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Radioactlviy Upits Uaits of Radioactivity
Radioactivity is presented in radicactivity umts,

The Ci is the hasic unit used to describe an amount of § gymhol Name

radioactivity. Concenlrations of radioactivity Ci curie

penerally are expressed in terms of curies or fractions | MCi megacurie (| .0E+06 Ci)
of curies per unit mass, volume, and area. One curie | mCi millicurie (§.0E-03 Ci)
is equivalent to 37 bitlion disintegrations per second, pCi microcurie (LOE-06 Ci)
and is the quantity of any radionucide that decays at { nCE nanccurie {1.0E-09 Ci}
a rate of 37 billion disintegrations per second. pCi picocuric (1.0E-12 C3)

Disintegrations generally produce emissions of alpha
or heta particles, gamma radiation, or combinations of these.

Radiation Doese Units

The amount of energy deposited by radiation in & fiving organism is the radiation dose, For
humnans, the radiation dose usually is reported as effective dose equivalent, expressed in terms of
roentgen equivalent man {rem}. For example, the average dose rale from natural sources {cosmic
radiation, natural radioactivity in the earth, and other natural sourees) is approximately

0.3 rem/year. This Jocument reports radiation dose in millirem {mrem). One mrem is equal to
sne-thousandth of a rem. Therefore, 0.3 rem per year conid he restated us 300 mrem/year or
3.0E-01 rem/year.

Units of ¥easure
The [biiowing shows the ahbreviations for Lhe units of measure used in Lthis document.

Names and Symbols for Units of Messure

Lengrh Aren Yoleme

eIl centimeter ha hecrare cm®  cubic centimater
ft foat ac acTe n cubic foot

i, inch km®  square kilometer gal.  galion

km kilometer mi® sqiare mile L fiter

m meter fi square foot m* cubic meter

mi mile ppb  pars per billion

ppm  pars per mifiion
yd? cubic yard

Mass Temperature

kg kilogram *C degrees centigrade
mg miiligram °F degrecs Fahranheit
i pound

mt metric tfon
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READERS GUIDE

The following information is provided te help the reader understand the technical data and

formmat of this SA. A list of acronyms and abbreviations can be found following the Table of

Contents.

Reference Citations

Throughout the text of this docwment, reference citations are presented where infonmation [rom
the tetierenced document was used. These reference citations are contained within parentheses
and provide 3 brief identilication of the referenced document. This brief identification
corresponds Lo the compiete reference citation located on Lhe reference list at the end of the

document.

Scientific Motation

Scicntific notation is used in this document to
express very large or very smail numbesrs,

For cxample, the number one million couid be
written in scientific notation as 1,0E+06 ov in
traditional form as 1,000,000, Translating from
scientific notation to the waditional number
requires moving the decimal point either right or
leA Fom the number being multiplied by 10 to
sorme power depending on the sign of the power
(negative power move left or positive power
move right).

Chemical Elements and Radioactive I1sotopes

Translating Scientific Notation

i

Example i: 2.6E+06 = 2,600,000

Example | shows a pasitive power of six.

To transiate, move the decimal to the right

six places adding zeros as necessary to achieve
2,600,000.

Exampie 2: 2.6E-07 = 0.000000206
Example 2 shows a negative power of seven.
To translate, move tiie decimal to the fefl
seven places adding zeros as necessary to
achicve 0.80000026.

Many chemical efements and radioactive isoiopes are refgrenced in this document. Cxamples of
the chemical elements ate cesium, strontium, and uranium. For the most pary, these elements are
spelled out; hawever, these elements may be presented in tables and figures in this format:

cesium-137 or Cs-137.

Units of Measure

The primary units of ineasure used in this SA arc metric. However, the approximate equivaient
in the 11.5. Customary System of units is shown in parentheses direcily following the usc of a
metric nnit. For example, a distance presented as 10 meters (m) is followed by 35 feet (ft), This

example would be presented in the text of the document as follows: 10m (33 f).
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1.0 SUMMARY

This Suppiement Analysis addresses the potential effect that new data and information
developed since the preparation of the TWRS EIS may have on the environmental impacts
presented in the EIS to support a determination of whether these new data wamant further
NEPA analysis at this time,

The analysis demoenstrales that the information developed sinee the preparation of the
EIS has o smaH effect on the imnpacts calculated for the EIS, and that the changes in
environmental impacts are bounded by the impacts presented in the TWIRS EIS.

.1 INTRODUCTION

The Tank Waste Remediation System (TWRS) program is a large and compliex cffort to
remediate a large portion of the nation’s high-level radioactive waste. It meludes the remedtation
of approximatety 210° million curies {Ci) in 200 million liters (L) {54 million gallons [gal.]} of
liquid and solid waste that have been accumulaling in underground storage tanks for more than
50 years. The TWILS program has four major components: ) confinned safe management of
the tank waste; 2) remediation of the tank waste; 3) remediation of the tank faums after the tank
waste has been removed (inciuding any residnaf waste and contaminated soils from past tank
leaks), a process called closure; and 4} decommissioning facilities to be constructed to remediate
the wastc. The U.S. Depurtment of Encrpy (DOE) determined that snfficient information exists
to address continued safe inanagement of the waste and begin remediation of the waste,
However, there is currently insufficient information to perfoun a complete cvaluation of closure
of the tank famms and decommissioning of facilities {62 Federl Register [FR} 8693},

In 1996, DOE and the Washington State Department of Ecology (icolegy) issued the TWRS
Environmental hinpact Statement (EIS), which assessed the fnil range of reasonable alternatives
for continued safe inanagement and remediation of the wastes. DOE subsequently issucd &
Record of Decision (ROD), which documented the selection of the Phased Implementation
atternative. Ceology concnrred in the selection of this altemative. 'The Phased Inplementation
alternative consists of 1) Phase I, the initial production phase, during which the efficiency and
cHfectiveness of the processes sclected to treat the waste will be verificd by treatmg 6 to

13 percent of the well-characterized and readily retrievable waste; and 2) Phase I during which
the majority of the waste will be treated, Waste will be retrieved from the tanks and separated
into fow-activity waste (LAW) and high-level waste (HLW). The LAW will be imnobilized and
disposed of ousite iz near-surface vauits. The HLW will be vitrified {meited to form glass) and

disposed of at a geolepic repository.

'Decayed to 12/31/99




DOE also decided to privatize certain aspects of the Phased [mplementation altcrnative and in
1996 awarded comtracts o BNFL, Ine. {(BNFL) and Lockheed Martin Advanced Environmental
Systems (LMAES) to perform initial planning and engincering for Phase . DOE i$ now
considering whether to authorize nope, one, or two contractors 1o proceed with the conslruction
and operation of Phase IB treatment plants, This decision 15 scheduled to be made no later than
July 1998 in campliance with the Hanford Federal Facility Agreement aid Consent Order
(Tri-Party Agreement}. If DOE does not proceed with Phase ID with either contractor the
Tri-Party Agreement provides for an alternate path for implementing tank waste remieval and
immobilization. For the alternate path, waste treaiment facilities wonld be constructed and
operated by the govemnment with a { year delay in start of freatiment facility operations,

This alteruale path is consistent with the Phased Impiementation alternative.

The original Phased Impleinentation concept and the TWRS EIS describe Phase 1 treatment
acilitics as demenstration-scale facilities that would ireat 6 to 13 percent of the waste over an
operating period of approximately 10 years. During the Phasc I design process it became
apparent that (he consideration of seismic and safety requirements would resnit in facilities

that could be 1) operated for approximately 30 years; and 2) cxpanded {n increase annual
treatment capacity. While the treatment capacities of these facililies have not changed for
Phase I, (he potentially longer lifc and expansion capability makes them more represemtative of
prodnetion factlities that conld partially meet wasle {reatment needs during Phase [I. Based on
this information DOE cumently refers to the Phase I demonstration phase treatment facililies as
initial production facilities.

Remediation of the waste is complicated due to n lack of complete knowledge of the contents
of the waste and the condition of some of the lanks, the lack of demonstrated effectivencss and
cfficiency of some of the complex processes to treat the waste, uncertainty in the regulatory
classification of portions of the wasle, and an incomplete understanding of how residual wastc
that may remain in (he tanks after remediation, past leaks froin the tanks, and other sources of
contamination at the Hanford Site interrefate. One of the important challenges for DOE is to
manage these uncertainties while making progress towards remediation. The analysis in the EIS
demonstrated that it is necessary to proceed with remediation to ensure protection of humnan
Leaith and the environment.

DOE acknowledged in the EIS and ROD that there were a number of important mcerlainties
associated with procceding with remediating the tank waste, and a report by Lhe National
Research Council entitied “The Hanford Tanks, Environmental Iinpacts and Policy Choices™
also recognized and amplified these uncertainties, DOE selected the Phased Impiemeniation
alternative, in part, because it provides an opportunity to reduce technical uncerainties prior to
making final commitnents to critical elements of the remedistion strategy.

DOE committed in the ROD to perform future National Environmental Policy Act (NEPA)
analysis at key points in the remnediation process to address the potential impacts hat new

HE



information may have on the impacts presented in the EIS and to support an assessment of
whether DOE’s plans for remediating the tank waste are still pursuing the appropriate option for
remediation or whether adjustments to the project needed to be made. This Supplement Analysis
(SA) supponts the first of these reevaluations and is one part of a camprehensive Authorization to
Proceed process being conducted by DOE prior to proceeding with the next phase of the project,
This SA addresses whether the new information substantially changes the environmental impacts
presented in the TWRS EIS and whether further NEPA analysis is necessary at this time.

i.2 NEW DATA AND INFORMATION
The following is a summary of the substantive new data end information that have been

developed since the preparation of the TWRS EIS.

Revised Tank Waste Inventory snd Wasic . . .

. Seurces of substaniive new infermation:
Characterizetian + Revised tank wastc mvento
Through 1997, tank waste has been sampled : pvemiory
. . . « New accident analysis doecnmentation
from 131 tanks to snppor safety analysis and . Emergine vadose zone transport data
waste characterization. In an effort to rednce &g > P

. ) 2 \ and analysis
uncertainty associated with the inventory of the . L
. « Revised engincering parameters

tanik waste and resolve differences among the Technalogv development activities
many repoited inventory valnes, DOE 24 P '
conducted a najor reassessment of tank waste
inventory based on key historical records and calculations of radionuctide isotope generation and
decay and issued the Standard Inventories of Chemicals and Radionnclides in Hanford Site
Wastes (Kupfer et al. 1997). DOE also sampled and issued inventory for the K Basins sludge,
which will be disposed with the tank waste. There were a number of changes in the inventnry,
some of which have an effect an the imnpacts calculated in the TWRS EIS. These impacts are

described tn Section 1.3 and 4.0.

Accident Analysis

Since preparing the EIS, DOE issucd the TWRS Basis for interim QOperations (BIO)

(LYVHC 19974}, which established 2 new authorization basis for the TWRS facilitics and
operations. The new information has different radiclogical and chemical risks than were
presented in the TWRS EIS for the beyond-design-basis-carthquake scenario and accidents that

could occur during rontine operations.

New Vadose Zone Characterizatinn Data
There are additional characterization data on the levels of contamination in the vadose zone

(the unsaturated soils that underlie the tank waste above the groundwater}). These data include
spectral gamma logging of drywells, preliminary samnpling results of exiending a borehole
(41-09-39) to the groundwater in the SX Tank Farm, studies on the mechoanisms for the ranspori
of contaminants throngh the vadose zone, and updated groundwater quatity data. These new data
chow that certain contaminants {e.g., cesinm [Cs]-137 and cobalt [Co]-60) from past tank leaks

L



have moved faster through the vadose zone than previously expected and the highly mobile

comtaminants, such as tecimetium (Tc)-99, have teached the groundwater at certain tank farms. i
Conptaminants that were previously expected to move rapidly through the vadose zone, such as "
T¢-99, appear to have been substantially unaffected by these new data, and some contaminants,

such as uranium, may be moving siower than previousty estimated,

Lngineering Parametcrs
Throughout the duration of the project, data collection, bench-seale tests, and engineering studies
will continuousty be performed and wil result in revised engincering parameters reiated to
retrieval, treatment, and disposal. These efforts will reduce the uncerlainty associated with
cerlain aspects of the project and will resnit in changes to some of the impacts presented in the
EIX. These data collected since the completion of the EIS inciude the following.
. ‘The nunber of facilities required to suppert waste retrieval and transfer was reduced from
{ive to thrce. b
+  There would be approximately 30 percent fewer containers of immobilized LAW.
.  HLW volume projections have increased by approximately 10 percent, =
+ The conceptual design for the LAW disposat facility has changed from 66 closely spaced
vaulis to 19 widely spaced vaulis.
- During Phase Il HLW camisters will be stored in & facility similar to the Canister Storage

Building (CSB).

Technology Development Activities
No new technologies within the DOE complex or at the Hanford Site have emerged that would
replace the overal! remediation program included in the Phased Implementation altemative.
Most ongoing technology development activitics are directed at improving Lhe effectiveness
and efficiency of the basic technologies previously selected at the Honford Site or at other DOE
sites. Most of the technotogies included in the Phased implementation altenative were atso
companents of one or more of the other allematives addressed in the EIS. Technology
development activities arc being canducted at the Hanford Site and throughout the DOE
complex for many of the components of the Phased Implementation alternative and some of
the components unique to other alternatives where technology needs have been identified.
Technology development efforls have heen reduced for technologics as they become :
commercially available, Most of these efforts are ongoing and have not yet produced delinitive i
results that can be applied to the Haoford Site tank waste, however, they do offer the potential of
improving the application of many technologies. The technotogy development activities include;
. The Hanford Tanks Initiative (HTT) project, which is testing the application of
technologies for the removal of hard heeis from the tanks, in situ characterization of tank
waste, and developing criteria for tank waste tetrieval and closure
« Tesling of enhanced sludge washing and pulse jet mixer at Oak Ridge to facilitate waste
retrieval and issuing an enhanced sludge washing report for the Hanford Site tank waste
. Testing of grout at the Savannah River Site to immobilize residual waste in the tanks :




+  Testing a technology that uses air bubbies to suspend solids and keep them suspended in
shurries to promote waste transfers.

Tank Farm Salety

In response to the 1990 Public Law 101-510, Safety Measures for Waste Tanks at the Hanford
Nuclear Reservation (also known as the Wyden Amendment}, a program was created to idenlify
tanks with potential sefely problems ond address specific tank safety issues, Safety issnes
associated with the tanks were prouped into four categories: flammable gas, ferrocyanide, high
organic content, and high-heat generation. A total of 62 tanks have at one time been inclnded on
the Watchlist, with several fanks listed in more than one category, Technical evatuation has

resulted in addressing the ferrocyanide,
floating organic fayer in tank 241-C-103, and
criticality safety issues. Based on progress in
addressing Watchlist safety issues to
December 1997, there are currently 38 tanks
on the Watchiist.

Revised Impacts

+ Small change in short-term heaith impacts

+ Smali change in long-term health impacts

+ Smali change in groundwater imnpacts

+ Increase in temporary and permanent
land-use impacts

+ Increase in shrub-sicppe habitat
disturbance

= Redoclion in uncertainties for the
demonstration phase.

Privatization Proposais

in October 1996, DOE evaluated the
environmental impacts based on proposals to
privatize portions of TWRS submitted by
BNFL and LMAES on May {0, 1996

‘The evaluation was documented in a procurement-sensitive report prepared in response fo the
DOE procedures (10 Code of Federal Regnlations [CFR] 1021.216). The data submitied in

the May 10, 1996 proposals relative to potential environmental impacls were preliminary and
based on preconceptual design concepts. This level of detail did not allow for Lhe enviromnental
data provided to be verified or the potential impacts to be quantified. The Environmental
Reports submitted by LMAES and BNFL in September and October of 1997, respectively

and supptemental data submitted in Jannary of 1998 provide an increased level of detail
comesponding to the design work that has heen compieted during Phase [A. This increased level
of detail atlows for a inore qnantitative evaluation of cnvironmental impacts than was possible in
the October 1996 cvaluation: however, it has not changed the overall understanding of the

impacts.

1.3 REVISED IMPACTS

Overall, the new data and information have a small cFect on the impacts presented in the TWRS
EIS. There ate no areas of analysis where the revised impacts are substantially different or
would cbange the relative relationship ainong the altematives presented in the TWRS EIS.

Shert-term impacts
Shorr-teon homan health risks remain essentiaily the same as presented in the TWRS EIS.

There would be & 5 percent increase in the radiclogical risk from routine air emissions to the
non-involved workers and the general pnblic during operations due to the revised tank waste




inventory. However, the total number of latent cancer fatatities (LCFs) for rouline operalions
{three fatalitics) would remain ihe same when rounded to the nearest whole number. Nearly all
of the routine radiotogical risk would be to project workers during operations. There would be a
19 percent increase in the radiation exposures to the public during shipment of HLW to a
seologic repository. However, the total number of falities (no fatalitics) would remain Ure
same when rounded to the nearest whole number. There would be no change in the estimated
aumber of fatalities (four fatalities) from occupational aceidents, The estimated number of
fataiities from operational accidents ([ive fatalifies) would be the same as presented in the TWRS
EIS.

Based on the revised engineering estimates for the size of the freatment facilities, infrastructure
upgrades, and LAW vaults, there would be 33 hectares (ha) {82 acres [ac]} of ndditionai shrub-
steppe habitat disturbed than was estimated for the TWRS EIS. This represents fess than 1
pereent of the shrub-steppe habitat remnaining on the Central Platean.

Long-term impacts

Based on the currently available information, the loug-tenn impacts would be essentially the
sare as those presented iu the TWRS EIS. The new inlormation concerning the transport of
contaminants in the vadose zone has resuited in revisions to Site computer models for estimating
flow through the vadose zoue for past leaks and, to a certain extent, refinements in models for
tank waste leaks during reldeval, The leaching of residual waste that inay be left in the tanks
after closure and the immnobilized waste in the LAW vaults will be largely unaffected by these
new data because 1) the residual waste and immobilized LAW will be covered by a low-
permeability earthen cover, which will reduce infiltration of water to very low levels so the
teaching of residual waste into the vadose zone will be very slow; and 2) the chemistry and
pliysical form of Lhe residual waste and immobilized LAW wiil be substanriaily different from

the past leaks.

The reasons why certain contaminants apparently move mote rapidly than previously estimated

and how deep into the vadose zone they will move at accelerated rates is still under investigation

but may be due to 1} past single-shell tank {SST) leaks that were larger than previousky

estimated; 2) large surface releases from water lines and enhanced infiltration dug to the removal _
of vegelation and installation of gravel around the tanks; 3) past leaks that were releascd over a i
small area or from a portion of the tank which tends to channel the releases and provide a larger

hydraulic head to drive contamination downward more quickly; 4) enhanced mobility of certain
contaninants, primarily Cs-137, due to the anique chemistry (e.g., high sodiun concenteation,

high pH, and high temperaturc) of some past leaks; 5) enhanced tnobility of certain

contaminants, primarly Co-60, due to the prescnce of organic chelating agents in some previous

leaks: and &) preferential [low paths (e.g., clastic dikes) which could provide a mechanism for
contaminants to move more yuickly through the vadose zoue. -




Thete remains a substantial amount of uncertainty associated with which of these transport
mechanisms are important in explaining the transpori of past 33T tank leaks. It is likely that ail
play a role at one or more tanks. Contmuation of the ongoing field iNYesliEaiions arc necessary
to resolve the effect of Lhese mechanisms on past tank leaks. Al current information indicates
that once in the groundwaler the contaminants will be transported [aterally at the previously
anticipated rates. Contaminants such as Te-99, Se-79, and ethylenediaminetetraacetic acid
(EDTA} would be expected to move in the saturated zone at the velocity of the groundwaler.
Contaminants such as Cs-137 would not be readily transported away from the tanks by the
sroundwater but rather will be retarded by chemical interactions with the earthen materials that
will essentiaily stop the migration of many contaminants {Serne et al. 1993). As discussed in the
following section these mechanisms are expected to have a mnch redneed effect on future
releases from the tanks.

Additional data are being obtained and evaluated {see Appendix A} to address these issues bnt it
appears that the eflects on the impacts presented in the TWRS EIS include the foilowing.

. Past tank leaks will move faster through the vadose zone than previously estimated
resuiting in earlicr arrival of contaminants in the groundwater, The concentrations of
certain contamimants in the groundwater may be higher than previously estimated, and the
concentration of olher contarninants may be lower. Past tank [cgks were not within the
scope of the TWRS EIS but were addressed as part of the cumulative impacts of tank
waste remediation with other Site groundwater impacts. Past tank leaks will be addressed
in a future NEPA anaiysts on closure of the tank farms.

« The leaching of contaminants from the LAW vaults will be largety unaffected by the new
information on transport mechanism.

« The leaching of residual waste that may be left in the tanks will likely be largely
unaffccted by this new information. Remediation of the residual waste was not within the
scope of the TWRS EIS bne will he addressed in 2 future NEPA analysis on closure of the
tank farms.

. Leaks during retrieval would be affected by these new data and would likely result in
carlier arrival times in the groundwater but in snbstantiaily the same concentration as
previously estimated. Al of the mechanisms that could accelerate transport of past leaks
could also aflect the rate of transport through the vadose zone of leaks dunng retrieval.
However, the affect is likely to be less than the affect on past tank leaks. Nearly all of the
waste to be retdeved during Phase [B wouid come from doubie-sheil tanks (DSTs), which
are not anticipated to leak during retrieval, 5o Phase IB activities would be lorgely
unaffected by the new vadose zone data. Leuks during retrieval during Phase If counid
be affecicd by this new information, but additional characterization data and impact
assessment will be necessary to assess the importance of these data.

‘This new information would not have an appreciahle alfect on the impacts presented in the
TWRS EIS hecause all of the long-term risk and groundwater impacts result from the highiy
nobile contaminants such as Te-99, uranium, and selenium (Se)-79, which were calculated to




move with infiltrating water lhrough the vadose zone and groundwater. The factors that
accelerate transport through the vadose zone apparently would only result in slightly earfier fitst
arrival times and not appreciably higher concentrations of contaminants in the groundwater,

In addition, the TWRS EIS was sufficiently conservative in irs cafculation of impacts that the
bounding analysis would capture aty potential impacts from potentialty accelerated transport,

The global best-basis inventory {revised inventory) for the tank waste would have a small impact
on the concentrations of contaminants in the groundwater. Based on the bounding assessment in
the TWRS TIS only the concentration of wrantum-total wonid stightly exceed Federal Dninking
Water Standards and [his would not oceur for approximately 5,000 years. The revised inventory
also results in an exceedence of the Federal Drinking Water Standards, but the exceedence would
he siightly smaller. The concentration of all contaminants entering the Columbia River wonid be
within: Federal Drinking Water Standards.

The potential long-term human health risk calculations result exclnsively from the groundwater
pathway (except for the intruder exposurc scenario} and show the same trend as the groundwater
impacts. The human heailh risks would be essentially the same as presented in the TWRS EIS.

The new information results in small changes to the jand-use impacts. Although Lhere wouid be
on additional 45 ha (110 ac) used temporarity during remediation, all of this land would be
wilhin the 200 Area which is designated for waste management activities. There would be an
additional 25 ha (62 ac) permanently used by the new configuration for the LAW vaults, but this
to0 would be within the area designated for waste imanagement activities. The amount and
tocation of the area within the Hanlord Site that wonld be need to be restricted from future use as
a drinking water source would not change.

Regulatary Compliance

‘the new information did aot change DOE's abiliry to neet regulatory requirements for the
Phased Implementation alternative as presented in the EIS. All regulatory requirements would
be met. The Nuclcar Regulatory Commission {NRC) issued a conditional acceptance of the
imunobilized LAW waste as non-HLW.

Uneccrtainties
Progress has been made towards the reduction of a number of the uncertainties that are imporant

to Pbase IB, and activities have been initiated which will reduce the uncertainties associated with
Phase I1.

The inventory of the tank wastc bas been better defined through a detailed evaluation of records
and chatacterization data and the issuance of a revised inventory. However, the revised
inventory still has some inconsistencics that will be resolved in 1998. The revised inventory
allows more accurate estimations for all aspects of the project.




There remain uncertintics about the effectiveness of technologies to retrieve waste but this is
less irmportant for Phase IB because nearly all of the waste would be remieved from the DSTs
with a high liquid content, which is more easily retieved. Uncertainties have not been
substantially reduced concerning leakage from SSTs during retrieval although this too is an
issue that primarity impacts Phase I when most of the SSTs waste will be remrieved.

Propress has been made in verifying the effectiveness of enhanced siudge washing and defining
the amount of glass formers that would be required to produce vitrified HLW which allows moge

acenrate estimates of (he amount of HLW that will be produced.

There remains uncertainty about the regulatory classification of residual waste that may be left in
the tanks after remediation and whether the HL'W would meet the acceptance criteria for the
gcologic tepository. The Hanford Site’s tank waste cuntains hazardens waste that must be
reated and/or delisted prior to meeting repository waste acceptance criteria. If the residual waste
is not classified as incidental waste it may need to be retrieved, or DOL would be required te
demonstrate that disposal in place would be protective of human health and the environment.
However, the NRC has given couditional acceptance that the immobitized LAW would not be
classified as HLW, which reduces one major seurce of regulatory uncertainry.

There continues to be a large uncertainty surounding past tank leaks and other non-TWRS
sources of contamination and the impacts these sources of contamination may have on the overall
site groundwater quality. This uncertainty is closcly tried with decisions on hew much waslte to
retrieve fram the tanks and how to close the tank farms and is also important to the overall
remediation of the Hanford Site. However, it is substantially less important to Phase IB which is
not dependent on closure or Sitewide groundwater remediation deeisions.

The understanding of fong-term health effects associated with tosses during retrieval, residual
waste, and onsite and offsite disposal facilities remains an area of uncenainty. The TWRS EIS
‘dentilied unceriainties in estimates and assumptions about tank waste inventones, waste
composition, effectiveness of remediatiou technologies, and the consequences anaiyses. which
included assumptions about waste source and relense terms, future land uses, environmental
transport paranieters, the amount of wastc retrieval, the end state of the tank farms, snd
relationships between exposure and risk. The understanding of these uncertainties is adequate
for Phase 113 activities because fong-term risk is largely a function of retrieval fosses from SSTs
and residual waste following completion of SST retrieval, which arc activilics that will oceur
primarily during Phasc II. However, additional information needs to be developed to reduce

these uncenainties for Phase il

The final location and costs for disposal for vitriied HLW from the TWRS program remains
uncertain. Currently, Yucca Mountain is the only site being characterized as a geologic
repository for HLW. The schednle for accepting waste and the costs associated with construction
and operation of the geologic repository arc preliminary. Additionally, the allocation of




repository costs among defense waste sites has not been established. There is no new
information developed since the TWRS EIS that would change the unceriainties associated with
the TWRS planning for disposal of all HLW offsite ata geologic repository.

1.4 ENVIRONMENTAL SYNOPSIS OF THE PHASE IB PRIVATIZATION
ENVIRONMENTAL REPORTS
In supporl of the review process for the TWRS program, DOE took the foilowing actions in
accordance with 10 CFR 1021 and commitments made in the TWRS EIS ROD and 1) required
that each of the Privalization contractors submit an environmental report at the conclusion of
Phase [A; 2) independently verified the accuracy of the environmental data and analyses, and
prepared and considered o confidentinl environmental critique of each contraclors environmental
report; and 3) prepared an Envircnmental Synopsis (refer to Appendix D) based on the
Environmental Critique. The confidential Environmental Critigue discusses each of the
contractors’ treaunent process along wilh proprietary dala that cannot be made publicly available
prior to authorizing contractors (o procead with Phase {B. DOE used the Environmental Crilique
to assess the need for additional Nalional Environmental Policy Act (NEPA) analysis prior o
authorizing one or both contractors to proceed with Phase iB.

Rased on the review of the Environmentat Reports and supplemental information provided by the
Privatization contractors, the impacts of authorizing both conlractors to proceed with Pbase 1B,
assuming one cuntractor is authorized to proceed with a LAW/HLW facility and the second
conractor is authorized to proceed with a LAW only facility, are within the bounds of the
environmental impacts of the TWRS EIS or are not substantively different from the impacts
presented in the EIS, Olber options that would also be within (he bounds of the environmental
impacts presented in the TWRS EIS are proceeding with 1) two contractors that provide LAW
only services; 2} onc contractor (o provide either LAW/HLW services or LAW only scrvices; or
3) not authorizing either contractor to proceed. The final option may have NEPA implications
depending on how DOE dectdes to proceed with waste retricval and Ireatment. Specifically, a8
fong as DOE maintains the underlying approach to waste retricval and treatment and the alternatc
approach is evaluated and determined to be within the bounds of the TWRS ROD, DOE could
choose to proceed with another coniracting slrategy for implementing waste retrieval and
reatment.
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2.0 INTRODUCTION

Taak Waste Remediation Sysiem
Decision Assessment Supplement Analysis
Purpose and Need
In 1996 DOE and Ecology issued the TWRS EIS, which addressed altemalives for the safe
management and remediation of approximately 210 millien Ci of radiooctive, hazardous, and
mixed waste stored in the 177 underground storage tanks in the 200 Areas of the Hanford
Site (DOE 1996g). DOE subsequenily issued a ROD, which documented the selection of the
Phased Implementation alternative and the decision to privalize cerlain porlions of the
project (62 FR 8693). Ecology concurred in the selection of the Phased Implemeniation
altemative. The waste will be separated inte 1) LAW, which will be immobilized and
disposed of onsite; and 2) HLW, which will be virrified to form glass snd disposed of at 2
geologic repository. The Phased Implementation alternative includes Phase {B production
plants that will be used to verify (hat the treatment processes will funetion effectively in the
Phase 11 production phase.

The TWRS project is very complex, and there are many technical unceriainties associated
with the implenientation of the Phased Implementation alternative. To address these
uncertainties and ensure that datn deveioped during the various phases of the project are
incomorated into project planning, DOE committed in the ROD to perform future analysis at
specific points in the program. These analyses are to assess 1) whether new data and
information change the environmental and hwman heaith impacts of the Phased
Implementation alternative; and 2} whether the new data and information snpport DOE’s
path forward for remediating the tank waste., DOE is currently evaluating proposals {rom
Privatization companies and nearing a decision on how best to procesd with construction and
aperaiions of the demonstration pliase of the project. This is one of the points in time at
which DOE committed to evaluate these new data, and this NEPA SA was prepared to
supporn this commitment. The SA s one component of a programmatic review of the TWRS
path forward that DOE is conducting prior to proceeding with construction and operation of
the Phase [B production plants.

2.1 THE TANK WASTE REMEDIATION SYSTEM PROGRAM

2.1.1 Tank Waste Generation History

From 1943 to 1989, the Hanford Site's principal mission was the production of weapons-grade
pintonium (Figure 2.1.1}, To produce plutomium, wanium metal was irradiated in a plutoninm
production reactor. The iradiated uranitnn metal, also known: as spent fuel, was cooled and
treated in a chemical separations or reprocessing plant, where plutenium was separated from
oranium and many other radioactive by-products. The plutonium then was used for nuclear
weapons production. The chemical separations processes resufted in large votumes of

radioactive waste,
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The Hanford Site processed approximately 100,000 metric tons (mt} (110,000 tons} of uranium
and generated several hundred thousend metric tons of waste, The waste included high-level,
transuranic { TR, low-level, hazardous, and mixed waste (waste that includes both radioactive
and hazordous waste),

For the HLW penerated by the chemical reprocessing plants, waste management initially
invoived adding sodjum hydroxide and calcium carbonate fo make the acidic waste alkaline for
storage in large underground tanks until a fong-term disposal solution could be found. Inthe
154('s through (he early [960's, 149 S8Ts with capacities of 210,000 L {55,000 gal.) to

3,8 million L (1 million gal.) were built Lo store HLW in a region near Lhe center of the Hanford
Site referred to as the 200 Arcas.

During the 1950's waste was retrieved from some SSTs by sluicing and uranium was extracted |-
trom the waste. The waste stream from Lhis extraction process, which included uew chemical '
additicns, was sent to the tanks for storage. Also, to free up tank space for large volumes of new -
waste generated by fuel reprocessing, chainicals were added to the tanks (o settie radionnclides
from the liquid waste to the botton of the tanks. This lelt the upper lguid layer less radicactive
allowing less-radicactive liquid to be pumped out of the tanks to shallow subsurface drainfields,
referred 1o as cribs, where it percolated into the soil. Also, process changes resulted in higher
concenirations of heat-generating Cs-137 and 5r-90 in the tanks, Heat generation in Lhe tanks
was addressed in the 1960's when SST waste was recovered and sent 1o B Plant to remove
cesium and strontium from the waste. Alfter removal of the cestum and strontium the lquid
waste could be evaporated to lessen its chance of leaking out of the tanks.

The SSTs (Figure 2.1.2) were huilt with a design life of approximately 20 years. Leakage of
waste from the SSTs to the underlying soil was suspected in 1956 and confirmed in 1959.

By the late 1980', 67 of the S8Ts were known or suspected leakers, and an estimated 3.8 mitlion
L (1 miliion gal.} of tank waste had been refeased to the soil beneath the 200 Areas. To address
concems with the design of SSTs, the Hanford Site adopted a new DST design that included an
suter steel shell to contain any leaks that oceurred through the inner steel shell (Figure 2,1.3).
The DST design provided for feak detection and recovery betore waste could reach the
surrounding soil.

Between 1968 and 1986, 28 DSTs with capacities of 3.8 miliion L {1 million gal.) to

4.4 niltion L (1.16 million gal.} were constructed in the 200 Areas. Most of the free-standing

liquid contained in the S8Ts has been purnped inte DSTs; however, ihe remaining solids stiil

contain liquids within the void spaces. Newly generated waste is siored in the DSTs. No ieaks :
are known to have cccurred from the DSTs.

12
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Figure 2.1.1. Hanford Site Map
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Tanks were constructed in groups catled tank farms (Figure 2.1.4). The current tank farm system
consists of 177 large underground storage tanks in 18 tank farms that conrain a total of

200 million L {54 million gal.) of liquid, studge, and saitcake {generafly a semi-solid crusty
material).

There also are approximately 60 smaller active and inactive miscellaneous underground storage
tank (MUSTs). Much of the waste in (he inactive (anks has been removed or stabilized, and the
remaining waste is similar to the waste in the D5Ts and 53Ts, The active tanks primarily are
used to facilitate routine waste management lransfers.

Additional waste planned for storage in the DSTs includes radivactive and hazardous waste from
Hanford Site cleanup and decontamination activities inciuding the cleanout of ¥ Basin siudec.

2.1.2 Tanic Waste Repuiatory History

Iu response to the conlinved accurnulation of spent nuclear fuel, high-level zadioactive waste,
other hazardous wastes, and a growing public awareness and concern for public heaith and
sufety, Congress passed numerons laws to regulate the storage, frealment, and disposal of
radicuctive and hazardous waste incleding the Nuclear Waste Policy Act. The purpose of these
laws was to establish a national policy and program that would provide reasonabie assurance that
the public and the envirournent would be adequately protecied from Lhe hazards posed by Lness

WASTES,

In 1974, Congress passed the Energy Reorganization Act, which authorized the NRC to regulate
and License DOE facilities authorized for the express purpose of long-ierm starage of high-level
radioactive waste that are not part of DOE's research and development program. The NRC
established regulations for low-level radioactive waste that can be disposed of in land disposal
sites (10 Code of Federal Regulations [CTFR] Part 61), as well as radioactive waste requiring
geologic disposal (10 CFR Part 60}. The LS. Environmental Protection Apgency (EFA) was
authonzed to establish standards for managing and disposing of spent nuciear fuel, high-leve]
waste, and TRU waste, These standards are contained in 40 CFR Part 194.

In addition to applicable laws and regulations, DOE has established a set of policics to guide
DOE activities. it is DOE policy {DOE Order 5820.24) that new and readily retrievable
existing HL W would be processed into an immobilized form for disposal in a geologic
repository. High-level waste that is not readily retrievable shall be evaluated for in-place
stabilization or disposal in a potential geologic repository. DOE's policy for low-level waste
(LLW) {DOE Order 5820.2A) is that LLW be disposed of at the site where it was generated,
if practicable. If onsite disposal capaeily is not available, the LLW shall be disposed of at an

offsite disposal facility.
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With (he passage of the Resource Conservation and Recovery Act {RCRA) of 1976, as amended
by the Hazardons and Solid Waste Amendments of 1984 and the Federal Factlity Comphance
Act of 1992, the EPA and states were authorized to regulate hazardous and mixed waste
veneration, treatnent, storage, and disposal (TS, RCRA does not apply to Atomic Energy Act
materials (source, special nuctear, and by-product material) but in 1987 the hazardous
constituents in the mixed waste at DOE facilies was determined to be covered by RCRA
reguiations. The Federal Facilily Compliance Act of 1992 amended RCRA to define mixed
wastc as waste that contains both hazardons wasle and source, special, and by-product nuclear
material. In November 1987, Ecology, the administrating agency for the State Hazardous Waste
Management Act, was awthorized by EPA to adminisler state statutes in lieu of the RCRA,
These regulations established regulations for newly generated hazardous wasle but as originally
enacted did not address past waste disposal practices.

To address the cleanup of past hazardons and radioaclive waste disposal sites, Congress passed
the Comprehensive Environmental Response, Compensation, and Liability Act of 1980
{CERCLA) as amended by the Superfund Amendments and Reantionzation Act of 1986.

This law regnired Federal agencics to investigate and remediate releases of hazardons substances
{including radioactive contaminants) from their facilitics.

EPA, Ecolopy, and DOE issued the Tri-Parly Tri-Party Agreement
Agreement on May 15, 1989, The existing
waste, as well as new waste added to the tank
farms, is regulated by the To-Party

The Tri-Party Agreement is an enforceable
agreement among DOE, Ecology, and EPA for
achieving environmental compliance at the

Agrcement's RCRA enforcement pmv%siﬂns. Hanford Site. The agreement accomplishes the
In 1994 DOE, Ecology, and EPA modificd the following:

Tr-Party Agreement to incorporate 2 new + Defines CERCLA cleacup provisions for
strategy for remediating the tank waste past contamination

(Ecology et al. 1994}, The revised technical » [efines RCRA waste TSD requiremems and
strategy cmbodied in the Tri-Party Apreeiment corrective actions for uncontrolied releases
addressed the need to manage and dispose of to the environment

+ Hstablishes responsibilities for each agency
+  Provides a basis for budgering

+ Establishes enforceable milestones for
achieving cleanup and regulatory
compliance.

tank waste because the waste had an
unacceptable potential for release to the
environment and Lherehy posed a risk to iuman
health and the environment. The nsks include
both urgent tank safety issues and longer-term
risk.

In 1996, the agencics issued changes to the Tri-Party Agreement to allow private companies to
perform remediation of the tank waste in response to a DOE initiative to encourage industry to
use innovative approuches to remediate the tank waste,
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2.1.3 The Cerrent Tank Waste Program

The overall TWRS program consists of four distinci activities: |) safely managing the tank
waste; ) remediating the tank wastc; 3} remediating the tanks, associated equipment, and
contaminated soils {a process called closure); and 4) decomnissioning facilities (Figure 2.1.5).

Safely managing the iank waste is a program that hos been ongoing for many years and
remediating the tank waste is the program that is nearing the construction and operations for the
Phase IB production ptants . DOL determined that decisions cannot be made at this time
concerning closure of the tank farms because not enongh information is known about past-
practice refeascs from the tanks or technologies for remediating the tank farm system (39 FR
4052}. However, DOE is collecting environmental data through the vadose zone characterdzation
program and conducting technology development activities through HTI to support future
decisions on how to close the tank farms. Emerging information on the rate of migration of past
leaks from (he tanks demonstrates that certain contaminants have moved faster than previousty
anticipated through the vadose zone to the groundwater, The cause of this is under investigation
by DOE and likely resuits from cevernl factors including larger volume leaks than previousiy
estimated, changes in information on the mobility of contaminants in the upper fayers of the
vadose zone due to chemical processes, and physical properties of the subsurface sotls

(Section 4.3). This new information is imporiant to the future assessment of measures o close
(he tank farms. Decommisstoning is too far in the fumure to be addressed at this time because of a

lack of information on what facilities wiil require decommissioning.

Figure 2.1.5. Tank Waste Remediation System Master Program Foeus
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In response to Public Law 101-510, Safety Measures for Waste Tanks at the Hanford Nuciear
Reservation (also known as the Wyden Amendment) in 1990 a program was ereated to identify
tanks with potential safety problems and address specific tank safety issues. Safery issues
associated with the tanks were grouped into four categories: flammable gas, ferrocyanide, high
organic content, and high-hcat generation. A total of 62 tanks have at one time been included on
the Watchlist, with several tanks listed in mote than one category, The mosi tanks that have been
on the Watchlist at any one time is 54. Technical evaluation has resulted in addressing the
ferrocyanide, foating organic layer in tank 241-C-103, and criticality safety issues. Based on
characterization data and analysis, DOE plaps to close the flammable gas issue in 2000,

The remaining Watchlist safety issues, organic hezards associated with organic solvents, organic
complexants and high-heat, are also moving toward resoiution. DOE plans to ¢lose the organic
solvent issue in early 1998, the organic complexant issue in September 1998 and the high-heat
iseue in 1999, Based on progress in addressing Watchiist safety issues to December 1997, the
number of Watchlist tanks now stands at 33 tanks.

Additionally, in 1997 DOE began implementing (he TWRS BIO {LMHC 1997a). The BIO
replaced the former TWRS Anthorization Basis and provided TWRS with a single integrated
safety Dusis to support tank farm operations rather than over 120 separate safety documents.

‘The BIO provided detaiied hazard analysis, bounding accident analysis, conaols to prevent or
mitigate accidents, and a process for evaluating proposed changes against the approved TWRS
Authorization Basis. The BIO provides the Authorization Basis for TWRS until the Final Safety

Analysis Report (FSAR) is approved and implemented,

Tank waste has been sampled from 131 tanks to support safety analysis and waste
characterization. [n 1997, based on the progress of the characterization program, tbe Tri-Party
Apreement agencies renegotiated characterization milestones to revise the strategy for tank
characterization, The original milestones required a set number of tanks to be sampled cach
year. Howevcr, the samphing efforls nceessary (o meet this requirement cannot be fuily tied to
the project’s needs for tank waste information. The change removed Lhe requirement for
sanipling a predetermined number of tanks, which increased sampling and analysis costs.

The new approach links satnpling and analysis activities directly to the projects’ tank waste

information needs.

{n June 1997, DOE approved a NEPA SA for tank furm upgrades, Project W-314.This project
includes capital improvements necessary for continued safe operation of existing DSTs, double-
contained receiver tanks {DCRTs), and selected SSTs (DUE 1997%). The project includes
replacing 1nstrumentation and ventilation systems and upgrading clecirical power sy stes.
Most of the activities associated with the project involve replacing existing systems. In 1997,
TWRS also completed construction of a 10 kilomsters {km) {6.2 miles {mi]} cross-site transfer
line that will allow the safe transfer of tank waste from DSTs in the 200 West Area to DSTs in

the 200 Fast Area.
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In 1996, DOE launched the HTI project to develop and deploy new technologies to support 55T
retrieval fom leaking tanks and retrieval of hard-to-retrieve tank waste known as hard-heel
waste. The three year technology devefopment program also is evaluating tunk retrieval criteria
to determine potential leakage losses during retrieval and technologies Jor leak detection,
mitigation, and monitoring. This program is supporting DOT’s SST retrieval program, which is
scheduled to begin retrieval of solid and liquid waste from 8ST C-106 in 1998,

2.1.4 Tani Waste Program Unceriainties

The TWRS program is one of the most complex and costly remediation programs in the country
and involves # number of technical unceriainties, some of which can not be fully resolved unti
waste is achuatly processed. A major focus of the TWRS program is menaging these
uncertainties white making progress towards remediating the tank waste. DOE determined that
the many years of research and devetopment throughout the DOE complex have reduced the
technical uncertainties to a manageable level and the risks associated with proceeding with
remediation are less than the risks of future releases of contaminanis to the groundwater and of
accidents in unremediated tanks that are structucally deteriorating {62 FR. 8693). A major
accident, such as a tank dome collapse or fire initiated by a seismic event, could reguit ina
significant loss of life and & major additional cost for remediation, DOE alse determined that &
is necessary to retrieve waste from the tanks to mest regulatory requirements, avoid long-term
releases to the groundwater that could threaten human health and the epvironment, and reduce
health impacts to inadvertent intruders into the waste if admimistrative control of the Site were to

be lost (62 FR 8693).

However, DOE is concerned about the technical uncertainties associated with the program and
the Phased Implementation alternative was selected, in pan, because it provides an opportunity to
reduce the technical uncetiainties prior to making final commitments to a remediatiou strategy by
learning from eaty phases of the program and from technology development activities.

If nccessary, mid-course corrections can be made to the program to apply the new information
that is obtained. The responsibility and liability for resolving the uncertaiutics associated wilh
the separation and treatment processes have been transferred to the Privatization contractors

through DXOE's Privatization initiative.

The wicertainties that have the potential to itmpact the course of the TWRS program were
identified in the TWRS LIS and in the Nationat Research Council report entitled “The Hanford
Tanks: Environmental Impacis and Policy Choices” (NRC 1996). The following is a summary

of these uncertainties.

+ Waste Inventory
The inveatory of the tank waste is not completely understood, Complete records were not

kept on the waste that was put into the tanks, how the waste was transferred between
tanks, and the waste that was decanted off and discharged into shatlow subsurface cribs
(or leaching into the soiis. In addition, the waste is composed of many chemical and
radiological efements and compounds that are constantiy reacting to form new chemical
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compounds, This resuits in an uncertain and continuously changing inventory of waste
that adds a degree of complexity to the safe management, separations, and immobilization
components of the project.

Waste Reirieval and Transter

The efficiency and effectiveness of current imelhods (i.e., hydraulie shiicing) for retrieving
waste [fom the tanks and how much liquid waste might be released to the environment
during retrieval is uncertain. Shyicing is 4 process that involves adding water to the tanks
and mixing it with the wastes o suspend particlcs so they can be pumped fo the surface,
Although hydrantic stuicing has been performed in the Hanford Site tanks s
effectiveness in removing the hard pan (i.e., hard heel) in the bottom of the tanks has

not been proven, and other technologies may be necessary o remove this waste.

Also, hydranlic sluicing uses relatively large volumes of liquids and the amount of
liquids that may be released Lhrongh cracks in the 35Ts is uncertain, There ate 67 known
or suspected leaking 35Ts, and these and other tanks may leak liquids during retrievai.
Using currently availahle leak detection and mitigation technology, it is cstinated that a
tank leak could not be detected before 15,200 L {4,000 gal.) has been refeased and not
stopped for most tanks before approxinatety 30,400 L (8,000 gal.} had been released

(WHC 1996e).

Waste Trealment

The processes for separating the waste into HLW and . AW and for vimfying the TIL W
and immobilizing the LAW has not been performed on Hanford Site tank waste, and the
cfficiency and effectiveness of Lhese processes are uncertain. The vitrified HLW must
meet the waste form specifications for the national geologic repository, which are hased
on 2 hiph-quality borosilicate giass. Separatious, immobilization, and vitrification of
siimilar waste have been performed at other DOE sites and in Europe but they have not
been performed at a production scale on the Hanford Site waste.

Long-Term Heallh Effcets

The tona-term heaith effects associated with tosses during retrieval, residual wastes, and
ousite and offsite disposal facilities arc not tully understoed. The TWRS ELS provided
best estimate and bounding estimates for these fong-term risks. These cstimates of the
risks vary considerably because of uncertainties associated with residual waste inventory,
iransport mechanisms through the vadose zone, separations processes, and future site
uses. Becuuse of this the TWRS LIS did not specify a level of retrieval that would be
necessary to protect public health and safety or support decisions related to closure of the
tank farms. The Tri-Party Agreement specifics an interiin goal of no more than {0 cnbic
meters {m”) {360 cubic feet [f']} per tank of residual wastc in the tanks, but this number
. not based on estimates of potential health effects. This numher may be morc reslrictive
than necessary to be protective of public heatth and the environment o« it may not be
restrictive enongh, This is not an issue that needs to be resolved for Phasc IB but will be
very important to resolve prior to Phase If and closure of the tank farms,
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«  Cumulative Impacts
The refationship between remediation of the tank waste and remediation of other areas
adjacent to the tanks, including past tank leaks, and the Hanford Site as a whole has not
been established. There are many other sites within the 200 Areas and the Hanford Site
that are releasing contaminants to the groundwater and require remediation. The impact
of some of these sites on the groundwater is additive to the potential impacts of TWRS,
and an understanding of these cumulative impacts is important in establishing cleanup
goals.

