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Cimarron’s Responses to NRC’s March 13, 1997 Question on the two

December 1996 Groundwater Reports.

1. QUESTION -There is no description of the procedures used for groundwater and

surface water sampling nor is there any description of the procedures
used for sample preparation and analyses. Please provide this
information for NRC staff to review against generally accepted
practices.

RESPONSE - The procedure followed during the 1996 sampling event is attached

for your information. This procedure was written specifically for the
1996 éamplmg event which included additional analyses over and
above those required by the site environmental monitoring program.
This procedure included field sampling tasks and protocol to the
point where samples were sent to the off-site laboratories. The
sample preparation and analyses at the laboratories were performed
in accordance with the laboratory’s standard analytical procedures.
Both laboratories employ recognized standard analytical methods and
participate in State and Federal (e.g., EPA Laboratory
Intercomparison Progréun for Radionuclides) analytical performance

evaluation sample programs.

CEG was contracted to perform a comprehensive sampling event in
1996 for all groundwater wells and surface water sample locations
included in the facility’s environmental monitoring program. The
constituents analyzed under the Cimarron environmental sampling
program (indicator parameters) were included along with additional
parameters for selected wells. The éxpanded program included
collecting depth to water, pH, conductivity, temperature
measurements, gamma Spectroscopy, isotopic uranjum, isotopic

thorium, isotopic radium, ammonia (as N), RCRA metals and
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additional metals and ion chemistry. This list of constituents was for
the 1996 sampling event only. The next annual environmental
monitoring event will include only the indicator parameters of
nitrate/nitrite (as N), fluoride, gross alpha, gross beta and total
uranium (metals). Isotopic uranium is added to the analysis if gross

alpha exceeds the action level.

2. QUESTION -In Section 1.5.2, the report used 10 CFR Part 20, Appendix B, Table

2, Column 2, effluent release limits to compare with both surface
water and groundwater radiochemical monitoring data at the site.
Cimarron should note that NRC's effluent release limits are only
applicable to effluent surface water releases such as seeps, springs,
or other effluent surface discharges. For groundwater, the licensee
should compare contamination levels with the cleanup criteria in
NRC's Action Plan (57 EFR 13389, April 16, 1992) which iterated the
U.S. Environmental Protection Agency’s (EPA's) "Interim Primary
Drinking Water Regulations”, 40 CFR Part 141 (41 FR 38404; July
9, 1976). Therefore, in accordance with the Action Plan, the
maximum contamination levels for radionuclides in public drinking
water as established by the EPA should be used as a reference
standard for protection of groundwater and surface water resources.
It should be noted that the current EPA standards for beta particles
(e.g., Technetium-99 (Tc-99)) and photon radioactivity, as
promulgated in §141.16, require that "the average annual
concentration in drinking water shall not produce an annual dose
equivalent to the total body or any internal organ greater than 4
mrem/yr”. For example, for Tc-99, the maximum contamination
level that should be used for comparison and compliance is 3,790
pCi/l. For U. EPA’s Proposed National Primary Drinking Water
Regulations (56 FR, 33050, July 18, 1991) requiring the MCL not to
exceed 20 pg/1 or 30 pCi/l, may be used for comparison purpose.

RESPONSE - Cimarron Corporation is in discussions with the State of Oklahoma,

Department of Environmental Quality (ODEQ) concerning the
aquifer classification at the Cimarron site. Mr. Glen W. Jones,
Assistant Director, ODEQ, in an April 7, 1997 letter to Mr. Ken

Kalman, expressed the State’s commitment to work with Cimarron
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and the NRC to address groundwater during the decommissioning
process. Subsequent to that letter, ODEQ/OWRB personnel visited
the site on April 18, 1997 to discuss data needs and toured the site.
At the meeting, ODEQ/OWRB asked if Cimarron would consider
entering into a Consent Agreement whereby the State and Cimarron

would address the groundwater issues.

Additionally, at the request of ODEQ, Cimarron is compiling another
Report discussing groundwater quality and quantity in the vicinity of
the site. This Report will include analytical results from the
sampling of five new wells recently installed at the site. Cimarron

will forward a copy of this Report to the NRC upon its completion.

As discussed in the 1996 Groundwater Report, the small area of
groundwater that has been impacted by past site operations flows
laterally north toward the Cimarron River. This lateral flow which
discharges to seeps on the bluff over looking the Cimarron River or
the Cimarron River alluvium represents surface water releases.
Therefore, Cimarron compared present groundwater concentrations
of residual contamination to 10 CFR Part 20, Appendix B release

limits.

For comparison purposes, the EPA’s Primary Drinking Water
Regulations, discussed by the NRC in this question, would only be
used should the groundwater under the site be designated as a
potential or future source of drinking water by the ODEQ.
However, in response to NRC’s comment, Cimarron has included a
comparison of the existing groundwater constituents to the EPA
radionuclide drinking water standards, even though the groundwater

is not anticipated to be a source of drinking water. Groundwater on

Cimarron’s Responses 3

May 7, 1996



the site is not projected to be a probably source of future drinking
water due to the 16w yield of the aquifer and the availability of better
quality water from alternate sources. These alternate sources consist
of two large reservoirs located on the site and the rural public water

supply located along Highway #74.

