Question 2.5.2 No. 2 Reasonable Alternatives — Liquid Effluent Disposal
RAI Question:

More physical details (size, location, operations) or other information (cost, logistics,
technology, etc.) on the three liquid effluent disposal alternatives (overland application,
evaporation ponds, and deep well injection).

Answer:

In 2008, Uranium One performed additional alternatives analysis for potential waste
water treatment and disposal options. The results of this alternatives analysis were not
available at the time the Moore Ranch NRC application was prepared and submitted. As
a result of the initial screening analysis, a detailed analysis of deep well disposal,
mechanical evaporation, chemical precipitation and reverse osmosis, and spray/solar
evaporation was performed. In response to this RAI question, section 2.5.1.3 of the
Environmental Report will be revised.

Proposed Revisions to License Application

The following changes are proposed to the license application in response to this RAI
question. Changes to the onglnal text as submitted to NRC are noted in red- lme/strlkeout
method.

2.5.1.3 Waste Management

- Liquid wastes generated from production and restoration activities are generally
managed at ISR facilities by solar evaporation ponds, deep well injection, and/or
land application. The use of deep waste disposal well(s) is considered by EMC to
be the best alternative to dispose of these types of wastes. The Moore Ranch deep
well(s) will isolate liquid wastes generated by the project from any underground
source of drinking water (USDW). These wells must be authorized by the State of
Wyoming under a Class I UIC Permit.

EMC has considered &naiﬂcejeaed—aﬁﬁa—se@—evapeiﬂﬁeﬁ—ﬁenﬁis—med—kmd
application—as—aa wide range of liquid treatment/-disposal methods for use at

Moore Ranch. The alternatives analysis considered three primary waste streamns
from ISR operation:

o Plant eluant;
o Wellfield purge water; and _
e RO reject produced during wellfield restoration.

A “desion basis influent” was developed for the three typical ISR wastewater
streams to be managed as well as the projected water quality characterization for
blending the waste streams. The alternatives analysis was completed stepwise




with _the development of a common _evaluation basis, screening of potentially
applicable treatment technologies, development of candidate treatment trains,
and technical and cost evaluation of the treatment trains. The initial screening of
treatment ___technologies _included _evaluation _of each technology  for
implementability, flexibility, maintainability, and relative capital and operating
costs. The retained technologies were developed into treatment options and then
the_comparative evaluation of each option was conducted _in_parallel for each
waste_stream. Both capital and annual operating costs were developed for each
option_in_order to calculate a net present value. The costs developed were
comparative order-of-magnitude estimates_intended for comparison purposes and
were based on_an ISR model case that could then be scaled to _a particular
operation. Costs that were_ common_to_all options such_as regulatory reporting,
project management, and administrative costs were not included.

Land application is feasible and has been historically used at some ISR facilities
as_a wastewater_treatment/disposal method, generally in_conjunction with deep
well disposal and/or spray/solar evaporation. However, discharges through land
application_may be required to _meet surface water quality standards. If land-
applied water is not treated to stringent standards there is a potential for future
environmental liability _due to _accumulation of contaminants in the soil or
groundwater _below the land application surface area. For this reason_land
application was not retained in the screening process for further consideration.

The following discussion provides a description of each treatment/disposal
method considered and the relevant characteristics that led to the selection of
deep well injfection as the preferred alternative,

Deep well disposal

On_any site where geologic and hvdrogeologic conditions would allow. deep well
injection_is_the current preferred method for wastewater disposal. Deep well
injection is permitted primarily on_the condition that potential sources of drinking
water cannot be adversely impacted by the deep well operation, rather than by the
quality and characteristics of the wastewater injected. Deep well “discharge
standards”_as_incorporated into _a_permit_are based on the mine operator’s
characterization of the waste stream. This method was_considered potentially
suitable for all ISR waste streams.

Mechanical Evaporation

Mechanical evaporation utilizing equipment _that requires either gas or electric
power was considered. Evaporation is energy-intensive, but produces the smallest
possible volume of waste for disposal. Disposal costs per unit volume can be
evaluated _against the evaporator operations cost _to determine the economic
viabilitv of evaporation as a post-treatment step. For this evaluation it is assumed




>

that a volume reduction of approximately 95% is_achieved. This method was
considered potentially suitable for all ISR waste streams.