» HLW Disposal
The iocation and costs for disposal of the HLW generated from the treatment process
have not been fimly cstablished. The TWRS EIS used the Yucca Mountain Site as the
planning basis for the final disposal location of the HLW because it is the only site that is
being characterized for potential siting of the geologic repository. However, a final
decision has not been made on the selection of this site,

s Repuiations
The regulations governing the disposal of radioactive, hazardaous, and mixcd waste have
historically been snbject to significant changes, and there is potential lor future changes
to oceur, which could impact plans to reniediate the tank waste, The {inal waste
classifications of certain waste sireams has not been determined, and these classifications
may affect the remedial actions implemented,

»  Costs
The cost for the entire program has a degree of uncertainty relative o the uncertainty
associated with the issues identified previousty. Cost issues are being addressed within
DOL’s Programmatic Review Report (sce Section 2.3} and are, therefore, not addressed

in this SA.

DOE has and continues to implement actions to reduce these unceriainties, 3ection 3.0 contains
+ discussion of how the data developed since the preparation of the TWRS EIS have redneced
these uncerminties and how the remaining uncenainties apply to the Phased Implementation

alternative,

2.2 TWRS EIS AND ROD

In response to the aging condition of the tank waste and the applicable regulations identified
eartier, DOE determined that it nceded to make decisions in cooperation with Ecology on how to
manage and dispose of the TWRS waste to reduce existing and potential fiture risks to the
public, Site workers, and the environment. DOE determuined that there is a need to address
samediate and near-term safety and environmental issues posed by this waste 0 1) minimize
short-term risks to human health and the environment through ongoing safety programs; and

?) to implement long-term actions to safely manage and dispose of (he tank waste and MUSTs to
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permanently reduce potential tisks to human
health and the environment (DOE 1996g).
These long-tern: sctions are also needed to
ensure compliance with Federal and
Washington State laws regulating the
management and disposal of the waste.

2.2.1 Deseription of Selected Alternative
In 1996, DOE pnblished the TWRS EIS to
address the dispesition of the tank waste.
The alternatives developed for evaluation in
the TWRS EIS were for tank farm
management and tank waste remediation
activities. DOE evalualted the full range of
reasonoble allematives and selected the Phased
Implementation alternative, Because DCE
selected the Phased Implementation
alternative, the information in this SA
concenirates on the potentinl affects that new
information may have on the impacts and
uncerainties associated with the Phased
Implementation alternative, However, since
there is potential for the new information to
have a different impact on one of the other
afternalives addressed in the EIS, a separate
scetion (Section 4,21} is devoted to a
discussion of the impaet of this new
information on the other alternatives.

DOE decided to privatize the implementation
of certain portions of the Phased
Impicmentation alternative and awarded
contracts to leams Jed by LMAES and BNFL.

Closure

Closure is a regulatory term for those
activities invoived in remediating the
tank equipment, contarninated soii, and
contaminated groundwater after the
tank waste has been remediated.

Closure for the hazardous wasle
component would be performed under
State Dangerous Waste Regulations
(WAC 173-303). Closure of the
radioactive component is asswned to be
performed under DOE Orders, l
including DOE Order 3820.2A.

Closure alternatives were not part of I
the EIS but were interrelated with the
decisions made concerning reinediating

the wasle. I

Tn the EIS closure as a landfill was I
inchuded in atl of the altemnatives except
the No Action and Long-Term
Management alternatives so the I
alternatives could be meaningfully
compared. The TWRS ROD made no
decisions regarding closure or any

decisions that would foreclose any I
closure optiens.

#

The contracts reguired each contractar to submit

an Environmental Report which provided information relative to the potential ipacts that the
Phase IB may have on the environment, The information in these reports is business sensitive
and therefore can not be addressed in this SA, which will be publicly available. However,

consistent with DOE’s NEPA regulations (10 CTR Part 1021) DOE in

dependently evaluated and

verified the accuracy of the environmental data and analysis in accordance witl: 10 CFR Part
1021216 and 10 CFR Part 1021.314, and used (his information as appropdate, in Lhe selection
pracess for the Phase {B and to determine the potential need for further NEPA analysis.

A synopsis of this independent evaluation and verification of the Environmental Reporls has

been prepared and made available in Appendix D. The synopsis does not contain any business-
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sensitive information. Section 4.0 of this Supplemen: Analysis includes a synopsis of the
environmental impacts of the Phasc [B Privatization Environmemtal Reports for each applicable
categury.

DOE determined that it was premature to make decisions on closure of the tank fanns and
decommissioning of the facilities constructed fo treat the tank waste, Closure and
decommissioning wil be assessed in a future NEPA analysis, However, because these activities
are interrelated with the remediation of the tank waste, information was provided in the TWRS
EIS to provide the public and decision makers with an understanding of how the remediation of
the tank waste is interrelated with these future decisions so the alternatives could be cquitably
compared. To address the reiationship between tank waste remediation and closure of the tank
farms a single and consistent method of closure was assumed for all alternatives, The closure
meihod used for purposes of analysis was closure as a landfill, which includes placing an earthen
surface barrier over the tanks after remediation is complete. Impacts that primarily are dependent
on the type of closure that will be selected in the future wiciude 13 releases to the groundwater
from residual waste and the associated potentiat health effects; and 2) the amount and location of
land and vegetation disturbances at polential earthen borrow sites.

In response to the need to support DOE's integrated approach to remediating the Central Platean
and the Hanford Site as a whole, DOE will preparc a future NEPA analysis to address tank farm
closure and other issnes associated with TWRS remediation. The analysis will address
alternatives {or closing the tank farms including disposition of the tanks and associated
cquipment, residuaf waste remaining after retrieval, and contaminated soils; resohution

of emerging information conceming contamination of the vadose zone; and the integration of
tank farm closure with the remediation of other Central Plateau areas.

To addiess decommissioning of the facilities constructed to remediate the tank waste, the cost,
personnel requirements, and volume of contaminated and noncontaminated materiais resuiting
from decommissioning were developed and analyzed in the TWRS EIS using general practice
assumptions to show how tank waste remediation and decommissioning are interrelated.

This provides an assessment of the relative environmenial impacts of future decomniissioning
activities so that the alternatives can be meaningfully compared. DOE will conduct an
appropriate NEPA review to support furure decommissioning decisions.

The {ollowing describes the Phased Implementation altemative as it was assessed in the TWRS
E[S. There have been some small changes to the aliernattve and these changes are described in
Section 3.0. During Phases ! and 2, continued operations of the tank farm system and actions to
address safery and regulatory compliance issues wonld be performed and wonld inclnde:
+ Upgrading tank farm infrastructure, ingluding waste transfer, instrumentation, ventilation,
and electrical systems
+ Mounitoring tanks and equipment & Support wastc management and regulatory
compliance regnirements




4.6 m ({5 fi) thick that would be placed over waste that would rempin onsite during closure
of the tank farms and the LAW vauits. The purpose of the cover is to inhibit infiltration of
wrater and human intrusion into (he waste. This barrier is referred to as the Hanford Darrier,

Fx Situ: Ex situ deseribes operations or disposal that oceurs out of the tanks.

Tmmobilization: A process (vitrification or a functionally equivalent process) used to
stabilize waste so that contaminants are not readily teachable into groundwater.

Key Technicai Terms

|
Farthen Barricr: A multi-layer cover consisting primanty of soil, sad, and rock up to
Retrieval: Removal of Hquid and solid waste from storage tanks.

Separations: Physical and chemical processes to scparate tank waste into different wastc
types such as [ILW and LAW.

Viirification: A method of immobilizing waste by forming glass. This process involves I
adding materials to the waste and heating the waste until it melts. When the mixture cools,
a glass is formed that is highly effective in inhibiting the leaching of contaminanis.

«  Combining compatible waste types, interim stabilization of SST waste, continuing waste
characterization, transferring newly generated waste from ongoing Site aclivities to
DS Ts, operating the 242-A Evaporator and the EFluent Treatment Facility, and
performing mitigative actions to resofve tank safely issues
+  Using rail or tanker truck systems o transport waste o the tank farms
«  Completing construction of and pperating the new replacement cross-site transfer system
1o facilitate regulatory compliant waste transfers fromz 200 West to 200 East Area and
continue operating the existing transfer pipetine system until the replacement system is
operational i
« Installing and operating an initial tank waste retdeval system to improve the capacity 10 a'
consolidate DST waste and support mitigation of safery issues.

Phase | activities {Part A, development activities; Part 1 demonstration activities) would last for
approximately {0 years and would include: .
. Constructing facilities to produce immobilized LAW and vitrified HLW for future -

disposal
« Installing and operating tank retricval systcins 10 retrieve sefected waste (primarily DST
liguid waste) for separations and : mmohilization, and selected tank waste for IILW

vitrdlication




Transferring liquid waste feed to receiver tanks and transfernng selected waste for HLW
processing directly to the HLW facility

Performing separations to remove selected radionuckides (2.3., cesium) from the LAW
fead streamn

Storing separated HLW constituents {e.g., cesium) at the {realment fucilitics or in the
CSB pending future HLW treaument

Packaging the HLW in canisters for onsite intenim storage and future shipment fo a
national geclogic repository

Retuming a portion of the sludge, strontium, and TRU waste from separations processes
to the DSTs for future rerrieval and treatment during Phase 2

Immobilizing the LAW and vitrifying HLW

Transporting and storing the immobilized low and high activity wastes onsite pending
disposal dunng Phase 2.

Phase 2 {fufl-scale production) activities would begin after completion of Phase 1, fast for

----- approximately 30 years and would include;

Constructing facilities to immobilize LAW and vurify HLW

Installing and operating tank retrieval systems (o retrieve waste from all $5Ts, DSTs, and
MUSTs

Pretreating the waste by siudge washing and enhanced sludge wrshing followed by
separations of the liquid and solids

Performing separations to remove sefected radionuctides from the waste feed stream and
transferring the separated radionuclides to the HL'W vitrfication faecility

Vitrifying the HLW stream and immobilizing the LAW stream

Packaging the HL'W in canisters for onsite interim storage and funure shipment to a
national geologic repository

Placing the immobilized LAW in containers and placing the containers in onsite
near-surface disposal facilities

Deactivating and decommissioning facilities {ollowing waste treatment.

DOE atso would continue to characterize the tank waste and perform technology development
activities to reduce uncertaintics associated with remediation, cvaluate emerging technologies,
and resolve regulatory compliance issues,

The EIS also addressed alternatives for disposition of the 1,930 ecsiun and strontium capsules
currently stored onsite; however, in the TWRS ROD DOE deferred a decision on the disposition
of the capsules until commercial uses of the capsules have been cvainated, The capsules are not
addressed in this SA because the data are not yet available concerning their disposition.

2.2.2 Rccurd of Decision
ARer preparing the EIS, DOE published a ROD, which documented DOE’s selection of the
Phased Impicmentation alternative (62 FR §693). Under the Phased Implementation alternative
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the tank waste would continue to be safely stored until the waste is retrjeved from the tanks for
treatment and disposal. DOE will remediate the tank waste by implementing a demonstration
phase to verify that the treatment processes will fanction effectively and then by implementing
a htll-scale production phase. ‘the LAW produced by processing will be imumobilized and
disposed of onsite in a near-surfacc-disposal facility near the current location of the tanks.

The FILW will be vitrified and disposed of in a geologic repository, DOE selectad the Phased
Implementation alternative because it strikes an appropriatc bulance among the potential short-
andl long-term environmental impacts, stakeholder intercsts, regulalory requirements and
agresments, costs, the ability to inanage uncertaintics, and recommendations lrom other

interesied parlies,

DOE aiso decided to privatize certain portions of the Phased Implementation aiternative to
rransfer a shiare of the responsibility, accountabiliry, and Hability for successful performance to
induswy. DOE awarded phased contracts 10 privatize certain portions of the TWRS Progran o
teamns lead by LMAES and BNFL, The work includes two parts: Part IA and Part iB. Part IA
consisted of preparing conceptual designs, environmental and regulatory reports, and other
activities associated with the pianning process for the construction and operation of facilities to
freat tank waste. The completion date for Part (A congractor deliverables is Jannary 24, 1998.

In accordance with the T'ri-Party Agrecment, DOE has unti} no later than July 1998 to evaluate
the deliverables and decide whether to authorize none, one, or hoth cantractors to proceed with
Part (B of the conlract. During Part IB 6 to |3 percent of the total Hanford Site tank wastes will
be processed during a 3- to 3-year period, Part IB will conclude with the completion of
deactivating the treatinent facilities. Part If, waste processing would follow Part i and would last

approximately 20 years,

The TWRS Program for the sale management and remediation of the tank waste involives
complex environmental, engincering, and policy issues that ail have a degree of uncenainty
associated with them. These uncertainsies (see Section 2.1.4) were discussed in the TWRS EIS
anel were a major focus of a report prepared by the National Research Counctl entitied

“The Hanford Tanks: Covironmental impacts and Policy Choices™ (NRC 1996). DOE selected
the Phased Implementation aiternative, in part, because it provides the flexibility necessary 10
modify the TWRS program as new information is obtained through additional characterization
activities. technotogy demonsteations, environnentat and cnginecring assessments. and receipt of
: aformation fromn Privatization contractors. Although DOE determined that Privatization of the
Phase lmplementation aitemnative is the appropriate alternative to implement. DOE shares

concemns about a number of uncerminties associated with the TWILS Program.

To address these concerns, DOE made 2 number of commitments in the TWRS EIS and ROD to
perform future analysis. Specifically, DOE made the following commiuments:

i ~DOE will conduet periodic independent scientilic and technical expert reviews. which DOE
helieves are essential to the success of the TWRS program. Further, DOE intends to concduct
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fonnal reevaluations of new jnformation relevant to the tank waste remediation program st
three key points over the next eight vears under its NEPA regulations (10 CFR Part
[021.314), with an appropriate fevel of public involvement, to ensurc that DOE stays on the
correct course for managing and remediating the tank waste” (62 FR 8693}.

“DOE will conduct these formal evatuations of the entre TWRS program at (he following
stages: 1) before proceeding into Privatization Phase | Part D (scheduied for no later than
July 1998); 2) prior to Lhe start of hot operations of Privatization Phose 1 Part B (scheduied
for December 2002/December 2003); und 3) before deciding to proceed with Privatization
Phase 2 {scheduled for December 2005)” (62 FR. $693).

“Potential impacts to shrub-steppe habitat and ¢nitural resources will be among the factors
considered in a NEPA unalysis to support the site seleetion process for Eacilities and carthen

borrow sites” (62 FR 8693).

“As the State {Washington State Depariment of Fish and Wildiife] requested, the Record of
Decision commits to conducting 2 NEPA analysis fue site selection of facilittes” (62 FR

$693).

“NOE will also require selected offercrs to submit frther environmental information and
analyses and will use the additional information, as appropriate, to assist in the NEPA
compliance process, including a determination under 10 CFR. Part 1021.314 of the potential
need for a supplemental EIS” (62 FR 3693).

“NOE will independently evaluate and verify the accuracy of the environmental data and
analyses and. as appropriate, use the information to help ensure the consideration of
environmental factors in the selection process in accordance with 10 CFR Part 1021.216"

(DOE 1996g).

2.3 THE TANK WASTE REMEDIATION SYSTEM SUPPLEMENT ANALYSIS

This SA was prepared to address the commitments identified in the previous section, This SA is
one part of a comprehensive and detailed Authorization to Proceed process {Figure 2.3.1), which
will includc a comprehensive assessment of the key issues associated with proceeding with
Phase IB. The Authorization to Proceed process includes the following:

« A comprehensive assessment of the proposais for Phase {D submitied by the Privatization
contractors and an assessinent of the options for proceeding with the next phase af the
project. This includes a full assessment of the technical and financial aspects of each
proposal,

. TFormal Readiness to Proceed reviews by DOE-Richland Qperations Office {RL}, DOE
Regutatory Unit, Project ITunford Management Contractor (PHIMC), and Privatization
contractors to ensure that all policies, plans, procedures, equipment, facilities. and
personnct are in place and each organization is ready to meet their responsibilities for
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Figure 2.3.1. TWRS I'hase IB Autherization to Procecd Process
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— DOE Regulatary Usit . TWES Supplement Analysis
— FHMC Tear | Key [ssuc Assessment
L. Privatization Conkrasiors

Phase 1B, This is a top-down review that assesses the readiness of each of the
arganizations relative to all of the key items that must be in place prer to procceding,

. A Programmatic Review Process, which includes:

. An assessment of the Environmental Reports submitted by the Privatization
contractors to address EIS and ROD comunitments 5 and 6 identified previously.
This includes a review of the reports to venfy the accuracy of this information and
the preparation of a Critique (procurement sensitive} and Synopsis {non-
procurement sensitive) consistent with DOE NEPA regulations (10 CFR Tart
10721.2163, wirich wilt provide an assessment of the potential impacts of the
proposals,

- This §A, which includes an assessment of new data and information Jdeveloped
since the preparation of the TWRS EIS.

_ A Kcy Issue Assessment. which inciudces comprehensive assessment of the key
programmatic cost, technical, and (inancial issues that may affect DOE’s decision :
1o move forward with Phase 1B. '




Consistent with 10 CFR Part 1021.314 and 40 CFR Part 1502, this SA was preparcd to evatuate
these new data and other information that have been sencrated since the preparation of the EIS to
support DOE’s Authonzalion to Proceed process and a determination by DOE on whether the
potential environmental impacts, based on the new information, are bounded by the impacts
presented in the TWRS EIS or whether a Supplemental EIS or ather NEPA decumentaiion is

required.

To prepare this SA, the new data and information (hat have been generated since the preparation
of the TWRS EIS were assembled, A list of engineering and environmental paramelers that
formed the basis of the impacts calculated for the TWRS EIS was developed, and any new data
or information relative to the parameters were assembied for each of the environmental and
engincering parameters (Section 3.0). Tor example, this new information included revised
information on Lhe inventory of chemical and radiological substances in the iank wasle and new
waste that is planned (o be sent to the tanks for trealment, cmerging information on the
contamination in the vadese zone, Lhe Iatest accident avaluations for the TWRS program,
revisions to the tank characterization program, resointion of tank safety issues, information on
technology development activities, and updated engineering information. All new data and
information were assembled and placed in the Administrative Record for this SA.

The new data were compared against the data that were uged as the basis for the analysis
presented in the TWRS EIS and, where the new data are appreciably different than the data used
to generate the ELS, the potential environmental impacts were reanalyzed to detenmine the
change in the potential impacts for the Phased Tmplementation afternative. Consistent with
NEPA guidance the level of detail of the analysis is dependent on the magnitude of the change in
the data, the severity of potential environmental impacts, public controversy associated with the
potential impact. The concerns and recommendations for the TWRS Program provided by the
Nationzl Resenrch Council and other interested parties were also considered. All environmental
components are addressed, but in-depth analysis was pecformed only for the components which
meet one of these criteria. A review was aiso performed to determine if the new information
would affect the impacts caleutated for the other alternatives addressed in the EIS differently
than the Phased Implementation alternative. For cach enviropmental component the
methodology used (o assess the nnpacts is bricfly described and the changes in environmental
impacts are presented.

The natural and hnman covironment that could potentially be affected by the program (0 retricye
and treat the tank waste has been extensively studied and is described in a number of
comprehensive reports inciuding the 13 TWRS EIS, which contains an extensive discussion of
the affected environment; 2) Lhe Hanford Site 1994 Environmental Report (PNNL 1997a), which
containg recent data and anaiysis of environmental impacts to the Hanford Site; 3} Hanford Site
Environmental Policy Act Characterization (Neitzel ct al. 1997); and 4) the TWRS Phase |
Privatization Site Environmental Baseline and Characterization Plan (Chou ct al, 1997), which
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assesses the existing environment at the proposed locations of the Privatization Phase IB
facilities. These documents are hereby included by reference. The following is a summary from
the TWRE FIS of the environment that could potentially be affceted by the Phased
Implementation alternative. New information and dats concemning the affected environment that
may have a substantive elfect on the impacts calcutated in the TWRS EIS are summarized in

Section 3.0.

2.4 ENVIRONMENTAL SYNOPSES ASSESSMENT

The Environnental Critique for Phase [B Privatization Proposals and the Synopsis of the
Fnvironmental Critique are one part of a comprehensive and detailed Authordzation to Proceed
process, which incindes an assessment of the key issues associated with proceedmg with
Phase IB of the Phased Implementation altemative.

The Synopsis, provided in Appendix D, summarizes the Bnvironmental Critique, which includes
an independent evaluation and verification of the datn and analysis snbmitied by the Privatization
contractors for Phase IB. The Environmental Critique was used by DOE to determine 1} if there
are any important differences in environmental iinpacts between the proposals submiited by the
Privatization contracters that may affect the selection of none, one, or both of the conlractors,
and 2) if the potential environmental impacts of the proposals are bounded by impacts

presented in the TWRS EIS or whether & supplemental EIS or other NEPA documentation is
required prior to proceeding with implementation of the actions identified in the TWRS ROD.
The Environmental Critigue was a procurement-sensitive document and smbject to all associated
restrictions. The business sensilive information in the Synopsis was summarized af a level that
will not compromise the procurement process.

To prepate the Environmental Synopsis, the data and information contained in the Environmental
Reports, associated documents submired by the contractors In response to inquiries from DOE or
other Phase [A requirements, and the final Environmental Reports submitted to DOE in January
1998 were verificd by checking caleulations (when available), checking the data for
reasonablencss, and comparing the impacts presented in the Environmental Reports to the
impacts presented in the TWRS EIS. All data presented in the Environmental Reports were then

cotnpared against the data that were used to generate the impacts presented in the TWRS LIS for

Phase | of the Phased Implementation alternative and, where the data were different, the potential
environmental impacts were analyzed to determine the changes in the potential impacts.

The level of detail of the analysis was based on the level of detail provided in the Environmentat
Reports, the magnimde of the changes in the data, the severity of the potential impacts, and the
degree of public controversy associated with the potential impact.

Description of the Preposals

The proposals by the Privatization confractors contain confiderdial information and therefore
are not available for review by the poblic and cannot be fulty described nor the potential
environmental impacts quantified in this synopsis. For this purpose a qualitative approach was
used in the Synopsis when comparing the potential environmenta} impacts with the hnpacts
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estimated int the TWRS EIS. The descriptions of the propesals and the environmenlal impacts
resultiug from construction and operatious have been quantified in an Environmental Critique for
Phasc IB Privatization prepared by DOE. The proposais are to construct and operate initial
production facilities 1o separate and immobilize selected waste from the TWRS program.
Both of tite Privatization contractors would operate one existing DST as a waste recetver tank
(hat wouid be used to stage waste prior to treatment. The proposals includs interim storage of
the processed high-level and LAW until such time as DOE verifies that the waste form meets
performance specificatious and accepts transfer of the waste, The proposals do not include
current tank fanm operations activities or the retrieval and transfer of waste from the tanks to
receiver tanks (existing DSTs) that will be operaled by the Privatizalion conlraclots.

These activitics will be performed by DOE. All waste processing for eventual disposal of
LAW onsite and FILW offsite at a geologic repository must meet waste form performance
specifications provided in the Request for Proposals.

Overview
Under the Privatization initiative private contractors would use private funding to design,

build, operate, and own the fucilities. In September 1996, DOE awarded contracts for Phase |
to privatize certaiu portions of the TWRS program to teams iead by LMAES and BNFL.

The contracts consisted of Phase IA and IB. Phase IA consisted of preparing technical,
regulatory, business, and [inancial plans, and other activities {including the Environmental
Reports) associated with the planning process for he construction and operation of facilitics
to treat tank waste. In aceordance with the Tri-Party Agreement, DOE has until no fater than
FJuly 1998 to cvaluate the deliverables and decide whether to anthorize none, one, or both
contractors to proceed with Phase IB of the conlract, During Phase [B the Privatization
contractor(s) would process 6 to 13 percent of the tank waste over a 5- to 9-year period, and
DOE would pay a fixed price per unit of product which meets DOE’s specifications. Phase IB
will couciude with the completion of deactivation of ihe trealment facilities.

Phase ID is an initial production period in which tank waste treatment services wonld be
provided at fixed-unit prices, Four different waste feed streams (envelopes) are identified for
Phase [B: three waste feed streams for pretreatment and immobilization of the resufting waste
streain as LAW and one waste feed stream for vitrilication as HLW. These waste feed strcams
are representative of the range of Hanlord Site tank waste. The high-level constituents separated
out during the separations processes would be vitrified with the HLW feed stream (envelope) or
returned to DOE for treatment during Phase IT, Waste processing would take place during an
operating period of approximately 10 years during Phase IB. Following wastc processing the
initial production plants would be deactivated.
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3.0 SUMMARY OF NEW INFORMATION

3.1 INTRODUCTION

This seclion summarizes the new data and information that have been developed since the
preparation of the TWRS EIS. These new data and information form the basis of Lhe analysis
presented in this SA. To assemble the new data and information for analysis, a list of
engineering and environmental parameters that formed the basis of the impacts calculated for the
TWRS EIS was developed, and any new data or information relative to each of the
environmental and engincering parameters werc assembled. For example, the new information
inciuded the most recent inventory of chemical and radiologicat constiruents in the tank waste
and new waste that is planned to be sent to the tanks for treatment, emerzing information on the
contamination in the vadose zone, the latest accident evaluations for the TWRS program,
information on technology development activities, updated engineering information, and new
data in the Environmental Report, and supplement reports submitted by LMAES and BNFL.
Section 3.2 identifies the information that bad Lhe potential to substantively change the impacts
presented in the TWRS EIS and Section 1.3 identifics resource areas where little or no new
inlbomation is available to support analyzing changes in impacts.

1.2 ENGINEERING AND ENVIRONMENTAL INFORMATION
3.2.1 Waste Inventory

Tank Wasic
The tank waste invertory used in the TWRS EIS was based on estimates developed using the

best available information at the time of publication. The S5T aventory estimate was based on
normalized Track Radioactive Component data. The DST inventories were developed using tank
sumple data in combination wilh historical tank data. The TWRS EIS acknowledged that
considerable unceriainty existed for the inventory data and that addlitional characierization and

inventory evaluations were being conducted.

i1 an effort to reduce inventory uncertainties, resolve differences among the many reporied
inventory values, and provide a consistent and technically defensible inventory for all waste
management and disposal activities, a task was initiated in Gscal year (FY) 1996 to establish a
best-basis standard inventory for chemicals and radionuctides in the tank waste. In August 1997
the TWRS program refeased the first version of the “Standard Inventories of Chemicals and
Radionnclides in Hanford Site Tank Wastes” (Kupfer et al. 1997, which provides a glohat best-
basis (referred to as the revised inventory in this SA) inventory for 26 chemical and 46
radionuctide components. The revised inventory tefers to the total inventory of chemical or
radionuclide components currensly stored in the tanks. information used to establish glohal
inventories orginated from key historical records, various chemical flow sheets, and calculations
for radionuclide isotope generation and decay. The revised inventory effort is ongoing and will
provide npdated inventory data through 2 controlled revision process as new characterization
data and information become available. Althongh the revised inventory will be refined in (he
fture, it is the hest avaiiable inventory data and because of the methodology tollowed it provides
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a degree of refinement over the TWRS EIS inventory. The revised inventory is accepied as lie
inventory to be used for all TWRS aetivities.

Ower the past tiventy plus years more than seven different global tank waste inventory documnents
have been issued (Kupfer et al. 1997). Each of the jnventory reports was based on the best
availablc knowiedege available at (he time of publication, The differcnt reports were based on
different methodologies, different models, and to varying idegrees avatlable sampling data.

‘The different inventory reports did not always provide inconsistent inventory values,

‘The methodology used to develop tie revised inventory involved a thorough review of all
pertinent information sources to identify errors, biases, inconsistencies, and missing information.
‘[he information sources included process flowsheets, waste transaction records, reactos fuel
data, and cssential material records. The chemical constintents and radionuelides are discussed
individually and (he technical basis for the inventory estimate along with reconciliation with
previousty reported inventories is provided, This methodology provides an inventory that scrves
a3 the single source of waste composition data for TWRS process flowsheet modeling waork,
safery analyses, risk assessments, and waste retrieval, treatment, and disposal system destgn.

Additionally, tank-by-tank inventory estimates have been developed using ail avatiable
information, mainly sample analysis results, that provide a revised inventory for cach of the

177 tanks (LMHC 1397b). There are some discrepancies hetween the cumulative tank-by-tank
saventories and the revised inventory, A comparison of the revised inventory and the tank-by-
tank inventory is provided in Section 5.1. There is an effort underway to reconcile the two
:ventories in FY 1998, which conld include some adjustment of both the tank-by-tank and
revised inventory estimates. This reconciliation will not be completed in time to support Lhis SA.
However, reconciliation of the two inventories is not expected to appreciably change the
euvironmental impacts. If substantive changes in the inventory were to occur the effect of these
changes on the impacts presented in the TWRS EIS would be reagsessed.

Table 3.2.1 provides a comparison of the TWRS EIS inventory to the revised inventory for
chemicat and radiological constituents. The changes in potential enviranmental impacts that
could cecur from: changes in inventory estimates are discussed in Section 4.0,

A number of constituents were incinded ju the TWRS EIS jnventory that are not reported in the
revised inventory. The revised inventory estimate efforts were focused on a subset of chemicals
and radionuclides of greatest concern to multipie data users. The TWRS EIS inventory for those
constituents not reporied in the revised inventory are assumed to be unchanged.




Tahle 3.2.1. Comparizon of TWRS EIS Inventory and Revised Enventery

Censtituent {Tnits TWRS EIS Inventory Revised Inventory Deltz increase {positive) gr
Name (Becayed te S55Ts and 11575 Decrease {negtive) rom
1231199 the TWRS EIS Tnventary

Al ke 2. LE+HG 7.9L+06 $.8E+06
B kg 2.6E+05 SEEHIS 12E+05
3 ke 1.5E+0% 2.IE1D3 6.4E+(3
Ce ke 2AE+H03 8.3E+03 ST IR
Cl kE LEE+DS LOEL05 |.9E+(S
T as COy kg MR 4 IE+H 43006
Cr kz 1.2EH05 1.96+0% 6. 7E+03F
F ke LIEHM { AE+04 I.AE+S
Fe .4 T EE+03 1.2E+06 436
He ke 9 6EH}E IEHS b 1E+03
K ke 5.7E+05 4. 8E+05 -8.5E+04
La ke 2.1EHH 5. 1E+H4 308+
Mn ke 1.SE+03 1. IE+05 4 R4
Ma ke & 9E+IT S ABE+OT -] SE+0T
i ke 1.9E+03 | 1E+DS T RETH
MO0, ke 1.2B+08 B.6E+07 -3 4E+07
OH TOTAL kg T EE+04 LIEFNT bIEHGT
Pb ke 5.2B+03 23E+05 27E+05
PO, kg 5.0E+06 6.0E+06 b DE+6
5 ke 5.3EH05 ST 39E+M
30, kp 20E+HG 5.0E+]5 J.0E+06
Sr ke J.6EHS 1.1E+M ~4,7L+03
TOC ke L3EHG 4.0E+06 25E+}6
) ke §.4E+08 9. TE+H3 -4 e+
1 kg 32EH2 i 4B+ J4E+HE
Cd kg LOE+D 2B+ -1 3EH}
A ko LTEH B.OEH3I 72E+R
Th kg MR LHEHD MA

Ly kg LAEAH4 | 6B+ TOE+(2
Toad wlass kg 2AEHIE Z0E+H0E -2.0E+D7
H-31 i 2AEH]S 2 AR+ 2 2B+
C-E4 i S3EH3 4 REFD3 -5 IE+02
Mi-35% Ci S0EH3 D3E+D2 -_[E+{}3
Co-64 Ci R 5.G6E+03 S.EE+HD
Mi-63 Ci LIEHI: RAE+0 -1 BEA+GS
Se-T% Ci .\ E+i2 TIEE02 -1 4EHG2
Sr-1H) i SAEHY 6 2E+DT g2E+00
Y-50 i 3 ARHT 62207 B.2EH
Wh-Flm Ci 3.IEHO3 2E+3 -LAEHS
£i-53 ) I9E+HY3 18E+03 A3+




Table 3.2.1. Comparison of TSRS EIS Inventary and Revised lnventory (cont'd)

(Cgnsiituent Listits TWRS ELS Inventory Revised Tuvestlory Delia [nerease (pasifive) or
el {Brecayed to 85Ts and D5Ts Decrease (negative) from
12731590 the TWRSE EIS luventery
Te-99 i 12E+04 33004 3.0E+02
Ru-104 i 1RE-02 LTEHDD {.7EHD3
Cd-1i3m P Ci N/R? LIEHDE 136404
Sh-i25 Ci /R 4§ BEF +.5E+04
Ln-126 Ci 630402 1.2E+03 3.oE+02
i-62% Ct 13E+01 f.3E+8 23E+3
Cs-134 i MR L2E2 L2ZE+M
Ba-i37m Ci J3EHT 1.BE+G7 52E+6
5-137 Ci I3EHF 4 GEHHT S.IEF}E
Sin- (34 Ci &I+ 2.6EHE .06+
gu-i32 Ci MR £ 1EHDE 1LIE+D3
Lo 54 Ci S.5EHM T YEHOS 15E+04
Cu-133 i N2 5.9E+H)4 390404
Ra-226 i 2.3E-07 5 3E-02 63802
AT i 2.2E6-02 T.2E+H 128+
Ra-228 i 14E-14 LIEEN 3 VEHM
Th-234% Ci 24E-03 LLRE+G0 LAEHDD
P3-231 i 3.5E-02 T.AE+HDZ FAEFIE
Th-132 i fdE-13 2 REHGO 2. 1B+
15-232 Ci Wi §.2EH2 (e F i)
H-233 Ci 1.2E-02 4 SEH32 4 BEF02
U-234 Ci 21E-01 15EH2 15E+G2
11235 Ci 2.1E+81 {AEHH -6 E+H00
12364 Ci 2.9E-83 o REHDI 9.66+00
Wp-237 Ci T.OE+H 1 1E+i12 TAET{O!
Pu-238 Ci LR 26403 1.GE+03
U-238 Ci 4 BE+02 12E+a2 -laEHE2
u-239 i 2 GEHD 319+ LB+
PR-240 i 6. 7E+03 LOE+03 J2E+HIE
Aa-241 Ci 1.0EHIS & 9E+H AT
u-24§ Ci 1.5E+04 i.JE+05 9.7+
Cm-242 Ci 3. 7EHIE FTOE-03 -3 7R
Py-242 Ci 4 3E-04 {2E+00 1.2R=00
Am-241 i 15E+01 G IE+H -LAEEH
Cin- 243 i [elithy 3.7EHD S.7EH0D
-2 [ | 2E+DZ LOEH2 TAE+}




Tabie 3.2.1. Compariscn of TWRS EIS Inventory and Revise Inventory {cani'd]}

Constiluent {Inits TWRS EIS loventary Revised lnventory Dela [ncreas: {positive) or
Name (Deeayed to 558Ts and DETs Decrease fnepative] from
12031590 the TWRS KIS Inventrry
Raliomiciide Ct LAEHDR IEHE 2.8C+07
Teotal
Hotes:

L0 MNG, combined equals ND, mventary plus NO, inventory.
*Not inctuded in inventory avaitable tor use in the TWRS EIS,
MR = Wo reponed

WNfA = Not applicable

tnvenlory decnyed fo 1273199

Future Waste Additions Included in this Suppiement Analysis

‘The TWRS EIS identified the potential for relocating K Basins studge to the DSTs for stotage
and subsequent treatment with the tank waste. The eurrent planning basis for the K Basins
sludge includes chemical pretreatment of the sludge at the 100 K Area, followed by transfer of
the studge to the TWRS program for interim storage and trearment (LMHC [957b).

The proposed chemical pretreatment process would destroy polychiorinated biphenyls (PCBs})
contained in the studpe before it would be transterred to the TWRS program. The analysis of
potential environmental impacts addressed in Scetiou 4.0 includes consideration of the bounding

K Basins inveniory.

The TWRS EIS included approximate inventories for sclect radionuciides {TWRS EIS Volume
7, Section A.2.4). Table 3.2.2 provides a comparison of the K Basins sludge inventory reported
in the TWRS EIS and Lhe {atest nominal and bounding shudge fnventory estimates

(LMHC 1997b). Nominal inventories were developed using averaged coucentrations and sludge
volumes, and bonnding inventories were developed using maximum coucentrations and the
upper limit of the estimated sludge vohume. These sludges would be treated in the Phase 2
treatment plant and would increase the volume of vitnlied HLW.

Tahle 3.2.2, I Basins Sludee Inventary Comparison

Conslituent Linits K Basins
TWRS EIS K Basins Nominaf K Basins Rounding K Basins
Inventory Inventory luverntory
Aan-24 1 i MR 2,600 5,900
Bi-212 Ci MR H 130
Ce-1ddr i N H1G 1,200
Cin-243244 Ci MR 190 460
Cuo-6d Ci MR £ L 2,580
C5-134 Ci MR 340 790
5137 L 970 103,000 270000
Eu-152 Ci ML 1t i35
Eu-154 i NWR i 200
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Table 3.2.2. X Basins Sivdge Invertory Comparison {cont'd)

Constifuent Units K Basins
TAWRS EIS i Basins Mominel K Basins Heunding K Basins
Inventary lnventory Luventery
Eu-i33 Ci MR, Pyt 680
Mb-94 i 37113 T4 15
Mp-237 Ci N §.54 1.4
Pu-238 Ci NTR 70 2,500
Pu-2394240 i 260 2,940 7300
Ra-226 i NR 250 T30
Ru-i0&/h Ci MR 434 1,200
Bh-i20 i MR 530 1,300
Sr-20 Ci £ 300 B1.000 30,800
Ti-208 Ci MR 63 418
Y80 Ci i3 SO0 12,000
Pu-74! Ci 5200 15,000 82,600
Ba-i3Tm Ci MR 98,000 270,080
A kg iR L33 1.3
Al ke MR Boh 2,508
] kg MR 3.5 3
Ba ke KRt 8.3 !
He kg IR L& 32
Ca ke NR 250 L a0
Cd kg N/R L7 A3
Cr ke NR I8 82
Cu ke W 12 43
Fa ke MR 4,900 28,000
K ke ML o] {HH]
Ma ka MR 42 200
Mn ke /R 12 43
Ma km HWIR 3% 430
Ph ki MR 9.7 43
i kE MR is 13
Sm ke MR 33 E3
Tl ke NfE. 6.9 3t
In ke WL 13 87
Zr ki MR I 1,908
) kg NR 16,000 34,00
Moles:

NR = Nat reported

* Enventory ratiovd from parent.




[nventories for most of the long-term risk radionuclides of concem that are mobile in the
sroundiwater are not provided in the K Basins inventory cstimate. There are substantial
quantities of some actinides as compared to the TWRS EIS inventory. Only two of the
radionuciides reported in Table 3.2.2, Np-237 and Ru-106/Rh, were considered mobile in Lhe
TWRS EIS. Additionally, inveniory estimales are provided for bismuth (Bi}-212, cerivm
{Ce)-144, Co-60, Nb-94, and T1-208, which were not evaluated in the TWRS EIS, The current
planning busis incindes transfer of the sludge to DST 241-AW-105 for storage. The sludge
would he remieved and vitrified during Phase 2. Based on ihe existing K Basin sludge inventory
{e.g., prior to any pretreatment) and the glass composition used in the TWRS EIS, hetween 56
and 170 m’ (2,060 io 6,000 fi*) of FILW glass would be produced. This wonld result in an
additional 20 to 40 days of operation for the Phase I HLW plant.

Based on the currently available information the K Basins siudge inventory would have little
effeet on long-term: risk or groundwater qnality. Three potential source terms were evaluated for
fong-term risk; leakage during retrieval, tank residuals, and releases from the LAW vaults. Since
the K Basins studge would be piaced into a DST and no retrieval leakage is assumed to occur
from the DSTs, there would be no change in the retricval leakage source terms. A residual wasie
source term was evaloated in the TWRS BIS for each of the tanks, und the addition of the

K Basins studge into one of the DSTs wonld not appreciably change the overall residual waste
source term. Finally, the K Basins sludge would not appreciably change the LAW vault source
term because the waste separations and treatment process wonld resuit in mnost of the K Dasins
siudge ending up in the HLW treatment process. '

MUSTs
information has been provided that results in reallocating the MUSTs between the TWRS and

other Site programs (LMHC 1997b). Two MUSTs, 216-TY-201 and 216-BY-201, identifted in
the TWRS EIS have been assigned to otber programs. Two additional MUSTs, 240-5-302 and
341-T-302, have been assigned to the TWRS program, The total change in MUST waste volume
based on new inlormation is approximately 2,000 L {530 gal.) higher than reported in the TWRS
EIS. This change is 0.4 percent of the MUST swaste volume used in the TWRS EIS. As the
project marures it is anticipated that the nuinber of MUSTS within the TWRS prograin will
flucuate. The new information does not provide any detailed characterization data on MUST

waste.

ther Waste
fn the mid 1980's cesium and strontium was vitrified in the 300 Area. This vitrified material has

recently been moved from Lhe 324 Bnilding in the 300 Area to the 200 Area where they arc being
stored on a storage pad. They are classificd as special case waste. Becanse no decision has been
made reparding the disposition of this waste it is not addressed in this SA.

40




3.2,2 Engineering

3.2.2.] Tank Waste v ement

The TWRS EIS included in the Phased fmplementation altenative an evaluation of the
opetations necessary to mainiin the tanks and associated facilities until they are no longer
required for waste management. The operations that were considered components of routine
tank farm operations were identified in Section 2.0,

In June 1997, an SA to the TWRS EIS was completed for Project W-314 (DOE 1997b).
Project W-3 14 focused on capital improvements necessary for continued safe operation of
existing DSTs, DCRTs, and selected SSTs. Portions of Project W-314 evaluated in the SA
included replacing instrumentation and vemtilation sysiems and upgrading elecirical power
systems. A determination was made that the upgrades to (he tank farm ventilation,
instrumentation, and electrical systems and planned upgrades to the waste transfer system
proposed under Project W-314 did not pose potential environmental itnpacts (hat are
anbstantially changed from those analyzed in the TWRS EIS.

In the TWRS EIS it was assumed under current tank farm operations that salbwell puinping
wouid be completed on the Tri-Party Agreement schedule, Through 1997, DOE has compieted
saltwell pumping of 119 88Ty, inciuding 63 of (he 67 tanks, that are assumed to have leuked.
In FY 1998 DOE plans to initiate saltwell pumping in three of the last four SSTs (hat are
assumed to have lenked, and the fourth $8T will be pumped in 1999. Saltwell pumping in two
of the four tanks has already begun. Saltwell pumping of 13 non-leaking S3Ts that was
scheduled for FY 1998 has been delayed by approximately one year. The current Tri-Party
Agreement milestone date for completion of SST interim stabilization by saitweil pumping in
year 2000 has not been changed; however, current Site plans would complete saltweil pumping
in 2003,

3.2.2.2 Wase Refricval

TWRS LIS

Waste retrieval technologies for SSTs evaluated in detail in the TWRS EIS (Volume One,
Section 3.4.6) included hydraulic sluicing and robotic arm-based retrieval systems. [ydraulic
sluicing would use pressurized water and recycled tank liquid sprayed from a nozzle 1o dissoive,
dislodge, and suspend the waste into a slurry, which would be pumped from the tank, [ydrauiic
shuicing was identified as the baseline retrieval technology and robotic arm-based systems would
be used for cases where hydraulic sluicing could not achieve the required recovery, where
sluicing would not be deployed because of leakage, or where stuicing was to be discontinued
because of tank leakage. Robotic arm-based systems could use a number of end effectors for
waste reinoval. Engineering data developed for the TWRS EIS were based on siuicing 118 55Ts
and deploying robotic arm-based retrieval in 50 SSTs (11 S8Ts were assumed to require both
types of retrieval). A total of 24 sluicing systems and 12 arm-based systems with confincment
strucnires were included in the impact analysis,

4]



Waste retrieval fechnotogies for DSTs evaluated in detail in the TWRS EIS {Volume Cne,
Seetion 3.4.6) included siurry pumping usite mixer pumps to break up and suspend solids into
a slurry. This retrieval technique would be suppiemented by hydraulic stuicing or robotic amm-
based methods {f required. A minimum of vwo and up to four mixer pumps werc assumed to be
ased in the retricval of DST waste. These mixet pumps were assuined to be permanently
installed in cach of the DSTs and were not moved from tank to tank.

Waste retrieval systems evaluated in the TWRS EIS (Voiume One, Section 3.4.6) weme assumed
to be supported by four waste transfer annexes and a waste staging and sampling facility (five
support facilities total). Each system would circuiate stuicing liquid to the tanks as well as
receive and accumulate sturry for bateh transfer to the waste treatment facilities. The waste
staging and sampiing facility would aceumulate waste in the 200 West Area [or cross-site
transfer to the 200 East Arca.

Tu the TWRS EIS (Volume One, Section 3.4.10,7) one of Lhe major areas of technology
uncertainty related to meeting the interim Tri-T'arty Agreement goal of 99 percent or greater
waste retricval. As indicated in the EIS, this uncertainty was compounded by potential
environmental impacts associated with waste remrieval from SSTs that are known or suspected to
be jeakers or that develop leaks during retrieval operations. To address these uncertaintics the
LIS adopted a nnmber of assumptions that served to bound the potential human health and
enviroumental impacts associated with waste retrieval. The following werc among the
assumptions.

+ To bound short-ferm impacts associated with worker and public exposure to CONtAMINas
during routine refrieval operations and worker and public exposure during waste retrieval
accidents, it was assumed that all tank waste inventory wold be retreved from ail
177 tanks.

« To bound long-term impacts the EIS

- Selected hydrautic siuicing as the baselinc SST retricval technology to provide
conservative estimates of potential leak fosses during retrieval operations.

- Assnmed that alt 149 $8Ts would develop leaks during remieval and, on average,
15.000 L (4,000 gal.) of lignids would be released to the soil from each tank,

‘This ieakage volumne was based on best availahie information for feakage volume
at Lhe time the TWTLS EIS was prepared. The volume sefecled was intended to be
a reagsonably conservative value that would be applied to every 35T, Additional
discussion on the uncertainty associated with retricval leakage volumes is
provided in Section 3.2. Additionally, the concentralion of conlaminants in the
tcakage was assumed to be at or near sacuration and not diluted by water additions
during retricval.

- Identified soveral technologies Lhat could be used if hydraulic sluicing were not
able to remove suflicient waste to meet removal requirements er could not be
deployed due to past tank leaks or feaks oceurring during retrieval actions.
Among the technologies werc a robotic arm using siuicing iiquids, alternate
liquids including alkali and acid solutions instead of water, mechamical relrieval,
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robotic crawler, and pneumatic retrieval, From ameng these technologics, DOE
selected hydranlic sluicing and robotic arm-based retrieval for detailed analysis m
the EIS. Flowever, as indicated in the EIS. the other retricval technologies could
“be used to retrieve tank waste during any of the ex si alternatives,”

- For purposes of anatysis hydrauiie stuicing was assumed to be used on [10 of the
149 SSTs, robotic arm-based retrieval would be used in 50 58Ts, and 11 58Ts
were assumed to use both types of retneval.

The analysis presented in the EIS addressed retricval technologies for use in the tanks other than
hydraulic sluicing. The EIS addressed the HTI as a project designed to “reduce the uncertaintics
associated with waste retrieval by developing and demonstrating the technologies required to
meet retrieval requirements” and that among the demonstrations would be deployment of
technology to retrieve tank residuals from tank 241-C-106 and development of technologies and
criteiia to retmeve waste from known or assumed leaking SSTs.

New information

The current planning for waste retrieval defined in the “Tank Waste Remediation System
Operation and Utilization Plan” (Kirkbride et al. 1997) includes shuicing of 85Ts and slurry
pumnping of DSTs, The Operations and Utilization Plan agsnines that three waste remricval
facilities are required to support the waste retrieval and transter function, This would reduce the
number of support facilities required for waste retrieval and transfer from five to three,
eliminating the Waste Staging and Sampling Facility in the 200 West Area and one of the Waste
Transier Annexes in the 200 East Area. The Operations and Utilization Plan assumption is based
on routing the waste retrieved in the 200 West Area through the 241-8Y Tank Farm and
retrieving waste from the 241-A, -AX, and -C Tank Farms in 200 East Area directly into DST

241-AN-103.