Tc-99 concentrations are below the MCL of 3,790 pCi/1 referenced
in these NRC comments for all wells sampled on the site. Seep

#1208 remains slightly above 3,790 pCi/l for Tc-99, which is far

. below the 10 CFR 20, Appendix B limit of 60,000 pCi/l, the

applicable limit for effluent surface discharges (i.e., seeps).

Only two groundwater areas which remain above the proposed
uranium MCL of 30 pCi/l are of interest. These groundwater areas
are around the previously excavated and closed Burial Area #1 (wells
#1315, #1316 and #1317 which are completed in Sandstone B) and
Burial Area #2 (well #1331 which is completed in Sandstone A).
Impacts at both locations are limited in scope and are isolated to the
shallowest sandstone layer. Concentrations of uranium detected in
the monitoring wells reflect residual amounts of these constituents
remaining in the unsaturated zone or in the water bearing stratum.
Burial Area #1 and Burial Area #2 have been excavated, backfilled,
graded and seeded.

Several other shallow wells have shown substantial decreases in
uranium concentrations over time, but still remain close to or slightly
above the uranium MCL of 30 pCv/l. Well #1313 analyzed at 34.5
pCi/l and well #1336A at 32.9 pCi/l. Well #1333 which has been
below 30 pCi/l since 1991, indicated a 1996 sample result of 33.4

pCi/l. Cimarron believes this slight increase reflects the fact that
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Burial Area #2 remained open for a substantial length of time after
excavation awaiting NRC approval for backfill and is an isolated
spike. Based upon previous historical trends, all three of these wells

are expected to decrease below 30 pCi/l in the near future.

Cimarron believes that once all sources of contamination have been
remediated reliance on natural restoration is appropriate. As
discussed by the EPA in 40 CFR Part 192, natural restoration is a
viable alternative in situations where water use and ecological
considerations are not affected, and cleanup will occur within a
reasonable time. As discussed in the response to Question #9, trend
analyses for the environmental data presented in the Groundwater
Report, illustrates a decreasing level of residual contamination in
groundwater at the site. Cimarron believes that this trend will

continue.

3. QUESTION -Several sections of the report indicated that the geology of the site

limits groundwater withdrawal. Specifically, the report contemplated
that a withdrawal of one gallon per minute (e.g., 1440 gallons per
day) of sustained pumping is not sufficient for beneficial usage.
However, NRC staff noted that the "limited use of groundwater" was
defined by EPA, in 40 CFR 192(11)(e)(3), as "the quantity of water
reasonably available for sustained continuous use which is less than
150 gallons per day.”" Therefore, since the current sustained
pumping rate (e.g., 1.2 gallons per minute for monitoring Well
#1325) is nearly ten times greater than EPA's pumping rate under the
same definition, the current aquifer should be defined as of sufficient
quantity for beneficial usage. Based on the aforementioned EPA
standard, NRC staff requests Cimarron to reevaluate its consideration
of the aquifer at the site or provide additional data that will support
Cimarron’s consideration of the aquifer as not being a potential
source of drinking water.
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RESPONSE - As noted in Response #2, Cimarron is continuing discussions with

the ODEQ concérning the aquifer classification at the site, and how
groundwater is to be addressed during the site decommissioning

process.

Well yields in the Garber-Wellington Aquifer are highly dependent
upon the depth to the contact between fresh water and highly saline

 water, the thickness of the saturated sandstone lenses that are

intersected, and the transmissivity of the formation. All three
sandstones encountered during site geologic investigations can be
described as generally fine to very fine grained with well sorted
subangular to rounded grains. The substantial amount of fines in the
shallow sandstones on site are reflected by the low transmissivities
and low yields measured in virtually all of the on-site wells.
Additionally, the effective thickness of the Garber Sandstone aquifer
is limited by the presence of brackish and salty water at depth.
Fresh water, as defined by USGS, is water with a TDS of less than
1,000 mg/l; and is found on the site in the shallowest sandstones
(i.e., either Sandstones A or B). Withdrawal rates of less than one
gallon per minute for sustained continuous pumping were achieved
from the shallow most sandstones (i.e., Sandstone A and B) which

contain the fresh water.

NRC staff (NRC Question #3) noted that the “limited use of
groundwater” was defined by EPA , in 40 CFR 192 11(e)(3) as “the
quantity of water reasonably available for sustained continuous use
which is less than 150 gallons per day.” As a planning guide for
water use, the EPA (EPA-430/9-74-009) recommends a minimum of
150-225 gal/day for a family of three with few luxury conveniences.

Adding dishwashers, laundry appliances, food disposals, etc.,
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increases the recommended minimum to 300450 gal/day for a family
of three. These average daily water consumption recommendations |
are, in general, less than the volume of fresh groundwater available

on the site.