Chemical Precipitation and Reverse Osmosis

Chemical_precipitation _and_reverse osmosis _which_can_utilize the chemical -
precipitation step to either pretreat the wastewater for more efficient operation of
the reverse osmosis system_or use_the chemical precipitation step to treat the
brine_was_considered. Both a brine residual and a sludge are formed. This
method was considered potentially suitable for all ISR waste streams.

Spray/solar evaporation

Spray/solar evaporation utilizing natural evaporation and enhancing the rate by
spraving water to increase the surface area, which was assumed to provide a 95%
volume reduction for this evaluation, was considered._ While solar evaporation is
technicallv feasible, the evaporation rate and length of the evaporation season
must be considered in parallel with the flow rate of water to be treated. Pond size
may become_infeasibly large if the evaporation rate_is low. If sprayers are used
for evaporation enhancement, overspray due to high winds must be controlled.
Additional issues with ponds include dust and dirt blown in, and the eventual need
to remove salts and accumulated solids.

Table 2.5-1 provides a summary of the technical and cost evaluation of candidate

water treatment and management options for a _combination of the process

wastewaters. For each of the alternatives considered, the table lists the .
advantages and disadvantages, the chemicals required, residues storage capacity,

required _ offsite  shipments, _power _requirements. labor _requivements,

environmental _and safety considerations, capital cost, _and 20-vr_Net Present

Value. For capital cost and 20-yr NPV, the deep disposal well alternative is

considered the base case_and the capital cost and 20-year NPV for the other

alternatives are scaled from it

As shown by Table 2.5-1, the NPV for the Deep Well Option and the Spray/Solar
Evaporation Option were the most favorable (lowest estimated life cvcle cost),
with the Deep Well Option_as the lowest overall cost. The Deep Well option
presents _additional environmental, safety _and health _benefits including the

following:

e Minimize worker exposure to concentrated brine streams that may contain
uranium and byproduct material; '

o Minimize the required footprint_and therefore land disturbed by the
system; |

o  Minimize the residual, either solid or liquid _stored onsite _and also
shinped offsite. There is no offsite transpoitation of residual required with
a deep well: and




o Minimize the requirement for chemicals and other commodities.

Based on this comparative evaluation the deep well water management option for

ISR wastewater provides clear economic and environmental advantages.

- All solid wastes will be properly managed. Non-contaminated solid waste will be
disposed in an off site solid waste landfill permitted by the county in which it is
located. Contaminated wastes will be shipped to a NRC_or Agreement State-

approvedlicensed facility for disposal.

Insert New Table 2.5-1.




ALTERNATIVES
Question ER 2.5 No.1 Reasonable Alternatives — Alternate Plant Site

RAI Question:

Information on other sites that were evaluated prior to picking the site where the project
is to be accomplished. Also include information on the footprint, such as alternative plant
locations, routes for roads, and building locations.

Answer:

The Central Plant was initially proposed at a location which was situated approximately
700 feet to the west of the current proposed location, shown in Figure 1.2-4 of the
Environmental Report. Since preparation of the Environmental Report, additional siting
evaluations have been performed and a better location has been identified compared to
the original proposed Central Plant site location. The current preferred Plant site is
deemed the most suitable location primarily due to the existing topography and the
minimal topographic changes required for the proposed layout of the plant infrastructure.
“Additional information on this evaluation and alternate site information including a new
Figure 2.5-1 will be included in the revised Section 2.5 of this Environmental Report.

In addition, Section 4.12.2 of the Environmental Report will be revised to reflect updated
radiological impacts due to relocation of the plant site. EMC has revised the dose impacts
analysis using the MILDOS-Area code, resulting in an increase in the maximum annual
dose at the site boundary from 0.8 mrem/year to 1.5 mrem/year. This change is reflected
in Table 2.6-1 in response to RAI Question 2.5 Number 4.