Details on how the waste retrieval facilities mipht change based on reducing the number of
facilities from Five to theee are not currently available to support a quantitative comparison.
Tlowever, it is believed that reducing the number of retricval support facilities from tive to three
waould be expected to result in reduced resource and construckion requirements. Therte are no
new delinitive data on waste retrieval that would indicate that the current basis for waste retrieval
is appreciably different from the basis used in the TWRS LIS.

The current TWRS Multi-Year Work Plan (MY WP) is based on waste retrieval by nwvo
organizations {LMHC 1997b). The 3ite contractor retrieval project would reteieve waste from
36 SSTs and at least one MUST before the end of 2610, The Site contractor would also retricve
liquid waste from DSTs in support of Phase iB processing. The remaining tanks {SSTs and
DSTs) would be retrieved by a private contractor beginning in 2010. This retreval
implementation strategy would not be expected to result in changes in environmental parameters.
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Retricval demonstrations are planned following hydraulic sluicing of tank 241-C-106 under the
OTI project {LMIIC 1997b). This project will use commercial technologies to demonstrate
retrieval of hard heel from tank 241-C-106.

In January 1997, four vendots were awarded contracts to demonstrate the ability of their
technologies to remove simulated tank wastes from the Hanford Site's tanks. The four
companics completed testing of their equipment on simulated waste matera! in July 1997 and
provided the Hantord Site with data on various weste removal strategics, decontamination
techniques, cquipmenti reliability, safety, and cost. These tests indicated that commercial
technologies can be adopted for removal of hard-heel wastes and may reduce the potential for
leakage during retrieval, Reports completed by each vendor addressed Lhe following
technologies:

+ A wheeled vchicle and low pressure conlmed stuicer

- A multi-articuiating hydraulic arm and medium pressure confined stuicer end effector

« A tracked foldable vehicle and a medium pressure water jet-based retrieval system

« A cable driven manipulator and high pressure water jet scarifier.

information from these tests are being used by the Hanford Site to prepare performance
specifications for the next phase of HTI work, tank 241-C-106 heel retricval demonstration,
which will cali for construction of eqnipment that will do the actual retricval of hard-to-remove
waste from (he first of the Hanford Site's SSTs foliowing the completion of hydraulic sluicing
operations., The Hanford Site pians to issue contracts in February 1998 that will reyuire
completion of conceptual design of retrieval systems by September 1998 when detailed design
will begin, und deployment of the system in tank 241-C-106 in October 2000 (LMHC 1997b).

[f successful, development and demonstration of thesc retrieval technologies would reduce the
uncertainty associated with DOE's ability to retricve waste from the $8Ts. Additional
discnssion on planned waste retricval demonstrations is provided in Section 3.0.

3,2.2.3 Pretreatiment
TWRS EIS
The pretreatment or separations processes will separate the retrieved wasle into HLW and LAW

fractions prior to immobilization. Separations processes are nsed to minimize the volume of
vitrified HILW {c.g., studge washing) and remave specific constituents from the waste stream
desisnated for LAW treatment {c.g., ion-exchange}. The level of separations has an alfect on
hoth the short- and long-term risks, The number and rype of sepatations processes conirols the
finai inventory and volume of the HLW and LAW immobilized waste forms and impacts the
construction and operation of Lhe waste treatment facility.

The TWRS LIS Phased Implementation alternative included processes for separating Lhe
following constituents from the waste prior to immobilization as LAW:

« Entrained solids

+ Cesium
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»  Strontium

+ Technetium
« TRU

The pretreatment of waste designated for HLW treatmeut included studge washing and
solid/liquid separations.

New [uformation
The Site contractor maintains the TWRS Process Flowsheet to develop retrieval sequencing and

provide immobilized waste volume projections that incorporate the latest inventory and enhanced
sludge washing data, The detailed Process Flowsheet is summarized in the TWRS Operation and
Utilizalion Plan (Kirkbride et al. 1997), which states that although DOE would procure waste
separations and immobifizatiou services, there is no reesoo to believe that their chemical
additions and studge leaching/washing efliciencies would be substantively different from (hose
determined by the Hanford Site’s previous modeling and extensive sindge washing laboratory
programs. New information an the efficiency of sindge washing and caustic leaching conpled
with the new inventory results in revised volume projections for immobilized LAW and HLW.
These revisions are discnssed in Section 3.2,2.4.

The scparations processes identified in the TWRS Operation and Utilization plen include:
+  Sludge washing during retnieval
« Enhanced sindge washing using caustic to remove aluminum, chromium, phosphorus,
suifate, and sodium from the sludge
« Cesium removal from the LAW feed.

Chromium concentrations are limited in the HLW glass formulation to less than or equal to

0.5 percent to maintain glass quality (Kirkbride et al. 1997}, The revised inventory for chromium
increased by a factor of 6.5 over the inventory available for use in the TWIRS EIS. This increase
would be expected to result in a large increase in the projected volume of HLW glass. However,
this volume increase was offset by a substantial improvewnent in the SST caustic leach factor for
chrominm. The leach factor (the fraction of water-insofnble component removed by caustic
leaching) for chromnium changed from 0.14 iu 1996 to 0.78 in 1997 based on currently available
data (LMHC 1997b). Laboratory tests of enhanced sludge washing conducted to dafe are
representative of 75 percent of the SST siudge. Experimental tests and computer simulations
have been completed for Phase {B. This change in the leach factor transiates into a net increase
in vitrilied HLW on tie order of 16 percent based on current data, Since the chronuum inventory
deives the volume of immobilized HLW the uncertainty in the chromium inventory estimate is
imponant and remains to be quantified. These numbers represent an update of work in progress
and are snbject to change.

The Privatization contractors are responsible for developing the separations and pretreatment
processes reqnired 1o meet waste form specifications and volume Hmits, These processes may
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inciude additional scparations aimed at other radionuclides. Specilically, scparation of
technetium, strontium. and TRYU from some of the LAW feed envelopes would be required for
the LAW to meet the defined product specification. These separations processes were gvaiuated
in the TWRS EIS.

3.2.2.4 Immobilization
TWRS EIS
Vification was the baseline immobilization technology in the TWRS EIS for LAW and HLW.

The LAW vimification process was based on a uniform blend of tank waste vath a 15 weight
percent sodium oxide fvading. It was alsa assumed that the molten LAW glass waould be
quenched in a water balh producing 2 cullet. Glass cullet was the assumed LAW form used in
the TWRS EIS hecause it provided conservative valnes for waste volume and release rates. i
The void spaces berween the individnal pieces of glass cullet result in an overall increascd wasle
volume for packaging and disposal of approximately 30 percent over giass monoliths. The waste
toading valne and waste form assumptions were selected to provide conservative volume
projections for immobilized LAW and HLW. The HLW vitrification process was based on a
borositicate plass at a 20 weight percent waste oxides {excluding sodium and silica {31 weight
percent including sodivm and siticad) and a blending factor ot 1.2 was applicd to the total volume
of HLW to accommadate inefficiencies in waste blending.

New Infermaticn
The TWRS Operation and Utilization Plans technical basis includes vitn{ication of both the

LAW and HLW streams. The sodium oxide loading in the vitrified LAW is 20 weight percent
(an increase from [5 weight percent} (Kirkbride et al. 1997). Additionally, the revised inventory
of spdium is approximately 20 percent smaller than the inventory used in the TWRS EIS.

The increased ioading and smaller inventory resulted in a smaliev virrified LAW streain that !
could be expected to reduce the requirciments for LAW vitrification during Phase I1. The

decrcase in LAW glass translates into a reduction i Phase II LAW vitrification operations of
approximately two years or a comnbined treatment capacity requirement of approximately

160 mt/day instead of 200 mtfday. A decision on the required LAW form, monolith or cullet,

has not been made. Although there may be advantages to producing immobilized LAW in ;
monoliths, the impacts presented in this SA are based on a glass cullet waste form to provide an ‘
appropriate fevel of couservatism to the assessment of impacts.

The TILW is assumed to be vitrified into a borosilicate glass. The TWRS Operation and
Utilization plan is based on the Hanford Tank Waste Operations Simulator computer madel
(Kirkbride et af. 1997). This model uses tank retrieval sequences coupled with tank-by-lank
inventories to alfow direct prediction of immobilized HLW volumes without the use of biending
factors. The Hanford Tank Waste Operations Simnlator model provides a mere sophisticaled -
tool for estitnating total immobitized HLW volume by using glass formulation ranges and . .
reduces imeernminties in assessing disposal requirements. The HLW glass formulation ranges

used in the TWRS process flowsheet simulation result in 2 waste loading in immobilized HLW
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of 37 percent {including sodium and silicon). Changes in inventory result in a projected increase
of vitrified HLW Fom 14,000 m? to 16,000 m® (500,000 to 370,000 f%). This increase would
transtate into a slightly larger Phuse [ HLW weatment facility or approximately [.4 additional
years of HLW vitrification operations during Phase I1. Alternately operation of the Phase IB
HLW trcatment facility could be extended. This change would resuit in higher operating
resource requirements for HUW treatment of approximately 10 percent. The nominal fil} volume
of the HL'W canisterg in the TWRS EIS is 1.17 m’ (41.3 ("} and is 1.08 m* (38.1 ("} in the
TWRS Operalions and Utilization Plan. These two changes result in a 19 percent increase in the
nmumber of HLW canisters,

Table 3.2.3 compares the immobilized waste forms, volumes, and constraints between the TWRS
EIS and the current TWRS Operations and Utilization Plan.

Table 3.2.3. Comparisen of Immobilized Waste Forms and Yolumes

Component TWRS EIS TWRS Gperaligns and
Phased mptememiation Alternctive Utilization Plan'
LAW HLYW LAWY HIW
Waste form Vilrified, cullet Yilrified. monolith Vitrified, moneiith Vitrifted, awonoiith
Wasic oadinge 15 wl. % sodinn oxide |30 wt % waste oxides ' §20 wt. 9% sodinm oxide |37 wt % waste oxides®
Yolume, m' 150,080 14,000 200000 16,000
Mupiher of contniners | §40,000° 12 2001 D, 640 2 14,5007
Moles:

Monelich Tetors to o waste form resubting from a singhe pour of molten glass into 2 canisier or container. Culler rofers to the
smafl pieces of alass formed when wolten glass is quenched in a water bath and Lhe individual pieces of glasy are plased
ineo Lhe disposal container, Assaming cullet as the immobilized LAY is more songervative from the sandpoint of
cateulpting covitonmental npacts.

Inchudes both Fhase 1 and Phasc 2

LAW containars = 2.6 m® standard Phase | containers

*HEW conminers = (.2 m* (4.6 m beng) canister

*Pruak to 20 wt T waste oxides less sodism and sifica

SThe catculaiion of impacts presented in this SA 2re based on eullet as ke LAW waste form. The contract specification for
Phase IB has rudionuclide retease rate Hmits that coubd impact (he zecepeability of culler.

wt = sweight

b Includes sodivm wnd silica The contract specification toc Phase (B rogaires at least 25 woight percent waste oXides

(e luding sedium and sifica).

3.2.2.5 LAY Retrjevable Disposal
The conceprual design for LAW retrievable disposal in the TWRS EIS consisted of steel

containets (2.6 m® [92 (]} placed inside of a 5,300 m* {187,167 ft’) below grade enginecred

disposal vault. A total of 66 vauits were required for retrievable disposal of all the immobilized
LAW. The LAW vaults were assumed to be ennstructed of reinforced concrete. It was assumed
that during Phase ID the existing grout vauits would be modified to accommaodate interim LAW

storage.

A Conceptual Design Report for modifying the existing grout vaults to accommudate intenm
storage of immohifized LAW (Project W-465) provides additional information on (he activities
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required to modify the existing grout vaults (LMHC 1997b). The grout vaulls, with
modifications for remote handling capability, would provide sufficient capacity for
approximately three years of immobitized LAW production during Phase [B. This indicates that
a portion of the LAW facility currently identified in the LIS as being constructed during Phase 1T,

would be required during Phase 1B.

Project W-465 would mclude demolishing the roof of cach grout vauit, constructing a
pre-cngineered building over the vaults, procuring waste package remote-handling cranes and
shielded waste package ransport vehicles. installing support utilities, and interfacing with
adjacent infrasirucmure projects. The project would make minor changes to the existing control

and change rooms.

The current conceptual designs for the LAW facility include the placement of steel containers
containing vitrified LAW inlo engineered subsurface vaulls (LMHC 1997b), The current vault
concept is based on a 14,700 m® (519,123 03y vauit. The decrease in the current baseline volume
projections for immobilized LAW volume and the larger disposal vault volume resuit in the
current basis of a proposed 19 disposal vauits, The current plan alse incindes converting the
interiin LAW storage in the modified grout vaults into a permanent disposal facility. {Convertmg
the interim LAW storage in the modified grout vaults into a permanent disposal facility would
have no appreciable change in impacts to short-term ot long-term health effects. :

The preconceptual design conliguration of the LAW vaults includes & greater spacing between
the individual vaults, which results in a larger facility footprint for the LAW facility

(LMHC 1997b). The facility size increases from 11 ha (27 ac) as identified in the TWRS EIS
to 36 ha {90 ac). The vauit spacing used in the preconceptual design was based on excavation
requirements ot periodic vauit construction and tong-term performance considerations.

This vault spacing could be reduced during facility design. The use of larger vauits combined
wiih a lower volume of vitrified LAW wald be expected to reduce the resource requirements
for containers and vaults. Detailed engineering data arc not currently available to suppon

a quantitative COmparnson of resource requirements {€.g., cement, steel, ctc.).

3,2.2.6 Interiny Storage of LW
The interim storage of immobitized HIW canisters cvatuated in the TWRS 113 was based on

placing the canisters in a {arge muiti-purpusc canister for interim onsile storage and transport to
the geologic repository. The interim storage coneept included placing the mnkti-purpose
canisters on a reinforced conerete pad and placing a concrete shielding cover over cach multi-
purpose canister to reduce eXposires, Adequate interim onsite Storage was included to atlow for
storage of all of the projected HLW in the event there wete delays in opening the geologic
repository. hase iD also included modification of the CSB for interiin storage of vibified HLW

praduced during Phase IB.
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A preliminary conceptual design report has been completed that identifics Spent Nuciear Fuel
{SNF) C5B modifications required to suppert intenim storage of vitrified HLW and packaged
cesium from Phase 1B operations (LMHC 1997b).

The CS5B was originally desipned for the long-term storage of camsters containing vitrilied
HL W from the Hanford Waste Vilrification Project. Following the canceliation of the Hantord
Waste Vilrification Project in 1992, the CSB design was modilied to permit the staping and
storage of N Reactor spent nuclear fuel, repackaged in multi-canister overpacks in the K Basins,
However, K Basin SNF will not reqnice the entire CSD storage capacity. Two ol the three vaults
in the CSB are available for storage of vitrified HLW canisters, The CSB would accommedale
all imnobilized HL W produced dering Phase 1B, The preliminary conceptual design report
identilies the types of modilications required {o support interim sterapge of materials from

Phase IB operations; however, the detailed engineering data are not available to support detailed
analysis of potentinl environmental impacts.

Recent delays in the Spent Muclear Fuel program couid delay the avaitability of the C5B for
storage of HLW during Phase [B. If this were to oceur the immobilized HL'W could be
packaged, placed on storage pads, and covered with shielding covers using the same interiin
storage concept described in the TWRS EIS, The impacts from this interim storage concept
would be the same as described in the TWRS EIS,

The TWRS baseline planning agssumption for interim storage of vitrilied HLW canisters is for
placemcnt of canisters in a CSB or buildings similar in coneept to the SNF CSB. Taterim storage
of all vitrified HLW would require Lhe equivalent storage capacity of approximately 11 CSBs.
Larger interim storage facilities are being considered, which would reduce (he number of
additional facilities reqoired. Engineering data are not currently available to support a detalied
comparison of resource data between the HLW interim storage concept used in the TWRS EIS
and the current planaing basis, In general it would be expected that interun storage of vitrified
HLW in CSBs would involve higher construction requirements and lower land-use requirements
compared to interim storage of vitrified HL.W on conerete pads.

3.2.2.7 HLW Disposal

For purposes of analysis, the TWRS EIS assumed a geologic repository candidate site at Yncea
dMountain, Nevada to be the final disposal site for all TWRS immohilized HLW, The TWRS LIS
acknowledged the current logislation that limits the amount of spent fuel and HLW that can be
placed in the first repository uatil 2 second repository is operating and that DOE will evaloate the

need for a second repository no sooner than 2007,

The current baseline propram planning basis includes final disposal of all TWRS HLW at the
national geologic repository. DOE is continuing cfforts to evaluate Yucca bMountainas a
potentiaf site for the national geological repository. DOE is currently preparing an EIS for a
potential repository at Yueca Mountain.
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There is o new information regarding the disposal of HLW that would affect the engineering
data for disposal of TIL'W at the geologic repository.

3.2.2.8 Closure
Closure of the tanks and associated equipment and the remediation of contaminated soil and
groundwater associaled with leaks from the tanks was not within the scope of the TWRS LIS and
therefore not within the scope of this SA. Closure as a landfill was assumed for all of the
allemnatives. T'he closure basis assumed for the EIS invoived the foliowing activities:

« SS5Ts and DSTs would be stabilized by filling with pravel

»  MUSTs and anciliary equipment would be stabilized by filling with grout because of

limited access for plavement of gravel
+ A Hanford Barrier would be constructed over S8Ts, DSTs, and LAW vanits.

3.2.3 Accident Auulysis : :
Since the release of the TWRS EIS, ncw informalion on potential radiological and chemical
aceidents during routine operations of the lank farm waste has heen made available in the

TWRS BIOG {LMHC 19974). New information in this document will chanec the radiological and
chemical risk calculated in the TWRS EIS for the beyond-design-basis-earthquake scenario and
accidents that conld oceur during routine operations. These changes are discussed in

Seclicn 4,13,

The TWRS BIC establishes an improved anthorization basis for TWRS facilities and operatious
required for the storage of high-level radioactive waste (current and future tank wasle),

This basis for interim operation documents the basis for the conclusion that anthorized TWIRS
facility operations can be conducted safely until approval of the TWRS FSAR and associated
technical safety requirement document complying with the requirements of DOE 5480.23,
Nuciear Safety Analysis Reports, and DOT 5480.22, Technical Safety Requircments.

The TWRS FSAR is currentiy being prepared and upen comgpletion will supersede the TWIRS
BIC,

3.2.4 New Groendwater Data and information

3.2.4.1 New Vadose Information

New vadose zone information and data are summarized in this section. A more detailed
discussion is provided in Appendix A, Vadose Zone and Groundwater.

Spectral Gamma Logging of Dryweils at the Tank Farms

A program is currently undenway to develop baseline gamma-specific radicisotope information
in Lhe vadese zone near the SSTs. This progra hniids on a previous ong in which gross gamma =
data were collected as a means of leak detection from the SSTs. Doth programs used the !
networks of drywells (i.e., wells that do not extend to groundwater) that are instailed around each

tank in each S8 farm. Speciral gamma logging was completed in FY 1996 in deywells around |
the following tank farms: AX, S, TX, TY, and A. In the prior fiscal year, logping was »

50



completed at the SX Tank Farm (PNNL 1997a). In addition to logging existing drywells, two
new drywells were installed in the SX Tank Farm, drywell Nos. 41-12-01 and 41-09-39, to
depths of approximately 38 m (125 ft} and 39.6 m (130 ft) belowground surface, respectively,
and logged.

Some of the first information from the logging program was generated from the SX Tank Farm.
At the SX Tank Farm, spectral gamma logging in drywell No. 41-02-02 identified Cs-137 as
deep as 42.6 m (140 ft) belowground surface. Other more mobile contaminants, including Tc-99
and chromium, were detected in RCRA groundwater monitoring wells and have subsequently
been linked to sources within the SX Tank Farm. The new spectral gamma logging is consistent
with the data that were available when the TWRS EIS was published. Appendix A contains
additional details on the new spectral gamma logging data.

Preliminary Results of Sampling and Analysis from Extending Borehole 41-09-39 at the
SX Tank Farm

DOE has extended borehole 41-09-39 from 40 m (130 ft) to the water table, which is located at a
depth of approximately 64 m (210 ft). Preliminary data based on samples taken to a depth of
53 m (170 ft) are available from this work. The preliminary data available through December
1997 include moisture content; radioisotope analysis of selected samples for T¢-99, Sr-90,
Cs-137, K-40, U-238, and Th-232; and chemical analysis of selected samples for NO,.
Cesium-137 was detected in the sediments at concentrations of approximately 1E+6 pCi/L from
approximately 40 to 41 m (131 to 134 ft). From 40 to 41 m (131 to 134 ft) the concentration of
Cs-137 decreases by over four orders of magnitude. The maximum concentration of Tc-99 is
observed at a depth of 40.6 m (133 ft).

Information on Distribution Coefficients that Affect Contaminant Mobility

New direct measurements of the distribution coefficient (K,) for tank waste and Hanford Site
sediments will be completed with samples from the new borehole 41-09-39, currently being
advanced at the SX Tank Farm; however, these data are not yet available. No other direct
measurements have been performed. There are however some limited data on the distribution
of some contaminants in the vadose zone and on tank waste contaminants that have reached the
groundwater from which contaminant mobility can be qualitatively assessed. These data,
combined with an assessment of previous work, have been used to develop inferences on tank
waste contaminant mobility. The most comprehensive of these is that which has been developed
for the Composite Analysis in response to Defense Nuclear Facility Safety Board (DNISB)
94-02. The other effort is the development of Retrieval Performance Evaluation (RPE) criteria
by the HTI project, which is focusing on retrieval criteria for one tank farm, the AX Tank Farm.
Information from the RPE study also includes a literature review for 1) potential effect of high
sodium concentrations and high pH in the waste; 2) potential effects of chelating agents; and

3) potential effects of colloidal processes.
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Recharge of Precipitation at the Tank Farms

Since the TWRS EIS, no new recharge data have been acquired, However, reevaluation of the
initial recharge rate has been undertaken. Two studies, the Composite Analysis and the RPE,
have reevaluated the recharge rate inputs for their numerical simulations for four periods or
activities. Both studies considered 1) the pre-tank construction period; 2) the current period,
which spans the time from when the tanks were constructed until a barrier is placed over the
tanks; 3) the period in which the barrier is functioning; and 4) the post-barrier period where the
barrier has degraded and the tank farm has reverted back to the shrub-steppe type of ground
cover with no additional recharge restriction from the barrier.

Potential Preferential Pathways

As noted in the TWRS EIS, the presence of relatively immobile contaminants at the SX Tank
Farm at a depths greater than previously predictedare not fully understood. Reviews of the
literature, additional measurements of contaminant concenirations in the vadose zone from
spectral gamma logging, and the extension of one borehole are new information and data that
provide some inferences on contaminant migration, Preferential flow paths can significantly
impact the transport of contaminants in the vadose zone (Parlange et al. 1988). Different forms
of potential preferential flow in the vadose zone at the Hanford Site include 1) fingering;

2) funne! flow; and 3) flow associated with clastic dikes or poorly sealed well borehole annular
space. The magnitude of impact of these and other forms of preferential flow are still uncertain.

Sluicing Loss Characteristics

In the TWRS EIS, sluicing losses were assumed to leak over the full area at the base of the tank.

Ongoing RPE studies have found that the tank area from which the leak occurs can affect the
arrival time and peak concentration of contaminants to the water table. The RPE studies used a
two-dimensional vadose flow and transport model and varied the area of tank base from which a
past leak was assumed to occur.

3.2.4.2 Saturated Zone {Groundwater)

New data and information on the saturated zone have been collected from groundwater levels
and concentrations of contaminants and other constituents in the groundwater. These data are
summarized in the Hanford Site Groundwater Monitoring for Fiscal Year 1996 (PNNL 1997b)
and the Hanford Site 1996 Environmental Report (PNNL 1997a). Additional interpretations of
these data are provided in the individual draft RCRA reports on the tank waste management
areas (WMAS).

Groundwater Levels
Groundwater level data are used to infer groundwater flow gradient direction and magnitude.

The most recently published data on water levels are for June of 1996 (PNNL 1997b) in which
groundwater levels were recorded from over 600 wells in the unconfined aquifer on the Site and
in the immediately surrounding area. The most notable observation from these data is the
continued trend of groundwater level decline in many areas of the Hanford Site.
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Groundwater Quality

Much of the Hanford Site continues to be impacted by past releases of contaminants from many
sources, The extent of this impact can be inferred by the distribution of tritium in the unconfined
aquifer (Figure 3.2.1). For comparison purposes the Drinking Water Standard for tritium is
20,000 pCi/L. The 149 SSTs are grouped into 12 tank farms. These tank farms have been
further grouped into RCRA WMAs as TSD units. The RCRA SST WMAs are classified as

interim status under RCRA Part A.

New data associated with these WMAs are from groundwater sample analyses from up gradient
and down gradient wells located at each of the WMAs (Hodges 1997; Johnson and Chou 1997).
Based on these data, the following information has been developed:

» Sources within the S-SX, T, and TX-TY WMAs such as past tank waste leaks are likely
to have impacted groundwater as evidenced by the analytical results from down gradient
well samples. Tc-99 and co-contaminants chromium, nitrate, and I-129 (TX-TY WMA
only) are being detected in down gradient wells.

+ Leaking water lines at the S-SX WMA are likely the cause of short-term transients in
contaminant concentration that have been observed in several wells between 1986 and the

present.

» More than one source location in the S-SX WMA is needed to explain historical as well
as recent groundwater contamination. At least two and possibly three sources can explain
the occurrences of Tc¢-99 transients observed in 1986 to 1987 and the more recent
contaminant levels observed in wells 299-W23-15 and 299-W22-46. A short-term
(i.e., approximately 2 years) transient Tc-99 spike was observed in well 299-W23-15
beginning in about January 1992. A 6-month transient Tc-99 spike was observed in well
299-W22-46 beginning in about January 1996. The spikes reached maximum values of
3,000 pCi/L and 2,750 pCi/L in wells 299-W23-15 and 299-W22-46, respectively, based
on gross beta analysis, which is assumed to represent Tc-99.

« Compositional relationships between sodium/calcium and tritium/technetium ratios
indicate information about origins and/or processes of groundwater source plumes for the
S-SX, T, and TX-TY WMAs. These constituent ratios confirm that the Tc¢-99 and
co-contaminants detected in down gradient well samples originated from these WMAs.




Figure 3.2.1. Distribution of Tritium in the Unconfined Aquifer, 1996
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3.2.5 New Technology Development

There are numerous technologies that could be used for remediating tanks waste. The viable
technologies were evaluated in the TWRS EIS including technologies for waste retrieval,
separations, and immobilization. For each of the main technology areas associated with the
Phased Implementation alternative and other alternatives, a search was performed to determine
if technology development efforts had resulted in new performance data or identified new
technologies that would affect the alternatives analvzed in the TWRS EIS (LMHC 1997,
Jacobs 1997). The main technology areas associated with the Phased Implementation alternative
inciude waste retrieval and transfer, pretreatment and separations processes, and immobilization.
No new technologies that would change the overall approach to remediation or would support
redefining the TWRS EIS alternatives were identified. However, new technologies being
pursued that could potentially be incorporated into the TWRS program are described in
Appendix C.

3.2.6 LMAES and BNFL Environmenfal Reports

Much of the data and information in the Environmental Reports and supplement reports relevant
to addressing potential environmental impacts are based on the design and development work
conducted by the Privatization contractors following the award of Phase IA. Some data and
information appear to represent a level of detail beyond that provided in the TWRS EIS and
reduce the data uncertainties associated with calculating the potential environmental impacts
for Phase IB. However, the information provided in the Environmental Reports is based

on preconceptual designs, and changes are likely to occur throughout the design process.
Information and data that affect the analysis of potential environmental impacts may change as
the design proceeds and additional testing is completed; however, major technology changes
would not be expected,

Design changes have occurred during Phase IA conceptual design activities. Some of the
processes described for organic destruction or removing specific isotopes have changed.

In general, the treatment capacities of the proposed facilities have not changed. One of the larger
changes relative to environmental impacts that has occurred during the Phase IA activities is the
amount of land area required for constructing and operating the waste treatment facilities.

The current land requirements have increased by over three and one-half times. The accidents
evaluated in October 1996 were based on qualitative hazards analysis along with reasonable
assumptions. The increased level of detail that is now available in the Environmental Reports
and supplement reports results in a better understanding of accident scenarios and accident risks.
The accident risks have increased as compared to those evaluated in the October 1996 evaluation.

The new data in the reports submitted by LMAES and BNFL have been evaluated and show
increased impacts to the environment as compared to those estimated in the TWRS EIS Phase I.
The environmental impacts that would exceed the impacts estimated in the TWRS EIS are as
follows.
o« The combined soil disturbance of the two proposals would be approximately two times
greater than the soil disturbance estimated in the TWRS EIS.
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+ The combined air emissions during construction from the two proposals would exceed
the TWRS EIS by as much as three times but would be within regulatory standards.
Nitrogen oxides, sulfur oxides, and fugitive dust emissions during operations would [
exceed the TWRS EIS emissions by 135 times, 19 times, and six times, respectively but
would be within regulatory standards.
+ Total impacts to wildlife would be expected to be higher under the two proposals than the
impacts estimated in the TWRS EIS because impacts to wildlife are largely a function of
the total disturbance to previously undisturbed habitat.
« The total area that would be dedicated to waste management and treatment under the two
proposals would be approximately 55 percent greater than the total area estimated in the

TWRS EIS.

3.3 RESOURCES WITH LITTLE OR NO NEW INFORMATION

A review of new resource requirement information developed since the release of the TWRS EIS
resulted in identifying the following resource areas where little or no new definitive information
is available that would support a quantitative comparison of impacts (LMHC 1997b).

+ Borrow site material quantities and disturbed area - The borrow pit disturbed area is a
function of the volume of borrow required. Most of the borrow requirements are for
facility construction during Phase 2 and for tank farm closure, and there have been no
baseline changes that would affect the assumptions made in the EIS for Phase 2 or for l
tank farm closure. No new information is available that indicates new or alternative
borrow pits would be used.

«  Water resources - No new estimates have been done or baseline changes that would affect
the estimates for water required.

+ Energy resources - No new information is available to support recalculating total energy
requirements.

« Construction materials - The material requirements for the construction of the Phase 1 |
and Phase 2 facilities are dependent on facility sizing and configuration assumptions. |
No new information is currently available that would change the basis used in the EIS for
the number and size of waste treatment facilities.

 Process chemicals - There is no new information that would substantially change the
separations and immobilization processes or the facility sizes evaluated in the EIS and
therefore no new information is available to support revising the estimates for process
chemical requirements.

The largest portion of these resource requirements would occur during the construction and
operation of the full-scale waste treatment facilities during Phase 2. Changes in these resource
requirements would be expected to occur as detailed information is developed during the \
conceptual design of Phase 1 and Phase 2 facilities, However, at the current time there is [
insufficient information available to warrant reevaluation of these resource requirements. '
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4.0 POTENTIAL ENVIRONMENTAL IMPACTS

This section describes the effect of new data and information on the potential human health and
environmental impacts of the Phased Impiementation alternative and, where appropriate, other
alternatives considered in the TWRS EIS (Section 4.21). The section also includes a summary of
cumulative impacts, regulatory compliance, mitigative measures, land use, energy and natural
resource consumption and conservation, pollution prevention, and environmental justice,

A synopsis of the environmental impacts of the Phase IB Privatization Environmental Reports
has been included in this section. The proposals by the Privatization contractors contain
confidential information and therefore are not available for review by the public and cannot be
fully described in the synopsis. For this purpose a qualitative approach was used when
comparing the potential environmental impacts with the impacts estimated in the TWRS EIS.
The description of the proposals and the environmental impacts resulting from construction and
operations have been quantified in an environmental critique for Phase IB Privatization prepared
by DOE,

4.1 GEOLOGY AND SOILS

4,1.1 Geology

Mineral resources (i.e., silt, sand, gravel, and rip rap) would be required to implement the Phased
Implementation alternative. The amount of these resources required are shown in Table 4.1.1.
This table shows the amount of mineral resources required for constructing 1) remediation
facilities; and 2) remediation facilities and closing tank farms combined (total alternative).
During remediation, the earthen materials primarily would be used to make concrete for
constructing treatment facilities and LAW vauits. During closure the earthen materials would be
used primarily for filling tanks and constructing earthen surface barriers over the tank farms and
LAW vaults. Sand, silt, gravel, and rip rap are all readily available on and near the Hanford Site
so there would be no substantive impact on the availability of these resources. New information
concerning the size of the LAW retrievable disposal facility affects the amount ot resources
required for constructing surface covers and changes impacts on mineral resources and soil
disturbances from those presented in the TWRS EIS, Changes in the Phase IB site construction
and operations change the impacts on soil disturbances from those presented in the TWRS EIS.

Only small, localized changes in topography would result from constructing remediation
facilities and earthen surface barriers over the LAW vaults and the tank farms during closure.
No major drainage would be disturbed, and all facilities and earthen barriers would be
constructed to conform with the surrounding terrain to promote drainage without causing
increased erosion. The configuration of the treatment facilities and the LAW vaults has changed
slightly but these changes would not have a substantive affect the on the topographic impacts
presented in the TWRS EIS.
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Table 4.1.1, Mineral Resources and Soil Impacts

Tank Waste Alternative Mineral Resource in m* (yd*) Soil Disturbance ! in ha (ac)
Sand and Gravel Sitt Rip Rap Temporary Permanent
Phased Remediation 1.2E+06 N/R N/R 200 (490) 38 (94)
Implementation {1.6E+006)
Totai 2.6E+06 5.7E+05 9.6E+05 320(790) 49 (120)
Alternative ? (3.4E+06} {7T.4E+05) (1.3E+06)

Revised Geology and Soil Impacis

Phased Remediation 1.2EH06 N/R N/R 200 (490) 38(94)
Implementation (1.6E+06)
Total 2.8E+06 6.1E+06 1.3E+06 445 (1,100) 74 (180)
Alternative? (3.6E+06) (8.1E+06) (1.7TE+06)
Notes:

! These estimates are based on closure of the tank farms by filling tanks and covering them with a Hanford Barrier.
Numbers have been rounded to two significant digits.

! Total Alternative estimates include remediation and closure as landfill.

N/R = None required

The use of borrow sites as the source of earthen materials would cause topographic changes.
Removing borrow materials from the borrow sites would cause topographic depressions, which
would be recontoured to be compatible with the surrounding terrain and drainage systems.

No new information has been developed concerning the location or configuration of borrow sites
so there is no information available that would have a substantive affect on the impacts presented
in the TWRS EIS.

4.1.2 Soils
Soils would be disturbed by the construction of remediation facilities and at borrow sites for

earthen materials. Much of the soils in the areas which would be impacted by the construction
and operation of remediation facilities has been disturbed. The most recent information
concerning the location and configuration of the remediation facilities shows only minor changes
in the amount of soils to be disturbed during remediation, as shown in Table 4.1.1. The changes
are the result of increased estimates of land disturbance from conceptual engineering for the
LAW vaults, waste transfer, and support facilities. Changes in the LAW facility also result in
increased resource requirements from borrow sites and hence increased soil disturbances for
constructing an earthen surface cover.

4.1.3 Soil Disturbance Synopsis of the Phase IB Privatization Environmental Report

The TWRS EIS assumes a total soil disturbance of up to 33 ha (82 ac). This would include
facility footprints, trample zones around work areas, heavy equipment traffic areas, and material
laydown areas. This area would include approximately 15 ha (37 ac) of previously disturbed area
and 18 ha (45 ac) of area that has not been disturbed by prior Site construction and operations.

58




Because the facility footprint for both Privatization proposals are larger than the TWRS EIS, the
total soil disturbance would be greater than the TWRS EIS. The combined soil disturbance of
the two proposals would be approximately two times greater than the soil disturbance estimated
in the TWRS EIS.

4.2 SURFACE WATER

4.2.1 Water Releases

The Phased Implementation alternative would generate liquid effluent; however, the effluent
would not be discharged to surface waters and there would be no direct impacts to surface waters
from the implementation of the alternative. Liquid currently in the tanks and liquid added to the
tanks during waste retrieval activities ultimately would be removed and sent to an evaporator.
Condensed water from the evaporator would be sent to the Effluent Treatment Facility in the
200 East Area. The water would be treated in the Effluent Treatment Facility with a variety of
systems, including evaporation, to meet applicable regulatory standards. Ultimately the waste
would be discharged, with most contaminants removed except tritium, from the Effluent
Treatment Facility to the State-approved land disposal facility site, a subsurface drain field near
the north-central part of the 200 West Area. The discharged water would move through the
vadose zone into the groundwater where it would slowly flow towards and discharges to seeps
along the Columbia River and directly into the Columbia River. An estimated 100 years would
be required for any contaminants to reach the Columbia River where it would rapidly mix with
the large volumes of water in the Columbia River. All levels of contaminants would meet the
requirements of the approved permit.

Concern has been raised in the past about the amount of tritium that would be released from the
land disposal facility. Since the preparation of the EIS, the specifications for the maximum
amount of contaminants that can be sent to the Effluent Treatment Facility and the new revised
inventory of the tanks have been developed. The maximum allowable concentration of tritium
that can be sent to the Effluent Treatment Facility is 2,0E-06 Ci/L for each Phase IB and II
facility. The estimated discharge rate for the Effluent Treatment Facility is 568 L/min

(150 gal./min). The revised inventory data for the tank farms show 24,300 Ci of tritium in the
tanks. Approximately one-half of the tritium would decay in the tanks prior to retrieval during
the approximately 28-year schedule for Phase IB and II leaving 12,150 Ci to be disposed of.

A portion of these 12,150 Ci would be released from evaporation and vitrification facilities prior
to being sent to the Liquid Effluent Treatment Facility. To estimate an upper limit on the amount
of tritium that would reach the Columbia River and determine if Federal Drinking Water
Standards would be met, a calculation was performed assuming that the maximum atlowable
concentration (2.0E-06 Ci/L) was sent to the Effluent Treatment Facility continuously over

a 28-year period, which is approximately the duration of Phase IB and II, at the maximum
estimated discharge rate of the facility (568 L/min [150 gal./min}). Scaling from the previous
modeling (Davis et al.1996), this bounding level of tritium discharge would result in a maximum
concentration at seeps along the Columbia River of 2,700 pCi/L, which is well below the

20,000 pCi/L Federal Drinking Water Standard. Therefore, even though the amount of tritium
in the tank waste has increased, Federal Drinking Water Standards would still be met,
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The Phased Implementation alternative would result in contaminated liquids entering the
groundwater as discussed in Section 4.3. Contaminants would enter the groundwater from

1) liquid losses during retrieval; 2) the residual waste left in the tanks following retrieval; and
3) the immobilized waste in the LAW vaults. Contaminants from past tank leaks would also
migrate into the groundwater. Although these past-practice releases may have been large and
may be important to future plans to close the tank farms and remediate the groundwater, they
were not addressed in the TWRS EIS because there is not enough known about the amount of
losses and their transport through the vadose zone to provide a meaningful comparison of
alternatives for remediating the releases. These past practice releases will be the subject of a

future NEPA analysis.

Some contaminants from losses during retrieval or leached from the residual waste or the LAW
vaults may eventually enter the groundwater and discharge into the Columbia River through
seeps and springs along the river bank or directly into the river bed where it intersects the
groundwater. Once in the Columbia River the contaminants would rapidly mix with the large
flows in the Columbia River due to turbulence of the river flow and the large volume of water in

the river.

A calculation was performed for the Phased Implementation alternative using the revised

inventory for the tank waste to assess the potential impacts on the Columbia River (Jacobs 1997).

Table 4.2.1 shows the maximum concentration of the contaminants of concern for long-term risk
in the Columbia River along with the reference Federal Drinking Water Standards. The analysis
shows that for the Phased Impleinentation alternative the concentration of all contaminants
would be well within Federal Drinking Water Standards.

Table 4.2.1. Concentration of Contaminants-of-Concern in the Columbia River
for the Phased Implementation Alternative

Constituent Revised [nventory (grams) Federal Drinking Water Phased Implementation
Standards (mg/L) Alternative (mg/L)
NQ, 6.9E+10 45 7.0E-03
C-14 1,100 4,5E-07 1.0E-11
Te-99 1.9E+06 5.3E-05 4.0E-08
I-129 3.6E+05 5.7E-06 7.0E-09
U (total) 9.7E:+08 2.0E-02 6.0E-03

4.2.2 Surface Water Drainage Systems
The facilities for the Phased Implementation alternative would be constructed on relatively level

and flat terrain. No major drainage features are present. Construction activities would result in
slightly altered localized drainage patterns for the temporary construction areas and for the
remediation facilities. The area around remediation facilities would be recontoured to conform
with the surrounding drainage patterns. Small increases in surface water runoff during the
infrequent heavy precipitation events or rapid snow melt would occur, but there would be no
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flooding of drainage systems. There is no new information that would result in a substantive
change in the potential impacts to the surface water drainage systems from those presented in the
TWRS EIS.

4.2,3 Water Quality Synopsis of the Phase IB Privatization Environmental Reports

The radioactive effluent generated in the TWRS EIS would be treated at the Effluent Treatment
Facility prior to discharge. Both of the Privatization proposals included generating radioactive
liquid effluent that would require treatment at the Effluent Treatment Facility. The generation of
radioactive effluent for both proposals combined would not exceed the capacity of the Effluent
Treatment Facility. There would be no liquid effluent discharged to surface waters, and thus
there would be no direct impacts to any surface waters under the Privatization proposals.

4.3 GROUNDWATER

The groundwater is a pathway for potential releases during retrieval, residuals that may be left in
tanks after retrieval, and immobilized waste in LAW vaults. Releases from the waste tanks and
LAW vaults travel by advection downward through the vadose zone, intercept the unconfined
aquifer (saturated zone), and move laterally to points of discharge along the Columbia River.

In the TWRS EIS and in this discussion, the sources of the releases include retrieval losses from
the waste tanks, residual waste in the tanks, and releases from the LAW vauits. Past leaks from
the waste tanks were not addressed in detail in the TWRS EIS because not enough was known
about their distribution and chemical and physical parameters. The discussion on impacts to the
groundwater system is divided into 1) flow and contaminant transport through the vadose zone;
and 2} flow and contaminant transport through the underiying saturated zone (groundwater).
The impacts to the groundwater would be the presence of contaminants from tank waste and
LAW vaults at concentrations that vary spatially and temporally in the unconfined aquifer.

4.3.1 Vadose Zone

The following is a summary of how data and information relative to the vadose zone may affect
the TWRS EIS groundwater impact assessment. A detailed discussion is provided in

Appendix A, Vadose Zone and Groundwater.

As discussed in Section 3.0 and 5.0, there remains a substantial amount of uncertainty associated
with which vadose zone transport mechanisms are important in explaining the transport of past
tank leaks. It is likely that ail play a role at one or more SSTs. Continuation of the ongoing field
investigations are necessary to resolve the affect of these mechanisms on past SST leaks. Current
information indicates that once in the groundwater the contaminants will be transported laterally
at the previously anticipated rates and the less mobile contaminants such as Cs-137 will not be
transported away from the 200 Area by the groundwater but rather will be retarded by chemical
reactions with the earthen materials that will essentially stop migration of many of the
contaminants (Serne et al. 1993). As discussed in the following section these mechanisms would
have a much reduced affect on future releases from the tanks.
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The leaching of residual SST waste that may be left in the tanks after closure and the
immobilized waste in the LAW vaults will be largely unaffected by these new data. This is
because 1) the residual waste and immobilized LAW will be covered by a low-permeability
earthen cover that will reduce infiltration of water to very low levels so the leaching of residual
waste into the vadose zone will be very slow; and 2) the chemistry and physical form of the
residual tank waste and immobilized LAW will be substantially different from the past tank
leaks. These two factors prevent the transport mechanism described in Appendix A from
substantively affecting the transport of the residuals tank waste and immobilized LAW.

Additional data are still being obtained and evaluated to address these issues but it appears that
the effect on the impacts presented in the TWRS EIS includes the following:

» These data suggest that past SST tank leaks would move faster through the vadose zone
than previously expected resulting in earlier arrival of contaminants in the groundwater.
If this occurs, then the past leak contaminants would be more likely to move through the
vadose zone and groundwater system prior to the contaminants from the tank waste
remediation which reduces the potential for the impacts to occur at the same time and
therefore reduces the cumulative impacts of past tank leaks and tank waste remediation
(please refer to Appendix A for additional information).

+ The leaching of contaminants from the LAW vaults will be largely unaffected by the
transport mechanism discussed in Appendix A. The LAW will be immobilized into a
glass form, and leaching will be controlled by the immobilized waste form and the low-
permeability earthen cover placed over the LAW vaults. None of the mechanisms listed
previously that may accelerate contaminant transport will be operative for the
immobilized LAW.

« The leaching of residual waste that may be left in the tanks will be largely unaffected by
much of this new information. Leaching will be controlled by a low-permeability earthen
cover over the tank farms after closure. None of the mechanisms listed in Appendix A
that may accelerate contaminant transport would have a substantive affect on the transport
of contaminants from residual waste that contribute appreciably to risk.

+ Leaks during waste retrieval would be affected by these new data and would likely resuit
in earlier arrival times (Jacobs 1997) in the groundwater but in substantially the same
concentration as estimated in the TWRS EIS.

This new information would not affect the impacts presented in the TWRS EIS because all of the
fong-term risk and groundwater impacts resulted from the highly mobile contaminants such as
Tc-99, uranium-total, Se-79, and EDTA, which were calculated to move very rapidly through the
vadose zone and groundwater so the factors that accelerate transport through the vadose zone
would only result in slightly earlier times of arrival of the impacts and not appreciably higher
concentrations of contaminants.

4.3.2 Saturated Zone (Groundwater)
The second half of the groundwater pathway is lateral contaminant transport through the
unconfined aquifer flow from points of entry at the vadose zone/water table interface beneath the
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tank and LAW sources to the Columbia River. The unconfined aquifer is generally located in the
unconsolidated to semiconsolidated Ringold and Hanford formations that overlie the basalt rock.
The groundwater in the unconfined aquifer generally flows from the recharge areas near the
western boundary of the Hanford Site toward the Columbia River, which is a discharge zone for
the unconfined aquifer. The new data and information for the unconfined aquifer include

1) water levels at over 600 wells; 2) concentration of contaminants in the groundwater Sitewide
including the areas around the tank farms; and 3) the revised inventory, which is also discussed
in this section.

The following is a summary overview of how these new data and information may affect the
groundwater impact assessment provided in the TWRS EIS. A detailed discussion is included in
Appendix A. There are no notable changes to the groundwater flows direction from that used in
the TWRS EIS that would cause a change to the TWRS EIS impact analysis. There are no
notable changes to the groundwater contaminant concentrations that would cause a change to the
TWRS EIS impact analysis.