Even though groundwater of marginal quality is presently available
from Sandstones A and B, gradients resulting from continuous
pumping could cause saline water to migrate into the fresh zone or
cause the low yield formations to decline to dry wells. The bluffs
over looking the Cimarron River represents a very large discharge
zone that continually drains the upper sandstones. The upper
sandstones are no longer saturated as they approach the bluffs. Any
recovery wells located in these areas, which include areas impacted
by prior site operations, would experience a declining water level
because they would be pumping from an already partially dewatered
zone. Why would an individual incur the cost to drill a shallow well
(or multiple wells) and install a treatment system (to reduce hardness)
when alternate sources of better quality water aﬁd at greater volumes
are readily available? These sources are the rural water system that
presently supplies water to the site and the two large reservoirs
located on site. The two reservoirs were constructed as sources of
process and drinking water during facility operations in lieu of

groundwater which would not provide an adequate supply. Also, it

~should be noted that the aquifer’s average yield is far below the 50

gal/min used by the Oklahoma Water Resource Board Rules and
Regulations (OWRB 785:45-7-1(b)) for designation as a major

groundwater basin.
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4. QUESTION -The report indicated in many instances (e.g., Section 1.5.1) that

groundwater at the site is of such poor quality as to make it unusable
for all practical purposes, and, therefore cannot be considered as an
"underground source of drinking water. The report iterated that the
total dissolved solids in the shallow aquifer ranged from 215 to 3,260
parts per million (ppm) with an average of 758 ppm. Based on
comparison with EPA's MCLs for drinking water of 250 ppm, the
report concluded that groundwater in the shallow alluvium is
unusable. In addition, the hardness, with a range of 130 to 1,300
ppm and an average of 381 ppm was also used as an indicator to
demonstrate the poor quality of groundwater at the site.

Cimarron should note that EPA defines the "underground source of
groundwater” (under Subpart C, Environmental Standards for
Ground Water Protection, 40 CFR Part 191.22), as it "contains
fewer than 10,000 milligrams of total dissolved solids per liter”. In
addition, the background monitoring data, for wells #1314 and
#1315, presented in Table 1.2 (representing the shallow aquifer water
quality) showed that the total dissolved solids (TDS) is approximately
500 ppm. NRC, however, recognizes that the deeper aquifer (e.g.,
deep monitoring Well #1321) is of lower quality with a TDS value
that could reach approximately 3,000 ppm.

Based on the above discussion, considering EPA definition of
“underground source of drinking water”, and comnsidering the
- background water quality at the site, NRC staff concludes that the
aquifer at the site cannot be excluded from being considered as an
"underground source of drinking water.” Therefore, Cimarron
should reevaluate its position using appropriate EPA or State
groundwater classification requirements.

RESPONSE -As noted in the response to Question #2, Cimarron is providing

information to the ODEQ for their determination of potential
groundwater usage on site. Cimarron will await guidance from the
ODEQ as to whether or not they consider the shallow aquifer a
potential future source of drinking water based upon both

groundwater quality and quantity.
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Oklahoma Water Resources Board Rules and Regulations (OWRB)
classifies limited use groundwater as groundwater having a TDS of
greater than or equal to 3,000 mg/l. USGS classifies groundwater
based upon dissolved solids of less than 1,000 mg/l as fresh and at
greater than 1,000 mg/l to 10,000 mg/l as brackish. OWRB also
classifies “Fresh Groundwater” as groundwater with total dissolved
solids less than 5,000 mg/l. The EPA’s Secondary Maximum
Contaminant Level (SMCL) for total dissolved solids is 500 mg/l.
Different government agencies have different definitions for
classifying groundwater. The 500 mg/l concentration level is the
EPA’s recommended TDS limit for human consumption. The
recommended maximum concentration limit for crop irrigation is 700
mg/l; and for livestock, the recommended maximum limit ranges

from 3,000 - 7,000 mg/1, depending upon the animal.

Groundwater located on-site within Sandstone C and at greater depths
shows an average TDS of greater than 3,000 mg/l far below the
10,000 mg/l EPA standard for an “underground source of
groundwater” but above the SMCL of 500 mg/l. Average TDS in
Sandstone C is 3,380 mg/l. At 190 feet below grade, the TDS
increases to 12,700 mg/l. Only the shallow sandstone aquifers (i.e.,
Sandstones A and B) can be considered fresh per USGS standards
and show TDS values below the SMCL of 500 mg/l. These

sandstones contain very hard water of very limited quantity as

- discussed in the response to Question #3.

5. QUESTION - The report stated that "the upper (shallow aquifer) does not discharge

into the deeper (Garber) aquifer.” However, it was indicated in
Section 2.2 that intersection of the alluvium with the underlying
Garber Sandstones creates discharge zones for the sandstone and
controls lateral movement of the groundwater. In addition, the
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monitoring data for deep wells showed that there is radiological
contamination in the deeper aquifer. Also, the deep aquifer elevation
levels change with precipitation events. Therefore, there must be
some connection between the upper and lower aquifers. NRC staff
recognizes that the deeper aquifer impact is much less than the
shallow aquifer; however, some contamination has been reported in
the deep wells indicating possible discharges from the contaminated
shallow aquifer. Therefore, the licensee should assess potential
migration and future impact to the deep aquifer.

