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CHAPTER | - INTRODUCTION

This report is being submitted to the U.S. Nuclear Regulatory Commission (NRC) and the Oklahoma
Department of Environmental Quality (DEQ) in accordance with the Cimarron Environmental Response
Trust Agreement (The Agreement) dated February 14, 2011. This report presents an evaluation of
groundwater remediation technologies which could be employed at the Cimarron site to reduce the
concentration of chemicals of concern to both NRC and DEQ to levels below those required for license

termination and release of the site from further remedial action.

A. BACKGROUND
The Cimarron Environmental Response Trust (the Trust) is responsible for the decommissioning and
remediation of the Cimarron Site located approximately seven miles west of Guthrie, Oklahoma, at

the intersection of state Highways 33 and 74. A map of the site is presented as Figure 1.

The Trust is the successor licensee to the Cimarron Corporation (Cimarron), which was owned by
Kerr-McGee Corporation (KMC), and transferred to Tronox LLC (Tronox) when KMC spun off its
chemical subsidiary. KMC and Tronox personnel had conducted several internal evaluations of
potential alternative groundwater remediation technologies since before 2000, and had proposed to

remediate groundwater for uranium using in-situ immobilization via bioremediation.

Tronox filed for protection under Chapter 11 of US bankruptcy law in January 2009. Upon emerging
from Chapter 11 bankruptcy in February 2011, the Cimarron site was transferred to the Trust. The
Trust is funded from a combination of funding provided by Tronox upon emerging from bankruptcy,
and the cash value of an existing letter of credit. At some unknown time in the future, the Trust may
receive additional funding from ongoing litigation. Environmental Properties Management LLC
(EPM) is the Trustee for the Trust. The NRC, the DEQ, and the U.S. Environmental Protection

Agency are the designated beneficiaries of the Trust (Beneficiaries).

Upon creation of the Trust, and the transfer of the site and funds to the Trust, NRC transferred license
SNM-928 to the Trust. The Agreement imposes certain requirements upon the Trustee, including the
submittal of an evaluation of potential alternative groundwater remediation technologies to the NRC

and DEQ. This evaluation report is intended to provide the NRC and DEQ with sufficient information
to enable them to select the optimal combination of technologies to utilize at the site. This Evaluation

of Potential Alternative Groundwater Remediation Technologies represents the initial step in
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accomplishing the overriding objective assigned the Trustee. That objective is to remediate the

Cimarron Site to comply with established Federal and State criteria for the unrestricted future use of

the property.

The Site has been undergoing decommissioning of equipment, buildings, and soil in accordance with
NRC license SNM-928, which governs the radiological decommissioning of the Site, since 1975,
when the facility ceased operations. Equipment, buildings, and soil have been decommissioned, and
final status surveys have been performed to demonstrate that decommissioning criteria have been met
for those media. License SNM-928 and its supporting documentation stipulates 180 picoCuries per
liter (pCi/l) total uranium and 3,790 pCi/l Technitium-99 (Tc-99) as the criteria for the unrestricted
radiological release of groundwater. This limit for uranium is based on a dose model that equates 180
pCi/l with a residual dose of 25 millirem per year (mrem/yr) based on a drinking water scenario. The
limit for Tc-99 has been promulgated by NRC as an unrestricted release criterion. According to the
license, to comply with these criteria, groundwater in every monitor well in the monitoring program
must comply with the criteria. NRC also cites EPA’s Tc-99 limit of 900 pCi/i for Tc-99 as a second

unrestricted release criterion.

DEQ has also approved risk-based unrestricted use criteria for uranium, nitrate, and fluoride in
groundwater at the Site. These criteria were developed in a risk assessment, and are based on a 10”
risk under an unrestricted use scenario (Roberts/Schornick & Associates, Inc., 1998). The criteria are
110 micrograms per liter (ng/1) for uranium, 52 milligrams per liter (mg/1) for nitrate, and 4 mg/I for
fluoride (this is also the EPA-promulgated maximum concentration limit for fluoride in drinking

water).

It is the intent of the Trustee, to the extent allowed by the limited funding available to the Cimarron
Environmental Response Trust, to remediate groundwater to less than the criteria established by both

NRC and DEQ for the Cimarron Site.

. GROUNDWATER ASSESSMENT RESULTS

Uranium exceeds the license release criterion of 180 pCi/l in three areas: Burial Area #1 (BA #1), the
Western Upland (WU) Area and the Western Alluvial (WA) Area (ENSR 2006¢ and Cimarron,
2007). These areas are illustrated in Figure 1. Uranium exceeds the DEQ criterion of 110 pg/l in
these same areas, and the extent within those areas roughly matches the extent of uranium exceeding

the NRC criterion. The extent of uranium impact to groundwater has been adequately delineated for
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the development of a groundwater remedy. Years of environmental monitoring have already
demonstrated that nitrate and/or fluoride exceed DEQ criteria in the following areas: the WU Area,
the WA Area, the Uranium Pond #1 (UP1) Area, the Uranium Pond #2 (UP2) Area, and the uranium
plant storage yard (Well 1319 Area). The extent of nitrate and fluoride impact had not been
adequately delineated to enable an evaluation of potential alternative groundwater remediation

technologies.

A groundwater assessment program was proposed to further define the extent of nitrate and fluoride
impact to groundwater. Locations for the installation of new groundwater monitor wells, locations
from which to collect groundwater samples, and parameters and analytical methods for groundwater
sample analysis were agreed upon by EPM, NRC and DEQ. The following sections present the
results of that assessment. Appendix A of this report presents the soil boring logs and monitor well

installation diagrams generated during this groundwater assessment.

Table 1 presents the data collected during the groundwater assessment project. One data quality issue
was noted for the uranium analysis of groundwater from Monitor Well T-76. Recovery of the 50 pg/l]
spike for uranium in the matrix spike duplicate (added to this sample) was low; the data could
therefore be biased low. Because the uranium concentration reported for this sample was well above

the DEQ criterion, this data quality issue has no impact on the usability of the data.

1. Nitrate and Fluoride Assessment
A total of seven (7) new groundwater monitor wells were installed in the WA Area. The
groundwater assessment performed has delineated the extent of nitrate and fluoride in
groundwater sufficiently to perform this evaluation. A map showing the locations of existing and
newly installed monitor wells in the Well 1319, Western Upland, UP1, UP2, and Western
Alluvial Areas (collectively referred to as the Western Area) is presented in Figure 2. Figure 2
shows the assessment area, identifies the locations of the newly installed monitor wells, and posts

current, 2009, and 2010 data for select locations (as available).

Table 2 presents nitrate and fluoride data for samples collected from 2009 and 2011 for all
locations sampled in 2011. Areas exceeding the criteria for these analytes are outlined. One or
two additional monitor wells may need to be installed and sampled prior to the preparation of a

remedial design to complete the delineation of groundwater north of monitor well T-89.
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2. Uranium Assessment

Uranium had already been sufficiently delineated for the purposes of this evaluation (ENSR,
2006¢; Cimarron, 2003; and Cimarron, 2005). Analysis of samples in the Western Area shows
that there are instances where groundwater complies with the DEQ mass concentration limit, but
exceeds the NRC activity limit, and vice versa. Delineation of uranium in the Western Area is
complete. Figure 3 shows the assessment area, identifies the locations of the newly installed
monitor wells, and posts current and some historical uranium data. Figure 3 shows the
assessment area, identifies the locations of the newly installed monitor wells, and posts current,
2009, and 2010 data for select locations (as available). Table 3 presents uranium activity data for
groundwater samples analyzed in 2009 and 2010 (as available), as well as uranium concentration
and calculated activity data for all locations sampled in 2011. Areas which exceed concentration

and/or activity criteria for uranium are outlined.

Figure 4 shows the extent of the uranium plume in Burial Area #1, and posts the 2004 and 2010
uranium activity data for locations in Burial Area #1 that were sampled both in 2004 and 2010.
Table 4 tabulates the 2004 and 2010 uranium data for these locations. One or two additional
monitor wells may need to be installed and sampled in the BA #1 Area, north of 02W43, prior to

the preparation of a remedial design to define the extent of groundwater recovery in this area.

Finally, groundwater assessment results for uranium, which reported concentrations in pg/l,
indicated that the ratio between concentration results in pg/l and activity results in pCi/l may vary
widely. At background or low concentrations, concentration values were essentially the same as
prior activity values at numerous locations (e.g., 1319B-4, 1354, T-64, and T-60). At other
locations, values for concentration significantly exceeded prior activity values (e.g., T-62, T-68,
and T-59). At other locations, prior activity values significantly exceeded concentration values

(e.g., 1351, MWWA-03, and T-77).

If groundwater will be treated to remove uranium, certain groundwater monitoring must include
analysis for concentration, because it will be necessary to monitor the total mass of uranium being
extracted by ion exchange media. Analyzing for activity may be necessary to determine the
amount of U-235 being extracted to maintain compliance with the license condition limiting
possession of U-235 to 1,200 grams. Consequently, monitoring to demonstrate compliance with
both DEQ and NRC release criteria will require analysis for both mass concentration and isotopic

activity.
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3. Tc-99 Assessment

In 2005, Cimarron determined that additional monitoring for Tc-99 should be performed to
demonstrate that specified wells would yield less than the license criterion of 3,790 pCi/l for eight
consecutive quarters (Chase Environmental Group, 2003). The additional recommended in that
report was completed, and in a letter dated August 31, 2007, Cimarron stated that Tc-99 had been
below the license criterion for eight consecutive quarters, and requested that NRC release
Cimarron from further monitoring for Tc-99, and approve the abandonment of monitor wells

installed for Tc-99 assessment.

As part of the 2011 groundwater assessment, NRC requested that five monitor wells be sampled
and analyzed for gross alpha, gross beta, and Tc-99 activity. The highest activity recorded for
any of the wells was 2,030 pCi/l, in Monitor Well 1346. The next highest activity was 647 pCi/l,
in Monitor Well 1336A. All these results are well below the NRC license criterion of 3,790
pCi/l. '

Although all sampled locations comply with NRC limits, EPA has established a dose-based
criterion of 900 pCi/l for Tc-99, and Well 1346 exceeded that limit. Consequently, the
groundwater remediation effort may need to ensure that Tc-99 concentrations are reduced below
the EPA criterion. Because this same location yielded groundwater exceeding the limits for both
nitrate and fluoride, Tc-99 will be addressed by all the technologies presented in this evaluation.
Consequently, the remediation of Tc-99 will not be addressed specifically in the discussion of

individual technologies within this report.

C. CONCLUSIONS

There are a total of six areas of concern, in which chemicals of concern (COCs) exceed release

criteria. These six areas, which are delineated in Figure 1, include:

¢ Burial Area #1 (uranium only)

¢  Western Alluvial Area (uranium and nitrate)

e  Western Upland Area (uranium, nitrate, and fluoride)
e Uranium Pond #1 Area (nitrate and fluoride)

° Uranium Pond #2 Area (nitrate and fluoride)

o  Well 1319 Area (nitrate only)
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The areas delineated on Figure 1 include a “buffer” area as appropriate, extending beyond

locations where groundwater concentrations exceed release criteria.

No further groundwater assessment is needed to evaluate potential alternative groundwater
remedial technologies. Limited additional assessment for nitrate may be required to prepare a
groundwater remediation design. Future groundwater monitoring to demonstrate that uranium in
groundwater complies with both DEQ and NRC release criteria may require both isotopic activity
and mass concentration analysis. The extent of Tc-99 exceeding the EPA limit is highly
localized, and is co-located with both nitrate and fluoride excursions. Consequently, the

technologies that will provide for remediation for nitrate and fluoride will address Tc-99.

% % k ¥ %
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CHAPTER Il - OVERVIEW OF SCREENING EVALUATION

EPM considered numerous groundwater remediation technologies and employed a qualitative screening
process to reduce the number of technologies for which detailed evaluation, including cost and schedule
estimates, would be performed. This section provides an overview of those technologies that were
considered in this screening process, and the rationale for evaluation or rejection from further

consideration.

A. TECHNOLOGIES NOT RETAINED

1. Monitored Natural Attenuation
At the time the 1995 Site Decommissioning Plan (Chase Environmental Group, 1995) and the
1998 Decommissioning Plan — Groundwater Evaluation Report (Chase Environmental Group,
1998a) were submitted to NRC, KMC (the licensee at that time) believed that natural attenuation
may reduce groundwater impact to releasable levels in an acceptable time frame. This
assumption was based on the declines seen in environmental monitoring parameters over the
preceding years. After another 12 years of monitoring, it has become apparent that it would take
decades for the natural attenuation process to reduce concentrations to acceptable levels (Kerr-
McGee Corporation, 2004). This alternative was rejected due to the schedule and limited funding

available to the Trust.

2. Passive Treatment Trenches
Passive treatment trenches are typically installed near the leading edge of a groundwater plume,
and are backfilled with reactants that will either destroy or immobilize chemicals of concern in
the groundwater. The treated groundwater, free of its contaminants, then migrates downgradient.
Multiple trenches can be installed within a plume, but the key to the effectiveness of these

trenches is unimpeded groundwater flow.

Based on available data, it appears that impacted groundwater has only migrated several hundreds
of feet in the 40 years since the Cimarron facility terminated operations and, as with natural
attenuation, it would take additional decades for groundwater to move through even multiple
passive treatment trenches. This alternative was rejected due to the schedule and limited funding

available to the Trust.

Cimarron Environmental Response Trust -1 Environmental Properties Management LLC



Evaluation of Potential Alternative Groundwater Remediation Technologies Overview of Screening Evaluation

3. Zero-Valent Iron Immobilization

This technology provides for the immobilization of uranium by injecting zero-valent iron into the
groundwater, fostering a reaction whereby uranium is immobilized. Because the activity of
uranium in groundwater is below 5,000 pCi/l at the Cimarron site, the transfer of uranium from
the dissolved to the solid phase would result in the remediation of uranium in groundwater
without causing subsurface soil to exceed decommissioning criteria. The injection of zero-valent
iron would not address nitrate contamination, and it would be difficult if not impractical to
demonstrate adequate distribution of the iron throughout the low permeability transition zones as
well as the fractured sandstone of the upland areas. Long-term (e.g., decades) monitoring would
likely be required to demonstrate permanence. This alternative was rejected due to cost and the

uncertainty associated with demonstrating effectiveness.

Bio-Immobilization

In-situ immobilization of uranium by injecting total organic carbon (e.g., a dilute solution of
molasses) was proposed as a remediation technology for the Cimarron site (ARCADIS, 2009).
The cost of this technology was high. Although the process could be effective in remediating
groundwater for nitrate, the cost estimates generated did not include remediation of large areas
that have nitrate in groundwater exceeding the limit. It would be difficult if not impractical to
demonstrate adequate distribution of the reactant throughout the low permeability transition zones
as well as the fractured sandstone of the upland areas. Long-term (e.g., decades) monitoring
would likely be required to demonstrate permanence. This alternative was rejected due to cost

and the uncertainty associated with demonstrating effectiveness.

Hydroxy-Apatite Immobilization

This technology provides for the immobilization of uranium by injecting hydroxyl-apatite into the
groundwater, fostering a reaction whereby uranium is immobilized. Because the activity of
uranium in groundwater is less than 5,000 pCi/l at the Cimarron site, the transfer of uranium from
the dissolved to the solid phase would result in the remediation of uranium in groundwater
without causing subsurface soil to exceed decommissioning criteria. The injection of hydroxy-
apatite would not address nitrate contamination, and it would be difficult if not impractical to
demonstrate adequate distribution of the reactant throughout the low permeability transition zones
as well as the fractured sandstone of the upland areas. Long-term (e.g., decades) monitoring
would likely be required to demonstrate permanence. This alternative was rejected due to cost

and the uncertainty associated with demonstrating effectiveness.
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6. Excavation with On-Site Disposal

Dewatering and limited excavation, to remove the portions of the water bearing zones containing
the highest concentrations of contaminants in groundwater, was evaluated by Cimarron several
times (Envirocon, Inc., 2003 and Envirocon, Inc., 2008). On-site disposition of excavated soils in
a soil management area was evaluated. The inclusion of areas with nitrate exceeding re-opening
criteria would result in the generation of volumes of spoils too great to cost-effectively manage
on site. In addition, since much of the material generated exists within geotechnically unstable
“flowing” saturated sands, the excavation of this material would be challenging. This technology

was rejected to difficulty in implementation, high cost, and low regulatory acceptance.

Excavation with Off-Site Disposal

Dewatering and limited excavation, to remove the portions of the water bearing zones containing
the highest concentrations of contaminants in groundwater, was evaluated by Cimarron several
times. Since much of the material generated exists within geotechnically unstable “flowing”
saturated sands, the excavation of this material would be challenging. The volume of material
excavated would make off-site disposal far more expensive than all other remedial options

considered. This technology was rejected to difficulty in implementation and high cost.

B. TECHNOLOGIES RETAINED

1. No action

This alternative consists of maintaining the license and access controls, with no effort to
remediate groundwater. It was only retained as a “base” for this evaluation, as is typical for all

RCRA and/or CERCLA evaluations.

Extract and Discharge

This alternative consists of extracting groundwater from all areas of concern (BA #1, UP2, WU,
UPI1, WA, and Well 1319). Extracted groundwater from all six areas would be routed to a 2-acre
impoundment. Blending the groundwater from all six areas would result in generally low
concentrations of COCs, but the discharge would likely exceed release criteria for uranium and
nitrate, when groundwater extraction recovers the highest concentrations of COCs. As time
progresses, concentrations of COCs would decline in the blended water. This blended water

would be discharged directly into the Cimarron River.
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3. Extract, Treat BA #1, and Irrigate

This alternative consists of extracting groundwater from all six areas of concern. Groundwater
from BA #1 would be treated to remove the uranium. The effluent from the water treatment unit
would then be combined with groundwater from all other areas (except the Well 1319 Area) in a
2-acre impoundment. Blending the groundwater from all five areas would result in generally low
concentrations of COCs, but the impounded water would likely exceed release criteria for nitrate

initially, when groundwater extraction recovers the highest concentrations of COCs.

