Department of Energy
Washington, DC 20585

April 12,2012

ATTN: Document Control Desk
Deputy Director _

U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Mail Stop T8F5

Subject: Transmittal of Draft Long-Term Surveillance Plan for the Split Rock, Wyoming,
(UMTRCA Title II) Disposal Site, Fremont County, Wyoming

To Whom It May Concern:

Please find enclosed for U.S. Nuclear Regulatory Commission (NRC) review, the draft Long-
Term Surveillance Plan for the Split Rock (UMTRCA Title II) Disposal Site, Fremont County,
Wyoming (LTSP). This draft LTSP captures information provided in site documents and
demonstrates how the U.S. Department of Energy (DOE), as the future long-term custodian of
the Split Rock, Wyoming, disposal site, will fulfill the requirements of the general license at
Title 10, Code of Federal Regulations, Part 40.28. In accordance with these regulations, this
draft LTSP is submitted to NRC as one of the final steps in transitioning the site to DOE for
custody and long-term care.

The draft LTSP is complete except for “placeholders” in Appendix A for 1) the warranty deed

for transfer of title to the licensee’s fee land at the site and 2) the Public Land Order Notice of

Permanent Withdrawal for the federally-owned land within the site’s long-term care boundary.
Once any NRC comments have been resolved and the warranty deed has been completed and a
copy inserted into the document, the revxsed preliminary final LTSP will be submitted to NRC
for acceptance.

DOE evaluated the licensee's (Western Nuclear Incorporated [WNI]) groundwater and surface
water monitoring program as well as historical monitoring results, and also the alternate
concentration limit (ACL) application. This evaluation (Appendix E of the LTSP) provides the
basis for the long-term monitoring program presented under Section 3.7.1 of the draft LTSP.
The evaluation resulted in the following recommended modifications to the licensee's current
monitoring program:

1) Reduce groundwater monitoring locations from 16 wells to 10 wells within the site’s
3,868-acre long-term care boundary.

2) Reduce surface water monitoring locations on the Sweetwater River from five
sampling points to one sampling point.

3) Reduce the constituents monitored for both groundwater and surface water from 22 to
6 analytes.
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4) Reduce the monitoring frequency for both groundwater and surface water from semi-
annual to annual for the first year. Annual monitoring continues at all locations in the
long-term monitoring network except at wells SWAB-22, SWAB-29, SWAB-31, and
WN-41B, and surface water location SW-3, where monitoring will be conducted
every fifth year.

5) Reevaluate the long-term monitoring program after five years (and periodically
thereafter based on site conditions) to determine if any modifications to analytes,
locations, frequency, or duration are technically warranted. The reevaluation also
will address whether the criteria for discontinuing monitoring have been met, as
specified in the draft LTSP. :

6) The trigger levels established for groundwater and surface water should not be .
incorporated into the long-term monitoring program as no basis for their application
is found within the regulations. Instead, monitoring results in the wells closest to the
point-of-exposure (POE) (i.e., the site’s long-term care boundary) should be
compared to groundwater protection standards applicable offsite, and surface water
results should be compared to water quality standards applicable to the Sweetwater
River, to ensure compliance continues to be maintained.

DOE found that nitrate concentrations in groundwater have been in excess of the ACL at the site
in two wells directly downgradient of the point-of-compliance (POC) in the Southwest Valley
flow regime. Concentrations of nitrate above the ACL occurred in well SWAB-2 (downgradient
of POC well WN-21) and in well SWAB-1R (downgradient of well SWAB-2) since their
installation in 1996 and 2009, respectively. DOE is not aware of these concentrations of nitrate
above the ACL having been considered a regulatory out-of-compliance event for WNI,
presumably because nitrate concentrations did not exceed the ACL at the designated POC wells.
Correspondence between the licensee and NRC seems to indicate there was awareness that
elevated contaminant concentrations were present downgradient of the POC. Groundwater
modeling predicted that concentrations of nitrate (and all other hazardous constituents) will not
exceed background values at the long-term care boundary and therefore, protection of human
health and the environment would be ensured at the POE.

To ensure that continued nitrate concentrations in excess of the ACL at these two wells under
Jong-term monitoring will not be viewed as an out-of-compliance event, this issue is explicitly
addressed in the draft LTSP. The draft LTSP states that compliance with the ACLs is only
required at POC wells; other standards are provided that must be met at the POE.

The long-term surveillance program presented in the draft LTSP entails performing the following
long-term surveillance activities: annual site inspection and reporting, annual groundwater and
surface water monitoring and reporting (10 wells, 1 surface water location, 6 constituents at each
location), and minor maintenance (periodic warning/no trespassing sign replacement). DOE’s
estimated annual cost for conducting these long-term surveillance activities will be provided
under separate submittal. This is being done to facilitate DOE’s understanding that NRC has
agreed to not make the cost estimate available to the public.
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Please call me at (720) 377-9682 or scott.surovchak@lm.doe.gg if you have any questions.
Please send any correspondence to:

U.S. Department of Energy
Office of Legacy Management
2597 Legacy Way

Grand Junction, CO 81503

Sincerely,

' v ~ Scott R. Surovchak

W 2012.04.10 09:27:59
-06'00'

Scott R. Surovchak

Site Manager

Enclosure

cc w/enclosure:
J. Shepherd, NRC
File: SPR 505.15(A)

cc w/o enclosure:

D. Orlando, NRC

R. Bush, DOE

A. Gil, DOE

T. Pauling, DOE

C. Carpenter, Stoller (e)
S. Hall, Stoller (e)

M. Widdop, Stoller (e)

Surovchak/Split Rock/4-4-12 Draft LTSP to NRC.doc
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1.0 Introduction

1.1  Purpose

CAN - » )
This Long-Term Surveillance Plan (LTSP) explains how the U.S. Department of Energy (DOE)
will fulfill general license requirements of Title 10 Code of Federal Regulations Part 40.28 -
(10 CFR 40.28) as the long-term custodian of the Split Rock disposal site (formerly known as the

‘Western Nuclear Incorporated [WNI] Split Rock uranium mill tailings disposal site) in Fremont

County, Wyoming. DOE is responsible for preparing, revising, and implementing this LTSP,
which specifies procedures for inspections, monitoring, maintenance, reportmg requirements,
and maintaining records pertaining to the 51te

1.2 Legal al_ld Regulatory Requirements

In both cases, the licensing agency is the U.S. Nu%,ea
case of certain Title II disposal sites, an Agreemeéllt State{?»
regulated under Title Il of UMTRCA. The State !

€ /'when NRC or an Agreement State approves the site
reclamation®a déﬁéﬁr;nlnates the specific license, and when NRC accepts a site-specific LTSP

R4

- (such as this dé cume nt) The longﬁtﬁgrm custodian will implement site surveillance and provide

care for the site 1na ance w1th provisions of the LTSP.

neral license, specific information is required to be included in the

In accordance with the
LTSP (10 CFR 40.28 gg,][l] [b][5]), along with other long-term custodian requirements .
(10 CFR 40.28 [c][1] = [c][5]). These general license requirements for the Split Rock disposal

site are addressed in various sections of the LTSP (Table 1).

The plans, procedures, and specifications in this LTSP are based on the guidance document,
Guidance for Implementing the Long-Term Surveillance Program for UMTRCA T itle I and

Title II Disposal Sites (DOE 2001). The rationale and procedures presented in the guidance

document are considered part of this LTSP.

U.S. Department of Energy . N LTSP—Split Rock, Wyoming, Disposal Site .
April 2012 ’ Doc. No.'S02613-0.0
: : Page 1



Table 1. General License Requirements for the Split Rock Disposal Site

10 CFR 40.28 (b) Requnrements

Requirement LTSP Section
1. | Description of final site conditions ) Section 2.0
2. |Legal description of the site : Appendix A
3. | Description of the long-term surveillance program Section 3.00
4. | Criteria for follow-up inspections =~ . Section 3.5.1
5. | Criteria for routine site maintenance and emergency measures Section 3.6.3
' 10 CFR 40.28 (c) Requirements :
Requirement LTSP Section
1. {Implementation of the LTSP Section 1.2
2. | Care for the site in accordance with provisions of the LTSP Section 1.2
3. | Notification to NRC of-any changes to the LTSP ;' 'Section 3.1
4. | Guarantee NRC permanent right-of-entry k|'Settion 3.1
5. [Notification to NRC of significant construction, actions, or repairs dtihe site._ 2¥| StiiBns 3.5 and 3.6

s

1.3  Role of the U.S. Department of Energy

regulated low-level radioactive materials and portlons of ‘sitesithat do notéhave a DOE mission
ANGa v, 4

after cleanup, as well as other sites (including Tltle IT sitgs) as ass1gned and to establish a

common office for the security, survelllance;ﬁmomtormg, and mamtenance of those sites.

current guldance DOE sites must‘i ﬁplement sound stewardship practices protective of the air,
waterﬁl% and other natural and cultural resources potentially affected by their operations.
RAS0MLA requires DOE sites to have an environmental management system (EMS) to
implement these practices. The Ll\f/r[;*EMS incorporates federal mandates specified in Executive
Order 13423, Stren ,themng Fedéral Environmental, Energy, and Transportation Management
and DOE Order 4302 0%2 I‘Depa'lfhnental Energy Renewable Energy and Transportation
Management. .

LTSP—Split Rock, Wyoming, Disposal Site ' U.S. Department of Energy
Doc. No. S02613-0.0 ' April 2012
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‘north of the mill site. Other ore suppliés came from underground m

2.0  Final Site Conditions

Decommissioning and reclamation of the former WNI Split Rock mill facility in Jeffrey City,
Wyoming, began in 1988 and was completed in 2007 when the final evaporation pond was
reclaimed in accordance with the NRC approved reclamation plan. During reclamation activities
mill facilities were decommissioned and demolished, windblown tailings and contaminated
topsoil were removed and placed in the tailings impoundment, the tailings impoundment was
covered, and groundwater corrective actions were completed. Most of this information is
reported in the site reclamation construction completion report (Shepherd Miller 1999a).

2.1 Site History

WNI milled uranium ore at the Split Rock site from 1957 through 198
materials license number SUA-56. In 1981 the mill was placed on standby status
was placed in possession-only status and the license was amended 40 complete ings d1sposal
Decommissioning and demolition commenced in 1988 (Shephe il iller 1999b): M o'tmof the ore
for the mill came from open pit mine operat1ons in the Gas Hilledis :Ca;‘ approx1mately 20 miles
ng operations in the

"r'NRC source

Es%and in 1986 it

Crooks Gap area, approximately 12 miles south of the rmll site (Memtl‘ Tl nyhe Spht Rock
mill was an acid-leach, ion-exchange, and solvent- geggtract n operatlon that»processed
approximately 7.7 million tons of ore from 1957 to 198 Wit

'a uranium &extr action rate of

yit

?

approximately 95 percent. The facility, orlgmallf%demgned to] roces% 400 tons of ore per day,
el
underwent two capacity upgrades; by 1967,,th§3 mllhng/capam §had ‘Been increased to 1 ,200 tons

per day and by the 1970s the capacity hadireached 1,700 tons per day (Shepherd Miller 1999b).

During the milling period, process W n%the form of gs solids and acidic liquids were
discharged to the unhnedtzt ilings d1sposa areas. These tailings disposal areas or ponds were
designed in 1957 whenxth“ “des 'a\phﬂosophy -was to,eliminate process effluent through seepage,
thereby maxnmzmg sohd tailingsistorage whilg; decreasmg water storage and handling’

‘ ,;_peak of mlllmg indicated a ratio of 5 parts process effluent
to the disposal areas. A total of approximately 7.7 million

e

tons ofitailin H""‘gsga%nd billions of gallons of process effluent were deposited into three primary

 tailings dlepos@al%areas known as the @Mam Old, and Alternate Tailings Impoundments, that were

used durmg toperatlonal life of{im he mill (Shepherd Miller 1999b)

Groundwater correctiy o_nv’at the site began in 1990 with the extraction of contaminated
groundwater in the areaidirectly downgradient of the tailings impoundment. Recovered
groundwater was piped /toyan evaporation pond and then to an evaporation misting system
(Shepherd Miller 1999b). The primary purpose of the system was to accelerate dewatering of the
tailings impoundment, with an ultimate goal of achieving background concentrations in the
groundwater. In 1999 this was determined to be unachievable and alternate concentration limits
(ACLs) were applied for and subsequently approved in 2006 by the NRC. The groundwater -
corrective action program was terminated in 2006 after removing a total of 375.3 million gallons
of groundwater. Additional information regarding groundwater corrective action is provided in
Section 2.5.3.

In 2007, reclamation of the Split Rock site was considered complete when NRC approved the
reclamation of the final evaporation pond that had been used for groundwater corrective action.-

U.S. Department of Energy - LTSP—Split Rock, Wyoming, Disposal Site
April 2012 Doc. No. S02613-0.0
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2.2  General Description of the Disposal Site Vicinity

The Split Rock disposal site is located approximately 2 miles northeast of Jeffrey City in
Fremont County, Wyoming, and about 58 miles east southeast of Lander, Wyoming (Figure 1).
The site lies in the high plains of central Wyoming and encompasses approximately 3,868 acres
(Figure 2). The site elevation ranges from a low of about 6,300 feet (ft) to a high of about
6,800 ft (Figure 3). Topographically the disposal cell itself lies at the base of a saddle between
two of the granite peaks located on site. At the northern boundary of the site property is the
Sweetwater River (NRC 1980).

The climate of the Jeffrey City area is semi-arid, with average g tation of
approximately 11 inches. More than 40 percent of the annu

months of April, May, and June in the form of wet snow a in. ¢ nnual snowfall
is approximately 52 inches. The average annual temperatur: i i

average monthly temperatures ranging from a low of 15 °F

The prevailing wind direction is from the west to southwest

exceeding 60 miles per hour (mph) and monthly averages r.

evaporation at the site averages approximately 36 inches per year (S

ccurs in the surrounding
(2009 estimate), lies
d1rect1y southwest of the site.

2.3 Disposal Site Descripti

ance of the site under the NRC general license,
rred to'the U.S. Government for custody and long-term

Y psal site’s long-term care boundary is 3,868 acres. Of the
3,868- i are boundary, 3077 acres are owned by the federal
government, i.e. ' sre withdrawn from the Bureau of Land Management (BLM) (in
process) and 2,432 a obtained in fee from WNI (in process). The remaining 791 acres
of land within the long care boundary are privately owned and subject to groundwater use
restrictive covenants. -

Supporting real estate information is presented in Appendix A, which includes copies of the
following:

o Legal description for the disposal site property.
e  Warranty deed.

e Public Land Order Notice of Permanent Withdrawal (Transfer of Public Land for the
Gas Hills East, Wyoming, Uranium Repository).

LTSP—Split Rock, Wyoming, Disposal Site U.S. Department of Energy
Doc. No. S02613-0.0 April 2012
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o Institutional controls (ICs) restricting groundwater use on privately held lands within the
“long-term care boundary (i.e., restrictive covenants).

o  Pre-Transition Land Ownership and Restrictive Covenants Map (Figure A-1).

Access to the disposal site is from the west by way of an unpaved county road (referred to as the
“Ore Road” that leads north out of Jeffrey City; Wyoming; see below for directions to the site).

2.3.2 Directions to the Disposal Site

From Casper, Wyoming, travel southwest on State Highway 220 approximately 75 miles to -
Muddy Gap Junction (Figure 1). At Muddy Gap Junction turn west on U. S. Highway 287 and
travel 23 miles to Jeffrey City.. At Jeffrey City turn north on thegf:‘?’)f’l"f’r"lty )’r\o%%,(’r%ferred to locally
as Ore Road) and travel 2 miles to the site entrance, located on he east side

Alternatively from Lander, Wyoming, travel southeast on U Hi hway 28 fo 9. mllesggo the
junction with State Highway 28 (Figure 1). Turn left and continueion U.S. nghwa,‘ for
30 miles to Jeffrey City, then turn north on Ore Road for 2 mi e disposal 51ter_",
described above. :

2.3.3 Description of Surface Conditions

The land surface of the disposal cell area at the Spht Roc S as reclaimed to achieve gentle
= o B
topography with a series of diversion channels t%%dlstnbute st @vater away from the
reclaimed tailings impoundment. The finalf&Surface”at the site combmes grading and rock
armoring to achieve the necessary surface“water run-on and rufi-off control and erosion
protection to satisfy the longevity desrgn requirements ugh not required by the NRC-
approved reclamation plan, all areagiof, he‘;»s1te disturbed’by construction, with the exception of
the disposal cell, %ere “fevegetated (Sheph‘grd»Mlller 1999b) The surface conﬁguratlon and

west Sideta‘granite outcrop splits the reclaimed impoundment to form two lobes one whlch
SEa

protrudes to the orthwest of the outcrop and one which protrudes to the southwest of the

outcrop. The eros rotection forﬁthe surface of the tailings impoundment consists prrmarrly of

rock mulch. <

Four diversion channels known as the North Diversion Channel, the South Diversion Channel,
the North Central Diversion Channel, and the South Central Diversion Channel, were designed
and constructed to divert stormwater flood flows away from the tailings impoundment. The
diversion channels were armored with riprap for erosion protection (Shepherd Miller 1999a).
Additional information regarding the tailings impoundment design, including the storm water
diversion system, is provided in Section 2.4.

There are ten long-term monitoring wells and one livestock well located within the Split Rock
site’s long-term care boundary. The Sweetwater River bounds the site on the north. Portions of
the site property are enclosed by a barbed-wire stock fence to manage local livestock.

U.S. Department of Energy . _ LTSP-—Split Rock, Wyoming, Disposal Sitc
April 2012 ’ Doc. No. $02613-0.0
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Figure 1. General Location Map of the Split Rock, Wyoming, Disposal Site
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2.3.4 Permanent Site Surveillance Features

Survey boundary monuments, a site marker, and posted perimeter warning signs are the
permanent surveillance features at the Split Rock disposal site. These features will be inspected
and maintained as necessary as part of the passive ICs for the site.

- Thirty-three survey boundary monuments mark the final long-term care boundary on the west,

south, and xeast sides of the site. The centerline of the meanderlng course of the Sweetwater River
defines the 51te s northern boundary.

One unpolished granite marker with an incised message identifying the site ot;%t)he Split Rock
d1sposa1 area is placed Just 1n51de the main entrance gate adjacent»xt”f“ ’the‘gco%ty road on the

2.4 Tallmgs Impoundment Design

The tailings 1mp0undment at the Spllt Roé’lg%flte is locgted in

By the end oygsoperatlons the thr
and conj?gﬁ%ned approx1mately 7.7

of the dep051te ranium remalned’nn the tailings 1mp0undment wh11e the other 64 percent had
migrated out of the 1mpoundmenﬁrThere is also an estimated 2,750 curies of radioactivity (based
on the activity of radiuni 226)4$B11110ns of gallons of process effluent were also discharged into
these tailings dlsposali?a easiover the 24 years of milling operations. The maximum thickness of
the tailings deposited Wﬂthese disposal areas was appr0x1mately 80 ft (Shepherd Miller 1999b).

Decommissioning and demolition of the mill was conducted in 1988. Contaminated materials
from the mill were crushed or cut into smaller pieces and buried in the tailings impoundment.
Dissipation of standing water in the tailings impoundment began in 1982 and was completed in
1989. Standing water was evaporated with the use of sprinklers, an enhanced mist evaporation
system, and an enhanced spray evaporation system (Shepherd Miller 1999a).

U.S. Department of Encrgy ' LTSP—Split Rock, Wyoming, Disposal Site
April 2012 Doc. No. S02613-0.0
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Regrading and reshaping of the tailings began in 1990. This included the placement of coarse
tailings over fine tailings, and the retrieval and disposal of windblown and contaminated soils
from outside the impoundment area. Borrow soils were placed over the regraded tailings to
achieve the desired final reclamation subgrade. Vertical band drains (wicks) were installed in
1992 to accelerate settlement and dewatering of the tailings impoundment. Primary settlement
was complete in 1996 (Shepherd Miller 1999a).

The radon barrier material selected for the Split Rock site was Cody Shale. Material that met
design requirements was transported to the site and moisture-conditioned for use in the radon
barrier. Rock used as erosion protection material came from an on-site granite source on the

north side of the tailings impoundment (Shepherd Miller 1999%1)

A

2.4.1 Encapsulation Design

mulch layer (or,s séﬁél/ ock m
was placed ogftop of a 4- 1nch‘§j‘&‘ﬁﬁi J
subgrade '?top of the tailings. The adon barrter thickness varies from 6-inches to 45-inches'
depending on, the radium content o tailings in the area being covered. The borrow soil layer
thlckr"?‘ﬁeésva ;zfrom 8 to 15 inches=The erosion protection layer consists of either a 4-inch thick
rock layer &%‘% | i \ﬁy a 2-inch thidk;8oil layer (i.e., a soil/rock matrix) or just a 4-inch thick rock
layer (i.e., w1t¥%% le,overlain s@ Igycomponent) (N ote: Following the first year of construction,
NRC approved WN fequestdo discontinue the application of the soil component of the
soil/rock matrix; the n st lobe of the cell includes a soil/rock matrix for erosion protection,
the remaining portion ofj € cell consists of only a 4-inch thick rock layer for erosion protection).
The median stone d1a19eter (Dso) of the granite rock used for erosion protection was 2 inches.
Rock with a Dsg of 3 inches was required for a small area in the northwest.portion of the tailings
impoundment and rock with a Dsp of 6 inches was required for the tailings area east and south of
the North Diversion Channel. The 3 and 6-inch rock size layers were 4 inches and 12 inches
 thick, respectively (Shepherd Miller 1999a).

