
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 revised 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-3 1, and
WN-411B, 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-lR (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
long-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.surovchakglm.doe.gov 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,
Scott R. Surovchak

/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)

Surovohak/Split Rock/44-12 Draft LTSP to NRC.doc
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1.0 Introduction

1.1 Purpose

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, reporting requirements,
and maintaining records pertaining to the site.

1.2 Legal and Regulatory Requirements

The Uranium Mill Tailings Radiation Control Act (UMTRCA,9fa978 (Title" &4 tedtates
Code Section 7901 [42 USC §7901] as amended, provides farthelem ediationn (roir etnAation)

and regulation of uranium mill tailings regulated under Title4landKlife 11 of UMTRCA. Title I
addresses former uranium mill sites that were unlicensed as of JanuaiWiy ]1978, and essentially
abandoned. Title II addresses uranium-milling sites underspecific licenAs ofanuary 1, 1978.
In both cases, the licensing agency is the U.S. Nuclekeg latory Commission (NRC), or in the
case of certain Title II disposal sites, an Agreent State.,> ;plit RockAdisposal site is
regulated under Title II of UMTRCA. The Stateof Wyoming is Iotpn Agreement State.

Federal regulations at 10 CFR 40.28 providff or the libensing 'custody, and long-term care of
uranium and thorium mill tailings sit4s clsed (reclainw -d rTitle II of UMTRCA.

A general license (10_FR 40.28)$ is issed b- ,NRC for custody and long-term care-including
monitoring, maintenancedandemergency measuresnecessary to ensure that uranium and
thorium mill taiings disposal 'shi , ll be managed in a manner that protects public health,
safety, and the environment aftlec re (completion of reclamation activities).

The gei a I nse becomes effect: .... when NRC or an Agreement State approves the site

reclamationd'terminates the speific license, and when NRC accepts a site-specific LTSP
(such. as this dd~l1Aent). The longtlrm custodian will implement site surveillance and provide
care for the site i ordance with provisions of the LTSP.

In accordance with the ,generial license, specific information is required to be included in the
LTSP (10 CFR 40.28 [b][1] - [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 Title I and
Title II Disposal Sites (DOE 2001). The rationale and procedures presented in the guidance
documentare considered part of this LTSP.

U.S. Department of Energy LTSP-Split Rock, Wyoming, Disposal Site
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Table 1. General License Requirements for the Split Rock Disposal Site

10 CFR 40.28 (b) Requirements
Requirement L TSP 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 3.0
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 L TSP 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 V. ý $ertibn 3.1
4. Guarantee NRC permanent right-of-entry bUf.Sebtion 3.1
5. Notification to NRC of significant construction, actions, or repairs at~the site. P4•0cions 3.5 and 3.6

1.3 Role of the U.S. Department of Energy

The DOE Office of Legacy Management (LM) is the prQgram office resposibl~r managing
the long-term surveillance and maintenance (LTS& DOE disposal sitesthat contain
regulated low-level radioactive materials and portibns ofgite; that do notrhalive a DOE mission
after cleanup, as well as other sites (including Title II site•) asgssigned, and to establish a
common office for the security, surveillancemonitoring, and mtafienance of those sites.

The LM mission includes "...implementirng long-term surveilance and maintenance at sites to
ensure sustainable protection of heibalth and the environment." LM is responsible for
implementing this LTSPcafterit is acceptediby NRC and the site becomes regulated under the
general license. <-

According t~ihe objectives of DOE Order 450 •V /A, Environmental Protection Program, or
current guidance, DOE sites must iflement sound stewardship practices protective of the air,
water,,lfandand other natural and cuilural resources potentially affected by their operations.
DOE Ord450p. IA requires DOE 06s to have an environmental management system (EMS) to
implement thesec practices. The LN IEMS incorporates federal mandates specified in Executive
Order 13423, St••engiening Federal Environmental, Energy, and Transportation Management
and DOE Order 43rB,.'e!drtmental Energy Renewable Energy and Transportation

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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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 1981 .u...i..NRC source
materials license number SUA-56. In 1981 the mill was plated on standby st-Atusand in 1986 it
was placed in possession-only status and the license was amenidedoomplef lings disposal.

Decommissioning and demolition commenced in 1988 (Sheph••rd Miller 1999b).,,kMo§V.6f the ore
for the mill came from open pit mine operations in the Gas HiiIstIct approximately 20 miles
north of the mill site. Other ore supplies came from underground miln)gpoperations in the
Crooks Gap area, approximately 12 miles south of the mill site (Merrilg,9741ý).The Split Rock
mill was an acid-leach, ion-exchange, and solvent-eia 4 n operation thht'rocessed
approximately 7.7 million tons of ore from 195710 1981 'ith a uranium •etraction rate of
approximately 95 percent. The facility, originallfdesign•'d tjfoee 400 tons of ore per day,

underwent two capacity upgrades; by 1967<the lncreased to 1,200 tons
per day and by the 1970s the capacity had ched 1,7Q0 tons per day (Shepherd Miller 1999b).

During the milling period, process waste"n the form ofiii Iligs solids and acidic liquids were
discharged to the unlinedtafijngs disposaIareas. These tailings disposal areas or ponds were
designed in 1957wfien th'edesignphilosophy was to eliminate process effluent through seepage,
thereby maximizing solid tailing •strage whi1'd rcreasing water storage and handling
requirement• Waste estimates at-thie eak of milling indicated a ratio of 5 parts process effluent
to 1 parl slids were being dischargedto the disposal areas. A total of approximately 7.7 million
tons oftfil'•igs and billions of gallol-naf process effluent were deposited into three primary
tailings disp6si areas, known as tl•Main, Old, and Alternate Tailings Impoundments, that were
used during theioperational life of4he mill (Shepherd Miller 1999b).

Groundwater correctivý,ectioat the site began in 1990 with the extraction of contaminated
groundwater in the are'aj-(ctly downgradient of the tailings impoundment. Recovered
groundwater was piped,/, an 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.
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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).

3
I
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I
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The climate of the Jeffrey City area is semi-arid, with average
approximately 11 inches. More than 40 percent of the annul rec
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The primary land uses in the immediate surroundi ~vii
wildlife habitat. Mineral exploration and oil and s de'
area. Jeffrey City, the former mill town with a c •t
directly southwest of the site.

r ing, recreation, and
occurs in the surrounding
(2009 estimate), lies

2.3 Disposal Site

2.3.1

Upon coml
the Split
care;

and acceance of the site under the NRC general license,
ýrred toothe U.S. Government for custody and long-term
for the federal government.

The area wit t plit Rock dipsal site's long-term care boundary is 3,868 acres. Of the
3,868-acres wit t long-te r are boundary, 3077 acres are owned by the federal
government, i.e., withdrawn from the Bureau of Land Management (BLM) (in
process) and 2,432 a c obtained in fee from WNI (in process). The remaining 791 acres
of land within the long-tr 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:

* Legal description for the disposal site property.

• Warranty deed.

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

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 te ty' (roadreferred to locally
as Ore Road) and travel 2 miles to the site entrance, located 6n lie east •gipf the road.

Alternatively from Lander, Wyoming, travel southeast on U,9.SHighw'ay 287 -1ý9,milesfto the
junction with State Highway 28 (Figure 1). Turn left and contlnu (on U.S. HighWAy 2ý8K ýfo7,6r
30 miles to Jeffrey City, then turn north on Ore Road for 2 miles-o0the disposal sit's
described above.

2.3.3 Description of Surface Conditions

The land surface of the disposal cell area at the Split Rocksitewas reclaimed to achieve gentle
topography with a series of diversion channels that, distbute stolrn•watet away from the
reclaimed tailings impoundment. The final 91fae at th'e site combines grading and rock
armoring to achieve the necessary surface water run-on and run&-off control and erosion
protection to satisfy the longevity desig n equirements. Although not required by the NRC-
approved reclamation plan, all areas fof thesite disturbed by construction, with the exception of
the disposal cell, wereeegetated (Shepner wMiller 1999b). The surface configuration and
topography for lhe' afi on Flgqre?2 an&Figure 3, respectively.

The reclaimAed tailings impoundmh 1 t•or disposal cell, is an irregular shaped area of
approximately 265 acres that lies beteen granite outcrops to the north, south, and east. On the
westtseagranite outcrop splits thogeclaimed impoundment to form two lobes, one which
protrudes t• -tlYorthwest of the outrop and one which protrudes to the southwest of the
outcrop. The erisyiprotection fithe surface of the tailings impoundment consists primarily of
rock mulch.

Four diversion channels!>kiiown 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.
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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, andeast sides of the site. The centerline of the meandering course of the Sweetwater River
defines the site's northern boundary.

One unpolished granite marker with an incised message identifying the site of the Split Rock
disposal area is placed just inside the main entrance gate adjacent {6 th@e"oun&y road on the
western portion of the site where a person entering the prope "y would likelMydiscover it. The
message on the granite site marker is shown on Figure 4.

A perimeter warning sign displaying the DOE 24-hour telephi bineumber (Figure 5)_Iwaspplaced
near the entrance to the site. Thirty-seven additional perimeterpwaa-ing signs wereptr cedaround
the perimeter of the site at locations where access to the sitee'oteLay to occur.

The locations of the permanent site surveillance featurd-0re shown on Figur e 2.

2.4 Tailings Impoundment Design

The tailings impoundment at the Split Rodktite isocated in tw alluvial valleys, known as the
Northwest Valley and the Southwest Valley, situated 1ewee Nsurrounding granite outcrops. The
final impoundment combines the thr eeormer tailings djipusal areas (known as the Main, Old,
and Alternate Tailings Impoundmernits) tht'had been in use at various times over the 1958 to
1981 operating peridS i 1`jieSherd•Miller l'99b

By the'end of operations the three frmer dispodsalareas encompassed approximately 180 acres
and conta approximately 7.7 jij[imon tons/of• tailings. An estimated 1.67 million pounds of
uranium weredeposited into the tailihgs impoundments (based on the processing mill achieving
a uranium exti-action rate of approximately 95 percent). In 1999, it was estimated that 36 percent
of the deposite Wmanium remainedlin the tailings impoundment while the other 64 percent had
migrated out ofttheimpoundmentf*There is also an estimated 2,750 curies of radioactivity (based
on the activity of radium-226),,BMllions of gallons of process effluent were also discharged into
these tailings disposalia•eas over the 24 years of milling operations. The maximum thickness of
the tailings deposited int Ithese disposal areas was approximately 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).
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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 1999a).

2.4.1 Encapsulation Design a

The objective of the tailings impoundment cover is long-term.o•lation of the uranium mill
tailings from the surrounding environment. This is accomplished••y a

r edcing ~6gseiso
rates to below the regulatory standard of 20 picocuries per square meter per secod nimizingth otmiae a erals toprvnt~ihaf~t h usrae n
infiltration of precipitation that could potentially leach cont3iinants into the subsurface, and
physically containing the contaminated materials to prevent dispersionýcaused by, erosion.

An interim cover was placed over both the regrade tfiligs and the formerpnill area in order to
minimize the potential for windblown dispersal Mithe taifings'and cdntaminated materials untilthcneswhc vredfombtweo1d ng~ad rna oinated uateio nti
the final cover was installed. The interim cover consisteilof clopcted borrow soil placed at athickness which varied from between 1 an ft. N- c:e' it wa/t"-ifnfr n adnateuta~2~d .N ceit was7@k• frany rdo attenato

afforded by the interim cover when determ iiing design'specifications of the final cover for
controlling radon gas emissions (Shepherd Miller 1A.4,

The final reclamationv on-s'sts barrier layer, a borrow soil layer, and a rock
mulch layer (ora er in sort ereasg ) fo erosion protection. The radon barrier

was placed on'op of a 4-inch sacnfi ial clay was used to establish the final desired
subgrade on top of the tailings. The raon barrier thickness varies from 6-inches to 45-inches
dependfi the radium content ofthe tailings in the area being covered. The borrow soil layer
thickness • ie'rom 8 to 15 inches'The erosion protection layer consists of either a 4-inch thick
rock layer ovenrin by a 2-inch thik'soil layer (i.e., a soil/rock matrix) or just a 4-inch thick rockwae ithoe.heove"an Yt
layer (i.e., wso i~rmponent) (Note: Following the first year of construction,
NRC approved W7NYs;requestto discontinue the application of the soil component of the
soil/rock matrix; the--r- *e§I obe of the cell includes a soil/rock matrix for erosion protection,
the remaining portion th cell consists of only a 4-inch thick rock layer for erosion protection).
The median stone diaineter (D5 0) of the granite rock used for erosion protection was 2 inches.
Rock with a D5 0 of 3 inches was required for a small area in the northwest~portion of the tailings
impoundment and rock with a D5 0 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.
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I
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 I
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 I
discussed in Section 3.6.2.

2.4.2 Storm Water Diversion System 3
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
water diversion system for the site consists of four diversion dit t Not Diversion
Channel, the South Diversion Channel, the North Central Divee h( o and the South I
Central Diversion Channel (Figure 2). In addition, a riprap 1i ted swale structed on top of
the reclaimed tailings impoundment to direct flood flows int he Nor Die Channel.
Riprapped erosion aprons and scour trenches were construc outlets of lte diversion
ditches to prevent head cutting and long-term erosion. The pu f all these f 5 to
convey surface water runoff away from and off of the reclaimd s impoundment.

To prevent erosion, each diversion channel was lined with a layer of p1 &d over one or
two filter layers depending on the D50 size of the ri T as-built D50  riprap varied
from 3 inches to 18 inches, depending upon the mate fm velocities and the riprap layer II
thickness varied from 6 inches to 27.5 inches.

The North Diversion Channel intercepts flow coming from theiger terrain north and east of
the tailings impoundment and conveys it to the norths W** outh Diversion Channel
intercepts flow coming from the higber terrain south of ings impoundment and conveys it
to the southwest.

The North Cen ersion 1 and t, Central Diversion Channel protect the
impoundmej• om flows coming f n the hi terrain to the west of the impoundment and
drai wat iat flows off the impounment c er. These channels convey the flow to the
north ksouthwest, respectively.

The storm ersion system ishown on Figure 2.

2.5 Site Geo Jydrogeology, 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 Granitei
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 ofthe 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 Precambrian granite (ShýterMi l1e-r 1999b).

A regional uplift event began in late Pliocene time, beginning the pres "le of erosion in
most of central Wyoming that has resulted in the crest of thehburied mountais:being exposed to
a maximum height of approximately 1,000 feet in the area. Theeast61y couA6-th
Sweetwater River was also established at this time along the troughtline of the Spfi"J. k
Syncline. During Pleistocene time, as the climate became more aia;dw-ind erosion increased,
scooping out some undrained depressions in the exposed sandstone dftheeSplit Rock Formation
in and around the protruding granite knobs. The Sweetwater River's reuedfhlow and low
channel gradient now allows transport and depositidoofstand, silt, and cl'ay.

A stratigraphic column for the Split Rock site aitgis shwn n gure 7.

2.5.2 Regional Hydrogeology

There are two geologic units that occ ur within the area fhsite that yield significant quantities
of groundwater and have, distinct baselingroundwater quality characteristics: Quaternary
deposits Sweatd~plain allt i rm) and Miocene rocks (Split Rock Formation). On

a rgn basis\,-ASweetwat i'e ,floo( a•lluvial aquifer is a minor component to the
overall hydraulic system, whereas, he Split Rclk Formation covers an area of approximately
1,500 squafmiles and its aquifero•nqtains potentially large supplies of groundwater. Reported
yields R-ells completed in the i Rock aquifer range from 3 to 1,100 gallons per minute
(ShepherdMil1-10J999b).

The Split Rock auiin iei considered the regional aquifer and is divided into two
hydrostratigraphic uit efered to as the Upper Split Rock Unit and the Lower Split Rock Unit
due to distinct litholog a geologic characteristics, though they are hydraulically similar. Both
regional and local groundater flows, when forced up against the granite formation, move
upward, creating an upward 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 1999b).