The impacts presented in the TWRS EIS were amended for this SA to provide groundwater
impact comparisons for the revised tank waste inventory to the TWRS EIS inventory for the
selected years (2,500, 5,000, and 10,000 into the future for tank sources and 5,000, and 10,000
for LAW vaults), As shown in Tables 4.3.1 and 4.3.2, the only contaminants to exceed the
Drinking Water Standards for tank waste releases for the revised inventory are U-238 and total

Table 4.3,1, Maximum Concentrations Calculated in Groundwater for the
Phased Implementation Alternative (Tank Sources)

Constituent { Drinking Yater 2,500 Years 5,000 Years 10,000 Years

Standard (mg/L) ™ prg Revised EIS Revised EIS Revised
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

C-14 4.49E-07 J4E-10 3.1E-10 6.8E-09 6.1E-09 2.0E-13 1.8E-13

i-129 5.68E-06 5.3E-08 8.7E-08 2.0E-06 3.3E-06 1.3E-10 2,1E-10

Tc-99 5.33E-05 3.8E-07 3.9E-07 1.5E-05 {.5E-05 1.3E-09 1.6E-09

U-233 N/A 7.0E-13 2.7E-08 2.3E-11 9.1E-07 0.0 0.0

U-234 N/A 24E-11 4.0E-08 L 4E-09 2.3E-06 0.0 0.0

U-235 N/A 74E-06 5.2E-06 5.8E-04 4.1E-04 7.2E-09 5.0E-09

U-236 N/A 4.6E-11 1.5E-07 6.6E-10 2.2E-06 0.0 0.0

U-237 N/A 0.0 0.0 0.0 0.0 0.0 0.0

U-238 N/A 1.1E-03 7.4E-04 8.9E-02* 6.0E-02* 1.0E-06 6.8E-07

Total U 0,02 (total) 1.1E-03 7.5E-04 8.9E-02* 6.0E-02¢* 1.0E-06 6.9E-07

NO,- NO, 45 (NOy) 2.4E-02 1.7E-02 54E+00 4.0E+00 2,5E-04 1.8E-03

Notes:

N/A = Not applicable
EIS = TWRS EIS
* Calculated value exceeds Drinking Water Standard (40 CFR Part 141.16) based on a calculated dose equivalent of

4 mrem/year,
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Table 4.3.2, Maximum Concentration Calculated in Groundwater for the
Phased Implementation Tofal Alternative (LAW Vaults)

Constituent Drinking Water 5,000 Years 10,000 Years
Standard
(mg/L) EIS (mg/L) Revised EIS (mg/L) Revised
(mg/L) (mg/L)
Tec-99 5.3E-05 4.6E-06 2,7E-05 1.2E-05 1.2E-05
U-233 N/A 2.0E-13 7.9E-09 6.0E-13 2.4E-03
U-234 N/A 6.6E-12 1.1E-08 1.8E-11 2.9E-08
U-235 N/A 2.1E-06 14E-06 5.6E-06 3.9E-06
U-236 N/A 7.6E-12 2.5E-08 2.0E-11 6.8E-08
U-238 N/A 3.IE-04 2.1E-04 8.3E-04 5.6E-04
Total U 0.02 (total) 3.IE-04 2.1E-04 8.4E-04 5.6E-04
Notes:

N/A = Not applicable
EIS = TWRS EIS

uranium. In the TWRS EIS, U-238 was calculated to have exceeded the standard and thus so
would total uranium. The potential uranium exceedance of the Drinking Water Standards is
based on an assumed uranium K, of zero. The emerging information on uranium mobility
indicates that the K is likely 0.6 mL/g or greater and as such, would not likely exceed the
Drinking Water Standards within the 10,000-year period of interest (Freshley 1997).

The mobility of uranium in the vadose zone and saturated zone is an area that continues to be
researched, The uncertainty surrounding the uranium K, is expected to be reduced as data from
borehole 41-09-39 at the SX Tank Farm are assayed for uranium content.

4.3.3 Ground Water Synopsis of the Phase IB Privatization Environmental Reports
Potential impacts to groundwater would result from potential liquid losses during retrieval of
tank waste, leaching of contaminates in the immobilized LAW vaults, and the leaching of
residual waste that may be left in the tanks following retrieval. During Phase IB potential
retrieval losses is a DOE function and is unaffected by either of the Privatization proposals. Each
of the contractors would be responsible for operation and waste transfers from one DST to their
respective facilities (tanks 241-AP-108 and 241-AP-106). Both contractors will construct
pipelines with secondary containment for transfer of waste to the facility. Retrieval losses are not
anticipated from these DSTs or waste transfer systems. The leaching of residuals from the LAW
is unaffected by the Phase IB proposals as long as the waste form proposed by each contractor
would meet the LAW performance specifications. Therefore, the Phase IB proposals by BNFL
and LMAES would not impact groundwater. There is always the remote possibility for a spill to
occur when waste is being transferred from the receiver tank to the process facilities, but it is
anticipated that any such spills would be regulated by the remedial measures under RCRA, and it
is assumed that if a spill did occur it would be remediated.
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4.4 AIR QUALITY

Air pollutant emissions estimates were developed and air dispersion modeling was performed to
analyze air quality impacts for the Phased Implementation alternative in the TWRS EIS.

The analyses were conducted to compare the calculated impacts of potential criteria poliutant
releases against National Ambient Air Quality Standards and Washington State Air Quality
Standards, the calculated impacts of emissions of toxic and hazardous air pollutants against
applicable Washington State regulations, and the calculated impacts of emissions of
radionuclides against applicable Federal and Washington State standards.

Emission Sources

The emissions sources were from tank farms, evaporator, waste retrieval annexes, concrete batch
plants, borrow sites, waste processing facilities construction, and waste processing facilities
operations. There are currently no new data that would change the emission source parameters

as presented in the TWRS EIS.

Emission Rates

In August 1997, the TWRS program issued a revised tank waste inventory and K Basins
inventory, as described in Section 3.2.1. These new data result in a direct proportional change in
the emissions evaluated in the TWRS EIS. The revised inventory, including the K Basin sludge,
was compared against constituents of concern in the inventory used to calculate pollutant and
radionuciide concentrations from air emissions evaluated in the TWRS EIS. Scaling factors were
developed for estimating air concentrations based on the revised inventory data (Jacobs 1997).
The scaling factors are shown in Table 4.4.1.

Table 4.4.1, Scaling Factors for Estimating Air Concentrations

Constituent ] Scaling Factor
Pollutants
No, 7.3E-01
SO, 2.5E+00
Radionuclides
Am-241 7.3E-01
Cs-137 1.2E+00
Pu-239/240 {.8E+00
Pu-241 34E+00
Sr-90 1.2E+00
Te-99 1.OE+00
C-i4 9.0E-01
I-129 1L.6E+00
Ru-106 7.6E+04
Sm-i51 4 2E+00
Zr-93 9.2E-0i
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The radiological dose from the revised inventory results in an overall 36 percent increase in
receptor dose for the maximally exposed individual (MEI) at the Site boundary.

Modeling

Version two of the EPA Industrial Source Complex Model (ISC2) (EPA 1992) was used for the
air dispersion modeling in the TWRS EIS and this SA. ISC2 is capable of simulating emissions
from diverse source types. ISC2 is a guideline air quality model (accepted by EPA for regulatory
applications) and routinely is recommended for performing screening and refined analyses for
remedial actions at RCRA and Superfund sites.

Receptors

Compliance with Washington State and Federal ambient air quality standards for
nonradionuclide releases and compliance with Washington State ambient air quality standard for
radionuclides were measured at the maximum receptor location at the Hanford Site boundary,
along the Columbia River, and on State Route 240. Compliance with the Federal standard for
radionuclide releases was measured at the nearest residence. There are no new data that would

change the location of these receptors.

Resuits of Air Emission Modeling

The results of the modeling were compared with Washington State air quality standards or
emission levels listed in the Washington Administrative Code (WAC) and with national primary
and secondary Ambient Air Quality Standards listed in 40 CFR Part 50. The Washington
Ambient Air Quality Standards are equal to or more stringent than the National Ambient Air
Quality Standards, and thus compliance with the Washington Ambient Air Quality Standards
results in compliance with the National Ambient Air Quality Standards.

New emissions concentrations were estimated by applying the scaling factors shown earlier to
the concentrations calculated for the TWRS EIS. The results presented in Table 4.4.2 show no
exceedances of Federal or State air quality standards for criteria pollutants or radionuclides.

The revised inventory data result in an increase in the sulfur oxide concentrations by 250 percent
and an increase in the total radiological dose by 36 percent. Nitrogen oxide emission
concentrations would be reduced to approximately 73 percent of the TWRS EIS estimates.
Carbon monoxide and PM-10 emission concentrations would remain unchanged. Concentration
of all contaminants would be within applicable standards.

Air Quality Synopsis of the Phase IB Privatization Environmental Report
Concentrations from particulate air emissions during construction estimated in the TWRS EIS
would not exceed 87 micrograms/cubic meter (ug/m®) during a 24-hour period from fugitive
dust, 3.2 ug/m’ during a 24-hour period from sulfur oxides, 800 pg/m’ during a 8-hour period
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Table 4.4.2. Comparison of the Calculated Maximum Concentration of Pollutants

Potlutant- TWRS EIS pg/m? Revised Inventory ug/m? Standard ug/m®
Averaging Period Construction | Operation [ Construction | Operation Federal State
Sulfur Oxides

1 Hour 7.6E+00 4.0E+00 N/IC 9.8E+00 N/A 6.6E+03
3 Hours 6.9E+00 3.6E+00 N/C 8.8E+00 1.3E+03 N/A
24 Hours 3.1E+00 1.6E+00 N/IC 3.9E+00 3.7EH02 2.6E+02
Annual 2.9E-02 2.0E-02 N/IC 4.9E-02 8.0E+01 6.0E+01
Carbon Monoxide
1 Hour 3.2E+03 4,8E+01 N/C 4.3E+01 4.0E+04 4.0E+04
§ Hour 2.3E+03 34E+01 N/IC 3.4E+01 1.0E+04 1.0E+04
Nitrogen Oxides
Annual 2.1E+00 1.2E-01 N/C 8.8E-02 1,0E+02 1.OE+02
PM - 10
24 Hours 9.83E+01 7.5E-01 N/C 7.5E-01 1.5E+02 1.5E+02
Annual L1E+00 7.9E-03 N/C 7.9E-03 5.0E+01 5.0E+01
Total
Radionuclide 1.1E-03 7.7E-01° 1L.5E-03 {.1IE+00 LOE+0Y' -
mrem/yr 1.6E-03 9.2E-01* 2.2E-03 1.3E+00 - 2.5E+01?
Note:

IMaximum at nearest resident (Federal Standard)
IMaximum at any offsite receptor {State Standard)
*Misprint in TWRS EIS shows 4,0E-01

Misprint in TWRS EIS shows 5.0E-01

N/C =No change

from carbon monoxide, and 1.3 xg/m’ during an annual period from nitrogen oxides.

Because the facility footprints for both proposals are larger than the TWRS EIS estimate,
construction requirements would be greater and the air emissions would be greater than the
TWRS LIS estimate. The combined air emissions during construction from the two proposals
would exceed the TWRS EIS by as much as three times but would be within regulatory
standards.

Concentrations from particulate air emissions during operations in the TWRS EIS estimate
would not exceed 0.05 xg/m’® during a 24-hour period from fugitive dust, 0.9 ug/m? during a
24-hour period from sulfur oxides, 27 pg/m’® during a 8-hour period from carbon monoxide,
and 0.01 zg/m’ during an annual period from nitrogen oxides, Both proposals would

exceed fugitive dust, sulfur oxide, and nitrogen oxide emission estimated in the TWRS EIS.
The combined air emissions of these constituents during operations from the two proposals
would exceed the TWRS EIS estimate by as much as 135 times for nitrogen oxides, six times
for fugitive dust, and 19 times for sulfur oxides but would be well within regulatory standards.
Additional emissions control technologies have been proposed that would result in operating
emissions of carbon monoxide and radionuclides that would be below those estimated in the
TWRS EIS. The TWRS EIS estimated that the combined air emissions of these constituents
during operations from the two proposals would exceed those calculated in the EIS by two and
one-half times.
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4.5 BIOLOGICAL RESOURCES

To support a comparison of the relative impacts of each alternative, the impact analysis in the ‘
TWRS EIS focused on the biological resources of the specific land areas where activities are '
proposed under the various EIS alternatives. Most impacts would occur in the 200 Areas where

TWRS waste is currently and projected to be stored and where waste TSD facilities would be

located. Smaller impacts would be located at potential borrow sites where varying levels of

borrow material would be secured to support facility construction and post-remediation tank farm

activities. Biological and ecological impacts identified in the EIS included potential impacts

under each alternative to vegetation and wildlife habitat, especially shrub-steppe habitat.

Impacts assessed included impacts resulting from temporary disturbance of habitat to support

construction and operation of facilities, permanent disturbances supporting post-remediation

activities, impacts resulting from noise and transportation impacts that would disrupt wildlife,

and potential impacts to biodiversity.

For the TWRS EIS analysis, the key issues were 1) whether the land areas proposed for use
currently are undisturbed or whether they have been disturbed by past activities; 2) the extent of
potential impacts on sensitive shrub-steppe habitat, which is considered a priority habitat by
Washington State; and 3) potential impacts on plant and animal species of concern (those listed
or candidates for listing by the Federal government or Washington State as threatened,

endangered, and sensitive).

i
i

The potential site for construction and operation of the alternatives contained both undisturbed
and disturbed land. For example, the tank farms and their immediate surrounding areas currently
are heavily disturbed and thus have minimal native vegetative or wildlife habitat.

The vitrification facility sites in the 200 East Area associated with the various alternatives
contain currently disturbed land that is of minimal habitat value and undisturbed shrub-steppe ‘
that is considered valuable as vegetative and wildlife habitat. The analysis of potential impacts 1
on species of concern focused on plant and animal species found in the Hanford Site's shrub-

steppe habitat.

Where the Phased Implementation activities were proposed in areas that are partly disturbed and
partly undisturbed habitat, vegetation and wildlife habitat impacts were calculated proportional to |
the current percentage of disturbed versus undisturbed land at the particular site. For example, if I
30 ha (74 ac) were required at a site that currently is 50 percent disturbed, the habitat impact was

calculated to be 15 ha (37 ac).

For the TWRS EIS, environmental impacts associated with siting of facilities were based on the
results of two Site evaluation reports: 1) the TWRS complex site evaluation (WHC 1995a); and "
2) the TWRS Privatization Phase IB site evaluation report (WHC 1996b). The TWRS complex '
site evaluation report considered four alternative sites in the 200 East Area to support .
construction and operation of full-scale waste treatment facilities (Figure 4.5.1). The evaluation
ranked Site C highest based on evaluation of eight criteria. In conjunction with DOE’s decision
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Figure 4.5.1. Potential TWRS Complex Site Evaluation Locations
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to consider a two-phased approach to implementing waste treatment, the Privatization Phase IB
site evaluation report was completed. This report considered four altemative sites in the 200 East
Area to support construction and operation of Phase IB facilities (Figure 4.5.2). The evaluation
ranked Site 3 highest for Phase IB facilities based on the same eight criteria. The criteria used in
both reports included the following.

Evaluation of a Site’s Ability to Protect the Environment

Cultural, Archeological, and Historical Sites
The TWRS remediation site shall not have any areas of cultural, archeological, or
historical significance that cannot be reasonably mitigated.

Ecological
The TWRS remediation site shall not have any areas of ecological impact that cannot be

reasonably mitigated.

Groundwater Protection

The Columbia River shall be protected, and groundwater contamination will be dealt with
realistically and forcefully. This issue concerns the ability of the Hanford Site to meet
Federal, State, and local requirements for protecting groundwater. Factors include the

1) impact of previous Hanford Site practices (e.g., liquid effluent discharges, SST leaks,
disposal actions) on groundwater under the Site; 2) hydrology of the Site; and 3) the
impact of the Site on proposed future Hanford Site disposal operations (e.g., LAW
disposal).

Harm During Cleanup
Establishing the TWRS complex (on the particular site) shall cause no irreparable harm to

the enviromment,

Natural Resource Damage
The TWRS remediation site shall minimize and avoid any impacts to natural resources.

Evaluation of a Site’s Ability to Protect Public/Worker Health and Safety

Transportation

Waste will be transported safely, and measures will be taken to prepare for emergencies.
The transportation of radioactive and hazardous waste and material through populated
areas will be kept to a minimum.

Exposures
Exposures will be as low as reasonably achievable. The TWRS remediation site shall

minimize the adverse impacts on the health and safety of personnel. The concept of
reducing the exposure of workers to radiological and hazardous substances to as low as
reasonably achievable principles will be considered.
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Figure 4.5.2. Potential TWRS Phase 1 Evaluation Site Locations
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+ Accidents on the TWRS Complex
The TWRS remediation site will minimize the effects of possible accidents at adjacent

facilities on the TWRS complex.

« Accidents from the TWRS Complex
The TWRS remediation site will minimize the effects of possible accidents at the TWRS

complex and its assoctated facilities (e.g., transfer lines) on adjacent facilities.

Evaluation of a Site’s Ability to Use the Central Plateau Wisely for Waste Management
Land-use planning for the TWRS remediation site should be in concert with and not conflict with

other land-use planning documents.

Evaluation of a Site’s Ability to Promote Local Economic Development
The TWRS remediation site will capture economic development opportunities locally by being
conducive to Privatization of facilities.

Evaluation of a Site’s Ability to Support the Tri-Party Agreement
The TWRS remediation site will support meeting the Tri-Party Agreement schedule and get on
with cleanup to achieve substantive progress in a timely manner.

Evaluation of a Site’s Ability to Consider Cost Impacts
The following cost impacts shall be considered.
+ Construction Costs

Utilities: The installation/upgrade costs of electricity, raw water, sanitary water, steam,
and telecommunications. Existing and planned utilities will be considered.
Railroads: The installation/upgrades costs of rail and roads.
Liguid Effluent Disposal: The installation of liquid effluent disposal lines from the
complex to the liquid effluent disposal system.
Sanitary Sewer: The installation costs of a sanitary sewer to tie into the planned 200 East
Area sanitary sewer system.
Storm Water Runoff: The installation costs of a system to channel stormwater away from
the site.
Construction Proximity: The ability to locate temporary construction support facilities
close to the facilities being constructed and the availability of adequate laydown and
construction support areas.
Construction Commonpality: Maximize the use of common construction support needs
(laydown areas, utilities, parking, batch plant, offices, shops, warehouse, and change
rooms) between project or construction phases of multiple facilities of the same project.
Site Preparations: Costs associated with earth-moving activities necessary to complete
construction. Factors include topography, site irregularities, and finish grade elevation.
The removal/relocation of existing structures are additional factors.
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Operating Costs
Operating costs between the various sites shall be qualitatively assessed and shall include

items such as facility and feed/waste transfer costs of flushing, diluting waste,
concentrating diluted waste (evaporating waste to manage DST space), and line drain
back.

LEvaluation of a Site’s Ability to Provide Flexibility
Provide flexibility in the following areas,

Site Expansion
Adequate expansion area should be available for future TWRS facility needs. Although
the expansion area cannot be quantified at this point, more potential expansion area is

preferable to less.

Facility Relationships

The TWRS remediation site should allow the interacting of process facilities to maximize
use of common support facilities and utilities and facilitate flows (tank waste transfers,
raw materials, effluent disposal, process waste streams) between process facilities and
related operations.

Compatibility
The TWRS remediation site should be compatible with ongoing programs, current
construction projects, and planned projects.

Proximity
The TWRS remediation site should possess the ability to 1) move the vitrified waste to
HL W interim storage and subsequently to final storage offsite; and 2) retrieve LAW from

onsite disposal for repackaging for offsite shipment.

Contracting Flexibility

The TWRS remediation site should be conducive to the use of innovative contracting
concepts such as 1) fixed-price contracts for design, construction, startup, and initial
operations; and 2) Privatization. Ease of access, interfaces with site operations, and the
potential to encounter unforeseen conditions are to be considered.

Evaluation of a Site’s Ability to Reduce Risks
Reduce risks (technical, regulatory, operational, construction, and planning) in the following

arcas.

Hydraulics

The potential for transfer line plugging should be minimized to the extent possible.
Factors to be considered should include waste transfer system configuration (i.e., number
of process pits), line traps, quantity of flush water after each transfer, line drain back to
low point, number of low points in system, dilution requirements to mitigate plugging of
transfer system, pumping requirements (to minimize the use of pump booster stations),
and siphoning effect between the shipping location and the processing facilities.
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In essence, the inner tank/facility piping should be free draining (to the extent practical)
to the transfer destination.

+ Proximity to Existing Facilities
The distance between the processing facilities for pretreatment/LAW treatment and
HL W, and the DSTs existing in the 200 East Area (A Farm Complex) shall be kept to a

practical minimum,

+ Interferences and Contamination
Minimize potential problems to be encountered during construction and operation due to

existing above or belowground structures or radioactive/hazardous contamination.
» Seismic
The distance to known earthquake faults shall be taken into consideration,

+ Site Activities
The impact on other Hanford Site activities and operating facilities during construction

and operation should be kept to a minimum.

+ Decontamination and Decommissioning
The decontamination and decommissioning activities in the 200 East Area should be

considered in siting the TWRS complex. This would include the decontamination and
decommissioning impact of other facilities in the area on the TWRS complex and the
ultimate decontamination and decommissioning of the TWRS complex.

» Design
The need for new technology/design complexity should be minimized.

Because final site selection was not completed, the TWRS EIS for purposes of analysis a
combination of Site B and C (Figure 4.5.1) was assumed to be representative of a site capable of
accommodating the full-scale processing facilities, LAW disposal, and HL W temporary storage
for Phase IB and II of the Phased Implementation alternative.

Based on the TWRS ROD and DOE’s decision to proceed with consideration of two contractors
to provide Phase IB waste treatment services, a series of studies were completed in 1996 to
support siting and design of Phase IB facilities. These studies included the TWRS Privatization
Phase I Master Site Plan (WHC 1996d) and engineering studies including analysis of roads and
rail system modification (WHC 1996g), site development (WHC 1996h), raw and potable water
service (WHC 1996i), and liquid effluent transfer systems (WHC 19967). Each of the studies
considered alternate scenarios for site development and evaluated the scenarios based on the
planning criteria identified previously and contained in the TWRS Site Master Plan (Jacobs
1995). These criteria include potential environmental impacts, including impacts to previously
undisturbed habitat. Based on the engineering studies, four conceptual design reports to support
site developinent and infrastructure (i.e., electrical, effluent transfers, and roads) were prepared
by LMHC (1997b). Conceptual deigns have refined the proposed facility siting (Figure 4.5.3)
and are the basis of the analysis of impacts associated with Phase IB presented in this SA.
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To determine if new information developed since the completion of the TWRS EIS indicated
changes in understanding of potential biological and ecological impacts a review of new data was
completed (Jacobs 1997). The new data sources included Conceptual Design Reports associated
with construction of TWRS Privatization Phase 1B facilities and associated infrastructure
upgrades to provide the facilities with services (e.g., electrical) and to transfer waste to the plants
and from the plants (LMHC 1997b), the TWRS Privatization Master Site Plan (WHC 1996d),
preconceptual design information for LAW vaults to be constructed in the 200 Areas for disposal
of immobilized LAW (LMHC 1997b), and a review of past biological reviews of the areas
proposed for development during Phase IB TWRS Privatization (Brandt 1997).

Based on a review of the Conceptual Design Reports the following data regarding disturbances to
biological and ecological resources, of the approximately 94 ha (230 ac) of total land that would
be disturbed to support facility construction and operations during Phase IB of Privatization:
« Infrastructure projects (i.e., raw and potable water, liquid effluent transfer systems, and
site development and roads to support Privatization Phase IB facilities would disturb
approximately 4 ha (10 ac) of shrub-steppe habitat

« Electrical power system development would disturb approximately 1.9 ha (4.7 ac) of
shrub-steppe habitat

«  Site development (i.c., clearing and grading land to support Privatization Phase IB facility
construction and operation) would disturb approximately 27 ha (68 ac) of shrub-steppe
habitat.

Based on the preconceptual design for the LAW vaults, approximately 36 ha (90 ac) would be
devoted to LAW vaults within the 200 East Area. This compares to an estimate of
approximately 11 ha (27 ac) for the vaults for the Phased Implementation alternative in the

TWRS EIS.

To address data gaps in land-use and habitat impact information required to complete a
comparison of shrub-steppe habitat impacts under the EIS Phased Implementation alternative and
impacts under the Privatization Phase IB, calculations were prepared based on engineering
judgement, It was assumed that Privatization contractors would require borrow materials from
an onsite pit, that the borrow material would be from Pit 30, and that each would require
approximately one-half of the volume of borrow material estimated for the TWRS EIS Phased
Implementation alternative. Also, no estimate was provided of the shrub-steppe habitat that
would be disturbed associated with the construction of LAW vaults. To address this data gap it
was assumed that impacts would occur at the same proportion as was used to calculate impact for
Phase II facilities in the TWRS EIS.

Based on the data provided in the Conceptual Design Reports and Master Site Plan and these
assumptions, a compatison with data used to perform impact calculations in the TWRS EIS for
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the Phased Implementation alternative was completed (Jacobs 1997). The results of the
comparison are included in Table 4.5.1. Assuming DOE selects two contractors to provide
Phase IB services, one to provide LAW and HLW services and the second providing only LAW
services, with no changes in land-use needs by either contractor, impacts to shrub-steppe habitat
would be approximately 45 percent or 16 ha (40 ac) greater than impacts calculated in the EIS for
Phase IB (Figure 4.5.4). For the total alternative (Phase IB and Phase II) the total shrub-steppe
habitat impacts would be 17 ha (42 ac) greater than the 99 ha (240 ac) calculated in the TWRS
EIS for the Phased Implementation alternative. Of the 99 ha (240 ac) calculated in the TWRS
EIS, 7 ha (17 ac) were assumed to be disturbed by construction of LAW vaults. The increase
impacts under current plans compared the impacts under the Phased Implementation alternative
represents less than a 1 percent impact of the remaining shrub-steppe habitat on the Central
Plateau,

Table 4.5.1. Comparison of Shrub-Steppe Impacts - Changes from the TWRS EIS

Activity Phased Conceptual Design Report Estimate Additional
Implementation for Phase IB Impacts and LAWY Impacts ha (ac)
Alternative ha {ac) Preconceptual Design ha {ac)
Treatment Facilities (Phase 1) 18 (45) 27 (67) 9(22)
Infrastructure (Phase I} 1(2.5) 8(20) 7{(17)
LAW Disposal (Total Alternative)! 77 24 {60) 17 (42)
Total 26 (64) 60 (150) 33(82)

Notes:
! Potential increases in borrow materials to support increased size of LAW earthen cover not calculated because LAW

design is preconceptual.

Impacts to biological and ecological resources associated with the shrub-steppe habitat would be
similar to those identified in the TWRS EIS and would be greater in the same proportion as the
area disturbed because ecological and biological impacts are proportional to the extent of
disturbance. Thus, while the total impacts would be greater, based on the estimates provided in
the new data, the overall impacts of the project represent a less than a fraction of | percent
inipact on the remaining shrub-steppe and shrub-steppe habitat on the Central Plateau.

In December 1997, a review of past ecological and biological surveys was completed by the
Pacific Northwest National Laboratory (PNNL) on proposed Phase IB site development and
infrastructure projects based on the Conceptual Design Reports (Brandt 1997). The PNNL report
was completed to 1) summarize past ecological evaluations to determine the occurrence in the
project area of plant and animal species listed as threatened, endangered, candidate, sensttive or
monitor by the State of Washington, and species protected under the Migratory Bird Treaty Act;
and 2) to evaluate the potential impacts of disturbance on priority habitats and protected plant
and animal species identified in the surveys.
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Figure 4.5.4. TWRS Phase 1 Site Habitat Impacts
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No plant or animal species protected or considered for protection under the Federal Endangered
Species Act or species listed by the State of Washington as endangered or threatened were
observed during previous surveys. Federal (Peregrine falcon) and State (Ferruginous hawk and
Sandhill crane, Dwarf evening primrose, and Loeflingia) threatened or endangered species have
the potential to occur at or near the proposed sites. The report identified a number of species of
concern including various plants and animals on the State sensitive, watch, or review list.

The same plants and animals were also identified in the TWRS EIS. Similarly, the report and the
TWRS EIS identified potential impacts to sagebrush-steppe habitat, which is designated as a
priority habitat by the Washington State Department of Fish and Wildlife.

Ecological and Biological Impacts Synopsis of the Phase IB Privatization Environmental
Reports

The TWRS EIS estimates that 62 percent of the area that would be used for construction and
operation of Phase I facilities would disturb previously undisturbed shrub-steppe habitat,

The total disturbance estimated in the TWRS EIS for Phase I activities was estimated to be 18 ha
(45 ac). Because the facility footprint for both proposals are larger than the TWRS EIS the
disturbance of previously undisturbed shrub-steppe habitat would be larger if both contracts are
awarded for facilities as currently proposed. The combined shrub-steppe habitat disturbance of
the two proposals would be approximately two times greater than that estimated in the TWRS
EIS. Total impacts to wildlife would be expected to be higher under the two proposals than the
impacts estimated in the TWRS EIS because impacts to wildlife are largely a function of the total
disturbance to previously undisturbed habitat.

4.6 CULTURAL RESOURCES

The TWRS EIS analyzed the potential impacts of TWRS alternatives on prehistoric and historic
sites. The approach used was to 1) define specific land areas that would be disturbed by
construction and operation activities; and 2) identify any prehistoric or historic materials or sites
at those locations that might be adversely impacted. Whether or not an area has been previously
disturbed is an important variable in cultural resource impact analysis because areas previously
disturbed are highly unlikely to have culturally or historically important resources. For the
TWRS EIS, cultural resource surveys of the proposed sites for Phased Implementation Phase IB
and Phase II facilities determined that there were no archaeological or historical sites in the
potentially impacted area and thus there were “minimal potential” impacts to prehistoric and
historic sites. The EIS analysis concluded that it is possible that the disturbed areas may contain
cultural resources that were not identified in past surveys. Thus, additional cultural resource
surveys would be conducted and TWRS construction would include procedures and monitoring
activities to protect cultural resources encountered during construction.

As indicated in Section 4.5, the total area identified in Conceptual Design Reports and the Master
Site Plan to support construction and operation of the TWRS Privatization Phase IB facilities is
up to 45 percent or 16 ha (40 ac) greater than considered in the EIS and the total area for the

total Phase Implementation alternative disturbance to previously undisturbed habitat is up to

20 percent or 33 ha (82 ac) greater than calculated for the TWRS EIS. The new areas include
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portions of the 200 East Area adjacent to the sites analyzed in the TWRS EIS and an electrical
transmission corridor east and northeast of the TWRS EIS site. These areas also are unlikely to
have prehistoric or historic materials. However, additional cultural resource surveys would be
conducted, and TWRS construction would include procedures and monitoring activities to
protect cultural resources encountered during construction.

In December 1997, a review of past cultural resource surveys was completed by the PNNL
Cultural Resources Laboratory of proposed Phase IB site development and infrastructure projects
based on the Conceptual Design Reports (Hale 1997). The letter report was completed to
summarize past archaeological surveys to determine the occurrence in the project area of
archaeological resources, The letter report documented that of the nine cultural resource surveys
conducted within the proposed project area or within one-half mile of any potential project
disturbances, no sites or finds were observed in areas potentially impacted by Phase IB activities,
and one site and four isolated finds were observed within one-half mile of the Phase IB activities.
These conclusions are consistent with the analysis provided in the TWRS EIS for the Phased
Implementation altemnative.

Cultural Resources Synopsis of the Phase IB Privatization Environmental Reports

In the TWRS EIS, cultural resource surveys of the potential site locations for facilities revealed
no prehistoric material or sites. Because the total area to be disturbed under both Privatization
proposals is greater than the TWRS EIS, the likelihood of impact to cultural resources would
be greater. Visual impacts to Native American sacred sites (e.g., Gable Mountain, Gable Butte)
would be greater under the two proposals than the TWRS EIS because the proposed structures
and the total area to be disturbed would be larger. However, the increased disturbed area is not
significant, and there would be a low probability of impacting archacological sites.

4,7 SOCIOECONOMICS
The TWRS EIS analyzed the potential impacts to the socioeconomic environment associated

with each of the alternatives in Volume One, Section 5.6. To support a comparison of the
relative impacts of each alternative, the impact analysis focused on key indicators of the
potentially impacted area including Hanford Site employment and the effects of Site employment
levels on employment, population, taxable retail sales, and housing prices in the surrounding
area. These impacts are addressed in more detail in Volume Five, Appendix H of the TWRS
EIS. Based on the results of the socioeconomic modeling of the key indicators of socioeconomic
impacts, analyses of potential impacts to public services and facilities (schools, police and fire
protection, medical services, sanitary and solid waste disposal, and electricity, natural gas, and
fuel oil) were completed. Socioeconomic impacts identified in the EIS were a direct function of
the number of labor hours associated with each alternative. In other words, the more {abor hours
worked under each alternative the higher the level of impact on the key indicators of

socioeconomic impacts.

To determine if new information developed since the completion of the TWRS EIS indicated
changes in understanding of potential socioeconomic impacts, a review of new data was
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completed. Based on this review only one new data source was available that address potential
impacts. The new data are the Hanford Site and Tri-Cities area employment for 1996 (Neitzel

et al. 1997). In both cases employment levels were lower than those estimated in the EIS.

For example, the EIS assumed the 1997 baseline employment at the Site would be 14,900
employees while the Site employment as of December 31, 1996, was approximately 13,400
(including enterprise company employment) or 1,500 employees fewer than estimated for 1997
in the TWRS EIS, The decline in Hanford Site and Tri-Cities area employment through June
1996 was documented in the TWRS EIS. As stated in the EIS, “because the same future baseline
forecast was used to assess the impacts of all TWRS alternatives on the Tri-Cities total non-farm
employment, population, taxable retail sales, and housing prices, the comparison of impacts
among the TWRS alternatives would yield the same relative result” [if the baseline were to be
based on lower employment figures for 1996 through 1997]. Currently there is no publicly
available data that indicate a change in the employment estimates for the Phased Implementation
alternative analyzed in the EIS. Because the overall Hanford Site employment and Tri-City area
total employment are less than the estimates used in the EIS to calculate impacts, the absolute
impacts of the Phased Implementation alternative would be less than those presented in the

TWRS EIS.

Socioeconomic Impacts Synopsis of the Phase IB Privatization Environmental Reports

In the TWRS EIS, socioeconomic impacts were calculated to peak in 1999 based on a
construction workforce of 3,300. All other impacts (e.g., area employment increase of 5,900
jobs, a housing price increase of 12.9 percent, and increases in demand for public services that
would require additional police and fire personnel and school capacity) are a function of the size
of the workforce employed under the aiternative, the projected size of the Hanford Site
workforce, and the size of the total nonfarm workforce in the Tri-Cities area. Individualiy,
neither Privatization proposal would have peak construction employment greater than the TWRS
EIS. The combined proposals would have total labor years that would exceed the total labor
years in the TWRS EIS estimate by 5 percent. Therefore, when size of the construction
workforce and duration of construction activities are considered, the two Privatization proposals
would have impacts on the local economy that are similar to Phase I of the TWRS EIS.

The socioeconomic impacts during operations under Phase I of the TWRS EIS were based on an
estimated total workforce of 580. The combined proposals would have total labor years that
would exceed the total labor years in the TWRS EIS by 9 percent. Therefore, when the size of
the operations workforce and duration of operation activities are considered, the two
Privatization proposals would have impacts on the local economy that are similar to the estimate
for Phase I of the TWRS EIS.

4.8 LAND USE

The TWRS EIS described the land-use impacts of the Phased Implementation alternative,
Land-use impacts were addressed in terms of the compatibility of temporary and permanent land-
use commitments under each alternative with past, present, and planned and potential future uses
of the land and the surrounding area. Also addressed were potential conflicts with uses of land
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adjacent to the land that would be impacted under the alternative and unique land uses in
proximity to the proposed TWRS sites, including the Hanford Reach of the Columbia River and
the Fitzner Eberhardt Arid Land Ecology Reserve. Conflicts between the alternative and Federal,
State, local, and Tribal Nation land-use policies, plans, and controls were described separately.

The EIS concluded that temporary and permanent proposed land-use commitments for the
Phased Implementation alternative would be consistent with past and existing land uses for the
200 Areas, as well as with proposed use of the area as an exclusive-use WMA for Hanford Site
waste disposal and environmental restoration programs. It also concluded that potential land-use
commitments would not conflict with land uses in the area of the Hanford Site immediately
surrounding the 200 Areas, recreational resources such as the Hanford Reach of the Columbia
River, or the Fitzner Eberhardt Arid Land Ecology Reserve. Additionally, the EIS stated that
temporary land-use commitments associated with use of potential borrow sites outside of the
200 Areas may conflict with future Site land-use plans. However, borrow sites identified in the
EIS were used only to compare potential impacts associated with one closure scenario.
According to the EIS, when a final closure plan is selected, borrow material needs may be much
lower, and different onsite or offsite sources of borrow material may be selected to support
closure activities. In August 1996, the Hanford Site published the Draft Hanford Remedial
Action EIS and Comprehensive Land Use Plan (DOE 1996a), which addressed future Site uses,
including the 200 Areas and the Central Plateau. The actions associated with implementing the
EIS Phased Implementation alternative, as defined in the TWRS ROD, and actions associated
with new data and information considered in this SA are consistent with the Draft
Comprehensive Land Use Plan.

All major remediation activities associated with the Phased Implementation alternative would
occur within the current boundaries of the 200 Areas. For more than 40 years, the 200 Areas
have been used for industrial and waste management activities associated with the Hanford Site's
past national defense mission and current waste management and environmental restoration
cleanup mission. The 200 Areas consist of approximately 2,600 ha (6,400 ac). All proposed
permanent land-use commitments identified in the TWRS EIS consisted of changes from
existing waste management uses to waste disposal uses, which is consistent with the exclusive
use for waste management designation for the Central Plateau including the 200 Areas.

The Phased Implementation alternative would resuit in temporary and permanent land-use
commitments. Temporary land-use commitments would include currently undisturbed areas
used for constructing and operating treatment facilities and construction activities associated with
closure. Temporary land-use commitments would include facility footprints, parking lots,
construction laydown areas, materials storage areas, facility assembly areas, new power line
corridors, and areas used at the three potential borrow sites. Permanent land-use commitments
would include areas that would be permanently committed to waste disposal. This would include
the areas committed through the remedial phase of the alternatives, such as the tank farms and
the LAW vaults associated with most of the ex situ alternatives. Permanent land-use
commitments associated with the closure scenario would include the areas that would be covered
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by the Hanford Barriers. The Phased Implementation alternative would require approximately
320 ha (790 ac) for temporary construction-related uses and 49 ha (120 ac) for permanent fand
uses.

To determine if new information developed since the completion of the TWRS EIS indicated
changes in understanding of land-use impacts, a review of new data was completed. Based on
this review only three new sources of data were available that address potential land-use impacts.
These new data are the preconceptual design for the LAW vaults, the Conceptual Design Reports
associated with construction of TWRS Privatization Phase IB facilities and associated
infrastructure upgrades to provide the facilities with services (e.g., electrical) and to transfer
waste to the plants and from the plants (LMHC 1997b), and the Master Site Plan for Phase IB of
Privatization (WHC 1996d).

Based on a review of the LAW vaults preconceptual design and the Conceptual Design Reports
the following data regarding land-use commitments were identified:

« Infrastructure projects (i.e., raw and potable water, liquid effluent transfer systems, and
site development and roads) to support Privatization Phase IB facilities would disturb
approximately 1 ha (2.5 ac).

+ Electrical power system development would disturb approximately 1.9 ha (4.7 ac) for an
electrical substation and a corridor 100 m (330 ft) wide by 11 km (7 mi) [ong.

« Site development (i.e., ¢learing and grading land to support Privatization Phase IB facility
construction and operation) would disturb approximately 69 ha (171 ac).

« Existing grout vaults would be converted into low activity vaults (approximately | ha
[2.5 ac]) and additional vaults would be constructed in the 200 East Area comprising an

additional 36 ha (90 ac).

To address data gaps in land-use impact information required to complete a comparison of land-
use impacts under the EIS Phased Implementation alternative and impacts under the Privatization
Phase IB, calculations were prepared based on engineering judgement. Among the calculations
required to address data gaps it was assumed that Privatization contractors would require borrow
materials from an onsite pit, the borrow material would be from Pit 30, and each would require
approximately one-half of the volume of borrow material estimated for the TWRS EIS Phased
Implementation alternative. Additionally, it was assumed that areas between the grout vaults and
the Phase IB Privatization facilities (4.7 ha [11.6 ac]) and between the two parcels allocated for
Phase IB facilities would be unavailable for alternatives uses and hence would be temporarily
allocated to waste remediation (1.9 ha [4.7 ac]).

Based on the data provided in the LAW vault preconceptual design and the Conceptual Design
Reports and these assumptions, a comparison with data used to perform impact calculations in
the TWRS EIS for the Phased Implementation alternative was completed. The results of the
comparison are included in Table 4.8.1. Assuming DOE selects two contractors to provide
Phase IB services, one to provide LAW and HLW services and the second providing only LAW
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services, with no changes in fand use, the total land-use commitments for Phase IB activities
would be 77 ha (190 ac) greater than impacts calculated in the EIS. The increase impacts under |
Privatization Phase IB and Il compared the impacts under the total Phased Implementation
alternative would result in an increase of 92 ha (230 ac) of land required to implement the
alternative. Even with these increases, there is sufficient land in the space allocated for Phase IB
activities to support the implementation of the alternative and the total amount of space required
to implement the alternative represents an increase of from [2 percent of the 200 Areas to ]
16 percent of the 200 Areas for implementation of the alternative. |

Table 4.8.1. Comparison of Changes in Land-Use Impacts

Activity? Phased Implementation Conceptual Design Report and Preconceptuai P
Alternative Estimate LAW Design Estimate for Privatization :
ha (ac) Impacts ha (ac)

Phase [
Treatment Facilities 0078 36 (90}
Construction 0 33 (82) [
Infrastructure {elcctrical, roads, etc.) 2(5) 39(97) ‘
LAW Vaults ¢ 1 (2.5)
Phase 2 :
LAW Vaults 1E(27) 36 (50) !
EIS Total Land-Use Estimate and the 320 (790) 412 (1,025) é

Revised Estimate?

Notes:
'Qnly includes components of the project where 2 change in land-use impacts has been identified.

! potential increases in borrow material to support increased size of LAW vault earthen cover not calculated because
LAW design is preconceptual, Totat addresses impacts of Phase 1 and Phase 2, :

Land Use Synopsis of the Phase IB Privatization Environmental Reports

Under the two Privatization proposals, there are no new land uses different from those analyzed
in the TWRS EIS. All activities would be in areas designated for waste management and
disposal under existing and planned Site land-use plans, However, the total area that would be
dedicated to waste management and treatment under the two proposals would be approximately
55 percent greater than the total area estimated in the TWRS EIS.

4.9 VISUAL IMPACTS -
The visual impacts from the Phased Implementation alternative would result from facilities

associated with waste retrieval. processing, and storage. The Hanford landscape is characterized [
primarily by its broad plateau near the center of the Site. The visual setting provides sweeping b
vistas of the area broken up by more than a dozen large Hanford Site facilities (e.g., processing

plants and nuclear reactors). The 200 Areas, where virtually all proposed facilities would be %
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constructed, contain three large existing processing facilities as well as numerous multi-story
support facilities. The facilities that would be constructed for the Phased Impleinentation
alternative would be similar in size and appearance to the existing facilities. The primary visual
impact would be from the approximately 46 m (150 ft) high stacks on each immobilization
facility. The stacks occasionally would be visible from State Route 240, and under certain
atmospheric conditions, plumes would be visible certain Site boundaries. No facilities would be
visible from the Columbia River (DOE 1996g). There is no new information that would change
the potential visual impacts from those described in the TWRS EIS.

Visual Resources Synopsis of the Phase IB Privatization Environmental Reports

In the TWRS EIS, visual impacts would primarily be from one stack on each vitrification facility.
The stacks would be visible from State Route 240 and elevated locations that include sacred sites
(e.g., Gable Mountain), and the plumes would be visible under some conditions from Site
boundaries. Under the two Privatization proposals, visual impacts would be similar to those
analyzed in the TWRS EIS because each proposal would result in one stack per facility during
operations.

4.10 NOISE

Potential noise impacts would be minor. During both the construction and operation phases there
would be some increase in noise levels onsite due to the operation of heavy equipment and
offsite due to vehicular traffic along existing roadways. Construction noises would result from
the operation of scrapers, loaders, bulldozers, graders, cranes, and trucks. Because of the
remoteness and natural setting of the Site, noise impacts to resident wildlife species are of
concern. Table 4.10.1 presents an analysis in which a scraper, bulldozer, and grader were
assumed to operate at the same location to assess the upper limit of the impacts that are likely to
occur. To place these noise levels in perspective, Table 4.10,1 also presents reference noise
levels. The table shows there would be some short-term disturbance of noise-sensitive wildlife
near the TWRS activities during construction. Construction noise levels would approach
background levels at 600 m (2,000 ft). Noise levels during operations would be low and would
result almost exclusively from traffic. There is no new information concerning potential noise
impacts that substantively change the impacts presented in the TWRS EIS,

Table 4.10.1. Probable Beunding Case Cumulative Noise Impact During the Construction Phase (All Alternatives)

Equipment Noise Level Cumulative Noise Level (dBA)
Type 15 m (dBA) 15 m (50 ft) 100 m (330 7ty | 400 m (1,300 f6)
Scraper 88
Dozer 30 20 4 62
Grader 85
MNotes:

dBA is decibels on the A scale, which adjusts noise levels to account for human hearing capabilities. These levels
compare to a food blender (90 dBA), riding inside a car at 65 kmv/hr (40 mishr) (70 dBA), and normal speech (60 dBA).
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Noise Synopsis of the Phase IB Privatization Proposals

In the TWRS EIS, noise impacts would primarily be from vehicular traffic along existing
roadways and heavy equipment during the construction phase. Impacts would affect nearby
animal populations resulting in displacement of wildlife within a maximum radius from the
construction sites of approximately 800 m (2,600 ft) and workers in the immediate vicinity of the
construction activities. Under the two Privatization proposals, noise impacts would be similar to
those analyzed in the TWRS EIS. During operations, both proposals estimated that noise during
operations would be within applicable regulatory standards for workplace conditions.

4.11 TRANSPORTATION
Impacts of the vehicular traffic associated with the traffic volume for each alternative was based

on the number of people that would be commuting to and from work to support the TWRS
activities including construction and operations. There are no new data for personnel
requirements for any of the alternatives. However, baseline Hanford Site employment has
declined to levels below those used in the TWRS EIS to calculate transportation impacts.
Therefore, traffic impacts would remain unchanged or be somewhat less than those estimated in
the TWRS EIS. The peak traffic flows would occur in the year 2010 and would result in extreme
peak hour congestion (level of service F) on both Stevens Road at the 1100 Area and on Route 4
west of the Wye Barricade, which already experiences heavy congestion during morning and
afternoon commuting. On Stevens Road the morning peak hour volume would be approximately
5,600 vehicles. On Route 4 the incremental TWRS traffic volume of 2,900 vehicles would
produce peak hour traffic that would result in level of service F conditions. Congestion would
begin to build in 2007 and would continue at high levels for several years after the 2010 peak.

4.12 ANTICIPATED HEALTH EFFECTS
Carcinogenic and noncarcinogenic adverse health effects on humans from exposure to
radioactive and chemical contaminants associated with each of the following categories of risk
were evaluated for the Phased Implementation alternative in the TWRS EIS.
+ Remediation risk resuiting from routine remediation activities, such as retrieving waste
from tanks and waste treatment operations
«  Post remediation risk, such as the risk resulting from residual contamination remaining
after the completion of remediation activities
«  Post remediation risk resulting from human intrusion directly into the residual tank waste

remaining after remediation.

4.12.1 Remediation Risk

Radiological and chemical risks from routine emissions during remediation activities for the
Phased Implementation alternative were evaluated for Hanford Site workers involved in
remediation activities, Hanford Site workers not involved in remediation activities (noninvolved
workers), the general public, and a MEI from each of the three population groups.
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The radiological risk from exposure to radionuclides were expressed in terms of LCFs,

The nonradiological risk from exposure to noncarcinogenic chemicals were measured against a
hazard index (HI). The HI is defined as the summation of the hazard quotients (calculated dose
divided by the reference dose [RfD]) for each chemical and for each route of exposure.

The nonradiological risk from exposure to carcinogenic chemicals were expressed in terms of
incremental lifetime cancer risk (ILCR).

The radiological and chemical risk was based on the air emissions and direct exposure from
construction, continued operations (including tank farm and evaporator operations), retrieval,
separations and treatment, storage and disposal, onsite transportation of waste, transportation of
vitrified HL. W, monitoring and maintenance, and closure and monitoring,

The new information that would change potential radiological and chemical risks analyzed in the
TWRS EIS results from the revised inventory discussed in Sections 3.2.1. Scaling factors were
developed and presented in Section 4.4 that would have a direct proportional change in the
routine emissions and consequently the radiological and chemical risk.

New information includes converting the interim LAW storage in the modified grout vaults into
a permanent disposal facility. Because the vitrified LAW that would remain disposed in the
grout vaults would not be double handled (would not be transferred from interim storage to a
disposal vault), exposure to the involved workers potentially would be reduced. However, the
exposure from handling vitrified LAW is so low that there would be no appreciable health
impacts from the grout vault mission change.

Radiological Risk

The radiological risk to the involved worker would result from occupational exposure to
radiation. The historical dose to a Hanford Site tank farm worker has been 14 millirem
(mrem)/year. This same dose was assumed for radiation workers during construction in radiation
zones, tank farm operations, monitoring, maintenance, and closure activities. A dose of

200 mrem/year (the average zone worker exposure at Plutonium-Uranium Extraction Plant
during 1986) was assumed for personnel operating evaporators, retricval facilities, and
pretreatinent and vitrification facilities. The MEI worker dose was based on a Hanford Site
administrative control level of 500 mrem/year.