A typical cross-section of the final cover for the tailings impoundment is shown on Figure 6.

v

LTSP—Split Rock, Wyoming, Disposal Sitc U.S. Department of Energy
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Deep-rooted vegetation has been allowed to established on the tailings impoundment before
transition of the site to DOE. The vegetation could change the performance of the disposal cell
cover as designed (see Appendix B for additional information regarding potential impacts to
low-permeability covers). Maintenance of deep-rooted vegetation on the tailings impoundment is
discussed in Section 3.6.2.

2.4.2 Storm Water Diversion System

A site-wide grading plan was developed to determine the final grades and diversion structures
that would be used to control surface water flows from impacting the disposal area. The final
grade established for the site forms the basis of the surface water diversion system. The storm

the reclaimed tailings impoundment to direct flood flows i
Riprapped erosion aprons and scour trenches were constru
ditches to prevent head cutting and long-term erosion. The p
convey surface water runoff away from and off of the reclai

The North Diversion Channel intercepts
the tailings impoundment and conveys, i v
intercepts flow coming from the hi i ; ings impoundment and conveys it
to the southwest.

The North Centrad ‘Central Diversion Channel protect the

2.5 Site Geo eology, and Groundwater Conditions
2.5.1 Geology

The Split Rock disposal site is located approximately 2 miles south of the crest of the Granite
Mountains in Fremont County, Wyoming. The Granite Mountains are bounded on the north by
the Wind River Basin and on the south by the Great Divide Basin. The major structural features
in the area surrounding the site are the Granite Mountains Uplift, the North and South Granite
Mountains Fault Systems, and the Split Rock Syncline. The movement of these structures over
time controlled depositional environments and the resulting stratigraphy at the Split Rock
disposal site (Shepherd Miller 1999b).

LTSP—Split Rock, Wyoming, Disposal Site U.S. Department of Energy
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The Granite Mountains are a major anticlinal uplift in south-central Wyoming. The exposed
Precambrian core trends west-northwest and is about 85 miles long and 30 miles wide. The uplift
has a gentle north flank and a steep south and west flank. The mountains remain partly buried by
upper Cenozoic sedimentary deposits. The Split Rock site is located within narrow valleys near
the crest of the uplift (Shepherd Miller 1999b). '

During Miocene time, the southern portion of the Granite Mountains began to subside into the
Split Rock Syncline. Simultaneously, an enormous volume of tuffaceous sandstone was
deposited across most of Wyoming. These deposits became known as the Split Rock Formation
in central Wyoming. The Granite Mountains were largely buried by the sandstones of the Split
Rock Formation; only the highest peaks remained exposed. In the area of the Split Rock site, the
Split Rock Formation lies directly on the Pre_cambnan granite (Shepk erd»Mlller 1999b)

e v
a maximum helght of approximately 1,000 feet in the area. g ,asterly coursegofﬁthe
Sweetwater River was also established at this time along the troughsline of the Spht Rock

STGERO, . S
Syncline. During Pleistocene time, as the climate became meofe ari 1£d erosion increased,
scooping out some undrained depress1ons in the exposed sandston:e\ﬁ) the Spht Rock Formation
in and around the protruding granite knobs. The Sweetwater River’s redu 2d,fl6% and low
channel gradient now allows transport and deposmom %and silt, and cl

t bagg inc groundwater quality characteristics: Quaternary

lain alluv1um) and, Miocene rocks (Spht Rock Formation). On
\ S

Sl er ﬂoodplam**alluwal aquifer is a minor component to the
overall hydrauhc system, whereas %Spht R/%g:k Formation covers an area of approximately
1,500 square miles and its aquifer’contains potentially large supplies of groundwater. Reported
yxel%ﬂom ; %%&s completed in the S lit Rock aquifer range from 3 to 1,100 gallons per minute
Mi 1999b) :

deposits (Sweetwater Ver @Q
a regional ba51S}the Sweetwater.

The Split Rock Fo I ion aqulferﬁ'ls considered the regional aquifer and is divided into two
hydrostratlgraphlc units teferséd to as the Upper Split Rock Unit and the Lower Split Rock Unit
due to distinct lithologi¢ and’geologic characteristics, though they are hydraulically similar. Both
regional and local groundwater flows, when forced up against the granite formation, move
upward, creating an up‘%vard vertical gradient (Shepherd Miller 1999b),

The saturated thickness of the regional Split Rock Formation aquifer ranges from approximately
500 to 3,000 ft south of the Sweetwater River to 200 to 600 ft north of the river. The areas of
greatest thickness are along the axis of the Split Rock Syncline, south of the site. The thickness
can be much less where it comes up against the granite outcrops, as is the case in the area of the
tailings impoundment. In the two valleys between the granite outcrops where the tailings
impoundment was constructed, the thickness of the Split Rock Formation varies from 0 to 150 ft
in the upper portion of the valleys to more than 500 ft at the mouth of the southwestern valley
and approximately 330 ft at the mouth of the northwestern valley (Shepherd Miller 1999Db).

U.S. Department of Energy * LTSP—Split Rock, Wyoming, Disposal Site
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Sweetwater River Alluvium (FP)— Limited to
Sweetwater River floodplain, up to 25 feet

LR

AR R

FP thick. typically a fining upward sequence of
VETIOINR gravel, sand, silt and clay. :
Eolian Deposits (DS)— Limited in extent and
. discontinuous, up to 50. feet thick. occur as
DS mostly stabilized sand .dunes near granite outcrops
and south of the mill site. Pale yellow, fine to
- medium, well sorted, well rounded and frosted,
moderately spherical, quartz sand.
Y, '
AS N Alluvium (AS)— Present in all but granite outcrop

N
3 R PAVANNY
RS
N\

and Sweetwater River floodplain areas, up to 18 feet
thick. Gravels, sands and clays occur in both
coarsening upward and fining upward sequences.

Upper Split Rock Units (USR)— Present in all but
granite outcrop areas, up to 2000 feet thick.
Typically a brown poorly indurated, fine to medium
grained, well sorted silty sandstone. '

Lower Split Rock Units (LSR)— Present in lower
valley areas between granite outcrops, up to
300 feet thick. Typically a poorly cemented
clayey and sandy conglomerate or gravel
composed of weathered granite granules and
pebbles up to 35 mm in diameter.

White River Formation- (WR)— Very limited in extent,
up to 65 feet thick. Occurs as isolated erosional
remnants in structural low areas in the Precambrain

surface beneath the Sweetwater River floodplain.

Precambrain Granite (GR)— Underlies entire areq,
undetermined thickness. The granite composed
‘primarily of clear to gray quartz, white potassium
feldspar, and minor amounts of

black hornblende.
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Figure 7. Partial Stratigraphic Column of the Split Rock, Wyoming, Disposal Site
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Hydrogeologic characteristics for the various aqulfers (or aquifer units) at or near the 51te are

provided in Table 2.

Table 2. Aquifer Hydrogeologic Characteristics for the Split Rock, Wyoming, Disposal Site

Hydraulic Conductivity

Transmissivity

The Sweetwater River is reported to gain approximatély.
gaging station near Sweetwater Station (approximately ll}np |
gaging station near Alcova (approximately 40 mlles downstre
discharge measurements indicate that the Sweetwater River loses:
this stretch from Alkali Creek to Jeffrey Clty"and then{returns to gaining water from Jeffrey City

to Alcova (Shepherd Miller 1999b).

The general dlrect% otggr
(within the Sweetwate:B

[

~ Unit (ft/day) (f¥Iday) Storativity
Upper Split Rock 19 2,337 0.021
Lower Split Rock 6.6 1,153 0.003
Floodplain 248 4,185 0.21 .
Alluvial deposits 9.8 710 . 0.005 ~
05" Approving Request to

%CAJ\bIC feet per'”év:i:cond between the
s upstreany %of the site) and the
of ,the site). However, reported
‘é@ater in the middle portion of

dwater m@vement in the regional Split Rock Formation aquifer
the east.and northeast toward and in the direction of flow

within the Swegtwater va;??ad tional information regarding the localized groundwater flow
direction a%%he site is provided beloﬁ’%m Sectl(;%% 5.3). Uplifts along the southern boundary of
the basm il luding the Green Mountams and the Ferris Mountains, serve as recharge areas.

Deepnrecha exnear the site also occurs from direct
nding granite h111s1dés (Shepherd Miller 1999b).

'*ri

from the su

Where the Swee
has left deposits of San
thickness over the Spht»s_

at S River has

precipitation and from precipitation runoff

hag eandered through the valleys between the granite outcrops it
ltﬁand clay river sediments ranging from approx1mately 15 to 30 ftin
Formation. The floodplain alluvial aquifer occurs within these rlver

sediments (Shepherd Miller 1999b). This shallow floodplain alluvial aquifer is hydrologically
connected to the underlying regional Split Rock Formation aquifer and is hlghly permeable
(Shepherd Miller 1999b).

2.5.3 Local Groundwater Conditions

The reclaimed tailings area at the Split Rock disposal site is located at the head of a natural
drainage that is bounded by steep granite outcrops located to the north and the south of the
tailings impoundment. Toward the outlet of this drainage, an additional granite outcrop separates
the flow into two valleys that are referred to as the Northwest Valley and the Southwest Valley.
Drainage from the Northwest Valley intersects the alluvial floodplain aquifer of the Sweetwater

U.S. Department of Energy
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River, while drainage from the Southwest Valley intersects a plain of alluvial deposits in the
regional Split Rock aquifer (Shepherd Miller 1999b).

Horizontal groundwater flow gradients are directed out of the area of high elevation that
surrounds the tailings impoundment and toward either the Northwest Valley or Southwest -
Valley. Groundwater in the Upper Split Rock unit underlying the tailings impoundment is
primarily directed down the Northwest Valley (90 percent of the flow), with the balance of the
flow (10 percent) directed down the Southwest Valley. This split in the flow is due to the
presence of a subsurface granite high located at the head of the Southwest Valley and directly
west of the tailings impoundment. Outside of either valley groundwater flowing from the tailings
impoundment area merges with the east northeast trending regional groundwater flow of the
Split Rock aquifer. An upward vertical gradient occurs in the groundw%ter ofsthe regional Split
Rock aquifer in this area due to the presence of the granite opfcrops® Thlsaupward vertical

74 |5 e .
gradient results in seepage from the tailings impoundments occurring prlmam ~within the

groundwater of the Upper Split Rock Unit in this area (She{) Yord Miller 1999b)

Groundwater flow (100 percent) exiting the Northwest Valley, ICIges w1th the regignal?’
groundwater flow of the Split Rock aquifer that is entering the”Sweetwater River ﬂoodplam
alluvial aquifer. The majority of the groundwater flow (80 percent) ig the Southwest Valley
merges with the east northeast trending regional groundwater flow of the p‘ht Rock aquifer.
This flow continties along the southern edge of thesra utcrops dlrectlyggsgguth of the
impoundment before migrating beyond the site’s{€astern bo C ry where”it eventually enters the
Sweetwater River floodplain alluvial aquifer. The: balancé (20 pet ent) of the groundwater
exiting the Southwest Valley flows to the noith around{the granjte; utcrops west of the
impoundment where it Joms the east northeast trendmg?reglonal groundwater flow of the Split
Rock aquifer that is merging with thefe adt flowing grot dwater of the Sweetwater River
floodplain alluvial aqulfer A11 gro| in the 1mmed1ate area of the tailings impoundment

clly o water that exits the Southwest Valley,
partlcularly thé@%prlty portion ¢ 'the flow whlcﬁ%avels to the south and joins w1th the east

underlying and dov;% of the tailings impoundment. Concentrations of site-related
contaminants are typic 1ghest in groundwater at the mouths of both the Northwest Valley
and Southwest Valley”dlrectly downgradient of the tailings impoundment. Contaminants (in
particular uranium) are typically found at depth in the valleys but not outside the valley mouths.
The higher hydraulic conductivity and lateral gradient in the alluvium (as compared to the Split
Rock Formation) has allowed for further migration of contaminants in this shallower zone
downgradient of the Northwest Valley than it has downgradient of the Southwest Valley. The
alluvium may also contain buried channel deposits of coarse-grained material that provides

preferred pathways for shallow groundwater flow in the floodplain (Shepherd Miller 1999b).
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“ Groundwater within the site long-term care boundary prior to sité transition was

. understood to have produced water that met WDEQ Clas

Drainage of the tailings historically input up to 1,400 gallons per minute (gpm) into the
underlying groundwater system. Since tailings and water disposal in the impoundments ceased in
1986, drainage into the underlying system has greatly diminished, and the elevated groundwater
level (i.e., mound) in the immediate area of the impoundment has largely dissipated. In 1999,
tailing seepage rates were estimated to be approximately 150 gpm and expected to reach long-
term, steady-state rates of less than 5 gpm in the next 30 years (Shepherd Miller 1999b).

Groundwater near the site is used for drinking water and livestock watering. Most residents of

nearby Jeffrey City derive their water supply from municipal wells, which are completed in the
regional Split Rock aquifer west of the site. Therefore, these municipal wells are upgradient of
the site and unaffected by site-derived contamination. Groundwater bey\ond the site’s long-term
care boundary will hkely continue to be used for drmklng Waﬁrﬂ\ nd 11vestock‘3%'vatermg

exposure (POE).

for hvestock watermg Although groundwater quahty w1th1n§5gortron f\%le site does not

_Vestoc-:k standards

transition, this water well will likely continue to‘%g;‘use@ﬁor hveét\%‘”fék waterlng under long term

~ management of the site, provided its wateremeets V&;;DEQ Classél’I‘I;l'ivestock standards. Any well

within the federally owned portlon of the§s1te that is con51dered for livestock watering under

DEQ Class k II‘%}V(—:g stock standards. Agriculture
rary prior to transition was understood to have used

%use under long-term managementgunless it first meets WDEQ Class II agrlculture
Allthough, groundwater%%erlymg and dlrectly downgradient of the talhngs

tran31t10ned t’

) @E, groundwate;lquahty in other areas within the long-term care boundary did
comply with WD - Q;Class II and/Elass I1I standards (NRC 2006a). NRC reviewed the effects of
using groundwater‘i’fro” ] Hhes%o/ther areas within the long-term care boundary for agricultural and
livestock purposes ani cé;"?ii %d it is not likely to impact human health (NRC 2006a).

In 2002, NRC approved’the use of ICs within the long-term care boundary to prevent direct
human exposure to site-derived contaminants in groundwater for the duration of the 1,000-year
performance period. The ICs control the use of groundwater on privately held lands that lie
within the long-term care boundary. In 2012, when the site was transitioned to DOE, three
private land owners were impacted. These ICs restrict groundwater from being used for human
consumption or any other domestic purpose; although provisions are provided for groundwater to
be used for livestock, agriculture, and other ranching purposes on portions of these privately held
lands to which the ICs apply (see specific groundwater ICs in place at transition that are provided
in Appendix A, restricted use areas are provided on Figure A—1). DOE will maintain these
groundwater ICs under long-term care.
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2.5.4 Groundwater Corrective Actions and the Establishment of ACLs and
Trigger Levels

The groundwater Corrective Action Program (CAP) at the site began in 1990 when pumping of
contaminated groundwater from four collection wells was initiated; two extraction wells
operated in the Northwest Valley and two extraction wells operated in the Southwest Valley. The
primary purpose of the system was to accelerate dewatering of the tailings impoundment. The
system was designed to capture from 47.3 million gallons to 66 million gallons of water per year.
Beginning in January 1990 the wells operated year round. In February 1992 the pumping
duration was reduced to about 6 months per year (April through October), with the required
volume of captured water remaining the same as initially spemﬁed Re vered groundwater was
piped to an evaporatlon pond constructed in the Southwest V owngradient of the

i 1dwater was pumped
i on of the tailings

impoundments (Shepherd Miller 1999b). The original goal v
concentrations in the groundwater. )

was effective in minimizing seepage from the tai 1 nentjbase d on the performance
to date, it was determined that the continued o ‘was unlikely to achieve the
groundwater protection standards specifi Therefore, WNI proposed
that alternate concentration limits (ACLs i
(POC) that are protective of human b

lished background concentrations) at
999 groundwater characterization and evaluation

ecognized at the time '
having no effect on

being considered that the groundwater remediation
ses of contamination that had already migrated beyond the
005; NRC 2006a). Indeqd, it had been established that

with the aquife dislowly re-mobilize into the groundwater over time, and that at
least some of thi sofirce term was located downgradient of the edge of the reclaimed
tailings (Shepherd Miller 1999b) and the proposed point of compliance. This appears to be in
contradiction to regulations at Criterion 5D of Appendix A in 10 CFR 40 that state: “The
program must also addr€ss removing or treating in place any hazardous constituents that exceed
concentration limits in ground water between the point of compliance and the downgradient
facility property boundary”. Although this legacy contamination is downgradient of the POC and
may exceed the ACL (i.e., nitrate, discussed below), contamination was predicted to attenuate
and meet maximum concentration limits or other standards at the POE.

Information provided in support of the ACL application (Shepherd Miller 1999b) included a
baseline risk assessment which evaluated the current and future environmental and human health
risks associated with the establishment of ACLs, as required per 10 CFR 40, Appendix A,
Criterion 5B[6]. Based on this evaluation a list of constituents of concern (COCs) was
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“immediate v101n1ty of the tailings rmpoundment were used 1151& a ground

Tegimes, and would B¢ applig
- the Northwest Valley ﬂo,w regime and well WN-21 for the Southwest Valley ﬂow regime,

.- e =N

N

determined for which ACLs would be proposed. The COCs determined were natural uranium,
combined radium-226 and radium-228, ammonia, manganese, molybdenum, and nitrate.

Flow and transport modeling was also conducted in support of the ACL application. This
modeling was conducted in an effort to predict the downgradient behavior of site-related
contaminants over time; both those associated with the legacy plume and those anticipated to
be released from the tailings impoundment under long-term surveillance. Modeling-
predictions were intended (and used) to establish a long-term care boundary that would be
protective (i.e., one that assured concentrations of site-related constituents would be compliant
with apphcable groundwater protection standards or established background concentratrons at
the POE).

hrough 1997 in the

To determine the ACLs, maximum contaminant concentrationé ffom 19
€ ?@ﬂow and transport

transport model because it was determined to be the most mobrle C@
another of the more mobile COCs, was also modeled to confirm the as§
made regarding uranium’s mobility. The remaining C@CS\were not mod 'A'ﬁeﬁf’phcltly, but were
modeled implicitly. The behavior of these other C.CS were determined fiom relationships and
observations relative to uranium. Results of this r%wodehng%'demonstrated{ﬁat the maximum
contaminant concentrations would be comphant Wrth vi%gter quah?t;ff’s‘(tandards at the points of
exposure (POEs), or would be within with#NR C-approyed background concentratlons

(NRC 2006D). : /

sulfate, determmed to be
D,
ptiongrand predictions

Groundwater modeling als}o_predlcted ollowing: 1) that uranium-would mark the ,
max1mum extent ofssites rela > ntamlnatlon@m both the floodplain alluvial aquifer and in
IR0 ‘ hat concentratn;_ons would be protectlve at the site’s long term

care b0undary;f3) that groundwat

V4

" ACLs were prop d%afor amrnonla,;manganese molybdenum, nitrate, combined radium-226

nium forq'%f both the Northwest Valley and Southwest Valley flow

and -228, and natur. i
phcable at designated POC wells located on site (i.e., Well-5 for

Figure 2). Several otherﬁW onstituents were included in WNI’s license (SUA 56) monitoring
program, but did not requlre ACLs as groundwater concentrations were in compliance Wlth
specified standards. .

In response to WNI’s ACL submittal (i.e., the site’s groundwater characterization and evaluation
report) on October 29, 1999, NRC replied (by letter dated December 15, 2000) with a request for
additional information (RAI). The RAI was with regard to the Red Mule subdivision area and the
durability of the ICs (i.e., groundwater restrictive covenants) that were planned for this closest
downgradient residential area where human consumption of groundwater was occurring. WNI
responded with a supplement (WNI 2000) that discussed “protective levels” in the area of the
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former Red Mule subdivision (directly east of well SWAB-31, Figure 2). Predicted
concentrations of three site-related constituents were provided for this area; uranium was
estimated to range from 0.3 to 0.8 mg/L, manganese from 0.5 to 1.0 mg/L, and nitrate from 30 to

50 mg/L. Predictive modeling indicated that groundwater in this area could be impacted by site-

related constituents in approximately 100 years (Shepherd Miller 1999b).