U.S. Department of Energy LTSP-Split Rock, Wyoming, Disposal Site
April 2012 Doe. No. S02613-0.0

Page 15



Sweetwater River Alluvium (FP)- Limited to
Sweetwater River floodplain, up to 25 feet

FP thick. typically a fining upward sequence of
gravel, sand, silt and clay.

Folian 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.

AS Alluvium (AS)- Present in all but granite outcrop
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
USR ýN`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 area,
undetermined thickness. The granite composed

LSR primarily of clear to gray quartz, white potassium
feldspar, and minor amounts of

. ........ black hornblendle.9

LEGEND

GRAVEL OR CONGLOMERATE

WR

SAND OR SANDSTONE

SILT AND CLAY

GRANITE

GR

LOCAL STRATIGRAPHIC COLUMN
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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 aquifers (or aquifer units) at or near the site are
provided in Table 2.

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

Unit Hydraulic Conductivity Transmissivity Storativity(ft/day) (ft2/day) 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
Data Source; Letter from NRC to Western Nuclear Incorporated, Re: LicenseA~meii'dnint 105.'Approving Request to
Modify Groundwater Protection Standards, Source Material License SUA56"'ds"ern U •iear Incorporated, Split
Rock Site, Jeffrey City, Wyoming, February 24, 2010.

The movement of groundwater in the Sweetwater Basin is contr Hed by the location firecharge
and discharge areas, by the thickness, gradient, and hydraulic eondwtvity of the geologic units,
and by the location of impermeable and relatively impermeable unif:B"6th the alluvial and
regional aquifers discharge to the Sweetwater River that defines the sites northern boundary.
The Sweetwater River is reported to gain approximafelyl17 cubic feet perecon6d between the

XK
gaging station near Sweetwater Station (approximately 11,miles upstreamrof the site) and the
gaging station near Alcova (approximately 40 miles do s f the site). However, reported
discharge measurements indicate that the Sweehwaer r Iesr seater in the middle portion of
this stretch from Alkali Creek to Jeffrey city and theneturns t gaining water from Jeffrey City
to Alcova (Shepherd Miller 1999b).

The general direction of grolwater movement in the regional Split Rock Formation aquifer
(within the twee tater itiasln t he east and mortheast, toward and in the direction of flow
within the Sweetwater River (a~d~iti"Ohal informatn regarding the localized groundwater flow
direction a$lie site is provided blwin Section 2.5.3). Uplifts along the southern boundary of
the basin iiluding the GreenMountains and the Ferris Mountains, serve, as recharge areas.
Djeep,,reerge'near the site also occurs from direct precipitation and from precipitation runoff
from the surrounding granite hillsides (Shepherd Miller 1999b).

Where the Sweetwater River has meandered through the valleys between the granite outcrops it
has left deposits of sand, siltnd clay river sediments ranging from approximately 15 to 30 ft in
thickness over the Spli ' Formation. The floodplain alluvial aquifer occurs within these river
sediments (Shepherd Mjiller 1999b). This shallow floodplain alluvial aquifer is hydrologically
connected to the underlying regional Split Rock Formation aquifer and is highly 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
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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 groffffdwater ofethe regional Split
Rock aquifer in this area due to the presence of the granite oufcrops. Thvis ard vertical
gradient results in seepage from the tailings impoundments occurring praimrly, within the
groundwater of the Upper Split Rock Unit in this area (Sheg Mi

Groundwater flow (100 percent) exiting the Northwest Valleynefes with the re`g,,i' 5
groundwater flow of the Split Rock aquifer that is entering thi S'w~eater River floodplain
alluvial aquifer. The majority of the groundwater flow (80 percent; " g the Southwest Valleypecetleluviteaotheslale
merges with the east northeast trending regional groundwater flow of thIeSpJitRock aquifer.
This flow continues along the southern edge of the•fnit outcrops directJ suth of the
impoundment before migrating beyond the site'steastern bdundary where it eventually enters the
Sweetwater River floodplain alluvial aquifer. Thebalan ereent)-of the groundwater
exiting the Southwest Valley flows to thetnorth arrund the graii6 tcrops west of the
impoundment where it joins the east northect trending regional groundwater flow of the Splitflopanaluilaufe.Algo dwae inthSeewaerRIe
Rock aquifer that is merging with theeasPt flowing gro 'ndwaer of the Sweetwater River
floodplain alluvial aquifer. All gro~d er in the imme ite area of the tailings impoundmenteventually discharges, t6rtih7'Seetývateii• i , Groundwater exiting the Northwest Valley

reaches the Sweetw'at6e Riv wellhbefore groundwater that exits the Southwest Valley,
particularly thmajority portidfi4*0the flow Whihtravels to the south and joins with the east
northeast treiding regional groundwdr flowdf the Split Rock aquifer (Shepherd Miller 1999b).
The groundfwater flow patterns ancP9fected aquifers are shown on Figure 8 and Figure 9,
respscfienve!

Seepage from aiingsImpoun•m/ents has impacted the groundwater within the Split Rock
Formation (regionaI aquifer) andvthe Sweetwater River alluvium (floodplain aquifer) in the area
underlying and dowgad)en'dtVo the tailings impoundment. Concentrations of site-related
contaminants are typicatfighest 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 Miller 1999b).
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Figure 8. Groundwater Flow Patterns, Split Rock, Wyoming, Disposal Site
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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 beyond the site's long-term
care boundary will likely continue to be used for drinking water andýlivestocklvatering
(NRC 2 006a), and is not.expected to be impacted from site related con!tituents
(Shepherd Miller 1999b). The site's long-term care boundary is considdredrto be the point-of-
exposure (POE).

Groundwater within the site long-term care boundary prior to site iansition was ontyused
for livestock watering. Although groundwater quality withinfhe site does not

meet Wyoming Department of Environmental Quality (WDEQ) Class~iJlivestock standards
(i.e., impacted groundwater underlying and directly do~ngradient of the te 'ns impoundment),
the onsite well used for livestock watering prior tM !it1 wellWN-2 Figure 2) was
understood to have produced water that met WDEQ Clas standatds (NRC 2006a). Following
transition, this water well will likely continuetobý ,usedfor_ livestoc watering under long-term
management of the site, provided its watet eet VVDEQ Classit•ivestock standards. Any well
within the federally-owned portion of the site that is c~Asidered for livestock watering under
long-term care will be required to mee•t gWDEQ Class liti11JIFStock standards. Agriculture
conducted within the long-term careo' udry prior to transition was understood to have used
surface water obtaine'df •tiiSweetwater River (or from a groundwater source outside the
long-term care boidary) ! n6 as sc uninllte such under long-term care. No
groundwaterobfained within t ýfýiedrally-owie.d 'portion of the site will be considered for
agriculturnluse under long-term managementiunless it first meets WDEQ Class II agriculture
standards. lthough, groundwater' Werlying and directly downgradient of the tailings
mpoundinDdid not meet WDEQaglicultural or livestock standards when the site was

transitioned towOE, groundwater.iquahlity in other areas within the long-term care boundary did
comply with WDP•Class II andQllass III standards (NRC 2006a). NRC reviewed the effects of
using groundwatefrorthese other areas within the long-term care boundary for agricultural and

livestock purposes and. dded 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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I
2.5.4 Groundwater Corrective Actions and the Establishment of ACLs and I

Trigger Levels

The groundwater Corrective Action Program (CAP) at the site began in 1990 when pumping of 5
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. The3
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 specified. Recovered groundwater was
piped to an evaporation pond constructed in the Southwest Va directy downgradient of the
southwestern portion of the disposal cell. From there the countminated godwater was pumped
to an evaporation misting system that sprayed water over to unreclained potion of the tailings
impoundments (Shepherd Miller 1999b). The original goal was to achieve backgound
concentrations in the groundwater.

In 1999 WNI concluded that continued corrective action wotild not b fective in reducing
contaminant concentrations in groundwater further and issued a gro tr characterization 3
and evaluation report (Shepherd Miller 1999b) to suppot e selection a orective action
alternative. This report is also referred to as the site don. While "groundwater CAP
was effective in minimizing seepage from the tailngs in nt basd on the performance
to date, it was determined that the continued ope n the as unlikely to achieve the
groundwater protection standards specifi the ice .Therefore, WNI proposed
that alternate concentration limits (AC d etermi or the site's point of compliance
(POC) that are protective of human and the en t, and which would result in
compliance with groundwater prot dards (or estlished background concentrations) at
the long-term care POE). Th 1999 groundwater characterization and evaluationreport submitted to d the ACL application.

It was also recognized at the time s were being considered that the groundwater remediation
system washaving no effect on th ses of contamination that had already migrated beyond the
system's oaction wells (Thomps 005; NRC 2006a). Indeed, it had been established that
significant a of hazardous stituents from the tailings eepage had become associated
with the aquifer and woul owly re-mobilize into the groundwater over time, and that at
least some of this< ry- s ce term was located downgradient of the edge of the reclaimed
tailings (Shepherd M b) and the proposed point of compliance. This appears to be in
contradiction to regula at Criterion 5D of Appendix A in 10 CFR 40 that state: "The
program must also ad 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 I
and meet maximum concentration limits or other standards at the POE.

Information provided in support of the ACL application (Shepherd Miller 1999b) included a I
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 5
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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 co'npliant
with applicable groundwater protection standards or established background concentrations at
the POE). , h

To determine the ACLs, maximum contaminant concentrations 1fom 19g6 1997 in the
immediate vicinity of the tailings impoundment, were used in a groundvtderNow and transport
model for the site. Flow and transport modeling of uranium Knd sulfate wa Iidticted. This
groundwater model and its predictions were presented in the\1 999,groundwater,:liiaactetization
and evaluation report (Shepherd Miller 1999b). Uranium was " usediiijN
transport model because it was determined to be the most mobile -,sulfate, determined to be
another of the more mobile COCs, was also modeled to confirm the assatimiptions~and predictions
made regarding uranium's mobility. The remaining COC •.were not modbleaxplicitly, but were
modeled implicitly. The behavior of these other C@Cs idetermined 60 relationships and
observations relative to uranium. Results of this modehng dqem~nstritedhat the maximum
contaminant concentrations would be compliantf-ith water q•ualityandards at the points of
exposure (POEs), or would be within withNRC-apprý"ed bacground concentrations
(NRC 2006b). Ca ebk n cti

Groundwater modeling also d t~hefollowing: 1) that uranium would mark the
maximum extent of s tS c ontamin n both the floodplain alluvial aquifer and in
the regional Spipt Ra1 Ife that conce tfi tatons would be protective at the site's long-term
care boundaiy) that groundwatf Nithm the':ýit&J's long-term care boundary would ultimately
discharg9 .nto the Sweetwater Riv % A•nd 4) that if concentrations at the POC stayed below
the max i mt concentrations obsel -d, they would be protective of the river
(ShepohedMfill'er 1999b).

ACLs werep• fseor ammonia, manganese, molybdenum, nitrate, combined radium-226
and -228, and natfrita uumf or both the Northwest Valley and Southwest Valley flow
-regimes, and would be' applIble at designated POC wells located on site (i.e., Well-5 for
the Northwest Valley f&wregime and well WN-21 for the Southwest Valley flow regime,
Figure 2). Several otheryconstituents were included in WNI's license (SUA-56) monitoring
program, but did not require ACLs as groundwater concentrations were in compliance with
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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I
former Red Mule subdivision (directly east of well SWAB-31, Figure 2). Predicted 3
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- 3
related constituents in approximately 100 years (Shepherd Miller 1999b).

In 2006, as a final response to WNI's ACL application submittal (and supplemental information 3
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 ALA... . " and issued a
subsequent finding of no significant impact (FONSI) approving tie establishment of ACLs. NRCconcurred in the ACL application on September 28, 2006 (14C 2006c). Spccific actions are to

be taken if an ACL is exceeded at a POC under long-term rin toring (see Section 3

In approving the ACLs, the NRC also established a set of triels for both g and
surface water. Trigger levels were established for each constituentwith n ACL; ammonia,
manganese, molybdenum, nitrate, combined radium -226 and -228, a•p• uniurm According to U
WNI's license (SUA-56), trigger levels were applicable he POE. Sp f PE wells to which
compliance with the groundwater trigger levels would h en requiredere not designated in
the license for either the Split Rock (regional) aquifer or F plain alluvial) aquifer,
although it is assumed that they would have been ph ble a1 wll closest to the POE for
each flow regime. The Sweetwater River h rye s the POE for the northern portion of the
site (because it defines the site's long- teare boun is where the surface water trigger
levels are presumed to have been app ie~le, although W 's license (SUA-56) did not
specifically identify a surface wate is also understood that the trigger levels for both
groundwater and srrfasee W ejowerc establshe based on maintaining protectiveness at the POE.
Although these • asggeý e cense diton for WNI, there appears to have been no
other regulatory basis for their tion. Therefore, DOE will not incorporate these trigger
levels into the long-term monitor ogram for the site (see Section 3.7.1).

While not expitly stated in site d 'mentation, it is assumed that the ACL values to be
met at the P were set to evalu future performance of the tailings impoundment
(i.e., concentratioso site-relat. onstituents will be compliant with applicable groundwater
protection standards tabl• d background concentrations at the POE or site boundary). As
long as ACL values a ceeded at the POCs, the tailings impoundment is judged to be I
performing acceptably., ever, as noted above, it was recognized that a pulse of elevated
contamination had mo) d 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-IR). 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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UMTRCA site (that DOE is aware of) where triggerlevels 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
of 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
submitting. a license amendment request proposing the establishment an ACL for selenium at the
site equal to' the U. S. Environmental Protection Agency (EPA) F-4 CF 1 •"l41 4aximum
contaminant level (MCL) for drinking water (0.05 mg/L). Asiparl of the, rgtuatory process, NRC
completed an EA for the establishment of the selenium ACJ and also to address WNJ's license
amendment request to modify the uranium trigger level for g i-dwater (NR,(210a). The EA
was published in the Federal Register on February 5, 2010. 3 letLer dated Feb Lir24. 2010,
NRC accepted WNI's request for an ACL for selenium of 0.0 i/il LNRC 20 1 O.

In a concurrent action NRC also; 1) approved WNI's license amendmnti request to establish
groundwater protection standards at the site for severgafdiditional constitue6nt ("i.e., aluminum
37 mg/L, antimony 0.006 mg/L, arsenic 0.05 mg/ fluoir 4 mg/L, and thallium 0.002 mg/L),
2) revised the standard for beryllium (i.e., from 0.05 mg/Lj0to 0.01 mg/L)ý 3) deleted chromium
from the list of required monitoring constituents' and 4)5increase4thB trigger level for uranium in
groundwater (to reflect background concenfi~ttions) from 0.03 ingL to 0.087 mg/L for the Split
Rock regional aquifer and from 0.03 mg/L to 0.044 mg/L for the floodplain alluvial aquifer
(7NRC 2010b).

groundwatere re gina (toiid s aquife reflec 03im0tor....

ACLs and other gr aerrds, along with historical concentrations of
constituents (forbh backgond and the tiiigsa area) that were monitored in accordance with
WNI's sour cmaterial license (S(JAx56, Amendent No. 105, February 24, 2010) prior to
transition Ath site to DOE are proxded in Table 3. Associated trigger levels for both

"groundwkter and surface water for" d gnated constituents included in WNI's source material
licengg1 are jpided in Table 4.

DOE evaluated WAJ's monitoringprogram and historical results for determining technically
valid recommendaitis for long- trm 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

I
U
I
I

3.4 4.055 8.7 0.044 0.0879
ACL = alternate co on limit; P0 point of compliance; mg/L= milligrams per liter;
pCi/L = picocuries Vpe,-R=raim
aACLs are applicable at epherd Miller 1999b).
b Groundwater protection s obtained from WNI's Source Material License (SUA-56), Amendment No. 105,

License Condition 74B&C.
c Maximum historical con trations and background concentrations obtained from Volume I of the Site Ground

Water Characterization and Evaluation (i.e. the ACL application), Table 17 (Shepherd Miller 1999b).
d The ACL for selenium is equivalent to the EPA maximum contaminant level (MCL) for drinking water (NRC 2010b).
e The background concentration for uranium was revised subsequent the value included in the Site Ground Water

Characterization and Evaluation (NRC 201 Ob).