The worker population LCF risk is dependent on the number of people in the population and the
anticipated dose each individual would receive. Currently there is no new information that
would change the number of workers or the anticipated dose they would receive. The worker
LCF risk would remain unchanged at 6.0E-03 for the MEI worker and 3.27E+00 for the worker

population,

The potential exposure to the noninvolved worker was based on inhaling respirable radiological
contaminants, which would be released to the atmosphere (at ground level or through an elevated
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stack) from remediation activities during each year of operation. The noninvolved worker
population was assumed to occupy the area from the Hanford Site boundary to within 100 m
(330 ft) of the point of release. The MEI was assumed to be within 100 m (330 ft) from the point

of release.

The generat public would potentially receive an exposure from air emissions released to the
environment during remediation activities and transported offsite by atmospheric dispersion
during each year of operation. Routes of exposure would be from inhaling gaseous and
particulate emissions and ingesting vegetables, meats, and milk products contaminated by
airborne plumes. The general public population was assumed to occupy the area extending to an
80 km (50 mi) radius from the release point centered in the 200 Areas. The MEI was assumed to
live on the Hanford Site boundary and raise and consume all of their own food.

A detailed description of the atmospheric transport parameters used to calculate the radiological
dose for the noninvolved worker and general public is contained in the TWRS EIS.

Currently there are no new data that would change the atmospheric transport parameters.

The revised inventory data would increase the dose from the radiological emissions and
consequently the radiological risk by 5 percent (Jacobs 1997). Increasing the radiological risk
calculated in the TWRS EIS by 5 percent would result in LCF risks shown in Table 4.12.1.

Table 4.12.1. Risk from Radiological Emissions During Routine Operations

Receptor Routine Operations Risk
TWRS EIS LCF Risk Revised LCF Risk
MEI! involved worker 6,0E-03 Unchanged
MEI noninvolved worker 9.6E-07 1.0E-06
MEI general pubtic 2.4E-06 2.6E-06
involved worker population 3.3E+00 Unchanged
Noninvolved worker population 9.0E-04 9.5E-04
General public pepulation 1.9E-01 2.0E-01

Notes:
ME!I = Maximally exposed individual
LCF = Latent cancer fatality

The vitrified HLW would be shipped to a geologic repository assumed to be located 2,100 km
(1,300 mi) offsite by a dedicated train of 10 railcars per train. The revised inventory data would
not have an appreciable change on the direct exposure received by the onsite and offsite
population, There is new information presented in Section 3.2.2.4 that shows the number of
containers of vitrified HLW would increase by 19 percent (from 12,200 to 14,500 canisters).
This corresponds to an increase in trips to the repository and consequently an increase in risk of
19 percent to persons living along the transportation route. Increasing the radiological risk
calculated in the TWRS EIS by 19 percent would result in the LCF risk shown in Table 4.12.2.
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Table 4.12.2, Vitrified HLW Transportation Risk

Vitrified HLW Transportation Risk

Receptor
TWRS EIS LCF Risk Revised LCF Risk
Onsite population 3.1E-04 3.6E-04
Offsite population 3.2E-03 3.8E-03

Notes:
LCF = Latent cancer fatality

The radiological risk to the involved worker population and MEI worker risk remained
unchanged from the risks calculated in the TWRS EIS. For the non-involved worker and the
general public the risk from routine air emissions exposure and from HL W shipments to a
geologic repository increased by 5 and 19 percent, respectively. However, for the non-involved
worker and general public population there were no LCFs calculated in the TWRS EIS, and
despite the increased risk based on the revised inventory there are no LCFs calculated in the SA.
In both cases there was no appreciable change in the overall risk to workers or the public.

Nonradiological Chemical Risk

The chemical hazard evaluation in the TWRS EIS estimated inhalation intakes for identified
chemical emissions and evaluated potential ILCR and noncarcinogenic health hazards using
chemical-specific cancer slope factors and RfDs, respectively. The revised inventory data would
not have an appreciable change on the health impacts from chemical exposures from those
calculated in the TWRS EIS because there were only small decreases in the chemical inventory.
The chemical health risk would remain unchanged as presented in Table 4.12.3.

Table 4.12,3. TWRS EIS Risk from Chemical Emissions

TWRS EIS
Receptor
Chemical Hazard Chemical ILCR
ML} involved worker J.IE-01 2.5E-06
MEI noninvoived worker 1,3E-01 I.1E-06
MEI general public 7.5E-05 6.3E-10

Notes:
MEI = Maximally exposed individuai
{L.CR = Incrementa! lifetime cancer risk

Anticipated Health Effects Synopsis of the Phase IB Privatization Proposals

Occupational radiation exposures are routine exposures received from working in proximity to
radioactive sources. Exposures are closely monitored, and the radiation dose a worker may
receive is limited by law and Hanford Site and contractor administrative controls. The total
number of potential latent cancer fatalities estimated in the TWRS EIS (excluding tank farm
operations) would be 0.3. This was based on 3,300 person-years and 2.00E-01 rem/person-year.
The 2.00E-01 rem/person-year was the average whole body deep exposure to operational
personnel at the Plutonium-Uranium Extraction (PUREX) Plant during 1986. The latent cancer
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fatalities were based on a dose-to-risk conversion factor of 4.0E-04 latent cancer fatalities/rem.
The two proposals would each require fewer radiation workers than the TWRS EIS and would
result in lower exposure rates; therefore, there would be fewer latent cancer fatalities for each
proposal. The combined proposals would have a larger number of radiation workers, but the
combined proposals would have 40 percent fewer latent cancer fatalities than presented in the
TWRS EIS because of the lower exposure rate. There would be no offsite health affects resulting
from routine operation from either the TWRS EIS alternative or either of the proposals or the

combined proposals.

4.12.2 Long-Term Anticipated Health Effects

The TWRS EIS analyzed anticipated health effects to potential future Hanford Site users from
potentiat liquid losses during retrieval, residual waste that may be left in the tanks, and
immobilized waste disposed of onsite in LAW vaults. The methodology used in catculating
the long-term health effects for the SA is based on the methodology used in the TWRS EIS.
The only new information concerning potential long-term health risks is the revised tank waste
inventory. The groundwater concentration files from the TWRS EIS were scaled using the
revised tank waste inventory data (i.e., revised inventory). Contaminant-specific scaling
factors were developed for the retrieval leakage, residual waste, and LAW vault sources
depending on the fate of the contaminants during the waste retrieval and immobilization
processes. For example, increases in [-129 would be expected to result in increased air
emissions, retrieval losses, and residual inventory but would not be expected to affect risks

from waste in the LAW vaults.

The concentration points from the groundwater modeling calculated for each constituent of
concern for the TWRS EIS Phased Implementation alternative were used for calculating the
health effects for the SA. These concentrations are multiplied by the ratio of the revised
inventory (Section 3.0) to the TWRS EIS inventory to generate the concentration grids for the
SA. Table 4.12.4 presents the scaling factors used to calculate contaminant concentration in the

groundwater.

The post-remediation contamination sources for this analysis consists of tanks residuals, leakage
during retrieval, and immobilized waste in LAW vaults. This analysis assumes that changes in
the long-term health effects are due to inventory changes between the TWRS EIS inventory and
the revised inventory. The new information that includes convesting the interim LAW storage in
the modified grout vaults into a permanent disposal facility would have no appreciable long-term

health impacts.
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Table 4.12.4, Source-Term Scaling Factors for the Long-Term Health Effects

Constituents Unit TWRS EIS Revised Scaling Factor for Scaling Factor
Inventory Inventory Retrieval and Residuals | for LAW Vaults

Bi kg 2.6E+05 5.8E+05 2.20 -
Ca kg 1.5E+05 2. 1E+05 1.43 -
Ce kg 2.4E+05 8.8BE+0Q3 0.04 -
Cl kg 3. 1E+05 5.0E+05 1.59 -

Cr ke 1.2E+05 7.9E+05 6.54 -
Fe kg 7.8E+05 1.2E+06 1.58 -
Heg ke 9.6E+03 2.1E+03 2.19 -
Ni kg 1.9E+05 L1E+05 0.59 -
NO,/NO, kg 1.2E+08 8.6E+07 0.73 -
S0, ke 2.1E+06 5.0E+06 2.45 -

U kg 1.4E+06 9.7E+05 36.13 0.69
W kg 1.3E+04 1.6E+0Q4 1.06 -
C-14 Ci 5.3E+03 4.8E+03 0.90 -
Ni-63 Ci 2.7E+05 8.8E+04 0.33 -
Se-79 Ci 9.1E+02 7.7E402 0.85 -
Te-99 Ci 3.2E+04 3.3E+04 1.02 1.02
Ru-106 Ci 3.8E-02 L7E+03 44,500 -
[-129 Ci 3.8E+01 6.3E+01 i.64 -
Np-237 Ci 7.0E+01 1L4E+02 2.02 2.02
Pa-231 Ci 3.8E-02 1.6E+(2 4,100 4,100
U-233 Ci 1.2E-02 4.8E+02 39,338 39,338
U-234 Ci 2.1E-01 3.5E+02 1,632 1.632
U-235 Ci 2.7E+01 1.5E+01 0,70 0,70
U-236 Ci 2.9E-03 9.6E+00 3323 3323
U-238 Ci 4.8E+02 3.2E+02 0.67 0.67

Transport of contaminants from source {ocations through the vadose zone and groundwater is
assumed to be the same as described in the TWRS EIS. Section 4.3 discusses the potential affect
of the emerging data on groundwater modeling performed for the EIS. Groundwater modeling
estimated that contaminants released from tanks would not reach groundwater during the first
500 years from these two sources. During the later time periods of interest (i.e., 2,500, 5,000,
and 10,000 years from the present) modeling estimated that contaminants with K4 of O released
from tanks would be present in the groundwater beneath the Hanford Site. The contaminants
with a K, of 0 released from the LAW vaults would be present in the groundwater beneath the
Hanford Site during the later two time periods of interest (5,000 and 10,000 years).
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Total cancer risk and hazard indices were calculated for the receptors as addressed in the TWRS
EIS (i.e., Native American, Residential Farmer, Industrial Worker, and Recreational Shoreline
User). The Unit Risk Factor (URF) for these receptors are the same as those presented in the
TWRS EIS.

The calculated total cancer risk and hazard indices for bounding and nominal cases for all
receptors at years up to 5,000 and 10,000 years from present are presented in Table 4.12.5.

The cancer risk and hazard indices from TWRS EIS are also presented in the same table for
comparison purposes. For the bounding and nominal case the cancer risk and hazard indices for
the periods of 2,500, 5,000, and 10,000 years from the present time are very similar. In general,
the cancer risk and hazard indices are slightly lower in the SA than in the TWRS EIS. The slight
decrease in total risk is due to reduced inventory of some constituents such as Se-79, Ni-63, and
U-238. The increase in Tc-99, Np-237, and other uranium isotopes (U-233, U-234, and U-236)
inventories is offset by the decrease in the others, Uranium-233, U-234, and U-236 do not have a
large impact on the risk values and remain as minor contributors to long-term health risks.

Table 4.12.5. Long-Term Anticipated Health Effects Comparison for the TWRS EIS
Phased Implementation Alternative and Supplement Analysis

Risk/ Year Receptors Bounding Nominal
Hazard TWRS EIS | Supplement | TWRSEIS | Supplement
Analysis Analysis

Native American 1.2E-04 1.1E-04 2.6E-05 [.1E-05

2 500 Residential Farmer 9.6E-06 8.9E-06 1.9E-06 1.6E-06

’ Industrial Worker 3.0E-06 3.1E-06 7.2E-08 6.6E-08

Recreational User 2.7E-07 3.0E-08 1.1E-08 1.4E-09

Native American 4.3E-03 3.7E-03 7.1E-04 3.3E-04

Risk 5.000 Residential Farmer 3 4E-04 2.9E-04 2.0E-05 3.2E-05

18 g Industrial Worker 1.0E-04 1.0E-04 2.6E-06 5.6E-06

Recreational User 9.6E-06 2.2E-06 2.6E-07 2.4E-07

Mative American 6.9E-04 2.7E-04 6.2E-04 5.2E-04

10.000 Residential Farmer 6.8E-05 2.1E-05 40E-05 4.8E-05

’ Industrial Worker 7.4E-06 6.2E-06 6.2E-06 1.2E-05

Recreational User 7.8E-07 2.3E-07 6.0E-07 4 4E-07

Native American 7.2E-01 6.6E-01 6.0E-01 4 4E-01

2 500 Residential Farmer 1.2E-01 1.2E-01 1.1E-01 8.1E-02

i Industriat Worker 1.1E-04 1.0E-04 9.1E-05 6.6E-05

Recreational User 1.6E-05 2.4E-06 1.2E-05 1.2E-06

Native American 3.4E+03 1.1E+02 3 4E+03 2.5E+01

Hazard 5.000 Residential Farmer 6.1E+02 2.1E+01 6.1E+02 4,6E+00

Index ? Industrial Worker 6.5E-01 1.7E-02 6.3E-01 3.8E-03

Recreational User 8.9E-02 2.9E-04 8.9E-02 8.1E-05

Native American 7.7E-03 4,8E-03 5.7E-03 7.9E-04

10.000 Residential Farmer 1.6E-03 8.9E-04 2.2E-03 2.4E-04

’ Industriat Worker 3,7E-04 2.5E-04 4.7E-04 1.8E-04

Recreational User 4,9E-05 1.4E-05 6.3E-05 7.9E-06
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The portion of the risk values presented in Table 4.12.5 from the immobilized LAW is
calculated based on cullet as the immobilized waste form. In this SA and in the TWRS EIS, the
immobilized LAW was assumed to be quenched into glass cullets and placed into containers, and
the containers of cullet would be placed into onsite near-surface vaults for retrievable disposal.
Use of monolithic pours into the disposal containers would reduce the surface area to volume
ratio and slow the contaminant release rate. This lower release rate would result in lower
contaminant concentrations in the groundwater and lower risks after 5,000 years from the present
when the immobilized LAW vaults were the major contributors to risk.

Long-Term Environmental Impact Synopsis of the Phase IB Privatization Environmental
Reports

The proposals do not include disposal of either LAW or HLW, which DOE would dispose of.
The following discussion provides a general assessment of the potential long-term impacts
(i.e., of disposal) if each of the proposals were implemented through Phase I and II.

Both proposals would generate stabilized LAW to be disposed of onsite by DOE in LAW vaults.
The total volume of LAW to be disposed of onsite would be less than or similar to the volume
estimated for the TWRS EIS. The waste forms for each of the proposals would be at least of
comparable quality to that of the glass used for analysis in the TWRS EIS and meet or exceed the
leachability requirements of the contracts. The leachability requirements of the contracts for the
LAW were designed to ensure that all groundwater protection standards would be met.

The TWRS EIS bounding analysis showed very small contributions of contaminants to the
groundwater from the LAW vaults. All releases would meet groundwater standards and result in
long-term heath risks of two orders of magnitude less than the releases of tank residuals (the one
percent of the waste assumed to remain in the tanks following retrieval). The maximum long-
term risk from the vaults calculated for the LAW in the TWRS EIS was approximately 3 in

| million for an onsite residential farmer. The two proposals would result in risks of less than

3 in 1 million. With the information available, the two proposais would result in similar long-
term risks from the LAW vaults, and these risks would be very small.

Under both proposals, the HLW would be a borosilicate glass. Both proposals would produce
the same amount of glass for disposal by DOE. The TWRS EIS analysis showed that less than
one latent cancer fatality from routine exposures and potential transportation accidents to
workers and the public would result from transporting ali HLW to a geologic repository.

Both proposals would result in the same impacts from the disposal of HLW, and they would
be the same as those presented in the TWRS EIS--less than one latent cancer fatality.

4.12.3 Intruder Scenario
The intruder scenario is calculated using total inventories from the TWRS EIS and revised

inventory. The same methodology used to calculate intruder risk was used for the TWRS EIS
and SA tank residual waste. This methodology differs slightly from the methodology used in the
TWRS EIS to conserve computational resources while providing comparable results.
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Table 4.12.6 presents the calculated risk for the post-driller scenario for each constituents and
their percentage of the contribution to the total risk. The LCF of 8.2E-05 for TWRS EIS
increases to 1.6E-04 for the SA by a factor of two. The major contributors to the total risk for the
TWRS EIS are Tc-99 (77 percent), Np-237 (7 percent), U-238 (6 percent), and C-14 (5 percent).
The major contributors to the total risk for the SA are Pa-231 (44 percent), Tc-99 (39 percent),
Np-237 (7 percent), and U-233, U-238, and C-14 (2 percent each).

Table 4,12.6. The Intruder Risk

Constituents TWRS EIS Supplement Analysis
Risk Percent Risk Percent

C-i4 3.8E-06 4.7 3.5E-06 2.1
Ni-63 3.0E-06 3.7 9.9E-07 0.6
Se-79 1.2E-07 0.1 1.0E-07 0
Te-99 6.3E-05 77.1 6.4E-05 39.2
Ru-106 1.5E-3% 0 6.5E-35 0
I-129 2.9E.07 03 4,8E-07 0.3
Np-237 5.8E-06 7.1 1.2E-05 7.2
Pa-231 1.8E-08 0 7.2E-05 44.0
U-233 LIE-O1 0 4 2E-06 2.6
U-234 1.6E-09 0 2.6E-06 1.6
U-235 6.5E-07 0.8 4.6E-07 03
U-236 2.0E-11 0 6,7E-08 ]
U-238 5.2E-06 6.3 3.5E-06 2.1
Total 8.2E-05 1.6E-04

4.13 ACCIDENTS
The analysis included nonradiological/nontoxicological occupational and transportation risks and

risks from radiological and toxicological accidents resulting from current tank farm operations
and construction and operations of pretreatment, treatment, and storage and disposal facilities
that would support Phased Implementation

New information includes converting the interim LAW storage in the modified grout vaults into
a permanent disposal facility. The change in the grout vault mission would have no appreciable
change in the health impacts resulting from accidents. The number of construction and operation
workers required for the change would remain approximately the same. There would be no
introduction of radiological or chemical accidents that would exceed the bounding accidents
evaluated in the TWRS EIS.
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Nonradiclogical Nontoxicological Occupational Risk

Nonradiological and nontoxicological occupational risks included injuries, ilinesses, and
fatalities from construction and operation accidents common to the workplace such as falls, cuts,
and operator-machine impacts, The risk associated with an accident was defined as the product
of the probability of an accident occurring and the consequence of the accident. Occupational
types of accidents would largely be a function of the number of person-years of labor required to
complete the total activities,

There are currently no new data that would change the labor requirements to support construction
and operations from those used in the TWRS EIS. Therefore, the risk from construction and
operations would remain the same as presented in the TWRS EIS follows:

» Construction total recordable cases of injuries and illnesses = 4,200

» Construction lost workdays from injuries and illnesses = 1,100

+ Fatalities during construction = 1.4

+ Operations total recordable cases of injuries and illnesses = 1,900

* Operations lost workdays from injuries and illnesses = 940

« Fatalities during operations = 2.7,

Nonradiological Nontoxicological Transportation Risks

Nonradiological and nontoxicological transportation accidents analyzed in the TWRS EIS
included transportation of materials by truck and rail and transportation of employees to and
from work. The risk from material transport would largely be a function of the amount of
construction and operating materials transported to the Hanford Site by truck and rail and

the amount of vitrified HLW transported from the Hanford Site to a geologic repository.

The repository was assumed to be located 2,100 km (1,300 mi) offsite, and the vitrified

HLW would be transported by a dedicated train of 10 railcars per train. The risk from employees
driving to and from work would be a function of the number of employees. Each employee was
assumed to work 260 days of the year and drive 140 km (87 mi) round trip with 1.4 passengers
per vehicle,

There is currently no new information concerning the labor requirements to support construction
and operations for the Phased Implementation alternative; therefore, the risk from employee
tratfic accidents would remain the same at 2,500 injuries and 3.1 fatalities.

There is currently no new information concerning the amount of materials to be transported to
the Hanford Site to support the Phased Implementation alternative; therefore, the risk would
remain at 11 injuries and 0.54 fatalities. New information presented in Section 3.2.2.4 shows
that the number of containers of vitrified HLW would increase by 19 percent (from 12,200 to
14,500 canisters). This corresponds to a 19 percent increase in trips to the repository; therefore,
the transportation risk from transporting vitrified waste to the repository would increase from 4.0
injuries and 2.1 fatalities to 4.8 injuries and 2.5 fatalities. In both cases the increased risk results
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in increase in injuries and fatalities of less than 1, thus, the increases are not substantially
different than those calculated in the TWRS EIS.

Radiological And Toxicological Accidents
The potential exists for accidents to result in radiological and toxicological exposures during
routine operations and retrieval of tank waste, the vitrification operations of tank waste, and the
transportation of vitrified HLW to a geological repository. The risk associated with a potential
radiological release is expressed as the probability or the number of LCF given the occurrence
and consequences of an operation or transportation accident. The risk associated with a potential
chemical release is determined by comparing the chemical concentrations that a MEI would be
exposed to with the American Industrial Hygiene Agency Emergency Response Planning
Guidelines (ERPGs). ERPGs are maximum airborne concentrations below which it is believed
that nearly all individuals could be exposed for up to one hour without experiencing or
developing the following effects.
« ERPG-1 - Mild transient adverse health effects or perceiving a clearly defined
objectionable odor.
+ ERPG-2 - Irreversible or other serious health effects, or symptoms that could impair
ability to take protective action.
« ERPG-3 - Irreversible or life-threatening health effects could result from exposures
exceeding one hour.

The revised inventory for the tank waste is discussed in Section 3.2.1 and will have a direct
proportional change in the risk from transportation accident.

Bounding and nominal consequences from accidents were evaluated in the TWRS EIS to provide
arisk range. The bounding and nominal consequences were based on a bounding inventory and a
nominal inventory. The bounding inventory was based on the development of a 100 percent
inventory composite. This could be thought of as a single tank containing the highest activity
concentration for each nuclide found in historical tank contents estimates and prior individual
tank analyses. This maximum sample activity composite grouping means the highest
radioactivity concentration for each radionuclide is combined to define a hypothetical “highest
concentration” inventory used to bound the accidents, For the bounding consequences evaluated
in the TWRS EIS the 90 percentile of the “highest concentration” inventory was assumed.

The nominal consequences were based on a less conservative approach. Total radionuclide
inventories were calculated based on the complete operating history of all of the Hanford Site
production reactors. Reduction factors were then applied to the total inventories to account for
plutonium and uranium extracted from the waste sent to the tanks. Reduction factors also were
applied to cesium and strontium, which also were extracted from the waste. The bounding and
nominal inventories used to calculate accidents evaluated in the TWRS EIS were compared to
the revised inventory. The revised inventory is bounded by the highest concentration composite
inventory used in the TWRS EIS. However, the revised inventory exceeds the nominal
inventory used in the TWRS EIS by 18 percent.
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Operational Radiological and Toxicological Accidents

Each phase of the various operations associated with Phased Implementation alternative was
assessed for potential accidents, From the spectrum of accidents identified in a hazards analysis,
dominant accident scenarios were selected for further analysis in the TWRS EIS to determine the
LCF risk and chemical risk. The radiological and chemical accidents evaluated in the TWRS

EIS are summarized as follows:

The continued operations (tank waste transfers) accident analyzed in the TWRS EIS was
a spray release scenario in which a jumper was mispositioned and pin hole leaks
developed at both ends of the jumper resulting in a pressurized spray release of tank
waste when the cover block was not covering the jumper pit. The LCF risk and chemical
risk given the occurrence of the accident (probability of 3.0E-01), as evaluated in the
TWRS EIS is summarized in Table 4.13.1. For comparison the LCF risk and chemical
risk based on the revised inventory are also included in Table 4.13.1.

Table 4.13.1. LCF Risk and Chemical Risk from Tank Waste Transfer Accident - Spray Release From Jumper Pit

TWRS EIS Revised Inventory
Receptor Nominal Seenario Bounding Scenario
LCF Risk | Chemical | LCF Risk Chemical LCF Risk Chemical
Risk Risk Risk
MEI involved worker 4.7E-02 ERPG-3 1.0E+00 Lethal rad. | 5.3E-02 ERPG-3
dose
MEI noninvolved worker 7.7E-03 ERPG-1 1.0E+00 ERPG-2 9.1E-03 ERPG-1
MEI general public 4.2E-05 <ERPG-1 } 9.6E-04 <ERPG-1 5.0E-05 <ERPG-1
Involved worker population 4.7E-01 ERPG-3 1.OE+0t Lethal rad. | 5.5E-01 ERPG-3
dose
Neninvolved worker population | 2.9E-01 ERPG-3 6.6E+00 ERPG-2 3.4E-04 ERPG-3
General public popuiation 8.9E-02 <ERPG-1 | 2.0E+00 <ERPG-1{ 1.1E-01 <ERPG-1

Notes:

ERPG = Emergency Response Planning Guidelines

LCF = Latent cancer fatality

MEI = Maximally exposed individual

» The continued operations (waste storage tanks) accident analyzed in the TWRS EIS was a

hydrogen deflagration scenario that could occur from the ignition of hydrogen gas
generated in the tank resuiting in HEPA filter failure and an unfiltered radiological
release to the atmosphere. The LCF risk and chemical risk, given the occurrence of the
accident (probability of 2.2E-01), as evaluated in the TWRS EIS is summarized in
Table 4.13.2. For comparison the LCF risk and chemical risk based on the revised
inventory are also included in Table 4.13.2.
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Table 4.13.2. LCF Risk and Chemical Risk from Hydrogen Deflagration in Waste Storage Tanks

TWRS EIS Revised Inventory
Receptor Nominal Scenario Bounding Scenario
LCF Risk | Chemical | LCF Risk | Chemical LCF Risk Chemical
Risk Risk Risk
MEI involved worker 3.1E-02 ERPG-3 1.0E+00 Lethal rad, | 3.7E-02 ERPG-3
dose
METI noninvolved worker 3.8E-03 ERPG-3 L.OE+00 ERPG-3 4.5E-03 ERPG-3
MEI general public 1.1E-05 <ERPG-l | 2.1E-03 <ERPG-1 1.3E-05 <ERPG-1
Involved worker poputation 3.1E-01 ERPG-3 1.0E+01 Lethal rad. | 3.7E-01 ERPG-3
dose
Noninvolved worker population { 5.3E-02 ERPG-i 9.9E+00 ERPG-3 6.3E-02 ERPG-1
General public population 1.0E-02 <ERPG-1 | L.9E+00 <ERPG-1 1.2E-02 <ERPG-1

Notes;

ERPG = Emergency Response Planning Guidelines

LCF = Latent cancer fatality

MEI = Maximally exposed individual

+  The retrieval accident analyzed in the TWRS EIS was a ventilation heater failure that
could occur due to an electrical fault resulting in humid air plugging the HEPA filter and
filter blow out. . The LCF risk and chemical risk given the occurrence of the accident
(probability of 2.7E-04) is summarized in Table 4.13.3. For comparison the LCF risk and
chemical risk based on the revised inventory are also included in Table 4.13.3.

Table 4.13.3, LCF Risk and Chemical Risk from Loss of HEPA Filter During Retrieval

TWRS EIS Revised Inventory
Receptor Nominal Scenario Bounding Scenario
LCF Risk Chemical LCF Risk Chemicai LCF Risk Chemical
Risk Risk Risk
MEI invoived worker 3.9E-02 ERPG-2 1.0E+00 Lethal rad, | 4.6E-02 ERPG-2
dose
MEI noninvolved worker 1.3E-04 ERPG-3 1.7E-02 ERPG 3 1.5E-04 ERPG-3
MEI general public 6.9E-07 <ERPG-1 4.6E-05 <ERPG-1 8.1E-07 <ERPG-I
Involved worker population 3.9E-01 ERPG-2 1.0E+01 Lethal rad. | 4.6E-01 ERPG-2
dose
Noninvolved worker population | 5.5E-03 ERPG-1 3.7E-01 ERPG-2 6.5E-03 ERPG-1
Generai public population 1.0E-03 <ERPG-1 6.9E-02 <ERPG-1 1.2E-03 <ERPG-1i

Notes:

ERPG = Emergency Response Planning Guidelines
HEPA = High-efficiency particulate air

LCF = Latent cancer fatality

MEI = Maximally exposed individual
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* The pretreatment accident analyzed in the TWRS EIS was a line break that could occur
within a ventilated vault because of an earthquake, resulting in a pressurized spray

release.

The LCF risk and chemical risk given the occurrence of the accident

(probability of 2.0E-02) is summarized in Table 4.13.4. For comparison the LCF risk and

chemical risk based on the revised inventory are also included in Table 4.13 4.

Table 4.13.4, LCF Risk and Chemical Risk from Line Break During Pretreatment

TWRS EIS Revised Inventory
Receptor Nominal Scenario Bounding Scenario
LCF Risk Chemical LCF Risk Chemical LCF Risk Chemical

Risk Risk Risk
MEI involved worker 7.4E-04 <ERPG-1 2.8E-03 <ERPG-1 8.7E-04 <ERPG-1
MEI noninvolved worker 1.IE-05 <ERPG-1 4.2E-05 <ERPG-1 1.3E-05 <ERPG-1{
MEI general public 6.0E-08 <ERPG-1 2.3E-07 <ERPG-1 7.1E-08 <ERPG-1
Involved worker population 74E-03 <ERPG-1 2.8E-02 <ERPG-1 8.7E-03 <ERPG-1
Moninvolved worker population | 4.1E-04 <ERPG-1 1.6E-03 <ERPG-1 4.8E-04 <ERPG-1
General public population 1.3E-04 <ERPG-1 4.8E-04 <ERPG-1 1.5E-04 <ERPG-1

Notes:

ERPG = Emergency Response Planning Guidelines

LCF = Latent cancer fatality

MEI = Maximally exposed individual

* The treatment accident analyzed in the TWRS EIS was a canister of vitrified HLW
dropped because of mechanical failure or human error in the HL W vitrification facility.
The LCF risk and chemical risk given the occurrence of the accident (probability of
1.0E+00) is summarized in Table 4.13.5. For comparison the LCF risk and chemical risk
based on the revised inventory are also included in Table 4.13.5.

Table 4.13.5. LCF Risk and Chemical Risk from Dropped Canister of Vitrified HLW

: TWRS EIS Revised Inventory
Receptor Nominal Scenario Bounding Scenario
LCF Risk Chemical LCF Risk Chemical LCF Risk Chemical

Risk Risk Risk
MEI invoived worker 1.8E-11 <ERPG-1 1.1E-08 <ERPG-1 2.1E-11 <ERPG-1
ME noninvolved worker 2.7E-13 <ERPG-1 1.6E-10 <ERPG-1 3.2E-13 <ERPG-1
MEI general public 5.0E-16 <ERPG-1 3.0E-13 <ERPG-1 5.9E-16 <ERPG-1
Involved worker population 1.8E-10 <ERPG-1 1.1E-07 <ERPG-1 2.1E-10 <ERPG-1
Noninvolved worker popuiation | 1.OE-i{ <ERPG-1 6.1E-09 <ERPG-1 1.2E-11 <ERPG-1
General public population 1.1E-12 <ERPG-1 6.7E-10 <ERPG-i 1.3E-12 <ERPG-1

Notes:

ERPG = Emergency Response Planning Guidetines

HLW = High-level waste
LCF = Latent cancer fatality

MEI = Maximally exposed individual
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« The beyond-design-basis accident analyzed in the TWRS EIS was a tank dome collapse
resulting from a beyond-design-basis earthquake. The LCF risk and chemical risk, given
the occurrence of the accident (probability of 4.3E-03) as evaluated in the TWRS EIS is
summarized in Table 4.13.6. For comparison the L.CF risk and chemical risk based on
the revised inventory are also included in Table 4.13.6.

Table 4.13.6. LCF Risk and Chemicai Risk from Beyond-Design-Basis-Earthquake Scenario

TWRS EIS Revised Inventory
Receptor Nominal Scenario Bounding Scenario
LCF Risk Chemical LCF Risk Chemical LCF Risk Chemical
Risk Risk Risk
MEI involved worker 9.7E-02 ERPG-3 1.OE+00 Lethal rad. | 1.1E-01 ERPG-3
dose
MEI noninvolved worker 2.3E-02 ERPG-3 1.0E+00 ERPG-3 2.7E-02 ERPG-3
MEI general public 3.5E-05 <ERPG-1 2.4E-03 ERPG-2 4.1E-05 <ERPG-1
Involved worker population 9.7E-01 ERPG-3 1.0E+01 Lethai rad. | 1LIE+00 ERPG-3
dose
Noninvolved worker population | 1.6E-01 ERPG-3 - LIE+01 ERPG-3 1.9E-01 ERPG-3
General public population 3.1E.02 <ERPG-1 2.1E+00 <ERPG-1 3.7E-02 <ERPG-1

Naotes:
ERPG = Emergency Response Planning Guidelines
LCF = Latent cancer fatality
MEI = Maximally exposed individual

K Basins Inventory
Accidents associated with the bounding K Basins inventory after it has been treated (if the

K Basins inventory were put into one tank) would result in estimated consequences
approximately two to four times more severe than the accidents evaluated in the TWRS EIS
assuming that all other parameters (such as the amount of material released) are the same.

This is due to the high concentration of Am-241, Pu-239, and Pu-240 in the K Basin sludge.
However, the K Basins inventory would involve only one tank and consist of less waste to
transfer through the transfer lines and treat as compared to the rest of the tank farm.

Therefore, the probability of the accident would decrease proportionately by at least one order-
of-magnitude. The point estimate risk {consequences x probability of the accident) for K Basins
tank inventory accidents would not exceed the point estimate risk of accidents evaluated in the

TWRS EIS.

[WRS BIO

Since the release of the TWRS EIS, new information on potential radiological accidents during
routine operations of the tank farm waste has been made available. The new information is

_ contained in the TWRS BIO, which establishes operational and institutional measures to mitigate
risks associated with the TWRS program. The three bounding accidents analyzed in the TWRS
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EIS were also analyzed in the TWRS BIO (spray release from valve pit, flammable gas
deflagration in waste storage tank, and a seismic event). A comparison of the dose consequences
for these accidents as analyzed in the two documents is presented in Table 4.13.7. The accident
parameters are compared in detail in Tables B.1, B.2, and B.3 of Appendix B. The analysis in
the TWRS FIS was carried out to show the radiological LCF risk to the MEI involved worker,
MEI noninvolved worker, and MEI general public receptors as well as the population for each
receptor. It also included a probabilistic evaluation in which the probabilities of the postulated
accidents were quantified. In contrast the analysis in the TWRS BIO analyzed accidents
resulting in radiological doses and chemical hazards to an MEI onsite (noninvolved worker)
receptor and an MEI offsite (general public) receptor. The analysis was not carried out to include
a calculation of the LCF risk from the postulated accidents, and the annual frequency of the
accidents was not quantified but addressed qualitatively as frequency categories. Therefore only
the dose consequences and chemical hazard to the MEI noninvolved worker and MEI general
public in the TWRS EIS are listed in Table 4.13.7 for comparison with the TWRS BIO.

One of the important differences between the TWRS EIS and the TWRS BIO is the purpose in
which the two documents serve, The consequences presented in the TWRS BIO result from the
worst-case scenarios based on extreme parameters. The worst-case scenarios are used to
determine the hazard classification and the safety classification. Consistent with NEPA
guidance, the TWRS EIS and this SA evaluate reasonably foreseeable accidents, not worst-case
accidents. Although the EIS accident analysis and the BIO have differences in their purposes
and it should not be expected that they would produce the same results, the information on the
BIO is presented 1) because the BIO represents new information; 2) to confirm that the EIS
addressed the appropriate accidents; and 3) to allow a comparison of the results of the EIS and

BIO.

Table 4.13.7. TWRS EIS Bounding Accidents Compared to TWRS BIO

Receptor TWRS EIS TWRS BIO
Radiological Chetmical Radiological Chemical
Consequences Consequences Consequences Consequences
(CEDE) (CEDE)

Spray Release From Valve Pit Scenario

MEI Onsite 4 4E+02 ERPG-2 1.5E+04 ERPG-1

MEI Offsite 1.9E+00 ERPG-{ 2.1E+01 <ERPG-I1

Flammable Gas Deflagration in Waste Storage Tank Scenario

MEI Ounsite 1.8E+03 ERPG-3 6.5E+02 ERPG-1

MEI Offsite 4.3E+00 <ERPG-1{ 5.7E-01 <ERPG-1

Seismic Event

MEI Onsite 1.9E+03 ERPG-3 |.6E+04 ERPG-1

ME! Offsite 4.7E+00 ERPG-2 2.2E+01 <ERPG-1

Notes:

CEDE = Committed effective dose equivalent
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The spray release from a valve pit scenario analyzed in the TWRS BIO resulted in a higher dose
than was analyzed for the same scenario in the TWRS EIS. The higher dose in the TWRS BIO is
attributed to higher (worst case) volume of tank waste released in the spray and worst-case
inventories representing a higher unit liter dose based on 33 percent solids and 67 percent liquids
from the Aging Waste Facility compared to 30 percent solids and 70 percent liquids from the
SSTs used in the TWRS EIS. Toxicological consequences in the TWRS BIO were frequency
dependent, which resulted in lower ERPG levels. The MEI onsite would be ERPG-1 and the
MEI offsite would be less than ERPG-1 in the TWRS EIS if the ERPGs were adjusted for

frequency dependency.

The flammable gas deflagration in a waste storage tank scenario analyzed in the TWRS EIS
resulted in a higher dose than was analyzed for the same scenario in the TWRS BIO. The higher
dose analyzed in the TWRS EIS is attributed to a higher unit liter dose based on DST solids
compared to SST solids used in the TWRS BIO analysis. Toxicological consequences in the
TWRS BIO were frequency dependent, which resulted in lower ERPG levels. The MEI onsite
would be ERPG-2 and the ME! offsite would be less than ERPG-1 in the TWRS EIS if the

ERPGs were adjusted for frequency dependency.

The TWRS BIO did not analyze a beyond-design-basis earthquake, but because the risk of the
design-basis-earthquake in the TWRS BIO was greater than the beyond-design-basis earthquake
analyzed in the TWRS EIS, it is included in this report for comparison. The higher doses
analyzed in the TWRS BIO are attributed to higher volumes of tank waste released from a
breached pipe, jumper, or valve during a waste transfer when the lines are under pressure.

Since the power is not lost as a result of the earthquake, the spray leak is assumned to continue
unabated for 24 hours. The beyond-design-basis earthquake analyzed in the TWRS EIS assumed
loss of power due to the magnitude of the earthquake. Toxicological consequences in the TWRS
BIO were frequency dependent, which resulted in lower ERPG levels. The MEI onsite would be
ERPG-2 and the ME] offsite would be ERPG-1 in the TWRS EIS if the ERPGs were adjusted for

frequency dependency.

Transoortation Radiological and Toxicological Accidents

The radiological risk from accidents while transporting residual SST waste and MUST waste to
the processing facilities for vitrification was analyzed in the TWRS EIS. The revised inventory
was compared against constituents of concern in the inventory used to calculate transportation
accident dose consequences in the TWRS EIS. A scaling factor of 1.15 for constituents of
concern for HLW was developed for estimating radiological risk based on the revised inventory
data (Jacobs 1997). The LCF risk calculated in the TWRS EIS for the MEI worker and MEI
general public was 7.2E-04 and 3.8E-06, respectively. Based on the revised inventory the LCF
risk would increase by 15 percent resulting in a LCF risk of 8.3E-04 and 4.4E-06, respectively.

The radiological risk from accidents while transporting vitrified HLW by rail to a geological
repository was analyzed in the TWRS EIS. The LCF risk calculated in the TWRS EIS for the
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integrated population and urban population was 3.1E-05 and 8.5E-07, respectively. Based on the
revised inventory the consequences would increase by three percent, and the probability of the
accident (resulting from the increased number of trips) would increase by 19 percent.

This would result in an increased LCF risk to the integrated population and urban population

of 3.8E-05 and 1.0E-06, respectively.

The chemical risk from accidents while transporting chemicals to the Hanford Site to support the
pretreatment and vitrification processes was analyzed in the TWRS EIS. The MEI onsite or MEI
offsite (the accident could occur onsite or offsite) chemical risk would be ERPG-3 given the
probability of occurrence of the accident. There is currently no new information that would

change the chemical risk.

Accidents Synopsis of the Phase IB Privatization Environmental Reports

Occupational Accidents - Occupational accidents cause injuries or fatalities to project workers
from events such as falls from ladders or twisted ankles that occur at rates that can be statistically
estimated. The number and severity of accidents depend on the type of activity and the number
of labor hours spent performing the activities. Construction activities have the highest accident
rates. The number of occupational fatalities calculated to occur for the TWRS EIS alternative
{not including tank farm operations) would be less than one and the two proposals individually
and combined would result in less than one fatality. The potential fatalities from tank farm
operations are excluded from the Phased Implementation alternative to provide a direct '
comparison with the proposals because neither proposal would involve management of tank farm
operations by the contractors.

Operational Accidents - The bounding operational accident during pretreatment/treatment for the
two proposals would be a tank waste spray release. The latent cancer fatality point estimate risk
evaluated in the TWRS EIS would be as much as 180 times greater than the spray release
accident evaluated in either of the proposals.

4.14 REGULATORY COMPLIANCE

In the TWRS EIS, DOE described Federal and Washington State regulations potentially
applicable to TWRS EIS alternatives, regulatory issues affecting the ability to implement the
alternatives, and the ability of the alternatives to enable DOE to comply with applicabie
regulations. To determine if new information developed since the completion of the TWRS EIS
indicated changes in understanding of the ability to implement the alternatives, a review of new
data was completed. This review included assessing the changes in impacts discussed elsewhere
in Section 4.0 of this document and new information regarding Federal and Washington State
regulations and regulatory issues affecting the ability to implement the alternatives. Based on
this review it was determined that none of the changes in impacts discussed elsewhere in
Section 4.0 change the conclusions reached in the EIS regarding the ability of the TWRS EIS
alternatives to comply with applicable Federal and State regulations. However, subsequent to
publication of the TWRS EIS, four regulatory developments have occurred that 1) affect how
regulations are applied to the Privatization strategy for implementation of the Phased
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Implementation alternative; 2) diminish regulatory uncertainty associated with the immobilized
LAW; and 3) increase regulatory uncertainty associated with application of hazardous waste
regulations to tank waste,

Changes in Safety Regulatory Oversight

In response to the Policy for Radiological, Nuclear, and Process Safety Reguiation of TWRS
Contractors signed by the Under Secretary of Energy on July 3, 1996, a new organization was
established within DOE-RL to provide a regulatory environment that would permit the
demonstration phase (defined as Phase I) of TWRS Privatization activities to occur on a timely,
predictable, and stable basis, The new organization is known as the Office of Radiological,
Nuclear, and Process Safety Regulation for TWRS Privatization contractors, or the Regulatory
Unit, and was created on September 19, 1996. It is DOE’s policy that TWRS privatized
contractor activities be regulated in a manner that ensures adequate radiological, nuclear, and
process safety by applying regulatory concepts and principles consistent with those of the NRC.
Implementing the new regulatory approach does not change the regulations applicable to the
Phased Implementation alternative identified in the TWRS EIS. It does, however, provide a
change in regulatory authority from that which is described in the TWRS EIS.

On January 29, 1997, the NRC and DOE entered into a Memorandum of Understanding (MOU)
to establish the basis for cooperation and mutual support during Phase | activities (MOU 1997).
DOE's regulatory program is structured to facilitate, pending the legisiative changes necessary to
permit such an activity, the possible transition of regulatory responsibilities from DOE to the
NRC at the start of the full-scale operations phase (defined as Phase II). During Phase II DOE is
responsible for implementing the TWRS Privatization regulatory program. The MOU does not
apply to the Phase II activities.

For its regulation of the Privatization contractors, DOE will rely substantially on its nuclear
safety rules (10 CFR 830, 10 CFR 834, and 10 CFR 835) and on the application of fundamental
principles of radiological, nuclear, and process safety. The Regulatory Unit will draw heavily
upon the concepts and principles established from the experiences of the commercial nuclear
community, including the reactor sector, and the chemical industry.

While the formal incorporation of process safety into DOE's safety regulatory program enhances
the importance of process safety within DOE's responsibility for ensuring adequate safety, it in
no way replaces the authority of the Occupational Safety and Health Administration (OSHA) for
process safety regulation nor relieves the contractor from the obligation to conform with OSHA
regulations. The Regulatory Unit will formally and fully regulate radiological and nuclear safety
but will only provide regulatory oversight with regard to process safety the scope of which is
specified in 29 CFR Part 1910; the Regulatory Unit will not be responsible for enforcement
actions associated with process safety violations. OSHA will be responsible for all enforcement
actions with regard to process safety.
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Contractually, the contractor must follow a DOE-specified, structured process to identify the set
of subordinate standards and requirements that, when properly implemented, will provide
adequate safety, comply with legal requirements, and conform to the stipulated top-level safety
standards and principles. Consistent with meeting legal requirements, the contractor will have
significant responsibility and flexibility for identifying its standards and requirements within the
context of 1) the contractor's specific technology and processes; 2) the work to be performed;

3) the character and magnitude of the radiological, nuclear, and chemical hazards involved; and
4) the selected means of mitigating the hazards.

Development of DOE Order 435.1 to Replace DOE Order 5820.2A

In the TWRS EIS it was noted that DOE was in the process of streamlining its system of
regulating waste management, treatment, and disposal. This effort includes revision of DOE
Orders. Among the DOE Orders being revised is DOE Order 5820.2A, which provides the
framework for DOE management and disposal of HLW, LLW and TRU waste, decontamination
and decommissioning of facilities, and closure of radioactive waste sites. Subsequent to
publication of the TWRS EIS, DOE issued draft DOE Order 435.1, which when finalized will
replace DOE Order 5820.2A, the DOE Order used in the regulatory compliance analysis
presented in the TWRS EIS. Most issues associated with the regulatory analysis presented in the
EIS would be unaffected by the new Order. Specifically, the draft Order requires compliance
with applicable Federal, State, and local laws and regulations (e.g., Clean Water Act, Clean Air
Act, RCRA, State Dangerous Waste Regulations, and applicable Executive Orders and other
DOE Directives (e.g., DOE Orders 5400.1 and 5400.5),

Because these applicable laws, regulations, Executive Orders, and DOE Directives were the basis
of the EIS analysis of the ability of the EIS alternatives to comply with regulatory requirements,
the draft Order does not change the analysis in the EIS. Additionally, the draft Order does not
change DOE’s policy regarding the disposal of HLW, TRU, or LLW. However, it specificaily
addresses disposal of incidental waste. The draft Order’s discussion of incidental waste disposal
is consistent with the discussion in the TWRS EIS, The new Order does contain one area of
potential impact on the TWRS program associated with potential revision in the development of
Performance Assessments and the requirement for DOE facilities to perform Composite
Anatysis. In both cases the potential changes do not impact the EIS analysis but may affect the
design of disposal facilities (i.e., LAW vaults) and closure of the tank farms, an issue outside of
the scope of the EIS and this SA.

Reduction of Regulatory Uncertainty Associated with Classification of the Immobilized
LAW Waste Stream

The TWRS EIS addressed regulatory uncertainties associated with classifying the immobilized
LAW waste stream that could impact storage and disposal of the immobilized LAW waste
stream from all alternatives involving a separations and treatment process that produced a LAW
and a HLW wasie stream. In the discussion DOE indicated that current planning assumptions,
based on previous consultation with the NRC, were that the immobilized LAW waste stream

105



would not be classified as HLW and could then be disposed of onsite in near surface disposal
facilities. For purposes of analysis in the TWRS EIS it was assumed that the immobilized LAW
waste stream would be incidental waste and be able to be disposed of onsite in near surface
facilities. If the NRC did not concur, and classified the waste as HL'W there would have been
substantive regulatory barriers to implementing several of the EIS alternatives, including the
Phased Implementation alternative.

In November 1996, DOE submitted a request to the NRC to address the classification of the
Hanford immobilized LAW fraction (DOE 1996d). DOE’s request was based on data provided
in two reports; the Technical Basis for Classification of the Low-Activity Waste Fraction From
Hanford Site Tanks (WHC 1996¢) and the Hanford Low-Level Tank Waste Interim Performance
Assessment (WHC 1996a). This DOE request addressed the three changes in management
strategy that occurred subsequent to the NRC acceptance of the previous strategy defined at

58 FR 12344,

In June 1997, the NRC responded to the DOE request in a letter that addresses the immobilized
LAW fraction from the treatment facility (NRC 1997) . The NRC informed DOE that:

«  “Low-Activity Waste (LAW) meets the incidental waste classification criteria specified
in the March 2, 1993 letter from R. Bernero, NRC to J. Lytle, U.S. Department of
Energy.”