In 2006, as a final response to WNI’s ACL application submittal (and supplemental information
provided), NRC prepared an environmental assessment (EA) for amendment of their source
materials license (SUA-56) (NRC 2006a). In the EA, NRC recognizes that the ACLs being
established must be as low as reasonably achievable (ALARA) in accordance with requirements
set forth in regulations at Criterion 5B(6) of Appendix A in 10 CFR 40. NRC also noted in the
EA that “current groundwater constituent concentrations are A . issued a
subsequent finding of no significant impact (FONSI) approv: ment of ACLs. NRC
concurred in the ACL application on September 28, 2006 fic actions are to
be taken if an ACL is exceeded at a POC under long-term itori

In approving the ACLs, the NRC also established a set of trigg g ater and
surface water. Trigger levels were established for each const n ACL ammonia,
manganese, molybdenum, nitrate, combined radium -226 and -228, » According to
WNTI’s license (SUA-56), trigger levels were applica . . POE wells to which

compliance with the groundwater trigger levels weo ired were not designated in
the license for either the Split Rock (regional) ag ; ain (alluvial) aquifer.

each flow regime. The Sweetwater River CTVES E for the northern portion of the
site (because it defines the site’s lon; " where the surface water trigger
levels are presumed to have been a icense (SUA-56) did not
specifically identify a surface water P is also understood that the trigger levels for both

efore, DOE w111 not incorporate these trigger
the site (see Section 3.7.1).

(i.e., concentratis
protection stand: ed background concentrations at the POE or site boundary). As
long as ACL values a xceeded at the POCs, the tailings impoundment is judged to be
performing acceptably. However, as noted above, it was recognized that a pulse of elevated
contamination had moyed beyond the POC in the Southwest Valley. Concentrations of nitrate in
this area (in well SWAB-2) were in excess of the nitrate ACL value prior to the ACL being
established, and continued above the ACL after it was approved (more recently concentrations of
nitrate have also been reported above the nitrate ACL in replacement well SWAB-1R). The
concentrations of nitrate are believed to be site-related as the ammonia used in the uranium
milling process degrades to nitrate in the environment. Based on the above statement from the
NRC’s 2006 EA, it is assumed that the observed levels of nitrate downgradient of the POC were
determined to be acceptable. It is further assumed that the trigger levels discussed above were
established as a check on the natural attenuation of this portion of the legacy plume that was not
included under the groundwater CAP. It should also be noted that the Split Rock site is the only
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- (NRC 2010b).

UMTRCA site (that DOE is aware of) where trlgger levels ‘were established and included as part

of the licensee’s monitoring program.

In 2006, following NRC’s approval of the ACL application, the groundwater CAP was
terminated. WNI extracted a total of 375.3 million gallons of contaminated groundwater under
the CAP (NRC 2006a).

In 2008, the concentration of selenium at the POC exceeded the groundwater protection standard
0f 0.013 mg/L that had been established for the site under WNI’s license (SUA-56). As a result,
NRC directed WNI to respond to the selenium exceedance. In 2009, WNI responded by
submlttrng a lrcense amendment request proposmg the establishment an ACL for selenlum at the

amendment request to modify the uranium trigger level for g
was published in the Federal Register on February 5, 2010. ]

ity e"ntsﬁ(r €., aluminum
mg/L, and thalhum 0 002 mg/L),
”36)1 mg/L)‘ﬁwé) deleted chromium
ga»?the trlgger level for uranlum in

ACLs and other groun 0
constituents (g%gpoth backgr(%%% g%grea) that were monitored in accordance with
WNTI’s sourcefmaterial license (SUARS6, Am da ent No. 105, February 24, 2010) prior to
transmoré\g} ff?’?ﬂe site to DOE are pr ided in Table 3 Ass001ated trlgger levels for both

Ek

valid recommendationsifor longrterm monitoring (see Appendix E and Section 3.7.1).
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Table 3. ACLs, Groundwater Protection Standards and Historical Concentrations (Background and
Tailings Area) for Constituents at the Split Rock, Wyoming, Disposal Site

ACL? Maximum Historical Background
(applicable at the POC) |Groundwater Concentrations® Concentrations®
Constituent| \orthwest | Southwest l;:g:‘e:;ir?’rg Tailings|  Beyond FIX::S\%I::“ ?g::tr\:zgrl:
Valley Valley Area | Tailings Area Aquifer Aquifer
A‘(Unf:;?f)m 37 578 2.02 0.1 0.13
:E%‘)‘a 0.61 0.84 0.16 2.35 0.011 0.015
jﬂﬁt‘;‘y 0.006 0.017 0.0 0.005
j&fm 0.05 2.64 0.1
ﬂ'/‘t’;ﬂ 0.01 0.084 0.01
j;;r)m 0.01 0.188 014
F(';Z?Sf 4 217 0.517
(tr_r:aga/cLi) 0.05 0.050
—I\ff\-(r!\ni;galrlijse 225 35 0.53
ﬂ‘ggﬁ_’;”m 0.66 0.22 0.1
_jf_n';'ﬁf') 0.05 0.05
I“r:;jg 317 70.7 0.88 3.99
R(?) zx; ’ 72 13.5 a7 . 53
__ngg;f)m 0.061 0.005 0.011
Thallium 0.013 0.013 0.003
5.5 55 1.8
8.7 0.044 0.087°

ACL ation limit; point of compliance; mg/L = milligrams per liter;

hepherd Miller 1999b).
obtained from WNI’'s Source Material License (SUA-56), Amendment No. 105,

2 ACLs are applicable at
Groundwater protection
License Condition 74B&C.

®Maximum historical concentrations and background concentrations obtained from Volume 1 of the Site Ground
Water Characterization and Evaluation (i.e. the ACL application), Table 17 (Shepherd Miller 1999b).

9The ACL for selenium is equivalent to the EPA maximum contaminant level (MCL) for drinking water (NRC 2010b).

® The background concentration for uranium was revised subsequent the value included in the Site Ground Water
Characterization and Evaluation (NRC 2010b).
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Table 4. Trigger Levels for Groundwater and Surface Water for the Split Rock, Wyoming, Disposal Site

Surface Water Split Rock Aquifer Floodplain Aquifer
Analyte Trigger Levels Trigger Levels Trigger Levels
(Sweetwater River) (well SWAB-32) (well WN-41B)
Ammonia 0.5mg/ll® 0.5 mg/L 0.5 mg/L
Manganese 0.05 mg/L 0.73 mg/l. 2.39 mg/L
Molybdenum 0.18 mg/L 0.18 mg/L 0.18 mg/L
A Natural Uranium 0.03 mg/L® 0.087 mg/L (0.3 mg/L) 0.044 mg/L.
Nitrate 10 mg/L 10 mg/L 10 mg/L
Ra-226 + Ra-228 5.00 pCi/L 5.0 pCi/L 5.0 pCilL

mg/L = milligrams per liter; pCi/L = picocuries per liter.
a EPA groundwater riskbased concentration (RBC).
EPA maxnmum contamlnant level (MCL) for dnnkmg water.

©

Trlgger levels appear to have been established to be used as a “trigger” fgr raising concern hould these

- concentrations be reached at the POE; and is likely due to the recognluonﬁthat a pulse’Wf gr
had migrated beyond the pomt of compliance (POC) and beyond the capt iire on

A N

2 shoint of exposure (POE).

oundwater contgmlnatlon
ater correctlve
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- The section in ]

3.0 Lohg-Term Surveillance Program

3.1 General License for Long-Term Custody

States have right of first refusal for long-term custody of Title II disposal sites (UMTRCA,
Section 202 [a]). On July 15, 1994, the State of Wyoming exercised its right of first refusal and
declined custody and long-term care of the Split Rock disposal site (State of Wyoming 1994).
Because the State declined this right, the site was transferred to DOE for custody and long-
term care.

When NRC accepted this LTSP and terminated WNI’s license, SUA 56, the glte was included
under NRC's general llcense for long term custody (10 CFR 4®m%§§hib])

Although UMTRCA Title II disposal structures (i.e4 spmosal cell an associated surface
water diversion structures) are designed to last "Qf up to | (%@gears to the extent reasonably

achlevable and in any case, for at least 200 yea (10 %gR 40,;,Append1x A, Crlterlon 6)," there
o)

ments of NRC's/license at 10 CFR 40, Section 28, and Appendix A
g term custoglan must, at a minimum, fulfill the followmg requirements.
) in whlch’ﬁeach requirement is addressed is given in parentheses.

To meet thek
Criterion 12,

e  Annual site inspoction¥( 'ectlon 3.3).

. Annual inspectio% ﬁs%;eport (Section 3.4).

o Follow-up inspections and inspection reports, as necessary. (Section 3.5).
o  Site maintenance, as necessary. (Section 3.6). | '

o -Emergency measures in the event of catastrophe. (Section 3.6).

- o  Environmental monitoring. (Section 3.7).
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3.3 Annual Site Inspections
3.3.1 Frequency of Inspections

At a minimum, sites must be inspected annually to confirm the integrity of visible features at

the site and to determine the need, if any, for maintenance, additional inspections, or monitoring
(10 CFR 40, Appendix A, Criterion 12).

To meet this requirement, DOE will inspect the Split Rock disposal site once each calendar year.
The date of the inspection may vary from year to year, but DOE will endeavor to inspect the site
approximately once every 12 months unless circumstances warrant variance. Any variance to

c1gh

this inspection frequency will be explained in the inspection reg
inspection at least 30 days in advance of the scheduled inspegtion date

notify NRC of the

3.3.2 Inspection Procedure

Transect

Tailings Impoundment (top and side slopes). | or degradation, seeps, evidence of

n, or human activity.

d heck for any settlement, slumping,

and integrity, functionality of drainage structures;
for erosion, sedimentation, accumulation of debris, rock
ment or degradation.

Tailings Impoundment Drainage Diversio
Channels, Toe Drains, and

cluding 0.25 mile beyond site boundary, area

Site Perimete!

Balance of Site j ) : © S .
S onuments, entrance sign, perimeter warning signs, site

r, and monitor wells; check integrity.

The annual 1 walk-through, supported by a checklist, photographs, field
maps and note ortmg The primary purpose of the site mspectlon will be to look for
conditions that co dverse impacts to the disposal site, in particular, evidence of
modifying processes d be detrimental to the performance of the disposal system. This

settlement, slumping, gfacking, rock degradation, rock displacement, bio-intrusion, or human
activity), impairment to the integrity and functionality of the surface water diversion channels
(sedimentation, accumulation of debris, rock degradation or displacement, vegetation growth);
wind or water erosion; livestock grazing, or human activity. Disposal site and disposal cell
inspection techniques are described in detail in Attachment 3 of the Guidance for Developing
and Implementing Long-Term Surveillance Program for UMTRCA Title I and Title II Disposal
Sites (DOE 2001).

In addition to inspection of the site itself, inspectors will note changes and developments in the
area surrounding the site, particularly changes within the surrounding watershed basin.
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Significant changes within the surrounding area could include development or expansion of
human habitation, erosion, road building, mining and exploration activities, or other changes in
land use. Changes in land (or groundwater) use in the area immediately surrounding the site that
could result in diminished protectiveness will be evaluated. The effectiveness of the groundwater

- ICs (restrictive use covenants) that are in place on the three privately held lands within the long-

term care boundary will be monitored annually (i.e., venfy awareness of the ICs by the current
land owners).

It may be necessary to document certain observations with photographs. Such observations
warranting photographs may include evidence of vandalism or a slow modifying process, such as
rill erosion, that should be monitored more closely during general site mspectlons Photographs

‘are documented on the Field Photograph Log. An example of th€ \:ph@tggﬁ‘ raph@log is included as

Appendix C.

333 Inspection Checklist

The site inspection is guided by the 1nspect10n checklist. Thg
checklist for the Split Rock disposal site is presented in Appen: dixe

 the ist, if necessagiz in anticipation of the
next annual 51te 1nspect10n Revisions to the checklist willyinclude Sl}Ch items as new discoveries

inspection.

3.3.4 Personnel

more than twodit pectors may biﬁ%smgned to the inspection. Inspectors specialized in
specific fields ma’ gbe assigned to'the inspection to evaluate serious or unusual problems and
P VoS assien p

make recommendatior

34 Annual Ins%e, tion and Monitoring Reports

Results of annual site inspections for all UMTRCA Title I and Title II disposal sites managed
by LM will be reported to NRC within 90 days of the last site inspection of that calendar year

~ (10 CFR 40, Appendix A, Criterion 12). Two separate reports are submitted to NRC; one which

includes inspection results for all Title I sites licensed under 10 CFR 40.27 and one that includes
inspection results for all Title II sites licensed under 10 CFR 40.28. The annual inspection results
for the Split Rock disposal site are to be included in the Title II sites report. In the event that the
annual report cannot be submitted within 90 days, DOE will notify NRC of the circumstances.
The annual inspection reports also will be available to the State and any other stakeholders via
the LM website. '
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- For sites which require groundwater and surface water monitoring to be performed, the results
will also be included in the annual report submitted to the NRC. Groundwater and surface water
monitoring is required at the Split Rock disposal site, and therefore, will be included in the
annual Title II inspection and monitoring report submitted to NRC. DOE will typically provide
trends-in water quality, in the form of concentration versus time graphs, for all analytes being
monitored which have an ACL; results for all wells included in the long-term monitoring
program will be presented. In addition, DOE typically provides a table(s) contammg
groundwater quality data, as well as water level measurements.

3.5 F»ollow-upv Inspections

or outside agency.
3.5.1 Ciriteria for Follow-up Inspections

Criteria necessitating follow-up inspections are required by 10 CFR 402 b)(4)» Accordingly,
DOE will conduct follow-up 1nspect10ns should any of* i '

the condition.

2. - DOE is notified by a citizen or outsi
substantially changed.

3. An extreme natural condition s
or rainfall eventi(;

ment and emergency response agencies to facilitate

he event of 51gn1ﬁcant ‘trespass, vandalism, or natural disaster. Because the Split
e is remote, DOE recognizes that local agencies may not necessarily be aware
of current cﬁﬁﬁns at the site. However these agencies will be requested to notify DOE or
provide 1nform?ﬁonéshgllld they/become aware of a significant event that might affect the

DOE may also request %h;e assistance of local agencies to confirm the seriousness of a condition
before conducting a follow-up inspection or emergency response.

The public may use the 24-hour DOE telephone number posted promineﬁtly on the entrance sign
to request information or to report a problem at the site.

Once a condition or concern is identified at the site, DOE will evaluate the information and
determine whether a follow-up inspection is warranted. Conditions that may require a routine
follow-up inspection include erosion, storm damage, trespassing, minor vandalism, or the need to
evaluate, define, or perform maintenance tasks.
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Conditions that threaten the safety or the 1ntegr1ty of the dlsposal site may require a more
immediate (non-routine) follow-up inspection. Slope failure, disastrous storm, wildfire, a
major seismic event, and deliberate human disturbance of an engineered structure are among
these conditions. :

DOE will use a graded approach with respect to follow-up inspections. The urgency of the
follow-up inspection will be in proportion to the seriousness of the condition. The timing of the
inspection may be governed by seasonal considerations. For example, a routine follow-up
inspection to perform maintenance or to evaluate an erosion problem might be scheduled to

-avoid snow cover and frozen ground or after a large precipitation event.

«Wf

In the event of “unusual damage or disruption”-(10 CFR 40, {1x
threatens or compromlses site safety, security, or integrity, D /@;;

e Notify NRC pursuant to 10 CFR 40, Appendix A, Cnteflon 12,0
det dt ly; :
is determined to apply; é 7

¢ Begin the DOE Environment, Safety, and Health Reportlff
Chg. 1; or most current guidance); &

e Respond with an immediate follow-up inspection or moblllzatlonfem ;%ef‘gency

response team; _ / f/,.%/' ,«;f;"-’*"

e Implement measures as necessary to contam or preven 4,15 ersign of‘radioactive materials
(Section 3.6).

3.5.2 Personnel /.’/ﬁ

\\‘i:
\%

i
L *{%ﬁf | |
Inspectors assigned to follow-up i 1n§pe ’6 s will be selected on the same basis as for the annual

\

site 1nspect10n see ecti”% //f/g&%
3.5.3 Repogts‘of Follow-up* g’lypeﬁlons %
Result @fltlne follow-up 1nspect1 1s will be included in the next annual inspection and

momt répoﬂ (Section 3.4). Seﬁgﬁf te reports will not be prepared unless DOE determines
that it is adv1§ab to notify NRC ofi6ther outside agency of a problem at the site.

If follow-up 1nspec§1’(i)ﬁnjs are re(}' lred for more serious or emergency reasons, DOE will submit to
NRC a preliminary repfm f'fhe follow-up inspection within the required 60 days (10 CFR 40,

Appendix A, Crlterlon 12»,;,
,~°’"

3.6 Routine Slte Maintenance and Emergency Measures
3.6.1 Routine Site Maintenance

UMTRCA disposal sites are designed and constructed so that "ongoing active maintenance is not
necessary to preserve isolation" of radioactive material (10 CFR 40, Appendix A, Criterion 12).
The tailings impoundment, and its associated surface water control structures, at the Split Rock
disposal site have been designed and constructed to minimize the need for routine maintenance.
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The surface of the tailings impoundment was constructed with minimal slope to promote positive
drainage while minimizing runoff water velocities. The surface was covered with rock mulch
that is expected to endure for the long-term. Because of the rock mulch covering the compacted
materials, along with mild slopes, adverse wind or water erosion impacts that would require
maintenance are not anticipated. Areas adjacent to the impoundment where runoff water could
achieve erosional velocities have been armored with riprap. The tailings impoundment area is
also isolated by fencing and granite outcrops to prevent damage from livestock grazing. On the

portions of the site where livestock grazing is permitted, the grazing leasee(s) will be required to

maintain all fencing used for livestock management on site.

If an inspection of the disposal site cell reveals that an as-built structure or feature has failed or
degraded in a way that compromises site protectiveness, an e % ’?" ef’éonducted to
determine an appropriate response action that ensures prote eness of i “’fmposal system is
maintained. DOE will perform routine site maintenance, whére and whér o peded to maintain
protectiveness. Results of routine site maintenance will be summanzed in thea il ual site}

inspection report. % 5%/

3.6.2 Control of Deep-Rooted Vegetation on Tailings Impoun{%’ént

~ Vegetation, including deep-rooted plants, began esta /,’]F'{,gyh,lfng on the ta11mg »1ﬁ'i§§undment before
regulatory closure of the disposal site occurred. T e /f/’g, ndlcatlon fotﬁld in site documents
that control of such vegetation was required by t}l licens¢e#prigr, to transmon to maintain cell
performance. Information regarding vegetation 1 anagement anéf) G\fEr performance on uranium
mill tailings disposal cells is provided in ? "'p‘f’endlx B is 1nf9;mat10n indicates that recent
research suggests that allowing the natur successmm t.native’ Vegetatlon to proceed on the

disposal cells may actually be benefi al to the long- terg;j%’%’gfonnance of the cells by
transforming the conventional low ; eablllty covers into water balance covers, particularly in

;’s"’-’?/f? f,

arid and semiarid e ﬁ; f' Kj/’f‘;’
/ ’{5{/ egetat /Z/

Therefore, mo 1tor1ng or contro

long-term, anagement DOE willZsgtinue toffallow the natural succession of native vegetation
{ N G

to procet 6 the cell cover and th ?;,/remamder of the site and will note general vegetation

condrtlonfa/%? spection reports.

3.63 Emerge{@\’[easures ) /

Emergency measures/’% hef ctions that DOE will take in response to "unusual damage or
disruption” (10 CFR 407 gﬂ pendix A, Criterion 12).that threaten or compromise site safety,
security, or integrity. D will contain or prevent dispersal of radioactive materials in the
unlikely event of a breach in cover materials. :

3.6.4 Criteria for Routine Site Maintenance and Emergency Measures

Conceptually, there is a continuum in the progression from minor routine maintenance to

" large-scale reconstruction of the tailings impoundment following a potential disaster. Although
10 CFR 40.28 (b)(5) requires that increasingly serious levels of intervention trigger particular
DOE responses, the criteria for those are not easily defined because the nature and scale of all
potential problems cannot be foreseen. Nevertheless, with regard to identified potentially

1on® 4tailiﬁgs impoundment is not réquired under
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threatening situations, DOE will evaluate conditions to determine appropriate actions and notify
NRC of any circumstance that threatens the 1ntegr1ty of the disposal system.

The information in Table 6, however, serves as a guide for appropriate DOE responses (to
specific example scenarios). The table shows that the primary difference between routine
maintenance and emergency response is the urgency of the activity and the degree of threat or
risk. DOE's priority (or urgency) in the left column of Table 6, bears an inverse relationship with
DOE's estimate of probablhty, i.e., the hlghest-pnorlty response is believed to be the least likely
scenario to occur.