RESPONSE -As discussed in the 1989 Grant Report, the three shallow
lithologically similar sandstone units within the Garber Sandstone
located on-site are informally referred to as Sandstones A, B, and C.
(See Figure 2.1, included as an attachment) All three sandstone units
are continuous 'across the site and are separated by laterally
continuous mudstones of variable thickness. Each of the sandstone
units contain discontinuous mudstone or siltstone layers that affect
the reservoir characteristics of the aquifer. The mudstones are
typically poorly consolidated and have a consistency of very stiff to
hard sandy silt or clay even at depths greater than 100 feet. As
illustrated by the piezometric surface (Figure 2.1), there is a net
downward vertical potential between the upper water table aquifer,
shallow sandstones and the lower confined units. However, there are
significant confining mudstone layers separating the lower confined
groundwater zones from the most shallow stratum, which promotes
la}teral flow north toward the seeps and river alluvium. This
intersection of the alluvium with the underlying sandstones does
create discharge zones for the sandstones and does control lateral
movement of the groundwater. However, south of the alluvium
deposits, under the operating facility, the conﬁning/semﬂconfming
layers (mudstone layers) promote lateral groundwater flow north

toward the Cimarron River and control vertical groundwater flow.
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However, these mudstones do not totally eliminate the potential for

vertical flow.

Recharge, discharge, and water quality relationships indicate that the
shallow Garber sandstone aquifer (i.e., Sandstones A and B)
comprise a localized groundwater system of limited areal extent. A
recharge analysis previously performed by Kerr McGee (Lower
1989) for the Cimarron site showed that overland recharge to the
shallow aquifer is limited by the site soils. Most groundwater
recharge to these shallow aquifers is derived from local infiltration of
surface water where streams cut across outcrops to the south and east
of the site. Because of several confining/semi-confining layers,
groundwater dischargesA are laterally through base flow in trvibutaries
to the Cimarron River, alluvium of the Cimarron River flood plain,

and seeps from outcrops in the bluff overlooking the flood plain.

Four new wells, recently completed in Sandstones A and B, confirm
that a confining/semi-confining layer exists between Sandstones A
and B. Well #1337 (Sandstone A) was installed adjacent to well
#1338 (Sandstone B), with groundwater elevations of 965 MSL
verses 942 MSL respectively. Similarly, well #1340 (Sandstone A)
and well #1341 (Sandstone B) show elevations of 961 MSL and 936
MSL respectively. These elevations confirm that Mudstone A acts as
a confining/semi-confining layer between Sandstones A and B. Also,
these elevations verify that groundwater in Sandstone A discharges to
the biuff north of the site and groundwater in Sandstone B discharges

to both the bluff and the Cimarron River alluvium.

Groundwater circulation through Sandstone C is more regional, and

also shows the affect of the Mudstone B confining layer. Recharge
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occurs where rivers and streams cut across outcrops far to the east of
the site. One likely source of recharge to the upper most Sandstone
C is along Gar Creek, approximately three miles from the site in the
southeast directiori. Thus, Sandstone C groundwater would be
influenced by regional precipitation events as opposed to local
events, and is not necessarily connected to the upper sandstone
layers. Due to the high pressure head found in Sandstone C,
discharge is to the Cimarron River, which contributes to both the

base flow and the poor water quality of the river. (See Figure 2.1)

With the addition of new monitoring well # 1339, at a depth of 218
feet, another water bearing zone was encountered with a pressure
head greater than that recorded in Sandstone C. Groundwater in this
zone, starting at a depth of 190 feet, shows very high salinity
(>11,000 mg/1 TDS). Groundwater in this zone would contribute to

- the poor quality of the Cimarron River and would be instrumental in

diverting fresh water discharged from the upper sandstones

(Sandstone B) to the more shallow strata of the river alluvium.

In addition to the different pressure heads recorded for each of the
groundwater sandstones, analytical data illustrates that the mudstones
act as confining and/or semi-confining layers. Historical fluoride and
nitrate data have been at background values for the groundwater
within Sandstone C further indicating that migration from the upper
strata has not taken place. Fluorides and nitrates are a better
indicator of constituent migration than uranium because they are

more mobile in the environment.

Deeper well (#1321) located adjacent to U-Pond #2 had a fluoride

level of 0.3 mg/l. Historically, groundwater in this well has been at
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background levels since first sampled in 1989 except for one outlier
in 1994. Another deep well (#1339), completed to a depth of 218
feet, shows fluorides at 0.5 mg/l. This well is located upgradient of
U-Pond #2, adjacent to well #1325, and shows fluorides at
background levels similar to the level found in well #1321. Since
fluorides have remained at background values it is reasonable to
assume that the uranium detected in Sandstone C is also at

background concentrations for this zone.