+  “The staff’s preliminary finding is a provisional agreement that the LAW portion of the
Hanford tank waste planned for removal from the tanks and disposed onsite is incidental
waste and is, therefore, not subject to NRC licensing authority.”

+ “Approximately 8.5 MCi of activity will remain in the LAW fraction, which corresponds
to about 2% of the estimated 422 MCi generated at the Hanford Site (base on a December
31, 1999, decay date).” Early discussions of the criteria for incidental wastes were based,
in part, on percentage removal (e.g., if 90 percent were removed, the remaining fraction
might be incidental waste) and, as this statement reflects, percentage removal is still a
secondary consideration,

« “The DOE [Performance Assessment] was performed to the requirements of DOE Order
5820.2A, “Radioactive Waste Management,” September 26, 1988. This Order is similar
to the 10 CFR Part 61 performance objectives.”

The determination by the NRC regarding classification of the immobilized LAW diminishes one
substantial area of regulatory uncertainty. This issue remains one that DOE will need to continue
to address because the NRC indicated that it would need to review the final LAW Performance
Assessment and other data regarding implementation of the waste treatment and disposal system
before making a final determination regarding classification of the immobilized LAW.

Also, DOE is revising DOE Order 5820.2A, and it is uncertain if the requirements of the new
order will also mirror 10 CFR Part 61 performance objectives.
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Hanford Sitewide Polychlorinated Biphenyls Management Strategy

In September 1997, DOE established a working group to develop an integrated Sitewide
management strategy for PCBs and related Toxic Substance Control Act contaminants
(Wagoner 1997). The working group was formed in response to the discovery of PCBs at a
number of locations throughout the Hanford Site, including K Basins sludges. The goal of the
working group is to develop a Sitewide management strategy that could include a compliance
agreement with EPA. For the TWRS program this issue of Toxic Substance Control Act poses
new regulatory uncertainties. If Toxic Substance Control Act waste is determined to be present
in tank waste, TWRS facilities for waste management and treatment could be subject to
regulation under Toxic Substance Control Act, adding additional requirements for waste
management and treatment beyond those imposed under RCRA.

4,15 RELATIONSHIP BETWEEN SHORT-TERM USES OF THE ENVIRONMENT
AND MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY
In the TWRS EIS, short-term was considered to be the construction and operation phases
(scheduled to be completed by 2028) and the monitoring and maintenance phase that would
continue throughout the 100-year institutional control period. Most short-term environmental
impacts would occur during the construction and operations phases of each alternative. In the
EIS, long-term referred to the period after the end of the 100-year institutional control period.
The TWRS EIS presented the analysis of the relationship between short-term uses of the
environment and the maintenance and enhancement of long-term productivity.

The EIS concluded that for the Phased Implementation alternative, there would be increased air
emissions and noise, solid and liquid waste generation, and increased risk of accidents and
illness, primarily to workers involved with implementing the alternatives compared to not
performing remedial action, Implementing the alternative would consume both natural and
human-made resources (e.g., fuels, concrete, steel, and chemicals), but none of the alternatives
would be expected to cause shortages or price increases as a result of their resource consumption.
Over the short-term, land areas would be committed that would affect biological resources.

With respect to effluents, emissions, and land requirements, not performing remediation would
have few short-term natural environment impacts because there would be low levels of activity

during both construction and operation.

In terms of the human environment, the Phased Impiementation alternative would increase
expenditure of Federal funds in the Tri-Cities resulting in increased employment and economic
activity associated with these expenditures compared to not performing remedial action.

The Phased Implementation alternative would have short-term impacts on the human
environment because it would cause short-term fluctuations in employment, population, and
associated impacts on public services.

The long-term impacts on the natural environment of the Phased Implementation alternative are
due in large part to how much waste remained on the Hanford Site after the alternatives were
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fully implemented, and how much of the remaining waste had been immobilized or left
untreated. Future decisions on the ultimate closure of the tank farms that were beyond the scope
of the EIS would have an effect on long-term impact issues. The long-term impacts of the
alternative also must be considered in the context of decisions to be made concerning other
contamination in the 200 Areas that is unrelated to the waste tanks or capsules, such as from the
large 200 Areas processing facilities. Regardless of which alternative were implemented, the
vicinity of the tank farms and proposed tank waste treatment facilities still would be
contaminated. This would affect long-term health risks and future land uses of the 200 Areas,
which would be the primary areas of long-term impacts,

Not remediating tank waste would result in long-term health risk impacts because contaminants
would be released from the tanks into the groundwater at levels that would exceed drinking water
standards and pose substantial health risks to future Site users compared to remediating the tank
waste. Future users of the Hanford Site lands (Native Americans, residential farmers, workers,
or recreational users) would experience increased health risks over a time period extending
thousands of years into the future. Finally, not remediating tank waste would pose risks to down
river users of the Columbia River while the Phased Implementation alternative would not pose
similar risks.

Based on a review of the new data presented previously in Section 4.0 of this SA there were
marginal increases in short-term impacts to air quality, human health risks, and habitat
disturbance. Air impacts remained below regulatory standards and the habitat impacts represent
a small percentage of the total shrub-steppe habitat in the Central Plateau. Additionally, while
the long-term health impacts increased under the Phased Implementation alternative, due to
changes in the tank waste inventory (i.e, revised inventory), similarly proposed increases in
health affects would occur if the waste were not remediated and the Phased Implementation
alternative would still result in a substantial decrease in long-term risk to human health and the
environment.

4.16 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES
The Phased Implementation alternative would involve the irreversible and irretrievable
commitment of land, energy, materials, and financial resources. Table 4.16.1 presents a
summary of resource commitments,

Resource Requirements Synopsis of the Phase IB Privatization Environmental Reporits

In the TWRS EIS, Phase I of the Phased Implementation alternative includes resource
requirements for constructing one LAW vitrification facility and one LAW and HL'W combined
vitrification facility. A comparison of the construction resource requirements was made by
comparing facility footprints and facility types. Currently both Privatization proposals included
facility footprints that are larger than the 12,000 square meter (129,000 square foot) facility
footprint estimated in the TWRS EIS. If both contractors are authorized to proceed with
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Table 4.16.1. Irreversible and Irretrievabie Commitment of Resources - Phased Implementation

Component TWRS New Data Revised
EIS Calculation
Land permanently committed 4.9E+01 LAW vaults will require 36 ha {89 ac} (up from 7.4E+01
{hectares) 11 ha 27 ac)).”
Sand/gravel/silt/rip rap (cubic 4.1E+06 New data include earthen materials required to LO2E+07
meters) construct a surface barrier over the increased
immobilized LAW vaults.
Steel (metric tons}) 3.0E+05 No change. J.0E+05
Stainless and afloy steel (metric | 3.8E+04 No change, 3.8E+04
tons)
Concrete (cubic meters) 1.1E+06 No change. 1,1E+06
Total water usage (cubic meters} | L9E+07 No change. 1L.9E+07
Electric power (GWh) [.1E+04 No change, L1E+04
Gasoline (cubic meters) 1.1E+04 No change. 1.1E+04
Diesel (cubic meters) 1.1IE+05 No change. 1.1E+05
Kerosene (cubic meters) 6.5E+04 No change. 6.5E+04
Process chemicals (metric tons) 9.8E+05 No change. 9.8E+05
Notes:
1 LMHC 1997b

facilities as currently proposed the total facilities would be approximately three times the size
of the TWRS EIS facility. Based on facility footprints and data provided by the vendors, the
construction resource requirements are expected to be proportionately greater than those
identified for the TWRS EIS Phase [ alternative.

A comparison of the operating resource requirements was made by comparing the amount of
waste treated in the TWRS EIS to the amount of waste processed under each of the Privatization
proposals. The combined amount of process chemicals and glass formers required to treat the
waste that would be produced under the two proposals would exceed the 180,000 metric tons
required in the TWRS EIS by approximately three times. Both proposals would use electricity as
the energy source for high-level vitrification and low-activity immobilization. This results in
higher electrical usage than the 1,700 gigawatt hours estimated for the TWRS EIS, which
assumed kerosene as the energy source for LAW immobilization, Electrical demand for the two
proposals combined would be approximately two times greater than the demand estimated for the
TWRS EIS. However, the combined energy usage of the two contractors would be within
available resources.

4,17 POLLUTION PREVENTION

Consistent with overall national policy (e.g., the Pollution Prevention Act of 1990) and specific
DOE guidance (DOE Order 5400.1), Hanford Site programs are directed to incorporate pollution
prevention into their planning and implementation activities. This includes reducing the quantity
and toxicity of hazardous, radioactive, mixed, and sanitary waste generated at the Hanford Site;
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incorporating waste recycle and reuse into program planning and implementation; and
conserving resources and energy. There are currently no new data that would change the
pollution prevention planning and prevention activities presented in the TWRS EIS.

4,18 ENVIRONMENTAL JUSTICE

For each of the areas of technical analysis presented in the TWRS EIS a review of impacts to the
human and natural environment was conducted to determine if any potentially disproportionate
and adverse impacts on minority populations or low-income populations would occur,

The review included potential impacts on land use, socioeconomics (e.g., employment, housing
prices, public facilities, and services), water quality, air quality, health effects, accidents, and
biological and cultural resources. For each of the areas of analysis, impacts were reviewed to
determine if there were any potential disproportionate and adverse impacts to the surrounding
population that would occur due to construction, routine operations, or accident conditions. If an
adverse impact was identified, a determination was made as to whether minority populations or
low-income populations would be disproportionately affected.

For the purposes of the TWRS EIS, disproportionate impacts were defined as impacts that would
affect minority and Native American populations or low-income populations at levels
appreciably greater than their effects on nonminority populations or non-low-income
populations. Adverse impacts were defined as negative changes to the existing conditions in the
natural environment (e.g., land, air, water, wildlife, vegetation) or in the human environment
(e.g., employment, health, land use).

During consultation with affected Tribal Nations on the TWRS EIS, representatives of the
Yakama Indian Nation and the Confederated Tribes of the Umatilla Indian Reservation expressed
the view that impacts associated with all of the alternatives may adversely impact the cultural
values of affected Tribal Nations to the extent that they involve disturbance or destruction of
ecological and biological resources, alter land forms, or pose a noise or visual impact to sacred
sites, The level of impact to cultural values associated with natural resources would be
proportional to the amount of land disturbed under each alternative.

The TWRS EIS identified two areas of potentially disproportionate and adverse impacts on
minority and Native American populations or low-income populations. These impacts include

1) potential increases in housing prices that could adversely impact access to affordable housing
by low-income populations; and 2) continued restrictions on access to portions of the 200 Areas
that could restrict access to the 200 Areas by all individuals. Access restrictions also would
apply to the Confederated Tribes and Bands of the Yakama Indian Nation and the Confederated
Tribes of the Umatilla Indian Reservation. The Tribes have expressed an interest in access to and

unrestricted use of the Hanford Site.

A review of new data and impacts analysis presented in Section 4.0 of this SA was conducted to
determine if any potentially disproportionate and adverse impacts on minority populations or
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low-income populations would occur. In one area of concern to affected Tribal Nations there
were increases in impacts. For the Phased Implementation alternative the amount of land that
would be disturbed and the amount of shrub-steppe habitat that would be disturbed by
construction and operation of the treatment facilities, based on the new data available since
completion of the TWRS EIS, would increase by approximately 20 percent (33 ha [82 ac]).

The increase in impacts compared to the impacts under the Phased Implementation alternative in
the TWRS EIS represents less than a | percent impact on the remaining shrub steppe and shrub-
steppe habitat on the Central Plateau,

4.19 MITIGATION MEASURES

In the TWRS EIS measures to mitigate potential impacts of the Phased Impiementation
alternative were addressed for 1) measures to prevent or mitigate environmental impacts; and
2) additional measures that could further reduce or mitigate potential environmental impacts
described previously i other portions of the TWRS EIS if deemed necessary. The EIS focused
on measures to mitigate potential impacts during remediation and indicated that future NEPA
documentation would specifically address in detail impacts and mitigation of post-remediation
tank closure where, for example, most of the impacts of borrow site activities would occur.

To determine if new information developed since the completion of the TWRS EIS resulted in
changes in potential impacts of the Phased Implementation alternative and hence potential
changes in mitigative measures, a review of new data and of impact analysis presented in
Section 4.0 of this SA was conducted. This was completed to determine if any changes in
impacts requiring changes in the mitigative measures identified in the TWRS EIS would occur,

The review of the impact analysis based on new information identified three potential changes in -
impacts that would potentially require development of new mitigative measures. Impacts for
soil, water, air, biological and ecological resources, cultural resources, socioeconomics, land use,
and long-term human health were within the bounds established in the EIS or the changes in
impacts were not substantively different than the impacts presented in the EIS. Changes in
impacts that could potentially require mitigation include changes in the inventory of the LAW
resuiting from the revised inventory and changes in the K Basins sludge inventory and siting of
Phase 1 facilities. New potential mitigative measures were also identified for traffic during

construction.

One implication of the revised inventory that may require mitigation is the increased inventory of
some long-lived radionuclides in the immobilized LAW that will be disposed of onsite in vaults.
In the TWRS EIS, the immobilized LAW was assumed to be quenched into glass cullets and
placed into containers and the containers of cullet would be placed into onsite near-surface vaults
for retrievable disposal. The LAW vaults, when filled, would be covered with an earthen barrier
to minimize infiltration of water. However, over a long period of time the barrier would lose its
effectiveness and water would enter the vaults, and eventually the vaults and containers would
lose their effectiveness in preventing water from interacting with the cullet. Slowly, water
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interacting with the cullet would begin a process of leaching of contaminants into the soils
beneath the vaults where they would eventually migrate to groundwater. To mitigate this effect,
in light of higher inventories of some long-lived radionuclides in the immobilized LAW, a
monolithic pour could be used instead of a cullet. Use of a monolithic pourinto 1.2m 1.2 m
1.8 m (4 ft - 4 £t + 6 £t) containers would result in reducing the surface area to volume ratio by a
factor of 136 from 600 m'' under ideal conditions (i.e., no cracking) to 4.4 m™ resulting in less
surface area exposed to infiltrating water, slowing the leaching process (Jacobs 1997).

By slowing the leaching process, releases from the immobilized LAW would occur at a latter
time and over a longer period of time resulting in lower concentrations of contaminants in the
groundwater. An additional benefit of the monolithic pour waste form is that it would require
fewer canisters and thus fewer vaults. This would mitigate the increase in space allocated for
LLAW vaults in the new data (27 ha {67 ac]) compared to the space atlocated in the TWRS EIS
(11 ha [27 ac]).

For developing tank farm accidents in the TWRS EIS, a 100 percent inventory composite was
developed. This could be thought of as a single tank containing the highest activity
concentration for each nuclide found in historical tank contents estimates and prior individual
tank analyses. This maximum sample activity composite grouping means the highest
radioactivity concentration for each radionuclide is combined to define a hypothetical “highest
concentration” inventory, which provides a safety envelope used to bound the accidents,

The TWRS BIO and TWRS FSAR (the TWRS FSAR is in preparation) safety analyses use a
similar methodology for their safety envelope that bounds their accidents. If the contents of an
existing tank were removed and replaced with new waste (e.g., K Basin sludge, other Hanford
Site cleanup waste) or mixed with these other new wastes, the tank inventory could potentially
exceed the hypothetical inventory used to bound the accidents. An evaluation of the waste prior
to being added to the tank farm inventory would determine if the waste could exceed the safety
envelope. If the waste would exceed the safety envelope the waste could be conditioned before it
is put in a single tank or mixed with waste in other tanks with compatible waste mitigating the
potential to exceed the safety envelope. Additionally, the safety envelope could be reevaluated
and revised to allow storage of the new waste in the tank farms.

Subsequent to the publication of the Final TWRS EIS, DOE published a series of draft
documents on biological resource management of the Hanford Site (DOE 1996b, c, ).

These documents provide programmatic guidance and a strategy for managing biological and
ecological resources for the Site. In the TWRS EIS discussion of mitigative measures, DOE
indicated that DOE was in the process of developing these documents and that when published
they would provide a framework for the development of the TWRS Mitigation Action Plan so
that TWRS mitigation of biological and ecological impacts would be performed “in compliance
with the Sitewide biological management plan.”

The calculation of impacts in the EIS was based on a representative location for process
facilities. The representative location was chosen from three similar locations that were
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considered in a preliminary site selection process. The preliminary site selection process was
discussed in the TWRS EIS. A preliminary site evaluation report was prepared for TWRS
facilities in 1995 (WHC 1995a) and a Privatization Phase 1 site evaluation was completed in
December 1995 and modified in early 1996 (WHC 1996k). Subsequent to publication of the
Final TWRS EIS, DOE awarded Privatization Phase IA contracts to two companies and in the
contract awards identified to sites for the location of Phase 1 treatment plants to be used in
developing conceptual designs during Phase IA, These sites corresponded to the site evaluated
in the TWRS EIS as the representative site for Phased Implementation Phase I facilities

(DOE 1996g).

Based on identification of the Privatization Phase 1 sites and the Conceptual Design Reports for
development of Privatization Phase 1 sites discussed in Section 4.5, specific information is
available regarding impacts to biological and ecological resources. Following siting to minimize
or avoid impacts to shrub-steppe habitat, the development for Privatization Phase 1 will result in
unavoidable disturbance to approximately 33 ha (82 ac) of previously undisturbed shrub-steppe
habitat. DOE developed a TWRS EIS Mitigation Action Plan to address replacement or
compensation for the unavoidable impacts as required under the Sitewide plan for management
of biological and ecological resources. Development of the Mitigation Action Plan involved
consulting with natural resource agencies and Tribal Nations. Approval of the Mitigation Action
Plan is scheduled to occur concurrent with this SA and to precede the May 1998 authorization to
proceed with Phase IB activities.

Based on pre-conceptual designs for LAW vaults the amount of land committed to LAW vaults
would increase from the 11 ha (27 ac) to 36 ha (90 ac). This increase in land commitment could
be mitigated by constructing fewer and larger vaults. This would lessen the amount of land by
decreasing space required between a larger number of vaults.

In the TWRS EIS potential mitigative measures were identified for the increase in traffic
associated with construction of Phase IB facilities. This traffic will result in lessening the quality
of service on key public roads and result in accidents and fatalities for employees commuting to
and from the 200 Areas each day. While the overall impact of the construction traffic has been
somewhat lessened by lower than expected levels of total Hanford Site employment, the traffic
remains an adverse impact that may require mitigation. The EIS indicated a number of potential
mitigative measures to reduce the volume or timing of traffic or to modify key roads leading to
the 200 Area to address this impact. Since the completion of the EIS, conceptual designs have
been completed for Phase | facilities. These designs indicate that traffic to and from the plants
will be routed along existing roads that will be modified or extended to accommodate
construction and operations needs of the facilities. To address this potential area of concern for
traffic, DOE will conduct a traffic study in FY 1999 to determine if planned road modifications
wil] adequately mitigate construction cycle impacts. Should additional measures be required,
options include modification to traffic patterns using lights, limiting traffic on segments of roads
to traffic associated with the construction of one or the other of the facilities, use of remote
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parking lots and shuttle bus service during construction, and widening Route 4 by adding a rush
hour lane.

420 CUMULATIVE IMPACTS

The TWRS EIS described potential cumulative impacts associated with implementing the TWRS
alternatives and other actions at the Hanford Site in Volume One, Section 5.13 of the TWRS EIS.
The TWRS impacts addressed in the cumulative impacts analysis included the impacts of both
remediation of the tank waste and subsequent closure of the tank farms. The TWRS EIS
:dentified other actions that could impact the Hanford Site and, when possible, provided a
quantitative discussion, where possible, of the potential cumulative impacts of the TWRS
alternatives and the other actions. The NEPA implementing regulations define a cumulative
impact as the impact on the environment that results from the incremental impact of the action
when added to other past, present, and reasonably foreseeable future actions regardless of what
agency (Federal or non-Federal) or person undertakes other such actions. Cumulative impacts
can result from individually minor but collectively significant actions taking place over a period
of time (40 CFR Part 1508.7).

The TWRS EIS analysis demonstrated that the post-remediation risk of the TWRS alternatives
would be strongly influenced by the type and form of waste remaining in the tanks or on the
Hanford Site following remediation, the amount of time and labor that would be needed to
accomplish the alternative, and the environmental disturbance that would take place during the
work, including permanent disturbance or long-term resource commitment. These factors were
comprehensively analyzed and discussed throughout Volume One, Section 5.0 of the EIS for
each resource for each of the TWRS alternatives. For purposes of discussing the potential
cumulative impacts, the TWRS alternative having the highest potential cumulative impacts were
drawn from the comprehensive discussion and presented in combination with the other past,
present, and reasonably foreseeable sources of impact. Thus the upper bound of the reasonably
foreseeable potential cumulative impacts was presented.

Actions at the Hanford Site that would have quantifiable environmental impacts that would be
cumulative with TWRS actions include the Hanford Site waste management and remedial action
programs, the Environmental Restoration and Disposal Facility, the management of spent nuclear
fuel stored in the K Basins, the US Ecology Site, and the replacement cross-site transfer system.
While these activities would occur in the same general time frame as the EIS alternatives, little
quantifiable cumulative impacts of the TWRS alternatives and other projects would be expected.
Among the cumulative impacts that would occur would be impacts to land use and biological
resources, human health, air quality, groundwater quality, and socioeconomics. For each of these
impacts the TWRS EIS presented information regarding the potential cumulative impacts of the
TWRS EIS alternatives and these other actions. Table 4.20.1 summarizes the actions that pose
potential cumulative impacts with TWRS EIS alternatives and the impacts that may be

cumulative.
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Table 4.20.1. Cumuiative Impacts of Other Projects and TWRS Alternatives

Impact Category
Project Land Use Health Risks Air Quality Groundwater | Socioeconomics
and Habitat Quality
Hanford Remedial Action Yes Yes Yes Yes Yes
Environmental Restoration Yes Yes Yes No Yes
and Disposal Facility
K Basin Yes No No No Yes
Safe Interim Storage of Tank Yes No No No No
Waste
Waste Management Program Yes Yes Yes Yes Yes
Notes:

No = Impact not cumulative with TWRS aiternatives.
Yes = Potential cumulative impact with TWRS alternatives.

To determine if new information developed since the completion of the TWRS EIS indicated
changes in understanding of potential cumulative impacts, a review of new data was completed.
This review included reviewing new data regarding the impacts associated with the TWRS ELS
alternatives, as discussed in previous sections of this SA, and information regarding other
Hanford Site actions with potential cumulative impacts.

Land Use and Habitat
To address cumulative land-use and habitat impacts the TWRS EIS considered past Hanford Site

land use and habitat uses (1944 through 1994), current operations, and future operations that
would occur concurrent with 27 years of operations of the Phased Implementation alternative.
The cumulative impacts are presented in Table 4.20.2. Table 4.20.2 documents that past
operations had impacted 8,700 ha (21,500 ac) of land at the Hanford Site. Potential future
actions would impact an additional 2,154 ha (5,340 ac), including 1,016 ha (2,515 ac) of
previously undisturbed habitat. This estimate of future impacts included 320 ha (790 ac) of land
commitments and 220 ha (540 ac) of habitat disturbance under the Phased Implementation
alternative. Based on the new data the land-use impacts of the Phased Implementation
alternative would increase by 125 ha (310 ac) and habitat disturbance would increase by 70 ha
(173 ac). The overall impact of this change on land-use and habitat disturbance would be small,
resulting in an approximately 4 percent increase in the total new land-use commitments above
baseline conditions in 1996 and less than a | percent increase in the total Hanford Site land-use

impacts.

115




Table 4.20.2, Cumuiative Land-Use and Habitat Impacts

Source of Impact

Total Land Use

Habitat Impacts'

ha (ac) ha (ac)
Hanford Remedial Action Program ? 1,138 (2,812) 462 (1,153)
Environmental Restoration Disposal Facility 2 590 (1,475) 314 (773)
Decommissioning Eight Surplus Reactors 6 (15) 63(15)
Management of Spent Nuclear Fuel from K Basins 3.5(9) 35
Safe Interim Storage of Hanford Tank Waste 30 (74) 922
TWRS alternative {Phased Implementation)? 320 (790) 220 (540)
TWRS Phased Implementation (based on new data) 445 (1,100) 290 (718)
Programmatic Waste Management 72 (180) 7(18)
Baseline - Previously Disturbed 8,700 (21,500) No Data
Cumulative Total (TWRS EIS) 10,854 (26,840) 1,016 (2,575)

Notes:
! Shrub-steppe unless otherwise noted.
? Highest impact alternative,
* Not specified as shrub-steppe in data source.

Health Risks

To address cumulative health risks the TWRS EIS considered past Hanford Site operations (1944

through 1994), current operations, and future operations that would occur concurrent with

27 years of operations of the Phased Implementation alternative. Based on this analysis the EIS
estimated that the cumulative health affects for Hanford Site operations was 100,659 person-
roentgen equivalent man (rem) resulting in 50 LCFs. Of this total the Phased Implementation
alternative would contribute 388 person-rem and 0.2 LCFs or 0.4 percent of the cumulative
impact. Based on the new data presented in this SA regarding waste inventory, the estimate of
the Phased Implementation alternative dose has been revised upward to 473 person-rem and the
cumulative Hanford Site dose was increased by the same amount to 100,744 person-rem with no
change in the estimate of LCFs (for purposes of analysis in the EIS, each 2,000 person-rem was
assumed to result in one LCF). The change in the Phased Implementation alternative dose

represented an approximately 18 percent increase for the alternative and a less then 0.01 increase

in the Hanford Site cumulative impact. It is important to note that the waste inventory change
that caused the increase in impacts from the Phased Implementation alternative would have
similarly impacted all other alternatives that would retrieve and treat the tank waste.

Air Quality

To address cumulative impacts of the Phased Implementation alternative and other ongoing and
planned Site operations air emissions from construction and operations of all actions that could
reasonably be expected to overlap were calculated, totaled, and compared to Washington State

air quality standards for four contaminants. The Phased Implementation alternative was selected

for comparison purposes. Impacts are presented in Table 4.20.3. As the table demonstrates, all

four contaminants have similar or lower values compared to the data presented in the TWRS EIS.
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Table 4.20.3. Cumulative Air Quality Impacts

Sources Maximum Average Concentration (pg/m?)
Particulate Nitrogen Sulfur Oxides Carbon

(PM-10} Oxides (NOy) (SO Monoxide (CO)
Hanford Site Baseline 3 3 19 3
Hanford Remedial Action 43 40 b 26
Environmentai Restoration Disposal 33 Negligible Negligible Negligible
Facility
TWRS altemnative (maximum value from all 98 2.2 27 2,500
alternatives)
TWRS Phased Implementation alternative 98 2.1 .9 2,334
(Revised calculation)
TWRS EIS Total 177 45 St 2,529
TWRS Phased Implementation alternative {77 45 28 2,529
{Total based on revised calculations)
Standard ' 150 i00 365 10,000

(24 hour) (Annual) {24 hour) (8 hour)

Notes:
! Washington State standards

Groundwater Quality

To address cumulative groundwater impacts and associated long-term health impacts, the TWRS
EIS analyzed contaminants in the vadose zone in the 200 Areas that are primarily associated with
past waste disposal practices using engineered structures such as cribs, drains, septic tanks and
associated drain fields, and reverse wells (wells that do not penetrate to groundwater);
percolation from ponds, ditches, and trenches such as B Pond and U Pond; solid waste burial in
backfilled trenches; and unplanned releases such as leaks from SSTs. In addition the EIS
considered the US Ecology Low-Level Radioactive Waste Disposal Facility located southwest of
the 200 East Area, which is estimated to contain about 2,2 million curies of radioactive waste in
backfilled trenches. Reasonably foreseeable additions to contaminants in the vadose zone also
included future waste disposal at the 200 Area and US Ecology solid waste burial grounds and
the placement of remediation waste in the Environmental Restoration Disposal Facility.

Cumulative radionuclide concentrations that could occur in the groundwater from a potential
combination of contamination from past disposal practices, currently anticipated future waste
disposal, and the contamination from the Phased Implementation alternative were discussed in
Volume Four, Section F.4.5. Peak groundwater concentrations from the various potential
sources could occur at different times and different locations. However, to maximize the
potential cumulative impacts, the peak concentrations of the past and reasonably foreseeable
future sources were assumed to combine with the peak concentrations from the Phased
Implementation aiternative. This resulted in a conservative bounding of the maximum potential
cumulative groundwater impact for each TWRS alternative.
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Subsequent to the publication of the TWRS EIS new sources of information have been and
continue to be developed by DOE that could affect the cumulative impacts of TWRS EIS
alternatives. These sources of new information were discussed previously in Sections 4.3 and
4,13, There is a large uncertainty associated with past tank leaks and other non-TWRS sources
in the 200 Area and the potential cumulative impacts of these sources on existing and future
groundwater quality. The uncertainty on cumulative impacts includes definition of the various
source terms {e.g., volume and characteristics of waste) and contaminant fransport parameters
that affect migration from disposal sites to the groundwater.

Definition of the source terms is largely dependant on how well past activities were documented.
Some improvements in the estimated inventory of past waste disposal have been achieved by the
revised tank waste inventory and the Composite Analysis studies in response to the DNFSB
comment 94-02 of 200 Area LLW disposal sites. The preliminary results of these efforts indicate
that for the source terms included in the TWRS EIS cumulative analysis, other than the revised
inventory:

« There have been no changes in the inventory for Environmental Restoration
Disposal Facility and the US Ecology sites that would change cumulative impacts.

The US Ecology site as well as the LLW Burial Grounds are undergoing environmental
impact assessments that include consideration of expanded disposal of LLW and other
contaminants. However, these assessments are in early stages, and no definitive data
exist to support changes in the TWRS EIS analysis.

« Changes in inventory for past tank leaks and past practice solid waste disposal tended to
revise the inventory to lower levels than used in the EIS analysis, and therefore the EIS
analysis bounds the potential impacts associated with these sources

« Changes in past-practice liquid disposal which substantially increase the inventory would
not affect the calculation of cumulative impacts because these release would have
migrated well ahead of the other sources, including Phased Implementation retrieval
losses, residual tank waste, and LAW vaults, and hence the impacts would not be

additive.

Data from Site programs such as the spectral gamma logging of drywells surrounding the tank
farms, the preliminary data from deepening borehole 41-09-39 at the SX Tank Farm, work
performed as a part of the Composite Analysis, and some of the RPE studies are all coming
together into a refined conceptualization of contaminant transport. These refinements serve to
reduce the uncertainty in contaminant transport and indicate the assumptions made in the TWRS
EIS regarding contaminant transport for cumulative impacts are still bounding. In the TWRS
EIS, it was assumed that past-practice liquid waste disposal resuited in only near-term impacts.
It was concluded that the cumulative impacts of this waste disposal activity would be very low
for the Phased Implementation alternative and the new information and data do not change this

conclusion.
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In the TWRS EIS, a bounding approach to past tank leaks was taken that assumed that impacts
from past tank leaks would be additive with future groundwater impacts from tanks if no waste
retrieval and remediation were to be implemented. This assumption puts the impacts from past
tank leaks out in time where they would be additive to the impacts from implementing the
Phased Implementation alternative. Available information suggests the approach is still
bounding because if anything, the impacts from past leaks are occurring sooner than would be
calculated using the TWRS EIS assumption and thus would be less likely to be additive to the
impacts associated with implementing the Phased Implementation alternative.

For the past-practice solid waste disposal sites, the solid low-level radioactive waste disposal in
the 200 West burial grounds, and solid low-level radioactive waste disposed in the US Ecology
Burial Grounds a bounding approach was taken that assumed the contaminants from these sites
would be additive with tank waste that was disposed of in the tanks with a gravel fill and a cap.
The new data and information suggest this approach is still bounding.

Socioeconomics

Based on the review of new data presented in Section 4.8 there is not a basis for revising TWRS
EIS alternatives calculations of socioeconomic impacts. Therefore, there is no basis for change
in the calculation of cumulative impacts. However, as noted in Section 4.8, the overall Hanford
Site and Tri-Cities area employment has declined from the baseline levels presented in the
TWRS EIS and used to calculate the impacts of the Phased Implementation alternative on
housing costs, taxes, and local services (e.g., fire, police, schools). The decline in Site and area
employment would have a comparable affect on the calculations of impacts presented in the EIS
for the Phased Implementation alternative and would tend to lessen the adverse impacts in a
comparable manner.

4.21 OTHER ALTERNATIVES ADDRESSED IN THE TWRS EIS

4.21.1 Other EIS Alternatives

A wide variety of potential alternatives and combinations of alternatives existed for treating

and disposing of the tank waste. One of the challenges for DOE and Ecology was to develop

a range of reasonable alternatives for detailed analysis and presentation in the TWRS EIS.

The alternatives presented in the EIS were chosen to be representative of the many possible
variations of the alternatives. The EIS contains an analysis of the full range of reasonable
alternatives for management and disposal of the TWRS waste, The continued safe management
of the tank farms is included in all of the alternatives. The tank waste alternatives were grouped
into four major categories depending on the extent of waste retrieval as shown in Figure 4.21.1.
The alternatives are summarized in Table 4.21.1.
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Figure 4.21,1. Tank Waste Alternatives
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All of the TWRS EIS alternatives included the continuation of on-going activities to safely
manage the tank waste, including removing liquid waste from SSTs and operating the existing
242-A Evaporator to concentrate waste and provide additional tank storage capacity and waste
management flexibility; additional characterization of the waste; maintaining tank safety
activities, such as operating waste mixer pumps and transferring waste between the tanks; and
other associated monitoring, maintenance, security, and regulatory compliance activities.

All of the alternatives except the No Action alternative included upgrades to the tank farm waste
transfer system, which involve the construction of buried waste transfer pipelines and
replacement of transfer lines that are not regulatorily compliant. Also under all of the
alternatives DOE would continue its policy of continually evaluating the issues associated

with the TWRS and its path forward as additional tank characterization data and process

knowledge are obtained.
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Table 4.21.1. Summary of Tank Waste Alternatives !

Alternative
{Time Frame) ?

Key Features

Mo Action » Continue existing operations and maintenance (such as continued removal of saltwell liquid from
{1997 to 2097) SSTs).

+ No new waste retrieval, treatmenl, or disposal actions.
Long-Term + Continue existing operations and maintenance (such as continued removal of saltweti liquid from
Management 55Ts).

(1957 to 2097)

Upgrade tank farm inter- and intra-waste transfer system,
Repiace all DSTs starting in 2035 and again in 2085,
Transfer the DST waste to new tanks.

In Situ Fill and Cap
{1997 i0 2029)

Evaporate liquid from DST waste,
Fill SSTs and DSTs with gravel, and place a thick eanthen cover over the tanks.
Dispose of waste onsite in the tanks,

In Situ Vitrification
{1997 t0 2033)

Evaporate liquid from DST waste.
Vitrity waste in SSTs and DSTs in place, and place a thick earthen cover over the tanks.
Dispose of waste onsite,

Ex SitwTn Situ
Combination |
(1997 to 2040}

Retrieve approximately 50 percent of the waste from SSTs and DST's (based on the degree of risk
posed to human health and the environment).
Dispose of waste remaining in tanks in place as under the In Situ Fill and Cap altemative,

» Separate retrieved waste into high-level and LAV streams (use sludge washing, caustic Jeaching,

and {on exchange).

Vitrify waste streams in separate facilities.

Dispose of LAV onsite in near-surface vauits.

Store HL.W onsite for up to 50 years pending availability of a geologic repository.
Dispose of HLW offsite at a geologic repository.

Ex Sinwln Situ * Retrieve approximately 30 percent of the waste from SSTs and DSTs (based on the degree of risk
Combination 2 posed to human health and the environment).
(1997 to 2040} + Dispose of waste remaining in tanks in place as under the In Situ Fill and Cap aiternative,
+ Separate retrieved waste into HLW and LAW streams (use sludge washing, caustic leaching, and fon
exchange).
+ Vilrify waste streams in separate facilities.
+ Dispose of LAW onsite in near-surface vaults,
s Store HLW onsite for up to 50 years pending availabitity of a geologic repository.
» Dispose of HLW offsite at a geologic repository.
Ex Sir Retrieve all waste practicable {assumed to be 99 percent) from all SSTs and DSTs.

No Separations
(1997 to 2040)

Vitrify or caicine all retrieved waste.
Store HLY onsite for up to 50 years pending availability of a geologic repository.
Dispose of all waste offsite at a geologic repository.

Ex Situ ¢ Retrieve all waste practicable {(assumed to be 99 percent) from all SSTs and DSTs.
Intermediate *» Separate waste into HLWY and LAW streams (use sludge washing, caustic leaching, and ion
Separations exchange).
(1997 to 2040) « Vitrify waste streams in separate facilities.

* Dispose of LAW onsite in near-surface vaults,

+ Store HLW onsite for up te 30 years pending availability of a geologic repository.

+ Dispose of HLW offsite at a geologic repository.
Ex Situ *+ Retrieve all waste practicable {assumed to be 99 percent) from ali SSTs and DSTs,

Extensive Separations
(1997 to 2032)

Separate tank waste into HLW and LAW streams (use ion exchange, caustic and acid disselution,
and sorption and solvent extraction).
Vitrify waste streams in separate facilities.
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Table 4.21.1 Summary of Tank Waste Alfernatives’ (cont’d)

Alternative Key Features
(Time Frame) ?

Phased Phase 1:

Implementation + Construct two LAW separations and immobilization demonstration facilities (one facility would
{Phase |: include HLW vitrification),

1997 to 2012) + Operate facilities for up to 10 years and treat up to approximately 76 million L {19 million gal.) of
(Phase 2: the tank waste volume.

2004 to 2040) + Store treated waste onsite pending development of an onsite disposal facility for immobilized LAW

and availability of a geologic repository for disposal of immobilized HLW.

Selected Alternative | Phase 2:
+ Construct and operate bwo combined LAW separations and immobilization facilities and one HLWY

vitrification facility.

« Retrieve all waste practicable (assumed to be 99 percent) from afl 55Ts and DSTs.

+ Separate fank waste into HLW and LAW streams (use sludge washing, caustic leaching, ion
exchange, and other separations as required).

+ Store HLW onsite for up to 50 years pending availability of a geologic repository.

« Dispose of HLW offsite at a geologic repository.

+ Dispose of LAW onsite in near-surface vaulis.

Notes:
! fmpacts as shown in the EIS included a representative closure scenario (closure as tandfill) to provide a

meaningful comparison of alternatives. This closure scenario consisted of placing an earthen barrier over the

tanks and fow-activity waste vaults,
2 Time frames shown are through closure or following transport of HLW offsite, which ever is later, and

do not include post-closure monitoring.

The following discusses the effect that the new information described in Section 3.0 may have on
the impacts presented in the TWRS EIS for the alternatives that were not selected by DOE.

4.21.2 Continued Management Alternatives

All of the alternatives analyzed in the TWRS EIS included the continuation of routine operations
and maintenance activities required for safe storage of the waste. New information on potential
radiological accidents during routine tank farm operations has been developed. This information
includes the TWRS BIO and revised inventory for the tank waste, This information will change
the radiological and chemical risk calculated in the TWRS EIS for the beyond-design- basis
earthquake scenario and accidents that could occur during routine operations. These changes are
discussed for the Phased Implementation alternative in Section 4,13 and would affect the
continued management alternatives in a similar manner. The higher radiological dose from a
tank dome collapse resulting from a beyond-design-basis earthquake would have the greatest
effect on the risks for the No Action and Long-Term Management alternatives because of the
higher accident probability associated with extending current tank farm operations over a long

period of time.

Changes in the waste inventory described in Section 3.2.1 would change the long-term risk for
the continued management alternatives. The changes in anticipated long-term risk were not
calculated for this SA; however, it would be expected that changes in long-term risk would
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follow the same trend as described for the Phased Implementation alternative in Section 4.12.2.
Similar to the changes in the long-term risk calculated for the Phased Implementation alternative,
the inventory changes would be expected to result in risk levels that are similar to those provided
in the EIS. The calculations performed for the Phased Implementation alternative indicated that
the net effect on long-term risk from changes in the inventory of contaminants modeled with a K
of 0 was small. Because contaminants modeled with a K; = I reached the groundwater under the
continued management alternatives and the inventory of some contaminants with a K, = 1
increased substantially, the long-term risk would be expected to increase. The increase is due to
the increased inventory of Pa-231.

Increased inventory of the actinides identified in Section 3.2 would be expected to result in
higher risks to hypothetical intruder under the post-remediation intruder scenario. This new
inventory information would increase the intruder risks for all of the alternatives but would have
the greatest effect on the long-term management and in situ disposal alternatives.

4,21.3 In Situ Disposal Alternatives

The In Situ Fill and Cap and In Situ Vitrification alternative impacts would be affected by
the new accident information during the continued operations stage of each alternative,
These changes would be similar to those described for the Phased Implementation alternative

in Section 4.13.

No new information has been identified relative to the in situ disposal alternatives that would
affect the engineering data relative to the remedial activities that would be required to implement
these alternatives. Therefore, no new information is available that would change the potential
short-term impacts for the In Situ Fill and Cap alternative from those described in the TWRS
EIS. Changes in the waste inventory would change the routine emissions impacts for the In Situ
Vitrification alternative. The revised inventory for I-129 described in Section 3.2 is
approximately 64 percent higher than the TWRS EIS inventory. lodine is volatile at the high
temperatures that would occur during in situ vitrification, and in the TWRS EIS all of the [-129

was assumed to be released in the off-gas.

Changes in the waste inventory described in Section 3.2.1 would change the long-term risk for
the in situ disposal alternatives. The changes in anticipated long-term risk and impacts to the
vadose zone and groundwater were not calculated for this SA; however, it would be expected
that changes in groundwater contaminant concentrations and associated long-term risk would be
small and would follow the same trend as described for the Phased Implementation alternative in

Section 4.12.2.

4.21.4 Partial Waste Retrieval Alternatives

The partial waste retrieval alternative impacts would be affected by the new accident information
during the continued operations stage of each alternative. These changes would be similar to
those described for the Phased Implementation alternative in Section 4.13.

123



The partial waste retrieval alternatives evaluated in the TWRS EIS were developed to assess the
impacts that would result if a combination of two or more of the tank waste alternatives were
selected for implementation. The Ex Situ/In Situ Combination | and 2 alternatives represented a
combination of the In Situ Fill and Cap and Ex Situ Intermediate Separations alternatives.

The tanks were evaluated on a tank-by-tank basis to determine the appropriate remediation
method based on the contents of the tanks, The TWRS EIS acknowledged that a wide variety of
potential combination of alternates could be developed and criteria that could be used to select a
combination of alternatives for implementation. The two ex situ/in sifu combination alternatives
were intended to represent a variety of potential alternative combinations that could be developed

to remediate the tank waste.

Since the publication of the EIS, the revised tank-by-tank inventory has been developed.
The tank-by-tank inventory would be expected to result in selecting different tanks and
potentially different numbers of tanks for retrieval using the EIS methodology.

Changes in the groundwater environmental impacts associated long-term risk for the ex sifu
portion of the combination alternatives based on new information would be expected to follow
the same type of trends identified for the Phased Implementation alternative.

4.21.5 Extensive Waste Retrieval Alternatives
The extensive waste retrieval alternatives would be affected by the new accident information

during the continued operations stage of each alternative. These changes would be similar to
those described for the Phased Implementation alternative in Section 4.13.

Following DOE’s decision to implement the Phased Implementation alternative using a
privatized contracting strategy, development of other alternatives was discontinued.
Therefore, no new engineering data are available for the other alternatives and the short-term
impacts from construction, and operations of the waste treatment facilities described for the
extensive retrieval alternatives would not be changed from those presented in the TWRS EIS.
Many of the technologies that were identified for the extensive waste retrieval alternatives are
common to the Phased Implementation alternative. Where common technologies are employed
the changes in potential environmental impacts resulting from new information would be the
same for the extensive waste retrieval alternatives as those described for the Phased
Implementation alternative. A partial list of common technologies includes the following:

»  Waste retrieval and transfer

+ Waste separations processes

+ Vitrification technologies.
The new inventory information provided by the revised inventory is described in Section 3.2 and

would affect the long-term risks from all of the extensive retrieval alternatives. Changes in long-
term impacts from new inventory information as it relates to potential tank leakage during
retrieval and from residual waste left in the tanks following retrieval would be the same for all
extensive retrieval alternatives. Changes in long-term impacts from new inventory information
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as it relates to the immobilized LAW vaults would be expected to follow similar trends as those
described for the Phased Implementation alternative in Section 4.3. For example, the revised
inventory for Np-237 is approximately 100 percent higher than in the TWRS EIS inventory.
This would be expected to result in higher Np-237 inventories in the potential retrieval leaks,
tank residuals, and immobilized LAW vauits (for extensive retrieval alternatives that include
HLW and LAW separations). The relative change in impacts for all of the extensive retrieval
alternatives would be expected to be similar to those calculated for the Phased Implementation
alternative in Section 4.0.

Each of the alternatives involving waste retrieval and separations into a HLW and LAW waste
stream followed by immobilization would experience increases in the HLW volume resulting
from the revised waste inventory. The increases would be proportionate to those experienced by
the Phased Implementation alternative. The increase in HL W volume would be approximately
15 percent under each of these alternatives except for the Ex Situ Extensive Separations
alternative. The impact on HL W waste volume under this alternative would be somewhat less
because the alternative includes acid dissolution of chromium, The Ex Situ No Separations
alternative would not have an increase in vitrified (or calcine) waste volume because the large
volume of waste under this alternative could accommodate the increase in chromium inventory.

4.22 STAKEHOLDER AND TRIBAL NATION INVOLVEMENT
Throughout the Phase IA process DOE has periodically consulted with stakeholders and Tribal
Nations regarding the progress of the Privatization initiative. These consultations have taken the
form of briefings for the Hanford Advisory Board and its committees, responses to Hanford
Advisory Board consensus advice, and briefings for other stakeholder organizations such as the
meetings with the Yakama Indian Nation, Confederated Tribes of the Umatilla Indian
Reservation, and the Nez Perce Tribe. With the submission of the Privatization contractor
Environmental Reports in September 1997 and the proposals in January 1998 DOE has
conducted additional consultations regarding the potential environmental impacts evaluated in
this Supplement Analysis and associated with the siting and mitigation of impacts associated
with construction and operation of the facilities with representatives of regulatory agencies,
stakeholders, and Tribal Nations including:

» Ecology

+ Washington State Department of Fish and Wildlife

+ U.S. Fish and Wildlife Service

« U.S. Bureaue of Land Management

» Oregon Department of Energy

» Hanford Advisory Board and its commiittees

» Yakama Indian Nation

+ Confederated Tribes of the Umatilla Indian Reservation

« Nez Perce Tribe
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In addition to these consultations, this Supplement Analysis and the Environmental Synopsis will

be distributed to regulatory agencies, the Hanford Advisory Board, and Tribal Nations and ¥
placed on the DOE Hanford Home Page. Copies of both documents will be placed in the DOE B
Reading Roonis in Richland, Seattle, and Spokane, Washington and in Portland, Oregon.,

The public will be notified of the availability of the Supplement Analysis and the Environmental

Synopsis from DOE or at DOE Reading Rooms through advertisements in area newspapers.

126



5.0 UNCERTAINTIES

Remediating the TWRS waste is a very complex and costly remediation program and involves a
number of technical uncertainties, some of which will not be resolved until waste retrieval,
transfer, and treatment operations have been demonstrated. Technical uncertainties are being
reduced through technical analysis, characterization, modeling, and bench-scale experiments.
However, these uncertainties will not be fully resolved until sufficient quantities of the varying
waste types are retrieved from the tanks and immobilized in the waste treatment facilities.

The Phased Implementation alternative allows DOE to implement waste treatment on a
demonstration scale to reduce uncertainties prior to initiating full-scale remediation efforts.

By performing Phase I of the Phased Implementation alternative and proceeding with other
technology development projects and tank waste characterization, the uncertainties associated
with the tank waste program will be reduced further.