A 150-acre irrigation system would be constructed in the Cimarron River floodplain, and the
water would be used for irrigation. A small irrigation system would be installed in the Well 1319
Area, and the water from the single extraction well installed in this area would be used for
irrigation. Natural vegetation in the irrigation areas would consume the nitrate. Operation would
continue through eight months, while vegetation is actively growing and can consume the nitrate.
Groundwater recovery and treatment would be shut down during the four months which comprise

the non-growing season.

Extract and Recharge, Treat BA #1, and Irrigate

This alternative consists of extracting groundwater from the BA #1, WA, and Well 1319 Areas.
Groundwater from BA #1 would be treated to remove the uranium. Injection wells would be
installed in the WU, UPI, and UP2 Areas. The water treatment unit effluent, containing COC
concentrations below release criteria, would be injected into the WU, UP1, and UP2 Areas to
flush the impacted groundwater to the alluvium for recovery and treatment. Groundwater from
the WA and Well 1319 Areas would contain nitrate exceeding its release criterion. Groundwater
from the WA Area would be combined in a 2-acre impoundment with any portion of BA #1

effluent that cannot be injected into the WU, UP1, and UP2 Areas.

A 150-acre irrigation system would be constructed in the Cimarron River floodplain, and the
groundwater from the impoundment would be used for irrigation. A small irrigation system
would be installed in the Well 1319 Area, and the water from the single extraction well installed
in this area would be used for irrigation. Natural vegetation in the irrigation areas would
consume the nitrate in the groundwater. Operation would continue through approximately eight

months, while vegetation is actively growing and can consume the nitrate. Groundwater recovery

Cimarron Environmental Response Trust II-4 Environmental Properties Management LLC



Evaluation of Potential Alternative Groundwater Remediation Technologies Overview of Screening Evaluation

and treatment would be shut down during the four months which comprise the non-growing

season.

Extract and Recharge, Treat BA #1 and WA, and Discharge

This alternative consists of extracting groundwater from the BA #1, WA, and Well 1319 Areas.
Groundwater from BA #1 and from the WA wells in which uranium exceeds its criteria would be
treated to remove the uranium. Injection wells would be installed in the WU, UP1 and UP2
Areas. A small irrigation system would be installed in the Well 1319 Area, and the water from
the single extraction well installed in this area would be used for irrigation. The water treatment
unit effluent, containing COC concentrations below release criteria, would be injected into the
WU, UPI, and UP2 Areas to flush the impacted groundwater to the alluvium for recovery and

treatment.

The remaining water treatment unit effluent would be combined with groundwater from the rest
of the WA Area in a 2-acre impoundment. This blended groundwater would likely exceed the
criterion for nitrate initially, when groundwater extraction recovers the highest concentrations of
COCs, and would contain uranium below the MCL. This blended water would be discharged

directly into the Cimarron River.

Extract and Recharge, Treat BA #1 and WA (8 month), and Irrigate

This alternative consists of extracting groundwater from the BA #1, WA, and Well 1319 Areas.
Groundwater from BA #1 and from the WA wells in which uranium exceeds its criteria would be
treated to remove the uranium. Injection wells would be installed in the WU, UP1, and UP2
Areas. The water treatment unit effluent, containing COC concentrations below release criteria,
would be injected into the WU, UP1, and UP2 Areas to flush the impacted groundwater to the
alluvium for recovery and treatment. The remaining water treatment unit effluent would be
combined with groundwater from the other wells in the WA Area in a 2-acre impoundment. This
blended groundwater would likely exceed the criterion for nitrate initially, when groundwater
extraction recovers the highest concentrations of COCs, and would contain uranium below the

MCL.

A 150-acre irrigation system would be constructed in the Cimarron River floodplain, and the
groundwater from the impoundment would be used for irrigation. A small irrigation system

would be installed in the Well 1319 Area, and the water from the single extraction well installed
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‘ in this area would be used for irrigation. Natural vegetation in the irrigation areas would
consume the nitrate in the groundwater. Operation would continue through approximately eight
months, while vegetation is actively growing and can consume the nitrate. Groundwater recovery
and treatment would be shut down during the four months which comprise the non-growing

season.

7. Extract and Recharge, Treat BA #1 and WA (12 month), Irrigate
This alternative consists of extracting groundwater from the BA #1, WA, and Well 1319 Areas.
Groundwater from BA #1 and from the WA wells in which uranium exceeds its criteria would be
treated to remove the uranium. Injection wells would be installed in the WU, UP1, and UP2
Areas. The water treatment unit effluent, containing COC concentrations below release criteria,
would be injected into the WU, UP1, and UP2 Areas to flush the impacted groundwater to the
alluvium for recovery and treatment. The remaining water treatment effluent would be combined
with groundwater from the other wells in the WA Area in a 5-acre impoundment. This blended
groundwater would likely exceed the criterion for nitrate initially, when groundwater extraction

recovers the highest concentrations of COCs, and would contain uranium below the MCL.

‘ A 150-acre irrigation system would be constructed in the Cimarron River floodplain, and the
groundwater from the impoundment would be used for irrigation. A small irrigation system
would be installed in the Well 1319 Area, and the water from the single extraction well installed
in this area would be used for irrigation. Natural vegetation in the irrigation areas would
consume the nitrate in the groundwater. Operation of the Well 1319 and WA Area wells
containing only nitrate above its criteria would continue through approximately eight months,
while vegetation is actively growing and can consume the nitrate. The BA #1 and WA wells
containing uranium above the criteria would continue to operate when irrigation must be
discontinued. Water treatment unit effluent that cannot be injected into the WU and UP1 areas

will be stored in the 5-acre impoundment until irrigation can be resumed in the spring.

* % k ¥ %
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CHAPTER Il - DESCRIPTION OF EVALUATED ALTERNATIVES

This section provides sufficient description of each alternative to identify where impacted groundwater is
extracted from the formation, how recovered groundwater is managed, and the disposition of water.
Management of recovered groundwater may consist of storing it in an impoundment, running it through a
water treatment unit to remove uranium, or using it for irrigation to consume the nitrate. Disposition of
water may consist of discharging it to the Cimarron River, using it for irrigation, or injecting it into water-

bearing zones to stimulate movement of groundwater.

The descriptions of each alternative include identification of those components of groundwater recovery,
management, or disposition that would be utilized in that alternative. Figure 5 is a map of the site

showing the potential locations of the following components:

e Groundwater extraction wells

¢ Groundwater injection trenches and wells
¢ Piping

¢ Groundwater storage impoundment

e  Water treatment unit

e Irrigation systems

e Discharge piping

Note that not all components will be used in any single alternative. For instance, there is no alternative

that uses both irrigation and a discharge line to direct discharge to the Cimarron River.

For all alternatives, the groundwater remediation program would include a groundwater monitoring
program to monitor declining concentrations of COCs in each area. As COC concentrations fall below
the release criteria in an area, extraction wells would be shut down. When all areas comply with the
release criteria, a post-remediation monitoring program would begin. When eight consecutive quarterly
sampling events demonstrate that COC concentrations in all wells are below the release criteria, NRC and
DEQ concurrence that groundwater remediation is complete would be requested. Groundwater
remediation equipment would then be removed and all groundwater extraction and monitoring wells

would be plugged and abandoned.
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If irrigation is used to treat water, the potential for concentration of uranium in the surficial soils exists,
and a final status survey will be conducted in the subject area to demonstrate that soil in the area still

complies with license criteria for unrestricted release.

Groundwater recovery well spacing and recovery rates were based on previous reports (ENSR
Corporation, 2006a, ESR Corporation, 2006b, and ENSR Corporation, 2006d). Required irrigation areas
based on assumed flow rates and nitrate concentrations, were estimated by Burns & McDonnell personnel

with experience in the remediation of wastewaters via irrigation.

Upon completion of groundwater remediation, a Post-remediation report that demonstrates compliance
with all groundwater criteria in all decommissioning monitor program wells would be prepared. The
post-remediation report would include a dose model demonstrating that the site comr;lies with NRC’s 25
mrem/yr criterion for license termination. Upon finalization of the report, a request for termination of the

license by NRC and release of the Site for unrestricted future use from DEQ would be submitted.

The following sections present a deécription of each of the potential alternative groundwater remediation

technologies that are evaluated in this report.

A. ALTERNATIVE 1 — NO ACTION
Because the only exposure pathway is via drinking water, the only controls needed to prevent workers
or members of the public from exposure to chemicals of concern (COCs) are those that would prevent
water wells from being utilized for drinking water. Periodic site inspections for evidence of
tampering with wells would be performed in areas in which COC concentrations exceed release

criteria.

The existing environmental monitoring program would be revised to enable the Trustee to monitor
COC concentrations in all six areas of concern. Select wells in each area would be sampled and
analyzed on an annual basis to monitor the natural attenuation of COCs. Historical trends of data

indicate that COC concentrations in groundwater would not degrade to release criteria for decades.

Annual costs for this alternative would consist of NRC and DEQ fees and administrative expenses, as
well as the cost of maintaining the Site and license controls, which would consist primarily of
implementation of the radiation protection and quality assurance programs, and conduct annual

environmental monitoring.
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B. ALTERNATIVE 2 - EXTRACT AND DISCHARGE

Groundwater extraction wells would be installed in the BA #1, WA, WU, UP1, UP2, and Well 1319
Areas, and a groundwater extraction trench would be installed in the BA #1 upland area. It is
estimatéd that a combined stream of approximately 190 gallons of water per minute (+ 20%) (ENSR
Corporation, 2006b)would be produced from these areas. The groundwater generated from all six

areas would be routed to a 2-acre impoundment.

It is anticipated that this water stream would yield fluoride at essentially background concentration
and Tc¢-99 at less than 50 pCi/l. Uranium and nitrate would likely exceed the limits for groundwater,
with anticipated initial concentrations likely less than 250 pg/l (400 pCi/l) uranium and 80 mg/I
nitrate. COC concentrations would begin to decline within the first several months of pumping, as
contaminant mass is removed, so these initial concentrations are temporary maximum concentrations.
This blended water would be discharged directly into the Cimarron River in accordance with an
Oklahoma Pollution Discharge Elimination System (OPDES) permit. This is the only alternative
evaluated which assumes that water containing uranium above the MCL can be discharged directly to

the Cimarron River.

. ALTERNATIVE 3 - EXTRACT, TREAT BA #1, AND IRRIGATE

Groundwater extraction wells would be installed in the BA #1, WA, WU, UPI, UP2, and Well 1319
Areas, and a groundwater extraction trench would be installed in the BA #1 upland area. A water
treatment unit for uranium would be constructed near the BA #1 Area to extract the uranium from the
BA #1 Area water stream, estimated at 40 gallons per minute + 20% (ENSR Corporation, 2006b).
The effluent from the water treatment unit would then be routed to a 2-acre impoundment, where it
would be combined with the incoming groundwater from the WA, WU, UP1, and UP2 Areas for a
total of approximately 190 gallons of water per minute + 20% (ENSR Corporation, 2006b, expanded).
It is anticipated that this water stream would likely yield concentrations of approximately 90 pg/l
(150 pCi/l) uranium and 80 mg/l nitrate initially. As with Alternative 2, this water stream would

likely yield fluoride at essentially background concentration and Tc-99 at less than 50 pCi/l.

A small stand-alone irrigation system would be installed in the Well 1319 Area, and groundwater
produced from the single extraction well in this area would be used for itrigation via the stand-alone

irrigation system. A 2-acre impoundment storing 10 acre-feet of water will provide sufficient
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retention for approximately 12 days of groundwater extraction. This capacity is needed to store water

that cannot be used for irrigation during or immediately after significant precipitation events.

Approximately 150 acres of grassland would be needed to phyto-.remediate the approximately 45,000
pounds of nitrogen that could be generated during the eight-month growing season. Sensors installed
throughout the irrigated area would regulate the application of water so it is only applied when soil
conditions allow for the infiltration of the water, and prevent over-saturation, so that nitrogen in the
water can be utilized by the grasses. Irrigation will significantly increase the rate of growth of the
native grasses in the irrigation area(s). This grass will be periodically mowed and harvested as cattle
feed.

As nitrate concentrations decline, pumping rates could be increased to provide maximum irrigation
capacity. This would accelerate the remediation of groundwater for nitrate. Groundwater
remediation activities would be performed only during the approximately eight month period during
which vegetétion can consume the nitrate. During the remaining approximately four months all

groundwater recovery and treatment systems will be shut down.

. ALTERNATIVE 4 - EXTRACT AND RECHARGE, TREAT BA #1, AND IRRIGATE

Groundwater extraction wells would be installed in the BA #1, WA, and Well 1319 Areas. A
Groundwater extraction trench would be installed in the BA #1 upland area. Injection wells would be
installed in Sandstone A in the WU, and UP1 Areas, and in both Sandstone A and Sandstone B in the
UP2 Area. A water treatment unit for uranium would be constructed near the BA #1 Area to extract
the uranium from the BA #1 Area water stream estimated at 40 gallons per minute + 20% (ENSR
Corporation, 2006b).

The effluent from the water treatment unit would then be routed to the injection wells in the WU,
UP2, and UP2 Areas. Although it is not known how much water can be injected into the formation
via these wells, it is assumed that only a portion of the effluent stream can be injected. Because there
is very little nitrate in groundwater in the BA #1 Area, the effluent is anticipated to contain less than 5
mg/l nitrate. This injection will flush impacted groundwater from Sandstone A in the WU and UP1
Areas, and from Sandstones A and B in the UP2 Area. A portion of the water injected into Sandstone
A is anticipated to discharge from joints in the escarpment, where it will infiltrate into the sandy
alluvial deposits of the Cimarron River floodplain. A portion of the water injected into Sandstone A,

as well as all the water injected into Sandstone B, will discharge directly into the alluvium, where the
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sandstone “subcrop” is buried by alluvial deposits. It will then be recovered for treatment by

groundwater extraction wells installed in the alluvial deposits.

Groundwater produced from the WA Area will be combined with that portion of the effluent from the
BA #1 treatment unit that is not directed for injection. It is estimated that a combined stream of
approximately 170 gallons of water per minute + 20% (ENSR Corporation, 2006b) would be
produced from these areas. It is anticipated that this water stream would yield concentrations of
approximately 90 ug/l (150 pCi/l) uranium and 80 mg/I nitrate. As with Alternative 2, this water

stream would yield fluoride at essentially background concentration and Tc-99 at less than 50 pCi/l.

A 2-acre impoundment storing 10 acre-feet of water will provide sufficient retention for
approximately 13 days of groundwater extraction. This capacity is needed to store water that cannot
be used for irrigation during or immediately after significant precipitation events. Approximately 150
acres of grassland would be needed to phyto-remediate the approximately 45,000 pounds of nitrogen
that could be generated during the eight-month growing season. Sensors installed throughout the
irrigated area would regulate the application of water so it only applied when soil conditions allow for
the infiltration of the water, and prevent over-saturation, so that nitrogen in the water can be utilized
by the grasses. Irrigation will significantly increase the rate of growth of the native grasses in the

irrigation area(s). This grass will be periodically mowed and harvested as cattle feed.

A small stand-alone irrigation system would be installed in the Well 1319 Area, and groundwater
produced from the single extraction well in this area would be used for irrigation via the stand-alone

irrigation system.

As nitrate concentrations decline, pumping rates could be increased to provide maximum irrigation
capacity. This would accelerate the remediation of groundwater for nitrate. Groundwater
remediation activities would be performed only during the approximately eight month period during
which vegetation can consume the nitrate. During the remaining approximately four months all

groundwater recovery and treatment systems will be shut down.

. ALTERNATIVE 5 - EXTRACT AND RECHARGE, TREAT BA #1 AND WA, AND

DISCHARGE
Groundwater extraction wells would be installed in the BA #1, WA, and Well 1319 Areas. A

groundwater extraction trench would be installed in the BA #1 upland area. Injection wells would be
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installed in Sandstone A in the WU, and UP1 Areas, and in both Sandstone A and Sandstone B in the
UP2 Area. A water treatment unit for urahium would be const.ructed near the BA #1 Area.
Groundwater from a subset of wells in the WA Area (those that yield uranium above criteria) and
groundwater from the BA #i Area would be routed to the water treatment unit, which would extract
the uranium from the combined stream, estimated to be 90 gallons per minute £20% (ENSR
Corporation, 2006b). A portion of the effluent from tHe water treatment unit would then be routed to
the injection wells in the WU, UP2, and UP2 Areas. The effluent is anticipated to contain less than
60 mg/l nitrate initially, although that concentration will decline rapidly as nitrate is removed from

the groundwater.

Although it is not known how much water can be injected into the formation via these wells, it is
assumed that only a portion of the effluent stream can be injected. This injection will flush impacted
groundwater from Sandstone A in the WU and UP1 Areas, and from Sandstones A and B in the UP2
Area. A portion of the water injected into Sandstone A is anticipated to discharge from joints in the
escarpment, where it will infiltrate into the sandy alluvial deposits of the Cimarron River floodplain.
A portion of the water injected into Sandstone A, as well as all the water injected into Sandstone B,
will discharge directly into the alluvium, where the sandstone “subcrop” is buried by alluvial
deposits. It will then be recovered for freatment by groundwater extraction wells installed in the

alluvial deposits.

A 2-acre impoundment will be constructed near BA #1. Groundwater from the remaining WA wells
will be combined with that portion of the effluent from the water treatment unit in the impoundment
that is not directed for injection. It is estimated that a combined stream of approximately 170 gallons
of water per minute £ 20% (ENSR Corporation, 2006b) would be produced from these areas. It is
anticipated that this water stream would yield a concentration of <20 pg/l (30 pCi/l) uranium and 80
mg/l nitrate. As with Alternative 2, this water stream would yield fluoride at essentially background
concentration and Tc-99 at less than 50 pCi/l. This blended water would be discharged directly into

the Cimarron River in accordance with an OPDES permit.