Additionally, fluorides have been monitored recently through the
installation of the four additional wells on-site near Uranium Waste
Ponds #1 and #2. Monitoring wells #1337 and #1340 (Sandétone A)
show fluoride at 10.8 ahd 14.1 mg/l respectively. Wells #1338 and
#1341 (Sandstone B) show fluorides at 1.3 and 5.0 mg/1 respectively.
These differences in fluoride concentrations between Sandstone A
and B demonstrate that Mudstone A is acting as a confining/semi-
confining layer. Fluorides were observed in Sandstone B
groundwater slightly above background (i.e., 1 mg/l),which indicates
that this zone has experienced minimum, if any, impact from the
upper zones/layers. However, we have not seen an impact to

Sandstone C from the more shallow zones.

Nitrates, also demonstrate that constituents in Sandstone C are at
background levels. Since June 1989, nitrates in well #1321 have
historiéally been approximately 1 mg/l; whereas in well #1320
concentrations have ranged from 15 to 30 mg/l. Low nitrate
concentrations are also found in deep wells #1323, #1328, and
#1332, averaging 1.5, 1.7 and 1.9 mg/] respectively similar to the

value found in well #1321.
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Additionally, isotopic uranium results demonstrate that the mudstones
are acting as confining/semi-confining layers. Isotopic uranium in
lieu of gross alpha is used for this comparison because gross alpha is
recognized as a method for quantification of activity and can be
biased by numerous interferences. ' The February 1997 sample results
for well #1337 (Sandstone A) revealed 18.8 pCu/1 total U, whereas
well #1338 (Sandstone B) revealed 3.9 pCi/l total U. Well #1338 is
located adjacent to well #1337. (See Figure 2.1)

A comparison can also be made between the 1996 sample results for
the isotopic uranium concentrations noted for the shallow Sandstone
A wells located adjacent to the Sandstone C wells. A similar
comparison was presenfed by Grant in 1989. Both sets of data are

summarized below:

Total Uranium Concentrations (pCi/l)
Well # | Completion 1989 1996
1320 A 8.9 2.5
1321 C 11.0 17.2
| 1322 A 12.2 10.2
1323 C 27.2 35.4
1329 A 7.4 6.7
1328 C 27.7 35.5
1333 A 24.9 33.6
1332 C 20.4 17.8

At three of these locations, the deep well has higher isotopic uranium
concentrations than the shallow well. Well #1333’s isotopic uranium
concentration recently increased above well #1322. We believe this
increase in total uranium concentrations for well #1333 (Sandstone
A) is due to the close proximity of this well to Burial Area #2 which
was being remediated in 1996 and remained open throughout a

lengthy remediation effort. Deep well #1339, constructed to a depth
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of 218 feet near upgradient well #1325, also shows elevated

background concentrations of total uranium (15 pCi/l).

Finally, well #1328, which is located south of the uranium process
buildings, is hydraulically upgradient from the facility. This well has
historically shown consistent total uranium concentrations. The total
uranium concentrations in this well have averaged 34.3 pCi/l, with a
range of 27.7 to 43.7 pCi/l. This range is indicative of background

water quality for uranium concentrations within Sandstone C.

In summary, the different pressure heads recorded within the
sandstone layers; the historic fluorides and nitrate concentrations at
background levels in Sandstone C; total isotopic uranium values
decreasing from Sandstones A and B and then increasing from B to
C; and well #1328 representing an upgradient well all support
Cimarron’s belief that there is not significant recharge between the
upper and lower aquifers. The generally high activity levels reported
in the deeper confined Sandstone C wells reflects background levels
for radiochemical constituents above those found in Sandstones A and
B, and is not interpreted to reflect influences from past plant

operations.

6. QUESTION -The report listed, in Table 1.2, the range of onsite background

quality data for two shallow wells (#1314 and #1325) and for one
deep well (#1321). These wells were assumed to, respectively,
represent the shallow and deep aquifer qualities at the site.
However, the report discussed the data of several other upgradient
wells, contemplating that those wells may also be considered
background monitoring wells. For example, Wells #1324 and #1335
had relatively high nitrate concentrations and were considered as
background monitoring wells for nitrate concentration levels which
were 22 mg/l. NRC staff requests that Cimarron provide
clarification of why different wells were used to represent
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background levels for different constituents or that Cimarron select
an isolated groundwater monitoring well located further upstream
from the contaminated areas. Cimarron should identify the average
background concentrations of constituents in the shallow and deep
aquifer, based on analysis of data for pre-identified background
monitoring wells, and based on uncertainty analysis of such data.
Therefore, for each constituent, there should be a single background
concentration value with a standard deviation showing the range of
its variation. Using the average background concentrations, the
licensee should identify concentrations of radiological and non-
radiological constituents that resulted from the facility fuel
fabrication process (e.g., U, Tc, ammonia, nitrate, and fluoride)
‘operation and onsite disposal from those that were present in the
aquifer prior to the facility operation.

RESPONSE -First, we understand that a typographical error exists in this question,
in that the reference to well #1315 should be #1325.