Table 6. DOE Criteria for Maintenance and Emergency Measures

Priority Description® Example

Seismic event that
exceeds design basis and
causes massive
discontinuity in cover.

Breach of disposal cell
1 with dispersal of
radioactive material.

Breach without Partial or threatened
2 dispersal of radioactive | exposure of radioactive

-material. - | materials.

Human intrusion, |,

3 | Breach of site security. vandalism

Maintenance of specific

4 site surveillance
features.
. . E ate, assess impact, respond as
5 Minor erosion. appropnate to address problem.

* Other changes or condm will v nditfeated similarly on the basis of perceived risk.

inspection rep

In accordance wit

10:CER 405;60 thhm 4 hours of discovery of any Priority 1 or 2 event such
as those listed in Tab

;@DQE will notify the following group at NRC:

e
. Decomm1ssxon1ng an%d Uranium Recovery Licensing Directorate, Division of Waste
Management andnvironmental Protection, Office of Federal and State Materials and -

" Environmental Management Programs, U.S. Nuclear Regulatory Commission.-

The NRC Operationé Center should be called in the event that a Priority 1 or 2 event 4-hour
notification is required. The telephone number for the NRC Operations Center is
(301) 816-5100.
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3.7 Environmental Monitoring
3.7.1 Groundwater and Surface Water Monitoring

The purpose for conducting long-term groundwater monitoring at the Split Rock disposal site is
to (1) evaluate the performance of the tailings impoundment, (2) demonstrate that ACLs at the
POCs remain protective at the POE (i.e., applicable groundwater standards are being met at the
site boundary), and (3) track the predicted natural attenuation of the legacy plume. Surface water
monitoring is performed to demonstrate that concentrations of site-related constituents are not
above any applicable surface water standards established for the Sweetwater River, and
therefore, remain protective.

3.7.1.1 Background

Conditions 24 and 74, respectively) (NRC 2010b)§$"1"he zl;%en :
established ACLs and groundwater prote t stan[%yards at the ‘mgnated POC wells (1 e.,
I WN 21%%or the Southwest Valley ﬂow

-42A, SWAB-1, SV\Y;&;BQ, SWAB-4, SWAB-12, SWAB-22, SWAB-29,
WAB-32, Well-1, Well 4R, Well-5, and WN-21) and five surface water locations
(SW 1 thru SW %%\ong the Sweetwater River. Twenty-two parameters (i.e., analytical
constituents) for:groundwater and surface water monitoring were specified in the license;
aluminum, ammon timony#arsenic, beryllium, cadmium, chloride, fluoride, lead,
manganese, molybdenum#nickel, nitrate, pH, combined radium-226 and -228, selenium, sulfate,
thallium, thorium-230, total dissolved solids, and uranium. Groundwater monitoring was
conducted annually for sulfate and uranium and semi-annually for the remaining constltuents
except at Well-1, Well-4R, Well-5, and WN-21 where the full suite of constituents was
monitored annually Surface water monitoring was conducted semi- annually for sulfate and
uranium and annually for the full suite of constituents.

3.7.1.2 Evaluation of WNI’s Pre-Transition Groundwater and Surface Water Monitoring
Requirements

An evaluation of WNI’s pre-transition groundwater and surface water monitoring requirements,
as specified in source material license SUA-56, Conditions 74 and 24, respectively, was -
conducted to determine if they were technically suitable for DOE’s long-term stewardship
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responsibilities (Appendix E). The site’s groundwater characterization and evaluation report,

- i.e., ACL application (Shepherd Miller 1999b), was reviewed and historical monitoring data

from the site were evaluated. DOE has archived historical WNI monitoring results.

Constituents from all monitoring locations were looked at to determine if any trends were

- discernible and if the system appeared to be relatively stable. This evaluation provided the .

basis for the initial long-term monitoring program presented in this LTSP. As a result of the
evaluation, the following modifications to the licensee’s monitoring program have been
incorporated into the LTSP’s long-term monitoring program. Further discussion of each
modification is provided in Appendix E.

. i
groundwater and surface water m‘%“mtormg locatlé‘)%n W ’

~are; Well-35 WN 41B “and’)
‘SWAB:_{ &VR SWAB 2, SWAB 2R, SWA‘%'—Q,? SWAB-29, and SWAB-31 for the Southwest

. Aluminum, antimony, arsenic, beryllium, cadmium, ﬂuorlc}{e,@leadOnﬂickel thallium, and

they are present in
spresent or potential

thorium-230 were eliminated from the analytical suite onythese_bams{‘
such low concentrations that they are not capable of pogs%lkng a substww
hazard to human health or the environment, in accordan with 1.

Criterion 5B(3). ' /

226 and -228, selenium, and uramum) only the followmg weré retamed for continued long-

term monitoring; manganese, nitrate, combined radium-226 and 228 -afidruranium. -
ey

Ammonia, molybdenum, and selenium were exclud m long-termtmomtorlng

Sulfate and total dissolved solids (TDS) wel e

All constituents included in the long-term momtormg progfam will be sampled at all
the Iong term momtormg network.

..wells ex)éiuded from the long- term momtormg network

(the remaining Well in thlS flow regime will be considered trend wells).

Well WN-41B is the farthest downgradient groundwater monitoring point for the Northwest
Valley flow regime, and will be used for demonstrating that site-related contamination
exiting the Northwest Valley has not reached the POE at concentrations above applicable
standards.

Well SWAB-31 is the farthest downgradient groundwater monitoring point for the
Southwest Valley flow regime, and will be used for demonstrating that site-related
contamination exiting the Southwest Valley has not reached the POE at concentrations
above applicable standards.
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o  Of the five surface water locations on the Sweetwater River WNI monitored prior to site
transition, one (SW-3) will continue to be sampled under the long-term monitoring.
Locations SW-1, SW-2, SW-4, and SW-5 w111 be excluded from the long-term monitoring
network.

o The frequency of monitoring will be reduced from semi-annual to annual for the first year of
long-term monitoring. Annual monitoring will continue at all locations in the long-term
monitoring network except at wells SWAB-22, SWAB-29, and SWAB-31 in the Southwest
Valley flow regime, well WN-41B in the Northwest Valley flow regime, and surface water

. location SW-3, where monitoring will be reduced to once every five years. The five year
frequency at these farthest downgradient locations is based on groundwater flow and
transport modeling which determined that site-related constltuents% ouldgnot reach these
locations for many years (i.e., in the Southwest Valley ﬂow_rreglme) drdfecause stability
below groundwater protectlon standards has been demonstrated and pgradlent locations
bemg sampled annually provide protection. s

e  Compliance with ACLs and other groundwater protectio _

- WNP’s license (SUA-56) will continue under long-term monitoring. Comphance@ww%h ACLs
will continue to be applicable at the designated POC well Z‘I\S%;%%lﬁed under Criterion
5B(5) of 10 CFR 40, Appendix A.

. Trlgger levels established for manganese, mtrgﬂteﬁac;ombmed radium )2 ;9 ‘a d -228, and
uranium will not be incorporated into the lon “ferm momtormg program as no basis for
é‘
trlgger levels is found within the regulations: astead DOE’ wrwl}g:ompare monitoring results
in the wells closest to the POE (i.e., site long ermfre boundary) to groundwater protection

standards applicable offsite to ensureﬁﬁomphance cont1nue§ to be maintained. Surface water
monitoring results will be compared%eto water qualityast arfdhrds apphcable to the Sweetwater
River to ensure complrance contmues to be maintained:>

N

o orst 1 des1gnated POE remains the long term care boundary.
‘Sweetwater Rl}géer/wﬂl continue to be recognized as the effective surface water

POE for contaminated groundwater exiting the Northwest Valley.

»  Uranium and sulfateiresults will be used for continued validation of the groundwater
contaminant transp ‘model under long-term monitoring.

i

e Continued concentrzatrons in excess of the ACL for nitrate at wells SWAB-2 and SWAB-1R

/- (directly downgradlent of the POC for the Southwest Valley) will not be considered a
regulatory out-of-compliance event under long-term monitoring. Concentrations above an
applicable groundwater protection standard at the POE (for any site-related hazatdous
constituent) will be considered a regulatory out-of-compliance event under long-term
monitoring.

o  The long-term monitoring program will be reevaluated after five years for technically
warranted modifications, and periodically thereafter, based on site conditions. Modifications’
in the number and location of monitoring points, constituents, frequency, and duration will
be considered, along with the need to continue monitoring.
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| sweetwater River: SW-3 .

3. 7.1.3 Long-Term Groundwater and Surface Water Monitoring Program

Based on conclusions and recommendations from the evaluation of WNI’s pre-transition
groundwater and surface water monitoring program, the following long-term monitoring

“program was developed. Table 7 and Table 8 summarize DOE’s long-term monitoring

requirements for the Split Rock disposal site. Table 7 provides the long-term groundwater and
surface water monitoring plan. Table 8 provides established ACLs and other groundwater
protection standards. The locations of the monitoring wells and the surface water monitoring -

point in the long-term monitoring program can be found on Figure 2.

Monitoring results will be used to 1) to verify that the ACLs are not exceeded at the designated
POC wells (i.e. Well 5 for the Northwest Valley flow reglmevan‘ Well%&Wél for the Southwest

applicable groundwater protection standards at the wells locféfted closestr ol
care boundary (i.e., well WN-41B for the Northwest Valley ﬂ@gw reglme anc
the Southwest Valley flow reglme) and 3) to verify that concentr St

Frequency

B Annually for all wells except well
esg; #hitrate, combined WN-41B in the NWV flow regime
radium- 226 and -228, sulfate, and wells SWAB-22, SWAB-29,
TDS urdhium (and standard field | and SWAB-31 in the SWV flow
measurements; pH, temperature, | - regime where monitoring will be
conductivity, alkalinity, dissolved | reduced to once every five years

oxygen, and turbidity) following the first annual long-term
monitoring event.

Analytes Frequency

manganese, nitrate, combined
radium-226 and -228, sulfate,
TDS, uranium (and standard field
3 ! measurements; pH, temperature,
conductivity, alkalinity, dissolved
oxygen, and turbidity)

NWV = Northwest Valley; SWV = Southwest Valley; TDS = total dissolved solids.-

2 Site-related constituents being monitored in surface water will be compared to the Human Health Values for Fish
and Drinking Water that are applicable to Wyoming Class 2AB waters (Section 18, Chapter 1 of the Wyoming
Department of Environmental Quality’s Water Quality Rules and Regulations).

* Note: Water level measurements will be taken at each well prior to sampling. Wells not otherwise designated are
“considered trend wells for their respective flow regime. The designations for both the groundwater monitoring wells
and the surface water monitoring location were adopted from WNI’s historical names used for these monltonng
Jocations to maintain continuity.

Annually for the first long-term
monitoring event, once every
five years thereafter.
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Table 8. Alternate Concentration Limits and Groundwater Protection Standards for Long-Term Monitoring
at the Split Rock, Wyoming, Disposal Site

N

ACL | ACL Groundwater
"Analyte Northwest Valley Southwest Valley Protection Standard
(POC; Well-5) .. (POC; Well WN-21)
Manganese - 225mg/L - 35.0mg/l. -
Nitrate 317 mg/L. 70.7 mg/L 100 mg/L®
gﬁg‘g‘ggd Radium-226 7.2 pCill 199pCIL 5.0 pCilL®
Sulfate® ’ 3,000 mg/L°
DS ‘ & 5,000 mg/L°
Uranium (natural) 4.8 mg/L

a Indlcator constituents onIy
b Standards are Wyoming Class Il Groundwater Protection Standards for L

* Note: ACLs are applicable at the designated POC wells, as they were pr
material license SUA-56 (Amendment 105, February 24, 2010) and as spgcﬁ' -'nder Criterion 58(5)sof
10 CFR 40, Appendix A. Concentrations in excess of the nitrate ACL haVe beer ported in well SWAB-2 (directly
downgradient of the POC) and well SWAB-1R since their installation in 1996 andQOO% respectlvely Therefore,
continued concentrations in excess of the nitrate ACL in these weIIs under long-tefm'monitoring”will not be
considered an out-of-compliance event. '

A
"a {heﬁpE
nsmon under WNI s*source

As discussed in Appendlx E (the pre-transition omtormg eva ation), hlStOI'lC nitrate
concentrations in two non-POC wells (SWAB 2%and SWAB IR) ex’zeed the established ACL for
the upgradient POC well (well WN-2 1) g%hese conce%tratlonsgdo not appear to have been
considered a regulatory non- complla cexevent, presumably’because the designated POC wells
remained below the ACL as specifie € source ma% license (SUA-56) for the site (the
nitrate values in exces‘s(’w% CL occutred at wells directly downgradient of the Southwest

e
Valley POC, wellzWN-21 i
contradict 105,@FR 40, Appendlx Ar
entering thé; ground water from alic
ost aquifer beyond the

Griterion }B(ﬁ‘l) which states: “Hazardous constituents
}rggsed sitesmust not exceed the specified concentration limits
boint of compliance during the compliance period.” .

ﬂﬁ“

dence betweenithe licensee and NRC indicate that they were aware of the
ns of site-related constituents downgradient of the POC in the legacy
groundwater modeling and the associated determination of the long-term

However, cOL
elevated concen
plume. In additio;
care boundary cons Te
the POC. The groundWE};t 'model indicates that concentrations of nitrate (and all other hazardous
constituents) will not exceed background values at the long-term care boundary and therefore,
protection of human health and the environment would be ensured at the POE.

Therefore, DOE will not consider continued nitrate concentrations in excess of the ACL at

wells SWAB-2 or SWAB-1R under long-term monitoring to be a regulatory out-of-compliance
event. As stated above, DOE considers compliance with established ACLs to be applicable at the
designated POC wells, as it was prior to site transition. However, DOE also understands that an

exceedance of an applicable standard at the POE (for any site-related hazardous constituent) will

- be considered a regulatory out-of-compliance event under long-term monitoring.

t.the ACLs apply only to POC wells appears to B

dthiSe historical nitrate concentrations above the ACL downgradient of -
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Surface water samples are collected from one location on the Sweetwater River every five years
following the first annual sampling event. Surface water samples are analyzed for the same -
constituents as the groundwater samples and are specified in Table 7. The surface water

_ sampling location SW-3 is shown on Figure 2. SW-3 is directly downgradient of monitor

well WN41-B (the most downdradient monitoring point for the Northwest Valley flow regime
and which is completed in the shallow floodplain alluvial aquifer). Since the Sweetwater River is
the POE for contamination exiting the Northwest Valley, the purpose of the surface water
sampling is to verify that concentrations continue to fall below any applicable surface water
standards (i.e., the Human Health Values for Fish and Drinking Water applicable to the
Wyoming Class 2AB waters; Section 18, Chapter 1 of the Wyoming Department of
Environmental Quality’s Water Quality Rules and Regulations).

understood to take several centuries to reach and groundwat{er modelmg, éates concentrations
of srte related constrtuents will not exceed background at the long term care%b', ] dary, t}r§e

g vater an surface water monitoring program w111 be included in the annual
inspection and momtormg report (Section 3.4). :

3.7.1.4 Periodic Longg}]?erm Monitoring Program Evaluations

Following the establishment of a post-transition baseline (5 years), the long-term monitoring
program will be reevaluated to determine if there are any modifications to the program that are
technically warranted—i.e., to include modifications in its composition (e.g., constituents and
locations), frequency, and duration. The evaluation will also include an assessment as to the need
for continuing long-term monitoring at the site. The first evaluation will be performed 5 years

following the year in which the site transition occurred. Reevaluations. of the long-term

monitoring program will be conducted periodically, based on site conditions, but at least once
every 5 years. Monitoring evaluations and recommended modifications to the long-term program
will be submitted to the NRC for concurrence prior to implementation.
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3.7.1.5 Criteria for Discontinuing Long-Term Monitoring

Long-term groundwater and surface water monitoring at the site will be discontinued entirely
once the following criteria have been met: (1) trends have established that ACLs will not be
exceeded at the POC (i.e., concentrations of site-related constituents have stabilized for a
sufficient period of time, and remain in compliance); (2) trends have demonstrated that ACLs
will remain protective at the POE—no exceedance of groundwater protection standards or
concentrations above the established range of background values will occur (i.e., attenuation of
site-related contamination is occurring as predicted by the groundwater transport model
presented in the ACL application); and (3) monitoring has demonstrated that the disposal system
is performing as designed (i.e., there is no evidence that any addltlonal\::\ontan‘ffmatlon is being
S e
mobilized from the cell that w1ll result in an exceedance of groundwater protectlon standards
applicable at the POC or POE). Dlscontmumg of groundwat’e{{\ monrtonng\vyér) donly occur after

human health and the environment. .

3.8 Institutional Control Monitoring

land use, and disturbance of site features

Groundwater monitoring will be used to der
constituents remain below apphcable@‘r I
boundary. Additionally, in 2006, be’éau
- boundary was consgﬁde i

established by Wl Wi

setgroundwater quahty within the long-term care
% j : tabfe fo\‘r“‘human consumptlon or domestlc use, ICs were

term care boundary. Th %’oundwater use restriction was accomphshed by securing
nterests to the subsu e portions of the affected property that lied deeper than

the deeded property d automaécally transfer to any future owner of the affected property
Figure A-1 in AppendixtAwshe Sws the location of the three properties for which groundwater
restrictive covenants éré“”%{%@f%iace within the long-term care boundary. The remainder of the
property within the site; s‘y long-term care boundary is owned by the federal government, and
therefore, groundwater use restrictive covenants were not considered necessary.

- Annually, DOE will verify the effectiveness of the groundwater ICs within the long-term care
boundary. Specifically, DOE will verify awareness of the ICs by the current land owners and
confirm that groundwater is not being used for domestic purposes DOE will also confirm that no
drinking water wells have been established within the site’s long-term care boundary.
Groundwater ICs may no longer be needed if the criteria to discontinue long-term groundwater
monitoring (as specified in Section 3.7.1.5) have been met and regulatory approval to

. discontinue monitoring has been received. Termination of any established groundwater IC-will
only occur if regulatory concurrence to do so has been received.

LTSP—Split Rock, Wyoming, Disposal Site U.S. Department of Energy
Doc. No. 502613-0.0 . April 2012
Pagc 42




Once every 10 years, beginning in 2022, DOE will also check the records at the Wyoming State
Engineer’s Office to determine if there have been significant changes in water demands in the -
vicinity of the site.

3.9 Records

LM receives and maintains selected records to support post-closure site surveillance and
maintenance. Inactive records are preserved at a federal records center. Site records contain
critical information required to protect human health and the environment, manage land and
assets, protect legal interests of DOE and the public, and mltlgate community 1mpacts resulting
from the cleanup of legacy waste. *-

The records are managed in accordance w1th the followmg nequlrements

U@ s

Adm1n1strat0r of General Services.”
e 44 USC 31, “Records Management by Federal Agencies?’
e 44 USC 33, “Disposal of Records.”

(DOE 2004).

3.10 Quality Assurance

routinely fulﬁlled by use of a wotleplanning pl“@cess standard operating procedures, trained
Viajhienance
ocuments and records't mtenance and assessment activities. Requirements will be

Health and safety require nts and procedures for DOE-LM activities are consistent with DOE
Orders, federal regulatmns and applicable codes and standards. The DOE Integrated Safety
Management process serves as the basis for the contractor’s health and safety program.

Specific guidance is contained in the Health and Safety Manual, LMS/POL/S04321, or current
guidance. This manual identifies specific hazards associated with the anticipated scope of work
and provides direction for the control of these hazards. During the pre-inspection briefing,
personnel are required to review the plan to ensure that they have an understanding of the
potential hazards and the health and safety requirements associated with the work to

be performed. ) -
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Legal Description of the Long-Term Care Boundary )

The legal description of the 3868-acre Split Rock Disposal site’s long-term care boundary .
follows:

LEGAL DESCRIP“ON'

ATrH:tvlland!rlSma‘l-Sd(}M 'rovmmpzouummmszwm
Ssactions 8, 7; and 18; Township 29 North, Rango 81 Wost; -

smat rmmpaom 'Range 81 West;
masmth'TwnshIpMNorﬂ! RanngZWut
NlnﬂhasthPM Frwmni(:wrﬂyWymp

wmamhmmummmmmaaﬁwrmhwmuam

cnrrmnm-.hg X “Polntﬁ the Pol ufBeglnnlng hnhgapu!ntoflnhuacﬂmmmeﬂyhmkdlhawmm;
ﬂmascﬁmlhnmmnmwdmﬂsas.mmmzw mmmmo'wos'w.adim'eaufssawm
hmwdwd&dimﬁ;

Thmumedswwm admammmmﬁmwmmwmmdmmm A

nmuwza'.wwmong common t eaid Sactions 18 Gistancs of 1355.66° to point 13; Béing e
Mdmemmummmmﬂmdusm@mm L
; alnng dgMd—wsy :

~J
‘river bouridary from the USGS quads:

The real estate correspondence and instruments are maintained and filed by the U.S. Department
of Energy.
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Public Land Order:
(Federal Register Notice 0

ermanent Withdrawal)

(to be inserted upon completion)
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“FILE DATE 06/04/1999 CFILE TIME: 11: 49 PAGE .#: 0001 OF 0003

- FRKEMONT COUNTY, WY, JULIE A FREESE - COUNTY CLERK pOC #¢ 1201197 LS

LAND USE RESTRICTIVE COVENANT

THIS COVENAN'I‘, cﬂ‘éctivé as of the 31st day of May, 1999, is given by Joe E. McIntosh
and-Jennifer Ann Mclntosh for themselves and all future owners of the property identified in Exhibit
“A-1" attached hereto ("'Owners“) for the bencfit of Western Nuclear, Inc., a Delawar¢ corporation,
c/o Lawrence J. Corte, 200 Union Blvd., Suite 300, Lakewood, Colorado 80228 as oWner of the land
set forth in Exhibit “A-2" attached hereto and as holder of Nuclear Regulatory Commission (“NRC”)
License SUA-56, for the bencfit of all future or successor owners of the property described in Exhibit
"A-Z". and for the benefit of all NRC successor licensees charged with responsibility of the Split Rock

mill and tailings site described below ("Licensee™), for the reasens and upon the terms hereinafter set
forth.