A small stand-alone irrigation system would be installed in the Well 1319 Area, and groundwater
produced from the single extraction well in this area would be used for irrigation via the stand-alone
irrigation system. During the remaining approximately four months the groundwater recovery and

irrigation system for this area will be shut down.
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F. ALTERNATIVE 6 - EXTRACT AND RECHARGE, TREAT BA #1 AND WA (8

MONTHS), AND IRRIGATE

Groundwater extraction wells would be installed in the BA #1, WA, and Well 1319 Areas. A
groundwater extraction trench would be installed in the BA #1 upland area. Injection wells would be
installed in Sandstone A in the WU, and UP1 Areas, and in both Sandstone A and Sandstone B in the
UP2 Area. A water treatment unit for uranium would be constructed near the BA #1 Area.
Groundwater from a subset of wells in the WA Area (those that yield uranium above criteria) and
groundwater from the BA #1 Area would be routed to the water treatment unit, which would extract
the uranium from the combined stream, estimated to be 90 gallons per minute(=20% (ENSR
Corporation, 2006b). A portion of the effluent from the water treatment unit would then be routed to
the injection wells in the WU, UP2, and UPZ Areas. The effluent is anticipated to contain less than
60 mg/I nitrate initially, although that concentration will decline rapidly as nitrate is removed from

the groundwater.

Although it is not known how much water can be injected into the formation via these wells, it is
assumed that only a portion of the effluent stream can be injected. This injection will flush impacted
groundwater from Sandstone A in the WU and UP1 Areas, and from Sandstones A and B in the UP2
Area. A portion of the water injected into Sandstone A is anticipated to discharge from joints in the
escarpment, where it will infiltrate into the sandy alluvial deposits of the Cimarron River floodplain.
A portion of the water injected into Sandstone A, as well as all the water injected into Sandstone B,
will discharge directly into the alluvium, where the sandstone “subcrop” is buried by alluvial
deposits. It will then be recovered for treatment by groundwater extraction wells installed in the

alluvial deposits.

A 2-acre impoundment will be constructed near BA #1. Groundwater from the remaining WA wells
will be combined with that portion of the effluent from the water treatment unit in the impoundment
that is not directed for injection. It is estimated that a combined stream of approximately 170 gallons
of water per minute, = 20% (ENSR Corporation, 2006b), would be produced from these areas. It is
anticipated that this water stream wouid yield a concentration of <20 ng/l (30 pCi/l) uranium and 80
mg/l nitrate. As with Alternative 2, this water stream would yield fluoride at essentially background

concentration and Tc-99 at less than 50 pCi/l.

A 2-acre impoundment storing 10 acre-feet of water will provide sufficient retention for

approximately 13 days of groundwater extraction. This capacity is needed to store water that cannot
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be used for irrigation during or immediately after significant precipitation events. A 150-acre
irrigation system will be installed in the Cimarron River floodplain. Approximately 150 acres of
grassland would be needed to phyto-remediate the approximately 45,000 pounds of nitrogen that
could be generated during the eight-month growing season. Sensors installed throughout the irrigated
area would regulate the application of water so it only applied when soil conditions allow for the
infiltration of the water, and prevent over-saturation, so that nitrogen in the water can be utilized by
the grasses. Irrigation will significantly increase the rate of growth of the native grasses in the

irrigation area(s). This grass will be periodically mowed and harvested as cattle feed.

A small stand-alone irrigation system would be installed in the Well 1319 Area, and groundwater
produced from the single extraction well in this area would be used for irrigation via the stand-alone

irrigation system.

As nitrate concentrations decline, pumping rates could be increased to provide maximum irrigation
capacity. This would accelerate the remediation of groundwater for nitrate. Groundwater
remediation activities would be performed only during the approximately eight month period during
which vegetation can consume the nitrate. During the remaining approximately four months all

groundwater recovery and treatment systems will be shut down.

. ALTERNATIVE 7 - EXTRACT AND RECHARGE, TREAT BA #1 AND WA, AND

IRRIGATE (12 MONTHS)

Groundwater extraction wells would be installed in the BA #1, WA, and Well 1319 Areas. A
groundwater extraction trench would be installed in the BA #1 upland area. Injection wells would be
installed in Sandstone A in the WU, and UP1 Areas, and in both Sandstone A and Sandstone B in the
UP2 Area. A water treatment unit for uranium would be constructed near the BA #1 Area.
Groundwater from a subset of wells in the WA Area (those that yield uranium above criteria) and
groundwater from the BA #1 Area would be routed to the water treatment unit, which would extract
the uranium from the combined stream, estimated to be 90 gallons per minute (=20%). A portion of
the effluent from the water treatment unit would then be routed to the injection wells in the WU, UP2,
and UP2 Areas. The effluent is anticipated to contain less than 60 mg/1 nitrate initially, although that

concentration will decline rapidly as nitrate is removed from the groundwater.

Although it is not known how much water can be injected into the formation via these wells, it is

assumed that only a portion of the effluent stream can be injected. This injection will flush impacted
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groundwater from Sandstone A in the WU and UP1 Areas, and from Sandstones A and B in the UP2
Area. A portion of the water injected into Sandstone A is anticipated to discharge from joints in the
escarpment, where it will infiltrate into the sandy alluvial deposits of the Cimarron River floodplain.
A portion of the water injected into Sandstone A, as well as all the water injected into Sandstone B,
will discharge directly into the alluvium, where the sandstone “subcrop” is buried by alluvial
deposits. It will then be recovered for treatment by groundwater extraction wells installed in the

alluvial deposits.

A 5-acre impoundment will be constructed near BA #1. Groundwater from the remaining WA wells
will be combined with that portion of the effluent from the water treatment unit in the impoundment
that is not directed for injection. It is estimated that a combined stream of approximately 170 gallons
of water per minute = 20% (ENSR Corporation, 2006b) would be produced from these areas. It is
anticipated that this water stream would yield a concentration of <20 pg/I (30 pCi/l) uranium and 80
mg/] nitrate. As with Alternative 2, this water stream would yield fluoride at essentially background

concentration and Tc-99 at less than 50 pCi/l.

A 150-acre irrigation system will be installed in the Cimarron River floodplain. Approximately 150
acres of grassland would be needed to phyto-remediate the approximately 45,000 pounds of nitrogen
that could be generated during the eight-month growing season. Sensors installed throughout the
irrigated area would regulate the application of water so it only applied when soil conditions allow for
the infiltration of the water, and prevent over-saturation, so that nitrogen in the water can be utilized
by the grasses. Irrigation will significantly increase the rate of growth of the native grasses in the

irrigation area(s). This grass will be periodically mowed and harvested as cattle feed.

A small stand-alone irrigation system would be installed in the Well 1319 Area, and groundwater
produced from the single extraction well in this area would be used for irrigation via the stand-alone

irrigation system.

As nitrate concentrations decline, pumping rates could be increased to provide maximum irrigation
capacity. This would accelerate the remediation of groundwater for nitrate. Groundwater
remediation activities for nitrate would be performed only during the approximately eight month

period during which vegetation can consume the nitrate.
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‘ A 5-acre impoundment storing 25 acre-feet of water will provide sufficient retention for
approximately 125 days of limited groundwater extraction from BA #1 Area wells and WA wells
which exceed the criteria for uranium. The installation of this impoundment would enable continued
operation of the water treatment unit and continuing removal of uranium from groundwater in these
limited areas throughout the approximately four month period during which vegetation cannot
consume the nitrate. Because uranium has a much higher distribution coefficient than nitrate,
removal of uranium from the water-bearing zones will not progress as quickly as removal of nitrate.
The construction of a larger impoundment will enable EPM to continue groundwater extraction from
uranium-impacted areas, treatment for uranium, disposal of spent resin, and injection of treated

effluent throughout the colder months.

* k %k k %k
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. CHAPTER IV - DESCRIPTION OF COMPONENTS

The purpose of this section is to provide a description of each major component of the potential
alternative groundwater remediation technologies. Figure 5 is a map of the site showing the locations of
all potential components, only some of which would apply to any one of the groundwater remediation

strategies. Components portrayed in Figure 5 include:

¢ Groundwater extraction wells

¢ A groundwater extraction trench

¢ Piping to transfer groundwater to an impoundment

e Alternate piping to transfer uranium-impacted groundwater to a water treatment unit

e A 2-acre impoundment

e An alternate 5-acre impoundment

e A discharge line that may discharge groundwater and/or treated water to the Cimarron River

¢ The location of a water treatment unit

¢ An alternate location for a water treatment unit if a 5-acre impoundment is built
‘ ¢ Piping to transfer treated groundwater to injection wells

¢ Piping to transfer impounded water to irrigation systems

¢ Irrigation systems

Utilities are not portrayed separately on Figure 5. At this stage in the remedial design process, it is
assumed that they will follow the same pathways as piping installed to transfer water to the impoundment

and/or water treatment unit.

Table 5 presents cost estimates for the components described in this section. For each component, the
cost of installation, annual operation and maintenance (O&M), and removal/closure are estimated. In the
following descriptions of the components, the rationale for the allocation of cost between Federal and

State accounts is discussed.

A. GROUNDWATER EXTRACTION AND TRANSFER
1. Description
The use of groundwater extraction wells to recover groundwater for treatment is a proven

‘ technology. In areas such as the alluvium and transition zones present in the WA and BA #1
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Areas, the use of extraction wells to recover groundwater is a well-established and effective
technology. Groundwater extraction wells would also be effective in recovering groundwater
within the small area of impact in the Well 1319 Area. Groundwater extraction wells are also
shown for the Western Upland, UP1, and UP2 Areas. The use of extraction wells in of Sandstone
A in the WU and UP1 Areas, and both Sandstones A and B in the UP2 Area is less certain due to
the fractured nature of these sandstones. Figure 5 shows the approximate locations of potential
groundwater extraction wells. The number and locations of groundwater extraction wells was
estimated based on professional judgment and the nature of the water bearing zones, based on
previous evaluations (ENSR Corporation 2006b; Envirocon, Inc., 2003; and Envirocon Inc.,
2008). This level of accuracy is generally acceptable for a comparison of alternative
technologies. Groundwater modeling performed during preparation of the remedial design will

determine the actual number and locations of wells after a remedial technology has been selected.

Groundwater extraction wells could be constructed from 2” or 4” schedule 40 PVC well casing
and screen. The size of the well is a function of the pumping rate. Electric submersible pumps

would be installed in each well, with electronic controllers installed at each location.

Because the wells in the Cimarron River floodplain could be subject to periodic flooding, the
pump controllers for these wells would be installed high enough to be protected from the 100-
year flood. The flooding experienced in 2007 exceeded the 100-year flood event, and the
maximum depth of surface water in those areas in which groundwater extraction would be
installed was less than 4 feet. Controllers would be installed a minimum of 4 feet above grade in
the floodplain. All groundwater extraction wells in the floodplain would be installed with pitless

adapters and caps to prevent floodwaters from entering the wells.

A groundwater extraction trench would be installed in the southern end of the BA #1 Area, where
uranium-impacted groundwater is contained in Sandstone B. This sandstone layer is shallow
enough that an excavator could be used to create a trench through the sandstone. In addition, the
presence of loose backfill in the former burial trenches will enable groundwater to migrate to the
trench. This technology is proven and will be effective in recovering groundwater from
Sandstone B in this area. This technology was rejected for the WU, UP1, and UP2 Areas because
the water-bearing zones extend too far below grade to make excavation of these water-bearing

units practical.
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‘ Trenches will be excavated to run schedule 40 PVC piping from groundwater extraction wells
(and the groundwater extraction trench in BA #1) to the impoundment or water treatment unit as
illustrated by the yellow lines on Figure 5. A dashed yellow line shows the potential location of
an alternate line that would carry groundwater only from those groundwater extraction wells in
the WA Area where uranium exceeds its criteria to a water treatment unit near BA #1. Ifitis
more economical, piping may be run in the same trenches dug for the primary water line rather

than in a separate trench.

2. Cost Allocation
In the BA #1 Area, all extraction wells and the extraction trench will be installed to recover
groundwater for which uranium is the only COC which exceeds its criteria; the cost of well
installation and trench construction in this area is allocated entirely to the Federal Account. Inthe
Well 1319, UP1, and UP2 Areas, nitrate and/or fluoride are the only COCs which exceed their
criteria; the cost of extraction well installation in these areas is allocated entirely to the State
Account. Inthe WU Area, both uranium and nitrate exceed their criteria; 50% of the cost of
extraction well installation in this area is allocated to each account. In the WA Area, sixteen (16)
extraction wells will be installed in areas in which nitrate is the only COC which exceeds its
. criterion; the cost of these extraction wells is allocated entirely to the State Account. Sixteen (6)
extraction wells will be installed in areas in which both uranium and nitrate exceed their criteria;

50% of the cost of these extraction wells is allocated to each account.

The installation cost for piping to transfer water from the Well 1319 Area to the line installed at
the WU Area was allocated entirely to the State Account; however, this line is only included in
one alternative. The installation cost for piping to transfer water from the BA #1 Area to the
impoundment was allocated entirely to the Federal Account. 50% of the installation cost for
piping to transfer water from all other areas to the impoundment was allocated to each account.
Should water from the six groundwater extraction wells in the WA Area which exceed the criteria
for uranium be transferred separately to the water treatment unit, the installation cost for this

piping was allocated entirely to the Federal Account.

B. GROUNDWATER RETENTION IMPOUNDMENT
1. Description
Groundwater extracted from the various areas must be accumulated for mixing prior to discharge,

' or for retention prior to irrigation. Surface water impoundments have been demonstrated to be
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the most cost-effective method of storing large quantities of water. The use of a clay liner in the
impoundments considered in this evaluation is also based on cost, since usable clay material is
present either in or in close proximity to the locations of the proposed impoundments. A 2-acre
impoundment with an average depth of 5 feet (plus 2 feet of freeboard) provides sufficient
capacity for Alternatives 2 through 6. A S-acre impoundment with an average depth of 5 feet
(plus 2 feet of freeboard) would be required for Alternative 7. Figure S shows the proposed

locations of both the 2-acre and 5-acre impoundments.

Impoundments would be constructed by excavating the residual soils and/or mudstones that
overlie Sandstone B in the proposed area, and using the excavated material to build up a berm for
the impoundment. Both i.nterior and exterior side slopes would be no 'steeper than 3:1. The cost
of these impoundments is based upon the assumptibn that sufficient low-permeability material is
available within the footprint of the impoundment to supply écceptable' soil for a compacted clay
liner for the impoundment.' If the sandstone is too sha]loW, or the mudstone is too hard to
compact adequately, and sufficient material cannot be obtained within the footprint of the
impoundment, clayey soil will be obtained from Subarea B, immediately south of the

impoundment area.

Receiving structures would be installed to receive groundwater from the areas from which
groundwater is extracted in each alternative. A suction line and pumping station would also be

constructed to pump water from the impoundment to a discharge line or an irrigation system.

For alternatives which include irrigation, it will be necessary to ensure that the impoundment
does not overflow should weather and/or soil conditions result in an extended period of
groundwater pumping without irrigation. High-level switches would be installed in the
impoundment to shut off the groundwater extraction system (and water treatment unit, if

included) to prevent overfilling of the impoundment.

Cost Allocation

For those alternatives which require the construction of a 2-acre impoundment, 50% of the cost of
construction is allocated to each account. Alternative 7 requires additional retention capacity to
store the water that would be generated as water from wells in which uranium is the only COC
exceeding its criteria continues to be pumped through the water treatment unit during the non-

growing season. Because the impoundment expansion is only needed to provide for the removal
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of uranium from groundwater, the cost to construct associated with the additional capacity was

allocated entirely to the Federal Account.

C. DISCHARGE LINE
1. Description

Alternatives 2 and 5 involve the discharge of mixed and/or treated water to the Cimarron River in
accordance with an OPDES permit. A discharge line constructed of schedule 40 PVC pipe would
extend from the pumping station located at the impoundment to the Cimarron River, as shown in

Figure 5.

Discharge would be on a continuous basis, as long as sufficient water is available for discharge.
The flow rate would be 170 or 190 gpm, depending on whether a portion of the water is being
injected to recharge the WU, UP1, and UP2 Areas. These discharge rates represent less than 1%
of low flow conditions in the Cimarron River, estimated at over 130 cubic feet per second (United
States Geological Survey, 2007). Even if the discharge averaged 80 mg/] nitrate and 250 pg/l
uranium (assuming no treatment prior to discharge of combined extracted groundwater), the post
~mixing-zone concentration of nitrate in the Cimarron River would be less than 1 mg/] nitrate and
2.5 pg/l uranium. These concentrations are less than EPA’s maximum concentration limits for
drinking water. At average and/or high flow rates, the post-mixing zone increase in concentration

of these COCs would be nearly undetectable.

A sampling port would be installed in the discharge line near the river. Most of the pipe would be
installed below grade in a trench, but a discharge structure would be constructed at the northern

end of the pipe which would provide access to the sampling port.

Cost Allocation

50% of the cost of construction of the discharge pipe and structure is allocated to each account.

D. WATER TREATMENT UNIT
1. Description

Removal of uranium by ion exchange in a resin bed is a proven technology. Over the past ten
years, improvements in the development of ion-specific resin beds have improved both the
performance and cost-effectiveness of ion exchange for water treatment (EnergySolutions, 2011).

Alternatives 3 through 7 ali involve the treatment of uranium-impacted groundwater. The water
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treatment unit would be installed in one of the two areas indicated on Figure 5. The unit would
be located in the northern area shown on the drawing if a 2-acre impoundment is utilized, and in

the southern area if a 5-acre impoundment is utilized.

The water treatment unit would be designed to treat up to 100 gpm of flow. It would consist of
primary stage filters which would remové particulates from the water stream. This filtered water
would flow through an ion-specific resin contained ina téﬁk designed to maximize even
distribution of water throughout the resin bed. Influent and effluent samples analyzed for isotopic
uranium would enable quantification of the amount of uranium (and specifically U-235) that has
accumulated in the resin bed. The effluent from the resin bed would flow through another filter
to minimize the potential for uranium-contaminated particulates to be discharged to the

impoundment.