I
£

I

I
I

I
I
I
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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 0.5 mg/La 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 5.00 pCi/L 5.0 pCi/L 5.0 pCi/L
mg/L = milligrams per liter; pCi/L = picocuries per liter.
a EPA groundwater risk~based concentration (RBC).
b EPA maximum contaminant level (MCL) for drinking water.

Note: WNI's source material license (SUA-56) required compliance with trigger levels atthe6point of exposure (POE).
Trigger levels appear to have been established to be used as a trigger"ifor raising conco enshuld these
concentrations be reached at the POE; and is likely due to the recognitikn that a pulseoof g"r'b''dwater contamination
had migrated beyond the point of compliance (POC) and beyond the cature zonelpf WNI's gtbuhrdwater corrective
action program. Therefore, it is understood that trigger levels were to be us`d1to monitor the legjac•i•:umewnehereas
the alternate concentration limits established were to be used for monitoringethe performance of theadisposal cell.

U.S. Department of Energy
April 2012

LTSP-Split Rock, Wyoming, Disposal Site
Doc. No. S02613-0.0

Page 27



LTSP-Split Rock, Wyoming, Disposal Site
Doc. No. S02613-0.0
Page 28

U.S. Department of Energy
April 2012



3.0 Long-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 Statedeclined this right, the site was transferred to DOE for custody and long-
term care.

When NRC accepted this LTSP and terminated WNI's license, SUTA-56, the site was included
under NRC's general license for long-term custody (10 CFR 40.2,84b]) Contcurrent with this
action, title to the portion of the site within the long-term care boundary • o• by WNI was
transferred to DOE (Appendix A). The portion of the propety within the lonj•erm careA
boundary, which is federally owned, was withdrawn by BLI f lompuOlic usee ýanpaced under
DOE's jurisdiction for custody and long-term care (Appendix \). The remaining I lan ce of the
property within the long-term care boundary is privately helqndIii er IC restrictions to prevent
human exposure to site-derived contaminants in groundwater (AppenI ).

Although UMTRCA Title II disposal structures (ie i sposal cell an I itS associated surface
water diversion structures) are designed to last fMr up to6,000 years to the extent reasonably
achievable, and, in any case, for at least 200 yea(s (10 C0 R 40, Appendix A, Criterion 6)," there
is no termination of the general license for.D0Escustody and loi-term care of the site
(10 CFR 40.28 [b]).

Should changes to this LTSP become-necessary, NRC miust-be notified of the changes, and the
changes may not conflict with the requirwemnts of the general license. Additionally,
representatives of NR: iust guarantedpejrmanent right-of-entry for the purpose of periodic
site inspection,' Access to th sies shown (o Figure 2, is unimpeded from public roads.

3.2 Requirements of the Gen ral License

To meet the rcqquireents of NRC swlicense at 10 CFR 40, Section 28, and Appendix A
Criterion 12, the n'g-term custodian must, at a minimum, fulfill the following requirements.
The section in the-LTS P in whieh each requirement is addressed is given in parentheses.

* Annual site inspectiin. (Section 3.3).

* Annual inspection report. (Section 3.4).

* 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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I
3.3 Annual Site Inspections 3
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 I
approximately once every 12 months unless circumstances warrant yariance. Any variance to
this inspection frequency will be explained in the inspection r Dotify NRC of the
inspection at least 30 days in advance of the scheduled inspeion date.

3.3.2 Inspection Procedure 5
For the purpose of inspection, the Split Rock disposal site wi ed into sec called
transects. Each transect will be inspected individually. Propdsed t s for the first inspection
of the Split Rock site are listed in Table 5. Specific site features are s n Fie 2.

Table 5. Transects Used During First Inspecti of the ock, Wyom g, Disposal Site

Transect Di° to
an; o check for any settlement, slumping,

Tailings Impoundment (top and side slopes). Ion, rock di cmer or degradation, seeps, evidence of
_ __ Itanding water - n, or human activity.

er sinTprap placemep o f itegritye functionality of drainage structures;TailingsImpoundmentgDrainage st ur discontinuiof tedtaiing imundmen (erosion,
Chans ed imentation, accumulation of debris, rockdiodiplceen or degradation.

wiing orhmanctivit 0.25 mile beyond site boundary, area
Site Pemebontechnque tarieneScribe impoundment and site boundary, site entrance,

and mpeementialng e LongTr Surveilac rga o RATteln il IDsoa

budrmouetentrance sign, perimeter warning signs, site

Se sd monitor wells; check integrity.

The annual I secin will be a vis " walk-through, supported by a checklist, photographs, field

maps and notesioorting. primary purpose of the site inspection will be to look for
conditions dinthgc t sIt iclerse impacts to the disposal site, in particular, evidence ofmodifying processes q-Fbe detrimental to the performance of the disposal system. This
may include degradatio] structural discontinuity of the tailings impoundment (erosion,
settlement, slumping, ecking, 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 Guidancefor Developing
and Implementing Long-Term Surveillance Program3for U0TRCA 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., verify 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 inspections. Photographs
are documented on the Field Photograph Log. An example oft pliotogip.h log is included as
Appendix C.

3.3.3 Inspection Checklist A

The site inspection is guided by the inspection checklist. The i stiAllite-specific inspeciO
checklist for the Split Rock disposal site is presented in Appendix Da

The checklist is subject to revision as necessary. At the~conclusion of aii..a.ua site inspection,
inspectors will make notes regarding revisions to thE166 ist, if necessa\• in anticipation of the
next annual site inspection. Revisions to the chec'Mist wili Ibude suchitems as new discoveries
or changes in site conditions that must be inspected an a 'a armgthenextannual

inspection.

3.3.4 Personnel

Annual inspections normathr-wly l be peiformed by a minimum of two inspectors. Inspectors will
be experienced engineers andJlientists whoi hve been specifically trained for the purpose
through particip ation in previyL fe inspece>

Engineers, tyically will be civil, ge1otechnical, or geological engineers. Scientists will include
geologistf 11'dK~ologists, biologists d•d environmental scientists representing various fields
(e.g., ecolog6gy , range management). If serious or unique problems develop at the site,
more than two isIpe~tors may be ,ssigned to the inspection. Inspectors specialized in
specific fields mayx issigned to the inspection to evaluate serious or unusual problems and
make recommendation"s.

3.4 Annual Insje cion 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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U
For sites which require groundwater and surface water monitoring to be performed, the results 3
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) containing 3
groundwater quality data, as well as water level measurements.

3.5 Follow-up Inspections 3
Follow-up inspections are unscheduled inspections that are target o evaluate specific findings
or concerns. Follow-up inspections may be required (1) as ajiesuiV f disC66>eries made during a II
previous annual site inspection, or (2) as a result of changed ite condition, citizen

or outside agency.

3.5.1 Criteria for Follow-up Inspections

Criteria necessitating follow-up inspections are required by 10 CFR'Th:Q&N(b)(4), Accordingly,
DOE will conduct follow-up inspections should any of th'efollowing occur

1. A condition is identified during the annual sit&inspection or other sitevisit that requires
personnel, perhaps personnel with specific epcertisel bMU tothe'site to evaluate
the condition.

2. DOE is notified by a citizen or outsid• -agency that cnditions at the site are
substantially changed.

3. An extreme natural condition such as'significant earthquake (6.5 Richter-scale, or greater)

or rainfall event 'n 0 mre in hour).

Wicouts'i agencies, P10E will establish and maintain lines of
communication with local law enrcement and emergency response agencies to facilitate
notificAmi"jjn the event of significant-trespass, vandalism, or natural disaster. Because the Split
Rock dispmsayIite is remote, DOE reognizes that local agencies may not necessarily be aware

of current conditions at the site. However, these agencies will be requested to notify DOE or
provide inform'rati6 hould they/become aware of a significant event that might affect the
security or integrit~y~of the ,sie

DOE may also request the'assistance of local agencies to confirm the seriousness of a condition -

before conducting a follow-up inspection or emergency response.3

The public mayuse the 24-hour DOE telephone number posted prominently on the entrance sign
torequest 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 integrity of the disposal 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 maifitenance or to evaluate an erosion problem might be scheduled to
avoid snow cover and frozen ground or after a large precipitation event.

In the event of "unusual damage or disruption" (10 CFR 40, Appcndix A-. Crif(rion 12) that
threatens or compromises site safety, security, or integrity, DQ will:

Sotify NRC pursuant to 10 CFR 40, Appendix A,Cton ...12, whicheverCri i..2,orO O.~460,

is determined to apply;

* Begin the DOE Environment, Safety, and Health Reporting pr(cess (DOE O( .er3'2I. A,
Chg. 1; or most current guidance);

* Respond with an immediate follow-up inspection or mobilizatio i,.e emrgency
response team; .
Implement measures as necessary to contain prev'i"•t4spersion of radioactive materials

(Section 3.6).

3.5.2 Personnel
XPI, /II

Inspectors assigned to follow-up inpe3e6fns will be se d on the same basis as for the annual
site inspection (see Secti ii-3$4). •

3.5.3 Repo sof Follow-up s lions

Results ofroutine follow-up inspect Ions will be included in the next annual inspection and
monitoirinlvort (Section 3.4). Separate reports will not be prepared unless DOE determines
that it is ad"iiibte'to notify NRC of..ther outside agency of a problem at the site.

If follow-up inspe l~iiS, are required for more serious or emergency reasons, DOE will submit to
NRC a pre~limary rp.v of'tie folow-up inspection within the required 60 days (10 CFR 40,

Appendix A, Criterion 12).'

3.6 Routine Site 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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i
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 evahi6n Will Atonducted to
determine an appropriate response action that ensures protec5iK' of'• h&Uisposal system is
maintained, DOE will perform routine site maintenance, wl6re and wh ' to maintain
protectiveness. Results of routine site maintenance will be su.uMmarizeA in t ie:•)nual siteI
inspection report.

3.6.2 Control of Deep-Rooted Vegetation on Tailings Impoun blent~i
tb..o tetiig•iiijoudmen~tiit before

Vegetation, including deep-rooted plants, began esa g on the p
regulatory closure of the disposal site occurred. Trib:.ndication Tfoud in site documents
that control of such vegetation was required by tQ, licens6e pn..to f1ansition to maintain cellperformance. Information regarding vegetation mianagemnt and8&er performance on uranium

mill tailings disposal cells is provided in A[jf•endiK B. ,-is infoaion .indicates that recent
research suggests that allowing the natur successionb nativ vegetation to proceed on the
disposal cells may actually be benefifiN14o the long-tenie f W of the cells by
transforming the conventional low Vi•bility covers into water balance covers, particularly in
arid and semiarid envii its.
Therefore, monitoring or control&oPegetation he tailings impoundment is not required under

long-termn).&nagement. DOE Wll tminue toallow the natural succession of native vegetation
to proce'df61 the cell cover and thtemainder of the site and will note general vegetation
condit is iitpection reports.
3.6.3 sures

Emerg0i easMue

Emergency measures •ar,•h•e , ions that DOE will take in response to "unusual damage or
disruption" (10 CFR 460 pendix A, Criterion 12).that threaten or compromise site safety,
security, or integrity. Q 'E 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 3
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 3
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threatening situations, DOE will evaluate conditions to determine appropriate actions and notify
NRC of any circumstance that threatens the integrity 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 probability; i.e., the highest-priority response is believed to be the least likely
scenario to occur.

Table 6. DOE Criteria for Maintenance and Emergency Measures

Priority Descriptiona Example- t _Re__p__nse

Seismic event that NotifýiNRC. lmiediateiollowdup inspection by
Breach of disposal cell exceeds design basis and DOE emergency response4team emergency
with dispersal of . .. ,causes massive actions e-preventfurther if slrsaecover, ,,

discontinuity in cover. radioactiV6ematerials, and repaiiQbreach.

Breach without Partial or threatened Noti NRC.mwrddiate follow-up inspection by
2 dispersal of radioactive exposure of radioactive DOE emergency response team. Emergency

material. materials. ,80\actinsto IV
_________to repair thp- Lreach.

Human intrusion, 'Rest6re security; urgency based on assessment3 Breach of site security,. adls. • •fti:,• • 4
vandalism. ,r~.Ž

Maintenance of specific @ \'
4 sie suveilanceDeterioratiOn-of signs,4 site surveillance markers Repair tfirst opportunity.
features. make

5 Minor erosion. Erosion,not immediately Evaluate, assess impact, respond as
affetig disposal cell. appropriate to address problem.

Other changes or conditi nswllteýevalua... . tdadtted similarly on the basis of perceived risk.

3.6.5 Reporting Maintenance- andEmergency Measures

Routie maintenance completed dur ng the previous 12 months will be summarized in the annual
inspection report.

In accordance wit1O-GFR 40W60 within 4 hours of discovery of any Priority 1 or 2 event such
as those listed in Table 6;•QDE will notify the following group at NRC:

Decommissioning and Uranium Recovery Licensing Directorate, Division of Waste
Management and<Environmental Protection, Office of Federal and State Materials and
Environmental Management Programs, U.S. Nuclear Regulatory Commission.

The NRC Operations 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 ( -i I
In 2006, following extensive groundwater corrective action, NRýC nted or ammonia,
manganese, molybdenum, nitrate, combined radium-226 and',2,8,2and natural4i' 4um
(NRC 2006c). In 2010, an ACL for selenium was also granted_,6ggwith requese. S
modifications to several other groundwater protection standAis and revision to the
groundwater trigger levels for uranium,(NRC 2010b) (see Section 2 .)5

Historical groundwater and surface water monitorifg at-the site was performed by WNI for many
years in accordance with requirements set forth intheir s.urcenatenials4icense (SUA-56, I
Conditions 24 and 74, respectively) (NRC 201015).The licee spe ified compliance with
established ACLs and groundwater protection staardat the desigated POC wells (i.e.,
Well-5 for the Northwest Valley flow regime and welWN-2 Iffr the Southwest Valley flow
regime), and with trigger levels at theK,'E (Note: No §spe& wells were designated as POE
wells for groundwater coglmance,,,Aht;,l was understood to be the site's long-term care
boundary. The POE. YAf ewa-ter whaiunderstood to be the Sweetwater River, which defines
the long-term •car&-b6undaiij 6iithe north sAi(&the ite.).
WNI's license A-56) specified g•undwatd monitoring at sixteen wells (JJ-1R, WN-39B,

WN-41BýWW-42A, SWAB-i, SWiB 2, SWAB-4, SWAB-12, SWAB-22, SWAB-29,
SWA,-31'SaB-32, Well-i, Wji] •4R, Well-5, and WN-21) and five surface water locations(SW-i thru'S~V,--)kalong the Sweetwater River. Twenty-two parameters (i.e., analytical

constituents) frgroundwater andlsurface water monitoring were specified in the license;aluminum amyýo,earsenic, beryllium, cadmium, chloride, fluoride, lead,

manganese, molybd6mLn-dkckel, nitrate, pH, combined radium-226 and -228, selenium, sulfate,
thallium, thorium-230, total dissolved solids, and uranium. Groundwater monitoring was
conducted annually for/sIrlfate and uranium and semi-annually for the remaining constituents,
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 andf 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.

Aluminum, antimony, arsenic, beryllium, cadmium, fluoride,,lead~nickelthallium, and
thorium-230 were eliminated from the analytical suite on~tWhb'asis itat-they are present in
such low concentrations that they are not capable of posinig a substantial present or potential
hazard to human health or the environment, in accordance with 1.06CFR 401.Appendix A,
Criterion 5B(3).

* Of the seven remaining hazardous constituents WNI idenrlfie.las COCs and foj-hich
ACLs were established (i.e., ammonia, manganese, molybderum nitrate, combined radium-
226 and -228, selenium, and uranium), only the following were retained for continued long-
term monitoring; manganese, nitrate, combined radiunm-226 and -228 MJiduranium.
Ammonia, molybdenum, and selenium were e•xi-c•tidFrom long-term inonitoring.

* Sulfate and total dissolved solids (TDS) wereialso retairi [br continued long-term
monitoring as indicator constituents.

• All constituents included in the long(,'e monito ng program will be sampled at all
groundwater and surface water o nitoring locatio" e long-term monitoring network.