WITNESS

WHEREAS, Licensee formerly operated a uranium mill which was located in the SEY4 of
Section’ 2 T29N, R92W 6th Pnnc:pal Meridian, Fremont County, Wyoming under license SUA-56
from the NRC aid its predeccsscr federal agencies; and

WHEREAS, Licensee is in the process of stabilizing the waste or by-product material which
“résulted from its prévious operation of the mill in dccordance with the Uranium Mill Tailings
“Radiation Control Act of 1978 as required by the NRC; and

WHEREAS, Licensce, in its attempt to comply with that statute, desires to arrange for the
. control and management of by-product material so it will not pose 2 hiazard to pubﬁ;}hg@!ﬁh and safety-

or the environment; and

WHEREAS ‘cortain by-product material has enteiéd the groundwater and may now.or in the
;ﬁ.lture be locatedfunder the. McIntosh land identified i in Exhibit "A- -1 émd

B oL . E

WHEREAS,JOwners are wﬂlmg to assist Llccnsee in it$ efforts’to limit accesy to by- product:

matenal‘ in groundwalcr urider sald land

: LTSP~Sb1it Rock, Wyoming, Disposal Site
U.S. Department of Energy o O D 61300
April 2012 Page A-13
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FREMONT COUNTY, WY), JULIE A FREESE - COUNTY CLERK  DOC #:# 1201197 03

NOW THEREFORE, in exchange for good and valuable consideration, the sufficiency and
receipt whereof being acknowledged, the Owners for themselves, and their successors and assigns and
all futore owners of the land described in Exhibit "A-1", agrees to refrain from allowing any human

use or consumption or any domestic use of water from any new or existing water wells in or upon the

land identified in Exhibit “A-1" excépt upon prior consent of Licensee or any successor Licensee. or
any successar owner of the land dcscnbed in Exhibit "A-2". Owners shall pcmut signage at any

existing or new well identifying such restriction. There is no restriction on usage for agricultural,

stock water or other ranching purposes.

The Owners specifically agree that the restriction in the preceding paragraph shall be a burden
" on the land described in Exhibit "A-1" and shall run in favor of and provide benefit to the land

described in Exhibit “A-2" gnd its owner and run in favor of and provide benefit to Licensee and any
successor owner or Licensee. '

Done and signed t}usc? 9 day of.

@f—f

ocE Mclritosh
STATE OF MM _ Y )
COUNTY OF cptemmits )

'ﬂus Land, Usc Restrictive Covenant was acknowlcdged before me this é{ﬂ ddy of
- , 1999 by Joe E: ‘Mclntosh and Jeinifer Ann Mclntosh.

o5/ Qm@;’ Qg

Nolary bhc

. . . -
LTSP—Split Rock, Wyoming, Disposal Site . u. S Department :pn‘nzc(r)%
Doc. No. S02613-0.0
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FREMONT COUNTY, WY, JULIE A FREESE ~ COUNTY. CLERK DOC #: 1201197

EXHIBIT A-1 -

The following described land in Fremont County, Wyominig, is burdened by the McIntosh/Western
Nuclear Land Use Restrictive Covenant: i

NWI1/4SW1/4, Section 2
NEI1/4SE1/4, Section 3 i »

S1/28W1/4, Section 31

EXHIBIT A-2

The following described land in T29N, R92W, Fremont, County, Wyoming is benefitted by the
MclIntosh/Western Nuclear Land Use Restrictive Covenant: The SW¥4 of Section 1.and the NWYa of
Section 12, . -

’ . ' LTSP—Split Rock, Wyoming, Disposal Site
N et of Encrey Doc. No. S02613-0.0
April 2012 | ‘ 261300



LTSP—Split Rock, Wyoming, Disposal Site
Doc. No. S02613-0.0
Page A-16

U.S. Department of Energy
April 2012




U.S. Department of Energy
April 2012 -

LTSP—Split Rock, Wyoming, Disposal Site
Doc. No. S02613-0.0
Page A—-17



LTSP—Split Rock, Wyoming, Disposal Site
Doc. No. S02613-0.0
Page A-18

U.S. Department of Energy
April 2012




ILE
REMO

0/10/2000 FILE TIME: 02

DATE: 1 17
NT COUNT ,» WY, JULIE A FREESE - COUNTY CLERK  DOC #: 1214580

RESTATED LAND USE RESTRICTIVE COVENANT AND ACCESS EASEMENT

THIS COVENANT AND ACCESS EASEMENT, effective as of the 1 day of June,

1999, is given by Beiilah M. Walker, a/k/a Beulah Peterson Walker, c/o Arliss C. Peterson, 2379

'W. Bell Ct., #81, Medford, Oregon 97504 and given by Arliss C. Peterson, 2379 W. Bell Ct.,
#81, Medford, Oregon 97504, for themselves and all future owners of the property identified in
Exhibit A-1 attached hereto (“Owners™) for the benefit of Western Nuclear, Inc., a Delaware
corporation, ¢/o Lawrence J. Corte, 17222 South Golden Road, Suite A, Golden, Colorado
80401 as owner of the land set forth in Exhibit A-2 attached héreto and as helder of NR.C License
SUA-56, for the beriefit of all future or successor owners of the property described ir Exhibit A-2
and for the benetit of Western. Nuclear, Inc. and all NRC successor licensees charged with
responsibility of the Split Rock mill and tailings site described below for the reasons and upon the
terms hereinafter set forth.

1

WITNESSETH

- WHEREAS, Wegstern Nuclear, Inc. formerly operated a uranium mill which was located in
the SE 1/4 of Section'2, T29N, R92W 6™ Principal Méridian, Fremont County, Wyommg under

license SUA-56 from the Nuclear Regulatory Commission (NRC) and its predecessor federal
agencles and

WHEREAS, Western Nuclear; Inc. is in thé process of stabilizing the waste or by product
material which resulted from its previous operation of the mill in accordance with the Uramum
Mm Trailing$ Radlauon Control Act of 1978 as required by the NRC; and

'WHEREAS; Western Nucléar; Inc. in its attempt to comply with that statute; desires to

arrange for. the control and mandgemerit of by-product material so it will not pose a hazard to
public | hea[th and safety or the environment; and

WHEREAS, &eriain by-product material has entered the ground water and may now or in
the future be located under the Peterson land identified in Exhibit A=1; and

WHEREAS, Owners are wﬂhng to’ assnsl Westem Nuclcar Inc. in its efforts to-limit

PAGE #: 0001 OF 0003

43

U.S. Department of Energy

April 2012

LTSP—Split Rock, Wyoming, Disposal Site
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Owners for themselves, their successors and assigns additionally hereby grant Western
Nuclear, Inc. and its successors an access easement on, over and through the land described in
Exhibit A-1 to drill or put in place monitoring wells and to collect samples of ground water and to
take such corrective action as may be necessary or required under the provisions of the Uranium
Mill Tallmgs Radiation Control Act, or as may be required by any federal or state agency havmg
jurisdiction, in order to protect the public health and safety, and the environment.

. Owners specifically agree that the provisions in the preceding paragraphs shall be a burden
on the land described in Exhibit A-1 and shall run in favor of and provide benefit to the land
described in Exhibit A-2 and Western Nuclear, Inc. and its successors owners and run in favor of
and provide benefit to Western Nuclear, Inc. and its successor Licensees.

Done and signed this 2% "’%ay of A&ﬁf 2000. :
Bewbih Pl athor u, CZreD 2 DL f10, 5

Beulah Peterson Walker a/k/a Arliss C. Peterson, Individually -
Beulah M. Walker by Arliss C. Peterson

as her agent and attorney-in-fact pursuant to

the power of attomey recorded in the

Fremont County, Wyoming, real property

records in Book 807 at Page 230.

OFFICIAL SEAL

STATE OF OREGON )- RUTH A. WOOTON
) sa: /] NOTARY PUDLIC-OREGON'

N COMNISSION NO. 058268
MY COMMISSION EXPIRES OCE 22, 2000

COUNTY OF ->f-w’¢~”‘v ).

Cee. a E

This Restated Land Use Refmcuve Covcnant and Access Easemenit was acknowledged

before me thjvgz/day of’ 2000 by Beulah Peterson Walker a.k.a, Beulah
M. Walker acting by and through Arliss C. Peterson as hér agem and attorney-in-fact.
-My commission expires: j[‘—-22—ﬂ /() UM& / / (/("17 47L,
‘Notary Public’
"STATE OF OREGON ), 'OFFICIAL SEAL

. RUTH Al WOOTON

. NOTAF!V PUELIC-OREGON

N " 'COMMISSION NO. 058298

ny COMMISSION EXPIRES OCT. 22, 2000

o OY ho. . . ) S8
COUNTY'OF %wﬁw d

‘Notary Public

~ LTSP—Split Rock, Wyoming, Disposal Site . ' U.S. Department Aof rllilnzcg%
Doc. No. $02613-0.0 - pril 2
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EXHIBIT A-1

The following described land in T29N, R92W, Fremont, County, Wyoming, is burdened
by the Walker/Western Nuclear Restated Land Use Restrictive Covenant: NE1/4 of Section 14
located south of US Highway 287, NE1/4 NW1/4 of Section 14; and the 81/2 §1/2 of Section 11
{except the weésterly 50 feet thereof), owned by Beulah Peterson Walker.

EXHIRBIT A-2

The following deseribed land in T29N, R92W, Fremont County, Wyoming is benefitted by

the Walker/Westérn Nuclear Restated Land Use Restrictive Covenant: The SW 1/4 of Section |
and the NW 1/4 of Section 12.

LTSP—Split Rock, Wyoming, Disposal Sitc
s, D%plaznmcm of Fnerey Doc. No. $02613-0.0
April2 ' : Page A-21
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QUFTCLAIM DEED

R T

Claytor Livestock & Ranch, Co., a co-partnership, P.O. Box 370, Jeffrey City, Wyoming

823 10, Grantor, for and in consideration of ten dollars and other good and valuable consideration,
the receipt-and sufficiency of which is acknowledged, conveys and quitclaims to Western Nuclear,
Inc., a Delaware Corporation having its principle address at 200 Union Blvd., Lakewood,
Colorado 80228, Grantee, all of Grantor's right title and interest, pow beld or hereafier - ;
acquired, in and to all the subsurface portion of the property described in Exhibit A lymg deeper ;
than seven feet below the surface, hereby releasing, reserving, however, unto the Grafiter, its,
successors and assigns the right to use, maintain, repair, and operate alt existing water wells and
“related watering facilities located on said property for purposes of watering livestock.

[P G

~ The estate hereby granted shall be deemed the dominant estate, and Graatee, and its
successors and assigas, acting-through authonzed agents or employees, are granted the right and
a perpetual license to go upon and utilize the surface of said property for purposes of inspections;
for purposes of installing, maintaining and utilizing such groundwater monitoring wells as may be : .
required pursuant to the Uranium Mill Tailings Radiation Control Act, as amended; and for it
purposes of taking such corrective action as may be required the by United States Nuclear

Regulatory Commission, or its successor regulatory agency or any other federal or state body
having Junsdjcuon.

) . - Y
Dated this_ 72 %% dayof £ &, AD.5955°

Claytor Lwcslock & Ranch Co.; a €O~ partnerslnp
by W
Lonnie J: Claytor, General Partner

State deyotxﬁhg . ) ‘
~)ss - . : Y
Couuty of Fremout )

The foregomg instrument was acknowledge before me by Lonaie J. Claylor as Gencral

- Partner of €laytor Livestock & Ranch Co., a'co: par(uershlp on this \*F . day of '
Q&ggg = B & SRR ]
-, Witness piy hand and official seal

{

. L TSP—Split Rock, Wyoming, Disposal Sitc -
U.S. Department of Energy ‘ g e 13.0.0
April 2012 | | 061500



Z 2 Exhibit A to Claytor--Western Nuclear Quitclaim Deed

Township 29 North, Range 92 West prapre? Bof V>

pFFLns AT

A LTl

Section 12; SE% & S¥:SWVY. (240 acres, more or less)

Township 29 North, Range 91 West

Section 7: SWY & that portion of the NWY lying south of a line drawn from the
West quarter corner of said section to the Northeast corner of said section (200 acres, more or
less) '

th' h-“) Thiy-
‘T

LTSP—Split Rock, Wyoming, Disposal Site
Doc. No. 502613-0.0
Page A-26
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T .~ QUITCLAIM :DEED

Lonnie J. Claytor and Yvonne I Claytor, husband and wife P.O. Box 370, Jeffrey City,
Wyoming 823 10, Grantors, for and in consideration of ten dollars and other good and valuable
consideratio, the receipt and sufficiency of which is acknowledged, convey and quitclaim to
Western Nuclear, Inc., a Delaware Corporation having its principle address at 200 Union Blvd.,
Lakewood, Colorado 80228, Grantee, all of Grantors® right title and interest, now held or
hercafies acquired, in and to all the subsurface portion of the property described in Exhibit A lying
deeper than seven feet below the surface, hereby releasing and waiving all rights under and by
virtue of the homestead exemption laws of this state, reserving, however, unto the Graotors, their
heirs, successors and assigus the right to use, maintain, repair, aod operatc all existing water wells

. and related watering facilities located on said propeny for purposes of watering ]westock

\ - The estate hereby granted shall be deemed Lhe dominant estate, and Grantee, and its
successors and assigos, acting through authorized agents or employees, are granted the right and
a perpetual license to go upon and utilize the surface of said property for purposes of inspections;
for purposes of installing, maintaining and utilizing such grouadwater monitoring wells as may be
required puirsuant to the Uraniuro Mill Tailings Radiation Control Act, as amended; and for
purposes of taking such corrective action as may be required by the United States Nuclear -

Regulatory Commission, or its-successor regulatory agency or any other federal or staie body'
having junsdwnon

Datedthxs 874 . ddy of /S: {L AD: 1999

Lonni¢ I Claytor

+

State o'i\;\__,,m'\'; - )
County of Soawe ,.%s ____)

The foregomg mstmmem was acknowledge before me by Lonme ! Claylor and Yvonnc

ie

P,

U.S. Department of Energy
April 2012
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: u/ 7z Exhibit A to Claytor~Western Nuclear Quitclaim Deed :
Township 29 North, Range 92 West
. Section 13: N% {320 acres; tore or less) |
" [
i N I * be
EEVH ,.. . -
* ’ 3= % ’ -~
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Figure A-1. Pre-Transition Property Ownership and Restrictive Covenants Areas for the Split Rock, Wyoming, Disposal Site
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B1.0 Introduction

This Appendix explores the state-of-the-science of conventional cover designs with respect to
natural degradation processes, alternative designs, and opportunities to enhance long-term
performance and reduce long-term maintenance costs, primarily as it pertains to the growth of
deep-rooted vegetation on uranium mill tailings disposal cell covers.

Maintenance of disposal cell covers at DOE disposal sites can be costly. Cutting and spraying
vegetation growing on covers has been a common practice because of concerns that plant roots
will degrade their performance. The cost of herbicide spraying to control deep-rooted vegetation
on covers has increased at many sites, and may continue to do sos usas‘§ecologlcal’condltlons

1 ﬁﬂ"wénneab111ty radon

QE'%ld be even more

1mill tailings, the Split Rock cover
ermeabxhty radon bamer) to 11m1t percolation flux

Melch01r41997 Waugh et al. 2007«
i 1¢:tai ngs may also be much h igher than ant1c1pated sometlmes by several orders of
' elght et al. 2006a &%@06b Waugh et al. 2007). Several reasons are cited:

. Unanticipat (_:ologlcal co @;quences of designs that encourage plant and animal intrusion
(Hakonson 1986%}Suter et al¥1993, Bowerman and Redente 1998, Waugh et al. 1999),

or wet of optimum during construction (Benson et al. 1999),
(Albrecht and Benson 2001), - ,
o Differences between laboratory and field saturated hydraulic conductivities (Daniel 1984).

e Compaction eithe

e Desiccation cracking

o  Freeze-thaw cfacking( Kim and Daniel 1992, Benson and Otlman 1993),
« Differential settlement (Jessberger and Stone 1991, Lagata 1992), and
+  Retention of borrow soil structure (clods) during construction and pedogenesis (soil

development processes) after construction (Benson et al. 2011a).

Deep-rooted plants began growing on conventional uranium mill tailings covers at several sites
within a few years after construction (DOE 1992). Roots of woody plants were excavated and

" U.S. Department of Energy LTSP—Split Rock, Wyoming, Disposal Site

April 2012 Doc. No. 502613-0.0
Page B—1



found to grow down into or through radon barriers at the Grand Junction, Colorado; Lakeview,
Oregon; Burrell, Pennsylvania; Durango, Colorado; Shiprock, New Mexico; and Tuba City,
Arizona, disposal sites (DOE 1992, DOE 1999, Waugh et al. 2007). Taproots typically extended
vertically through the riprap. and bedding layers and then branched and spread laterally at the
surface of the compacted soil barrier, following both the source of water and the path of least
resistance to penetration and growth. Secondary and tertiary roots extended vertically into the

“compacted soil barrier, where they became fibrous root mats following cracks and soil
structural planes.

In follow-up investigations of root intrusion, DOE evaluated the effects of plant roots and soil
development on in situ soil hydraulic conductivity (Ks), a measur%of pgrmeabihty, for
compacted soil layers at Burrell, Lakeview, Shiprock, and Tubai/@€ity using ir-entry
permeameters (Setphes et al. 1988). At Burrell, the mean Ks’év%’as 3.0 x 15 's where Japanese
knotweed roots penetrated the radon barrier, and 2.9 x 107 m/s at locations™ mﬁ“no plants
(Waugh et al. 1999). The weighted-average K; for the entire & %‘erﬁ:%%culated%sxhg\theﬁ
community leaf area index for Japanese knotweed, was 4.4 x é& %/g At Lakev1ey‘si tl)e/mean K,
for the radon barrier both with and without sagebrush and bitterbru Troots was 3.0 X 107 m/s
(Waugh et al. 2007). The highest K occurred near the top of “the co ﬂ”ted soil barrier; the
lowest K occurred deeper in the barrier. The mean K in.the top of thgiShfﬁ“rockf’i)adon barrier
was 4.4 x 10”7 m/s (Glenn and Waugh 2001). Resultséw%% righer and more v'g;lable where
tamarisk and Russian thistle were rooted in the raﬁ%n barrietiFhe Shlprock radon barrier was
nearly saturated, as measured monthly for 16 m Sniths a %}3@8 usmg a neutron
hydroprobe. At Tuba City, K of the rado riéizhad aimean 0fi87/% 10° m/s and ranged from
9.8 x 10 t0 1.2 x 10° m/s. In all of the ¢ above%;dyes indicated that water moved
through macropore cracks in the soil it

%ar&not unique to disposal cells for uranium mill
Cover Assessment Program (A ’&P%Albrigh (Al . 2004) show changes to saturated and

unsaturated/fiﬁydrauhc properties after 4 to 8- years Benson et al. (2011a) reported i m-serv1ce K,

1K occurred in all climates and for barrier and storage layers in all cover types
Wet- dry (?}%%W o pears to play a major role in altering K. Smaller changes in K occurred in
storage and ba ayers constructed with soils that have lower clay content, soils that have a
fines fraction wi ‘eater propertion of silt-size particles, and soils compacted to lower dry

© unit weight. Bensons (20%1%) reported that the porosity of most earthen storage and barrier
layers evaluated in the MP study was between 0.35 and 0.45 when exhumed, and predicted
that densely compacte @&soﬂ layers in engineered covers would loosen over time and become
more permeable.