To minimize the potential for human error and the need for daily monitoring, the water treatment
unit will be equipped with sensors, automated valves, and telemetry to alert personnel of
conditions that indicate a need for attention. For instance, when the pressure differential across
the primary stage filters reaches a specified limit, personnel will be notified via cell phone. This
will provide sufficient time to go to the Site, turn off the system, change the filters, and re-start
the system. Should no one arrive at the Site to change the filters before a higher specified
pressure differential is reached, the entire system will be automatically shut down to prevent
breakthrough, leakage, or a potential uncontrolled release of licensed material. Several such
pressure sensors across various components will provide similar notification and/or shutdown

measures.

Filters will be removed and evaluated for radioactive content when the pressure differential
across the filter exceeds established criteria (yet to be determined). Filters will be sent to a
licensed disposal facility or a Class D landfill based on their radioactive contents. When the total
mass of U-235 approaches the 1,200 gram license limit, flow would be diverted to a second
parallel system. Residual water would be drained from the system and the resin would be
removed and packaged for shipment to a licensed disposal facility. It is possible that the resin
would be initially shipped to a licensed facility to degrade either the enrichment or the quantity of
U-235 prior to disposal.
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2. Cost Allocation

100% of the cost of construction and operation of the water treatment system, as well as the
packaging. shipping, and disposal of resin and filters that must be treated as low level radioactive
waste (LLRW), are allocated to the Federal Account. 100% of the cost of health physics (HP)
and quality assurance (QA) support associated with water treatment, and all analytical costs

associated with water treatment, are also allocated to the Federal Account.

E. TREATED WATER TRANSFER AND INJECTION
1. Description

Alternatives 4 through 7 involve the injection of treated water into the WU, UP1, and UP2 Areas.
In the WU and UP1 Areas, treated water will be injected into Sandstone A. In the UP2 Area,
treated water will be injected in both Sandstone A and Sandstone B. In these alternatives, as
much treated water as possible will be injected into these wells to maximize the flushing of the

sandstones into the WA Area.

The effluent from the water treatment unit will be the water used for injection. If coming only
from the BA #1 Area (Alternative 4), this water would contain concentrations of all COCs below
their criteria. If influent water to the water treatment unit comes from both the BA #1 and the
WA Area wells containing uranium above its criteria, the effluent from the water treatment unit
may initially contain nitrate at a concentration above its release criterion. However, the effluent

would contain uranium at a concentration far below its criteria.

Injection wells would be installed at locations shown on Figure 5. For this evaluation, a well
spacing of 100 feet was assumed. Actual well spacing and locations will be determined during
the development of the remedial design, but this spacing is sufficient for the purpose of this

evaluation.

Injection wells will be constructed of 2” schedule 40 PVC casing and screen. The filter pack
around these wells will utilize coarse sands to maximize the transfer of water to the formation.
Controls at each well will shut off flow.should the elevation of water in the well approach the
ground surface, to minimize the potential for injected water to reach the surface. Maintaining
water levels as high as possible without allowing surfacing of injected water will maximize the
flushing of the sandstones in which these wells are completed. An underground injection control

permit from the Oklahoma Water Resources Board (OWRB) may be required. Based on the
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quantity of water injected, the formations into which the groundwater is injected, and the
concentration of COCs being injected, the OWRB may only require periodic notification when

groundwater is being injected.

Injection wells are a proven technology; however, due to the fractured nature of the sandstones in
which the water will be injected, it is uncertain how effective these wells will be in flushing the
underlying sandstones. Consequently, the use of horizontal wells may also be evaluated should

one of these alternatives be selected.

Cost Allocation

100% of the cost of installing injection wells in the WU Area is allocated to the Federal Account.
100% of the cost of installing injection wells in the UP1 and UP2 Areas is allocated to the State
Account. 50% of the cost of running piping from the water treatment unit to the injection wells is

allocated to each account.

F. IRRIGATION SYSTEMS

1.

Description

Alternatives 3, 4, 6, and 7 include the use of irrigation as a means of treating extracted
groundwater for nitrate. Irrigation is a proven technology for the degradation of nitrate, since
indigenous vegetation can use the nitrogen in the nitrate as a nutrient. The primary drawback to
the use of irrigation for nitrate remediation is that this technology can only be employed during

the growing season, and even then only as precipitation and soil moisture allow.

The basis for determining the area needed for irrigation is the quantity of nitrogen that must be
taken up by the indigenous vegetation. Based on a projected 170 gpm of water containing an
average of 80 mg/I nitrate, up to 150 acres would be needed to provide for full uptake of the
nitrogen that would be generated. Two center-pivot irrigation systems, illustrated on Figure 5,

would be able to provide irrigation for at least 150 acres.

Irrigation systems would include piping to transfer water from the impoundment to a receiving
station located between the two irrigation areas, a pump to supply the center-pivot sprinklers, and
sensors distributed throughout the two irrigation areas to trigger irrigation only when soil

moisture is at levels that would enable the absorption of the irrigation water.
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A groundwater extraction well in the Well 1319 Area would be anticipated to produce an average
of approximately 1 gpm. The cost of a separate irrigation system for this small quantity of water
is less than the cost to install the piping that would be needed to transfer the water to the WU
Area or to the WA Area to be combined with the water being sent to the impoundment.
Consequently, all alternatives that include irrigation include the use of a small irrigation system in
the Well 1319 Area. This irrigation system would consist of a storage tank to retain the water
pumped from the extraction well, with high-level and low-level shutoff switches, and a sprinkler

system that would provide irrigation for an area s]ighﬂy less than one acre.

Cost Allocation

The irrigation system for the Well 1319 Area is only needed to remediate groundwater for nitrate;
consequently, 100% of the cost for this irrigation system is allocated to the State Account.
Because the 150-acre irrigation is primarily intended to remediate groundwater for nitrate, but is
needed for disposal of all groundwater, 1/3 of the cost of the 150-acre irrigation system is
allocated to the Federal Account, and 2/3 of the cost of the 150-acre irrigation system is allocated

to the State Account.

G. OPERATION AND MAINTENANCE

1.

Description
Although not a “component” of remediation, the operation and maintenance of each alternative is
addressed in this section to explain how the durations for remediation were estimated, and how

costs were allocated to Federal and State Accounts for each alternative.

Alternatives 2 and 5 do not require irrigation; extracted and/or treated groundwater can be
discharged directly to the Cimarron River. These alternatives were assigned remediation
durations of two years for nitrate in both cases, three years for uranium (without recharge), and
four years for uranium with recharge. This was based on the fact that, although it will be possible
to maximize the production of groundwater from all areas; the significantly higher distribution
coefficient (Kd) for uranium (3mg/kg [solid] per mg/ [in solution] vs. <0.1 3mg/kg [solid] per
mg/1 [in solution]) will require more pore volumes of uranium-impacted groundwater to be

removed than for nitrate.

For Alternatives 3, 4, and 6, the rate-limiting factor is the limitation on irrigation to 8 months out

of each year, (also influenced during the first year by the amount of nitrogen that can be placed
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on the ground). For all three of these cases, it was assumed that nitrate remediation would occur
in three years, and remediation for uranium would require six years. Alternative 7 involved

construction of a larger impoundment to enable uranium treatment to extend throughout the year.
Flow rates would still be limited by irrigation rates, but the duration of uranium remediation was

decreased to five years due to the ability to treat uranium-impacted groundwater year-round.

Cost Allocation

Annual costs for the following items are allocated between Federal and State Accounts:

e Recovery system O&M,

e Irrigation system O&M,

¢ Maintenance of an underground injection permit,
¢ Maintenance of a land application permit, and

¢ Maintenance of a Corps of Engineers permit.

These costs were allocated to Federal and State Accounts based on the number of years those
operations are needed to address Federal or State issues. Using Alternative 3 as an example,
nitrate is remediated in three years; 50% of the total cost of recovery system O&M is allocated to
each account for the first three years. Another three years of operation are required to complete
remediation for uranium; 100% of the cost of recovery system O&M is allocated to the Federal

account for these three years.

100% of the annual costs for operations that address Federal issues were allocated to the Federal
Account. Using Alternative 3 as an example, the cost for the following operations is allocated

exclusively to the Federal Account:

o Treat BA #1 groundwater for uranium,

¢ Packaging, transportation, and disposal of BA #1 spent resin (and filters, if necessary),
e HP and QA support during the remediation process,

¢ Uranium analysis for the water treatment process,

o NRC license compliance,

e NRC Fees,

¢ Radiological groundwater monitoring (in accordance with an approved remedial design).
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100% of the annual costs for operations that address State issues were allocated to the State
Account. Using Alternative 3 as an example, the cost for the following operations is allocated

exclusively to the State Account:

e DEQ fees,
e Non-radiological groundwater monitoring (in accordance with an approved remedial

design).

The cost for Trustee oversight of remediation operations is estimated at $100,000 per year.
93.2% of this cost was allocated to the Federal Account, and 6.8% of this cost was allocated to

the State Account.

H. POST-REMEDIATION OPERATIONS
1. Description
Although not a “component” of remediation, post-remediation operations for each alternative are
addressed in this section to explain how the durations of post-remediation operations were

estimated, and how costs were allocated to Federal and State Accounts for each alternative.

Alternatives 2 and 5 do not require irrigation; extracted and/or treated groundwater can be
discharged directly to the Cimarron River. For these alternatives, it was assumed that no final
status surveys will be required to obtain license termination; only a dose model demonstrating
that residual doselcomplies with the license termination criteria in 10 CFR 20 will be generated.
For these two alternatives, it was assumed that eight quarters of post-remediation monitoring will
be performed. One year would be required to generate a completion report and a dose model,
which would accompany a request for license termination from NRC and a No Further Action

ruling from DEQ.

For Alternatives 3, 4, 6, and 7, it is assumed that final status surveys will be performed in the
150-acre irrigation area as well as for the 2-acre or 5-acre impoundment. Although survey plans
can be finalized and much of the field data collected during post-remediation monitoring, it is

assumed that the final status survey process will add one year to the post-remediation process.
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. 2. Cost Allocation
100% of the annual costs for the following post-remediation operations that address Federal
issues were allocated to the Federal Account:
e Radiological post-remediation groundwater monitoring,
o NRC license compliance,
¢ Removal of the water treatment unit,
¢ Final status survey plans, field work, and reporting,
e HP and QA support during the post-remediation process,
e NRC fees, and

¢ Dose modeling and license termination request.

100% of the annual costs for the following post-remediation activities that address State issues
were allocated to the State Account:
¢ Removal of the Well 1319 irrigation system, and

o DEQ fees.

. Costs for the following items are allocated between Federal and State Accounts:
e Termination of all permits,
¢ Abandonment of all extraction and injection wells,
e Impoundment closure,
¢ Removal of the 150-acre irrigation system,
e Removal of all piping and utilities,
e Preparation of a post-remediation report,

e Trustee costs for oversight of post-remediation activities.

93.2% of these costs were allocated to Federal Account. 6.8% of these costs were allocated to the

State Account.

Note: For all three categories of costs presented in the cost estimate spreadsheet, the same
93.2% / 6.8% allocation ratio is used for Trustee expenses, as well as for a number of post-
remediation activities. The basis for this allocation is the ratio of Federal (or State) funding and
the total funding available to the Federal and State accounts, including the Standby Trust Fund.
The total funding available to both Federal and State accounts is 810,934,495, which is the sum
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‘ of $6,588,381 (Federal Cost Account), plus $3,600,000 (Standby Trust Fund), plus $746,114
(State Cost Account). The 8746,114 available to the State is 6.8% of this total. The 31,188,381
available to the Federal Cost Account is 93.2% of this total.

* %k k %k ok
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. CHAPTER V - EVALUATION OF ALTERNATIVES

Each of the seven potential alternative groundwater remediation technologies evaluated in this report area
herein evaluated on the basis of four criteria; effectiveness, regulatory and public acceptance, schedule,
and cost. For each alternative, a score of 1 to 5 was assigned to each of these five criteria, with a “1”
indicating the lowest degree of favorability, and a “5™ indicating the highest level of favorability. Due to
the limitations placed on costs by the existence of a finite fund, one criterion (cost), was given a
weighting factor of 2, giving this criterion a range from 2 to 10. Scores were then added to generate a

Total Score for each alternative. Table 5 tabulatés the results of this evaluation.

A. ALTERNATIVE 1 - NO ACTION
1. Effectiveness
This alternative will not reduce contaminant concentrations in groundwater within an acceptable

time frame. Consequently, this alternative was given a score of “1” for Effectiveness.

2. Regulatory and Public Acceptance
This alternative is not likely to be not acceptable to either regulatory agencies or to the public,

. and was given a score of “1” for Regulatory and Public Acceptance.

3. Schedule
This alternative will not reduce contaminant concentrations in groundwater for many years.

Consequently, this alternative was given a score of “1” for Schedule.

4. Cost
This alternative will require annual funding for maintaining the site, administrative expenses, and
license compliance for decades. Little remediation will be accomplished upon depletion of the
Trust fund. This alternative had the highest cost, estimated to be over $16 million over 30 years,

and was given the lowest weighted score of “2” for Cost.

5. Total

This alternative was given a Total score of “5”.
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. B. ALTERNATIVE 2 - EXTRACT AND DISCHARGE
1. Effectiveness
This alternative will be effective in reducing all contaminant concentrations in groundwater in all
areas. The effectiveness of the extraction wells in the WU, UP1 and UP2 Areas in removing the
source of uranium is of concern. Consequently, this alternative was given a score of “3” for

Effectiveness.

2. Regulatory and Public Acceptance
Streams of groundwater with different COC concentrations will be blended together and
discharged without treatment, extraction and discharge without water treatment may not be
acceptable to either regulatory agencies or the public. This alternative would result in the
discharge of enriched uranium at concentrations above the license criteria directly into the
Cimarron River. Because groundwater extraction can be maximized, simple extraction and
discharge has the potential to reduce COC concentrations more rapidly and cost effectively than
any other alternative may increase the potential for regulatory and public approval. This

alternative was given a score of “2” for Regulatory and Public Acceptance.

‘ 3. Schedule

Due to the ability to pump greater quantities of groundwater than for any alternative except
Alternative 5, this alternative will complete remediation more quickly than any other alternative.

Consequently, this alternative was given a score of “5” for Schedule.

4. Cost
The installation cost for all the necessary components for this alternative is estimated to be
$1,370,000 and the annual operating and maintenance cost is estimated to be $763,000. The total
cost for this alternative is estimated to be $6,695,500. This alternative presents the lowest initial
and total cost of all the alternatives (excluding No Action for initial cost), and was given a

weighted score of “10” for Cost.

5. Total

This alternative was given a Total score of “20”,
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Evaluation of Potential Alternative Groundwater Remediation Technologies Evaluation of Alternatives

‘ C. ALTERNATIVE 3 - EXTRACT, TREAT BA #1, AND IRRIGATE
1. Effectiveness
This alternative will be effective in reducing all contaminant concentrations in groundwater in all
areas. The effectiveness of the extraction wells in the WU, UP1 and UP2 Areas in removing the
source of uranium is of concern. Consequently, this alternative was given a score of “3” for

Effectiveness.

2. Regulatory and Public Acceptance
Streams of groundwater with different COC concentrations will be blended together and
discharged with treatment of only the BA #1 stream of water. Land application of water which
still contains enriched uranium above drinking water criteria may not be acceptable to either
regulatory agencies or the public. The requirement for a final status survey should increase the
potential for regulatory.and public acceptance. This alternative was given a score of “3” for

Regulatory and Public Acceptance.

3. Schedule
This alternative is estimated to require six years of remediation and four years of post-
‘ remediation activity. Though it may be possible to pump more water from remaining areas after
the areas of lower activity are remediated, each year added to the schedule results in additional

cost. This alternative was given a “2” for Schedule.

4. Cost
The installation cost for all the necessary components for this alternative is estimated to be
$2,296,000 and the annual operating and maintenance cost is estimated to be $1,139,050. The
total cost for this alternative is estimated to be $12,859,000. This alternative ranks among the

higher cost alternatives and was given a weighted score of “4” for Cost.

5. Total

This alternative was given a Total score of “12”.
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Evaluation of Potential Alternative Groundwater Remediation Technologies Evaluation of Alternatives

‘ D. ALTERNATIVE 4 — EXTRACT AND RECHARGE, TREAT BA #1, AND IRRIGATE
1. Effectiveness
This alternative will be effective in reducing all contaminant concentrations in groundwater in all
areas. The effectiveness of injection in the WU, UP1 and UP2 Areas in removing the source of
uranium is believed to be superior to the effectiveness of extraction wells alone in these areas.

Consequently, this alternative was giveﬁ a score of “5” for Effectiveness.

2. Regulatory and Public Acceptance
Streams of groundwater with different COC concentrations will be blended together and
discharged with treatment of only the BA #1 stream of water. Land application of water which
still contains enriched uranium above drinking water criteria may not be acceptable to either
regulatory agencies or the public. The requirement for a final status survey should increase the
potential for regulatory and public acceptance. This alternative was given a score of “3” for

Regulatory and Public Acceptance.

3. Schedule
This alternative is estimated to require six years of remediation and four years of post-
. remediation activity. Though it may be possible to pump more water from remaining areas after
the areas of lower activity are remediated, each year added to the schedule results in additional

cost. This alternative was given a “2” for Schedule.

4. Cost
The installation cost for all the necessary components for this alternative is estimated to be
$2,341,000 and the annual operating and maintenance cost is estimated to be $1,139,050. The
total cost for this alternative is estimated to be $12,974,000. This alternative ranks among the

higher cost alternatives and was given a score of “4” for Cost.

5. Total

This alternative was given a Total score of “14”.
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Evaluation of Potential Alternative Groundwater Remediation Technologies Evaluation of Alternatives

‘ E. ALTERNATIVE 5 - EXTRACT AND RECHARGE, TREAT BA #1 AND WA, AND
DISCHARGE

1. Effectiveness
This alternative will be effective in reducing all contaminant concentrations in groundwater in all
areas. The effectiveness of injection in the WU, UP1 and UP2 Areas in removing the source of
uranium is believed to be superior to the effectiveness of extraction wells alone in these areas.