* Of the sixteen wells iWN monitore ,i•ior to site transition, ten will continue to be sampled
uet og Rmohitoiting. Thells included in the long-term monitoring network

are; Well5-4 for-teohNdR2ws Valley flow regime and WN-21,
SWB-R, SWAB-SWABA SWAB-29, and SWAB-31 for the Southwest
S A B Rw regime. T he s Ri N we s idd
Valle ow regime. The six ) sexcuded from the long-term monitoring network
are; .4Z|R, WN-39B, and JJR in the Northwest Valley flow regime and Well-1,
•S• B-4a'ndf SWAB-32 in th Southwest Valley flow regime.

* Well-5 wi _IIiain the designated POC well for the Northwest Valley flow regime (the
remaining w stthis flow/regime will be considered trend wells).

" Well WN-2 1 will4iiiai the designated POC well for the Southwest Valley flow regime
(the remaining wells this flow regime will be considered trend wells).

(W:
" 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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!
* 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. I
Locations SW-1, SW-2, SW-4, and SW-5 will be excluded from the long-term monitoring
network. 3

* 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-4 1 B 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 1
transport modeling which determined that site-related constituents'would.not reach these
locations for many years (i.e., in the Southwest Valley floireglmfr61) "or.,vcause. stability i

below groundwater protection standards has been demon, trated and upgradient locations
being sampled annually provide protection.

* Compliance with ACLs and other groundwater protectiosthandards establishcd-unddr
WNI's license (SUA-56) will continue under long-term monWing. ComplranLth ACLs
will continue to be applicable at the designated POC welfs`/a secified under Criterion
5B(5) of 10 CFR 40, Appendix A.aI

• Trigger levels established for manganese, nitrateioibined radium -22 -228, and
uranium will not be incorporated into the long term monitoring progriam as no basis for
trigger levels is found within the regulations l Instead-1DOEwill compare monitoring results
in the wells closest to the POE (i.e., slte•°ng term c to groundwater protection

standards applicable offsite to ensurel p]oiphancetcontinues1 to be maintained. Surface water
monitoring results will be co' pare.~do wae Ulftsfhmmwater quahystandards applicable to the Sweetwater
River to ensure compliance continues to be maintained./

* For groundwater•m1oitiiong, the d~sigated POE remains the long-term care boundary.
However, thesw-lolseRVst -he POEI feh flow regime will be used as the monitoring
point concern raised s6 oula groundwater protection standard bepo ~intfo.,llh w~ill•ise oua•
exceede (ieWelSA 3 o

exceq~d (i.e., Well WN-41Bor he Nortwest Valley flow regime and well SWAB-31 fortheSouthwest Valley flow regime6).

* <For su-r&aewater monitoring, designated POE remains the long-term care boundary.Ilk fHoweverthŽSweetwater Rivdrwill continue to be recognized as the effective surface water
POE for cAntaminated groundwater exiting the Northwest Valley.

* Uranium and sultfate resi.lts will be used for continued validation of the groundwater
Contaminant transp odel under long-term monitoring.

" Continued concentions in excess of the ACL for nitrate at wells SWAB-2 and SWAB-IR
(directly downgradient 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 hazardous
constituent) will be considered a regulatory out-of-compliance event under long-term
monitoring.

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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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 regime and 7e ll -for the Southwest
Valley flow regime), 2) to verify that concentrations of site-r&ifae contitents remain below
applicable groundwater protection standards at the wells located closestjdtotesite's long-term
care boundary (i.e., well WN-41B for the Northwest Valleyl0 regieaSWAB-31 forValeyf tlowrge ns -eld.

the Southwest Valley flow regime), and 3) to verify that concientr~ffons of site-relae
constituents are below any applicable surface water standard< t hSweetwater Riy__er-
DOE understands that ACLs were established to ensure protectiveness , tlthe POE (the site's
long-term care boundary) and monitor long-term perfoffTance of the ispog'ylle Compliance
with ACLs is applicable at the designated POC wel-foeiagoundwateV:•cw regime
(i.e., Well-5 for the Northwest Valley and well N-21 fOr the•Southw;estValley) as specifiedunder Criterion 5B(5) of 10 CFR 40, Appendix Aa

Table 7. Long-Term Monitoring Plan for the Split Rock 'Wyoming, Disposal Site

/Gr6uouidwater Monit0iAng
Wells.__ _ _ _ Analytes Frequency

NWV Flow Regime 6WeI'-5 (PO'CTwe) i " Annually for all wells except well
WN-41B (furthe.,owngradient well), . ýN mangarnes ,(itrate, combined WN-41 B in the NWV flow regime
42A radium-226 and -228, sulfate, and wells SWAB-22, SWAB-29,

g TDS, uranium (and standard field and SWAB-31 in the SWV flow
SWV Fio ggime: WN-21 (POC well), measurements; pH, temperature, regime where monitoring will be
SWAB•R !-B-2 SWAB-i 2R, SWAB conductivity, alkalinity, dissolved reduced to once every five years
22, SWAB-29; SWAB-31 (furthest ogen, and turbidity) following the first annual long-term
downgradient '- monitoring event.

Surface Water Monitoring'

Location Analytes Frequency

manganese, nitrate, combined
radium-226 and -228, sulfate, Annually for the first long-term

Sweetwater River: SW-3 TDS, uranium (and standard field monitoring event, once every
measurements; pH, temperature, five years thereafter.
conductivity, alkalinity, dissolved

oxygen, and turbidity)

NWV = Northwest Valley; SWV = Southwest Valley; TDS = total dissolved solids.
a 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 monitoring
locations to maintain continuity.
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I
Table 8. Alternate Concentration Limits and Groundwater Protection Standards for Long-Term Monitoring 1

at the Split Rock, Wyoming, Disposal Site

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/Lb

Combined Radium-226 7.2 pCi/L 19.9 pCi/L 5.0 pCi/Lb
and -228
Sulfatea 3,000 mg/Lb

TDSa • A 5,000 mg/Lb

Uranium (natural) 4.8 mg/L 3.4 mg/L. 9 \ ._ _ _ _

ACL = alternate concentration limit; mg/L = milligrams per liter; pCi/L = pi66curies per lit0
POC point of compliance; POE = point of exposure; TDS = total dissolved solids.
a" Indicator constituents only.
b. Standards are Wyoming Class III Groundwater Protection Standards for Livestock and applicable~at the POE.
* Note: ACLs are applicable at the designated POC wells, as they were prior totransition under WN,l's'soufce

material license SUA-56 (Amendment 105, February 24, 2010) and as specified'under Criterion 5B(5)1of
10 CFR 40, Appendix A. Concentrations in excess of the nitrate ACL have been reported in well SWAB-2 (directly
downgradient of the POC) and well SWAB-1 R since their installation in 1996 andP2009- respectively. Therefore,
continued concentrations in excess of the nitrate ACL in these wells under long-term monitoring will not be
considered an out-of-compliance event.

As discussed in Appendix E (the pre-transition m itoring evaluation), historic nitrate
concentrations in two non-POC wells (SWv 3-2 and A l eed the established ACL for
the upgradient POC well (well WN-21).%Mse concenitrations~d o not appear to have been
considered a regulatory non-compliane event, presumrblM:•cause the designated POC wells
remained below the ACL as specified inthe -source materia license (SUA-56) for the site (the
nitrate values in excessq otteliACL occu at wells directly downgradient of the Southwest
Valley POC, well -2 To- ifiterpretatfon•ftat-the ACLs apply only to POC wells appears to
contradict 10 ,6CFR 40, AppendifA riterion 5B( D) which states: "Hazardous constituents
entering theiground water from a licefised site$must not exceed the specified concentration limits
in the )ermost aquifer beyond the int of compliance during the compliance period."

However, co-r[ l~o ence betwee nhe licensee and NRC indicate that they were aware of the
elevated concenitrnons of site-related constituents downgradient of the POC in the legacy
plume. In addition, site groundwater modeling and the associated determination of the long-term
care boundary consideredthRSe historical nitrate concentrations above the ACL downgradient of
the POC. The groundwatr 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-IR 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.
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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).

Groundwater exiting the Southwest Valley also discharges tohESweetwatei River, but is
understood to take several centuries to reach and groundwater modeling-imdiciates concentrations
of site-related constituents will not exceed background at the tong-teirm care botndary, the
designated POE for this flow regime. Therefore, there are no\sxur&water sampl 1ng'o0Ctions on
the Sweetwater River downgradient of long-term care bounda otor dschare

groundwater from the Southwest Valley flow regime. However, welliSWAB-31, the farthest
downgradient well in the Southwest Valley flow regime and closest L1iPOE,4will be
monitored to ensure that concentrations meet acceptabll stevls prior to wiinting beyond the
site's long-term care boundary.

If sampling results indicate that an ACL is excee~did at aWPOCNW6or trends indicate that either
a groundwater protection standard or the _esabhlished range of backjound levels will likely be
exceeded at the POE (i.e., that offsite protectiveness iayecmpromisdD wlioIenens bmad DOE will inform

NRC and Wyoming Department of E•nArnmental Qualit'y(DEQ) of the results and conduct
confirmatory sampling. If the con ___n r saampling (i.e., results from three consecutive,
regularly scheduled,-,' t events)' V'rfies the exceedance, DOE will develop an evaluativemontorng or ,moni an-sop a plN• " "
monitoring wplan to NRC-Afr review prior to initiating the evaluative
monitoring pnr,-nram. This pln vnvolve jpanoding the analyte list to include all ACL
constituents or other relevant constituents, increasing monitoring frequency, or some other
approaeh eults of the evaluativeonitoring program will be used, in consultation with NRC,.
to dernhic 'ifit is necessary for DOE to perform additional assessment or if implementation of
corrective ei's, .. warranted.

Results of the :roulakter and surface water monitoring program will be included in the annual
inspection and monitring reort (Section 3.4).

3.7.1.4 Periodic LongTJerm 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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1
3. 7.1.5 Criteria for Discontinuing Long-Term Monitoring 1

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 l
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 3
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 l
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 additi6fal\contamliation is being
mobilized from the cell that will result in an exceedance of grbunidwaterprotection standards
applicable at the POC or POE). Discontinuing of groundwater monltonng•,wnly occur after
NRC technical review of a formal request, and their concurrence thatdoing so, §protectv•• of
human health and the environment.

3.8 Institutional Control Monitoring

Federal land ownership is the primary IC which serve-onsure long-tefnpr0tectiveness at the
Split Rock, Wyoming, disposal site. IC monitoringill erformeddurin the annual
inspection. During the inspection, DOE will check the sitE!frornauthorizdd entry, surrounding3
land use, and disturbance of site features.

Groundwater monitoring will' be used to /eonstrate that concentrations of site-related
constituents remain below applicable gjrindwater 1r sd.te eprotecionstandards wihnthe long-term care
boundary. Additionally, in 2006, be'ct within the long-term careya •o rundwater qualy ity i h og-emcr

boundary was consider~d~iifsuitable forihu in"ian consumption or domestic use, ICs were
established by -. rop es that lied within the long-term care boundary.

These ICs, which were tied to thekproperty anUTransferred to DOE, are in the form of a
restrictive evenant that restricts'* 1uman consumption or domestic use of groundwater within the
site's long~term care boundary. Thliggroundwater use restriction was accomplished by securingall rtt to then bitf'

alldneress susuac portions of the affected property that lied deeper than
seven feet. n2412, when transitionl o the site to DOE occurred, there were three properties to
which these I ere in place. The. three ICs are presented in Appendix A. The ICs apply to
the deeded propert7;,~d automatically transfer to any future owner of the affected property.
Figure A-I in AppendixAsws the location of the three properties for which groundwater
restrictive covenants are'j-i•ar ace within the long-term care boundary. The remainder of the
property within the site 4 ong-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 I
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.
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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 mitigate community impacts resulting
from the cleanup of legacy waste.

h,
The records are managed in accordance with the following requirementsn

0 44 USC 29, "Records Management by the Archivist of fi>Unmted States -andb) the
Administrator of General Services."

* 44 USC 31, "Records Management by Federal Agencies .

* 44 USC 33, "Disposal of Records."

* 36 CFR 1220 through 1238, Subchapter B, "Reco"1s•Ma g t

• DOE Guide 1324.5B, Implementation Guide"f •

* Office of Legacy Management Information and Rec•ords Magement Transition Guidance
(DOE 2004).

3.10 Quality Assurance

All activities relatec'to theui&iilance and mintenance of the Split Rock disposal site will
comply with DOE Order 414.?ll, ality A Quality assurance requirements are
routinely fuitilied by use of a wo lpanning process, standard operating procedures, trained
personnel, documents and record sintenance, and assessment activities. Requirements will be
transn mittd through procurement d6oUments to subcontractors for work to be performed at the
site, if andwkhenappropriate. k

3.11 Health and'Safety

Health and safety requirements and procedures for DOE-LM activities are consistent with DOE
Orders, federal regulati6ns, 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:
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Public Land Or~der
(Federal Register Notice ermanen Withdrawal)
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-FILE DATE: 06/04/1999 FILE TIME: 11:49 PAGE #: 0001 OF 0003
-FREMONT COUNTY, WY, JULIE A FREESE - COUNTY CLERK DOC #: 1201197 **

LAND USE RESTRICTIVE COVENANT.

THIS COVENANT, effectivc as of the 31st day of May, 1999, is given by Joe E. McIntosh

and-Jennifer Ann McIntosh 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,

do 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,jfor the benefit of all future or successor owners of the property described in Exhibit

"A-2" and for the benefit of all NRC successor licensees charged with responsibility of the Split Rock

rrill and tailings site described belo-w ("Liceazee"), for 0he reasons awd upon the terms hereinafter set

forth.

WITNESS

WHEREAS, Licensee formerly operated a uranium mill which was located in the SE¼/ of

Section 2, T29N, R92W, 6th Principal Meridian, Fremont County, Wyoming under license SUA-56

from the NRC aind its predecessor federal agencies; and

WHEREAS, Licensee is in the process of stabilizing the waste or by-product material which

resulted from its previous operation ofihe mill in aeordancewith thý U-iniun Mill Tailings

Radiation Control Act of 1978 as required by the NRC, and

WHEREAS, Licensee, in its attempt to comply with that statute, desires to arrange for the

control and management of by-product material so it vAil not pose azhazard to public health and safty

o;r the environment, and

WHEREAS. certain by-product material has'entered the"groundwater and may now or in ,te,

1fture be lbcat6d undetihe Montosh land'idenfified i Exhibiti "-nI. ad

WfiRERAS&Ow-nersare~wil g to assist Liecenseein its cifrbrts-to liniti ac 's o - pouct--
materin groundwater undr -said land.

U.S. Department of Energy LTSP-Split Rock, Wyoming, Disposal Site
ADoe. No. S02613-0.0

April 2012 Page A-13
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";FILE DATE: 06/04/1999 FILE TIME: 11:49 PAGE #: 0002 OF 0003
FREMONT COUNTY, WYo, JULIE A FREESE - COUNTY CLERK DOC #: 1201197

NOW TIEREFORE, in exchange for good and valuable consideration, the sufficiency and 3
receipt whereof being acknowledged, the Owners for themselves, and their successors and assigns and

all future owners of the land described in Exhibit "A-i", agrees to refrain from allowing any human II
use or consumption or any domestic use of water froom any new or existing water wells in or upon the

landidentified in Exhibit "A-i" except upon prior consent of Licensee or any successor Licensee or

any successor owner of the land described in Exhibit "A-2". Owners shall permit signage at any,

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

stock water or other ranching purposes. 3
The Owners specifically agree that the restriction in the preceding paragraph shall be a burden

on the land described in Exhibit "A-I" and shall run in favor of and provide benefit to the land 3
described in Exhibit "A-2" and its owner and run in favor of and provide benefit to Licensee and any

successor owner or Licensee. 3
Done and signed this c?'?' day of 1999.