Proposed Revisions fo License Application

The following changes are proposed to the license application in response to this RAI

question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method. :

2.5 REASONABLE ALTERNATIVES
2.5.2  Plant Location Alternatives

The site of the Moore Ranch Central Plant was initially planned at a location
which was situated approximately 700 feet to the west of the current preferred
location. shown in Figure 2.3-1. The current proposed plant site was deemed the
maore suitable location primarily _due to_existing topoeraphy, and the minimal
topographic changes that would be reguired for the proposed lavout 1o the plart
infrastructure. The new_proposed site location minimizes cut_and fill. thereby
minimizing the disturbance of natural ground. The revised site location._as with
the alternate sire location, is locateel 10 minimize environmenial impacts in that i
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will be in close proximiry to the primary_access road, it will_aveid existing
utilities. and its visibility from Highway 387 will be minimized.

Insert New Fieure 2.5-]
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Question 2.5.2 Number 2. Reasonable Alternatives ~ Liquid Effluent Disposal

RA1 Question:

More physical details (size, location, operations) or other information (cost, logistics,
technology, etc.) on the three liquid efﬂuent disposal alternatives (overland application,
evaporation ponds, and deep well injection).

Answer:

In 2008, Uranium One performed additional alternatives analysis for potential waste
water treatment and disposal options. The results of this alternatives analysis were not
available at the time the Moore Ranch NRC application was prepared and submitted. As
a result of the initial screening analysis, a-detailed analysis of deep well disposal,
mechanical evaporation, chemical precipitation and reverse osmasis, and spray/solar
evaporation was performed. In response to this RAI question, section 2.5.1.3 of the
Environmental Report will be revised.

Proposed Revisions to License Application
The following changes are proposed to the license application in response to this RAI

question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

5.1.3 Waste Management

Liguid wastes generated from production and restoration activities are generally
managed at ISR facilities by solar evaporartion ponds, deep well injection, and/or
land application. The use of deep waste disposal well(s) is considered by EMC to
be the best alternative to dispose of these types of wastes. The Moore Ranch deep
well(s) will isolate liquid wastes generated by the project from any underground
source of drinking water (USDW). These wells must be authorized. bv the State of
Wyoming under a Class I UIC Permit.

EMC has considered s wide range of liquid ':cmnwnria’ispos_‘al methods for use at
Moore Ranch_The aliernaiives analysis considered three primary waste streams
fram ISR operation:

o IF L*l’f“c[;f ourge weser: ond
o ReYreiocr produced durine wellfield resiorazion,

A desien basis influem” was developed for the three sypical ISR wastowater
streams 10 be manased as swell s the projected warer qualing characierizarion for
Blending the waste streams. The alternatives_analysis was completed siepwise
with the developmens of a common evaluation bayis__screening of poientially
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hnolovivs development of candidate tregaiment_rqins.
Levaiuation of the requpent trains, The initicd screening of
fregiment  technofogies  included  evalumiion  of  each  rechnnlogy jor
implemeriabilite, fdexibiling maintainapilitv, and relative capital and operating
costs. The reiained rechnologics were devefoped intw weamment options and then
the camparative evaluation of each option svas_conducied in_parallel for each
wesie stream. Both capital and annual operating costs were develuped for each
pption in_order 1o calculare o net preserd value, The costs developed were

apnlicable. reatment
and technical and ce

compararive order-ol-magnitude_ estimates tended for comparison purposes and

were _based on an ISR medel case that cowtd then be scaled 1o o particular
cperation. Costs that svere common {0 all options such as resulaiory reporiing,
project manavement, and adminisirative costs were not included,

Land application is feasible gnd has boen historically used wtf some ISR facilities
as g wastevater veatment/disposal_method, generally in conjunction with deep
well disposal andror spravdsolar evaporarion. However, dischuarves through lumd
application meay be required to meer swinee water quality standards. If fand-
applied seater is not rgated 1o soringent siandards there is o potential for futire
environmenial tiability due 0 accumulavion of contamingnis _in the soil or
wromimighvarer _below the fand anplication swriace grea. For this reason land
application was not retcined in the seregning process for further consideration,

The following discussion provides o description of each reatmentidisposal
method consider2d and the relevant characierisiics that led o the selection of
deen well infection as the wreferred alternaiive.