Consequently, this alternative was given a score of “5” for Effectiveness.

2. Regulatory and Public Acceptance
Streams of groundwater containing uranium above its criteria will be treated for uranium.
Consequently, COC concentrations in the water that will be blended together in the impoundment
will contain only nitrate above its criterion. Discharge of water which no longer contains
enriched uranium above drinking water criteria should be acceptable to both regulatory agencies
and the public. It is not yet known whether a permit authorizing the discharge of the mass of
nitrate that would be generated in the initial year can be obtained. This alternative was given a

score of “4” for Regulatory and Public Acceptance.

‘ 3. Schedule

This alternative is estimated to require four years of remediation and three years of post-
remediation activity. Except for extraction and discharge without treatment, this is the shortest

schedule available. This alternative was given a “5” for Schedule.

4. Cost
The installation cost for all the necessary components for this alternative is estimated to be
$2,030,000 and the annual operating and maintenance cost is estimated to be $1,217,000. The
total cost for this alternative is estimated to be $9,780,700. This alternative ranks among the

lowest cost alternatives and was given a score of “8” for Cost.

5. Total

This alternative was given a Total score of “22”.
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Evaluation of Potential Alternative Groundwater Remediation Technologies Evaluation of Alternatives

F. ALTERNATIVE 6 — EXTRACT AND RECHARGE, TREATE BA #1 AND WA, AND
IRRIGATE (8 MONTH)

1.

Effectiveness

This alternative will be effective in reducing all contaminant concentrations in groundwater in all
areas. The effectiveness of injection in the WU, UP1 and UP2 Areas in removing the source of
uranium is believed to be superior to the effectiveness of extraction wells alone in these areas.

Consequently, this alternative was given a score of “5” for Effectiveness.

Regulatory and Public Acceptance

Streams of groundwater containing uranium above its criteria will be treated for uranium.
Consequently, COC concentrations in the water that will be blended together and land applied
will contain only nitrate above its criterion. Land application of water which still no longer
contains enriched uranium above drinking water criteria should be acceptable to both regulatory
agencies and the public. The requirement for a final status survey should further increase the

potential for regulatory and public acceptance. This alternative was given a score of “5” for

Regulatory and Public Acceptance.

Schedule

This alternative is estimated to require six years of remediation and four years of post-
remediation activity. Though it may be possible to pump more water from remaining areas after
the areas of lower activity are remediated, each year added to the schedule results in additional

cost. This alternative was given a “2” for Schedule.

Cost

The installation cost for all the necessary components for this alternative is estimated to be
$2,380,000 and the annual operating and maintenance cost is estimated to be $1,214,050. The
total cost for this alternative is estimated to be $13,463,000. This alternative ranks among the
highest cost alternatives (including No Action) and was given a score of “4™ for Cost. Although
the cost of Alternative 6 ($13.5 MM) is close to the cost of Alternatives 3, 4, and 7 ($12.9 MM to
$13.1 MM, it was given a lower score to differentiate it from the other three very close estimated

COSts.

Total

This alternative was given a Total score of “14”.
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Evaluation of Potential Alternative Groundwater Remediation Technologies Evaluation of Alternatives

G. ALTERNATIVE 7 - EXTRACT AND RECHARGE, TREAT BA #1 AND WA, AND
IRRIGATE (12 MONTH)

1.

Effectiveness

This alternative will be effective in reducing all contaminant concentrations in groundwater in all
areas. The effectiveness of injection in the WU, UP1 and UP2 Areas in removing the source of
uranium is believed to be superior to the effectiveness of extraction wells in these areas.

Consequently, this alternative was given a score of “5” for Effectiveness.

Regulatory and Public Acceptance

Streams of groundwater containing uranium above its criteria will be treated for uranium.
Consequently, COC concentrations in the water that will be blended together and land applied
will contain only nitrate above its criterion. Land application of water which still no longer
contains enriched uranium above drinking water criteria should be acceptable to both regulatory
agencies and the public. The requirement for a final status survey should further increase the
potential for regulatory and public acceptance. This alternative was given a score of “5” for

Regulatory and Public Acceptance.

Schedule

This alternative is estimated to require five years of remediation and four years of post-
remediation activity. Though it may be possible to pump more water from remaining areas after
the areas of lower activity are remediated, each year added to the schedule results in additional
cost. Because this alternative includes a shorter schedule than other “Irrigation” alternatives, it

was given a “3” for Schedule.

Cost‘

The installation cost for all the necessary components for this alternative is estimated to be
$2,530,000 and the annual operating and maintenance cost is estimated to be $1,277,440. The
total cost for this alternative is estimated to be $13,083,500. This alternative ranks among the

higher cost alternatives and was given a score of “4” for Cost.

Total

This alternative was given a Total score of “17”.
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Evaluation of Potential Alternative Groundwater Remediation Technologies Conclusions and Recommendations
CHAPTER VI - CONCLUSIONS AND RECOMMENDATIONS

Numerous potential alternative groundwater remediation technologies were initially screened, and those
which were retained were evaluated based on Effectiveness, Regulatory and Public Acceptance,
Schedule, and Cost. Seven potential alternative groundwater remediation technologies, all but one
involving various combinations of groundwater extraction and/or injection, mixing, treatment, and direct

discharge or irrigation, were evaluated.

Alternative 5, Extract and Recharge, Treat BA #1 and WA, and Discharge, received the highest ranking,
Next to Alternative 2, this alternative provides the quickest, most economical means of reducing the
concentration of COCs to less than their criteria. This and Alternative 2 are the oﬁly two alternatives for
which existing funding is sufficient to complete remediation and post-remediation activities. Additional
funding from the Anadarko litigation will be required for all other alternatives. This operation can be
conducted year-round, and is not dependent upon the ability of the ecosystem to absorb irrigation water
and utilize nitrogen. It therefore offers the greatest potential to increase the production of water from
higher-concentration areas as wells are shutoff, and accelerate the remediation effort. EPM recommends

the selection of this alternative.

Alternative 2, Extract and Discharge, received the second highest ranking. It is the most economical of
any of the alternatives. This and Alternative 3 are the only two alternatives for which existing funding is
sufficient to complete remediation and post-remediation activities. Additional funding from the
Anadarko litigation will be required for all other alternatives. However, two aspects of this alternative
may eliminate it from selection as the remedial technology that can be implemented. First, it may not be
permissible to discharge the concentrations of enriched uranium that would be produced directly to the
Cimarron River, regardless of how great the dilution factor would be. Second, it may not be possible to
extract the sorbed contaminants from the sandstones in the WU, UP1, and UP2 Areas without regard to
the number of wells installed. Extraction of the groundwater would leave the formation unsaturated, and
without the potential for significant recharge, concentrations would recover after remediation activities

were terminated. This alternative would be EPM’s second recommendation among those evaluated.

Alternative 7, Extract and Recharge, Treat BA #1 and WA, and Irrigate, received the third highest
ranking. Although it is significantly more expensive than either of the two higher-ranked alternatives, it
offers the quickest reasonably economical means of reducing the concentration of COCs to less than their

criteria. Additional funds from the Anadarko litigation will be required to complete remediation and post-
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Evaluation of Potential Alternative Groundwater Remediation Technologies Conclusions and Recommendations

remediation activities using this technology. Because it can be operated year-round, it may be possible to
increase the extraction of uranium-impacted groundwater from the areas of highest concentration, thereby
accelerating the remediation effort and reducing total cost. Should direct discharge to the Cimarron River
of any concentration of enriched uranium not be possible, EPM recommends the selection of this

alternative.
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TABLE 1
2011 GROUNDWATER ASSESSMENT DATA SUMMARY
. EVALUATION OF POTENTIAL GROUNDWATER REMEDIATION TECHNOLOGIES

| Sample sample Date Uranium | Fluoride | Nitrate | Gross Alpha Gross Beta Tc-99
Location (ug/l mg/l) | (mg/l) | (pCi/l) (pCi/1) (pCi/l)
[ 1312 4/15/2011 17 942 | 279 | )
1312DUP | 4/15/2011 | 17.3 12.2 287
1313 4/18/2011 | 1838 431 | 464
131981 4/15/2011 | 42.8 032 | 855
[ 131983 4/15/2011 | 24.8 0.307 | 755
131984 4/15/2011 | 1.48 0.424 | 3.63
131985 4/15/2011 | 1.89 043 | 6.45
1336A 4/15/2011 | 25.3 9.75 283 | 514 +12.9| 458 +24.8| 647 +37.7
1337 4/14/2011 | 7.02 127 | 63.7 | 167 +7.08| 466 +858| 93.8 +23.1
1340 4/18/2011 | 7.83 112 | 429
1341 4/18/2011 | 2.14 0.563 | 26.8
1346 4/15/2011 | 1.44 711 | 376 | 466 +553| 1,420 +43.8| 2,030 +61.0
1347 4/14/2011 | 183 409 | 535 | 298 +10.0| 12.0 +572(344U +19.4
1348 4/19/2011 | 70.1 9.18 10
1349 4/19/2011 | 22.9 0.589 | 6.04
1351 4/19/2011 | 435 0.739 | 584
1352 4/18/2011 132 0.455 | 57
. 1354 4/18/2011 | 2.95 0.491 | 635
1354DUP | 4/18/2011 | 2.79 0.486 | 61
1356 4/18/2011 | 531 0339 | 938
1357 4/19/2011 | 1.77 0.557 | 34.4
1360 4/19/2011 | 16.9 1.6 16.4
MWWA-03 | 4/19/2011 | 479 474 | 257
MWWA-09 | 4/19/2011 116 358 | 47.8
T-51 4/21/2011 | 215 0.452 16
T-52 4/20/2011 | 206 1.64 58
I 153 4/20/2011 | 33.6 0.836 | 47.7
[ 154 4/21/2011 3.2 1.83 | 145
“ T-54DUP | 4/21/2011 | 2.85 1.78 137
T-55 4/14/2011 | 4.33 197 | 586 |657U +49 | 106 +123| 208 +26.9
T-56 4/21/2011 | 2.02 0.764 | 20.2
T-57 4/21/2011 | 105 447 | 96.9
T-57DUP | 4/21/2011 | 10.7 445 | 841
T-58 4/21/2011 | 20.4 0.887 | 13.6
T-59 4/20/2011 101 0.284 | 150
T-60 4/20/2011 | 40.7 0.496 | 59.5
T-61 4/20/2011 | 31.7 0.46 | 2.18
T-62 4/19/2011 157 3.06 | 63.8
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2011 GROUNDWATER ASSESSMENT DATA SUMMARY

TABLE1

EVALUATION OF POTENTIAL GROUNDWATER REMEDIATION TECHNOLOGIES

I Sample Sample Dte Uranium | Fluoride | Nitrate | Gross Alpha Gross Beta Tc-99
Location (ug/1) mg/l) | (mg/l) | (pCi/l) (pCi/l) (pCi/l)

| T-63 4/21/2011 82.3 4.87 315
T-63DUP 4/21/2011 87.1 4.9 35
T-64 4/19/2011 81.5 1.1 20.7
T-65 4/19/2011 130 2.66 49.4
T-66 4/21/2011 123 1.85 35.8
T-67 4/19/2011 149 2.7 29.4
T-68 4/21/2011 119 1.37 19.3
T-69 4/21/2011 47.3 0.883 138
T-69DUP 4/21/2011 47 0.896 140
T-72 4/21/2011 142 1.18 25.8
[ 176 4/21/2011 | 191} 29 | 47.8
T-77 4/21/2011 85.3 0.917 5.5
T-79 4/21/2011 69.5 0.937 3.56
T-84 4/20/2011 45.4 0.78 51
T-85 4/20/2011 26.5 1.49 123
T-86 4/20/2011 16.5 1.8 41.1
T-87 4/20/2011 16.9 1.3 109
‘ T-88 4/20/2011 10.1 1.37 52
T-89 4/20/2011 52.1 0.49 72.5
T-90 4/20/2011 22.4 0.737 34.5

Notes: Red text indicates undetected value; MDL is shown instead of reported result.

Yellow highlight indicates low spike recovery; result give data review flag of "J"

The IV)EQWIimit for uranium concentration is 110ug/|
The NRC limit for uranium activity is 180 pCi/I.
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TABLE 2

2009 - 2011 WESTERN AREA NITRATE AND FLUORIDE DATA

EVALUATION OF POTENTIAL GROUNDWATER REMEDIATION TECHNOLOGIES

Sample Fluoride (mg/Il) Nitrate (mg/l)
Location
2009 2010 2011 2009 2010 2011
1312 10.4 13.1 9.4 415 299 279
1312DUP N/A N/A 12.2 N/A N/A 287
1313 49.9 27.6 43.1 352 423 464
1319B1 0.4 N/A 0.3 47.4 N/A 85.5
1319B3 0.3 N/A 0.3 89.3 N/A 75.5
1319B4 0.4 N/A 0.4 3.1 N/A 3.6
1319B5 0.3 N/A 0.4 11.9 N/A 6.45
1336A 14.1 10.0 9.8 164 203 283
1337 12.4 2.2 12.7 88.5 12.2 63.7
1340 18.2 154 11.2 56.3 27.7 42.9
1341 0.6 0.6 0.6 36.9 32.3 26.8
1346 N/A 10.0 7.1 N/A 520 376
1347 4.4 4.4 4.1 4.6 3.7 54
1348 9.8 11.6 9.2 10 7.8 10
1349 N/A N/A 0.6 N/A N/A 6
1351 0.9 0.6 0.7 73.8 48.7 58.4
1352 0.4 0.6 0.5 151 64.1 57
1354 0.5 0.4 0.5 366 91.3 63.5
1354DUP N/A N/A 0.5 N/A N/A 61
1356 0.4 0.5 0.3 10 11.9 9.8
1357 0.4 N/A 0.6 42.7 N/A 34.4
1360 1.8 N/A 1.6 12.3 N/A 16.4
MWWA-03 7.6 5.8 4.7 17 30.4 25.7
MWWA-09 5.1 54 3.6 335 14.3 47.8
T-51 0.4 0.6 0.5 8.6 20.3 16
T-52 2.2 1.9 1.6 23.1 40.6 58
T-53 0.8 1.0 0.8 38.1 36.4 47.7
T-54 2.1 3.0 1.8 317 122 145
T-54DUP N/A N/A 1.8 N/A N/A 137
T-55 2.8 1.7 2.0 99.5 82.8 58.6
T-56 0.7 0.9 0.8 30.8 21.2 20.2
T-57 3.2 4.7 4.5 206 92.2 96.9
T-57DUP N/A N/A 4.5 N/A N/A 84.1
T-58 0.7 1.1 0.9 51.5 14 13.6
T-59 0.3 0.3 0.3 139 123 150
T-60 0.5 0.6 0.5 44.4 43.3 59.5
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TABLE 2
2009 - 2011 WESTERN AREA NITRATE AND FLUORIDE DATA

‘ EVALUATION OF POTENTIAL GROUNDWATER REMEDIATION TECHNOLOGIES
Sample Fluoride (mg/l) Nitrate (mg/l)
Location

2009 2010 2011 2009 2010 2011

T-61 0.4 0.5 0.5 6.4 3.4 2.2

T-62 2.6 3.4 3.1 90.2 38.6 63.8

T-63 5.3 4.1 4.9 177 34.2 315

T-63DUP N/A N/A 4.9 N/A N/A 35

T-64 2.2 1.1 1.1 24.9 20.9 20.7

T-65 3.1 N/A 2.7 53.8 N/A 49.4

T-66 1.7 N/A 1.9 40.7 N/A 35.8

T-67 2.7 N/A 2.7 23.7 N/A 294

T-68 1.3 N/A 1.4 38.5 N/A 19.3

T-69 1.0 1.1 0.9 141 68.2 138

T-69DUP N/A N/A 0.9 N/A N/A 140

T-72 1.1 N/A 1.2 57.4 N/A 25.8

T-76 3.0 N/A 2.9 52.5 N/A 47.8

T-77 1.1 1.2 0.9 9.1 10.6 5.5

T-79 1.0 1.1 0.9 7.4 4.8 3.6

T-84 N/A N/A 0.8 N/A N/A 51

‘ T-85 N/A N/A 15 N/A | N/A | 123

T-86 N/A N/A 1.8 N/A N/A 41.1

T-87 N/A N/A 1.3 N/A N/A 109

T-88 N/A N/A 1.4 N/A N/A 52

T-89 N/A N/A 0.5 N/A N/A 72.5

T-90 N/A N/A 0.7 N/A N/A 34.5

Notes: N/A: Not Analyzed
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TABLE 3
2009 - 2011 WESTERN AREA URANIUM DATA

‘ EVALUATION OF POTENTIAL GROUNDWATER REMEDIATION TECHNOLOGIES
Sample 2009 2010 2011
Location (pCi/l) (pCi/l) (pCi/1) pg/l

1312 0.0 21.6 28 17.0
1312DUP N/A N/A 28 17.3
1313 N/A 36.6 30 | 188
131981 N/A N/A 69 42.8
131983 N/A N/A 40 | 248
131984 N/A N/A 2 1.5
131985 N/A N/A 3 1.9
1336A 35.4 N/A 41 25.3
1337 N/A 2.1 11 7.0
1340 N/A 9.4 13 7.8
1341 N/A 1.3 3 2.1
1346 N/A 4.4 2 1.4
1347 N/A 19.0 30 | 183
1348 N/A 122.0 114 | 701
1349 N/A N/A 7 | 229
1351 1100.1* 139.8 71 | 435
1352 85.6* 124.5 214 | 1320