6eE. McIntosh A~ier Aný~tosh

STATE OF

coUNTY OF : 3
, ils Land• UseRestrictive Covenant was acknowledged before me this,2 --day of

999 by Joe E-..Mclntbsh and Jennifer Ann McIntosh. f

II

UU

d, ,,, '

LTSP-Split Rock, Wyoming, Disposal Site U.S. Department of Energy
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FILE DATE: 06/04/1999 FILE TIME; 11:49 PAGE #: 0003 OF 0003FREMONT COUNTY, WY, JULIE A FREESE - COUNTY CLERK DOC #: 1201197

EXRIT A-1

The following described land in Fremont County, Wyomingjis burdened by the Mcintosh/Western
Nuclear Land Use Restrictive Covenant:

Township 29 North. Range 92 West
NWlI/4SWI/4, Section 2
NEI/4SEI/4, Section 3
Township 30 North Range 91 West
S!/2SW1/4, Section 31

EXHIBIT A-2

The followinig described land in T29N, R92W, Fremont. County, Wyoming is benefitted by the
McIntosh/Westem Nuclear Land Use Restrictive Covenant: The SW¼4 of Section 1 and the NW1/s of
Section 12.

u.s. Department of Energy LTSP-Split Rock, Wyoming, Disposal SiteASpril 2012 
Doc. No. S02613-0.0
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FILE DATE: 10/10/2000 FILE TIME: 02:17 PAGE #: 0001 OF 0003
FREMONT COUNTY, 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 I" day of June,
1999, is given by Beulah 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 AlI attached'hereto ("Owners") for the benefit of Western Nuclear, Inc., a Delaware
corporation, c/o Lawrence J. Corte, 17222 South Golden Road, Suite A, Golden, Colorado
80401 as owner of the land set forth ; -l-hibit A-2 attached hercto and as holder of NPC License
SUA-56, for the benefit of all future or successor owners of the property described ir, Exhibit A.-2
ar:d for the benefit 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.

WITNESSETH

WHEREAS, Western Nuclear, Inc. formerly operated a uranium mill which was located in
the SE 1/4 of Section 2, T29N, R92W 6' Principal Meridian, Fremont County, Wyoming under
license SUA-56 from the Nuclear Regulatory Commission (NRC) and its predecessor federal
agencies; and

WHEREAS, Western Nuclea'r; Inc. is in the process of stabilizing the waste or by-product
material which resulted from its previous-operation of the mill in accordance with'the Uranium
Mi Trailings Riddiatiobn'Control Act of 1978 as required'by the NRC; and

WHEREAS; Western Nuclear; Inc. in its attempt to comply with that statute,- desires to
arrange for. the control ',ard management of by-product material so it will not pose a hazard to
public health and safety or the environment, and

WIEREAS.&crtain by-produc t material has entered the ground water and mty now or in
the fiuture be located under the Peterson land identified in ExhibitA-I. 1;and

WHEREAS, Owners are willing to-assist Western Nuclear, Inlc in its efforts io-limit
accessi o b-pro,1ductmaterial, in ground water under-said', ind;-

NO)W, .THEREFORE, i xi•ext for good and valuable conbideration, the sufficiency
anI d, reptpwhqreofbeiig acowledg`ýqOMOwneris for theriselves, and.their successors and
assigns-ands aigl iitur ers,0,i i edn E arethapermitting ;drilling,'
~uildung;-opemng-, outidzjg any -new~water wels'reor iupon~tlie lad'denAit iidi' ifEIbit A-11

•wflfni2• 6" allow~' el citu"on'pnior consentof-Wester Nuclear, In,-.or it's successors. -

U.S. Department of Energy LTSP-Split Rock, Wyoming, Disposal Site
April 2012 Doec. No. S02613-0.0
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FILE DATE: 10/10/2000 FILE TIME: 02:17 PAGE #: 0002 OF 0003
FREMONT COUNTY, WY, JULIE A FREESE - COUNTY CLERK DOC #: 1214580 3

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-I 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 Tailings Radiation Control Act, or as may be required by any federal or state agency having
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-I 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," 4 ay of 2000.

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 attorney recorded in the I
Fremont County, Wyoming, real property
records in Book 807 at Page 230. F

STATE OF OREGON ) - RUTH A. WOOTON

i) S. NOTARY PU,3LIC.OREGONL9/..• "0 ; cor.lhlissl,,ouN. 058298
COUNTY O. - M I OMSSION EXPIPIES OCL 22, 2000

This Restated Land.Use Rej;trctive •Covenant and Access Easement-was acknowledged
before me this ay or fL , 2000 by Beulah.Peterson Walker, a.k.a,,Beulah
M. Walker acting by and through Arliss C. Peterson as her agent and attorney-in-fact.

My commissign expires: f.L 6 2 ~~
Notary Public

STATE OF OREGON ) omcA( SEAL |I •'•1 : .RUTH A; WOOTOI' I

COUNTY OF )-COMMISSION NO. 058298 ,

L IV COISSIo.N EXPIRES OCT.22, 2000

befreiiietk~ a of' RstriitiveC-&yenantand.Ac6ds§ Ea emei'itwas' aickinow ledge 3
*y,Commission expirds: at22l A ~ Z 76h

.. ..Notaiy'Pbli " I

I
I
I
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FILE DATE: 10/10/2000 FILE TIME: 02:17 PAGE #: 0003 OF 0003
FREMONT COUNTY, WY, JULIE A FREESE - COUNTY CLERK DOC #.: 121.4580

EXITIBIT A-1

The following described land in T29N, R92W, Fremont, County, Wyoming, is burdened
by the Walker/Western Nuclear Restated Land Use Restrictive Covenant: NEl/4 of Section 14
located south of US Highway 287; NE1/4 NWI/4 of Section 14; and the S1/2 S1/2 of Section II
(except the westerly 50 feet thereof), owned by Beulah Peterson Walker.

EXHIBIT A-2

The following described land in T29N, R92W, Fremont County, Wyoming is benefitted by
the Walker/Western Nuclear Restated Land Use Restrictive Covenant: The SW 1/4 of Section I
and the NW 1/4 of Section 12.

U.S. Department of Energy
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QUIrTCLAIM DEED -

Claytor Livestock & Ranch, Co., a co-partnership, P.O. Box 370, Jeffirey City, Wyoming
82310, 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, now held or hereafter -
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, reserving, however, unto the Grafator, its,
successors and assigns the right to use, maintain, repair, and operate all existing water wells and

'related watering facilities located on said property for purposes of watering livestock.

The estate hereby granted shall be deemed the dominant estate, and Grantee, and its
successors and assigns, 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 groundwater monitoring wells as may be
required pursuant to the Uranium Nill Tailings Radiation Control Act, as amended; and for

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 jurisdiction

Dated this -I I d oA.
... kdao -I. A.D. 4999-

Claytqr Livestock:& Ranch Co.,-a co-partnership

Lonnie J; Claytor, general Partner

Staite (f Wyoming )
)ss

County ofFremont )

* The foregoing instrument was acknowledge before me by Lonnie I. Claytor as General
Partner of Cfaytor Livestock & Ranch Co., a~co--partnership on this \%Ž. day of

, Witness my hand and official seal.

j Wlae~ane -fl Nataiy Pblic,

County : .' 5ta . ,.

*~~N taryq *..

MV cb 2 2002 M-yqcomIssion exipires"~

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

Doc. No. S02613-0.0
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, , •Exhibit A to Claytor--Western Nuclear Quitclaim Deed

Township 29 Nortk Range 92 West 9 •" v - "

Section 12: SE¼ & S'½SW¼A (240 acres, more or less)

Township 29 North. Range 91 West

Section 7- SW¼4 & that portion of the NW'/ lying south of aline drawn firom the
West quarter corner of said section to the Northeast comer of said section (200 acres, more orless)

LTSP -Split Rock, Wyoming, Disposal Site U.S. Department of Energy
Doc. No. S02613-0.0
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QUITCLAIM DEED

Lonnie J. Claytor and Yvonne .I Claytor, husband and iife P.O. Box 370, Jeffrey City,
Wyoming 82310, Grantors, for and in consideration often dollars and other good and valuable
consideration, 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

hereafter 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 Grantors, their
heirs,- successors and assigns the right to use, maintain, repair, and operate all existingwater wells
and related watering facilities located on said property for purposes of watering livestock.

The estate hereby granted shall be deemed the dominant estate, and Grantee, and its
successors and assigns, 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 groundwater monitoring wells as may be
required pursuant to the Uranium 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 state body

having jurisdiction..

Dated tlis - day of ---, AL -AD. 1999

Louine i.Claytor Lnc aor

'State

Cqountyyof`SZ2

The foregoing intnrument vas acknowleIdgebefore me Iby Lonnie 1. Claytor and.:Yvonne

I . ".Caytor onhis: v'N day - . 0

Wrns yhand and official seal:
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C Exhibit A to Claytor-ýWestern Nuclear Quitclaim Deed

Township 29 North, Ranee 92 ,West

Section 13: NIA (320 acres, more or less)
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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 so, s ecologic~fl' conditions
become more favorable for plant growth. However, replacemefnt of the low-ermeability radon
barrier, because of natural degradation processes including root intrusioi, 'ld be even more
expensive. t

Fortunately, recent research indicates that plants may actuallye olution, not a em.

Without human intervention, ecological succession and soil deve nt processes may
effectively transform existing conventional covers, with low-permeabjlity-radon.barriers, into
water balance covers. A long-term management option may be to actuall'•A•thnce this
transformation process by anthropogenic means

B2.0 Conventioial romance

As with most conventional engineered' c61 ers for uraniunmniill tailings, the Split Rock cover
design relies on a compacted soil 1feri., ermeability radon barrier), to limit percolation flux
and radon flux. Lab6ratQ1ars6tui'es, field i'esigations, and other lines of evidence show that a

4 ......- - W & ý 47few years after~costruction, perme6hbilities o'f cmpacted soil layers are typically several orders
of magnituderater than assum -ronmeasured'c at the time of construction (Albright et al. 2004,
Melchoi•r 997, Waugh et al. 2007 Nugh eta .2009, Benson et al. 201 la). The percolation rate
into thegtaailigs may also be much Higher than anticipated, sometimes by several orders of
magnitudOe(,Alitight et al. 2006a &-2006b, Waugh et al. 2007). Several reasons are cited:

* UnanticipateJEcological cons quences of designs that encourage plant and animal intrusion
(Hakonson 1~98,ý6;uter et aT• 1993, Bowerman and Redente 1998, Waugh et al. 1999),

" Compaction either (I iy (tor wet of optimum during construction (Benson et al. 1999),

* Desiccation crackin (Albrecht and Benson 2001),4#
" Differences between laboratory and field saturated hydraulic conductivities (Daniel 1984).

* Freeze-thaw cracking( 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. 2011 a).

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
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I
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 measure•-of prmeab ility, for
compacted soil layers at Burrell, Lakeview, Shiprock, and TubaGiity usiirg1'V-entry
permeameters (Setphes et al. 1988). At Burrell, the mean KA4(as 3.0 x 7it Vs where Japanese
knotweed roots penetrated the radon barrier, and 2.9 x 10 i sat location, i Nno plants
(Waugh et al. 1999). The weighted-average Ks for the entire "ver& alculatedi&gthe)).
community leaf area index for Japanese knotweed, was 4.4 8 Wn/s. At Lakevi,6V-4hýemean K,
for the radon barrier both with and without sagebrush and bitteZrb'hi-hroots was 3.0 X107-/
(Waugh et al. 2007). The highest K, occurred near the top of the compiated soil barrier; the
lowest K, occurred deeper in the barrier.. The mean K,inte top of the irockradon barrier
was 4.4 x 10. r/s (Glenn and Waugh 2001). Resultsw.r. higher and mor variable wherewas adnbrre a

tamarisk and Russian thistle were rooted in the raton baaii T hShipr ro n
nearly saturated, as measured monthly for 16 months at ,fo l "oc
hydroprobe. At Tuba City, K, of the radon barri6tfad aT mean'uft x 10-8 m/s and ranged from
9.8 x 10-1 to 1.2 x10 6 m/s In all of the t" 'mention&d abovefdyes indicated that water moved
through macropore cracks in the soil, struure of radon ir.
Short-term changes in r soil roperties a ire not unique to disposal cells for uranium mill
tailings. Exhuma-ti6fi lof.-rb- f he U.S\,"iironmental Protection Agency (EPA) Alternative

CoverAses __ .... l a2004) show changes to saturated and

unsaturated<Nýdraulic properties to8-y s. Benson et al. (2011 a) reported in-service Ks
for storage1 iand barrier layers betweeN7 .5 x 10- and 6.0 x 106 m/s regardless of the initial K,.
Alteradtihs Ks occurred in all climhes and for barrier and storage layers in all cover types.
Wet- dry cymNappears to play a mrijor role in altering Ks. Smaller changes in K, occurred in
storage and bafr- layers construtede with soils that have lower clay content, soils that have a
fines fraction w"ithhteater propnoo of silt-size particles, and soils compacted to lower dry
unit weight. Bensone, o pRl 0a) reported that the porosity of most earthen storage and barrier
layers evaluated in the study was between 0.35 and 0.45 when exhumed, and predicted
that densely compacted soil layers in engineered covers would loosen over time and become
more permeable. 4

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 thewater balance cover at the Monticello, Utah,

LTSP-Split Rock, Wyoming, Disposal Site U.S. Department of Energy
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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 limit) 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 water-tefisions become too high for

V, , •e Xplants to remove more water. Water balance covers can be designPe',to accomnmodate changes in
soil hydraulic properties caused by the environmental conditions that da l ow-conductivit
covers (Benson et al. 2011 a).

The sustainability of water balance covers will depend, in plarit, ote establishmeti and
resilience of a diverse plant community (Waugh et al. 1997).,Chaýifge in the plant community
inhabiting a cover will influence soil water movement, evapotransp(rdtio 4 ET) rates, and the
water balance of a cover. However, plant community dynamics are comnp'hatedand effects are
difficult to predict. Even in the absence of large-scaledista-bances, seasonal, and yearly
variability in precipitation and temperature will cause changes in species.abundance, diversity,
biomass production, and soil water extraction rates on covers(Lulnk.et al. 1994). Investigations of
natural analogs can provide insights as to how eeolbgicdl processes-may influence the
sustainability of alternative covers (Waui_,;Val. 1994)'.idce from natural analogs can
improve our understanding of (1) vegetation responses ;to.clniAate change and disturbances,
(2) effects of vegetation dynamics onnE'jsoil hydraulnc,conuctivity, soil erosion, and animal
burrowing, and (3) effectswofisoil development processes on water storage, hydraulic
conductivity, an•site

B4.0 Cve'r Enhancement Studies

An ongoing DOEesearch project is esting methods to accelerate and enhance natural processes
that are effectivycN ransforming 6esting conventional covers, which rely on low-permeability
compacted soil layersI, into watAebalance covers, that store water in soil and release it as soil
evaporation and plantqtfan pr.ration (Benson et al. 201 lb). The goal is to accommodate ecological
processes and, thereby, sustain a high level of performance while reducing long-term
maintenance costs. • g

DOE is also investigating potential effects of root intrusion and soil development on radon flux
in compacted soil layers and biouptake of contaminants.
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Inspection Checklist: Split Rock Disposal Site

Date of This Revision:
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. nspctn.

2 Access Access is from a gravel county road (labeled / Nn ,
Ore Road on site map).

3 Specific site See attached list. \ Inspectv
surveillance X- J
features • . . . .. r•:'ft•Adentify mainte nance requirements.

4 Tailings The surface of the tailings impoundment has "se - and note
Impoundment been covered with rock mulch and graded•to condition 8",rock'"h"ilh and' look for

control wind and water erosion. - evidence of dI cement, degradation,
ýsettlement, orslumping.

5 Diversion The storm water diversion channel~shave been ilnspect-channels and note evidence of
Channels (4 armored with riprap for erosi~hnproctuion,4'nd sedimentation, vegetation, and debris
surround graded and sloped to convyy n ynoff and control Idild-up that may impact performance; look
impoundment velocities. , for hydraulic scour or bank cutting. Inspect
see site riprap; note evidence of rock displacement

map) or degradation.