B3.0 Water Balance Covers

In contrast, with conventional low-permeability covers, DOE, EPA, and others have shown that
water balance covers can be very effective at limiting percolation at arid and semiarid sites -
(Dwyer 2001, Albright et al, 2004, Scanlon et al. 2005a & 2005b, Waugh et al. 2009). For
example, the average percolation rate from the water balance cover at the Monticello, Utah,

LTSP—Split Rock, Wyoming, Dlsposal Site ) U.S. Department of Energy
Doc. No. S02613-0.0 April 2012
Page B-2



Disposal Site has been approximately 0.6 mm/yr for more than a decade during which the
average annual precipitation has been 358 mm/yr (Waugh et al. 2009).

Water balance covers consist of thick, fine-textured soil layers that store precipitation in the root

. zone where it can be removed seasonally by plants (Albright et al 2010). Capillary barriers

composed of coarse-textured sand and gravel placed below this soil “sponge” can enhance soil
water-storage capacity and limit unsaturated flow (Nyhan et al. 1990, Ward and Gee 1997,
Stormont and Morris 1998). Available water storage capacity has been defined as the difference
between the total amount of water retained in a soil at field capacity (upper limif) and the amount
of water remaining when the soil dries to the permanent wilting point for plants (lower limit of
extraction) (Riche 1981). At the permanent wilting point, soil watqﬁgatensmns become too high for
N4
plants to remove more water. Water balance covers can be demgned'to accoemmodate changes in
soil hydraulic properties caused by the environmental condltions that da ow-conductivity

covers (Benson et al. 2011a).

a:e

resilience of a diverse plant community (Waugh et al. 1997) @@hanges in the plant commumty
inhabiting a cover will influence soil water movement, evapotransplratlo%&ET) rates, and the
water balance of a cover. However, plant community dynamlcs are comphcated and effects are
dlfﬁcult to predlct Even in the absence of large scaleadlstu Abances seasonal and yearly

' x1st1ng conventional covers, which rely on low- -permeability

7 A

- compacted soil layer 0 water balance covers, that store water in soil and release it as soil

evaporation and plantgran: %,iration (Benson et al. 2011b). The goal is to accommodate ecological
processes and, thereby, sustain a high level of performance while reducing long-term
maintenance costs. '

DOE is also investigating potential effects of root intrusion and soil development on radon flux
in compacted soil layers and biouptake of contaminants.

U.S. Department of Encrgy LTSP-—Split Rock, Wyoming, Disposal Site
April 2012 - ® Doc. No. S02613-0.0
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Inspectlon Checklist: Spllt Rock Disposal Site

Date of This Rev151on

g
with rock mulch- a%_vegetatlve coverwas not
used at this sntg%(seme vegetatlon%“nas
established, mcludgﬁr;}gﬁ,deep—rooted plants).
Growth of deep—rooted3 existed on the tailings

%

" impoundment at theitime regulatory closure of

the disposal site wga%?approved

Last Annual Inspection:
Inspectors: and
Next Annual Inspection (Planned):
No. Item Issue Action
1 Protocols Inform regulators and interested parties of Contact NRC and WDEQ 30 days before
inspection. mwﬂ Seton. (o,
2 "Access Access is from a gravel county road (labeled ;
Ore Road on site map).
3 Specific site See attached list.
surveillance
features
4 Tailings The surface of the tailings impoundment has
Impoundment - been covered with rock muich and graded
control wind and water erosion. ewdence of dlspl"é%'ement degradation,
ettlement orfslumplng
. e h ¢
5 Diversion The storm water diversion channels«hgve been ansn,gﬁct*channels and note evidence of
v i) N
Channels (4 | armored with riprap for erosmgr;éprotectlon fand sgdg;pﬁntatlon vegetation, and debris
surround graded and sloped to conVey;riinoff and control | build-up that may impact performance; look
impoundment | velocities. %@r hydraulic scour or bank cutting. Inspect
, see site riprap; note evidence of rock displacement
map) or degradation.
6 Vegetation No monitoring or control of vegetation

(including deep-rooted plants) on the
tailings impoundment will be performed
under long-term management. Note
condition of vegetation (abundance,
diversity, extent). Note occurrence of listed
noxious or invasive weeds.

"~

Site perimete
and balance
of the site

' lesturbed areas between the tailings
Pty
v vlnrgpoundment Agnd site ownership boundary
h é‘-‘been centoured and revegetated Site

Gron\/ndwater ICs (i.e., restrictive use
covenants) arein place on the three privately
held lands within the long-term care boundary;
Mclintosh, Peterson, and Claytor (see LTSP,
Appendix A, Figure A—1)

Inspect for intrusion or other activity or
process that can affect protectiveness.

Monitor the effectiveness of the
groundwater ICs; verify awareness and
compliance by land owners.

Outlying area

Visually inspect for 0.25 mile beyond site
boundary. Note adjacent land use, particularly
groundwater use. Look for changes and
developments in the surrounding area that
could negatively impact the site.

Inspect.

Identify any changes or developments that
could negatively impact site protectiveness.
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Checklist of Site Specific Surveillance Features: Split Rock Disposal Site

Feature

Comment

Access Road

Gravel road; verify condition is adequate for vehicular access to the site.

Entrance Gate

Metal gate; verify condition (ensure functionality).

Entrance and Perimeter
Signs

Total:38; verify condition (intact and legible).

Perimeter Fence

Barbed-wire stock fence (used for livestock management in many locations;
maintenance performed by grazing leasee in accordance with agreement).

Boundary Monuments

Total: 33

Site Marker

One (SM-1); near site entrance

Monitor Wells

Northwest Valley Flow Regime £ ey Flow Regime

Well-5
WN-42A

WN-41B SWAB-1R

LTSP—Split Rock, Wyoming, Disposal Site
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Dlsposal Site: Evalua on andgl}\ecoélélmendatlons for

Long-Term Monitoxing







E1.0 Purpose

Extensive groundwater monitoring has been conducted at the Split Rock, UMTRCA Title II,
Disposal Site near Jeffrey City, Wyoming. Upon the concurrent acceptance of a long-term
surveillance plan (LTSP) and termination of Western Nuclear Incorporated (WNI) specific

_ source material license (SUA-56) by the U.S. Nuclear Regulatory Commission (NRC), the site is
- transferred to the U.S. Department of Energy (DOE) for custody and long-term care, and

included under the NRC general license at 10 Code of Federal Regulations Part 40.28. In order
to develop the groundwater and surface water monitoring program presented in the draft LTSP

- submitted to NRC for concurrence, DOE performed a review of site background documentation

and an evaluation of historical (1.e., pre- transition) groundwater a d

E2.1 History

Uranium milling at the Split Rock site was conducte

p*osal areas. These tailings disposal areas or ponds were
when the design phlfosophy was to eliminate process effluent through seepage,
mizihg solid tailings storage while decreasing water storage and handling
requirements. primary tailmgs disposal areas, known as the Main, Old, and Alternate
Tailings Impoundments were used during the operational life of the mill (Shepherd
Miller 1999). The fial talliﬁr}gs impoundment was designed and constructed to combine these

three former tailings disposal areas into one disposal cell.
I

thereby max

E2.2 Groundwater Conditions and Use

The reclaimed tailings area at the Split Rock disposal site is located at the head of a natural

" drainage that is bounded by steep granite outcrops located to the north and the south of the

tailings impoundment (Figure E-1). Toward the outlet of this drainage, an additional granite
outcrop separates the drainage into two valleys that are referred to as the Northwest Valley and
the Southwest Valley. Drainage from the Northwest Valley intersects the alluvial floodplain of
the Sweetwater River, while drainage from the Southwest Valley intersects a plain of alluvial
deposits in the regional Split Rock aquifer (Shepherd Miller 1999).
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Seepage from the tailings impoundments has impacted the groundwater within the Split Rock -
Formation (regional aquifer) and the Sweetwater River alluvium (floodplain aquifer) in the area
underlying and downgradient of the tailings impoundment. Concentrations of site-related
contaminants are typically highest in groundwater at the mouths of both the Northwest Valley
and Southwest Valley, directly downgradient of the tailings impoundment. Contaminants (in
particular uranium) are typically found at depth in the valleys but not outside the valley mouths.
The higher hydraulic conductivity and lateral gradient in the alluvium (as compared to the Split
Rock Formation) has allowed for further migration of contaminants in this shallower zone
downgradient of the Northwest Valley than it has downgradient of the Southwest Valley. The
alluvium may also contain buried channel deposits of coarse-grained material that provides
preferred pathways for shallow groundwater flow in the floodplain (Shepherd Mlller 1999).

level (1 e., mound) in the immediate area of the 1mpoundme§§
tailing seepage rates were estimated to be approximately 150 g

% and expected 0 lr_;eégh long-
term, steady-state rates of less than 5 gpm in the next 30 yearS ( She

rd Miller 1999)

Horizontal groundwater flow gradients are directed oy
surrounds the tailings impoundment and toward either: orthwest or Southwest Valley.
Groundwater underlying the tailings 1mpoundmelﬁg’1s pr1 directed do?;/n the Northwest
Valley (90 percent of the flow), with the balance%ef the flo \%fl | ,rézent) directed down the
Southwest Valley. This split in the flow is.dug toithe pr‘g'%;ence of ;éubsurface granite high
located at the head of the Southwest Valley,,;?ld directifiwest of the tailings impoundment.
Outside of either valley groundwater/ ‘fg%?rmpoundment area merges with
the east northeast trendmg reglonal/ oundwater flow of‘the Spht Rock aquifer. An upward

- vertical gradient OCCUE Eth g%guﬁd;\at 0 )the reg10na1 Spht Rock aqulfer in this area due to

the area of high'e eyatlon that

tailings impoundments occurrin V marily \%1 fthe groundwater of the upper portion of the
trd M111e¥%999)

of the Split Rockg%aqulfer that is entering the Sweetwater River floodplain
alluvial aquifer. %I:la_] jority of th@%roundwater flow (80 percent) exiting the Southwest Valley
combines with the ast»,northeast’étrendmg regional groundwater flow of the Split Rock aquifer.
This flow contlnué‘?%gé%"i%\1 ony hethern edge of the granite outcrops directly south of the
impoundment before m g beyond the site’s eastern boundary where it eventually enters the
Sweetwater River ﬂooq’plam alluvial aquifer. The balance (20 percent) of the groundwater
exiting the SouthwestValley flows to the north around the granite outcrops west of the
impoundment where it joins the east northeast trending regional groundwater flow of the Split
Rock aquifer that is merging with the east flowing groundwater of the Sweetwater River
floodplain alluvial aquifer. All groundwater in the immediate area of the tailings impoundment
eventually discharges to the Sweetwater River. Groundwater exiting the Northwest Valley

- reaches the Sweetwater River well before groundwater that exits the Southwest Valley,
particularly the majority portion of the flow which travels to the south and joins with the east
northeast trending regional groundwater flow of the Split Rock aquifer (Shepherd Miller 1999).
The groundwater flow patterns and affected aquifers are shown on Figure E-2 and Figure E-3,
respectively. '

groundwate
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“provided for groundw

Groundwater near the site is used for drinking water-and livestock watering. Most residents of
nearby Jeffrey City derive their water supply from municipal wells, which are completed in

the regional Split Rock aquifer west of the site. Therefore, these municipal wells are

upgradient of the site and unaffected by site-derived contamination. Groundwater beyond the
site’s long-term care boundary will likely continue to be used for drinking water and livestock
watering (NRC 2006a) and is not expected to be impacted from site-related constituents
(Shepherd Miller 1999). The'site’s long term care boundary 1s considered to be the pomt -of- -
exposure (POE)

Groundwater within the site long-term care boundary prior to site transition was only used for
livestock watering. Although groundwater quality within portlons of the\ site does not meet
Wyoming Department of Environmental Quality (WDEQ) Class’”III hvestock standards (i.e.,
AN g
impacted groundwater underlying and directly downgradlenﬁtﬁof ‘the talhngs ngpoundment) the
onsite well used for livestock watering (well WN-24, FlgureeiE 1)is understoﬁg,d to produce water
that meets WDEQ Class III standards (NRC 2006a). F ollowmg transjtion, this> -water well will
N
likely continue to be used for livestock watering under long terr_n \-\anagement o{ the: 51te/
provided its water continues to meet WDEQ Class 111 hvestock ndards. Any wellwithin the
federally-owned portion of the site that is considered for livéstoc ,;aterlng under long-term care
will be required to meet WDEQ Class III livestock standards. Agncult‘l\lre\conducted within the
long-term care boundary prior to site transition was understood to use sur\face Water obtained
from the Sweetwater River (or from a groundwategsour tside the long iterm care boundary);
this is expected to contlnue as such under long- téerm care, N urrdwater obtained within the

cre €
management unless it first meets WDEQ Class 1% grlculture stan atds. Although, groundwater
underlying and dlrectly downgradlen}gf the talllngs 1mpoundment pnor to site transmon did not

NRC reviewed the ef '
boundary for ag@rﬁ;cul
health (N RC32®06a)

siwithin the long-term care boundary to'prevent direct

In 2002 C approved the use o 1Cs)v
human expo o site-derived contaminants for the duration of the 1,000-year performance

ntrol the use of undwater on privately held lands that lie within the long-
ree prlvate?land owners are impacted. These ICs restrict groundwater from
nsumptlon or any other domestic purpose; although provisions are

It be used for livestock, agriculture, and other ranching purposes on
portions of these prlvately,sﬁheld lands to which the ICs apply. DOE plans to maintain these
groundwater ICs undeylong -term care.

period. The
term care bound
being used for hurnar

E2.3 Groundwater Corrective Action and Establishment of ACLs

The formal groundwater Corrective Action Program (CAP) at the site began in 1990 when
pumping was begun from four collection wells. The primary purpose of the system was to
accelerate dewatering of the tailings impoundment. The system was designed to capture from
47.3 million gallons to 66 million gallons of water per year. Beginning in January 1990 the wells
operated year round. In February 1992 the pumping duration was reduced to about 6 months per
year (April through October), with the required volume of captured water remaining the same as
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initially specified. Recovered groundwater was piped to an evaporation pond and to an
evaporation misting system that sprayed water over the over the unreclaimed portion of the
tailings impoundments (Shepherd Miller 1999).

In 1999, WNI concluded that continued corrective action would not be effective in reducing
contaminant concentrations in groundwater further and issued a groundwater characterization
and evaluation report (Shepherd Miller 1999) to support the selection of a corrective action
alternative. This report is also referred to as the site closure plan. While the groundwater CAP
was effective in minimizing seepage from the tailings impoundment, based on the performance
to date, it was determined that the continued operation of the system was unlikely to achieve the
groundwater protection standards specified in the license (SUA-56). Therefore, based on the
presumed continued ineffectiveness of the active remediation A oposed that
alternate concentration limits (ACLs) be determined for the
that are protective of human health and the environment, and whi ~ ult in compliance
with groundwater protection standards (or established bac ;
term care boundary (i.e., POE). The 1999 groundwater charac
submitted to NRC is considered the ACL application.

It was also recognized at the time ACLs were being considered that ter remediation
system was having no effect on the pulses of contamin

significant amounts of hazardous constltuents fr the d become associated
with the aquifer solids and would slowly r vilize inte : ater over time, and that at
least some of this secondary source term vngre ge of the reclaimed tailings
(Shepherd Miller 1999). This is contradi¢ | - Criterion 5D of Appendix A in

10 CFR 40 which state that the grou; “ 50 address removing or treating in
place any hazardous constltuents Xceed concentrati n limits in ground water between the
point of compliance.ai i ity property boundary”.

hat the POC “must be selected to provide prompt

ion on the hydraulically downgradient edge of the disposal
‘where regulatory compliance with approved background
values, maximus evels (MCLs), or ACLs is specified under Criterion 5B(5). In
this regard the groun aracterizati

that “the POC wells
of all known source terms

iis(site under the proposed alternative should be located down gradient
and existing peak ground water concentrations”.

Information provided in support of the ACL application (Shepherd Miller 1999) included a
baseline risk assessment which evaluated the current and future environmental and human health
risks associated with the establishment ACLs as required per 10 CFR 40, Appendix A, Criterion
5B[6]. Base on this evaluation a list of constituents of concern (COCs) was determined for which
ACLs would be proposed. The COCs determined were natural uranium, combined radium-226
and radium-228, ammonia, manganese, molybdenum, and nitrate. ACLs for these six COCs were
proposed for both the Northwest Valley and Southwest Valley flow regimes.
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COCs wer¢ established-through a process that determined which site-related constituents present
in the tailings had migrated beyond the disposal cell at concentrations that exceeded the higher of -
either background levels, applicable groundwater protection standards (i.e., MCLs), or risk-based
concentrations, and that also presented a risk to human health and the environment when
considering the existing exposure pathways. Maximum groundwater concentrations from the
tailings area from 1996 through 1997 were compared to background concentrations of both the
Sweetwater River floodplain alluvial aquifer and the Split Rock Formation regional aquifer.
Those constituents that were not detected in concentrations greater than background
concentrations were discarded from consideration as a COC. Maximum groundwater
concentrations from the tailings area from 1996 through 1997 were considered a conservative
representatron of the conditions at the time. Pre 1996 concentratrons Wre consrdered to be non-

geochemlcal conditions (Shepherd Miller 1999).

E2.4 Groundwater Modeling

hisc it wasdetsrminied f be the most

\Wouﬁ? encompa'§§%the transport of all other

concentration (ghstributronsﬂ fr@
measured 1996 concentration

‘ §a§ as the mxtla}&condltrons the model was then calibrated to
1stnb tions (Stg’pherd Miller 1999).

Itis understeod that this modeling conducted in an effort to predict the downgradient
behaVior o e.tw&e“’-“related contaminantsjover time; both those concentrations associated with the
legacy plum('ei(,,_ l%lch was acknowl‘g%ged to have migrated some distance beyond the edge of the
tailings area and’tl%apture zone‘éof' the groundwater CAP) and those concentrations anticipated
to be released from th .111ngs impoundment in the future under long-term surveillance.
Modeling predlctlons were. mtended (and used) to establish a long-term care boundary that
would be protective (i. 2%5”’” sone that assures concentrations of site-related constituents will be
compliant with apphcable groundwater protection standards or established background
concentrations at the POE or site long-term care boundary).

The COCs other than uranium were not modeled explicitly, but were modeled implicitly. The
behavior of other constituents were determined or calculated from relationships and observations
that the licensee determined relative to uranium. Indeed, the 1999 groundwater characterization
and evaluation report states: “Simulation of other constituents which migrate without retardation
would transport in identical patterns to uranium. Reactive solutes would tend to lag behind
uranium.” (Section H.c.3.3, General Chemical Transport). Although NRC had some issues with
the modeling, such as simple retardation using an equilibrium K4 approach, their technical
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_evaluation stated: “Although the staff finds that the models for uranium transport are likely
oversimplified, all information WNI provided indicates that viable mechanisms exist for!

uranium retardation and/or rernoval at this site.” (Section 3.3, Flow and Transport Modeling)
(NRC 2006b).

In response to WNI’s October 29, 1999 submittal of the site’s groundwater characterization
and evaluation report, NRC replied (by letter dated December 15, 2000) with a request for
additional information regarding the Red Mule subdivision area and the durability of the ICs

~ (i.e., groundwater restrictive covenants) that were planned for this closest downgradient
residential area where human consumption of groundwater was occurring. WNI responded with
a supplement (WNI 2000) to the report. The supplement discussed ¢ protectlve levels” in the area
of the former Red Mule subdivision (directly east of well SWABE: aaxf K E

future concentrations of three site-related constituents were provided f is,area; uranium was
estimated to range from 0.3 to 0.8 mg/L, manganese from 055 to 1.0 mgé sandnitrate from 30 to
50 mg/L. Predictive modeling indicated that groundwater 1n*thls area}could beimpacted by site-
related constituents in approximately 100 years (Shepherd Mi 999).

Groundwater modeling also predlcted the following: 1) that uraniu fould mark the maximum
extent of site-related contamination in both the Sweetwater River ﬂoodpljgm alluvial aquifer and
in the regional Split Rock Formation aquifer; 2) that coficentrations woutl ﬁiaeyprotectlve at the

POE (i.e., the site’s long term caré boundary) 3) th g ffi‘g”dwater w1th1r$t% srte s long-term

prepared %nglronmental assessme
(SUA-56)(NRC 2006a). In the E
low a@s@,re\afmonably achievable (AL R%?) in accordance with requirements set forth in regulations
"'fO CFR 40. NRC also noted in the EA that “current
groundwater cen tuent concentratl ns are ALARA > and issued a subsequent ﬁndmg of no

IRC recogmzes that the ACLs belng established must be as

in Section E3.0).

While not explicitly stated in site documentation reviewed for this evaluation, it is assumed that
the ACL values to be met at the POCs were set to evaluate future performance of the tailings
impoundment (i.€., concentrations of site-related constituents will be compliant with applicable
groundwater protection standards or established background concentrations at the long-term care
boundary, or POE). As long as ACL values are maintained at the POCs, the impoundment is
judged to be performing acceptably.