’ 1354 10.0* 2.4 5 | 30

1354DUP N/A N/A 51 28
1356 1174.9* 680.4 | 861 | 531.0
1357 6.0 N/A 3 | 138
1360 45.6 N/A .27 | 169

MWWA-03 814.9* 7284 | 711 | 479.0

MWWA-09 123.1* 146.2 1188 | 116.0
T-51 N/A 20.3 21.5
T-52 N/A 21.2 20.6
T-53 N/A 12.5 33.6

| T-54 N/A 3.1 3.2

T-54DUP N/A N/A 2.9
T-55 N/A 4.1 4.3
T-56 N/A 3.0 2.0
T-57 N/A 18.1 10.5

T-57DUP N/A N/A 10.7
T-58 33.2 28.4 , | 204
T-59 N/A 73.6 - 164 | 1010
T-60 N/A 41.2 66 40.7
T-61 N/A 35.5 51 31.7
T-62 81.8 216.4 255 157.0
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TABLE 3

2009 - 2011 WESTERN AREA URANIUM DATA

EVALUATION OF POTENTIAL GROUNDWATER REMEDIATION TECHNOLOGIES

Sample 2009 2010 2011
Location (pCi/l) (pCi/l) (pCi/l) ug/l
T-63 70.6* 87.1 133 82.3
T-63DUP N/A N/A 141 87.1
T-64 537.3* 86.0 132 81.5
T-65 144.2%* N/A 211 130.0
T-66 70.2* N/A 199 123.0
T-67 117.0* N/A 247 149.0
T-68 87.0* N/A 193 119.0
T-69 30.5* 67.3 T 47.3
T-69DUP N/A N/A 76 47.0
T-72 82.1* N/A 230 142.0
T-76 182.9* 267.5 310J 1911
T-77 181.2* 244.8 138 85.3
T-79 134.2* 213.5 113 69.5
T-84 N/A N/A 74 45.4
T-85 N/A N/A 43 26.5
T-86 N/A N/A 27 16.5
T-87 N/A N/A 27 16.9
T-88 N/A N/A 16 10.1
T-89 N/A N/A 84 52.1
T-90 N/A N/A 36 22.4
Notes:

* - Uranium activity is a
Uranium activity is a

ityis a
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TABLE 4
2004 AND 2010 BURIAL AREA #1 URANIUM DATA

‘ EVALUATION OF POTENTIAL ALTERNATIVE GROUNDWATER REMEDIAITON TECHNOLOGIES
1 2004 Activity 2010 Activity
Sample Location . . Comment
. (pCi/1) (pCi/1)
D 1314 2 1
1315R 1,399* 718 Sudden decrease after 2007
1316R 118 109
5 analyses from 2005 to 2009
TMW-08 2,947* 431 varied from 1,198 to 1,952
pCi/l
TMW-09 4,296* 3,884
TMW-13 3,384* 1,337
Continual decline between
2W 2,496*
nsvvde 20 266 2004 and 2010
6 analyses between 2004 and
2W 108* 79
QW08 uG 2010 were < 60 pCi/l
02W09 1 2
02W16 25 8
One anomalous result in 2004
02W17 39 14
of 932 pCi/l
‘ 02W27 153 78
5 analyses between 2004 and
02wW28 300 375
2010 peaked at 1,344 pCi/l
6 analyses between 2004 and
2W32 413 1,449
gawa 2010 were < 100 pCi/l
All results except 2004 and
W 147* 27
G2Was 2007 (9 analyses) < 100 pCi/I
02W42 131 156
17 analyses from 2002 to 2010
7 1
el 1238 A varied from 80 to 741 pCi/I
12 analyses from 2002 to 2010
101 190
G2 d varied from 7 to 435 pCi/l

* - Represents average of multiple 2004 analyses
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TABLE 5

GROUNDWATER REMEDIATION COST ESTIMATES
EVALUATION OF POTENTIAL ALTERNATIVE GROUNDWATER REMEDIATION TECHNOLOGIES

#3 - Extract, Treat BA #1,

#4 - Extract and Recharge,

I#s - Extract & Recharge,

Thes tI”G - Extract & Recharge, Treat|#7 - Extract & Recharge, Treat|

Component #1 - No Action #2 - Extract & Discharge Irrigate Treat BA #1, Irrigate BA #1 and WA, Irrigate (8 BA #1 and WA, Irrigate (12 Basis for
Component Cost (8 month) (8 month) BA #1 and WA, Discharge month) month) Cost Estimate
Federal State Federal [ State Federal I State Federal I State Federal | State Federal l State Federal [ State
iR ~ One Year Duration for Finalizing Remedial Design, Contracting, Permitting, and Installation of Components e .
OPDES Permit $25,000 $12,500 $12,500 $12,500 $12,500
UIC Permit $10,000
Irrigation Permit $15,000 $5,000 $10,000 $5,000 $10,000 $15,000 $15,000
Corps Permit $10,000 $5,000 $5,000 $5,000 $5,000 $5,000 $5,000 $5,000 $5,000
Extraction wells - BA #1 $21,000 $21,000 $21,000 $21,000 $21,000 $21,000 $21,000 l6 wells @ $3,500
Extraction Trench - BA #1 $30,000 $30,000 $30,000 $30,000 $30,000 $30,000 $30,000 200' X 15' X $10/sq.ft.
Extraction Wells - WA (N only) $49,000 $49,000 $49,000 $49,000 $49,000 $49,000 $49,000 14 wells @ $3,500
Extraction Wells - WA (N and U) $21,000 $10,500 $10,500 $10,500 $10,500 $10,500 $10,500 $10,500 $10,500 $10,500 $10,500 $10,500 $10,500 6 wells @ $3,500
Extraction Well - Well 1319 $3,500 $3,500 $3,500 $3,500 $3,500 $3,500 $3,500 1 well @ $3,500
Extraction Wells - UP1, and UP2 $63,000 $63,000 $63,000 18 Wells @ $3,500
Extraction Wells - WU $17,500 $8,750 $8,750 $8,750 $8,750 5 Wells @ $3,500
Injection Wells - WU $17,500 $17,500 $17,500 $17,500 $17,500 5 wells @ $3,500
Injection Wells - UP1 and UP2 $63,000 $63,000 $63,000 $63,000 $63,000 11 Wells @ $3,500
BA #1 Uranium Treatment System | $600,000 $600,000 $600,000 $600,000 $600,000 $600,000 |[EnergySolutions
5 2-acre Impoundment $150,000 $75,000 $75,000 $75,000 $75,000 $75,000 $75,000 $75,000 $75,000 $75,000 $75,000 IBMCD
Z 5-acre Impoundment $300,000 $225,000 $75,000 HBMCD
§ 150-acre Floodplain Irrigation System $360,000 $120,000 $240,000 $120,000 $240,000 $120,000 $240,000 $120,000 $240,000 llBMcD
i Well 1319 Irrigation System $15,000 $15,000 $15,000 $15,000 $15,000 i;ct:lssp""k'er plus
% Piping - BA #1 to Impoundment $30,000 $30,000 $30,000 $30,000 $30,000 $30,000 $30,000 2,000' @ $15
g Piping - WA to Impoundment $96,000 $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 [|6,000' @ $15
Piping - WA Alternate to Impoundment $39,000 $39,000 $39,000 $39,000 3,900' @ $10
Piping - WU, UP1, & UP2 to Impoundment $30,000 $15,000 $15,000 $15,000 $15,000 2,000' @ $15
Piping - Well 1319 to WU Line $24,000 $24,000 1,600' @ $15
Piping - Water Treatment Plant to WU,
UP1, & UP2 $75,000 $37,500 $37,500 $37,500 $37,500 $37,500 $37,500 $37,500 $37,500 5,000' @ $15
Discharge Pipe to River $25,000 $12,500 $12,500 $12,500 $12,500 1,500' @ $15
Run Utilities $50,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000
NRC License Compliance (annual) $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 [[Current rate
NRC Fees (annual) $250,000 $250,000 $250,000 $250,000 $250,000 $250,000 $250,000 lIReduced from 2011
DEQ Fees (annual) $10,000 $10,000 $10,000 $10,000 $10,000 $10,000 $10,000
Trustee Cost $100,000 $93,200 $6,800 $93,200 $6,800 $93,200 $6,800 $93,200 $6,800 $93,200 $6,800 $93,200 $6,800
HP and QA Program Support $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 lEnercon
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TABLE 5

GROUNDWATER REMEDIATION COST ESTIMATES
EVALUATION OF POTENTIAL ALTERNATIVE GROUNDWATER REMEDIATION TECHNOLOGIES

#3 - Extract, Treat BA #1,

#4 - Extract and Recharge,

Ins - Extract & Recharge,

Treatl“ - Extract & Recharge, Treat|[#7 - Extract & Recharge, Treat|

Component #1 - No Action #2 - Extract & Discharge Irrigate Treat BA #1, Irrigate BA #1 and WA, Irrigate (8 BA #1 and WA, Irrigate (12 Basis for
BA #1 and WA, Disch
Compenen Cost (8 month) (8 month) an » Discharge month) month) Cost Estimate
Federal State Federal State Federal | State Federal [ State Federal State Federal State Federal State
~ Duration-30+Years || Remediation -3 Years Remediation - 6 Years Remediation-6Years || Remediation -4 Years = nediaton @ | = Re
. . Il 3Years | 2Years || 6Years | 3Years 6 Years 3Years || 4Years ears ars ars ||
1/5 time @ $100/hr +
Recovery System O&M (annual) $50,000 $100,000 $50,000 $225,000 $75,000 $225,000 $75,000 $150,000 $50,000 $225,000 $75,000 $75,000 $10,000 (equipment)
Irrigation System O&M (annual) $50,000 $225000 | $75000 | $225,000 $75,000 $225,000 $75000 | $175,000 $75,000 ;ﬁ%m (fqiil:n% ':"t;'
BA #1 Treatment System O&M (annual) $50,000 $300,000 $300,000 $200,000 $300,000 $250,000 1/4 time @ $100/hr
BA #1 Resin Disposal (annual) $150,000 $900,000 $900,000 $600,000 $900,000 $750,000
WA Resin Disposal (annual) . $75000 $300,000 $450,000 $375,000
Replace Resin & Filters $30,000 $120,000 $120,000 $120,000 $105,000 nf;'léi og) ‘g (;:;n *
HP & QA Support (8-month) $120,000 $720,000 $720,000 $720,000 HEnercon il S
>
p- §
= -
2 HP & QA Support (12-month) $150,000 $450,000 $600,000 $750,000 Enercon w/ adjustments
o Treatment Process Uranium Analysis (8- 3 samples/week X 35
2 1 1
g month)) $31,500 $31,500 $31,500 $31,500 \weeks X $300
c Treatment Process Uranium Analysis (12- 3 samples/week X 52
2 month) $46,800 $187,200 $234,000 weeks X $300
B NRC License Compliance (annual) $200,000 $6,000,000 $600,000 $1,200,000 $1,200,000 $800,000 $1,200,000 $1,000,000 Same as Year 1
é NRC Fees (annual) $250,000 $7,500,000 $750,000 $1,500,000 $1,500,000 $1,000,000 $1,500,000 $1,250,000 ISame as Year 1
% DEQ Fees (annual) $10,000 $300,000 $30,000 $60,000 $60,000 $40,000 $60,000 $50,000 [|Same as Year 1
o . 1 sample/wk X $100,
o §
OPDES Permit (annual) $30,000 $60,000 $30,000 $90,000 $30,000 Leampler, DARs
UIC Permit (annual) $10,000 $45,000 $15,000 $30,000 $10,000 $45,000 $15,000 $35,000 $15,000
Land Application Permit (annual) $20,000 $60,000 $60,000 $60,000 $60,000 $60,000 $60,000 $50,000 $50,000
Corps Permit (annual) $2,000 $9,000 $3,000 $9,000 $3,000 $9,000 $3,000 $7,000 $3,000
140 locations/qtr X
le fi
Groundwater Monitoring (radiological) $80,000 $800,000 $80,000 $480,000 $480,000 $320,000 $480,000 $400,000 S:r?‘(;/"s::fh?p;:‘g’ and
Enalysis
40 locations/qtr X
le f
Groundwater Monitoring (chemical) $56,000 $560,000 $56,000 $168,000 $168,000 $112,000 $168,000 $168,000 5:’; (;/“s:g""‘s’h?p;i'n& and
Enalysis
Trustee Cost $100,000 $1,500,000 $93,200 $6,800 $93,200 $6,800 $93,200 $6,800 $93,200 $6,800 $93,200 $6,800
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TABLE 5

GROUNDWATER REMEDIATION COST ESTIMATES
EVALUATION OF POTENTIAL ALTERNATIVE GROUNDWATER REMEDIATION TECHNOLOGIES

#3 - Extract, Treat BA #1,

#4 - Extract and Recharge,

#5 - Extract & Recharge, Treat|

#6 - Extract & Recharge, Treatjli{7 - Extract & Recharge, Treat

Component Component #1 - No Action #2 - Extract & Discharge Irrigate Treat BA #1, Irrigate BA #1 and WA, Discharge BA #1 and WA, Irrigate (8 BA #1 and WA, Irrigate (12 Basis .for
Cost (8 month) (8 month) month) month) Cost Estimate
Federal | State Federal | State Federal | State Federal | State Federal [ State Federal | State Federal | State
Post-Remediation - 3 Years || Post-Remediation - 4 Years || Post-Remediation -4 Years || Post-Remediation - 3 Years | Post-Remediation - 4 Years | Post-Remediation - 4 Years
40 locations/qtr X
Post-Remediation Monitoring $80,000 $160,000 $160,000 $160,000 $160,000 $160,000 $160,000 °500/sample for
(radiological) sampling, shipping, and
analysis
40 locations/qtr X
Post-Remediation Monitoring (non- $56,000 $112,000 $112,000 $112,000 $112,000 $112,000 s112,000 [°>0/sample for
radiological) sampling, shipping, and
analysis
OPDES Permit Termination $20,000 $18,640 $1,360 $18,640 $1,360
Irrigation Permit Termination $5,000 $4,660 $340 $4,660 $340 $4,660 $340 $4,660 $340
UIC Permit Termination $10,000 $9,320 $680 $9,320 $680 $9,320 $680 $9,320 $680
Corps Permit Termination $10,000 $9,320 $680 $9,320 $680 ) $9,320 $680 $9,320 $680
NRC License Compliance (annual) $200,000 $600,000 $800,000 $800,000 $600,000 $800,000 $800,000 Same as Year 1
Abandon BA #1 Wells $132,000 $123,024 $8,976 $123,024 $8,976 $123,024 $8,976 $123,024 $8,976 $123,024 58,976 $123,024 $8,976 38 Wells X $1,500
Abandon WA Wells $90,000 $83,880 $6,120 $83,880 $6,120 583,880 $6,120 $83,880 $6,120 583,880 $6,120 $83,880 $6,120 60 Wells X $1,500
Abandon Plant Area Wells $36,000 $33,552 $2,448 $33,552 $2,448 $33,552 $2,448 $33,552 $2,448 $33,552 $2,448 $33,552 $2,448 24 Wells X $1,500
s Abandon WU, UP1, UP2 Wells 572,000 $67,104 $4,896 $67,104 $4,896 $67,104 $4,896 $67,104 $4,896 $67,104 54,896 567,104 $4,896 48 Wells X $1,500
‘?; Demob U Treatment System $10,000 $10,000 $10,000 $10,000 $10,000 $10,000
’3" Close 2-Acre Impoundment $100,000 $93,200 $6,800 $93,200 $6,800 $93,200 $6,800 $93,200 $6,800 $93,200 $6,800
° Close 5-Acre Impoundment $200,000 $186,400 $13,600
g: Remove 150-Acre Irrigation System $30,000 $27,960 $2,040 $27,960 $2,040 $27,960 $2,040 $27,560 $2,040
E Remove Well 1319 Irrigation System $2,500 $2,500 $2,500 $2,500 $2,500
Remove Piping - BA #1 to Pond $10,000 $9,320 $680 $9,320 $680 $9,320 5680 $9,320 $680 $9,320 $680 $9,320 $680 2,000' X $5
Remove Piping - WA to Pond $32,000 $29,824 $2,176 $29,824 $2,176 $29,824 $2,176 $29,824 $2,176 $29,824 $2,176 $29,824 $2,176 6,400 ' X $5
Remove Piping - WU & UP2 to Pond $10,000 $9,320 $680 $9,320 $680 $9,320 $680 $9,320 5680 $9,320 $680 $9,320 $680 2,000' X $5
Remove Piping - Well 1319 to WU $8,000 $7,456 $544 1,600' X $5
Remove Discharge Pipe to River $7,500 $6,990 $510 56,990 $510 1,500' X 5
Remove Utilities $25,000 $23,300 $1,700 $23,300 $1,700 $23,300 $1,700 $23,300 $1,700 $23,300 $1,700 $23,300 $1,700
HP & QA Support (annual) $150,000 $419,400 $30,600 $559,200 $40,800 $559,200 $40,800 $419,400 $30,600 $559,200 $40,800 $559,200 $40,800 Same as Years 2 ->
Final Status Survey Plan $100,000 $100,000 $100,000 $100,000 $100,000 $100,000 $100,000
Final Status Survey - 150-Acre Area $500,000 $500,000 $500,000 $500,000 $500,000
Final Status Survey - 2-Acre Pond $100,000 $100,000 $100,000 $100,000 $100,000 $100,000
Final Status Survey - 5-Acre Pond $200,000 $200,000
Post-Remediation Report $150,000 $139,800 $10,200 $139,800 $10,200 $139,800 $10,200 $139,800 $10,200 $139,800 $10,200 $139,800 $10,200
NRC Fees {(annual) $250,000 $750,000 $1,000,000 $1,000,000 $750,000 $1,000,000 $1,000,000 Same as Year 1
DEQ Fees (annual) $10,000 530,000 $40,000 $40,000 $30,000 $40,000 $40,000 [iSame as Year 1
License Termination Request $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000
Trustee Cost $100,000 $93,200 56,800 $93,200 $6,800 $93,200 $6,800 $93,200 $6,800 $93,200 56,800 $93,200 $6,800
Installation Cost S0 $0 $1,028,950 $341,050 $1,736,450 $559,550 $1,767,700 $573,300 $1,699,200 $330,800 $1,806,700 $573,300 $1,956,700 $573,300
Annual O&M Cost $545,333 $10,000 $680,000 $83,000 $977,283 $149,267 $984,783 $154,267 $1,092,600 $124,400 $1,059,783 $154,267 $1,129,840 $147,600
Total O&M Cost $16,360,000 $300,000 $2,040,000 $166,000 $5,863,700 $447,800 $5,908,700 $462,800 $4,370,400 $248,800 $6,358,700 $462,800 $5,649,200 $442,800
Closure Cost $0 $0 $2,893,010 $226,490 $4,001,664 $249,836 $4,010,984 $250,516 $2,904,874 $226,626 $4,010,984 $250,516 $4,204,184 $257,316
Total Cost to Each Account $16,360,000 $300,000 $5,961,960 $733,540 $11,601,814 | $1,257,186 | $11,687,384 | 51,286,616 $8,974,474 $806,226 $12,176,384 | $1,286,616 | $11,810,084 | $1,273,416
Total Cost $16,660,000 $6,695,500 $12,859,000 $12,974,000 $9,780,700 $13,463,000 $13,083,500
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TABLE 6
EVALUATION SUMMARY
EVALUATION OF POTENTIAL ALTERNATIVE GROUNDWATER REMEDIATION TECHNOLOGIES