The TWRS EIS identified several sources of uncertainty involved with calculating the impacts
associated with implementing the tank waste alternatives, including characteristics of the waste
and the performance characteristics of the waste retrieval, separations, and immobilization
technologies. The methodology used to address uncertainties in the impact calculations was

to calculate bounding and nominal impacts. Bounding impacts were calculated using
conservative assumptions and represent reasonable maximum impacts that are likely to occur.
Nominal impacts were based on less conservative assumptions (i.e., assumptions that resulted in
higher environmental impacts) and were intended to represent average impacts that are likely to
occur. For example, the nominal case defined for assessing long-term impacts in the TWRS EIS
involved ) reducing the concentration of contaminants in retrieval leakage to account for
addition of water during sluicing; 2) reducing the inventory of C-14, Tc-99, and I-129 in the
residual waste to account for higher solubility of these constituents in the retrieval liquid; and

3) the K, of Np-237 was revised from 0 to {. This nominal case represented an average or most
likely scenario using nominal type assumptions for a limited number of parameters. The nominal
and bounding cases also illustrate that given the uncertainties involved with calculating the
impacts, presenting a risk range is more appropriate than providing a single point estimate.

Broader technical and programmatic uncertainties were also identified in the TWRS EIS that
included 1) the effectiveness of the waste retrieval system and how much liquid might leak from
the tanks during retrieval; 2) how effectively waste from multiple tanks can be blended to meet
final waste specifications; and 3) the effectiveness of the processes for separating the waste into
LAW and HLW,

Uncertainties were identified as one of the principal findings in the National Research Council’s
report, The Hanford Tanks, Environmental Impacts and Policy Choices (NRC 1996). DOE did
consider the conclusions and recommendations in the National Research Council report in the
preparation of the TWRS ROD. The National Research Council identified uncertainties in the
areas of technology, costs, performance, regulatory environment, future land use, and health and
environmental risks.
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DOE is pursuing initiatives to gather additional information, and if successful these initiatives
will reduce uncertainties in the TWRS program. These initiatives include:

« The HTI project, which has been initiated as a first step in developing waste retrieval and
tank closure criteria by providing data on characterization of tank residuals and removal
of tank hard heel, as well as technologies for waste retrieval, technologies for removing
tank residuals, and developing risk based performance criteria for closing tanks

« Completion of the tank waste characterization program, which should provide data
relative to tank waste safety issues and the contents of the tanks

» Determination of the level of contamination in the vadose zone

« Development of a comprehensive plan to integrate tank waste remediation with tank farm
closure and other remediation activities related with the TWRS program

« Integration of TWRS program implementation with the plans for developing a national
repository for HLW

« Demonstrations of the efficiency and effectiveness of retrieval shiicing technology to
support the tank waste remediation activities

» Demonstrations of various tank waste separations and treatment processes.

This section will identify how new data developed since the preparation of the TWRS EIS have
reduced these uncertainties and how the remaining uncertainties affect Phase | of the Phased
Implementation alternative. Technology development programs whose purpose is to reduce
technical uncertainties will also be identified.

5.1 TANK WASTE INVENTORY

Tank waste inventory was identified in the TWRS EIS as an arca of uncertainty. The inventory
used was based on estimates developed using the best available information at the time of
publication. This inventory was considered reasonably accurate from an overall inventory stand
point but was considered less reliable on a tank-by-tank basis.

In an effort to reduce inventory uncertainties, resolve differences among the reported inventory
values, and provide a consistent and technically defensible inventory basis for all waste
management and disposal activities, a task was initiated in FY 1996 to establish a revised
inventory for chemicals and radionuclides in Hanford Site tank waste. In August 1997 the
TWRS program released the first version of the “Standard Inventories of Chemicals and
Radionuclides in Hanford Site Tank Wastes” (Kupfer et al. 1997), which provides a revised
inventory for 26 chemical and 46 radionuclide coniponents.

There are two components of the revised inventory for the SSTs and DSTs. A revised inventory
has been developed and represents an overall total inventory estimate for all tanks. Tank-by-tank
inventory estimates have also been developed that provide a revised inventory for each of the 177
tanks LMIC 1997b. There are discrepancies for some constituents between the cumulative tank-
by-tank inventory and the revised inventory. There is an effort underway to reconcile the two

128




inventories in FY 1998, which could include some adjustment of both inventory estimates.

The revised inventory used in assessing potential changes in environmental impacts in this SA
represents the best available information; however, it is expected to change as new information
becomes available. For example, the summation of the tank-by-tank inventory for Tc-99 is
approximately 40 percent higher than the revised inventory (¢.6E+04 Ci versus 3.3E+04 Ci).
Resolution of this discrepancy could change one and/or both of these inventories. A comparison
of the revised inventory to the summation of the tank-by-tank inventories is provided in

Table 5.1.

There will always be some level of uncertainty with the tank inventory because of limitations on
the number and the location where samples are taken. Characterization of the tank waste is
necessary to satisfy a number of data needs including resolving safety issues, evaluating
processes for pretreating and immobilizing the waste, and to address regulatory requirements.
Sampling and analysis of tank waste is incomplete and as it continues will likely result in
adjustments in the tank-by-tank and global best-basis inventories, Tank sampling and analysis
efforts have been performed for approximately 131 of the 177 tanks. The tanks that have been
sampled satisfy one or more but not al! of the characterization data needs. Recent
characterization efforts have been focused on resolution of safety issues, and as these issues are
resolved data needs for waste treatment will be addressed, This change in focus for the tank
waste characterization program was the subject of recent changes to the M-44 series of Tri-Party
Agreement milestones.

One notable change is the order-of-magnitude increase in the tritium inventory. The majority of
the tritium in the tanks is expected to be contained in the radioactive liquid effluent streams
generated as secondary waste during waste treatment. Therefore, the majority of this inventory
would be transferred to the existing Effluent Treatment Facility. This increase could potentially
affect tritium concentrations in the groundwater. The total tritium inventory is uncertain and the
revised tritium inventory is believed to be too large. Investigation revealed that the basis for the
tritium inventory is mainly the Hanford defined waste model, which is known to be high because
it does not account for the substantial tritium losses that occurred during fuel reprocessing.

The tritium inventory has been targeted for review and refinement during 1998 and it is expected
to go down (Watrous 1997).

Tank waste inventory uncertainties would not limit implementation of Phase IB because the
waste feed envelopes have been defined. Relatively well characterized waste from DSTs would
be retrieved during Phase I and this waste would be adjusted as necessary to meet the
specifications before delivery to the Privatization contractors.

52 WASTE RETRIEVAL AND TRANSFER

The ability to effectively retrieve SST waste, achieve retrieval goals in terms of the amount of
residual remaining in the tanks following retrieval, and the potential for leakage to occur during
retrieval were identified in the TWRS EIS as areas of uncertainty. Additionally waste retrieval
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Table 5.1. Revised Inventory Cempared to Best-Basis Tank-by-Tank Inventory

Constituent Name Units Revised Inventory Tank-by-Tank Ratio of Revised

(Decayed to Summary Inventory to Tank-

12/31/93) by-Tank Summary
Al kg 7T.9E+06 7.6E+06 1.03
Bi kg 5.8E+05 6.2E+05 0.93
Ca kg 2.1E+05 3.4E+05 0.64
Ce ke 8.8E+03 0.00E+00 N/A
Cl ke 5.0E+05 8.8E+05 0.57
TIC as CO, kg 4 8E+06 9.0E+06 0.54
Cr kg 7.9E+05 6.6E+05 1.19
F kg L4E+06 8.7E+05 £.57
Fe kg 1.2E+06 1.4E+06 0.85
Heg ke 2.1E+03 6.4E+03 0.33
K ke 4.8E+05 8.1E+05 0.60
La kg 5.1E+04 4 8E+04 1.05
Mn ke i.1E+05 2,0E+05 0.52
Na kg 5.4E+07 4.TE+07 1.14
Ni kg 1.1E+05 1.5E+05 0.73
NO,/NO, kg 8.6E+07 6.4E+07 1.34
OH TOTAL kg 2.3E+07 2.1E+07 .10
Pb kg 2.8E+05 8.5E+04 3.29
PO, kg 6.0E+06 1.6E+06 3.87
Si kg 5.7E+05 LIE+06 0.54
50, kg 5.0E+06 1.3E+06 3.84
Sr kg 3.1E+04 4 3E+04 0.73
TOC ke 4.0E+06 1.8E+06 2.25
u ke 9.7E+05 8.0E+05 1.20
Zr kg 4 4E+05 4.2E+05 1.05
Cd ke 8.2E+03 0.00E+00 N/A
Ag kg 8.9E+03 0.00E+00 N/A
Th kg 2.6E+04 0.00E+00 N/A
W kg 1.6E+04 0.00E+00 N/A
H-3 Ci 34E+04 3.8E+04 0.90
C-14 Ci 4,8E+03 3.7E+03 £.29
Ni-59 Ci 9.3E+02 §.0E+02 1.08
Ca-60 Ci 1.2E+04 2. 1E4+04 0.39
Ni-63 Ci 9.2E+04 8.5E+04 1.09
Se-79 Ci 7.7E+02 6.8E+02 1.14
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Table 5.1. Revised Inventory Compared to Best-Basis Tank-by-Tank Inventory {cont'd)

Constituent Name Units Revised Inventory Tank-by-Tank Ratio of Revised
(Decayed to Summary Inventory to Tank~
12/31/93) by-Tank Summary

Sr-90 Ci 7.2E+07 6.7E+07 1.07
Y-90 Ci 7.2E+07 6.7E+07 1.07
Nb-93m Ci 2.7E+03 2.4E+03 110
Zr-93 Ci 3.6E+03 3.3E+03 1.09
Te-99 Ci 3.3E+04 4.6E+04 0.7
Ru-106 Ci 1.0E+05 1.8E+05 0.57
Cd-113m Ci 1.7E+04 1.6E+04 1.05
Sb-125 Ci 2.1E+05 2.5E+03 0.83
Sn-126 Ci 1.2E+03 1.1E+03 1.04
-129 Ci 6.3E+01 8.1E+01 0.78
Cs-134 Ci 8.9E+04 3.7E+04 1.03
Ba-{37m Ci 4 4E+07 4.8E+07 0.91
Cs-137 Ci 4.6E+07 5.1E+07 0.91
Sm- 151 Ci 2.8E+06 2.5E+06 1.11
Eu-152 Ci 1.5E+(3 14E+03 1.06
Eu-154 Ci 1.5E+05 1.8E+05 0.80
Eu-153 Ci 1.4E+03 2.0E+03 0.67
Ra-226 Ci 6.3E-02 5.7E-02 1.11
Ac-227 Ci 3.8E+01 8.7E+01 1.00
Ra-228 Ci 7.7E+01 7.5E+01 1.03
Th-229 Ci 1.8E+00 1.8E+00 1.02
Pa-231 Ci 1.6E+02 1.6E+02 1.00
Th-232 Ci 2.1E+00 4.2E+00 0.50
U-232 Ci 1.2E+02 2.5E+02 0.49
U-233 Ci 4 8E+02 9,7E+02 0.49
U-234 Ci 3.5E+02 8.3E+02 0.42
UJ-235 Ci 1.5E+01 3.6E+01 0.40
U-236 Ci 9.6E+00 1.5E+01 0.64
Np-237 Ci 1.4E+02 7.2E+02 0.20
Pu-238 Ci 2.8E+03 2.4E+03 116
U-238 Ci 3.2E+02 8.6E+02 0.37
Pu-239 Ci J9E+04 2.3E+04 1.73
Pu-240 Ci 8.9E+03 4.5E+03 2.00
Am-241 Ci 7.0E+04 {.5E+05 0.47
Pu-241 Ci 2.3E+05 1.6E+05 1.42
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Table 5.1. Revised Inventory Compared to Best-Basis Tank-by-Tank Inventory (cont’d)

Constituent Name Units Revised Inventory Tank-by-Tank Ratio of Revised

(Decayed to Summary Inventory te Tank-

) 12/31/93) by-Tank Summary
Cm-242 Ci 7.7E401 7.4E+01 .04
Pu-242 Ci 1.2E+00 1.7E-01 1.50
Am-243 Ci 9.3E+00 1.6E+01 0.59
Cm-243 Ci 1.OE+01 1.9E+02 0.05
Cm-244 Ci 2.4E+02 5.0E+02 0.49

Notes:

Ci decayed to 12/31/93

and transfer operations could result in the formation of colloids and gels, which could interfere
with waste processing. Reducing these uncertainties is necessary before fuil-scale
implementation of SST retrieval in Phase II.

No waste retrieval has been conducted since the TWRS EIS was released, so many of the
uncertainties associated with retrieval remain, However, DOE has implemented a number of
programs and technology development efforts aimed at reducing these uncertainties.

The HTI project was established to implement the August 1996, DOE and Ecology
Memorandum of Understanding (MOU 1996). In the Memorandum, the agencies agreed to
address the degree of waste removal that should be used as the basis for developing waste
retrieval systems technology, retrieval systems engineering, and defining completion of retrieval
operations. HTI was developed to address many of these uncertainties before full-scale retrieval
operations were required. HTI’s mission is to minimize the programmatic and technical
uncertainties by employing appropriate technologies and methods to achieve the following:

+ Retrieve difficult-to-remove hard-heel waste from a SST

+ Establish retrieval performance criteria, including cost

« Characterize waste to measure compliance with retrieval performance criteria.

Retricval demonstrations for hard-heel waste are planned under HT! following sluicing of tank
241-C-106 under HTI. This project will use commercial technologies to demonstrate retrieval of
hard heel from tank 241-C-106. Additional development and testing of these retrieval systems is
underway that will lead to selection of one retrieval system for deployment in tank 241-C-106
following sluicing operations. If successfully implemented, development and demonstration of
these retrieval technologies would reduce the uncertainty associated with DOE’s ability to

retrieve waste from the SSTs,




Cold testing demonstrations of four prototype retrieval technologies were completed in

August 1997 under the HTI project. These systems included two arm-based systems and two
remote vehicle-based systems that employ commercial technologies. The demonstration tests
involved breaking up and pumping out simulated waste from test tanks. Results from these
demonstrations will be used to develop performance specifications for the next phase of heel
retrieval development under HTI, which will result in the award of a performance-based contract
for deployment in tank 241-C-106.

HTI retrieval system development and deployment in tank 241-C-106 is scheduled to begin in
October 2000. If successfully compieted this schedule would support the design and
implementation of SST retrieval required to support Phase II retrieval operations, During

Phase |, waste retrieval will be from DSTs with limited waste from SSTs, such as tank 241-C-
106; therefore, SST waste retrieval uncertainties have little affect on plans for Phase IB retrieval
and treatment. However, to support waste processing in Phase II the Tri-Party Agreement
requires SST waste retrieval to begin in 2003 and for up to 35 SSTs, including tank 241-C-106,
to be retrieved prior to initiation of Phase II waste treatment in approximately 2012,

The remaining SSTs would be retrieved during Phase II with the final SST retrieval completed in
2018. The phased schedule for waste retrieval and treatment will support operational flexibility
required to develop and deploy alternate retrieval technologies, such as those being evaluated
under HTI, to address key areas of retrieval uncertainty identified in the EIS including retrieval of
SST hard-heel waste, retrieval from known or suspected leaking SSTs, and retrieval from SSTs
that develop leaks during retrieval operations.

Retrieval Leakage

There is considerable uncertainty in estimating the likelihood of a leak occurring during waste
retrieval and quantifying the leakage volumes. The mechanisms by which leaks might occur are
not fully understood. The most likely teak path is through many small cracks caused by stress
corrosion cracking around welds in the carbon steel tank liner and subsequently out through the
construction joint where the tank wall meets the base. The extent of stress corrosion cracking in
the SST liners is unknown, A stress corrosion cracking model was developed by the Savannah
River Project, which predicts whether stress corrosion cracking may occur based on the
chemistry of the waste. This model provided inconclusive results when applied to the Hanford
SSTs (LMHC 1997b). The concentrations of hydroxide and nitrate in the waste lie between the
values for which cracking is either predicted to occur or not occur.

If a leak were to occur during sluicing the leakage volume would be expected to be 15 to 30 m’
(4,000 to 8,000 gal.) based on historical leak rates and the assumption that sluicing would be
stopped once a leak was detected. However, analyses have been conducted that have shown that
if a leak occurred early in the sluicing process and went undetected that leakage of up to 150 m*®
(40,000 gal.) may occur (WHC 19961). This upper bound is conservative and would be expected
to be less because 1) the leakage rate is determined by the hydraulic head and the resistance of
the cracks in the tank and the properties of the surrounding soil; 2) the hydraulic head will
decrease as sluicing progresses and liquid is held up in the sludge by capillary forces; 3) the
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ability to detect tank leaks; 4) the tendency of solids in the sludge to plug leaks; and 5) the ability
to quickly remove sluicing liquids from the tank.

The minimum tank leakage volumes are a function of the capability of the leak detection
technology. The current baseline leak detection technology is the mass balance method, which is
based on retrieval process data and tank level measurements. Analysis for this method has
determined that the minimum volume of leakage that can be reliably detected and mitigated is
approximately 30 m’ (8,000 gal.). Using this methodology, which involves tracking the volumes
of liquids and solids (soluble and insoluble) and using parameters such as temperature, surface
level, and liquid thermal expansion coefficients. The current baseline detection and mitigation
minimum leakage volume for SST retrieval operations is 30 m? (8,000 gal.),

The environmental impacts that would result from retrieval leakage would be a function of the
number of tanks that leak, the leakage volumes, the contaminant concentrations in the volume
leaked, the area over which the leak escapes the tank (i.e., is the leak a point source or is it
distributed around the base of the tank), and the leak duration. There is a high level of
uncertainty for each of these leakage-related parameters; however, planned activities to establish
retrieval performance criteria and develop leak detection technologies will reduce these
uncertainties. Retrieval leakage uncertainties are less important to the implementation of

Phase IB because limited SST retrieval is planned during Phase IB; however, these uncertainties
would need to be addressed prior to implementing full-scale SST waste retrieval during Phase II.

The retrieval leakage scenario analyzed in the TWRS EIS inciuded the following:

* Each of the 149 SSTs were assumed to leak 15 m* (4,000 gal.) during retrieval
operations. This is conservative because arm-based retrieval systems deploying confined
sluicing or mechanical retrieval technologies were also assumed to be deployed in
50 SSTs.

* Contaminant masses released in the retrieval leak were calculated using a congruent
dissolution model with nitrate at an empirically based solubility limit of 360 g/L as the
limiting concentration. All other contaminants were assumed to be present at
concentrations that were caiculated based on the tnass ratio of the individual
contaminants to nitrate multiplied by the solubility limit of 360 g/L.

Best-estimate leakage inventories were recently estimated for the 241-AX Tank Farm in support
the RPE being conducted by the HTT project. These estimates were based on leakage volumes

of 30 m’ (8,000 gal.) and 150 m’ (40,000 gal.). The contaminant concentrations were calculated
by calculating two cases for the volume of water that would have to be added to the tank during
retrieval. These cases assumed that the tank contents would be uniformly mixed with a volume of
water necessary to achieve a waste slurry with 5 molar sodium concentration or a 10 weight
percent solids and the higher of these two volumes would be required for retrieval.

The contaminant concentrations in the leakage was then calculated by dividing the tank

inventory by the retrieval volume (Jacobs 1997).
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For comparison purposes the contaminant inventories associated with an 30 m® (8,000 gal.) leak
from each SST were calculated based on the 5 molar sodium retrieval limit. The 5 molar sodium
limit for waste retrieval is one of the constraints that will be used during retrieval to minimize the
formation of solids during waste transfer. Another constraint would be the weight percent of
solids in the retrieval liquids. The 5 molar sodium limit is intended to be one example of how
retricval leakage could be estimated. In practice the sodium concentration would likely be higher
at the beginning of retrieval and lower near the end. These inventories were compared against
the retrieval leakage inventories used in the TWRS EIS. The TWRS EIS methodology resulted
in calculating higher contaminant inventories for some constituents even though the leakage
volume was 15 m* (4,000 gal.) as compared to 30 m® (8,000 gal.). A comparison of these two
retrieval leakage estimates are provided in Table 5.2.1 for selected radionuclides. The notable
exception in this comparison is the calculated inventory of Tc-99.

Table 5.2.1, Comparison of Contaminant Inventories in Retrieval Leakage

Radionuciide Units Retrieval Leakage Inventory, 30 m? TWRS EIS Retricval Leakage
(Decayed to (8,000 gal.)/SST, Revised Inventory, Inventory, 15 m® (4,000 gal.)/SST,
12/31/99) Retrieval Liquids Limited to 5 ¥ Na TWRS EIS Inventory, Congruent
Release Model
C-i4 Ci 33 100
Ni-63 Ci 1,600 22,000
Se-79 Ci 9.1 25
Tc-99 Ci 300 230
1-129 Ci 0.52 0.35
Np-237 Ci 9.1 0.82
U-238 Ci 16 26

Tc¢-99 is one of the major contributors to long-term risk, and an increase in the leakage inventory
of Tc-99 would be expected to increase predicted long-term health risks. The following issues
relative to retrieval leakage must also be considered in evaluating the uncertainties in human
health and environmental impacts posed by retrieval leakage.

+  Assuming all SSTs would leak during retrieval is a bounding assumption.

«  The leak detection and mitigation capability for some tanks would be lower than 30 m’
(8,000 gal.). This would include the AX Tank Farm with leak detection provisions, and
the SST Farms with horizontal laterals ranning beneath the tanks.

. DOE would reassess the SST retrieval program if detectable volumes of leakage (equal to
or greater than 30 m* (8,000 gal]} were routinely observed during initial SST retrieval
operations.

. Some SSTs are confirmed leakers and would not be amenable to hydraulic shicing.

Use of robotic arm-based sluicing, with lower volume of liquids, was identified as a
potential retrieval technology for 50 SSTs. This technology has a lower potential for
leakage losses.

« There is a wide variation in current tank-by-tank waste volumes and expected retrieval
durations which would indicate a range in leakage potential.
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«  The minimum detectable leakage range is 15 m® (4,000 gal.) to 30 m’ (8,000 gal.),
therefore, assuming a volume of 30 m (8,000 gal.) for ali retrieval leakage would be
conservative.

+  Saltwell pumping should transfer additional liquids containing a high percentage of the
soluble and mobile risk-based constituents of concern into the DSTs.

«  The tank-by-tank variations in the inventory of risk-based constituents of concern would
be expected to result in greater risks from retrieval leakage in some tanks than in other

tanks.

The new data and planned retrieval demonstration activities are anticipated to reduce DOE’s
uncertainties associated with SST retrieval and identified additional data required to further
reduce these uncertainties prior to full-scale SST retrieval under Phase II. These uncertainties do
not influence Phase IB decisions to the same extent because most waste retrieval in Phase IB will

be from DSTs.

Waste Transfer
The potential for formation of colloids and gels from aluminum- and phosphate-containing

compounds was identified as a technical uncertainty by the National Research Council

(NRC 1996). DOE has addressed this technical uncertainty and developed a baseline approach
for waste transfer through the development of models to provide sludge washing and waste
transfer parameters to preclude the formation of unwanted solids (Kirkbride et al. 1997).

The TWRS Operations and Utilization Plan addresses solid-liquid phase behavior of Phase IB
supernates. All of the Phase IB waste feeds exist as near-saturated or saturated solutions.

To avoid conditions where waste retrieval and transfer activities could result in formation of
highly viscous slurries or precipitation of solids, the baseline approach includes concentration
adjustments through water and chemical additions. This will ensure that unwanted phase
changes in the waste do not occur. Thermodynamic modeling has been conducted to evaluate
phase equilibria for aluminum-bearing salts and other species in waste solutions. This is done to
evaluate the behavior of aluminum species during waste retrieval when dilution water is added to

the waste.

The steps taken to gather information through characterization and chemical modeling will
provide a better understanding of waste behavior and allow DOE to reduce this technical
uncertainty by defining acceptable waste transfer specifications.

5.3 WASTE TREATMENT
Separations and immobilization processes have not been demonstrated on Hanford Site tank

waste on the scale described for the demonstration- and full-scale phases of the Phased
Implementation alternative, The technologies such as solid/liquid separations, ion-exchange, and
vitrification described for this alternative have been used to treat waste from other DOE sites and
in Europe, but they have not been used on a production scale to treat Hanford Site waste.
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A lower than assumed erficiency for the separations processes could result in producing higher
volumes of vitrified HLW and higher concentrations of some radionuclides in the immobilized
AW, Forexampie. if the separations process for removing Tc-99 from the LAW feed stream
were iess erficient than assumed, the T¢-99 inventory in the LAW vauits along with the
anticivated environmental impacts wouid be higher. Thererore, some level of uncertainty exists

in impiementing the Phased Implementation aiternative.

Considerable progress has been made since the release of the TWRS EIS in reducing the
uncertaintes surrounding the enhanced studge washing process (LMHC 1997b)}. Enhanced
sludge washing is a process where the tank sludges are washed with strong caustic solutions to
remove components such as ajuminum, chromium, phosphorus. and sodium from the siudges to
reduce the volume of LW glass produced. Experimental resuits from enhanced s{udge washing
rests on waste sotids are used to 1) estimate the distribution of waste inventory during reuteval
berween liquid and solid phases: and 2} determine the extent to which certain waste components
are removed during leaching., Progress included both experimental enhanced sludge washing
tests and thermodynamic computer simulations of Phase 1 sludge pretreatment.

The voiume of HL\V glass produced remains limited by chromium: however. the recent
increased inventory of chromium reported in the revised inventory did not transiate into
substantial increases in HL W glass volumes because of improved performance projections for
the enhanced sludge washing process. The expected amount of chromium removed while water
washing the waste solids during siuicing decreased from 39 to 33 percent. The overall mass-
weighted caustic jeach factor (i.e., the amount of chromium removed from the water washed
solids) increased from i to 78 percent. This resuits in an overail increase in ennanced sludge
wasning terformance from 63 to 83 percent ror ciromium removal [LMHC 1997b]). Althougn
DOE rcians to contract for waste treatment services. this work demonstrates the technical
‘easibility of using an enhanced sludge washing process o reduce the voiume of viriried HLW.

DOE s pians to privatize waste treatment shift manv of the responsibilities ror addressing
rechnicai uncertainties for separations and immobilization to the private contractors. Detaiis ot
the BNFL or LMAES processes are not available through December 1997,

One uncertainey that remains to be addressed is the fate or Se-79 in the separations and
immobilization process. The Interim Low-Level Waste Performance assessment { \WHC 1996a).
‘0 an esfort to be conservative. assumed that ail of the Se-79 would end up in the immobilized
LAY, The fate ot Se-79 was not included in the waste treatment process flowsheet modeling
conducted in support of the TWRS EIS, and thererore Se-79 was not included in the TWRS EIS
L AW vauit inventory. Both Se-79 and T¢-99 are considered mobile in the vadose zone and
groundwater and have similar health erfects. Because the inventory of Se-79 is approximately
2 percent of the Tc-99 inventory, including it in the LAW disposal vault inventory would not

appreciabiy change the impacts.




3.4 LONG-TERM HEALTH EFFECTS
The understanding of long-term health efTects associated with losses during retrieval. residual
waste. and onsite and offsite disposai facilities remains as an area of uncertainty. 1he TWRS

EIS identiried uncertainty in the conclusions as a conseguence of the unceriainty in two major
areas: the descriptions of the alternatives. with their associated assumptions about tank waste
inventories. composition, and remediation technologies: and the conseguences analvses, which
inciuded assumptions about waste source and release terms, future land uses. environmental
ansport parameters, and relationships berween eXposure and risk. The understanding of these
uncerainties is adequate for Phase 1 activities because long-term risk is largety a function of
retrieval losses from SSTs and residual waste following completion of SST retrieval, which are
activities that will occur primarily during Phase II. However, additional information needs to be

Jeveloped to reduce these uncertainties ror Phase IL.

The TWRS EIS included a bounding and nominal analysis of long-term health effects to provide
information on the potential long-term health effects using both conservative and best-estimate
vaiues ror the release and iransport of contaminants. Additionally, because of the uncertainties
Jssociated with waste, waste retrieva, the potential for leakage during retrievai. future site uses.
and waste trom othier 200 Area sources, the level of retrieval required to protect public health and
safety was not specified. The Tr-Party Agreement crovides an interim reieval goal of no more
than 10 m® (360 ft*) of waste leftin the tanks as residual following waste retrieval operations.
This retrieval goal is not basead on potentiai heaith erfects and may or may not be protective of

human health and the environment. Due o the varapility in the tank-by-tank inventory itis
expected that a fixed residual waste volume would resuit in long-term risks that vary greatly on a
-ank-5v-tank basis.

T, reduce the uncertainties surrounding the tevel of retrieval required within th
+nd s:ate of the tank farms and surrounding 200 Area waste. DOE impiementec the HTT progect
10 establish a process for developing retrieval perrormance criteria for the 241-AN Tank Farm.
The RPE was implemented to support the HTT project and involves developing retrieval
rerformance criteria by assessing the environmental impacts from a range of alternatives for
catrieval and closure of the AX Tank Farm. The process used to deveiop this criteria could then
serve as a ool o support tank-bv-tank retrieval decisions. This process wiil consider impacts
from all potential source terms within the tank farm. These source (€rms include past leaks and
spills. residual waste remaining in the tanks ater retrieval. potential leakage that could occur

during waste retrieval, and waste contained in anciilary equipment.

e context of the

veloping a nuinber of engineering studies for

[n support of the RPE process the HTI project is de
val and closure alternatives have been

different tank closure alternatives. A range of retrie
identified for evaluation that include:

. Clean closure alternatives that involve tank removal. in situ soil remediation. or soil

excavation




« Landfill closure alternatives that include a range of residual waste volumes and a range of
technologies for stabilization of the tanks, in situ remediation of contaminated soils,
options for anciltary equipment, and surface barriers.

To reduce uncertainties associated with understanding the TWRS end state within the context of

other 200 Area sources and the effect of that relationship on TWRS SST retrieval closure

decisions, DOE has implemented the Composite Analysis. This analysis will provide an

estimate of the allocation of end state risks among the various 200 Area sources, thus providing

TWRS with information needed to refine SST retrieval decisions. Initial results from the
Composite Analysis are anticipated to be publicly available in 1998,

5.4.1 Source Terms

" Source terms refer to the waste inventory, which is the total quantity of the hazardous material,

' and to the release term, which is the time dependent release to environmental media such as soil,
groundwater, and surface water under normal or accident conditions.

The long-term risk posed by the Phased Implementation alternative is due to contaminant
releases associated with retrieval losses, tank residuals, and immobilized LAW vaults. The
inventory associated with retrieval leaks, tank residuals, and LAW vaults is based on the current
tank inventory along with assumptions for how much waste would be retrieved, the volume and
concentration of contaminants leaked during retrieval, and how effective the separations and
immobilization process would be for the LAW. The revised inventory would affect each of these
source terms as discussed previously.

The revised tank waste inventory is based on reevaluation of the inventory basis including waste
sample analysis and reduces uncertainties associated with the source term. As the TWRS
program continues to refine waste inventory based on characterization to support resolution of
safety issues and waste processing for Phase IB, uncertainty regarding source term will continue
to be reduced.

5.4.2 Contaminant Transport
The new vadose zone and groundwater data have raised some new issues for consideration but
generally serve to reduce the overall uncertainty in predicting contaminant transport.

The information presented in this section and elsewhere in this SA regarding contaminant
transport in the vadose zone and groundwater demonstrate that while important new data have
emerged, although reduced, the uncertainty remains substantial. Much of this uncertainty is
uniquely associated with the past tank leaks (e.g., volume of leaks, chemistry, duration of leaks,
relationship of tank leaks to large volume liquid release in surrounding facilities). These
uncertainties are less important for contaminant migration under the Phased Implementation
alternative because 1) leakage during SST retrieval actions would be monitored and mitigated;
2) the chemistry of SST waste lost during retrieval would be different (more dilute) than past
releases due to the addition of water required for retrieval; 3) the leaching of waste remaining in
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SSTs following retrieval would be controlled by the low-permeability earthen cover and would
not be expected to be subject to chemically enhanced mobility to the same degree as past leaks;
and 4) the leaching of immobilized waste disposed in the LAW vaults will be controlled by a
low-permeability cover, the low corrosion rate of the immobilized waste form (i.e., glass), and
the lack of chemically enhanced mobility. This does not diminish the need for new data
regarding contaminant transport. Data are needed, as the TWRS EIS concluded, to support both
near-term decisions regarding which retrieval technologies to deploy at specific SSTs (e.g.,
known or suspected leakers and tanks developing leaks during retrieval) and long-term decisions
regarding remediation of tanks and surrounding soils associated with closure of the tank farms.

The Phased Implementation alternative was implemented, in part, because it allows DOE the
flexibility to begin waste treatment while reducing key program uncertainties. Phase 1B
implementation (1997-2012) would not be substantially impacted by the uncertainty associated
with contaminant transport because nearly all waste retrieval to support Phase 1 waste processing
will be from DSTs. DSTs have not contributed to past tank leak losses and are unlikely to leak
during retrieval actions.

The Phased Implementation alternative approach provides DOE with time needed to address
contaminant transport uncertainty prior to Phase 2 retrieval of SSTs (currently scheduled to begin
no earlier than 2003 with most tanks being retrieved between 2¢12 and 2018). DOE has
implemented several efforts to address key areas of uncertainty associated with SST retrieval
(e.g., retrieval technology development and demonstrations, vadose zone and groundwater
characterization) and should have data needed to support tank-by-tank retrieval decisions within
the time frames of existing TWRS planning,

As the TWRS EIS concluded, prior to selecting a closure strategy for tanks and surrounding
contaminated soils, substantial new data are needed to reduce uncertainties to levels that can
support informed consideration of alternative approaches to closure. This is DOE’s long-term
need for contaminant transport data. Tank farm closure can not begin until the waste is out of the
tanks and, therefore, the first demonstration of closure is not scheduled to begin until 2012.
However, data regarding contaminant transport for closure are interrelated with SST retrieval
because retrieval losses and the volume of waste remaining in tanks will be important
components of any closure analysis. Thus DOE is integrating data collection and analysis
supporting SST retrieval and closure to ensure that retrieval decision are made within the context
of closure requirements.

5.4.3 Exposure

Exposure scenarios developed to evaluate potential long-term health impacts are based on
conservative assumptions for health-risk-based parameters, Some of the contributing parameters
are lifestyle, diet, land-use patterns, exposure pathways, exposure frequency and duration, and
biotransfer/bioaccumulation factors. Assessment of long-term health impacts is inherently
uncertain because of uncertainties associated with the size and lifestyle of future populations,
land uses, climate and technology over a 10,000-year period of time. The risk analysis
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- performed for the TWRS EIS included multiple exposure scenarios that cover a wide spectrum of
| exposure pathways to bound, to the extent reasonable, future land-use and exposure scenarios.
‘The likelihood that future exposure scenarios lie outside the range used in the TWRS EIS is

small and it is possible that scenarios resulting in substantiaily less exposure could occur.

No new data have been developed since the preparation of the TWRS EIS that would reduce the
uncertainties associated with the long-term human health risk exposure scenarios.

5.5 RELATIONSHIP BETWEEN TWRS AND OTHER AREAS

5.5.1 Past Leaks

There continues to be a large uncertainty surrounding past tank leaks and the impacts of these
leaks on the overall groundwater quality; however, this uncertainty continues to be reduced as
additional data and information are collected. The spectral gamma data for the drywells that
surround the tank farms, the preliminary data from deepening borehole 41-09-39 at the 5X Tank
Farm, work performed as a part of the Composite Analysis, and some of the RPE studies are all
being applied to refine the conceptualization of past tank leaks and their potential impacts on
groundwater quality.

The data seem to indicate that some past tank leaks can arrive at the water table within a few tens
of years, depending on the leak characteristics. These arrival times are supported by the RPE
studies (Jacobs 1998a,b). For these past leaks, the leaks themselves are a very large driving force
for the relatively fast transport in the vadose zone. The contaminant transport is augmented by
the enhanced recharge of approximately 10 em/yr (4 in./yr) at the tank farms through bare sand
and gravel covers that have been placed over the tanks plus other sources of water such as water
line leaks at some tank farms. Other factors include the tank leak area and the potential affects of
the tank leak chemistry (e.g., high pH and high sodium concentration) in the near-field.

Even though the past tank leaks were not considered in the TWRS EIS impact assessment, they
were evaluated in the cumulative impacts section, In the TWRS EIS, a bounding approach to
past tank leaks was taken that assumed the No Action alternative could be used as an analog to
the occurrence of past tank leaks. Use of this analog puts the impacts from past tank leaks out in
time where they would be additive to the impacts from implementing the Phased Implementation
alternative. Available information suggests the approach is still bounding because if anything,
the impacts from past leaks are occurring sooner than would be calculated using the No Action
alternative and thus would be less likely to be additive to the impacts associated with
implementing the Phased Implementation alternative.

5.5.2 Non-TWRS Sources in the 200 Area

There continues to be a large uncertainty surrounding other non-TWRS sources in the 200 Area
and the potential cumulative impacts of these sources on the overall groundwater quality;
however, this uncertainty has been reduced as additional data and information are collected.

The uncertainty on cumulative impacts resides in two major areas: 1) definition of the source
terms which includes the amount of waste disposed, when it was disposed, and in what form; and
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2) how waste moves from its initial place of disposal, down through the vadose zone, and
laterally in the groundwater.

The uncertainty in the first area, definition of the source terms, is largely dependant on how well
past activities were documented. Some improvements in the estimated inventory of past waste
disposal have been achieved by the Composite Analysis studies in response to the DNFSB 94-02.
The preliminary results of these efforts are summarized in Section 4.20, Cumulative Impacts, and
compared to the values available at the time the TWRS EIS was prepared. It is not Jikely that
additional information, beyond what is developed by the Composite Analysis effort, will be
obtained on the past waste disposal inventories and practices.

There is uncertainty in how some waste moves from its place of disposal to the groundwater but
this uncertainty is being reduced though the implementation of Site programs such as the ongoing
RPE studies, the Composite Analysis, groundwater monitoring and assessments, and a vadose
zone characterization program (includes spectral gamma logging, borehole drilling, and
laboratory testing). As discussed previously, the spectral gamma data for the drywells that
surround the tank farms, the preliminary data from deepening borehole 41-09-39 at the SX Tank
Farm, work performed as a part of the Composite Analysis, and some of the RPE studies are all
coming together into a refined conceptualization of contaminant transport. These refinements
serve to reduce the uncertainty in contaminant transport and indicate the assumptions made in the
TWRS EIS regarding contaminant transport for cumulative impacts are still bounding,

In the TWRS EIS, a discussion was presented that showed the past-practice liquid waste disposal
could be considered to result in only near-term impacts. It was concluded that the cumulative
impacts of this waste disposal activity would be very low for the Phased Implementation
alternative and the new information and data do not change this conclusion.

Concerning past waste tank leaks, the data seem to indicate that some past tank leaks can arrive
at the water table within a few tens of years, depending on the leak volume and chemistry. In the
TWRS EIS, a bounding approach to past tank leaks was taken that assumed the past leaks would
be additive with contaminant migration from tank waste that would not be remediated. Use of
this analog puts the impacts from past tank leaks out in time where they would be additive to the
impacts from the Phased Implementation alternative, maximizing contaminant concentrations in
the groundwater. Available information suggests the approach is still bounding because if
anything, the impacts from past leaks are occurring sooner than would be calculated using a no
waste remediation assumption and thus would be less likely to be additive to the impacts
associated with implementing the Phased Implementation alternative.

For the past-practice solid waste disposal sites, the solid low-level radioactive waste disposal in
the 200 West burial grounds, and the solid low-level radioactive waste disposed in the

US Ecology Burial Grounds, a bounding approach was taken that assumed the tank waste would
be disposed of in the tanks, filled with gravel and capped. The new data and information suggest
this approach is still bounding.
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5.6 HLW DISPOSAL
The final location and costs for disposal for vitrified HLW from the TWRS program remains an

uncertainty. For purposes of analysis, the TWRS EIS assumed that all TWRS HL W sent offsite
for disposal would be disposed of at the geologic repository candidate site at Yucca Mountain,
Nevada. Currently, Yucca Mountain is the only site being characterized as a geologic repository
for HLW. If selected as the site for development, it would be ready to accept HLW no sooner

than 20135,

Since the TWRS EIS was finalized, DOE has initiated the preparation of an EIS to analyze the
site-specific environmental impacts from construction, operation, and eventual closure of a
geologic repository for SNF and HLW at Yucca Mountain. The schedule for accepting waste
and the costs associated with construction and operation of the geologic repository are
preliminary, Additionally, the allocation of repository costs among defense waste sites has not
been established.

There is no new information available since the TWRS EIS that would change the uncertainties
associated with the TWRS planning baseline for disposal of all HL W offsite at a geologic
repository.

5.7 REGULATORY COMPLIANCE

In the TWRS EIS, DOE described the Federal and Washington State regulations potentially
applicable to TWRS EIS alternatives., Following the publication of the TWRS EIS, four
regulatory developments have occurred that 1) affect how applicable regulations will be applied
for implementation of the Phased Implementation alternative; and 2) reduce the regulatory
uncertainty associated with classification of the LAW waste stream. These regulatory
developments are discussed in detail in Section 4.14.

One new area of regulatory uncertainty is associated with current Hanford Site efforts to develop
a Sitewide PCB strategy to address Toxic Substance Control Act regulations. This effort is early
in the process and will involve extensive discussions with EPA and Ecology., However,
depending on the outcome of the effort, certain tanks and the process facilities could be required
to meet Toxic Substance Control Act compliance requirements.

The RPE project that was established under HTI includes the evaluation of regulatory issues
associated with tank farm retrieval and closure alternatives. This includes addressing regulatory
requirements associated with TWRS waste retrieval system as it relates to 1) retrieval, treatment,
and disposition of tank waste remaining in the tanks following retrieval of tank waste to the
extent practicable; 2) removal, treatment, and disposition (i.¢., end state or closure) of soils
contaminated by past tank leaks during waste retrieval actions; and 3) removal, treatment, and
disposition of the tanks and ancillary equipment (i.e., end state or closure).
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This analysis is being conducted at the 241-AX Tank Farm using a systems approach that
considers retrieval and closure of the entire tank farm system. This approach was identified by
the National Research Council as a method that could reduce programmatic and regulatory
uncertainties. The RPE will be completed in early 1999.

One area of uncertainty for disposal of the residual waste remaining in the tanks following
retrieval is whether attainment of the 99 percent retrieval goal would result in a residual waste
that could be classified by the NRC as non-HL'W (i.e., incidental waste). DOE’s Savannah River
Site has taken closure actions for buried HLW tanks that include retrieval of waste to the extent
practicable, immobilization of the residual waste using an engineered grout material, and tank
stabilization using grout. The NRC is currently reviewing the technical basis for incidental waste
classification for HL W tank in situ closure at the Savannah River Site. This review is expected
to be completed in April 1998 and is likely to set a precedent for classification of the Hanford
Site’s residual tank waste (Jacobs 1997). The NRC did consider the classification of the TWRS
LAW vitrified waste stream and preliminarily concluded that the immobilized LAW met criteria
established for incidental waste, was not HLW and therefore not subject to NRC regulations,

and hence the waste could be disposed of onsite in near surface facilities (Section 4.14).

This preliminary determination reduces uncertainty identified in the TWRS EIS with disposal

of immobilized LAW. However, uncertainties associated with in-place residual waste disposal
are not affected by this determination.

5.8 DOE WASTE MANAGEMENT PLANNING

DOE continues to address complex-wide waste management issues to reduce spending in the
short-term while reducing both economic and environmental liabilities in the long-term.
These efforts include options for accelerating cleanup of DOE sites, thereby reducing the overall
life-cycle costs while complying with applicable environmental and legal requirements.

The efforts also include examining complex-wide integration. These efforts represent DOE’s
continuing need to consider programmatic approaches for managing remediation of hazardous
and mixed waste in a cost-effective manner. At some future date, programmatic options may
affect Hanford Site management of tank waste remediation (e.g., plant sizing, operations);
however, no option that would impact the Hanford Site’s tank waste has reached a level of
maturity that would require reassessment of the Phased Implementation alternative.

144




6.0 DETERMINATION
- The data and information that have bezn developed since the preparation of the TWRS EIS
relative to the plans for remediating the tank waste have been assessed. This assessment was
conducted to support a decision on whether the potential environmental impacts are bounded by
the impacts presented in the TWRS EIS or whether a Supplemental EIS or other NEPA
documentation is required.

Potential changes in environmental impacts from the new data and information were presented in
Section 4.0, and the effect these new data and information have on the uncertainties associated
with the TWRS program were presented in Section 5.0 of this document. The new data inciuded
a revised tank waste inventory, emerging information on the level of contamination in the vadose
zone, revised assessments on the potential for and consequences of accidents associated with
_management of the tank waste, ongoing technology development activities, and other

| engineering data. The areas of potential environmental concem included air emissions, releases
to the groundwater, health risks to Site workers and the public, loss of shrub-steppe habitat, and
+ cumulative impacts, For each area of the environmental impacts associated with implementing

! the Phased Implementation alternative, the impacts were not substantially changed from the
impacts presented in the TWRS EIS.

The changes in potential environmental impacts would be small in comparison to and are
bounded by the impacts presented for the Phased Implementation alternative in the TWRS EIS.
The Phased Implementation alternative does not pose potential environmental impacts that are
substantially changed from those presented in the TWRS EIS, nor are there any significant new
circumstances relevant to environmental concerns. Therefore, no additional NEPA analysis is
required.

Signed in Richland, Washington, this Ji&;/ of May 1998.

John D. Wagoner I

Manager
Richland Operations Office
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APPENDIX A

VADOSE ZONE AND GROUNDWATER






A.l NEW DATA AND INFORMATION

New groundwater data and information including those from the vadose zone and underlying
saturated zone are discussed in this appendix. New vadose zone data and information are from
1) spectral gamma logging of dryvwells around the tank farms; 2) the extension of borehole
41-09-39 at the SX Tank Farm; 3) ongoing studies on contaminant mobility; 4) studies on
recharge, 5) studies on potential preferential flow paths; and 6) studies on tank leak
characteristics. New groundwater data and information are from 1) water level measurements;
and 2) chemical and radiological analysis of groundwater samples. The new information on tank
waste inventory is also discussed as it affects the calculated contaminant concentrations in the

groundwater,

A.1.2 NEW VADOSE INFORMATION

The vadose zone is thick at the waste tank and low-activity waste (LAW) vault locations

(i.e., from approximately 65 meters [m] [213 feet (f1)] to 85 m [279 fi]), is partially saturated, and
combined with arid site conditions, retards contaminant migration to the underlying unconfined
aquifer. In the Tank Waste Remediation System (TWRS) Environmental Impact Statement
(EIS), the impact assessment for the Phased Implementation alternative relied on the Site-
accepted conceptual model of the vadose zone, which included the geometry of each site

(i.e., number and thickness of strata) where the releases would occur, the assumption that each
strata was an isotropic and homogenous porous medium, that contaminant transport would be
driven primarily by advection downward through the interstitial spaces of the various strata, that
contaminant transport would be an isolinear process (i.e., independent of contaminant
concentration), and that contaminant mobility as expressed by the distribution coefficient (K,)
parameter would remain constant in the various strata of the vadose zone. In addition to vadose
zone-specific elements, the conceptual model includes recharge from precipitation, the area from
which a release occurs, the release volume, and the release duration. The new data and
information, in particular, the spectral gamma logging, Resource Conservation and Recovery Act
(RCRA) groundwater quality monitoring assessment, and numerical parametric studies, provide
data to refine the conceptual model. A summary of the re-assessment of these data and

i nformation relative to the vadose zone component of the TWRS EIS groundwater impact
assessment is provided in this section, followed by a detailed discussion.

. New information on potential effects of vadose zone layer thicknesses are based on
ongoing Retrieval Performance Evaluation (RPE) studies (Jacobs 1998a,b). These
studies suggest that the TWRS EIS one-dimensional vadose simulations using
generalized vadose zone layer thicknesses has little affect on calculated mass flux,
compared to source-specific vadose zone layer thicknesses.

« New information from the RPE studies (Jacobs 1997) on vadose zone characteristics
focus on the effects of anisotrophy and homogeneity and are based on numerical studies.
These studies suggest that multi-dimensional simulations that incorporate natural
formation anisotrophy and heterogeneities would better match contaminant distribution in
the vadose zone but would not likely result in a faster travel time through the vadose zone
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to the water table or higher maximum contaminant concentrations at the water table
compared to the TWRS EIS vadose simulations.

+ New information on vadose zone flow paths characteristics focus on the effects of clastic
dikes, drywells annular space, and to a limited extent on alternative flow paths including
funnel flow and fingering. These studies suggest that vadose zone contaminant transport
through clastic dikes and potentially poorly sealed dryweil annular spaces have very little
affect on contaminant time of first arrival or maximum contaminant concentration at the
water table.