Background water quality varies substantially across the site and with
depths on site. For this reason, Cimarron presented groundwater
analytical data for several wells located on-site, specifically
background wells #1314 and #1325. Well #1314 is completed in
Sandstone B and well #1325 is completed in Sandstone A. Data from
the 1996 sampling event for these wells were used to develop the

ranges shown on Table 1.2 of the Groundwater Report.

Wells #1314 and #1325 are located upgradient from areas used and
subsequently impacted from past site operations, and are considered
background wells. The historic sampling data for these wells have
been reported as “less than” values for most of the previous years.
Since these wells are background wells for Sandstones A and B, and
gross alpha concentration have been historically below 15 pCi/l,
isotopic analyses for uranium are limited. For this reason, it is not

practical to accurately present each constituent as a single
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background concentration value with a standard deviation showing

the range of its variation.

For the limited data available, total isotopic uranium for well #1314
has ranged from 1.4 pCi/l to 2.3 pCi/l with an average of 2.0 pCi/I.
Total isotopic uranium for well #1325 has ranged from 1.7 pCi/l to
2.5 pCi/l with aﬂ average of 2.3 pCi/l. The apparent erroneous
result reported in 1995 (i.e., 14.3 pCi/l) was not included in this data
set. These average values would indicate that background uranium is

similar for both Sandstones A and B.

Wells #1324 and #1335 also are discussed in the Groundwater Report
because, historically, ehvironmental data from these wells could be
considered background quality prior to the placement of BTP Option
#2 soil into the on-site disposal cell in early 1995. Isotopic uranium
for wells #1324 and #1335 have averaged 1.5 pCi/l and 2.3 pCi/l
respectively (with a range of 0.7 pCi/l to 3.7 pCi/l), which are
indicative of background uranium concentrations noted in other wells
in Sandsto\nes A and B. These wells were discussed as an illustration
of the variability of background water quality for other constituents,
especially nitrates. The NRC makes the statement that these two
wells “had a relatively high nitrate concentration (22 mg/l) and were
considered as background monitoring wells”. Monitoring well
#1324, which is upgradient for U-Pond #2, has reported nitrates up
to 22 mg/l. Well #1335, also upgradient from U-Pond #2, has
reported nitrates up to 23 mg/l. As discussed below, these
concentrations are not high for background at certain other locations

on-site.
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Wells #1307 and #1303, which are located south (i.e., upgradient) of -
the operational areas, both near Highway #33, were sampled during
the 1970’s, 1980’s and early 1990’s as part of the Cimarron
environmental monitoring program. For well #1307, ﬁi&ates/nitrites
ranged from 0.3 ppm (.3 mg/l), to 270 ppm (270 mg/l) from 1971
through 1977. From 1978 through 1991, the results were reported in
units of mg/l and varied from 1.0 to 104 mg/l. Well #1303 had
concentrations of nitrate/nitrite of 0.98 ppm (0.98 mg/l) to 430 ppm
(430 mg/1) from 1971 through 1977. From 1978 through 1986, the
results were reported at <1 mg/l to 53 mg/l. Since sample results
reported in ppm are similar to mg/l for water, the wells exceeded the
Nitrate MCL of 10 mg/l, 54% of the time for W,ell #1307, and 57%
of the time for well #13'03. The elevated nitrates are believed to be a
- result of nitrate fertilizer being used on the field in close proximity to
the two wells and could be the reason for elevated nitrates at certain
other locations on-site (not impacted by past site operations).
Extensive site acreage were used for farming, most typically wheat

Crops.

Also, the nitrate concentration in well #1330 has ranged from 172
mg/l down to 35 mg/] (a flier at <.5 mg/l was considered erroneous
data.) This well is located near the edge of a cultivated wheat field.
The well location is also adjacent to a small drainage area that begins
in the uranium plant yard. Surface runoff from part of the plant area
drains toward the well location. However, significant portion of the
funoff comes from cultivated fields adjacent to the well and is
believed to be influenced by the application of nitrogen-based

fertilizers.
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Only four environmental monitoring wells have concentrations of
nitrates greater than the 22 mg/l value used for background by Grant
(1989). All four of these higher concentration wells are completed in
the shallowest water bearing stratum, Sandstone A. Wells #1312,
#1313, and #1336 show concentrations of 736 mg/l, 280 mg/l, and
400 mg/1, respectively. These three wells are down gradient from
closed Uranium Waste Ponds #1 and #2. The other well, #1330, was
reported at 35 mg/l and as discussed above is located adjacent to a

wheat field.