Deep well disposal

On coy site where veologic and Invdrogeonlogic conditions would alfov. deen ywell
{niection Iy the current preferved method for wastewouer disposad. Deen well
iniveiion iy permitted primarily on the condition that poteniial sowrces of drinking
warer cannel be advorselv impacted by the deep well operation. rather thun by the
quadiny_and _characieristics of the wastewaier injected. Deep well “discharge
standards” as incorperatesd ivle Q permic qre hased on the mine _operafor’s
charociorization of the waste spream. This method was considoered potemialiv
suitable for all ISR waste streams.

Myechanical Evaporation

Mechanical evaporagion wtilizing equipmont that_reguires cither gas_or eleciric
power was considered, Evanoration is encrgy-intensive, but produces the smallest
possible volume of waste for disposal, Disposal_costs per_unil_volume can be
evalugted ageinsgg the evaporator operctions coxi o determine the econunic
viability of evaporation as a posi-treatment step. For this evaluation it s assumed
that o volume reduction of approximately 93% is uchieved. This method wos
considered potentigdiv sudtable for all ISR wasie sireams.

-,



Chemicat Precipitation and Reverse Qsmasis

Chemical precipitaion and reverse osmesis which con wilize the chemical
precipiion siep to either premear the svastesvager for more efficien operation of
the reverse osmosis sysiem or_use the chemical precipitation step o treal the
bring was considered  Both o brine residual and a sludes are formed. This
method was considered potenticlly suitable for all ISR waste sireams,

Sprav/selar evaporation

Svrandsolar evaporarion wtilizing natioral evarorarion and enboncing the rate by
SPrQVing woder (o increase the sirfice areq, which was assumed (o provide a 935%%
volinne reduciion jor s evalnarion. was constdered While solar evaporarion is
wechmically feasible, dhie ovaporation raie and lengih of the evaporation seqson
must be considered in paraflel with the flow rate of water 1o be treated. Pond vize
men hecome infeasibiy large i the evaporation rute is low., I spravers cre used

for evaporation enboancement, overspray due o high winds must be congulled,
Additional Issues with porels inelude dust and dive Mlows inand the evenpal need
Lo remove Seins e accwnmdaied solids,

Tabie 2.3-1 provides u sumpary of the rechnioal and cost evatuation of cundidate
water preabneni and menmagepieni options for g combination_ol the process
wasiewaters, For _each of the alternauives considered, the tahle lisis_the
advamages and disadvantages, the chemicals required, residugs storage capacity.,
required offsiie shipmems_ power  requirements. labor _reguirements.
environmental_and _safery_considerations, capial_cost, and 20w Net Presemt
Value, For capital cost and 2-vr NPV the deep disposal well alternarive is
considered the base case and the_capiial cost and 20-vear NPV for the other
aliernarives are scated from i,

As shows by 7{'11"5 251 the NPV for the Deep Well Option and the Sprav/Solar

Evaporcation Option were the most fuvorable fdowest estimated [ife cyeie cosi),
with the Deep Well Option as the lowest overall cost. The Deep Well option
presents _additional _environmental sofery and health benefits including  the
iolfowing:

o Minimize vworker exposure 10 concentroied brine sireams that ngy contail
ureptinm and byproduct material:

o Minimize the required foomring_and therefore land disubed by ihe
svstem: '

o AMimimize the residual either softd _or liguid stored_onsite and_also
shipped affsite There is no offsite travsportation of residual required with
adeep well: and
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o Minimize the reguirement jor chepricals and other commpdities.

Based on this compurative evalyaiion the deep well water management option [or
ISR wastew aier provides cleqy economic and environmemal adhvamoees,

All solid wastes will be properly managed. Non-contaminated solid waste will be
disposed in an off site solid waste landfill permitted by the county in which it is

located. Contaminated wastes will be shipped to a NRC g _dgreement St
Jic d facility for disposal.

Insert New Tabfe 3 3-1.
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Table 2.5-1

Treatment Alternatives Comparative Evahiation Matrix ~ 150 gpm IS1, Wastewater

Eval Factor

Mechanical Evaporation

Chemical Precipitation/RO

Spray/Solar Evapuration

Deep ¥

Advantages

Exonomical. ne residuals so no onsite storage or
offsite 1ransport required, no concentrated
chemicals required, minimal operating
requircinents, minimal space requirements,
flexible with regard 1o water quality and disposal
rate.