Regulatory &
Alternative Effectiveness Public Schedule Cost Total
Acceptance
No Action 1 1 1 2 5
Extract & Discharge 3 2 5 10 20
Extract, Treat BA #1, and Irrigate 3 3 2 4 12
E
xtract & Recharge, Treat BA #1, and 5 3 5 4 14
Irrigate
Extract & Recharge,. Treat BA #1 and 5 4 5 3 2
WA, and Discharge
Extract & Rechal"ge, Treat BA #1 and 5 5 2 5 14
WA, and Irrigate (8 month)
E ,
xtract & Recha.rge Treat BA #1 and 5 5 3 4 17
WA, and Irrigate (12 month)
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APPENDIX A - SOIL BORING LOGS AND
MONITOR WELL DIAGRAMS



Drilling Log
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Drilling Log Contlnuation
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MONITORING WELL

INSTALLATION DIAGRAM

Protective Plpe~——een (| ___.--Casing Gap Vent 7T Yes (O N O
Yos (&' o O i 1L tesk2 Y O Mo O .
stect i pve [ _-Weep Halo? Yes 3 w0
Burveying Pin 2 -.-‘"**Tl—n‘ //,,« Goncrete Pad 2 Ftox g Ft-x ¢ taches
Yoo Mo O A L DRILLING INFORMATEON:
1 DEPTH ) p
i ) FROM i, Borehole Diameter= 8 lachos,
Goncrets v A4 [E OO O ine 2. Wero Driting Additives Used 7 Yes(d Mo (]
o Revert [} Bentonite(]] Waterfd
] Solid Auger [ Hollow Stam Auger [

Cemant/Bentonite Grout Mix
Yes,{] No[]

6.5 Gallons Water to
941b. Bag Gement &

3~5 Lb, Bentonite
Pawder

Others

Bentoaite Seal
Peum@ Sturey[] -

Fifter Pack
Atbave Screen

FILTER PACK MATERIAL
Silica Sand M

Weshed Sand [
Pea Gravel a
Others ;

Sand Size 20 (4o

Denae Phase Sampling Gup “Ft. )
Bottom Piug —Q.'é—
Ne [3 w

ves [Y
Overdeitled Matartal
Bagkfiit

Grout [] Sand [J }

3. Waa Outer Steel CaslngUsed? Yes[O N

- Depth= to Feat.

4, Borehole Diameter for Outer Casing Inches.
WELL CONSTRUCTION INFORMATION;
1.Type of Gasing: PVG [} Galvantzed [ Teflon [J
Stainless [J  Other

2. Type of Casing Jointes Screw—Couple [}  Glue=
Couple T]  Other

3..Type of Well Screenz PVC [F1  Galvantzed 0
Staintaes [ Tefien [J Other

4, Dlameter of Casing and Well Screeas

Caslng Z- Inches, Screeq 2
5. Slot Size of Sceeen: 1
€. Type of Screen Perforations Factory Slotted m
Hacksaw (] Orcilted (J Other
7. lastallad Proteatar Plpe w/Lock: Yes A} Ne [T
WELL DEVELOPMENT INFORMATION:
I. How was Well Developed 2 Baifing [J Pumping [J
Aic Sutglag CAir or Nitragerd D Other .

2. Time Spent on Well Deve!opment'i

= 0 Minutea/Hours
3. Approximate Water Volume Removed 13220 Gallens
4. Water Glarity Before Developmeat ¢ Clear []
Tudld 3 Opaque IS
5. Water Clarity After Development 7 Glear w
Tedbld O Opaque T .
6. Did Water bave Odor ? Yes ] No g!
{f Yesa, Desceibe : .
7. Did Water have any Color ? .Yes m N[ .
{t Yes . Deasceibe ? )

Incheg.

WATER LEVEL INFORMATION:
Water Level Summary (Fram Top of Caning)

Cavad Material [
Others

Drittes/Flem "DAULS_EAVIR INMEd - orilt Rig Type QE 7S

Orill creﬁsusg\f) Mnc

Duriag Drilling Ft. Date
} Belare Development Ft. Date -
After Develogment ‘ Ft.0ate. . —
Date Instalfed 4 ~ ” -]

Hydrologiat ; !EM QQ{J!ED\Z_Q .

weine, - S




Drilling Log

Projact Name C mT Projaat Numbar Boring Number /[{_" g g-
Ground Elevation Lotation Page
[ pE2
Alr Monitering Equipment Total Footage _
2/.5
Drilling Type Hole Size Ovarbuiden Footage Bedrock Footage No. of Samples No. of Coro Boxes
HSA gl NA- N& AN A AL
Drilling Company Driller(s)
Tawrs Edviioumestat | Thland Thouic
Drilling Rig Type of
Cme Samplar CQM'ILJ}’\LLOLJi
Date To Fie server(s)
A et~ ¢y -0~ MW Rauaed
Deplh Class | Blow | Recov.| Run/ | Sample PID»(g?pm) Remarks/
(foat) Deseription Count Time | Deslg. BZ I BH I S Water Levels
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Drilling Log Continuation

Boring Number (T: & g"

Project Name C L{Q,T Page ‘2’ OF 2 .
Project Number Date ﬁ 1~
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= E
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167 =
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21 -
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1 wetgresed” Siguhy Siltty ]
23] Sruceted  LedSe =
: i
o2 =
255 25 )3dl” =
. T B Avggas =
U Wits WaTER -
i T HoL) Aacl .
20 Foesns Spued ¢ I
20 M LAKE v Ve =
- (oASL SomG S =
2] ol v ow Nt 3
Bod—— /350 | ]
q SAneSPne Rridl ted -
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BZ=Breathing Zono BH=Bore Hole

S=Sample




Protactive Pipe o _

[

MONITORING WELL INSTALLATION DIAGRAM

—— - wwe—e—CasingCap Vent 7 Yes [J No [J
Ys OO ne O l ememlock? Yes [1 No O
—— g .
steoi [ pve (O w AMeep Hole? Yes (O o[
Ft. e
3“"’“ Ing P‘; ? E'""-—::: - t e Concrete Pad___ > Ft. x % Ft.x 4 {nches
«Q M itk | DRILLING INFORMATION:
3 : I8 %ROMF 1. Borelole Diameter= :
Gonorste 2~ Fefl [ SRROE  GRGig  2- Wore Drllliog Additives Used ¢ YoslZ} Mo (]
= Rovert (] Bentonite[] wWater
) o Saltd Augse []  Hellow Stem Augar
3 3. Was Outer Steel Caging Used T Yes
Cement/Beatonite Grout Mix - Depth= to
Yes[3  Ne(] - - 4. Borehole Diameter for Outer Caslng
SaLh Bag Conent & __ 5 F. WELL CONSTRUCTION INFORMATION:

35 Lb. Bentopite
Paowder

Other:

Beatoalte Seal

Pa“ots@ s|urryD -

Staintess (]  Other

1.Type of Caslngs PVC (K]  Galvaalzed [J Tefton [J

Couplo {T]  Other

2. Type of Casing Jointez Scraw~Couple m Glue~

y 3. Type of Well Screens PVC X Gatvanized [J
Staintess {J Teflon [ Other
4, Diameter of Caslng and Well Screens
3 Caslng 2 taches, Sereen 2~

Filter Pack
Above Scraen

3. Slot Size of Sceean:

\©

Hacksaw ] Drilled [J Other

6. Type of Screen Pecforatlon: Factary Slotted E

FILTER PACK MATERIAL
Sillca Sand [2]
Washed Sand []
Pea Gravel [J

Others

A

7 lastalled Protector Pipo w/locks Yes K] Ne(])
WELL DEVELOPMENT INFORMATION:

1. How was Well Developed ¢ Baiting [ Pumping [}
Air Surging CAlr or Nitroge® m Gthe.

" 2. Time Spent on, Well Dsvelopme
——-——-F&QQ«@/ Haurs

Tucbid (] Opaque [§

3. Approximate Water Vokme Removed T 000 _Gallons
4. Watee Clarity Before-Development ¢ Cloar [}

5. Water Clarity After Development ¥ Clear E]

98 [(! : Turbid (3 Opaque [
Send Bize z) 6. Did Water have Odec 7 Yos D Nogdl
1 If Yea, Desccibe
Donso Phase Sampling Qup_Q _SCR' 7. DI Water have any Color Yes’m No ()
Bottom Plug — It Yes 4 Describg
Yesffl  Ne[] R 315

Ovardritled Matarial
. Backtilt

Grout [ Sand (O
Caved Matecial [J

Qthers

Detttor/Firm LAUIS ENUILNMESR L _ Dt Rig Tvpe _(IUE 76
Drllt Orewm Dai)is

Ft l Ducing Drilting
L L Jl Befare Devalapment,
After Development

WATER LEVEL INFORMATION:
Water Level Summary (From Top of Casingd

Ft. Date
Ft. Date

Ft. Date

Date Installed 4L"“" ! l

Walt No. _:[/ L5

Hyd:mlog‘ist le %UFODJ)




Drilling Log

Project Name c ETZT Profect Number Boring Number _,: 53 ;
Ground Elevation Location Page
L o 2
Alr Monitoring Equipment Tolal Foolage
Drilling Type Hole Slze Overburden Footage Bedrock Footage No. of Samplas No. of Core Boxes
Hsh gy NA ~Nb MA Mo
Drilling Corpany Driller(s)
“Dnu S Eapriopmestac DieLiwg, Kot Dawnig
Drilling ng Type of
CME Sampler (T vhvveoS o Jp’
Date To Fistd (Observe
-0 HAg i CRAMIEoD
Depth Class | Blow |Rscow.| Run/ | Sample PID (ppm) Remarks/
(fee)) Desoription Count Time | Dasig BZ I BH [ s Water Levels
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Drilling Log Continuation
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Cemgnt/Bentonite Grout Mix

Others

MONITORING WELL INSTALLATION DIAGRAM

Protective Plpa~--
Yes {J
stest 3 pvc O

Surveying Pin T ~<

Yes (3

T

No (O

Concrete

Yes[] No (]
5.5 Gallons Water to
944.b. Bag Cement &

3-5 Lb. Bentonite
Powder

_Q

Othar: -

Ao

RG]

Ft,

Boatonite Seal
Pellgts @ Stueey

Fitter Pack
Above Screen

FILTER PACK MATERIAL
Silica Saad E

Wasted Sand [
Fea Gravel a

Sand Size 2D VD

ZS”“,Ft. :

Dense Phase Sampling Cup

Bottom Plug

Yes m Ne [

Ovardeitled Matorial
Backfill

Grout O Sand (J +
Caved Matoerlal (J

Ft.

Ft, '...

l
A

:!".'v.:f'-'- ATy
o AR

LT
}Illklll

NP
i’]

1
ITHHE

1
1

n0naaae

PPl

Casing CapVent T Yes [J No [J
........ Lock? Yee O No (O

_Weep Hole? Yes 1] o O

GRADE

: bePTH_
BELOW

Concrete Pad

ROM
TOP OF
CASING

3 Ft. x 3 Ft.x 71 laches

N o s

79

AL

Others

Orttiec/Firm DAV Er\) PONIME ot Rig Type (g€, Date tastaties_4/=)(~1( -

Delll Craw(r\?@(jkﬂﬁ T

Well No. '///" (9 (\ﬂ

DRILLING INFORMATION:

1. Borehale Dlameteré__?;'ﬂ« Inches.
2. \Ware Drilling Additlves Used 7 Yes No (3
Revert [] Bentonlte (] Water
Selid Auger [ Hoflow Stem Auger T
3. Was Outer Steel Caoing Used 2 Yes [ Noﬂ]

Depth= o Feet.

4, Bocehole Dlafneter foc Outer Casing [nchese

WELL CONSTRUCTION INFORMATION:

1.Type of Casings PVC Galvanized (J Teflon (O
Stalnfess (]~ Othet

2. Type of Casing Jolatss Screw—Couple 73 Glue~
Couple ]  Other

3. Type of Well Scraen: PVC [} Galvantzed (]
Staiatess (] Teflon [J Other

4. Diameter of Casing and Well Screens
Casing 2

5. Slot Size of Screens

6. Type of Scraen Perforations Factaty Slotted @
Hacksaw [J Drllted {7 Othec

7. fastalled Protector Plpe w/Locks Yes @ Ne (O

WELL DEVELOPMENT INFORMATION:

1. How was Well Developed 7 Balling (0 Pumplng (O

Air Surglng CAir or Nitrogend [  Other :

Inches, Scceea 2. fnches.

2. Time Spent on Well Davelopment ?
/= 7 (& \;@/Hours '
3, Approximate Water Volume Rémoved 2{-’@_ Gallons
4. Water Clarity Before Develapment 2 Glear ()
Tuetid (1 Opaque @
5. Water Ofarity After Development 7 Glear 7T
Tucbid (J Opaque (3 .
6. DId Water have Oder 7 Yeos [ Nog
{f Yes, Desceide :

7. Did Water have any Color ? .Yea\g_ oD .

it Yes  Descelte QPA,

WATER LEVEL INFORMATION:
Water Levet Summaty (From Top of Casing)

During Orilllng Ft. Date
Ft. Date

Before Davalopment

After Devetopment

Ft,Date,_____ .

PR
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Drilling Log

Profect Name (-\ ZQ '_\, Project Number Boring Numberj: §37
Ground Elevation Location Pags
[or 2-
Alr Monitoring Equipment Tofal Footage 2 7‘ < /
Dritling Type Hole Size Qverburden Footage Bedrock Foolags No. of Samples No. of Cora Boxes
HE N 8" I N4 A -
Dnitiing Compapy . | Diitler(s)
- \Fm‘ g é}dlﬂ Cmonaind, Rwaat Zha ‘ ¢ Y
Diilling R Typeof . .
N éﬂf/ i( Samplet (\, M e 10D
o Fleld Obse ) K
2 Al ey i O S
Depth Class | Blow |Recov.| Run/ |Sample PID (ppm) Remarks/
{fee) Description Count Tima | Desig. B ‘ BH J S Wator Levels
=3
7] "ZOL’)QS . -
- Dity Claqg M) Dy F@oo Cbct\lySS -
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BZ=Breathing Zone BH=Bore Hole S=Sample




Drilling Log Continuation

Boring Numbor 'T"I;g@ 7

Project Name * (- E/Z;’f‘ Pige A OF 2- ‘
Project Number Date d -/2, - / /
?feeg%? Description Class ggﬁ\:l Racol. ﬁ“m"é %ag%e BZ JPJDI;:pmj ) wﬁi’?‘fé’v‘&’s
1 5
/S 1S | -
}bé Spd Flue b oanse .
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21 ]
] « ]
222 S““"% P Nevy Conyge =
1 0ned Sty .
BT S et Y4, g =
- -
2] SNl 4/h yellasish ved E
2 N 28] E
2( =
. - .
g o five A oty Conte =
?3 oCrnnd  yelhadish wd .
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243 =
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MONITORING WELL INSTALLATION DIAGRAM

. .—-=Casing Cap Vent ¢ Yes [J Mo 0
_______ 2tock? Yes {1 No J
_MeepHole? Yes 0 N0

Stoeel pvc O]
Surveying Pin § ——
Yes g No [

Concrete

. ———
~———

-

Cement/Bentonite Grout Mix

Yes.(] No[])

5.5 Galfons Wator to
944 b. Bag Cement &
3~5 Lb, Bantonite

Powdec
Others

Bentonite Seal

Pellets D sluﬂin

Fifter Pack
Above Sgreen

FILTER PACK MATERIAL

Silica Saand [Y
Washed Saad [

Pea Gravel [}
Othars -

]

Band Size @ﬁ{r_o_

Danse Phage Sampling Cup
Bottom Plug
Ne [}

Yes m
Overdeilied Matarial
Backfiit

Grout [ 1 Sand (3

=i

0.

Cavad Material [ 1

TV 8qiqdslebed) ot
i[1lyI{!|r|'Illll|!

]

T

7 Concrete Pad

2

Ft. x 3 Ftox {nches

DEPTH
1 FROM
s} sELow  TOP oF
11 GRADE CABING
-
v

Other:

Orittec/Fiea LIS Cls Ut YOmmrtia | oritt Rig Type GMZ /zg Date lnstalled L'[ ~ 2.t L/
Dl Crew'igalgl 3 Vpuy § Well No. -jt- g/l)

DRILLING INFORMATION:
i. l?orehole Diameter= Inches.
2. Ware Orllling Additives Used 2 Ye No ()
Revert [} Bentontte (] Water i
Salid Auger [J  Hollow Stem Augsr (]
3. Was Quter Steel Casing Used? Yas[J No[d

Oepth= to Feet.

4, Borehole Diameter for Outer Caslag lnchas.