Data from well #1321 was presented in the Groundwater Report
because this well is completed in Sandstone C. Cimarron makes the
point in the Groundwatér Report, that well #1321, which is located
immediately adjacent to former Uranium Waste Pond #2 (Southwest
corner), is considered marginal as an upgradient well. In general the
historical gross alpha concentrations have remained fairly constant in
this well at an average of 19 pCi/l, and well #1320 has remained
fairly constant at an average of 11.6 pCi/l less than the average value
recorded in the adjacent deeper well. Likewise, fluorides in well
#1321 have remained, in general, fairly constant at background levels
further indicating that this zone has not been impacted by prior site

operations

Although not included in the Groundwater Report as a background
well for Sandstone C, well #1328 (an upgradient well), can be
considered as such. Gross alpha has averaged 29.3 pCi/l with a
range from 17.0 to 38.0 pCi/l from 1989 to 1996. Gross beta, in
general, has been <20 pCi/l. Total isotopic uranium has averaged
34.3 pCi/l during this period, which is slightly higher than the
average recorded for well #1321 at 18.1 pCi/l. Total isotopic
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uranium for both wells (i.e., #1321 and #1328) has ranged from 11
pCi/l to 44 pCi/l, which is considered within background variances

for this sandstone layer.

Analytical data has shown that groundwater quality for certain other
constituénts decreases with depth on site. For éxample, sulfates in
well #1325 were 11 mg/l, whereas in #1321 they were 1,900 mg/l.
Well #1339 (recently installed near well #1325 to a depth of 218
feet), shows sulfates at 3,560 mg/l. Well #1339 is located upgradient
to Uranium Pond #2. Since groundwater quality varies with depth, a
range of background water quality for each sandstone Ilayer
(Sandstone A/B and Sandstone C) was presented in the Groundwater

Report.

In conclusion, it is not practicable to identify and designate the
incremental concentrations of radiological and non-radiological
constituents as having resulted from site operations. However, it is
possible to compare data to the background ranges presented in both
this response and Table 1.2 of the Groundwater Report for
determining areas which potentially could have been impacted by

prior site operations.

7. QUESTION -The environmental monitoring data presented in Attachment B
showed inconsistencies between the reported values of gross alpha
with the U isotopic concentrations or the total U concentration. For
certain high gross alpha values, U concentrations were expected to
show high values and vice verse. However, the reported data
presented in many instances showed high gross alpha, corresponding
to relatively low U concentrations. The report should explain this
discrepancy and the source(s) of gross alpha that is not reflected in
the U concentration. :
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RESPONSE -Gross alpha analysis is not recognized by the EPA as an approved

method for quantification of activity. Instead, it is used as a
screening method. The presence of elevated gross alpha in a sample
measurement can be biased high due to sample constituents and
naturally occurring radioactivity. . Gross alpha analytical results
above 15 pCi/l indicate that a total isotopic uranium analysis needs to
be performed on the sample. The total isotopic analysis is considered
a quantitative method for deterrninihg elevated uranium in the

groundwater.

Based upon the results of the environmental monitoring program,
there is no reason to conclude that gross alpha activity isbpresent
other than the activity- which is due to the uranium contaminants
(isotopic results) and small amounts of naturally occurring alpha

emitters (e.g., Ra-226, Th-232).

Deep well #1323 sampling results were reported in Table B-19 in the
Groundwater Report. The gross alpha results, in general, agreed
with the reported total isotopic uranium concentrations except for the
1991 results (172 pCi/l) and the 1995 results (80.9 pCi/). The 1991
total isotopic uranium concentrations of 35.9 pCi/l is in line with
historic vales, indicating that the 1991 gross alpha concentration of
172 pCi/l is an anomalous result.  The 1995 gross alpha
concentration of 80.9 pCi/l has a reported error of £ 32.2, indicating
potential interference from sample constituents. We have seem
similar interference recently in wells on site with elevated total
dissolved solids. For example, well #1339 with a TDS of 11,000
mg/l has a reported total isotopic uranium of 15.0 pCi/l. The
reported gross alpha was 40.3 pCi/l + 35.2 pCi/l. The reported
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gross alpha results compare favorably with the total isotopic uranium

when the error term is considered.

8. QUESTION -NRC staff is concerned with the quality assurance (QA) of the data

for years prior to 1996. What was Cimarron's basis for assuring the
quality of the pre-1996 data? Did the QA program described in the
groundwater report apply to sampling and analyses before 19967 If
not, how did the QA program resolve the discrepancy identified in
the last paragraph of page 7-3 of the groundwater report?

RESPONSE - The analyses of environmental samples prior to 1996 were performed

by laboratories that had participated in the EPA’s Laboratory
Intercomparison Program for radionuclides and which were EPA
certified for radionuclides, metals and other constituents.
Concentrations of radionuclidés and other constituents in 1996
generally agreed with the pre-1996 data, thus indicating that the
previous data was reasonable. Also, the environmental samples
analyzed in 1996 included split samples with the off-site independent
laboratory ﬁreviously utilized by Cimarron. The comparison of these
results were discussed in Section 8.0 of the Groundwater Report.
Quality assurance measures were in place prior to the 1996

independent sampling event and are included:

e Environmental sampling procedures which were reviewed by
NRC staff prior to implementation;

e Analytical methods and procedures in use at the Kerr-McGee
Tech Center which were reviewed by NRC staff;

e Use of independent off-site laboratories;

e Use of approved sampling procedures (including volumetric

purging of three (3) well casings prior to sampling);
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e Use of dedicated sampling equipment;
e Use of chain of custody for samples; and

e Sampling by trained radiation protection technicians.