6 Vegetation The taýingsýnpoundment hasP been(corvered No monitoring or control of vegetation
with rock mulch; avegetative covecr was not (including deep-rooted plants) on the
used at this site (some vegetatiol lhas tailings impoundment will be performed
established, includI deep-rooted plants). under long-term management. Note

Growth of deep-routedi existed on the tailings condition of vegetation (abundance,
impoundment at tetime regulatory closure of diversity, extent). Note occurrence of listed

1 the disposal site was approved, noxious or invasive weeds.

7 Site perim'eter •Disturbed areas b-tween the tailings Inspect for intrusion or other activity or
and balance iimipoundment an•d site ownership boundary process that can affect protectiveness.
of the site 5 ve been contoured and revegetated. Site

Sureillancfeatu res are located in this area.

Monitor the effectiveness of the
Groundwater ICs (i.e., restrictive use,-/ . .groundwater ICs; verify awareness and
covenants) are in place on the three privately compliance by land owners.
held lands within the long-term care boundary;
McIntosh, Peterson, and Claytor (see LTSP,
Appendix A, Figure A-l)

8 Outlying area Visually inspect for 0.25 mile beyond site Inspect.
boundary. Note adjacent land use, particularly
groundwater use. Look for changes and Identify any changes or developments that
developments in the surrounding area that could negatively impact site protectiveness.
could negatively impact the site.
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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 Total:38; verify condition (intact and legible).
Signs

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 Total: 10__
Northwest Valley Flow Regime Suhws otey Flow Regline

Well-5SWB2
WN-42A SWAB-31WN-41B

WN41BSWAB-11R

WN-21
==_W -2

I
I
I
I
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El.O 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 (i.e., pre-transition) groundwater and surface water monitoring
data. The results of this review and evaluation are presented below..

E2.0 Background

E2.1 History

Uranium milling at the Split Rock site was conducted-from 1957 through j$84,lwhen the mill
was placed on standby status. The mill remained in andliy satus until 108•6 when it was placed
in possession-only status. Decommissioning and demoliti6n commenced in 1988 (Shepherd
Miller 1999). Most of the ore for the mill came frm op?, it1•,perations in the Gas Hills
district, approximately 20 miles north of thF-mnillisite. 2ither orderpplies came from underground
mining operations in the Crooks Gap areaiproxima.' 12 miles south of the mill site
(Merritt 1971). The Split Rock mill was 5an acid-leachi•i ange, and solvent-extraction
operation that processed approximately nTmillion tons -6f'e from 1957 to 1981. The facility,
originally designedtojfirgess 00 tons oforefIper day, underwent two capacity upgrades and by
1967 the milling,ýapaci ai ncreas-t,2)00 tons per day (Shepherd Miller 1999).

During the n/illing period, process Waste in thforrm of tailings solids and acidic liquids were
dlschargbdo the unlined tailings diDosal areas. These tailings disposal areas or ponds were
designehiu 1957 when the design ilosophy was to eliminate process effluent through seepage,
thereby max, lizing solid tailings storage while decreasing water storage and handling
requirements.1Tree primary tailings disposal areas, known as the Main, Old, and Alternate
Tailings Impoundmentsv were used during the operational life of the mill (Shepherd
Miller 1999). The 1 s impoundment was designed and constructed to combine these
three former tailings disposaI areas into one disposal cell.

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-l). 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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I
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 Miller 1999).

Drainage of the tailings historically input up to 1,400 gallonsr. liniut eT.6ý) into the
underlying groundwater system. Since tailings and water dismosal in te iipo gundments ceased in
1986, drainage into the underlying system has greatly diminiiihed, and the ,&Ited groundwater
level (i.e., mound) in the immediate area of the impoundmeiI is lagely dissipatedn 199,
tailing seepage rates were estimated to be approximately 150 'gpin'd epcd 6I'34gpa xpected to 3r~d'h long-term, steady-state rates of less than 5 gpm in the next 30 yea iSlrhed--rd Miller 1999).

Horizontal groundwater flow gradients are directed outoof the area of K g aton thatsurrounds the tailings impoundment and toward eitheho~rthwest' of 'Shiest tatNorhwstor SodhetValley.
impoundmei{(is pred•wthNohes

Groundwater underlying the tailings u"insrilt irected down the Northwest
Valley (90 percent of the flow), with the balancelof the flbo'(10 percent) directed down the
Southwest Valley. This split in the flow isdue tohe pre~sence o aubsurface granite high
located at the head of the Southwest Vally-ai-d directyvwest Af te tailings impoundment.
Outside of either valley groundwater/flfoing from the tailmgsi1mpoundment area merges with
the east northeast trending regional grouinIater flow ,tli&-Split Rock aquifer. An upward
vertical gradient occurs~inithe-groundwate'of the regional Split Rock aquifer in this area due to
the presence of resJ upW,,ard vertical gradient results in seepage from thetailings impou/ndments e •crP\Ti upwa U

occurriig•7p arny wiXMinthe groundwater of the upper portion of the
Split Rock aquifer in this area (Sle-r Miller1999).

Groundw•ter flow (100 percent) exiting the Northwest Valley combines with the regional
groundwater flow of the Split Rock auifer that is entering the Sweetwater River floodplain
alluvial aquit'e.-1 majority• . og~f the, groundwater flow (80 percent) exiting the Southwest Valley

combines with l ortheast,-•,nding regional groundwater flow of the Split Rock aquifer.
This flow continuesa ig the thern edge of the granite outcrops directly south of the
impoundment before migi-ating beyond the site's eastern boundary where it eventually enters the
Sweetwater River floodplain alluvial aquifer. The balance (20 percent) of the groundwater
exiting the Southwest 4Valley 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 I
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.
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Figure E-2. Groundwater Flow Pattern, Split Rock, Wyoming, Disposal Site

U.S. Department of Energy
April 2012

LTSP-Split Rock, Wyoming, Disposal Site
Doc. No. S02613-0.0

Page E-5



0 -

P0E

0z
P1

C, 14

0n

* FLOODPLAN ALLUVIAL AQUIFER

NORTHWEST VALLEY AQUIFER

E] SOUTHWEST VALLEY AQUIFER

M:\LTS\111\0076\03\S02630\SO263002.DWQ 05/04/11 0&l18om whttneyJ U SPLIT ROCK FORMATION REGIONAL AQUIFER

AOEPMUMO OF DOW IS.I~ ~ ~ . OK I~ cft I 9P0-a"

SPuT ROCK SITE AQUIFERS

MAY 4. 2011 SD263002

Figure E-3. Split Rock, Wyoming, Disposal Site Aquifers

m-m -m m-m- - m m-m -- m -- m ----- m



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 thesite'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 is considered to be the point-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 portions of the site does not meet
Wyoming Department of Environmental Quality (WDEQ) Clas livetocký,standards (i.e.,
impacted groundwater underlying and directly td4gd l Wailinigsimpoundment), the
onsite well used for livestock watering (well WN-24, FigurE- 1) is underst1g d to produce waterfl\ ., Y .,fiT-\-.,•
that meets WDEQ Class III standards (NRC 2006a). Followvig transition, tri' Water well will
likely continue to-be used for livestock watering under long-fthri management ofttii'site,
provided its water continues to meet VWDEQ Class III livestoc•,pstandards Any welf~wfllin the
federally-owned portion of the site that is considered for livestocIkwatdreng under long-term care
will be required to meet WDEQ Class III livestock standards. Agricuiltureconducted within the
long-term care boundary prior to site transition was uln-dj-stood to use surface-,water obtained
from the Sweetwater River (or from a groundwater souirceoutside the longterm care boundary);
this is expected to continue as such under long-term care.,No" oundWater obtained within the
federally-owned portion of the site will be consid'ieed for agricultural use under long-term
management unless it first meets WDEQ CIass II agricilture standards. Although, groundwater
underlying and directly downgradienof4•iie talings impoundment prior to site transition did not
meet WDEQ agricultural or livestock standards, grouQi.t juality in other areas within the
long-term care boundary did comply w•ith WDEQ Class II and Class III standards (NRC 2006a).
NRC reviewed the.effe"MOfising groundx.Iter from these other areas within the long-term care
boundary for a adellvetock concluded it is not likely to impact human
health (NRC20606a).

In 2002. NC approved the use oldIs within the long-term care boundary to prevent direct
huma4nexposure to site-derived contaminants for the duration of the 1,000-year performance
period. The ICbo ntrol the use of groundwater on privately held lands that lie within the long-
term care ou hree privatefland owners are impacted. These ICs restrict groundwater from
being used for humnanc'onsumption or any other domestic purpose; although provisions are
provided for groundwatdr t•obe used for livestock, agriculture, and other ranching purposes on
portions of these privAtel-held lands to which the ICs apply. DOE plans to maintain these
groundwater ICs under long-term care.

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 e WNT rposed that
alternate concentration limits (ACLs) be determined for the ts point •,ompliance (POC)
that are protective of human health and the environment, and which would lt in compliance
with groundwater protection standards (or established backghrond concentrat ions at thelong-
term care boundary (i.e., POE). The 1999 groundwater characteiztion and eva
submitted to NRC is considered the ACL application.

It was also recognized at the time ACLs were being considered that the > undxyater remediation
system was having no effect on the pulses of contamiatio that had mig beyond the
system's extraction wells (Thompson 2005; NRC 2006a). ed, it had en established that
significant amounts of hazardous constituents from.i the tapil epage had become associated
with the aquifer solids and would slowly re-mol n. the n ater over time, and that at
least some of this secondary source term o of theedge of the reclaimed tailings 9I(Shepherd Miller 1999). This is contrdic to regu' s atCriterion 5D of Appendix A in
10 CFR 40 which state that the gro eer CAP "in laddress removing or treating in
place any hazardous constituents concentration limits in ground water between the
point of compliance ility property boundary".

Criterion 5B(l) of Appendix ARF 40 states that the objective of the POC i.e., is to
provide "the earliest practicable g that thIe impoundment is releasing hazardous
constituentso the ground water" a at the POC "must be selected to provide prompt
indication ofgound-water contain ion on the hydraulically downgradient edge of the disposal
area". The POisa]lso the locatio here regulatory compliance with approved backgroundthea" The a mh

values, maxim minant 1 s (MCLs), or ACLs is specified under Criterion 5B(5). In
this regard the groun er c cterization and evaluation report (Shepherd Miller 1999) stated
that "the POC wells e under the proposed alternative should be located down gradient
of all known source te d 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 were 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
representation of the conditions at the time. Pre-1996 concentrations were considered to be non-
representative of the current conditions at the time due to the eoluIt ion b gIroundwater flow and
geochemical conditions (Shepherd Miller 1999).

E2.4 Groundwater Modeling

Flow and transport modeling of uranium and sulfate was alsocouducted in supporfftofhe ACL
application. The flow modeling was done using MODFLOW'andi-htiansport modeling was
done using RAND3D. In the 2003 supplemental report the flow modeing, was again done using
MODFLOW, whereas the transport modeling was doii~ing MT3DMS

Uranium was used in the transport modeling bedause it W`9t as`determined to be the most
conservative and extensive COC (i.e., its enm transport of all other
COCs). Sulfate, determined to be another, ofthe more mobile QO, was modeled to confirm the
assumptions and predictions made regardinig uranium's mobitity. In other words, by modeling
uranium, and confirming the assuand predictiuisWilih sulfate, it was assumed that the
mobility of these two constituents •6uld iepresent the furthest extent of mobility of all other
site-related hazardou s itIints. The a rt model used measured uranium and sulfate
concentration di;stouta6ý86 i ._I 6 as hf ,,nditions; the model was then calibrated toconenratondis~tibties fon ti-46ns the99)
measured 194 concentration dist-I tions (Shepherd Miller 1999).,A
It is understRood that this modeling was conducted in an effort to predict the downgradient
behato5f sij-related contaminants over time; both those concentrations associated with the
legacy was acknowledged to have migrated some distance beyond the edge of the
tailings area pture zonoff the groundwater CAP) and those concentrations anticipated
to be released froni :ifa4lings impoundment in the future under long-term surveillance.
Modeling predictiornswreifiended (and used) to establish a long-term care boundary that
would be protective (i.e hYse that assures concentrations of site-related constituents will be
compliant with applicahl e 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 Kd approach, their technical
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I
evaluation stated: "Although the staff finds that the models for uranium transport are likely
oversimplified, all information WNI provided indicatesthat viable mechanisms exist for, I
uranium retardation and/or removal, at this site." (Section 3.3, Flow and Transport Modeling)
(NRC 2006b).I

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 "protective levels" in the area
of the former Red Mule subdivision (directly east of well SWABT93: , FireY-1). Predicted
future concentrations of three site-related constituents were povided for this area uranium was
estimated to range from 0.3 to 0.8 mg/L, manganese from 0.he to 1.0 mgL. annitrate from 30 to
50 mg/L. Predictive modeling indicated that groundwater i areacould beNA~pacted by site-
related constituents in approximately 100 years (ShepherdiI

Groundwater modeling also predicted the following: 1) that fofranii-mvWould mark the maximum
extent of site-related contamination in both the Sweetwater River
in the regional Split Rock Formation aquifer; 2) thate suientrations wo elussrotective at the
POE (i.e., the site's long-term care boundary); 3) tiaf "grgiHMVdwater within je site's long-term
care boundary would ultimately discharge into thSweetllSWeRivef and 4) that if
concentrations of site-related constituents at theIO C MU ...... imu rations

estmaed o ang fom0.3to0.8mgL, a~g~ed tedft &5iolart'h maxmucncntatidy Ons

observed they would be protective (Shep a . Sheilperd 19,99)

E2.5 Approval of ACLs, Estabhishiment of Trgger Levels, and
Discontinuancedon f the Sowueewater Corrective Action Program

In 00 ,i eponse to W`NI-SýAL applica b"I o~umittal (and supplemental information), NRC

prepared an evironmental assessment (EA) ftatiAendment of WNI's source materials license
(SUA-56)PONRC 2006a). In the EArmcare C recognizes that the ACLs being established must be as
low asfrasonably achievable (ALARO) in accordance with requirements set forth in regulations
at Cbiunry5B(6) of Appendix A sFO CFR 40. NRC also noted in the BA that "current I
groundwatera ofstituent concentratins are ALARA..." and issued a subsequent finmding of no
significant impalU(FONSI) approving the establishment of ACLs. ACLs were established for
ammonia, manganese.molybdenum, nitrate, combined radium -226 and -228, and uranium for
both the Northwest valIcy and Southwest Valley flow regimes (ACL values are provided below
in Section E3.0).sn

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.6., concentrations of site-related constituents will be compliant with applicablegI
groundwater protection standards or established background concentrations at the long-term care

boundary, or POE). As long as ACL values are maintainedat 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

•I

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).

According to WNI's license (SUA-56), compliance with these trigger levels was applicable at
the POE. Specific POE wells to which compliance with the groundwater trigger levels would
have been required were not designated in the license for either the Split Rock (regional) aquifer
or the floodplain (alluvial) aquifer, although it is assumed that they would have been applicable
at the well closest to the POE for each flow regime. The Sweetwater River, which serves as the
POE for the northern portion of the site (because it defines the site's long-term care boundary), is
where the surface water trigger levels are presumed to have been applicable, although WI's
license did not specifically identify a surface water POE. Itis also understood that the trigger
levels for both groundwater and surface water were establihed based on maintaining compliance
with water quality standards or established background conc rations at the POE. Although
these trigger levels were a license condition for WNI, thtere appears to have been no other
regulatory basis for their application. Its, sould be notedthat the Split Rock site is the only site
that DOE is aware of where trigger -ievJwere established and included as part of the licensee's
monitoring program.

