20498 ory nn 3108 149,50 16120 oRY 19280
srater rorface dicvation 0aar_|_32meen 371108 ¥14201 3208 | 3me | 3teats M | 0267 | 3396 | 131908 Fril XL}
DATE: 1793 ' .
) 12078 ne 19039 12490 7.0 194.49 Hs0 DRY 211.63 289 | 10941 169.2t pRY 19279
weter purfuce slevation 310408 | 31y 311,69 13119 222038 | INLM | 0 UL L N6 | N | 1908 32218
DATE: 401993 ‘
Bepth 4 water 140.57 nae 19100 2407 mn 1937 | Us; DRY N6 | 28808 14930 16128 DRY 19152
waler pafaze rlevation 330038 | ey | serayy { smm 326091 |} 320306 | 39410 325 | 319905 | 1038 | nve IMeLN9
Current (ichnes of water 74,43 324 9240 13213 0.00 0.0 0.00 337 6.04 51,70 10375 0.00 0.18

e AM ENYIRONMENTAL RESPONSTBLE FOR WATER LEVEL MBASUREMENTS

[__Je=onosmerrROMoPEN RORE HOLE

Menitor wells 5-B1 2nd 2-G wers developad to dryners en 7/14/93
Monitoe wells 7-G and 11-D were developed to dryness on 71393
Monitor wells 6-B1 and 6-B2 were developed to dryness on 3993
Monitor wellx 7.G 2nd 11.D were developed to dryness on 811093
Monitor well 2.G wes developed to drvness on /1197
Monitor wells €81, 6B-2, 11-D, 4-C, and 5-C wete developed to dryness on 10/1893
Monttore wells 9Go2.7-0.40-2.md2-omdan!opedwd:ynm on 10719593

Approximate sits elevation 3484.75 Rt
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