In approving the ACLs, NRC also established a set of trigger levels for both groundwater and
surface water. Trigger levels were established for each constituents with an ACL; ammonia,
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manganese, molybdenum, nitrate, combined radium -226 and -228, and uranium (values are
provided below in Section E3.0). Trigger levels established in NRC’s 2006 EA are reported to
correspond to background, MCLs, or EPA risk-based concentration where MCLs are not
available. It appears that NRC may have established the trigger levels to serve as an early
warning for the contaminant pulses that had migrated downgradient of the POCs in order to help
ensure protectiveness of areas outside the long-term care boundary (such as the former Red Mule
subdivision). It is not clear if the trigger levels were established in lieu of modeling the behavior
of the contaminant pulse; although it is indicated in the 1999 groundwater characterization report
that the model took into consideration what are referred to as “secondary source terms” (i.e.,
tailings seepage that had migrated beyond the impoundment and become associated with the
aquifer solids, and which would then slowly re-mobilize into the groundwater over time)
(Shepherd Miller 1999). g

$.also understood that the trigger
I ba sed onﬂmamtalmng compliance

that DOE is aware of where trigger |
monitoring program. :

Concentrations of
excess of the ACL va

/¢l SWAB-2 were found to have continuously been reported in

ce before the nitrate ACL was proposed in 1999; more recently
(since 2009) the nitrate ACL has also been exceeded in replacement well SWAB-1R. Well
SWAB-2 is directly dewngradient of the Southwest Valley POC (well WN-21) and well SWAB-
IR is directly downgradient of well SWAB-2 (Figure E—1). As noted above, it was recognized
that an elevated pulse of contamination had moved beyond the POC in the Southwest Valley.

These elevated concentrations of nitrate are believed to be site-related as ammonia used in the
uranium milling process degrades to nitrate in the environment. Based on the above statement
from NRC’s 2006 EA, which indicates that prior to site transition groundwater constituent
concentrations were considered to be ALARA, it is assumed that the observed levels of
nitrate were determined to be acceptable. It is further assumed that the trigger levels were

U.S. Department of Energy LTSP—Split Rock, Wyoming, Disposal Site
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established as a check on the natural attenuation of this remnant plume (that was not addressed
during the groundwater CAP).

Additionally, these nitrate concentrations in excess of the ACL appear to have not been
considered a regulatory non-compliance event for WNI, presumably because the monitoring
requirements in their source material license (SUA-56), specifically Condition 74C, states that
compliance with ACLs are applicable at the designated POC wells and these concentrations
which exceed the ACL occurred at wells directly downgradient of the Southwest Valley POC
(well WN-21). Nevertheless, there is some concern that continued nitrate concentrations in
excess of the ACL at these non-POC wells under long-term monitoring could result in an out-of-
compliance event, regardless of whether the concentration occurs at a well that is downgradient
of the POC. This concern is based on the following statement R'40, Appendix A,
Criterion 5B(1): “Hazardous constituents entering the groun ensed site must not
exceed the specified concentration limits in the uppermost '
compliance during the compliance period.”

However, correspondence between the licensee and NRC in
elevated contaminant concentrations downgradient of the 1 yacy plume. In addition,
site groundwater modeling and the associated determination of the long-term care boundary

considered these historical nitrate concentrations above 1 at: of the POC. The

will not exceed background values at the long-
human health and the environment would be e
have been provided by the trigger levels estab
that a groundwater protection standard

therefore, protection of
her protection appears to
h provide an early warning
eded at the POE.

concentrations of ni ess ACLat these non-POC wells (SWAB-2 or SWAB-1R)
under long-termg egulatory out- of-comphance event. The

monitoring.

: énium ACL, Other Groundwater Protection
vised Uranium Trigger Level

E2.7 Establis
Standards,

Additional correspondénce took place between WNI and NRC to amend the license (SUA-56)
with respect to the groundwater and surface water monitoring program for the Split Rock site
(i.e., appropriate monitoring wells, analytical parameters, monitoring frequency, and applicable
standards). WNI provided additional information to NRC upon request, including supplemental
groundwater modeling and analysis. The most recent license amendment request was analyzed in
the final EA published by NRC in January 2010 (NRC 2010a); a FONSI was also issued in
January 2010 regarding this recent license amendment request. In February 2010, NRC approved
the license amendment request, and issued a technical evaluation report and amended license to
WNI (NRC 2010b). The amended license (SUA-56, Amendment No. 105, February 24, 2010)
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contained the current standards and monitoring requirements for the site. The following provides
a summary of these most recent license amendment requests.

In 2008, concentrations of selenium at the Northwest Valley POC (Well-5) were noted to exceed
the groundwater protection standard of 0.013 mg/L that had been established for the site. As a
result, NRC directed WNI to respond to the selenium exceedance. In 2009, WNI responded by
submitting a license amendment request proposing the establishment an ACL for selenium at the-
site equal to the U. S. Environmental Protection Agency (EPA) 40 CFR 141 maximum _
contaminant level (MCL) for drinking water (0.05 mg/L). As part of the regulatory process, NRC
completed an EA for the establishment of the selenium ACL. The EA also addressed WNI’s
license amendment request to modify the uranium trigger level for groundwater (NRC 2010a).
The EA was published in the Federal Register on February 5, 20

In a concurrent action NRC also approved WNI’s license amendment Ieque : establish
groundwater protection standards at the site for several otheﬁefmé‘ensn%ents (alumim
antimony 0.006 mg/L, arsenic 0.05 mg/L, fluoride 4 mg/L, and thallium 0.002 'mg/I3 *am
the standard for beryllium (from 0.05 mg/L to 0.01 mg/L), to d chromium frof"lﬁi the’list of
required monitoring constituents, and to increase the trlgger‘level f ra{num in groundwater
from 0.03 mg/L to 0.087 mg/L for the Split Rock regional aquifer andstc %@’044 mg/L for the

Sweetwater River floodplain alluvial aquifer (to refleg stabhshed backg sund’ concentratlons)

(NRC 2010b).

ACLs and other groundwater protect}@c:z)&n s ndards, alq\g{lgw
hazardous constltuents (for both backgro%nd and the taﬂmggsa

rize the monitoring requirements and standards (including
and trigger leveléﬁ)%%resented in WNI’s source materials license SUA-56, as
nt No. 105, Fégbruary 24, 2010). The analytes monitored are considered the
revious,diScussion in Section E2.3 on how COCs were determined for

amended (Am‘
COCs for the site (
the site).
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Table E-1. ACLs, Groundwater Protection Standards and Historical Concentrations (Background and
Tailings Area) for Hazardous Constituents at the Split Rock, Wyoming, Disposal Site

ACL? Maximum Historical Background

(applicable at the POC) |Groundwater Concentrations® Concentrations®

T | S | s || Stk | "R | Fomate
Aquifer Aquifer

A'(Ulg;‘lf‘)m 37 578 2.02 0.1 0.13
Agg‘/’i‘)‘a 0.61 0.84 0.16 235 0.011 0.015
A?'gg"/i';y 0.006 0017 | 00 0.005
?rf:g/"L';? 0.05 2.64 0.1
Ber;y"/if)m 0.01 0.084 0.01
_C?g;/‘t‘)m 0.01 0.188 014
F(lrtrj‘c;r/ilc_i)e 4 217 133 04 0.517
(:—ne;{) 0.05 o4 0. 0.050
_l\iall'_\ng;/flijse 225 35 0.53
M°'(3r’:gfL';”m 0.66 0.22 0.1 0.1
_(lez;fl) 0.05 0.05
R:r:’a;e 317 707 0.88 3.99
(pfi%“ 4.7 5.3
ng;;f)m 119 0.061 0.005 0.011
Thallium 0.075 0.013 0.013 0.003
i) 732 55 55 1.8
ﬁ;ﬁ;ﬂ 4.055 8.7 0.044 0.087°

ACL = alternate con
pCi/L = picocuries per lite adium.
aACLs are applicable at the POC (Shepherd Miller 1999).
® Groundwater protection standards obtained from WNI's Source Material License (SUA-56), Amendment No. 105,
License Condition 74B&C
¢ Maximum historical concentratlons and background concentrations obtained from Volume 1 of the Site Ground
Water Characterization and Evaluation (i.e. the ACL application), Table 17 (Shepherd Miller 1999).

= point of compliance; mg/L = milligrams per liter;

?The ACL for selenium is equivalent to the EPA maximum contaminant level (MCL) for drinking water (NRC 2010b).

° The background concentration for uranium was revised subsequent the value included in the Site Ground Water
Characterization and Evaluation (NRC 2010b).
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Split Rock, Wyoming, Disposal Site

Table E-2. Groundwater and Surface Water Monitoring Requirements from WNI's License SUA-56 for the

Groundwater Monitoring Requirements

Wells

Analytes

Frequency

—

NWV: JJ-1R, WN-39B, WN-41B, WN-42A
SWV: SWAB-1, SWAB-2, SWAB-4,

SWAB-32

SWAB-12, SWAB-22, SWAB-29, SWAB-31,

Uranium, sulfate

Semi-annually

NWV: JJ-1R, WN-39B, WN-41B, WN-42A .
SWV: SWAB-1; SWAB-2, SWAB-4,
SWAB-12, SWAB-22, SWAB-29, SWAB-31,
SWAB-32

Aluminum, ammonia, antimony,
" arsenic, beryllium, cadmium,
chloride, fluoride, lead,
manganese, molybdenum,

nickel, nitrate, pH, combinedsz7;
radium-226 and -228, selergwumy-‘*

sulfate, thallium, thonumf§30
TDS, uranium &ﬁ

NWV: WELL-4R, Well-5
SWV: WELL-1, WN-21

Aluminum, ammonia, antimo
arsenic, beryllium, cadmi
chloride, fluoride, lead?
manganese, molybdenuh

ny,

nickel, nitrate, pH, combﬁet?\%

radium-226 and -228, selenium,
sulfate, thallium, thorium-230,
TDS uraﬁﬁ%n“ﬁ.m

Location

Sweetwater River: SW-1 thru SW-5

Sweetwater River: SW-1 thru SW-5

Information obtamed from Conditions
February 24, 201 0).

B & Frequency

A Semi-annually

Alyminym ”‘ammonla antimony. >
gl i g

enic, berylllum‘ cadmium,
éf

ythallium, thorium-230,
D

26 and -228, selenium,

Annually

U.S. Department of Energy
April 2012
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Table E-3. Alternate Concentration Limits and Groundwater Protection Standards from WNI’s License

SUA-56 for the Split Rock, Wyoming, Disposal Site

e am mm B EE

Information obtained from Condition 74 of WNI's s
February 24, 2010), except groundwater prote
2The ACL for selenium is equivalent to the EF
® Indicator constituents only; standards are }

ACL = alternate concentration
POC = point of compli

ACL ACL Groundwater
Analyte Northwest Valley Southwest Valley Pratection Standaid
(POC; Well-5) (POC; Well WN-21)
Aluminum 37 mg/L
Ammonia 0.61 mg/L 0.84 mg/L
Antimony 0.006 mg/L
Arsenic 0.05 mg/L
Beryllium 0.01 mg/L
Cadmium 0.01 mg/L
Chloride 2,000 mg/L°
Fluoride 4 mg/L
Lead 0.05 mg/L
Manganese 225 mg/L 35
Molybdenum 0.66 mg/L 0.2
Nickel
Nitrate 317 mg/L 70.7
pH
Ra-226 + Ra-228 7.2 pCilL
Selenium 0.05 mg/L? 0.05 mg/L ® 0.05 mg/L?
Sulfate 3,000 mg/L®
Thallium 0.002 mg/L
Thorium-230 0.95 pCilL
TDS 5,000 mg/L®
Uranium (natural) 4.8 mg/L NA

LTSP—Split Rock, Wyoming, Disposal Site
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Table E-4. Trigger Levels for Groundwater and Surface Water from WNI’s License SUA-56 for the
Split Rock, Wyoming, Disposal Site

Surface Water - Split Rock Aquifer Floodplain Aquifer
Analyte Trigger Levels Trigger Levels _ Trigger Levels
(POE; Long-Term Care (POE; Long-Term (POE; Long-Term Care

Boundary®) Care Boundary) Boundary)
Ammonia 0.5 mg/L® 0.5 mg/L 0.5 mg/L
Manganese 0.05 mg/L 0.73 mg/L 2.39 mg/L
Molybdenum 0.18 mg/L 0.18 mg/L 0.18 mg/L
Natural Uranium 0.03 mg/Lb 0.087 mg/L (0.3 mg/L) 0.044 mg/l
Nitrate 10 mg/L 10 mg/L 10 mg/L
Ra-226 + Ra-228 5.0 pCilL , 5.0 pCilL e, &l & 5.0 pCilL
Information obtained from Condmon 74 of WNI's source material license SUA ‘Amendment 105,

February 24, 2010).

mg/L = milligrams per liter; pCi/L = picocuries per liter.

@ EPA groundwater risk-based concentration (RBC).

® EPA maximum contaminant level (MCL) for drinking water.

cAppllcable at welt SWAB-32.

£ p
The POE for groundwater is understood to be the'site’s long-term care boundary no-f'spemf ¢ wells are designated in

WNI's source material license SUA-56. The POE for surface water is understood to %be%e Sweetwater River. Trigger
levels appear to have been established to be used as a “trigger” for. ralsmg concern shouId}thesé%oncentratlons be
bec

reached at the POE. This approach is presumed to have beentdl
groundwater contamination had migrated beyond the pomt
~ WNI's groundwater corrective action program. Therefore, it
safeguard for monitoring the natural attenuation of the Iegacyxplumeéwhe

groundw 1
monitorings

documentatrgn WNI’s momtorr
SUA- 56,{%endment No. 105, F e

(ACLs) were established for monitoring the performance of@j{he‘d:sposal cell

ofscﬁwp i
f’v understoo d

i

tlon that a pulse of .

Q
i POC) and beyond the capture zone of
> trlgggr levéls were established as a
he_alternate concentration limits

ulrementss(gs descrlbed in their source materials license
ary 24, 2010) and historical monitoring data for both
and surface water at the site. This evaluation provided the basis for the long-term
rogram included in the! IFTSP. This review was conducted to support two main

objectives: I)chegas%lgctron of hazard%us constituents and indicator parameters and (2) the

selection of approp
‘long-term monitorin,

ate groundwater and surface water monitoring locations to include in the
$Results of this evaluation are discussed below.

Time-concentration plo g&,o historical results for constituents monitored in accordance with

WNI’s source materials’license SUA-56 are provided in Attachment E-1.
E4.1 Selection of Hazardous Constituents and Indicator Parameters

Criterion 5B(3) of Appendix A in 10 CFR 40 allows the NRC, on a site specific basis, to exclude
a detected constituent from the set of hazardous constituents required to be monitored “if it finds
that the constituent is not capable of posing a substantial present or potential hazard to human
health or the environment.” This includes a consideration of a number of factors including site
characteristics, land and water uses, and potential effects that groundwater might have on surface
water or other media with which it may come in contact.

LTSP—Split Rock, Wyoming, Disposal Sitc
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Table E-3 lists the hazardous constituents required to be monitored in accordance with
Condition 24 (surface water) and Condition 74 (groundwater) of WNI’s source materials license
(SUA-56, Amendment No. 105, February 24, 2010). Of these constituents, all but six were
determined in WNI’s site groundwater characterization and evaluation report (Shepherd Miller
1999) to not exceed background or protective values (MCLs or risk-based concentrations)
beyond the POC at present (as of 1999) or in the future based on modeling predictions (though
these values could be exceeded in the tailings area).

A look at data since the site’s groundwater characterization and evaluation report was prepared
in 1999 confirms this conclusion. Several constituents have never been detected in levels
exceeding protective concentrations or background, or have only exceeded these levels in the
tailings wells (Well-1 for the Southwest Valley and Well-4R fi rthwest Valley). These
constituents include aluminum, antimony, arsenic, berylliu ide, fluoride, lead,
nickel, selenium, thallium, and thorium-230. On the basis of 4 distribution and

legacy plume, and therefore, DOE proposes that they be elin
monitoring requirements.

The six remaining hazardous constituents—ammo ( m, nitrate,

which ACLs were established (Note; although
selenium was subsequently established, se > D). maining COCs, WNI
estimated that only manganese, uranium i ential to be transported as far as
the former Red Mule subdivision area . 13 ule subdivision had been located
in an area that is now within the sout i he long-term care boundary and
dwater restrictive covenant).

| difficult to interpret based on the various ways it can be
ammonia,” “free ammonia”). According to the licensee, the
nionized” or “free” ammonia. At the time of the ACL

] or ammonia were commonly based on only the unionized fraction
(EPA 1998). Since that time, the federal EPA ambient water quality criterion (AWQC) for
protection of aquatic life was changed to reflect “total ammonia (as N)” (EPA 1999).
Groundwater trigger levels established in NRC’s 2006 EA are reported to correspond to
established background values, MCLs, or EPA risk-based concentrations (where MCLs are not
available). The ammonia trigger level of 0.5 mg/L apparently corresponds to the State of
Wyoming’s groundwater standard for domestic use (most of these State standards correspond to
EPA’s drinking water MCLs). However, the Wyoming standards are reported as total ammonia
as N (Chapter 8, Quality Standards for Wyoming Groundwaters). EPA has a lifetime health
advisory for ammonia in drinking water of 30 mg/L (presumably total as N; EPA 2009).

ACL for ammonia
application, aquatic s
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' monltonng,,program

Although ammonia was used in the processing of uranium, it has mainly been detected in the
tailings wells (Well-1 and Well-4R) at the Split Rock site. Concentrations in the Southwest
Valley have declined appreciably, while those in the Northwest Valley have fluctuated within a
relatively consistent range. There have been only occasional exceedences of the ACL and the
EPA benchmark, most notably in the tailings wells. Well SWAB-2 has also displayed elevated - -
levels of ammonia, but from the onset has continued to decline until reaching concentrations in -
recent years that are below both the ACL and the EPA benchmark. Because this decline-is -
accompanied by a corresponding increase in nitrate, it is likely the result of degradation of
ammonia to nitrate. Because ammonia degrades to nitrate and also because of the confusion over
the ammonia standards, DOE proposes that ammonia be excluded as an analyte in the long-term
monitoring program and that nitrate be used as a surrogate.

Well-1 as recently as the spring of 2010. Predicted future c%ntratlons are-close, to identified

“protective” concentrations that were determined for the area-;of%hﬁbe:former R

subdivision directly east of SWAB-31 (WNI 2000) DOE the
as an analyte in the long-term monltorlng program. .

monitoring program

nireported in excess;f the ACL in wells SWAB-2 and
d 2009, respectively (see Sections D2.6). Ammonia
e,recommendation to exclude ammonia from the long-term

' propo?é%ﬁ%’f@{am nitrate as an analyte in the long-term

Nitrate. Nitrate concentratlons haved
SWAB-I1R since their installation in 19‘
also degrades to nltrategx
monitoring p{rﬁ‘éggram) DOE't

Combtnedf%{adtum-226 and -228. Ehe combined radium-226 and -228 standard has occasionally
been exceedgg%m the past, but radlum levels have appeared to be rather stable over the last
several yeaﬁ@ﬁadmm does not appear to be capable of posing a substantial present or potential
hazard to human h%%lth or the en@ylronment and is not a good indicator of cell performance.
However, becausé%E* {Bm is th‘g%pnmary radioactive hazardous constituent which remains in the
impounded talllngs Wa%%g HAterial (as identified on the site marker), DOE therefore proposes to
retain the analysis of combmed radium-226 and -228 in the long-term monitoring program.

Selenium. An ACL of 0.05 mg/L was established for selenium in 2010 after the site-specific
standard of 0.013 mg/L was exceeded at the Northwest Valley POC (Well-5) and the
downgradient well WN-42A. The NRC approved selenium ACL is the same as EPA’s primary
drinking water standard (MCL) under the safe drinking water act (0.05 mg/L, see Section D2.7).-
That standard has not been exceeded in any site well except in the two tailings wells (in 1995 at
the Northwest Valley Well-4R and in 1984 at the Southwest Valley Well-1). Selenlum is also not -
considered to be a good indicator of site-related contamination.

U.S. Department of Energy ) : ] LTSP—Split Rock, Wyoming, Disposal Site
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In addition, proposed revisions to EPA’s groundwater protection standards at 40 CFR 192 (that
are adopted by reference into the general license at 10 CFR 40.28) are anticipated to become
more in line with EPA’s drinking water MCLs. The UMTRCA groundwater protection standard
for selenium (as listed in Appendix A, Table 1 of the general license) is 0.01 mg/L and the EPA
MCL is 0.05 mg/L. The UMTRCA standard for selenium is therefore anticipated to be revised to
0.05 mg/L, consistent with EPA’s MCL which has never been exceeded at the POC wells or any
well downgradient of the POC and concentrations appear relatively stable.

DOE therefore, proposes to exclude selenium as an analyte in the long-term monitoring program.