Following NRC's approval CLs (and the establishment of trigger levels) for the Split Rock
site, the groundwater corrective&cin program was terminated in 2006 after removing a total of
375.3 million gallons of groundw ate

E2.6 Historical Nitrate Co nentrations in Excess of the ACL at Non-
POC Wells

Concentrations of ni WAB-2 were found to have continuously been reported in
excess of the ACL val `ce before the nitrate ACL was proposed in 1999; more recently
(since 2009) the nitrate AL has also been exceeded in replacement well SWAB-1R. Well
SWAB-2 is directly do ngradient of the Southwest Valley POC (well WN-21) and well SWAB-
1R is directly downgradient of well SWAB-2 (Figure E-l). 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
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I
established as a check on the natural attenuation of this remnant plume (that was not addressed
during the groundwater CAP). I
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-2 1). 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 awell that is downgradient
of the POC. This concern is based on the following statement C 40, Appendix A,
Criterion 5B(l): "Hazardous constituents entering the groundvater fr acensed site must not 3
exceed the specified concentration limits in the uppermost aifer beyon t int of
compliance during the compliance period."

However, correspondence between the licensee and NRC indi t they were awae of the
elevated contaminant concentrations downgradient of the P& in gacy plume. In addition,
site groundwater modeling and the associated determination of the long-ter care boundary
considered these historical nitrate concentrations above ACL down-rad* t of the POC. The
groundwater model indicates that concentrations on (atid all other haardous constituents)
will not exceed background values at the long-tei care boundary and thurefore, protection of U
human health and the environment would be eni ae PO her protection appears to
have been provided by the trigger levels i"ttlished for the sit h provide an early warning
that a groundwater protection standard, coud potentially be eqeded at the POE.

Because of this concern, language sholbe included in the LTSP which states that continued
concentrations of nirt onf thess othe A t these non-POC wells (SWAB-2 or SWAB-lR) I
under long-ter biiitiwloe con, 4  egulatory out-of-compliance event. The
LTSP shoul so state that re compli, with established ACLs is required at the
designate C wells, as it was unoWNI'ource material license SUA-56. However, the
LTSPs o on to mention than exceedance of an applicable standard at the POE (for any
hazaodu' tuent) will be consdred a regulatory out-of-compliance event under long-term

monitoring.

E2.7 Estabis ,, of S~elnium ACL, Other Groundwater Protection

Standards, In evised Uranium Trigger Level

Additional correspondence 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
(i.e., appropriate monitoring wells, analytical parameters, monitoring frequency, and applicable
standards). WNI provided additional information to NRC upon request, including supplementalI
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) n
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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 201 Oa).
The EA was published in the Federal Register on February 5, 2Q0

In a concurrent action NRC also approved WNI's license amendment request to establish
groundwater protection standards at the site for several other constituents (aluniinum 37 •ng/L,-
antimony.0.006 mg/L, arsenic 0.05 mg/L, fluoride 4 mg/L, and 4halhum 0.002 mg/LJ)ý,.topmodify
the standard for beryllium (from 0.05 mg/L to 0.01 mg/L), to dlete chromium fr'o '0elist of

,.V Wrequired monitoring constituents, and to increase the triggerilevel for-iranium in groundwater
from 0.03 mg/L to 0.087 mg/L for the Split Rockregional aquifer ain--'O.Q,044 mg/L for the
Sweetwater River floodplain alluvial aquifer (to reflect7 tablished backgrun concentrations)
(NRC 2010b).

E2.8 Background and Historical Concentrations oilf4zardous Constituents

ACLs and other groundwater protection 'tandards, alongg wthistorical concentrations of
hazardous constituents (for both backgro nd and the taili area) that were monitored in
accordance with WNI's source material'litense (SUA-56, Amendment No. 105,
February 24, 2010 i r ition of tlhe'ite to DOE are provided in Table E-1.

E3.0 Mo ring Req ue en f Source Materials License SUA-56

Tableýý E ii-4'tough Table E-4 summanize the monitoring requirements and standards (including
established AC~s and trigger levels)Vfresented in WNI's source materials license SUA-56, as
amended (Atd-ent No 105 Uebruary 24, 2010). The analytes monitored are considered the
COCs for the SO l e vprevious iscussion in Section E2.3 on how COCs were determined for
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

ACLa Maximum Historical Background
(applicable at the POC) Groundwater Concentrationsc Concentrationsc

Protection Floodplain Split RockConstituentb ailings Beyond Alluvial FormationNorthwest Southwest Standard Ae alnsAeValley Valley Area Tailings Area Aquifer Aquifer

Aluminum 37 578 2.02 0.1 0.13
(mg/L)

Ammonia 0.61 0.84 0.16 2.35 0.011 0.015
(mg/L)

Antimony 0.006 0.017 0.01 0.005 0.005
(mg/L) ____________

Arsenic 0.05 2.64 . 024 0.1
(mg/L)

Beryllium 0.01 0.084 <0.01 0.
(mg/L) 00 08______

Cadmium 0.01 0.188 0 .014
(mg/L) _ _,

Fluoride
(mgiL) 4 21.7 1.33 1.04 0.517

Lead 0.05 0.005 5 0.050
(mg/L) ....___

Manganese 225.35
(mg/L) 225 35126 2.39_ 0.53

Molybdenum 0.66 0.22.
(mg/L) 0.66 0.22 _.5__0.1_0.

Nickel 29 0.11 0.05 0.05
(mg/L)

I
I
I
I
I
I
I
i

I
I
I
'i

I
I
I
I
I
I
I

362 201 0.88 3.99

7 2950 13.5 4.7 5.3(pCi/L) ,o_ .: .....

S.05 0.0 0. 0 5  0.119 0.061 0.005 0.011
Thallium. •

0.002 0.075 0.013 0.013 0.003

0.95 732 5.5 5.5 1.8

m 3.4 4.055 8.7 0.044 0.0870

ACL = alternate conc limit; P point of compliance; mg/L= milligrams per liter;
pCi/L = picocuries per li rn.
aACLs are applicable at th hepherd Miller 1999).
b Groundwater protection sta rls obtained from WNI's Source Material License (SUA-56), Amendment No. 105,

License Condition 74B&
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 1999).

dThe ACL for selenium is equivalent to the EPA maximum contaminant level (MCL) for drinking water (NRC 2010b).
e The background concentration for uranium was revised subsequent the value included in the Site Ground Water

Characterization and Evaluation (NRC 201 Ob).
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Table E-2. Groundwater and Surface Water Monitoring Requirements from WNI's License SUA-56 for the
Split Rock, Wyoming, Disposal Site

Groundwater Monitorina Reauirements

Wells Analytes Frequency
NWV: JJ-1R, WN-39B, WN-41B, WN-42A
SWV: SWAB-i, SWAB-2, SWAB-4,
SWAB-12, SWAB-22, SWAB-29, SWAB-31, Uranium, sulfate Semi-annually
SWAB-32

Aluminum, ammonia, antimony,arsenic, beryllium, cadmium,
NWM: JJ-1R, WN-39B, WN-41B, WN-42A chloride, fluoride, lead,
SWV: SWAB-i,; SWAB-2, SWAB-4, manganese, molybdenum, Annually
SWAB-12, SWAB-22, SWAB-29, SWAB-31, nickel, nitrate, pH, combinefdVr P
SWAB-32 radium-226 and -228, selenium

sulfate, thallium, thorium-230,
TDS, uranium

Aluminum, ammonia, antinlony z
arsenic, beryllium, cadmiLGn-,.- \ A J

chloride, fluoride, lead; ,,,!,
NWV: WELL-4R, Well-5 manganese, molybdenum•," Sm nn
SWV: WELL-i, WN-21 nickel, nitrate, pH, combined

radium-226 and -228, selenium,
sulfate, thallium, thorium-230,

I TDS,_uraiIi0 _______________

Surface Water Monitoqhg'eilrements
Location Aalytes • , Frequency

Sweetwater River: SW-i thru SW-5 Uranium, sulfate I . Semi-annually
Aluminum, Wmmnonfa, antimon_

arsenic, beryllium; cadmium,
chloride, fluorkldelead•o ],mangans, melybdenum,

Sweetwater River: SW-i thru SW-5 mangate, pH, bined Annuallynice, nitrate, pH, mo hined Anal
rai&u•-226 and -228, selenium,
suliatthallium, thorium-230,

T 1QS,tu ranium
Information obtaiWid from Conditions2!n'iid74 of WNI'•s•rce material license SUA-56 (Amendment 105,
February 24, 251,,2 ). ,kr.
NWV Northwest Valley, SWV = Southwe-st&Valley, TDS t= otal dissolved solids
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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

ACL ACL Groundwater
Analyte Northwest Valley Southwest Valley Protection Standard

(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 m__/L
Cadmium 0.01 mg/L
Chloride _2,000 m__Lb
Fluoride 4 mg/L
Lead 0._05 mg/L
Manganese 225 mgLL
Molybdenum 0.66 mg/L 0. mg/L
Nickel 0.05_____________

Nitrate 317 mg/L 70.7 mWLpH

Ra-226 + Ra-228 7.2 pCi/L 19.9______
Selenium 0.05 mg/La 0.05 mg/La 0.05 mg/L
Sulfate 3,000 mg/Lb
Thallium 0.002 mg/L
Thorium-230 0.95 pCi/L
TDS_____ "___5,000 mg/Lb
Uranium (natural) 4.8 mg/L 3.4 m NA

Information obtained from Condition 74 of WNI's material nse SUA-56 (Amendment 105,
February 24, 2010), except groundwater protc tiostandards for id slfate, and TDS.
aThe ACL for selenium is equivalent to the E ximum conta l (MCL) for drinking water (NRC 201 Ob).
b Indicator constituents only; standards are Class III Groun er Protection Standards for Livestock.

ACL = alternate concentratio gi L millsr per liter; pCi/L = picocuries per liter,
POC = point of complia of expos S = total dissolved solids.
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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
Boundarya) Care Boundary) Boundary)

Ammonia 0.5 mg/La 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/Lc) 0.044 mg/L
Nitrate 10 mg/L 10 mg/L 10 mg/L
Ra-226 + Ra-228 .5.0 pCi/L 5.0 pCi/L N , ,. 5.0 pCi/L
Information obtained from Condition 74 of WNI's source material license SUA7"561j(Ame:•rn.n1.05,
February 24, 2010).
mg/L = milligrams per liter; pCi/L = picocuries per liter.
a EPA groundwater risk-based concentration (RBC).bV
b EPA maximum contaminant level (MCL) for drinking water.
c Applicable at well SWAB-32.

Note: WNI's source material license (SUA-56) required compliance with trngge leels at the point ofeosure (POE).
The POE for groundwater is understood to be the site's long-term care bouNdary;no specific wells are designated in
WNI's source material license SUA-56. The POE for surface water is understood to-,cbIhe Sweetwater River. Trigger
levels appear to have been established to be used as a "trigger" for-raising concern shoulolthey oncentrations be
reached at the POE. This approach is presumed to have been takenb•ecause of the recogiition that a pulse of.
groundwater contamination had migrated beyond the point oficompliance'(POC) and beyond the capture zone of
WNI's groundwater corrective action program. Therefore, it is understood that trigger levels were established as a
safeguard for monitoring the natural attenuation of the legacyiplume ,whrdpast lternate concentration limits
(ACLs) were established for monitoring the performance O•fthe'dissosal cel

E4.0 Evaluation fori Determinationro

S Monitoi ng Requirements

In preparation ofADOE's LTST r the Split Ro" disposal site, DOE reviewed historical site
documentationWNI s monltoringie~quirements,(as described in their source materials license
SUA-56,A mendment No. 105, Fe\bhry 24, 2010), and historical monitoring data for bothI" - ,4" " vluto
groundwVaterkand surface water at the ite. This evaluation provided the basis for the long-term

onit p• am included in thOERTSP. This review was conducted to support two main
objectives: l)Ahei-section of hazardous constituents and indicator parameters and (2) the
selection of appropfriate groundwater and surface water monitoring locations to include in the

• long-term monitormngpýogramOResults of this evaluation are discussed below.

Time-concentration plotof 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.
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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 I
(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). 3
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 3
exceeding protective concentrations or background, or have only exceeded these levels in the
tailings wells (Well-1 for the Southwest Valley and Well-4R fo thw Valley). These
constituents include aluminum, antimony, arsenic, beryllium mil oride, fluoride, lead, 3
nickel, selenium, thallium, and thorium-230. On the basis o their very limited distribution and
low concentrations, DOE believes that these constituentsa ca p a substantial
present or potential hazard to human health or the environm t n dition, thle constituents
are unlikely to be good indicators of cell performance or monit atural attenuation of the
legacy plume, and therefore, DOE proposes that they be elimniatef the long-term
monitoring requirements. I
The six remaining hazardous constituents--ammow$a anese, molybdenum, nitrate,
combined radium-226 and -228, and uranium-- re tho previousIy identified as COCs and for
which ACLs were established (Note; although n rtigi lyonsdered a COC, an ACL for
selenium was subsequently established, see SctinE2.). Of te emaining COCs, WNI
estimated that only manganese, uranium, and nitrate had tle r ential to be transported as far as
the former Red Mule subdivision area'(WNI 2000). The ule subdivision had been located
in an area that is now within the sout en portion of til ong-term care boundary and
protected by institutioal-ontrls (i.e, a dwater restrictive covenant).Eachof hesesix inigliaaros con

Each of these ma n ts COCs) with ACLs-ammonia, manganese,
molybdenu nitrate, combined rainmie-226 a -228, and uranium-is discussed separately
below an aluated for inclusioninthe long-f erm monitoring network (including selenium for
which A was also established).

Ammonia. adata have been difficult to interpret based on the various ways it can be I
reported (total a te, "unionieid ammonia," "free ammonia"). According to the licensee, the
ACL for ammonia dasedun "ionized" or "free" ammonia. At the time of the ACL
application, aquatic st for ammonia were commonly based on only the unionized fraction
(EPA 1998). Since that te, 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 I
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).

3
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Although ammonia was used in the processing of uranium, it has mainly been detected in the
tailings wells (Well-I 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.

Manganese. High levels of manganese have been observed histo nclly-I'ltailings wells (Well-I
in Southwest Valley and Well-4R in Northwest Valley); confentrationsealso reached the ACL in
Well-1 as recently as the spring of 2010. Predicted future coentrationr acloe to identified
"protective" concentrations that were determined for the arevafh former Red Mle
subdivision directly east of SWAB-31 (WNI 2000). DOE therefiteb proposes to retaii manganese
as an analyte in the long-term monitoring program.

Molybdenum. Molybdenum has rarely been detected over the last decadeinly at levels close
to the detection limit, though the detection limit used- ften the sametasfihe molybdenum
standard in 40 CFR 192. However, based on the lak of significant detections, it is unlikely thatmolbdeumis capable of posing a substantial i, '•:, •,
molybdenum inna esent opottlhazards to human health or
the environment. DOE therefore proposes to.exld'e Aolybdenum"as an analyte in the long-term
monitoring program. /
Nitrate. Nitrate concentrations have beereported in excess-,of the ACL in wells SWAB-2 and
SWAB- IR since their installation in 1996,&d 2009, respectively (see Sections D2.6). Ammonia
also degrades to nitpeb recommendation to exclude ammonia from the long-term
monitoring DOE olheffire proposew ai nitrate as an analyte in the long-term
monitoring program.

Combined Radium-226 and -228. t'-e combined radium-226 and -228 standard has occasionally
been exceedff in the past, but raditjlevels have appeared to be rather stable over the last
several yea;" ium. , does not appear to be capable of posing a substantial present or potential
hazard to humaihealth or the envifnrent and is not a good indicator of cell performance.
However, because ifIT.m is the primary radioactive hazardous constituent which remains in the
impounded tailings eascpiaferial (as identified on the site marker), DOE therefore proposes to
retain the analysis of cofniined 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). Selenium is also not
considered to be a good indicator of site-related contamination.
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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 I
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 3
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. n

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

Uranium. Uranium was used in flow and transport modeling conducted in support of the ACL
application. Because uranium is a good indicator of cell perfornce and will be useful in
monitoring the natural attenuation of the legacy plume (i.e., model validation), DOE proposes to
retain uranium as an analyte in the long-term monitoring proram.