Produces very low volume brine for disposal or
further processing by solidification or to dry salt for
zero liquid discharge, produces treated waler with
essentially zero contaminants (distilled water), can
be operated campaign style.

Broadly applicable to metals and common anion
contaminants, chemical precipitation prelicatment
allows operation of RO system to produce ess
brine, produces high quality treated watcr strcam for
reuse or discharge.

Primary bicatent is simple system consisting of
ponds, pumps, piping and nozzles. No complicated
equipnient, low capital cost. Commonly used for
management ol brine in arid climates. Can allow
complele evaporation 1o dryness or remove low
volume brine for solidification and oftsite disposal.

Disadvantages

Site geology will dictate feasible disposal flow
rate. Site hydrogeology (presence of potential
drinking water aquifers) will dictate disposal well
depth. Permitting process may be lengthy.
Attention to water chemistry and need for
atiscalent is required to minimize wellscreen
scaling and fouling issues. Changes in waler
chemistry may require re-permitting. No recovery
of treated water.

Long equipment lead, distillate is corrosive and
would need conditioning for reuse or discharge,
high capital and power cost, concentrates
radionuclides into the evaporator brine by 20 times
OF IHOTE.

Produces both liquid and solids residues with higher
volume liguid residues that other options, Highest
labor. Requires bulk concentrated chemicals.
Highest truck traftic of options evaluated for
chemical deliveries and residuals transport,

Treatment rale dependent upon weather.
“Overdesipn™ required to account for weather
shutdownx. Pojential for birds and other wildlife to
drink and vontact water. Treatment time affected by
wind with ligh potential for overspray. Reduced
efficicncy and operating difficulty due to freezing in
winter so large storage capacity required.
Windborie dust and dirt reduce efficiency and
increase mninienance (cleanouts). Large quantities
of chemieals required for solidification and large
quantilics of sulidified brine produced for offsite
disposal.

Chemicals Required

None to minimal. Antiscalent may be required
depending on walter characteristics.

Minimal for evaporator and limited to antiscalent
compounds and some cleaning products. lLime,
soda ash, and polymer required for solidification.

Lime

Concentrated acid

Polymer, antiscalent and RO cleaning chemicals.
Lime, soda ash and polymer for solidification.

Lime. sodu ash, and polymer for solidification.

Residues Storage

Small feed tank ~ 10,000 gal storing regular

60,000 gal brine storage — approximately 5 days of
storage for feed to solidification system.

200,000 gal brine storage ~ (4 days)
80 yd* shudge (20% solids by weight) from chemical

40,000,000 gul storage for low evaporation months
60.000 yal brine storage for low evaporation months

Capacity strength wastewater TN A N precipitation storage T 4o
) 100 yd’ solidified brine (3-4 days) 500 yd’ solidified brine (3-4 days) 100 yd” solidified brine (3-4 days)
e I Approximately 10 trucks per week with solidified Approximately 43 trucks per week with solidificd Approximately 10 trucks per week with solidified
Offsite Shipments None brine. brine and dewaterered sludge. brine.
Other N Brine is concentrated waste (20X feed). pulentially Brine is concentrated waste (6X feed) potentially Brine is concentrated waste (20X feed) potentially
Considerations one characterized as hazardous or mixed wasic characterized as hazardous or mixed wasiv characterized us hazardous or mixed waste
Power 710,000 kwhiyr 11,008.000 kwh/yr 2,912, 000 kwh/yr 8,822,000 kwh/yr
Labor Minimal 3-4FTE 6 FTE 3-4F1L
Large carbon footprint with over [0 times the power
. . . . requirement of a deep well and 20 times the power | Moderate carbon footprint with the Jowest vperating
Safest and lowest environmental impact of . A . . PR ) -
y L - n requirement of the RO/precipitation aption. power requirement but the most truck traftic ol any | Moderate carbon footprint with greater the power
options, Smallest carbon footprint with low - R N . . . P L S ) N
N N ) | Requires high operating temperatures and pressures. | option evaluated. Handling of highest quantity of required of o deep well and some truck traffic for
. operating power requirement and no truck traffic. f A . . P . . o L 5 e A
Environmental No residuals stored onsite, no potential for Low to moderate footprint primarily for brine residues required including onsite storage and offsite brine slisposal. Greatest risk to wildlife due
/Safety Siduals 5 nstte, no potentia storage tanks. Requires storage of brine as feed to | ofTsite disposal. Higher labor requircments with to large volume ponds. Greatest potential for

wildlife exposure to holding ponds. No
requirement for chemicals. No potential exposure
to concentrated residues.