Uranium. Uranium was used in flow and transport modeling conducte% in support of the ACL
application. Because uranium is a good indicator of cell perfor Lﬁﬁe useful in
monitoring the natural attenuation of the legacy plume (i.e., m , DOE proposes to
retain uranium as an analyte in the long-term monitoring pro

Other Indicator Constituents (Sulfate and TDS). DOE also D

dissolved solids (TDS) as indicator constituents in the long-ter i ulfate
was used in the flow and transport modeling conducted in support ACL apphcatlon (to
confirm the assumptions and predictions made regarding uranium . Both sulfate and

TDS are good indicators of cell performance and will beu: i e natural

Each monitoring location specified
105, February 24, 2010) (Figure E
the proposed long-te

nine whether it would add value to
ng program presented in the LTSP. The evaluation

water underlying the tailings impoundment flows out the

the east northeast trendi
with the east flowing grot
Groundwater exiting thi

sgional groundwater flow of the Split Rock aquifer that is merging
ndwater of the Sweetwater River floodplain alluvial aquifer.
Northwest Valley discharges to the Sweetwater River.

o  Well-5 was designated the POC well for the Northwest Valley because it is downgradient of
the tailings impoundment (approximately 1,200 feet [ft]) and peak concentrations. Well-5
was also determined to be downgradient of any so-called secondary source terms (i.e.,
tailings seepage that had migrated beyond the impoundment and become associated with the
aquifer solids, and which would slowly re-mobilize into the groundwater over time
[Shepherd Miller 1999]). Well-5 still contained concentrations greater than average
concentrations for the valley; however, it was also recognized that elevated concentrations
of site-related constituents occurred further downgradient. Well-5 is screened over a broad
portion of the aquifer and was located in the center of the existing and predicted future flow
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path for this flow regime. Well 5 is recommended for retentlon in-the long- term momtonng
network as the POC for the Northwest Valley.

Well-4R is located approximately 1,200 ft upgradient of the designated POC (Well-5) on the
edge of the portion of the tailing impoundment that extends into the Northwest Valley.
Well-4R is labeled in the 1999 groundwater characterization and evaluation report as a
“tailings and source area well (above POC)” (Shepherd Miller 1999, Figure 7). The depth,
completion interval, formation information, etc., is unknown for Well-4R because no
construction or lithologic logs were available from the licensee. The concentration for many
of the site-related hazardous constituents at Well-4R is higher than any of the other wells in
this flow regime and the pH is also lower. This data is not surprising considering the
proximity of the well to the tailings impoundment. It appears that Well-4R is strongly
influenced by the seepage from the tailings 1mpoundmer}3t§ﬁWell'-4Rf§1s%ié@gmmended for
elimination from the long-term momtormg network as the interpretationtof monitoring data
from this location is amblguous : ‘

Sweetwater River; although the POE is not specifically des1gnated
Well WN-41B is located approximately 1,000 ft upgradient of the ¢ S'\,c el
Well WN-41B is recommended for retention m“%ﬁ?%ﬁ sterm momtonnfg,network because it
is the farthest downgradient groundwater m@mtonnggpo or the Northwest Valley ﬂow
regime, and is the well best suited for demoﬁs : aatmg?“that\s,

monitoring: shows no 1ndfé@%t10n of site-related contamination at this location. The Split
Rock talhngs%mpo ndment lies approximately 4, 000 ft south of the Sweetwater River.
Contaminated gmundwater in the area of the impoundment flows out of the Northwest
Valley and into thegﬂoﬁﬁodplam alluvial aquifer which discharges to the Sweetwater River. As
demonstrated by the’%fteen years historical data, there is no indication that site-related
contamination will migrate north of the river, and therefore, continued monitoring of

Well JJ-1R will not provide any additional benefit. Concentrations at well WN-41B (just
south of the river) can also be used to assess whether there is any cause for concern for areas
further to the north. Well JJ-1R is therefore recommended for elimination from the long-
term monitoring network.

Surface Water Monitoring: Concentrations of site-related constituents in groundwater
exiting the Northwest Valley discharge to the Sweetwater River (Shepherd Miller 1999,
Figure 3), although no evidence of concentrations above applicable standards have ever been
reported in surface water samples collected from the river; likely because of dilution (i.e., at
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minimum low flow, groundwater discharge is only estimated to account for approximately

20 percent of river flow). Surface water monitoring was conducted by WNI for five years at

five locations across the site; an upstream and downstream location and three locations in
between within the site. This monitoring provides adequate baseline data. However, because
concentrations of site-related constituents do discharge to the Sweetwater River (the
designated POE) it is recommended that monitoring of location SW-3 be continued under
the long-term monitoring program in order to demonstrate that site-related constituents
continue to not negatively impact the river. SW-3 is the surface water sampling location on
the Sweetwater River that is directly in line with the groundwater flow path exiting the
Northwest Valley and downgradient of well WN-41B. Long-term monitoring results will be
compared against any applicable surface water standards.

E4.2.2 Southwest Valley Groundwater Flow

The remaining portion (10 percent) of the groundwater underly
doesn’t flow out of the Northwest Valley flows out the Sout]

Approximately 80 percent of the groundwater exiting the Sou
total underlying the impoundment) flows to the south and eaﬁ’ar ,
it combines with the east northeast trending regional groundwater
This flow continues along the southern edge of the grani

groundwater flow of the Split Rock aqui r that i : ith the east flowing groundwater of
the Sweetwater River floodplain alluyi ifer. g dwater exiting the Southwest Valley

1 lley POC was also determined to be downgradient of any
S (i.e., tailings seepage that had migrated beyond the

fated w1th the aquifer solids, and which would then slowly
ter over time [Shepherd Miller 1999]). The Southwest Valley

ognized that elevated concentrations of site-related constituents
adient. POC well WN-21 is also located in the center of the existing
and predicted futuge groundwater flow path for this flow regime. Well WN-21 is
recommended for retention in the long-term monitoring network as the POC for the
Southwest Valley.

o As with Well-4R in the Northwest Valley, Well-1 is located upgradient of the designated
POC (approximately 1,500 ft) on the edge of the portion of the tailing impoundment that
extends into the Southwest Valley. Well-1 is also directly upgradient of the remediated
groundwater corrective action evaporation ponds. Again, no construction or lithologic logs
are available for this well so the depth, completion interval, formation information, etc., is
unknown. The concentration for some of the site-related hazardous constituents is also
higher at this well than any of the other wells in this flow regime and the pH is again lower.
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This data is also not surprising considering the proximity of this well to the tailings
impoundment, and it again appears that this location is strongly influence by the seepage
from the tailings impoundment; however, the influence is not as strongly as Well-4R in the
Northwest Valley (likely a result of the lower volume of tailings impoundment impacted
groundwater that exits the Southwest Valley as compared to the Northwest Valley).
Interpretation of monitoring results from Well-1 is ambiguous (as it is with Well-4R in the
Northwest Valley). It is therefore recommended that Well-1 be eliminated from the long-
term monltormg network.

e«  Wells SWAB-31 and SWAB-32 are the farthest downgradlent locations for monitoring site-
related constituents in groundwater exiting the Southwest Valley. These wells lie
approximately 4000 feet upgradient of the POE (i.e., the long-terni:care boundary) and
8,000 feet downgradlent of the POC (i.e., well WN- 21) fefgthls%ro%}dw%’ter flow regime.

)

attribute any observed increase in uranium concentggtl\ons to cont;f
moblhzatlon that is assocmted with the talhngsdmpf i

be retained. It is further recommended that be%use*%i;/ell S\Ms AB?31 is the farthest
downgradient groundwater momtonngfp(?)mt for the Northi%est Valley flow regime, it is the
well best suited for demonstratmghtyhat site-related/Ed stl’ffuents exiting the Northwest Valley
has not reached the POE at cong ;‘ itions above apphcable standards. It should also be
noted that wells SWAB 529 and SWAB-—31 are located in an area already protected by

Well SW«'NB 2 1s located appIC imately 100 t downgradlent of the Southwest Valley POC
(WCI}@W;N -21), midway betwe' ithe POCéand well SWAB-1R. Analyte concentrations at ..
well'SWAB-2 are higher (and for'some much higher) than for the POC well WN-21 and
6\w*'%ll“{»- R'*B 1/1R. As discusse gbove, a pulse of site-related contamination likely migrated
beyond‘%t%@\ OC that could begpassing through the well SWAB-2 area. It is therefore
recommendec o h t SWAB-2,b¢ retained in the long-term monitoring network until data
confirm that contan m}nantSeare clearly attenuating as predicted in this area.

h

o - Well SWAB-1 wa \ﬁglmgcated approximately 1,000 ft downgradient of well SWAB-2. Asa
response action to NRC, well SWAB-1R was installed in May 2009 as a replacement well
for well SWAB- lo‘&y hich had been found to be dry at the time of sampling for several of the
previous years. Well SWAB-1R was installed at the same location as the original well
SWAB-1 but was completed 15 feet deeper in depth (well screen depths; SWAB-1 was
17.5 to 27.5 ft whereas SWAB-1R is from 17.4 to 42.8 ft). Initial monitoring results from
the replacement well reported an increase in the uranium concentration (from 0.62 mg/L in
SWAB-1 to 1.91 mg/L in SWAB-1R) and the sulfate concentration (from 428 mg/L in
SWAB-1 to 1,000 mg/L in SWAB-1R). The concentration of uranium in replacement well
SWAB-1R reached a maximum of 2.46 mg/L in September 2009 before returning to a pre-
replacement level of 0.74 mg/L in September 2010. Correspondingly, the concentration of
sulfate in replacement well SWAB-1R increased to its maximum of 1,200 mg/L in

- - - ./-!
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September 2009 before returning to a pre-replacement level of 563 mg/L in September
2010. This situation initially raised question regarding the concentration of site-related
hazardous constituents at increased depth in this location, as data suggests that a pulse of
contamination could be passing through the area (see Sections E2.3 thru E2.5 above).

Well SWAB-I1R should therefore be retained to determine how future analyte concentrations
correspond to past concentrations in the original shallower well SWAB-1.

Southwest Valley Divergent Flow to the North

Well SWAB-4 is located approximately 3,000 ft downgradient of the tailings impoundment
and provides an early detection point for monitoring any site-related contamination exiting
the Southwest Valley that is diverted north to merge with th e trending
regional flow entering the Sweetwater River alluvial flo f the
contaminants that have an ACL or other groundwater he concentration
in well SWAB-4 is consistently higher than at the nex
located near the western edge of the long-term care bo
from well SWAB-4 are somewhat limited, it appears tha
relatively stable over the last several years. The higher co

4 are likely

the tailings impoundments occurring prima
area). Second, the contamination has likely ¢

d SWAB-4 would also be

fwater River alluvial floodplain;
first. Additional data from well SWAB-4 would
re this well is recommended for elimination

long-term care boundary. Conta
detected at downgradient mom )
although natural a

de the long-term care boundary, 2,000 ft downgradient of
y 5,000 ft downgradient of the tailings impoundment.
Well SWA that any site-related hazardous constituents exiting the
Southwest Val reached the POE (long-term care boundary) and the McIntosh
property (where g ater restrictive covenants have been instituted as a precaution).

that is diverted north around the granite outcrop and mergers with groundwater in the
regional Split Rock aquifer (and then with the Sweetwater River floodplain aquifer)
continues its east northeast flow and thereby assures continued containment of any site-
related contamination within the long-term care boundary. Well SWAB-22 therefore is
recommended for retention in the long-term monitoring network.

Well SWAB-12 was used historically to monitor the west southwest edge of the long-term
care boundary. The monitoring data to date have shown no evidence of site-related
contamination; however, the monitoring history of this well is also not extensive. SWAB-12
was located approximately 300 ft inside the long-term care boundary. As with well
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: recommendedfthat the trigger leve

SWAB-1R, well SWAB-12R was installed a response action to NRC in May 2009 as a
replacement well for well SWAB-12 which had been found to be dry at the time of sampling
for several of the previous years. Well SWAB-12R was also installed at the same location as
the original well SWAB-12 but was again completed 15 feet deeper in depth (well screen
depths; SWAB-12 was 9.0 to 19.4 ft whereas SWAB-12R is from 8.7 to 34.1 ft). Monitoring
results from the replacement well have reported a slight decrease in both uranium and
sulfate concentrations. Well SWAB-12R is also located approximately 2,500 ft from POC
well WN-21. Data from this monitoring location demonstrates that any site-related
hazardous constituents exiting the Southwest Valley have not reached the POE (long-term
care boundary) and Jeffrey City. Well SWAB-12R also demonstrates that groundwater in
the regional Split Rock aquifer continues its east northeast flow and thereby assures
continued containment of any site-related contamination Wltmthe&l onggterm care
boundary. Well SWAB-12R therefore is recommended f@r’retehtlo he long-term
monitoring network.

Based on conclusions reached from the evaluation of WNI’Sg}S}éE; .
surface water monitoring program (and its historical results), ’the revi A 0
the information provided above, a recommended long
incorporation into the site LTSP. Table E-5 and Tableé&%‘
term monitoring requirements for the Split Rockgdlsposalgs

- It is understood that ACLs were estabhshed to momto?%ong-term erformance of the disposal

cell. Therefore it is recommended that these CLs be!

ded %%stabhshedat the site for manganese, nitrate, combmed
radium -226"and -228, and uranium(Lable E—4) should not be incorporated into the long-term
monitofing program. Instead, it is mended that DOE compare monitoring results in the
well$ c%s&*%@%“ the POE (i.e., site leng -term-care boundary) to groundwater protection standards.

applicable offggegte ensure comphgﬁhce continues to be maintained. Surface water monitoring
results are IeCOMmIIC ded to be cgmpared to water quality standards applicable to the Sweetwater
River to ensure comphance coftinues to be maintained.

As discussed in Sec'tio_n 2”6, historic nitrate concentrations in excess of the ACL at wells
downgradient of the POC appear to have not been considered a regulatory non-compliance event
for WNI, presumably because the monitoring requirements in their source material license
(SUA-56) explicitly states that compliance with ACLs are applicable at the designated POC
wells, and these concentrations occurred at wells directly downgradient of the Southwest Valley
POC (well WN-21)—i.e., in wells SWAB-2 and SWAB-1R. Therefore, it is recommended that -
DOE includes language in the LTSP which states that continued nitrate concentrations in excess
of the nitrate ACL at these non-POC wells under long-term monitoring will not be considered a-
regulatory out-of-compliance event. As stated above, DOE considers compliance with
established ACLs to be applicable at the designated POC wells, as it was for WNI under license
SUA-56 prior to site transition.
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The frequency of monitoring is recommended to be reduced from semi-annual to annual for the
first year of long-term monitoring. Annual monitoring is then recommended to continue at all
locations in the long-term monitoring network except at wells SWAB-22, SWAB-29, and
SWAB-31 in the Southwest Valley flow regime, well WN-41B in the Northwest Valley flow
regime, and surface water location SW-3, where monitoring is recommended to be reduced to
once every five years. The technical basis for recommending reducing the frequency to once
every five year at these farthest downgradient locations is based on groundwater flow and
transport modeling which determined that site-related constituents would not reach these
locations for many years (i.e., in the Southwest Valley flow regime) or because stability below
groundwater protection standards has been demonstrated and upgradient locations being sampled
annually provide protection.

It is recommended that the long-term monitoring program be:
periodically thereafter based on site conditions) to determing
monitoring program that are technically warranted—i.e., to’
(e.g., constituents and locations), frequency, and duration.
assessment as to the need for continuing long-term monitorin;
and recommended modifications to the long-term program shoul submitted to the NRC for
concurrence prior to implementation.

; odifications to the
§:in comiposition

Table E-5. Proposed Long-Term Monitoring Plar the Spli ming, Disposal Site

Groundwater
Wells' Frequency

Annually for all wells
except well WN-41B in

NWV Flow Regime: Well-5 (POC well), the NWV flow regime

WN-41B (furthest downgradientwell), WN-I" o, e, nitrate, combined radium- | 2nd wells SWAB-22,
4 - . 226 2 8, sulfate, TDS, uranium SWAB-26, and SAAL-

. o ’ ’ ! 31 in the SWV flow
: o . (and s measurements; pH - o
SWV Flow Regime:WN-21 (POC wi L tre. conductivity alkalimtv. | r€gime where monitoring
SWAB-1R, SWAB-2, SWAB-12R, S | emiperariiis, concuctivily, axain™: | should be reduced to
22, SW 9’ SWAB"31 (furthest g . dISSO|\{ Oxygen, and turbldlty) once every ﬁve years
ngradient well) o following the first annual
long-term monitoring
event.
ace Water Monitoring®
Loc g Analytes Frequency
v 4 manganese, nitrate, combined

” radium-226 and -228, sulfate, TDS, Annually for the first

() uranium (and standard field long-term monitoring

Sweetwater Rlver‘!., 3 measurements; pH, temperature, event, once every five

conductivity, alkalinity, dissolved oxygen, years thereafter.
and turbidity)

NWV = Northwest Valley; SWV = Southwest Valley; TDS = total dissolved solids.

2 Site-related constituents being monitored in surface water should be compared to the Human Health Values for Fish
and Drinking Water that are applicable to Wyoming Class 2AB waters (Section 18, Chapter 1 of the Wyoming
Department of Environmental Quality’s Water Quality Rules and Regulations).

* Note: Water level measurements will be taken at each well prior to sampling. Wells not otherwise designated are
considered trend wells for their respective flow regime. The designations for both the groundwater monitoring wells
and the surface water monitoring location were adopted from WNI's historical names used for these monitoring
locations to maintain continuity.
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Table E-6. Alternate Concentration Limits and Groundwater Protection Standards for Long-Term
Monitoring Constituents at the Split Rock, Wyoming, Disposal Site

- * Note: ACLs are applicable at the designated- POC wells, as they were PHOL

ACL ACL’ - Groundwater
Analyte - Northwest Valley Southwest Valley Protection Standard

(POC; Well-5) (POC; Well WN-21) _
Manganese = 225 mg/L. 35.0 mg/L :
Nitrate - 317 mg/L. 70.7 mg/L 100 mg/L°
gr?(;”_g"z‘gd Radium-226 7.2 pCill 19.9 pCill ~ 50pCil”
Sulfate® ' 3,000 mg/L°
TDS® ' ‘ 5,000 mg/L"
Uranium (natural) ~ 4.8 mg/L " 3.4 mg/lg
ACL = alternate concentration limit; mg/L = milligrams per liter; pCi/L. = pigGEuries per literH#ROC = point of

compllance POE = point of exposure; TDS = total dissolved solids.
Indlcator constituents only.
® Standards are ‘Wyoming Class Il Groundwater Protection Standards f

fansition under WNI s«source
material license SUA-56 (Amendment 105, February 24, 2010) and as spe d:under Criterion 58(5) oﬁf

10 CFR 40, Appendix A. Nitrate concentrations in excess of the ACL in é\ge" B2 (directly downgradlent of the
POC) and well SWAB-1R have been reported since their installation in 1996 an g@@g respectively. Therefore,
continued concentrations in excess of the nitrate ACL in these wells under Iong-ter itoring,will not be

considered an out-of-compliance event.

D

Metallurgy of Uranium, Colorado School of Mines Research
ith the United States Atomic Energy Commission.

NRC (U.S. Nuclear Regulatory Commission), 1996. Staff Technical Position, Alternate
Concentration Limits for ‘Jitle II Uranium Mills, Standard Format and Content Guide and
Standard Review Plan@,__[or Alternate Concentration Limit Applications, January.

NRC (U.S. Nuclear Regulatory Commission), 2006a. Environmental Assessment for
Amendment to Source Materials License SUA-56 for Ground Water Alternate Concentration
Limits, Western Nuclear Inc., Split Rock Uranium Mill Tailings Site, Jeffrey City, Wyoming,
Docket No. 40-1162, April. -

NRC (U.S. Nuclear Regulatory Commission), 2006b. Technical Evaluation Report, Alternate
Concentration Limits, Western Nuclear, Inc., Split Rock Site, Jeffrey City, Fremont County,
Wyoming, Docket No. 40-1162, SUA-56, September.
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NRC (U.S. Nuclear Regulatory Commission), 2010a. Environmental Assessment for Amendment
to Source Material License SUA-56 Revised Groundwater Protection Standards, Western
Nuclear Incorporated Split Rock Uranium Mill Tailings Site Jeffrey City, Fremont County,
Wyoming, Docket No. 40-1162, January.

NRC (U.S. Nuclear Regulatory Commission), 2010b. Letter from NRC to Western Nuclear
Incorporated, Re: License Amendment 105, Approving Request to Modify Groundwater
Protection Standards, Source Material License SUA-56, Western Nuclear Incorporated, Split
Rock Site, Jeffrey City, Wyoming, February.

Shepherd Miller, 1999. Site Ground Water Characterization and Evahggtzon Prepared for
Western Nuclear Inc., Split Rock Project, Jeffrey City, Wyomin;
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