The discrepancy identified in the last paragraph of page 7-3 of the
Groundwater Report was resolved through evaluation of the data. It
was determined that the gross alpha measurement (172 pCi/l) was
biased high (see response to NRC Comment #7) based upon the
uranium analysis (0.035 mg/1) and the isotopic uranium analysis (U-
238: 11.6 pCi/l, U-234: 23.8 pCi/l, and U-235: 0.53 pCi/l). The
total uranium analysis and isotopic uranium analysis are in good
agreement. Assuming natural uranium, the activity concentration

equivalent to 0.035 mg/l is 23.5 pCi/l.

9. QUESTION -NRC staff is concerned with a statement in Section 9.6 of the

RESPONSE -

groundwater report concluding that there has been a downward trend
in the groundwater constituents. Graphs presented for Well 1315 in
Figure 2.2 (Gross Alpha) and Figure 2.3 (Gross Beta), for example,
do not appear to indicate a downward trend after 1991. The same
applies for data tables for Wells 1312 (Table B-9), 1313 (Table B-10)
and 3316 (Table B-13). What is the basis for your conclusion?

Cimarron previously performed a trend analysis on the data for the

wells discussed in this question.

Trend analysis was pe.rformed using the commercially available
STATGRAPHICS Plus' statistical analysis and graphics program.
The subroutine TREND was used to analyze gross alpha and gross
beta data obtained from wells #1312, #1313, #1315, and #1316 for

the available environmental data.
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In the Trend Analysis procedure, the user may fit a linear or
quadratic line, exponential power curve, or S-curve through time
series data. Each of the four fitting methods estimates a function Z(t),
where t represents the time index. For the Cimarron data, a linear fit

and a monthly time index was used.

The STATGRAPHICS system bases the linear trend on the function
Z(t)= a +bt, which fits a straight line through the data. The system

estimates coefficients for linear trends by the method of least squares.

For monitoring well #1315, gross alpha/gross beta environmental
data from both March 1989 through 1996 and from June 1991
through 1996 were analyzed using STATGRAPHICS. The
environmental data and trend lines calculated as discussed above are
depicted on Figures 1, 2, 3 and 4. For the 1991 data, the gross alpha
concentration indicates a clearly decreasing trend of approximately
13 pCi/l-month. The gross beta concentration trend line is also
shown to be decreasing, albeit at a lower rate of 0.6 pCi/l-month,
overall. The 1989 and forward data shows a far greater decreasing

trend.

Gross alpha and gross beta environmental data and trend lines for
monitoring well #1316 are presented in Figures 5, 6, 7, and 8. This
data also indicates a clearly decreasing trend in' the groundwater
radiological activities for these constituents. For the 1991 and
forward data, the gross alpha is decreasing on an order of 20 pCi/l-
month while the gross beta is decreasing at 1.2 pCi/l-month. Again,

the 1989 data shows a greater decreasing trend.
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The STATGRAPHICS data analysis package requires a minimum of
eight data points to perform a trend analysis. Since groundwater
wells #1312 and #1313 were typically sampled on a annual basis,
only data from October 1989 onward was used to determine trends
for these wells. Figures 9 and 10 show gross alpha and gross beta
activity for well #1312 which are both clearly decreasing. According
to the trendline, gross alpha activity in this well has been decreasing
at an average rate of approximately 4 pCi/l-month. Similarly, gross
beta activity in #1312 has been decreasing on the order of 30 pCi/l-

month.

Gross alpha and beta activity also exhibit a decreasing trend. in well
#1313, Figures 11 and 12. In this well, gross alpha activity has been
decreasing at an overall rate of 5 pCi/l-month. Gross beta activity has
been decreasing at an overall rate of 32 pCi/l-month since October
1989.

As discussed in the response to Question #7, the gross alpha
analytical results are utilized as a gross indicator for the presence or
absence of uranium. For this reason, a trend analysis was performed
for wells #1312, #1313, #1315 and #1316 utilizing isotopic uranium
environmental data. These trend analyses (graphs) are shown in
Figures 13, 14, 15, and 16. All four show a decreasing trend of total

uranium concentrations in groundwater.

Based upon the gross alpha, gross beta, and isotopic uranium trend
analyses, Cimarron made the statement in the Groundwater Report
“that there has been a downward trend in the groundwater
constituents.” To verify that this trend is continuing and as a part of

the ongoing groundwater assessment, Cimarron began sampling
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several wells (Well #1312, #1313, #1315, #1326, #1331 and #1336)
and Seeps (#1206 and /#1208) on a quarterly basis. "Additional wells
or seeps may be added or rerﬁdved from this assessment effort as
required by Cimarron. These sampling events are for groundwater
assessment and trending and are currently not a part of the

Cimarron’s annual environmental sampling program.

! STATGRAPHICS Plus, release 7.1., Manugistics, Inc. Rockville, MD, 1994.
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