solidification system and offsite transportation of
solidified brine stream. High chemical reynirements
for solidification chemicals. High operating
temperature and pressure.

more potential for exposure to chemienls and
residuals during shudge dewatering operations and
residuals management.

release uf solts from overspray. Potential for
expasure 1o ko from the sprays.

Capital cost estimate

Base Case

3.56 times base case

1.79 times base case

4.21 times bose case

20 Year NPV

Base Case

17.6 tines base case

68.9 times base case

17.9 timus bise case




Question 2.5 No. 3 Reasonable Alternatives - Alternative Lixiviants and Mining
Methods '

RAI Question:

Information on other lixiviants considered, as well as other technologies for underground
uranium recovery.

Answer:

Section 2.5.1.1 of the Environmental Report provided a short discussion of alternate
lixiviants that were considered by EMC during preparation of the License Application.
Section 2.6.1 of the Environmental Report provided a discussion of mining alternatives
that were considered but eliminated by EMC during preparation of the License
Application. In response to this RAI question, sections 2.5.1.1 and 2.6.1 of the
Environmental Report will be revised.

Propoased Revisions to License Application

The following changes are proposed to the license application in response to this RAI
question. Changes to the original text as submitted to NRC are noted in red-line/strikeout
method.

2.5.1.1 Lixiviant Chemistry

EMC proposes to use a sodium bicarbonate lixiviant that is an alkaline solution. Where
the groundwater contains carbonate, an alkaline lixiviant will mobilize fewer hazardous
elements from the ore bodv and will require less chemical addition than an acidic
lixiviant. Also, test results at other projects indicate only limited success with acidic
lixiviants, while the sodium bicarbonate has proven highly successful at commercial
mining operations in the Powder River Basin to date. Alternate leach solutions include
ammonium carbonate solutions and acidic leach solutions.

Aeidic Leach Solutions

Acid-based lixivions, sach as sulfuric acid have been used in the United Sieies ond are
widely used Interngtionntiv__Acid leach has historically _produced a maioriny_of the

world s ISL production. Acid-hased lixiviams generally _achieve g higher degree of

recavery (20 o 909, hetter leaching kinetics, and a shorter leuching period. However,
arid-based Liviviars dissolve heavy metals and other solids associated swith wronium in
the host rock and ather chemical consiituents thar reauired additional remediation
{Iernasional Atomic Eneroy Agency, 2001,

In_the United States. acid-based Hixivians have heen used only for small-scule rexearch
and developmeni operations. A1 the Nine Mife rest site in Wyonting, rest patierits were
developed using acid-based and_carbonare-baxed fixiviams. The goid-based partern




developed two significam problems, _ Dwring _woraniien recovery operdiions,  @ypsun
precipitared on well sereens and within the aguifer. plugging wells and reducing the
efficiency of welifield circulation. Restorotion efforis had timied success. apparentiy dug
1o eradual_dissulution of the precipitared evosum foliowing restoration, resulting in
mereased saliniry and sulfine levels in the affected qroundhyater (Mucd 2000,

Acid-based lixivignrs were not found io be more cost eflective than atkaline lixiviants,
particularh: in lighn of difficuities in_achieving accepiable grounchvarer resioration
results. The commercial use of alkaline lixiviams in the United States has been related 1o
the need to restore affected croundwarer and alkaling mine sites are recogmized 10 he
rechurically easier o restore. For this reason, g commercial ISR faciling using an_acid-
based lixiviant has not been developed in the United Siaies and EMC determingd an acid-
based lixivian: was not g suitable aliernative for Mosre Ranch.