Other Indicator Constituents (Sulfate and TDS). DOE also proposes to retain s and total
dissolved solids (TDS) as indicator constituents in the long-term mnitorng progrm Slfate
was used in the flow and transport modeling conducted in supportffte ACL application (to
confirm the assumptions and predictions made regarding uranium's mobliy). Both sulfate and |
TDS are good indicators of cell performance and will b ; useful in monr i e natural

attenuation of the legacy plume (i.e., model validation). therefore propses to retain sulfate
and TDS as an analytes in the long-term monitorig pro

E4.2 Selection of Groundwater Sadffce Water Monitoring Locations

Each monitoring location specified i I's source m icense SUA-56 (Amendment No.
105, February 24, 2010) (Figure E-, valuated to nrmine whether it would add value to
the proposed long-te u atrmdtr m ug program presented in the LTSP. The evaluation
took into account the r establishment of POC and POE locations (as discussed in.I.
NRC's guidanc and standar plan forTtle 11 uranium mill ACL applications [NRC
1996]) as vell as the need to mo oth futur cell performance and attenuation of the legacy
contaminatplume.

E4.2 N st Valley Grou ater Flow

The majority (9 the grou ater underlying the tailings impoundment flows out the
Northwest Valley (Fi E- roundwater flow exiting the Northwest Valley combines with
the east northeast tre• ional groundwater flow of the Split Rock aquifer that is merging
with the east flowing gr dwater of the Sweetwater River floodplain alluvial aquifer.
Groundwater exiting t 'Northwest Valley discharges to the Sweetwater River. 5

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., I
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 averageI
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 retention in-the long-term monitoring
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-4Ris strongly
influenced by the seepage from the tailings impoundment '•W4ll-4R is recommended for
elimination from the long-term monitoring network as tfle interpretatio of monitoring data
from this location is ambiguous.

o Well WN-41B is the farthest downgradient location for ionftoiing site-relAt&edcqnStituents
in groundwater exiting the Northwest Valley (i.e., the monitor I hg point closesrt~othe POE
for this groundwater flow regime). The POE for this flow regim s understood to be the
Sweetwater River; although the POE is not specifically designaLte;I WNi'slicense.
Well WN-41B is located approximately 1,000 ft upgradient of the S'weetwater River.
Well WN-41B is recommended for retention i e g-term monitoring network because it
is the farthest downgradient groundwater m0Vntorinmg iiifor the NoArhwest Valley flow
regime, and is the well best suited for demo atg contamination exiting
the Northwest Valley has not reached ffid POE'at cl.6ncentrAtFns above applicable standards.ZA

* Wells WN-42A and WN-39B both monitor natural attenuation between the Northwest
Valley POC (Well-5) and the fafthrd downgradieti4fomtoring point (Well-41B), and as
such, are somewhatredundantW'ellJ W-42A is located approximately 1,000 ft
downgradienti6f te' W -39B oated approximately 1,000 ft downgradient of Well
WN-42A Jt0-1AeommendedIthat well W N -4"2A---the more upgradient and closer to the
POC of•the two wells-be FmiAfd to proide an earlier signal of potential changes in trend
or con'nentration. Well WN-30 is reconmmhended for elimination from the long-term
monýitoIig network.

Well JJ-.Rl located directly : th of the Sweetwater River and historical groundwater... :,shows
monitori~ &aM shows no indijcation of site-related contamination at this location. The Split
Rock tailings -imoundmentlies approximately 4,000 ft south of the Sweetwater River.
Contaminated grqoiiwnqater in the area of the impoundment flows out of the Northwest
Valley and into the fo'doplain alluvial aquifer which discharges to the Sweetwater River. As
demonstrated by th fifteen years historical data, there is no indication that site-related
contamination will migrate north of the river, and therefore, continued monitoring of
Well JJ-lR 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.

a Surface Water Monitoring: Concentrations of site-related constituents in groundwater
exiting the Northwest Valley discharge to the S reetwater 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 1
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-4 lB. Long-term monitoring results will be
compared against any applicable surface water standards.

E4.2.2 Southwest Valley Groundwater Flow 3
The remaining portion (10 percent) of the groundwater und*rying thi tailimpudmn o
doesn't flow out of the Northwest Valley flows out the Southwest Valley (Figa de that
Approximately 80 percent of the groundwater exiting the Southwet Valley (or of the
total underlying the impoundment) flows to the south and ea audte granite outcrops where
it combines with the east northeast trending regional groundwater 16wo the Spl~it Rock aquifer.
This flow continues along the southern edge of the grai outcrops so the impoundment
and then beyond the site's eastern boundary where it ly enters th eetwater River
floodplain alluvial aquifer. The balance (20 perce;¶t) of the dw ter iting the Southwest
Valley (or 2 percent of the total underlying the itjpundm ed to the north around the
granite outcrops west of the impoundment -eri oI the ea iiheast trending regional
groundwater flow of the Split Rock aqui 'at is me gwitb the east flowing groundwater of
the Sweetwater River floodplain allu quifer. All ter exiting the Southwest Valley
eventually discharges to the Swee vr.

Southwest Valley Ih
Well WN-21 was desia OC well*fr the Southwest Valley also because it was
directlydowngradient of the s impo9i dment (approximately 1,500 ft) and peak
con tions. The Southwes Illey POC was also determined to be downgradient of any
so-calleecondary source te i.e., tailings seepage that had migrated beyond the
impoun d become as ated with the aquifer solids, and which would then slowly
re-mobili e ground er over time [Shepherd Miller 1999]). The Southwest Valley
POC also sl ed c entrations greater than average concentrations for the valley;
however, it was gnized that elevated concentrations of site-related constituents I
occurred further d radient. POC well WN-21 is also located in the center of the existing
and predicted fu 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 I
Southwest Valley.

* 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 i
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. I
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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 monitoring network.

Wells SWAB-31 and SWAB-32 are the farthest downgradient 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-term care boundary) and
8,000 feet downgradient of the POC (i.e., well WN-21) fortl flow regime.

However, because the regional groundwater flow will likely keep anyf low exiting the
Southwest Valley further to the north and nearer to the rante outerops, s'iterelated
constituents would be more likely first detected at well jW 29 (and then, atSWAB-3 1,
the next downgradient well) before any indication would bceported at wellSWAB'-32.
Additionally, because well SWAB"32 is located in a know- r tsspected)area'f higher
uranium concentrations that are reported to be naturally-occurf itit would be difficult to
attribute any observed increase in uranium concentrations to contamin'ation migration or
mobilization that is associated with the tailing sponmndment. Therefto because of the
ambiguity in interpreting results from well SWAB-321<.it is-recommefided that this well be
eliminated from the long-term monitoring network and t1 s ellsSWAB-29 and SWAB-31
be retained. It is further recommended that wcauseell SWAN131 is the farthest
downgradient groundwater monitonngrýpint for the Northwest Valley flow regime, it is the
well best suited for demonstrating-that site-relatededcisti-nts exiting the Northwest Valley
has not reached the POE at concentrations above aPppl6i-ble standards. It should also be
noted that wells S.WAB-29 and SWMiN31 are located in an area already protected by
groundwater __hants.S stri7 teo ye imants•e dw ain
Well SWA, -2 is locte ft downgradient of the Southwest Valley POC

(well )NN-21), midway betweefnfe POC, and well SWAB-iR. Analyte concentrations at
weli,'SWAB-2 are higher (andhTorsome much higher) than for the POC well WN-21 and
,weltVA,,A1/1R. As discussedd above, a pulse of site-related contamination likely migrated
beyond~the•P PQC that could beh jssing through the well SWAB-2 area. It is therefore
recommel•Itdhat SWAB-2gbe retained in the long-term monitoring network until data
confirm that cmamlnantsafe clearly attenuating as predicted in this area.

Well SWAB- I wasIdocated approximately 1,000 ft downgradient of well SWAB-2. As a
response action to NRC, well SWAB-IR was installed in May 2009 as a replacement well
for well SWAB-lkvhich had been found to be dry at the time of sampling for several of the
previous years. Well SWAB-IR was installed at the same location as the original well
SWAB-1 but was completed 15 feet deeper in depth (well screen depths; SWAB-I was
17.5 to 27.5 ft whereas SWAB-IR 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-IR) and the sulfate concentration (from 428 mg/L in
SWAB-I to 1,000 mg/L in SWAB-IR). The concentration of uranium in replacement well
SWAB-IR 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-IR 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-IR 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 the east northea t trending
regional flow entering the Sweetwater River alluvial floo Fo p of the
contaminants that have an ACL or other groundwater p ection sta the concentration
in well SWAB-4 is consistently higher than at the next wngradient SWAB-22,
located near the western edge of the long-term care bo ay) Athough " norinn data
from well SWAB-4 are somewhat limited, it appears that ,ntrations haveben
relatively stable over the last several years. The higher c n ions at SWABA are likely
the result of two processes. First, regional flow from thewsh keep contamination
near the granite outcrop (Note; an upward vertical gradient occurs in the groundwater of the
regional aquifer due to the presence of the granite tions which reslts in seepage from
the tailings impoundments occurring primarin I ir portion of the aquifer in this
area). Second, the contamination has likely crecs due to natural attenuation if it were to
reach as far west as well SWAB-22. Mqnlit a modin ve demonstrated that any
contamination in the vicinity of well S -AB4 will remai in the western edge of the
long-term care boundary. Contaminton that perfists nd SWAB-4 would also bedete-cted cate doungrdient mont
detected at downgradient monit points in the S ater River alluvial floodplain;
although, naturalatenuratinYmy Iq refirst. Additional data from well SWAB-4 would
provide little l infomion an(d re this well is recommended for elimination
from the 1o e-term monrietwork.7"`

Well 5AB-22 has been useitoricall o monitor the west northwest edge of the long-
te buday Temoiltih• data to date have shown no evidence of site-related

I
I
I
I
i
i
I
U

!
I
I
I
I
i
I
!

.. .*on; however, the n itoring history of this well is not extensive. SWAB-22 is
locate imately 400 ft inside the long-term care boundary, 2,000 ft downgradient of
well SW d approximatly 5,000 ft downgradient of the tailings impoundment.
Well SWA eonstrat that any site-related hazardous constituents exiting the
Southwest Val e h reached the POE (long-term care boundary) and the McIntosh
property (where gru ater restrictive covenants have been instituted as a precaution).
Data from well SWAB-22 also demonstrates that groundwater exiting the Northwest Valley
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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SWAB-IR, 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-2 1. 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 witIl~il the longitdrm care
boundary. Well SWAB-12R therefore is recommended fr re tention i lthe long-term
monitoring network.

E4.2.3 Summary of Recommended Long-term Monitor I'ng Rirements,

Based on conclusions reached from the evaluation of WNI's pretransition groundwater and
surface water monitoring program (and its historical results), the rev e si ofsite documents, and
the information provided above, a recommended long7erm monitorin rogramis proposed for
incorporation into the site LTSP. Table E-5 and TalDbEs proposed long-
term monitoring requirements for the Split Rock~disposalIsite

It is understood that ACLs were established~to mnomtorlong-term'U efo of the disposal
cell. Therefore, it is recommended that theA U ncorpo.rhte into the long-term
monitoring program and be applicable af!he designated 10 ell for each groundwater flow
regime (i.e., Well-5 for flow exiting/the orthwest Va'llcyidlnt well WN-21 for flow exiting the
Southwest Valley), as specified under.. it~on 5B(5) of 10 CFR 40, Appendix A.

However, bec'au' there isni5oasi' fo triggel-vlelJs found within the regulations, it is
recommended-That the trigger l& lJsýtablishedat the site for manganese, nitrate, combined
radium -2216 and -228, and uranium (-Table E--4) should not be incorporated into the long-term
monitot "rogram. Instead, it is Ar• mmended that DOE compare monitoring results in the

ell clossA w~the POE (i.e., site long-term care boundary) to groundwater protection standard
applicable off9i o ensure compliahce continues to be maintained. Surface water monitoring
results are recorii - eided to be comi pared to water quality standards applicable to the Sweetwater
River to ensure cofi •niance coinues to be maintained.

As discussed in Section§-26, historic nitrate concentrations in excess of the ACL at wells
downgradient of the PC 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-IR. 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 I
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 1
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 b reevaluated ar 5 years (and
periodically thereafter based on site conditions) to determine if there are any modifications to the
monitoring program that are technically warranted-i.e., to include modifications iconmosition
(e.g., constituents and locations), frequency, and duration. Th evluation shoul silude an
assessment as to the need for continuing long-term monitoring a ite. Monitowinealuations
and recommended modifications to the long-term program sfould be submitted to the NRC for
concurrence prior to implementation. V

Table E-5. Proposed Long-Term Monitoring Plan for t it Rock, Wyoitg, Disposal Site

Groundwater Moniitoring 1
Wells* _ali _ Frequency

Annually for all wells
except well WN-41B in

NWV Flow Regime: Well-5 (POC well), the NWV flow regime
WN'41B fura, nitrate, combined radium-8 _and wells SWAB-22,

4 26 28,_sulfate, TDS, uranium SWAB-29, and SWAB-

SWV Flow Re (PO and sta f measurements; pH, 31 in the SWV flow

SWAB-R, S -2, ISWAB-I2R, SW temperate onductivity, alkalinity, regime where monitoring

22, SW 9, SWAB-31 (furthest dissolve .xygen, and turbidity) once every five years

following the first annual
long-term monitoring

event.

Surace Water Monitoring'

LoA Analytes Frequency

manganese, nitrate, combined
radium-226 and -228, sulfate, TDS, Annually for the first

Sweetwater River: •W-3 uranium (and standard field long-term monitoring
measurements; pH, temperature, event, once every five

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

I

I

I
I
3
i
I
1
i

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

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/Lb
Combined Radium-226 7.2 pCi/L 19.9 pCi/L 5.0 pCi/Lb
and -228
Sulfatea 3,000 mg/Lb

TDSa 5,000 mg/Lb

Uranium (natural) 4.8 mg/L 3.4 mgL L
ACL = alternate concentration limit; mg/L = milligrams per liter; pCi/L = picecunies per litei •<, = point of
compliance; POE = point of exposure; TDS = total dissolved solids.
a Indicator constituents only.
Standards are Wyoming Class III Groundwater Protection Standards for LLestock, nd applicable)at the POE.
Note: ACLs are applicable at the designated POC wells, as they were pro•6t0, ransition undervWN•l•)ssource
material license SUA-56 (Amendment 105, February 24, 2010) and as specifiedunder Criterionr'5B(5)ýoi/
10 CFR 40, Appendix A. Nitrate concentrations in excess of the ACL',n 11 ;;B2 (directly downgra~dient of the

in ¶996 WAB, drrsetvl.T eeoe
POC) and well SWAB-1 R have been reported since their installation in 96 and0,9
continued concentrations in excess of the nitrate ACL in these wells under Iong-ter'mmonitoringwill not be
considered an out-of-compliance event. E. Rfe n e

E5.0 R

EPA (U.S. Environmental Protection Ae"-y), 1998. L998 Update of Ambient Water Quality
Criteria for Ammonia. EPA 822-R-98L0O8. ffice of W~ter Washington, DC.

EPA (U.S. Enviromne017Pitection Agenc", 1999. 1999 Update of Ambient Water Quality
Criteria for Ammonia-, 'Wat9-er,014 fiice,o,, Washington, DC, December.

EPA (U. S.e vronmental Protection A. gency 009. 2009 Edition of the Drinking Water
Standard'sa•nd Health Advisories, EP 822-R-09-0 1, October.

Merritt, R.C 1qjR1 The Extractive. etallurgy of Uranium, Colorado School of Mines Research
Institute, PrepI d Contrac1 with the United States Atomic Energy Commission.

NRC (U.S. Nuclear: t Commission), 1996. Staff Technical Position, Alternate
Concentration Limits f FTe II Uranium Mills, Standard Format and Content Guide and
Standard Review Plan for 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), 201 Oa. 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), 20 1Ob. 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 Evaluation. Prepared for
Western Nuclear Inc., Split Rock Project, Jeffrey City, Wyoming.

Thompson, A.J., 2005. Letter to U.S. Nuclear Regulatory nmission A . Robert Nelson,
dated May 26, 2005, Request for Exemption, ADAMS acc4 no ML05 5.

WNI (Western Nuclear Incorporated), 2000. Supplement to b 9, 1999 Sp Site
Closure Report, Prepared for Western Nuclear, Inc., Prepare• By Sheprd Miller, Inc., January.
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