WELL CONSTRUCTION INFORMATION:
1.Type of Caslng: PVC ] Galvanized (3 Tefion (J
Stainless [}  Other :
2. Type of Caalag Jointes Screw—Couple X3
Couple C]  Other
3. Typo of Well Screen: PVC [ Gatvanized [
Stainless (] Tefion {J Other
4. Diameter of Casing and Well Screen:
Casing Z—  inches, Screen 2 Inches.
6. Slot Size of Screen: |
6. Type of Screen Perfocation: Factary Slotted m
Hacksaw [3 Deilled [ Other
7. Installsd Protector Plpe w/Lock: Yes )] No[)

WELL DEVELQPHMENT INFORMATION:
1. How was Well Devealoped 2 Baiting ) Pumping {)
Alc Surglng CAie or Nitrogen) m Other

Glya~

2. Time Spent on Well Development ?

_______/_—;]D_ Minutes/Hours

3. Approximate Water Valume Removed 22

4., Vater Clarity Before Development 7 Clear [}
Tudbld ]  Opaque

5. Water Clarity After Development 7 Cloar E/
Tucbld [J Qpaque [} .

6. Did Water have Oder 7 Yes [] No
{t Yoo, Descrite . 't

7. Did Water have any Color 7 ~Yes{Z’ N[ .

If Yes , Daseribe_ <}p Y

WATER LEVEL INFORMATION:
Water Leval Summary (From Top of Casing)

Duclng Oritting Ft. Date

Galloas

Befare Development Ft.Date____ .

After Development

Ft.Date________  __—
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MONITORING WELL INSTALLATION DIAGRAM

Ptotective Pipe ~

Yes 8- No O

stedl [ pvc O
Surveylng Pia T~ _

Yes @’ Ne(D 7

Concrete

il

-

Caomont/Bentonlte Grout Mix

Yes.() Nofg

6.5 Gallons Water to
941b. Bag Cement &
3—5 Lb. Bentanite

Powder
Others

Beotoaites Seal

Peflets @ Slurty (]

e —— e
————
-]

Filter Pack
Above Screen

FILTER PAGK MATERIAL
Sliica Sand @

Washed Saod []
Fea Grave! []
Othors ;

Sand Slzagé’Lﬂb*_

Oenso Phagse Sampling Cup D[ K

Bottom Plug

Yea$ No (O

Ovecdrilied Material
Backfil}

Grout (J Sand (J
Caved Mateclal (]

Others

-
Deiller/Firm L2WLS @U;’(ooMMnrm Rig Type CME- 1%

z{ Ftf -

Ft.

oritt crow Roltud Drvis

” g Concrete Pad

DEPTH
FROM
BELOW  TOP OF
GRADE  CASING
~
1.5

—}__&.._.......

\ e Caslng Cap Vet 7 Yes 1 No []
...... Lock 7 Yes &1 No (O
_~Weep Hole 2 Yes 0O n0O

5 Ft. x (%. Ft.x ¢ Inches

DRILLING INFORMATION:
1. Borehole Diameter= Y laches.
2. Were Drilling Additives Usedt  Yes{J to (]
Revert ] Beatenlte (] Water
Solid Auger (J  Hollow Stem Auger {}

3. Was Outer Steel Casing Used ¢ Yes [ No[@
Depth= to Feot,
4. Barehale Diameter for Outer Caslng inchas,

WELL CONSTRUCTION INFORMATION:
1.Type of Casing: PVC 8 Galvaalzed (J Tetion (O
Stalnfess [] Other
2. Type of Caslag Joints: Scraw—Couple M Glye—=
Couple J  Othec
3. .Type of Well Screens PVC [Bl  Galvanized (3
Stalnless ] Tellon 0 other
4. Diameter of Caslag and Well Screea:
P laches, Scraan &
5. Slot Size of Screens / D)
6. Type of Screen Poeforation; Factecy Slottad m
Hacksaw [[] Drliled {J Other
7. installed Protector Plpe w/locke Yes g] No [
WELL DEVELOPMENT INFORMATION:
{. How was Well Developed 2 DBalling [ Pumping (1
Aic Surging (Ale or Nitrogem R’ Other,

Caslng inohes.

2. Time Spent oq Well Development ¢

};:L{ Minutes/Hours

3. Approximate Water Volume Romaved ¢ Y400 Gallons

4. Water Clarity Before Development 7 Clear [
Tuedld (3 Opaque K]

5. Water Clarity After Development ? Claar [4
Tucdid [J Opaque [ :

6. Did Water havo Odor 2
it Yes, Describe

7. Did Water have any Coloc 7 .Yes ]x N (] .
{f Yes o Describe EQL )

WATER LEVEL INFORMATION:
Vater Level Summary (From Top of Casingd

Yes D Mo

Vell No.

Duelag Orilling £t. Date
Before Davalopmant, Ft. Dats
After Develapment Ft. Date ———
Date Instatled  €f - {2+ 1\
T - Q =, Hydrologlat 5 m Lov

s




Driliing Log

Project Name C F, ;2// Proj.ecl Number Boring Number —)—: @q
Ground Efevation Location Page ‘4 of 2
Alr Monitoring Equipment Total Footaga
Diilling Type Hole 8ize Ovarburden Footage Bedrock Footage No. of Samples No. of Core Boxes
HSM g " K s A4 N A
Drilling Company _ Driller(s)
“OAS ENVI RMELRL Do Vol Doy,
Drilling Ri Type of .
&[l/lf/ 7 samer /Ly by iw oot S [ N> ID')
Date To Fleld Observer(s)
4-12 -1t d-17 « 1\ TN _CRou) P15
Deptn Class | Blow | Recov.| Run/ |Samptel FiD {ppm) Remarks/
([eet) Description Count Time | Desig. Bz J BH I s Waler Levels
- Keers L 13251 ‘ =
q Slety €ean o (kg ¢ ]
1 BanL BOWV 7.5 Y& By S Chinned 3
= Zior BZomnb SUGldv clay ey Wikt bud (v -
2 site oplriy VO SLUGathy 4/ Mecro U —':
I oSy Sy 4 Lu_mJ_%n < e - :
3 Baud Qregeained Racy B2+ Ted e =
T dey looSe hemonintoy A (‘0\&)\»6¢ =
. s o fote Bryviol 3
4= SYLs fp Stigug bocws ok boecdeADund 3
- No Raovery S L ot -
5 T Bo piwy - -
d Srand Give araiwesd beww‘“‘c’f E
60 e to medlo geeled wit < B
- ‘L"Q‘“/\ 1. Yyt ,)’[q(: Brtoud F-/  SERSAEE—
7.£Bg-’-‘$+—q——— - —
8- 3
] No Teepves ,) E
9 3
. e | ]
10_:L 1 12y j&:\& 3
E %‘Q‘Q ASerivvL ‘Fﬁ)w wwéwz
19 Awgen Qighis 10'- o Wy -
- —
. Al T
12 %y fve o Vefty CopneSA w;%/ -
1 Gcalngd Sl well fHaded .
137 o Se Shku- ke & E
q Zye il Shony Prowna. .
14 ~ i

BZ=Breathing Zone BH=Bore Hole S§=8ample




Drilling Log Continuation

Boring Number -—T:_ %g
Ptojsct Name C /:: szz T
Projsct Number Date L/ -
g — o | gt Joeon | sl PORN | nemp
j57 [l B E
J Saund 'CM Lo \/uj 3
e . ‘ E
- Cortly §eained %HT .
] Aeees Smeid gravel Uat) g
1 7.5yL 44 Btrwiy E
134 Swbarote b E
193 E
2] ]
' E 2.0 B E
A 3
4 S 'G’\z.@,Jn ey .
Z'Z‘E Co&\‘ruzzlmx‘wl. NI —E
2775 S Hv] leo Se Sh\‘\)%{@é( _:
4 1€y aly Btow ) .
. -
25 zec E
_ .
y2Va -
-7/1: Cpond i Ho Y2ty E]
1 Coavse gvmined S.-\w\ 3
221  Sma “wved b UL -
. .
ZC;E ]
. ]
- —
?’09 o ] 3
2\ 0 of BENVEAL B2 .F L E
. %Nbﬁ"f\)f‘/ﬁ, PINE GEMNEY %MD;DEP-M .
1 2549-4lg Bep Z .

BZ=Breathing Zone BH=Bore Hole

S=Sampla




MONITORING WELL INSTALLATION DIAGRAM
Protective Plpg —-~.

GRADE  CASING 2. Were Drilling Additives Used ? Yesff] No(J
Revert [ Bentonite (] Water
Sotid Auger [1  Hollow Stem Auger fk]

3. Was Qutor Steal Caslng Used 7 Yes(J  No[XT

_________ ) _.__---=Caslng Cap Vent T Yes O nNe (O
Yos @ No [ l .‘: Q-_ ________ Lock? Yes(O Ne O
Steet ® pvc O ~r— _Wesp Hole ? Yes O o (]
Surveying Plo ? -~~-,:—_:'-—Ft' ’/,«—’ Concrets Pad R Ftox _ D Ft.x _C/ tnches
¥ == P g -
R E————g;’;"?n 7 , DRILLING INFORMATION:
i, DEPTH {
3 ¥ fc i FROM | . Borehole Dlameter= 5 /Y faches.
Conceeto ’ ! S Frell if BELOW  TOP OF
s

Cemont/Beatonlte Grout Mix

Oepthe= to Feet,
Yes.(O Ne(d 4. Borehole Diameter for Outer Castng Inches.
S B e T h el WELL CONSTRUCTION INFORMATION:
3—-5 Lb, Bentonite | ; 1.Typs of Caslng:. PVC;ZI Galvanized [ Tetlon (O
Powder Stalatess [J Other
Others 2. Type of Casing Jointst Screw—Couple Glue—
Rl [ / Couple (D Other '
i £ S e 3. Type of Well Screen: PVC &)  Galvanized [J
i R Stainless (J Yetlon (O Other
Bentonite Seal . 4 Ft. 4. Diameter of Casing 2nd Well Screen:

Peﬂﬂ“@ Slueey (] : ': Casing 22~ {nches, Screen < Inches.

8. Slot Size of Screant (¢
6. Type of Scraon Pecloration: Factory Slottad g}
Hacksaw (] Orcilled {J Other
G, < 7. Installed Protector Pipe w/Lock: Yes KT No (]
WELL DEVELOPMENT INFORMATION:
l. How was Weli Developed 7 Bailing [ Pumping )
Alr Surging (Ale or Nitrogen) g Other:

Filter Pack %
Abave Sereen !

b

FILTER PACK MATERIAL

1
| Bl ol ]

= 2. Time Spent on Well Davelopment ?
Stica Sand [} ’ - Ft : :::- = Izo Miautee/Hours
Washed Sand (O IASSELEY P b5 3. Approximate Water Volume Ramovad 150 _Gallans
Foa Gravel [J e 4. ¥fater Clarity Belore-Development 2 Glear (J
o=t Tuebld [ Opaque
Others : v P 5. Water Clarity After evelopment 7 Cloar R
R — O . . Tuebld 1 Opaque [J .
Sand Size_Zo /4D oo Y > 6. Did Water havo Oder ? Yoo [ NoYl™
[ N 2 e - if Yes, Describe : i
Donse Phase Sampling Cup o ; Ft. ' . 7. Oid Water have any C%'g; -Yes @/ N[ .
Bottom plug —_— ... - e if Yes , Descﬂb‘
Yesl N L S, S W 2 -y = WATER LEVEL INFORMATION:
Overdrilled Matarial Water Level Summary (From Tap of Gasingd
Backflll Ft-; Ouclag Oellfing_______ Ft, Date
Grout ] Sand [} { ! t Before Development Ft. Date
Caved Matetlal (] |\ [—
After Ocvelopment Ft.Date_____
Other: -

Oritler/Fiem 'Dm[&. lEYN\'*(‘OV\y‘VtE}/\}i’p,( Orill Rig Type CW\G/ /)( Date tnstatted  d- 2 U
Drilt Crew &\%,\ Op(\!{ S vielt No. T" %q i'i;'d‘rologist“'f(g/\ Cﬂﬂ’w‘rot A_,




Drilling Log

Projeot Namec/ Project Number Boring Number _.r-: q’ D
Ground Elevation Q(Z—( Lotation Page
Y of 2
Alr #onflaring Equipment Total Footage .
" 29
Driling Type Hole Size Quvetburden Foolege Bedrock Footage No, of Samples No. of Gore Boxes
HSA &g 0 OB NO b
Drlling Company ller(s)
A0S, FAUEDNm el Diei aund, %MD\U&
Drifling Rig -~ Type of
Coa_ 95 sl flo b gnans, (o ')
Date To Fleld Observeds)
A 1d-( -1 A CHMIETTD
1(3‘22161 Dascription Class gdm Recat: 'Elr:\rg SD?S%'& BZ IPIDB(:pml [ ng’nfgv‘z{s
. <A _F$ ey , .
1 Sitk-Fienm DBy | Cuthivgs .
12 S ¢y beppisik Blown gemninnd E
] ~ A L dlew :
2 SPRO FRE qined Rorly %, yl:\ fere =
§edd bty Sl axer - :
33 MoiS Y SNSML, veua S Bey | P condings =
_ Yy "?Q(—\L%Ww-—cb -
42 No Weeveny fowe, ok .
" ﬁl’t\f\m 'F\\A-L +o Waditun .
. Wew GeLADEN WG _WEA ,_Q/ ]
79 Tew S/ Hewd ~ VA
- 4 - -
8= Ne  Cecgoiping E
9 3
0 . L Jo =
- QU:\’(\'\,\ s AQSC@:\')QA Qbm ]mu ]
1] Anfec Higwks \o! 4p s Ry W
3 Dadn e by GaldSe AU 3
22 Shuaeen hese :
3 Wew qusnd) 3
= /I,g\[(), ‘//t, 57‘@5 l2louA .
14 .
BZ=Brealhing Zone BH=Bore Hote S=8ample




Drilling Log Continuation

Boring Number "T:. iO

Project Nama (’ ;M Pogo 2. oF 2~
Project Number Date 4/ ~ )2~/ /
Depth Class | Blow |Recov. | Aury |Sample PID (ppm) Remarks/
(feet) Description Count Time |Deslg.| Bz | BH | s Water Levels
. =
/5] 1< -]
= =z
4 s Ve Fve o 3
1 o . -
ixq Case mr veay E
O Canle SATMAATED 7
40 Wew Geangn $«L§\Y 3
- S He  Steons beowin -
Zl__: _E
Z2] =
2% =
2¢ 3 3
23 Sand e o Yoy Lo 3
~  Gopaste  lepsSio 9(:—%’7 -
v A YLl Steasy oo s
2] =
28 =
z E%sﬁoﬁg oL Ce 2SVRLY/E __E
1 Aotof deptie 25" =
207 3
. 3

BZ=Breathing Zone BH=8ore Hole S=Samplo




steel [ pvc O

MONITORING WELL INSTALLATION DIAGRAM

e ————
T .

————

Surveylng Pin ? -~

~

Yes @f Ne O

Concrete

Cement/Bentonite Grout Mix

Yes [} Ne[}
6.5 Gallons Watare to
24tb. Bag Cement &
3-5 Lb, Bentoanite
Powdec
Other:

Bentoaite Seal
Pallets lﬂ Sturey [

Fitter Pack
Above Sereen

FILTER PACK MATERIAL
Silica Sand ﬂ
Washed Saad (O

Fea Gravel (J
Others

Sand Sizn _‘2_’54@__

Dease Phase Sampling Cou
Bottom Plug
Yes@ Ne [
Overdrilled Mataclal
Backfill
Grout [J Sand [
Caved Material O
Other:

Dritter/Fiem LAYS LA RONMEnsFia _orit Rig Tyoe CR £ 2 X

26 F:

—

? p, R

-

BELOW
GRADE

Vv

Casing Cap Veat 2 Yes (] No (J

Concrete Pad

FROM
TOP OF
CASING

aa-slock? Yes 1 Ne (O
L MeepHale? Yes O oD

=3 Ftax 2 Ft.xi’z {nches

S0,
S

Beil Grow 1oL ALD DALY

Well No.

DRILLING INFORMATION:

1. Borehole Diameters nches.

2, Were Drilfing Additives Used 2 Yes No (1
Revert (] Beatonlte{] Water
Solld Auger (] Hollow Stam Auger [¥]

3. Was Quter Steel Casing Used 7 Yes(J  Nofd
Depth= to Feet.

4. Borohole Diameter for Outer Caslng {nohes.

WELL CONSTRUCTION INFORMATION:
1.Type of Caslng: PVC A Galvanlzed ] Teflon ]
Stalntess (] Other
2. Type of Casing Jointsz Screw~Couple R‘]
Couple [[]  Other
3. Type of Well Screens PYC [l Galvanized (1)
Stainless [} Teflon {J Othee

4, Dlamater of Caclng and Wall Screen:
2 inchos, Sereen__Z— lnohea.
5. Slot Size of Screans [ O
6. Type of Screen Perforations Factory Slotted E
Hacksaw [C] Drllled [] Other
7. lastalled Protector Pipe w/Locks Yes (] No[7])
WELL DEVELOPMENT [NFORUATION:

I+ How was Well Developed © Bailing (J Pumping (J
Alr Surging (Aie or Nitrogen) gl Other

Glua—

Caslng

2, Tima Spent on Well Development 7

— =20 giautessHoucs
3. Approximate Water Volume Ramoved 7 MGallons
4. Water Clarity Befare -Development 7 Gloar [}
Turbld 3 Opaque
5. VWater Clacity After Development 7 Clea@
Turbid (J Opaque [
6. Did Water have Oder 2
{f Yes, Describe

Yoo (3 Neofyg) .

7. Did Water have any Color 2 .YesHl No(J .

It Yes , Desccibe_&g& i

WATER LEVEL INFORMATION:
Vater Levol Summary (From Top of Casing?

During Drifting Ft. Date
Before Devstopment Ft. Date
After Develop t Ft. Date

Date lastalled L/ ~{2 ~¢!

1- 40

l'.l;"::rologlst JM &Au)’ro‘m