Ammonia-based Lixiviants

Ammonia-based lixivicous have begn used iy the Unjted Staies, including in Texas and
Bhoming, The anmonia waded 1o adsorb onto_clen minerals in ihe subswriave. The
ammonia_desorbs slowly from the clav Jduring restoration, and thorefore the aquifor
reguires that g much farser amount of croundwater by removed and processed during
aquifer resiorativg (Mudd 20005 In addition_concerns arose in the eqrly 19805 pyver the
patential post mining oxidation of qmmonia in the yrowndwater 10 form nifrate aad nitrite
species. This poreniial difficuliy tn addition 1o the slove desorbion of ampionia from olavs
resufted in g movepent away from ammonia based vivianes and an ouaright ban on their
use in Tevas. Duwe (o this additiong consumptive use of groundwoter i megt
grousghvater resipration requirements, EMC determined that en cmmoniu-bayed lixiviant
was ot a suliable alternative for Moore Ranch,

Other Lixivianis

Other lixivianis which have been evaluared in laboratory scale and limired field tests
include potassium bused Jiviviens, o range of oxidants including air_iodine. potassiwn
permanganaie,and aovariery ofrace additives such as clav siabilizing agenis (o increuse
the selective oxidation and mohilization of uranivm sinerals, To date. these alternaives
bave consistestiv_proven (o be fur fess economical than the plonned oxveen — spdium
bicarbonate sysient.

2.6.]1 Mining Alternatives

Underground and open pit mining represent the two currently available alternatives to
solution mining for the uranium deposits in the M
southern Powder River Basin uranium ore has been mined with open pits in the past. This
activity occurred from 1970 to 1984 at the Exxon Highland facility and from the mid-
1970s to 1986 at Union Pacific Resources Bear Creek site, both located south of the
Moore Ranch site. A limited quantiry of pre was also mined with underground mining at
the Exxon Highland site. in addition to the open pit method. However, the widerground
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ming was ynecononival and plagued by poor ground conditions. Kerr MeGee operated o
st undercround ming wr the Bill Smith (now Smith Ranchi Project in the faie 1970
with similar results. Subseguent svork by Kerr McGee gnd s successor, Rio dlgom
Mining Corp, shified 10 ISR methods.  Likewise. Exxon recognized the inherent
advainages of ISR aad was_in the process of amending the Hichland NRC license for
conversion_of the project 1o an ISR operation when Highland was sold 1o Everest
Minerals Corp. in 1983 Subsequently, Everest reconfigured the Highiand Project into

The Moore Ranch project was originally investigated by Conoco in the late 1970's as an
open. pit mine. Neither of these methods is economically viable for producing the Moore
Ranch reserves at this time._The jollayving secrions discuss_each mining alternative iy
refuion 1o the Moore Ranch site,

2

G L Open Pit Mining

Open pit mining requires the removal of all muierial covering the orebody. This
averburden must be removed and siockpiled 1o allove repmyval of the urgnivm-bearing
are. Onee removed, the ore srust be transporied 10 g conventionad wranius mill for
further processing and wranilon extraction,

Open plt mining of the relatively low grade Movre Roanch ore would require a capiial
fnvesrmeni thar is notf Supporied by the current waninm marker. The negrest conventiongl
nell seith an wperating ficense thar_could receive wranium ore for ol milting Is the
Denisgr Mines White Mesa Mill located in Blanding, Urah, The combination of capitl
cosis 1 develop an open pit mine ar Mogre Runch. the operating and maintenance cosis
i the ore and the ranspurigtion cosis 1o Blanding, Uiah far excezd the current
vadue of the nre as a feedstock for White Mesa, The nearest conventional wranium mitl,
Kenneconn Uranim Corporation's Sweenvarer Mill, locared in the Grear Divide Basin in
Wyoming, is aof li ool e operations. However i the Sweetwater Uranom Ml was
currentdy licensed for operaidon, similar_economic factors wouid preclude mining the
Moore Ranch deposy ander current wranium moyket conditions,

Envirponmenial factors must also be considered _in addition to the economic factors for
apen_pit mining. Open_pit_minine would produce large piles of waste rock that would
permanently alier the topograpin of the Moore Remch site. In addition, substantial
dewatering of the pit_on the order of several thousand gallons per mimue would be
reguired 1o depress the petentiometric swiitce, Large quantities of_groundwaler witl
naneally elevated radium-2260 and wranjum would be discharsed requirine reatment
and subseguent disposal of a radiouctive solid waste,

2.6 1.2 Undergromd Mining

Underaround mining of the Moore Ranch deposit woudd invalve sinking niine shafts o
ihe vieimite of the orehaodies horizontadly driving crosscuts angd drifls (o the orebodies ar




differemlevels, physicaliy removing ithe ore and transporting _the _mined ore (o the
conventional wranivm mill for further processine, The econpmic factors invalved with
this aliernative are ideniical 1o those for ores mined from an open. pif.

From an environmental perspective, open pit mining or underground mining and rthe.
associated milling process involve higher risks to emplovees, the public, and the
environment. Radiological exposure to the personnel in these processes is increased not
only from the mining process but also from milling and the resultant mill tailings. The
milling process generates a significant amount of waste relative to the amount of ore
processed. Extensive mill tailings ponds are needed for the disposal of these wastes. The
environmental impacts associated with open pit and underground mining are generally
recognized as being considerably greater than those associated with in-situ recovery
mining.

In a comparison of the overall impacts of ISR mining of wranium compared with
conventional mining, an NRC evaluation concluded that environmental and
socioeconomic advantages of in situ recovery include the following:

1. Significantly less surface area is disturbed than in surface mining, and the degree
of disruption is much less. In_adedition. 1his disturbance Is temporary in ngluse,
being {imited to the period of construction, operations, and decommissioning.

2. No mill tailings are produced and the volume of solid wastes is reduced
significantly. The gross quaniity of solid wastes produced by ISR methods is
generally less than 1% of that produced by conventional milling methods (more
than 948 kg (2090 [b) of tailings usually result from processing each metric ton
(2200 1b) of ore).

3. Because no ore and overburden stockpiles or tailings pile(s) are created and the
crushing and grinding ore-processing operations are not needed, the air exposure
problems caused by windblown dusts from these sowrces_both vat site and during
transportation, are eliminated, '

4. The tailings produced by conventional mills contain essentially all of the uranium
daughter products inciuding radium-226 that are originally present in the ore. By
comparison, less than 5% of the radium in an ore body is brought to the surface
when ISR methods are used. Consequently, operating personnel are not exposed
10 the radionuclides present in and emanating from the ore and tailings and the
potential for radiation exposure is significanily less than that associated with
conventional mining and milling. ‘

)

By removing the solid wastes from the site to a licensed waste disposal site and
otherwise restricting them from contaminating the surface and subsurface
environment, the entire mine site can be returned to unrestricted use within a
relatively short time.



6. Solution mining results in significantly less water consumption than conventional
mining and milling,.

~

The sociceconomic advantages of ISR include:

s The ability to mine a lower grade ore,
¢ 4 lower capital investment,

*  Less risk to the miner,

L4

Shorter lead time before production begins, and
* Lower manpower requirements.

Adeditieonad Betferences:

Itermuionat Atomic Enerey dgenoy. Manual of dcid In Siin Leach Uranium Mining
Technoloey, "T4EA-TECDOC-1239 Vienna, Ausiria, August 2001,

Mudd G M. deid In Sity Leach Uraniwn Mining - ] - USA and Austrafia.” Tallines &
Mine Waste 2000, Fort Collins, €O, January 2000,




Question ER 2.5 No.4 Reasonable Alternatives — Quantitative and Qualitative
Support

RAI Question:

Quantitative and qualitative support for the assessments that are made in Table 2.6-1.

Answer:

~ The information presented in Table 2.6-1 Comparison of Predicted Environmental
- Impacts, is supported by the qualitative and quantitative analysis found in Section 4
(Environmental Impact) of this Environmental Report.  Additional quantitative
information for the Preferred Alternative category has been incorporated into Table 2.6-1
including data for Land. Surface Impacts, Land Use Impacts, Geology and Soil Impacts,
Groundwater Impacts, Noise Impacts, Radiological Health Impacts, and Waste
- Management Impacts. Also, the corresponding subsection numbers have been referenced
~ for the Preferred Alternative information.

Proposed Revisions to License Application
The following changes are proposed to the license application in response to this RAIL
Changes to the original text, as previously submitted to NRC, are noted in red-

line/strikeout method.

/nserf Revised Table 2.6-1