+ New information on contaminant mobility in the vadose zone associated with source
chemistry characteristics indicate that mobility of some contaminants is affected near the
source. These studies suggest that there may be some basis for refining the vadose zone
conceptual model to include a zone near the source where contaminant mobility is most
affected by factors such as pH and sodium concentration. There is still much uncertainty
related to these potential effects such as which contaminants are affected, how are they
are affected (i.e., higher or lower mobility), the spatial extent of the effect, and the
temporal extent of the effect. These studies suggest that vadose zone contaminant
transport may be faster near the source for some contaminants (e.g., cesium [Cs}-137 and
nickel [Ni]-63) and slower for others (e.g., uranium).

+ New information on recharge of precipitation and other sources of water near the sources
indicate there is little impact on the TWRS EIS for contaminant first arrival and
maximum concentration at the water table, Water sources such as fire line leaks are a
large source of uncertainty associated with the past tank leaks because of their effect on
contaminant first arrival and concentration at the water table for past leaks.

+ New information on tank leak characteristics (e.g., area from which leak occurs, leak
duration, and leak volume) are based on numerical studies and indicate that contaminant
first arrival at the water table from past leaks and, to a lesser extent from sluicing losses,
may occur sooner that calculated in the TWRS EIS.

The data indicate that some past tank leaks can arrive at the water table within a few tens

of years, depending on the leak volume, chemistry, and other characteristics. These arrival

times are supported by the RPE studies (Jacobs 1997, 1998a,b). For these past leaks, the leaks
themselves are a very large driving force for the relatively fast transport in the vadose zone.

The contaminant transport is augmented by the enhanced recharge of approximately

10 centimeters (cm)/year (yr) (3.94 inches [in.}/yr) at the tank farms through bare sand and gravel
covers that have been placed over the tanks plus other sources of water such as water line leaks at
some tank farms. Other factors include the tank leak area and the potential effects of the tank
leak chemistry (e.g., high pH and high sodium concentration ) in the near-field.




Even though the past tank leaks were not within the scope of the TWRS EIS impact assessment,
they were evaluated with respect to their potential cumulative impacts. In the TWRS EIS, a
bounding approach to past tank leaks was taken that assumed the No Action alternative could be
used as an analog to the occurrence of past tank leaks. Use of this analog puts the impacts from
past tank leaks out in time where they would be additive to the impacts from implementing the
Phased Implementation alternative. Available information suggests the approach is still
bounding because if anything, the impacts from past leaks are occurring sooner than would be
calculated using the No Action alternative and thus would be less likely to be additive to the
impacts associated with implementing the Phased Implementation alternative.

The effect the new vadose zone data and information would have on the impacts presented in the
TWRS EIS for leaks during retrieval, leaching of contaminants from residuals that may be left in
the tanks, and leaching of contaminants from the immobilized waste in the LAW vaults for the
conditions of the Phased Implementation alternative appears to be small. The effects of vadose
zone layer thickness assumptions was shown to be small, the one-dimensional vadose model
approach provided bounding results compared to multi-dimensional models, parametric analysis
of the potential effects of clastic dikes and similar-type preferential flow paths indicate they
would have very little affect on maximum concentrations of contaminants reaching the water
table, potential chemically enhanced mobility would likely most affect past leaks, and recharge
under current conditions are recharge from artificial sources such as fire line leaks would most
affect past leaks with little impact to sluicing losses or residual releases. Tank leak
characteristics would affect past leaks, resulting in a more rapid transit time if the tank leak were
more localized and/or the volume of leak were larger than previously reported. These impacts to
the aroundwater would not coincide with the potential impacts from retrieval or tank residual
releases associated with the Phased Implementation alternative. The same type of tank leak
characteristics (e.g., tank leak area and volume) would also affect the potential retrieval loss
impacts. However, the range of sluicing loss leak is more constrained that past leak values, a cap
would be installed over the tanks after sluicing, which would slow contaminant transport in the
vadose zone, and there remains much uncertainty regarding which and how many of the

149 single-shell tanks (SSTs) would leak during retrieval,

A.1.2.1 Vadose Zone Monitoring (Spectral Gamma Logging)
This section summarizes the data from spectral gamma logging of existing drywelis at the single-
shell tank (SST) farms and the two recently installed drywells at SX Tank Farm.

A program is currently underway to develop baseline gamma-specific radioisotope information in
the upper vadose zone (i.¢., ground surface to 43 m [140 ft]) near the SSTs. This program builds
on a previous one in which gross gamma data were collected as a means of leak detection from
the SSTs. Both programs used the networks of drywells that are installed around each tank in
each SST tank farm. In FY 1995, logging was completed at the SX Tank Farm (PNNL 1997a).
Spectral gamma logging was completed in FY 1996 in drywells around the following tank farms:
AX.S, TX, TY, and A. In addition to logging existing drywells, two boreholes were installed in
the SX Tank Farm, boreholes 41-12-01 and 41-09-39, to depths of approximately 38 m (125 ft)
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and 39.6 m (130 ft) below ground surface, respectively, and logged. The resuits of the spectral

" gamma logging program generally show a consistent pattern and are consistent with information
incorporated in the TWRS EIS (DOE 1996a). That is, where tanks are known to have leaked, the
predominant gamma-emitting contaminant in the vadose zone is Cs-137 and the location of
maximum Cs-137 concentration is generally several tens of feet above the bottom of the drywell.
Data from the U and BX (DOE 1997b,d) Tank Farms provide an exception to this generalization
where the maximum concentration was detected near the bottom of the drywell. Other gamma-
emitting contaminants have been detected but Cs-137 is the common element at all of the tank

farms logged to date.

Some of the first information from the logging program was generated from the SX Tank Farm.
At the SX Tank Farm, spectral gamma logging identified Cs-137 as deep as 42.6 m (140 ft)
below ground surface, Other, more mobile contaminants including Tc-99 and chromium were
detected in RCRA groundwater monitoring wells and have subsequently been linked to sources

within the SX Tank Farm (Johnson and Chou 1997).

At the BY Tank Farm, spectral gamma logs of the 69 drywells around the 12 tanks indicated
Cs-137 was the most abundant gamma-emitting contaminant in the vadose zone, detected
throughout the lengths of several of the dry wells at concentrations that were generally less than

1 pCi/g but with maximum concentration of 180,000 pCi/g in one drywell. Cobalt (Co)-60 was
detected at much lower concentrations (usually < 10 pCi/g), often near or at the bottom of the dry

wells (PNNL 1997a).

The two new boreholes at the SX Tank Farm were installed using a percussion hammer drilling
method to minimize potential cross contamination from drag down of contamination. These
boreholes were logged after each 3 m (10 ft) of advance to quantify potential drag down.
Borehole 41-12-01 passed through some Cs-137 contamination but did not intercept high levels
of Cs-137 contamination in the vadose zone as was expected (PNNL 1997a). However, the
successive logging of this borehole demonstrated drag down of contamination was occurring.
Using drilling tools modified to mitigate the drag down observed in the first borehole, borehole
41-09-39, was subsequently installed about 1.7 m (5.6 ft) from an existing drywell (41-09-04) in
which high levels of Cs-137 had been observed with the spectral gamma logging down to a depth
of approximately 38 m (125 ft). This borehole did pass through high levels of Cs-137 and the
modified tools were apparently successful in mitigating drag down during drilling as indicated by
the successive 3 m (10 ft) interval logging data. Spectral gamma logging data from borehole
41-09-39 indicated the presence of Cs-137 in the formation to the total depth of the boring which
was 39.6 m (130 ft). It was concluded that the cesium likely reached that depth via transport
through the formation and not along the unsealed drywells that are nearby (PNNL 1997a).
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Table A.1 shows the spectral gamma logging reports that have been released, their release
dates, detected gamma-emitters, maximum depth of detection, and the depth of maximum

concentration,
Table A.l. Summary of Spectral Gamma Logging Results !
Tank Farm/ Date Gamma- Maximum Maximum Maximum Comments
Tank Completed Emitting Depth of Concentration Concentration
Summary Constituent Detection (m) Depth (m)? (pCilg)
SX Sept. 1996 Cs-137, Co-60, 43 (Cs-137) 21-38 (Cs-137) >8,000 (Cs-137) Saturated probe.
Eu-152, [Tank 102} [Tank 112]; 18-30 j{Tank 112} Tank SX-102isa
Eu-154 {Tank 109]; 21-27, |=>15,000 [Tank 1091 | possibie leaker
102-104 [Tank based on Cs in
109] borechole 41-02-02,
BY Feb, 1997 Cs-137, Co-60, | 44 (Cs-137) 8-14 (Cs-137) 180,000 (Cs-137) Value calculated
Sb-125, from gross-gamma
Eu-154, Pa-234 data.
U May 1997 Cs-137, Co-60, |38 (Cs-137), 30-38 (Cs-137), 1,000 (Cs-137}
Eu-154, U-235, |28 (U-238) 18-24 (U-238) 1,000 (U-238)
U-238
AX Aug. 1997 Cs-137, Co-60, 30 (Cs-137 2 (Cs-137) 1,435 near tank
§b-125, near tank AX- AX-104
Eu-134 103)
TX Sept. 1997 Cs-137, Co-60, |43 14 (Cs-137) >1,000 [Tank 114} Maximum
Sb-125, 17-18 (Co-60) 900 [Tank 107) concentration was
Eu-154, U-235, 22 (U-238) 600 [Tank 105} saturated log
UJ-238
BX-102 Sept. 1997 Cs-137, Co-60, |70 70 >10,000 Maximum extent of
Sb-1235, borehole was
Eu-154, U-235, 70 feet. Maximum
U-238 concentration was
saturated.
T-107 Aug, {995 Cs-137 28 1 120 Minimum detection
in boreholes
T-110 Aug. 1995 Cs-137 18 14 13 Minimum detection
in boreholes
Notes:

tSource: DOE (19954, 1995b, 1996b, 1996¢, 1997a, 1997b, 1997¢, 1997d, 1997e).
Greater than sign (>) indicates probe was saturated.
Unless noted, constituent of concern is Cs-137 for maximum depth and maximum coneentration depth.
! Maximum depth of detection may be limited by weil depth.

A.1.2.2 Data from Extending Borehole 41-09-39
The data that can be obtained from the spectral gamma logging of the drywells around the tank
farms are limited to gamma-emitting radioisotopes such as Cs-137 that generally move slower
than the long-lived, high-risk contaminants Tec-99, 1-129, and Se-79. Also, data can only be

obtained to the depth of the drywel
zone. Thus, the U.S. Department of Energy (DOE) is exten

Is, which do not penetrate the lower portion of the vadose
ding borehole 41-09-39 from 39.6 m
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(130 ft) to the water table, which is anticipated to be at approximately 64 m (210 ft). Preliminary
data based on samples taken to a depth of 52.6 m (172.7 ft) are summarized in Table A.2.

A.1.2.3 Distribution Coefficient Values Assumed for Impact Analysis

New direct measurements of the K, for tank waste and Hanford Site sediments will be completed
with samples from the new borehole 41-09-39, currently being advanced at the SX Tank Farm;
however, these data are not yet available. No other direct measurements have been performed.
There are, however, some limited data on the Ks of some contaminants in the vadose zone and
on tank waste contaminants that have reached the groundwater from which contaminant mobility
can be qualitatively assessed. These data, combined with an assessment of previous work, have
been used to develop inferences on tank waste contaminant mobility. The most comprehensive
of these is that which has been developed for the Composite Analysis in response to Defense
Nuclear Facility Safety Board (DNFSB) 94-02 (Freshley 1997). The other effort is the RPE
being prepared for the Hanford Tanks Initiative (HT1) (Jacobs 1997), which is focusing on
retrieval criteria for one tank farm, the AX Tank Farm, This information from these efforts
indicates that the bounding estimates adopted for the TWRS EIS are still bounding for the
contaminants that are most important to long-term human health risk.

A.1.2.4 Preliminary Identification of Contaminants Most Responsible for the Long-term
Human Health Impacts and Indicators of Past Tank Leaks

This section provides a discussion of the emerging information on contaminant mobility.

The discussion includes 1) the contaminants most responsible for the long-term human health

risk for the Phased Implementation alternative; and 2) contaminants that may be indicators of

vadose zone contamination and past tank leaks.

A.1.2.3 Distribution Coefficient Values Assumed for Impact Analysis

New direct measurements of the K, for tank waste and Hanford Site sediments will be completed
with samples from the new borehole 41-09-39, currently being advanced at the SX Tank Farm;
however, these data are not yet available. No other direct measurements have been performed.
There are, however, some limited data on the K;s of some contaminants in the vadose zone and
on tank waste contaminants that have reached the groundwater from which contaminant mobility
can be qualitatively assessed. These data, combined with an assessment of previous work, have
been used to develop inferences on tank waste contaminant mobility. The most comprehensive
of these is that which has been developed for the Composite Analysis in response to Defense
Nuclear Facility Safety Board (DNFSB) 94-02 (Freshley 1997). The other effort is the RPE
being prepared for the Hanford Tanks Initiative (HTI) (Jacobs 1997), which is focusing on
retrieval criteria for one tank farm, the AX Tank Farm. This information from these efforts
indicates that the bounding estimates adopted for the TWRS EIS are still bounding for the
contaminants that are most important to long-term human health risk.
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Table A.2. Summary of Preliminary Sample Analysis From SX Tank Farm Borehole 41-09-39 t

Depth | Sampie | M.C.? | NO, | Te99 | Sr-90 Cs-137 K-40 U-238 Th-232
(ft) ID (%) | {ppm) | (pCifg) | (pCilg) (pCifg) {nCiig) (pCifg) (pCifg)

137 1B 13 NM NM NM 2.35E+06 <MDA* <MDA <MDA

131.7 | 1B-2 NM? NM NM NM NM NM NM NM

131.7 | CO.S¢

1332 | co.

1332 | 2D 35.6 NM 290 2.0 6.50E+04 2.98E+00 | <MDA <MDA

1337 | 2C 18.3 NM X* X 3.15E+04 1.54E+01 <MDA <MDA

133.7 | 2C2 26.7 NM NM NM 1.47E+06 <MDA <MDA <MDA

1342 | 2B 14.5 291 56 1.0 2.60E+03 5.04E+00 | <MDA 1.37

1347 | 24 16 268 X X 6.65E+01 1.33E+01 <MDA 1.39

1347 | C.O.

1352 | C.O.

1352 | 3B NM 362 86 3 NM NM NM NM

1359 | 3A 13.1 165 X X 3.31E+03 <MDA <MDA <MDA

1359 | C.O

137.0 { C.O

137.4 | 4C 10.9 12 NM NM <MDA 1.I6E+01 | 7.76E-01 | 6.65E-01

138.0 | 4B 11.7 24 NM NM 1.81E+01 <MDA <MDA <MDA

138.7 | 4A 16.1 NM NM NM 5.86E-01 1.04E+01 1.28 6.97E-02

138.7 | C.O

139.5 | C.O

1399 | sD t4.1 NM NM NM 4.14E+01 8.22E+00 £.37 4.56E-01

1403 | 5C 14.5 9.9 NM NM 1.76E+01 8.47E+00 115 5.73E-01

1409 | 5B 12,6 3.7 NM NM 7.81E+01 7.88E+00 | 6.76E-01 | 4.50E-01

141.5 | 3A 9.4 9.8 NM NM 3.97E+00 9.85E+00 1.09 6.56E-01

141.9 | C.O.

141.9 | 6F 1 9.1 NM NM LSYE+02 1.24E+01 <MDA <MDA

1424 | 6E 9.6 L4 NM NM 2.96 9.75 £.53 b42

143.3 | 6D 21.8 42 NM NM 1.34E-01 1.43E+01 1.95 1.22

t44.1 | 6C 26 58 NM NM 1.74E+02 1.03E+01 | <MDA <MDA

447 | 6B 229 48 NM NM <MDA 1.23E+01 7.37E-01 | 9.83E-01

1447 | C.O.

1452 | C.O.
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Table A.2. Summary of Preliminary Sample Analysis From SX Tank Farm Borehole 41-09-39 L {cont’d)

Depth | Sample | M.C.? NO, Te-99 | Sr-90 Cs-137 K-40 U-238 Th-232
(ft) D (%) | (ppm) | (pCi/g) | (pCi/g) (pCifg) (pCilg) {(pCiig) {pCi/g)

[45.2 7E 8.7 12,1 NM NM 4.57 1,05E+01 4.35E-1 S44E-01

145.8 D 9.5 13.1 NM NM 2.19E-01 2,86 6.537E-01 3.48E-01

146.4 7C 11.2 15.3 NM NM 4 45E+00 1.08E+01 4.435E-01 3.56E-01

[46.4 7C-R 11.2 NM NM NM <MDA 1.05E+01 5.36E-01 3.56E-01

148.0 C.0.

148.3 C.0.

148.3 8c 7.4 NM NM NM 2.19E+01 8.06 2.15E-01 3.37E-01

149.9 8B 9.7 NM NM NM 1.39E+01 1.12E+01 5.49E-01 7.68E-01

149.9 C.0.

150.8 C.O.

{51.1 9C 12.8 NM NM NM 1.23E+03 <MDA <MDA <MDA

151.8 9B NM NM NM NM NM NM NM NM

152.8 9A 139 24 NM NM 1.82E-01 9.91 7.97E-01 5.70E-01

152.8 C.0.

152.9 C.0.

152.9 16D NM NM NM NM Nt NM NM NM

153.4 106C 13.6 48 NM NM 7.95E-02 9.77 5.68E-01 6.82E-01

153.9 10B 4.7 49 5 0.5 <MDA 3.83 6.88E-01 8.03E-01

154.5 10A [9.6 33 X X 2.39E-02 1.40E+01 <MDA 7.18E-01

154,53 C.0.

155.1 HD 5.4 NM WM NM 1.84 4.30 <MDA 4,22E-01

155.4 tic 43 9.8 NM NM <MDA 4.1 3.13E-01 3.13E-01

155.9 HB 3.3 8.4 NmM NM <MDA 4,64 2.38E-01 3.11E-01

156.4 A 4.5 3.3 NM NM 1.03E+01 4,70 3. 14E-01 3.14E-01

156.4 C.O.

156.8 C.0.

156.8 12B 6.9 10.5 04 7.89E+01 5.53 <MDA 3.63E-0l

157.1 12A 6.6 7.5 X X 7.79E+( 1 6.05 <MDA 4.80E-01

157.1 C.0.

157.2 C.0.

157.2 13D 6.4 2 NM NM 5.92E+01 6.04 <MDA 1.79E-01

157.7 13C 4 6.2 NM NM 1.06E+0I 6.26 3.12E-01 3.95E-01

158.2 13B 5.3 8 NM NM 1.21 5.76 <MDA 2.84E-01




Table A.2. Summary of Preliminary Sample Analysis From SX Tank Farm Borehole 41-09-39 (cont*d)

Depth | Sample | M.C.? | NO, | Tc-99 | Sr-90 Cs-137 K40 U-238 Th-232
iy} 1D (%) | (ppm) | (pCi/g) | (pCi/g) {(pCilg) (pCi/g) {pCi/g) (pCi/g)

158.7 | 13A NM NM NM NM NM NM NM NM

158.7 | C.O.

1590 | C.O.

£59.0 | 14D NM NM NM NM NM NM NM NM

1594 | 14C 5.9 NM NM NM 2.84 4.88 <MDA 3.07E-01

160.0 | 14B 5.8 NM NM NM <MDA 7.84 4.76E-01 3.49E-01

160.6 | 14A 1.6 NM NM NM <MDA 1.06E+01 3.23E-01 4.63E-01

160.6 | C.0.

1623 | C.0.

162.3 | 16D 13.3 577 | NM NM 2.49 9,94 3.63E-01 4.01

162.8 | 16C 13.5 NM NM NM 2.61 9,27 3.526-01 | 4.20

163.3 | 168 .1 5.4 NM NM 4.75 6.46 4.58E-01 | 3.12

163.8 | 16A 4.4 2.83 NM NM <MDA 6.99 3.13E-01 1.77E-01

163.8 | C.O.

1643 | 17D 4.91 NM NM NM £.95 7.45 NM NM

[64.8 | 17C 3.56 0.3 NM NM 9.63E-01 6.23 NM NM

1653 | 17B 5.27 7.6 <2.5 0.35 6.32E-02 7.36 NM NM

1658 | 17A 4.91 10.8 X X <MDA 8.11 NM NM

165.8 | C.0.

166.1 | C.O.

166.1 | 18D NM NM NM NM NM NM NM NM

i66.6 | 18C 9.7 NM NM NM <MDA 8.39 NM NM

167.1 | 18B 1.7 NM NM NM <MDA 7.60 NM NM

167.7 | 18A 1.7 NM NM NM 5.24E-01 747 NM NM

167.7 | C.O.

169.2 | C.O.

165.2 | 20D NM NM NM NM NM NM NM NM

169.4 | 20C NM NM NM NM NM NM NM NM

169.7 | 20B NM NM NM NM NM NM NM NM

169.9 | 20A 43 NM NM NM 3.02E-01 5.16 2.09E-01 1.88E-01

169.9 | C.O.

1713 | C.O.

1713 | 22C 5.8 l NM [ NM NM l 5.18E-01 6.30 <MDA 2.22E-01
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Tabie A.2. Summary of Preliminary Sample Analysis From SX Tank Farm Borehole 41-09-39 L {cont’d)

Depth | Sample | M.C.? | NO, | Te-99 | Sr-90 Cs-137 K-40 U-238 Th-232
{1t 1D (%) | (ppm) | (pCifg) | (pCi/g) (pCi/g) (pCifg) (pCi/g) {pCi/g)

1720 | 22B 5.2 NM NM NM 4.42E-01 7.76 2.10E-01 | 2.21E-01

172.7 | 22A NM NM NM NM NM NM NM NM

1727 | C.0.

Notes:

Source: Seme 1997

1 Reported concentrations are on a dry weight basis,

EM.C. is the abbreviation for moisture content,

}NM is the abbreviation for not measured at present time. Analysis are ongoing and additional results witl become

available.
*MDA is the abbreviation for minimum detectable activity.
*The results reported for Tc-99 and St-90 are based on composite samples. The “X” indicates that fraction of sample was

composited with the fraction in the cofumn on which the analytical result is provided.
0. is the abbreviation for clean out, which means that during the dritling process the hole was cleaned out and not

sampled.

A.1.2.4 Preliminary Identification of Contaminants Most Responsible for the Long-term
Human Health Impacts and Indicators of Past Tank Leaks

This section provides a discussion of the emerging information on contaminant mobility.

The discussion includes 1) the contaminants most responsible for the long-term human health

risk for the Phased Implementation alternative; and 2) contaminants that may be indicators of

vadose zone contamination and past tank leaks.

The TWRS EIS groundwater impact analysis considered the impacts of all of the contaminants
reported in the inventory for the waste tanks and LAW vault. The large number of contaminants
were placed into four groups (i.e., K, =0, 1, 10, and 50 mL/g) based on their mobility in the
vadose zone and groundwater, This approach is bounding and results in placing contaminants
such as uranium which has a best-estimate K, of 0.6 mL/g (Kaplan and Serne 1995) in the group
of contaminants with zero K. A relatively smail group of contaminants can be identified in the
TWRS EIS as being responsible for more than 90 percent of the long-term human health risk for
the Phased Implementation alternative. Likewise, new information developed for the interim
low-level tank waste performance assessment (Mann et al. 1997) and RPE studies

(Jacobs 1998a,b) have identified a similar group of contaminants.

Additional data from the spectral gamma log data from dry wells around the waste tanks have
resulted in the identification of specific gamma-emitting radioisotopes that may be used as
indicators of current vadose zone contamination associated with past waste tank leaks.

The contaminant most frequently identified and with the greatest abundance is Cs-137. Cs-137 is
included as an “indicator” parameter because of it abundance, even though it has a short half-life
(30 years) and is nearly immobile in the natural groundwater system and is thus not a
contaminant of concern for the groundwater pathway for any of the long-term human health risk
scenarios. Table A.3 summarizes the contaminants most responsible for long-term human health
risk from the TWRS EIS (DOE 1996a), interim low-level tank waste performance assessment
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(Mann et al. 1997), and RPE (Jacobs 1998a,b) evaluations and indicator parameters. The TWRS
EIS considered both potential releases from the waste tanks and the LAW vaults. The interim
low-level tank waste performance assessment considered releases from the LAW vaults only.
The RPE evaluations considered potential releases from the AX Tank Farm only.

Table A.3. Comparison of Parameters Most Responsibie for Long-term Human Health Risk
and Indicator Parameters for the TWRS EIS, RPE, and ILLW Studies

Contaminant } TWRS EIS* RPE ILLW!
Relative to long-term human health risk
Te-99 X X X
Se-79 X X X
CN X N/AZ
EDTA X N/A?
NQ, X X N/A?
I-129 X X X
C-14 X X X
U Series X X X
Np X X
Indicator contaminant
Cs-137 X X
Notes:

! Mann et al, 1997

*Jacobs 1998a,b

'DOE 1996a

4 Vitrified waste wiil not contain any organic compounds,
RPE = Retrieval Performance Evaluation

ILL\ = Interim low-level waste performance assessment

A.1.2.5 Comparison of Distribution Coefficient Values Assumed in the TWRS EIS and
Emerging Information
The emerging information on contaminant mobility from the Composite Analysis (Freshley
1997) effort and the RPE project (Jacobs 1997} are discussed in this section, This section
provides a summary comparison between the TWRS EIS, the emerging information, and other
relative Hanford Site related efforts published within the last 10 years. The distribution
coefficients for the contaminants-of-concern and indicator parameters are provided in Table A.4.
Only the TWRS EIS, the RPE study, and the draft Hanford Remedial Action (HRA) EIS consider
non-radiological contaminants. The TWRS EIS and all of the recent programs except for the
Composite Analysis and RPE have assumed that the distribution coefficient for a specific
contaminant remained at the same value for both transport in the vadose zone and saturated zone.
The Composite Analysis and RPE have differentiated the distribution coefficient values for
several contaminants for zones within the vadose zone and saturated zone. The RPE studies
have adopted a near-field/far-field assumption based on the observed movement of gamma-
emitting contaminants at the SX Tank Farm. A pattern of relatively quick contaminant
movement immediately following a tank leak event, after which there is very little if any
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Table A.d. Comparison of Distribution Coefficients for Contaminants-ef-Concern and
Indicator Parameters Assumed from Recent Hanford Studies and Emerging Information

STUDY Contaminant-of-concern® or indicator parameter and distribution coefficient (mL/g)
Tc-99 Se-79 CN EDTA 1-129 C-14 u Np-231 Cs-1379 | Ni-63

TWRS EIS 0 0 0 0 0 0 0 0 50 i
(DOE 1996a)
Studies containing new information
Draft 0 0 0 0 0 0 20 |02 1.5 0.2
Composite 0 0 0 0 03 |08 500 50
Analysis 0 0 0.5 s 3 13 1500 300
(Freshley
1997y %
Draft RPE 0 0 0 0 0 0 06 |9 1 o
(Jacobs 1997, 0 0 0 0 0.6 0.6 0.6 50
19982, ¥
Recent Hanford-related studies
Surplus 0 » i B 8 0 0 2 26 100
Reactors
{DOE 1989)
ERDF (Wood | 0 8 o b 8 0 0 2 100 100
et al. 1995a)
200 East 0 0 b B 0 0 0 10 100 100
SWBG {Wood
¢t al. 1996}
Drait HRA 0 0 0 0 0 0 Oto | 0to 300 30 12
EIS 250
{DOE 1996d)
US Ecology ] g b} Ri 0 0 ) 2 8 100
{Grane 1996)

Motes:

% The contaminants-ot-concern are with respect to long-term human health risk.

b These studies did not consider non-radiologicai contaminants.

<)
dr

<}

g}

Cs-137 is an indicator parameter.

The Composite Analysis has adopted three mobility zones. The top value, middle, and bottom values are the K;s in the
high impact, intermediate impact, and low impact zones, respectively.

These contaminants were not identified as contaminants-of-concern in the study and K, values were not provided.

RPE has adopted two mobility zones. The top value and bottom values are the K;s in the near-field and far-ficld zones,
respectively.

Not reported.

discernable movement of the contaminant, can be inferred from the gross gamma and subsequent
spectral gamma logs of dry wells surrounding the SX Tank Farm. This is an inferred pattern
because there are many uncertainties associated with the past tank leaks as discussed in Section
5.5.1, such as precisely when the tank leaks occurred, the portion of the tank that was leaking,
and the volume of the leak. This observation combined with the litexature on the potential effects
of high pH and high sodium concentration on the mobility of Cs-137 demonstrates that cesium
mobility and near-field is faster than it has been observed in the far-field from laboratory
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experiments and then greatly diminishes after the initial movement. The depth of this initial
movement at the SX Tank Farm is approximately 21.3 m (70 ft) below the base of the tank.

The RPE study has adopted the zone from ground surface to approximately 36.6 m (120 ft) as the
near-field zone (Jacobs 1997). The vadose zone below this depth and the underlying unconfined
aquifer are termed the far-field.

The Composite Analysis program has taken a similar approach, except three zones are used
instead of two. Immediately below the waste tanks is what is termed a high impact zone. Below
this zone and extending to the water table is the intermediate impact zone. The unconfined

aquifer is a no-impact zone.

The TWRS EIS, previous Hanford EISs, and performance assessments have all used the linear
sorption isotherm model to represent the adsorption process. With this model, it is assumed that
adsorption is fully reversible and the K, is effectively used as a lumped parameter that includes
the affect of many processes (e.g., sorption, adsorption, etc.) on contaminant mobility. New data
from spectral gamma logging, groundwater monitoring results, and extension of borehole 41-09-
39 at the SX Tank Farm can be used to make inferences on contaminant mobility, They have
been important in developing the notion of a near-field condition as adopted by the RPE study
(Jacobs 1997) and zones of high impact and intermediate impact as adopted by the Composite
Analysis study (Freshley 1997). In this section the overall impact of these data on the TWRS EIS
groundwater impact analysis are discussed followed by a discussion on the results of literature
review into several of the underlying processes that can affect contaminant mobility.

The Composite Analysis and the RPE studies have developed some new information on
contaminant K, values. This information will soon be supplemented with data from analysis of
samples collected from extending borchole 41-09-39 at the SX Tank Farm. These data,
combined with the information on leak characteristics, have the largest affect on the impacts of
past leaks and could account, in large part, for the relatively fast transport of some contaminants
in the vadose zone. They have a much lesser impact on the impacts presented in the TWRS EIS
for retrieval, from residuals that may be left in the tanks, and from the waste in the LAW vaults
for the conditions of the Phased Implementation alternative.

The contaminants most responsible for the long-term human health risk identified in the TWRS
EIS are technetium (Tc)-99, selenium (Se)-79, iodine (I)-129, carbon (C)-14, uranium,
neptunium (Np)-231, protactinium (Pa)-231, CN, and nitrate (NO,) ethylenediaminetetraacetic
acid (EDTA). The contaminant K, values proposed in these Composite Analysis and RPE
studies are the same as was assumed for the TWRS EIS for Tc-99, Se-79, CN, NO,, EDTA (the
Composite Analysis only considers radiological contaminants); therefore, there would be no
change in the impact assessment in the TWRS EIS for these contaminants.

For the contaminant [-129, both studies suggest increasing the K, of I-129 from 0 to 0.5 or
0.6 mL/g in the saturated zone while maintaining it at zero in the vadose zone. There would be
no change in first arrival at the water table as calculated in the TWRS EIS. Movement in the
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groundwater would be slowed and transport time from the source areas to the Columbia River
would increase such that the mass that reaches the river would be less because of the longer time
available for radioactive decay. Maximum concentrations in the groundwater were calculated to
be less than the drinking water standard in the TWRS EIS. Compared to the TWRS EIS
calculations, I-129 concentrations would be expected increase near the source areas on the

200 Area Plateau, based on the lower mobility of I-129 in the groundwater, and decrease near the

Columbia River.

For the contaminant C-14, the Composite Analysis and RPE studies suggest increasing the K, to
5 and 0.6 mL/g, respectively, in the saturated zone while maintaining it a zero in the vadose zone.
The TWRS EIS held the K, of C-14 at zero for both the vadose zone and groundwater. There
would be no change in first arrival at the water table as calculated in the TWRS EIS. For the
RPE value of 0.6 mL/g, the movement C-14 in the groundwater and the change in impact would
be as described previously for I-129. For the Composite Analysis value of 5.0 mL/g, the
transport of C-14 to the Columbia River would be greatly slowed such that it would likely not be
detected off of the 200 Area Plateau.

In the TWRS EIS, K, of uranium was conservatively set to zero in both the vadose zone and
groundwater. Vadose zone simulations included in the TWRS EIS indicated that contaminants
with a K, of 0.125 mL/g do not reach the groundwater within the 10,000-year period of interest
for the Phased Implementation alternative. The Composite Analysis indicates that the uranium
K, is more likely 20 mL/g in their “high impact” zone (Kaplan et al. 1996) 0.3 mL/g in the
intermediate impact zone (Kaplan et al. 1996), and 3.0 mL/g in the groundwater (Kaplan and
Serne 1995). With these K,s, uranium would not reach the water table within the 10,000 period
of interest. The same conclusion is drawn for the RPE proposed uranium K, value of 0.6 mL/g in

both the vadose zone and groundwater.

In the TWRS EIS, K, of Np-231 set to zero in both the vadose zone and groundwater. '

The Composite Analysis is suggesting the Np-231 K, is more likely 0.2 mL/g in their high
impact zone, 0.8 mL/g in the intermediate impact zone, and 15.0 mL/g in the groundwater.
With these K_s, Np-231 would not reach the water table within the 10,000 period of interest,
based on the simulation described previously for uranium. The RPE study does not consider
Np-231. Neither the RPE nor the Composite Analysis provide information on the Pa-231 K,

A.1.2.5.1 Distribution Coefficient Information from the Composite Analysis

The purpose of the Composite Analysis is to estimate the projected cumulative impacts of all
radioactive material in the ground that may interact with projected releases from an existing or
planned (low-level waste) LLW disposal facility. The sources considered by the Composite
Analysis include past waste tank leaks, potential losses from sluicing, and residuals in the waste
tanks in addition to many non-TWRS sources such as cribs, ditches, and solid waste disposal
sites. In the Composite Analysis, K, values were assigned in an attempt to recognize the
potential impacts of waste chemistry and background chemistry and included considering the
concentrations of chelating agents, salts, and organic phases as well as pH.
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The Composite Analysis developed waste categories to describe the major waste sources
(Freshiey 1997). There are three Composite Analysis waste categories that relate to tank waste.
A description of these categories and example of the waste source are provided in Table A.5.

Table A.5. TWRS-Related Source Categories Adopted by the Composite Analysis

Category Description Examples/Comments

Very high salt/very Tank wastes and wastes Tank waste can contain chelators but the high pH

basic ptl associated with small tanks, tends to diminish impacts of organic chelators on
lines, pits, and boxes K, values

Chelates/high salis Tank wastes with organic BY cribs, waste with Fe(I)CN {used to remove
chelating or complexing agents | Cs] or EDTA additives [used to remove Sr]

Low organic/low Groundwater in the unconfined Tank waste chemistry not affecting K.

salt/near neutral aquifer

Background chemistry is considered in the Composite Analysis to further categorized the
distribution coefficients. The Composite Analysis uses three zones to represent changing
geochemical conditions away from the source. These zone are 1) the high impact zone near the
source in the vadose zone; 2) an intermediate impact zone away from the source, but still in the
vadose zone; and 3) the groundwater zone. The Composite Analysis defines the high impact
zone as strata where the geochemistry of the vadose zone is greatly impacted by the chemical
composition of the waste source. The intermediate impact zone differs from the high impact
zone in that the affect, if any, of the source-term pH on K values has disappeared; the effects of
salts and organics, if present, continue to impact K, values. The Composite Analysis applies the
intermediate zone to the vadose zone before contaminants reach groundwater. The groundwater
zone is defined as the zone where K, values are not impacted by the chemical composition of the
waste source. The background chemical composition of the groundwater zone is assumed to be
greatly diluted and does not impact K, values. The presence of chelates in the waste source is the
only aqueous constituent that could influence K, values in the groundwater zone.

To accommeodate the different waste categories and K, zones, K, values had to be assigned to fill
in a matrix of the three source types and three zones. The Composite Analysis uses five unique
K, categories (i.e., C, D, E, F, and G) for the three source categories and three impact zones.

The K, category matrix is provided in Table A.6.

Table A.6. TWRS-Related Source Categories and K, Zones Adopted by the Composite Analysis

Zone Category'
Source Category High Impact Intermediate Impact Groundwater
Very high salt/very basic D E F
Chelates/high salts G G
Low organic/low salts/near neutral F F F

Motes:
! Categories with similar letters have similar background chemistries and, therefore, similar K, values.
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The K, values that the Composite Analysis is adopting for each of the C, D, E, F, and G Zone
Categories are provided in Tables A.7 through A.11 as provided by Freshley (1997).

A.1.2.5.2 Related Information on Distribution Coefficients

Additional reviews of the literature related to several potential transport phenomena have been
completed for the RPE studies (Jacobs 1997). These reviews have focused on the effects of high
sodium and high pH in the tank waste, the effects of chelating agents and their persistence in tank
waste environments, and the likelihood of colloid formation in the Hanford Site environment.
The results of these reviews are discussed in the following text.

Potential Effect of High Sodium Concentrations and High pH in the Waste

In the vadose zone near the source of tank waste leaks, the extreme sodium concentrations and
high pH typical of self-concentrated Reduction-Oxidation (REDOX) waste may affect cesium
mobility and may have influences that persist to the limits of travel of waste-derived liquid. The
mechanisms and the effects on cesium mobility near the source of past tank leaks are uncertain
and not well understood. In the near field, the waste liquid is a highly alkaline sodium nitrate
brine. Hanford Site sediments have a large ion-exchange capacity that is normally saturated with
calcium and magnesium, As the waste liquid interacts with the sediments, sodium will be
exchanged for calcium and magnesium, eventually resulting in a calcium-magnesium nitrate
brine and sodium-saturated sediments. This trend has been noted in groundwater samples
beneath some tank farms (Hodges 1997; Johnson and Chou 1997). In the near field, the waste
may swamp the ion-exchange capacity of the sediments, resulting in sodium-saturated sediments
in contact with a sodium nitrate brine. Experimental investigations ot Cs-137 adsorption
(summarized by Serne and Burke 1997) have shown that under “normal” conditions (pH < 12,
ionic strength < 4 M), ion-exchange is the dominant process. The principal variables influencing
the degree of adsorption are the concentrations of competing cations of similar size

(e.g., potassium and ammonium), the pH, the ion-exchange capacity of the soil, and the total
concentration of cesium (natural cesium + Cs-137). Distribution coefficients inferred from
numerous batch and column experiments using representative liquors and soils average 4.9 mL/g
(0.6 to 13.5 mL/g; Serne and Burke 1997, Table 4.1}, indicating substantial retardation of cesium

relative to fluid flow.
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Table A.7. K, Vaiues Adopted by Composite Analysis (Category C — Far-Field Groundwater Impacted With Chelates
or Ferrocyanide Complexing Agent)

Radio-
nuclide

Conservative
and (Best
estimate) K,
Estimate
{mL/g)

Range K;
Estimate
(mL/g)

Justification/References

Co

0

Oto3

Likely complexed with EDTA and/or CN. Ficld data suggest that the Co-
chelate complexed species exists and moves rapidly.

Sr, Pb,
Ni, Sn

2(4)

21020

A Sr K, of 0.4 mL/g has been measured in one Hanford Site soil {Soil P) and
1.5 mL/g in another Hanford Site soil (Soil S) in an aqueous system
containing high concentrations of salts and medium to high concentrations of
complexing agents, such as EDTA and HEDTA'. A slightly higher K, value
than these is likely to exist in the Hanford Site because the complexing agent
concentrations will iikely be appreciably lower. Tt is also anticipated that an
appreciable amount of microbial degradation will occur to the organic
complexes during its extended travel time to the far field.*?

20 (40)

20 to
>1,980

A Pu K, of 21 mL/g has measured in one Hanford Site soil (Soil P} and 26
mL/g in another Hanford Site soil (Soil S) in an aqueous system containing
high concentrations of salts and medium to high concentrations of complexing
agents, such as EDTA and HEDTA L. A slightly higher K, value than these is
likely because the complexing agent concentrations will likely be appreciably
lower and it is anticipated that an appreciable amount of microbial
degradation will occur to the organic complexes during its extended travel
time to the far ficld.

Np, Pa

(%)

2to 15

A K, of 8.7 mL/g has been measured for Np in one Hanford soil (Soil P} and
12 mL/g in another Hanford Site soil (Soil 8) in an aqueous system containing
high concentrations of salts and medium to high concentrations of complexing
agents, such as EDTA and HEDTA !, Slightly higher K, values than these are
likely to exist because the complexing agent concentrations will likely be
appreciably tower and it is anticipated that an appreciable amount of
microbial degradation will occur to the organic complexes during its extended
travel time to the far field.?

Ac, Am,
Ce, Cm,
Eu

10
(50)

10 to 500

A K, of 5.6 mL/g has been measured for Am in one Hanford soil (soil P) and
10 mL/g in another Hanford soil (soil 8} in an aqueous system containing

high concentrations of salts and medium to high concentrations of complexing
agents, such as EDTA and HEDTA ", Slightly higher K, values than these are
likely to exist because the complexing agent concentration will likely be
appreciably lower and it is anticipated that an appreciable amount of
microbial degradation will occur to the organic complexes during jts extended
travel time to the far field. Ac. Ce. and Cm aiso have +3 valance.””

Notes:

! Delegard and Bamey 1983
? Serne et al. 1995
3 Ames and Rai 1978
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Table A.8. K, Yalues Adopted by Composite Analysis (Categary D — Very High Salt/Very Basic Groundwater)
Radio- Conservative Range K, Justification/References 1 Wi
nuclide and (Best Estimate '
estimate) K, (mL/g)
Estimate
(mL/g)
Tritium, 00 01002 Te, C, I, Se, and C| are anionic. Tritium wiil move with water. Ru has often
Cl, Tc, been suggested as being coincident with water in tank leak scenarios based on
1, Se, gamma borehole fogging. Carbon as carbonate in high pH tank environments
Ru, C is insoluble and combines with alkaline earths. To account for insolubility a

K, value > 0 is appropriate but to keep C from getting stuck permanently in
this source (high impact) zone the value must be set at 0."*?

Ac, Am, 2(5) 210 10 Bstimated,>*

Ce, Cm,

Eu,

Cs 1(1.5) 11025 Based on observations at T-106, Cs-137 seemed to peak at about 3 m (10 ft) -

beiow the base (elevation) of the tank and nitrate at about 24 m (79 ft), This
implies an in situ Rf of about 8 or K, in the range of 1 - 2 mL/g during the
initial tank leak. The lack of cesium in groundwater beneath tanks suggests
that the plume may not have arrived at the water table and more likely than
not have a K, that approaches the default vajue for neutral, high salt at greater
distances from the source. Seme and Burke (1997) measured a K, of 26
mL/g for a simulated REDOX tank liquor. But the results are not consistent

with inferred Cs migration using gamma borehole logging at the SX Tank I
Farm.$
Co, Ni, 0.1(0.2) 0.itod Estimated.,! .
Nb, Np,
Sn, Pa
Sr,Ra 4 (10} 4 t0 20 Sr is known to be rather insoiuble in tank liquors and does not migrate
through soils in tank liquer as rapidiy as other cations.* ‘
Th, Zr, 5(10) 5to 100 Estimated. ™ |
Pb, Pu
] 5(20) 10 to 800 Kapian et al. (1996) reported U-K, values increased from ~2 to >400 mL/g Y
when the pH of a Hanford sediment/groundwater siurry increased from 8.3 to |
> 10.5. The extremely high K, was attributed to U (co)precipitation either as :
uranium phases or as calcite phases. Over a 1,000 year period, it is
anticipated that the solutions pH of any near field would eventually decrease. |
Thus, over time, the K; values would be expected to decrease as the pH I
increased above ~{0.5 and the uranium dissolved from the solid phase. '
Notes:

! Ames and Rai 1978

? Thibault et al. 1990

* Martin 1996

4 Ames and Seme 1991
5 Serne and Burke 1997
§ PNNL 1997b

? Kaplan et al. 1996
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Table A.9. K, Values Adopted by Composite Analysis
(Category E - High Salt/Near Neutral pH Groundwater)

Radio- Conservative Range Justification/References
nuclide and (Best K,
estimate) K, Estimate
Estimate (mL/g) {mL/g)
M, ¢, 0(0) 0t00.1 Tc and Cl are anionic, Tritium will move with H,0.
Te
Ac, Am, 100 (350) 280 to Americium in a calcium- dominated system has K, values >1,200 mL/g. In a
Ce, Cm, >1,200 sodium-dominated system, americium has a K, value of 280 mL/g.!
Eu
C 00} Oto 10 Estimated.?
Co 50 (50) 222 to
4760
. In a sodium-dominated system K, vatues are 1,060 to 4,760 mL/g?
In a caleium-dominated system, K values are 790 to 1,360 mL/g.2
Cobalt forms complexes, specially with organics.
Cs 64 (500) 64 to
1,360
In a sodium-dominated system K values are 64 to 1,170 mL/g?
In a calcium-dominated system, K? values are 790 to 1,360 mL/g.2
Cesium does not form complexes,
1 0(0) 0t02 Anion. Estimated.?
Ni, Sn, 30 (50) Jto 40 Ni is similar to Co but adsorbs slightly less possibly because of moderate
Nb complexing. Estimated **
Np, Pa 0.2 (0.8) 0.4 to 4 K, values range from 0.4 to 4 mL/g. The dominant protactinium species is
assumed to be Pa0,", Np0Q,* is assumed to be a reasonable analog.'
Pb 20 (100) 20 %0
1,000 Lead is a good absorber and it is insoluble. The K, values were estimated.
Pu 5(20) 5to>98 | >98 mL/g’
Ra, Sr 0.2 0.3t042
(0.5)
In a sodium-dominated system, K, values range from 1.7 to 42 mL/g for
strontium.
In a calcium-dominated system K values range from 0.3 to 1.6 mL/g for
strontium.
Ru o 0 to 500 May form RuQ,* and/or anionic complexes with nitrates and nitrites,
Estimate, >*7
Se 00 Otod Anionic, Estimated*
Th, Zr 40 (50) 4010 470 | Sandy soil data, 40 to 470 mi/g for Th®
U 0(0.3) 0to3 Anionic and neutral carbonate and hydroxide species. Estimated.’
Notes:

Y Rousten et al, 1976

I Rouston et al, 1978

* Ames and Serne 1991
* Kaplan et at 1995

* Rhodes 1957b

¢ Aims and Rai 1978
7 Bamey 1978
® Sheppard et al. 1976

% Martin 1996

1 pourbaix 1996
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Table A.10. K, Valucs Adopted by Composite Anaiysis (Category F — Far-Field Groundwater not Impacted by
Background Chemistry of Waste Source)

Radio-
nuclide

Conservative
and (Best
estimate) K,
Estimate
(mL/g)

Range K,
Estimate
(mL/g)

Justification/References

*H, Cl,
Te

0
)

-2.8100.6

Tc exist predominantly as TcO,". K, values have been reported for Tc in
Hanford sediments ranging from —2.8 to 0.6 mL/g for 15 observations with a
median was 0.1 mL/g.! Later studies did not change this range but did
decrease the median slightly to -0.1 mL/g.? Negative K, values are physically
possible and may not be an experimental artifact.? Tritium is expected to
move along with water, Cl is cxpected to behave as a dissolved anionic
species.

Ac, Am,
Ce, Cm,
Eu

100
(300)

67to
1,330

Two ranges for K, values for americium have been reported: 67 to
>1,200 mL/g’ and 25 to 833 mL/g.*

0.5
(5) (see
justification)

0510
1,000

Assumed dominant species: HCOy, Three processes will be acting on C to
take it out of solution: 1) adsorption onto the calcite surface, 2) volatilization
as CO, gas, and 3) precipitation into the calcite structure. The latter process is
largely irreversible, therefore it is not well represented by the K, finear sorption
isotherm model {K, which includes the assumption that adsorption occurs as
readily as desorption). Volatilization is entirely removed from the definition of
the K. In systems that contain higher concentrations of carbonate minerals,
such as the calcrete layer in the 200 West Area, an appreciably higher Ky
should be used to account for the isotopic dilution/precipitation reaction that
may occur, a K, of 100 mL/g would be appropriate for such a system. Since
most of the $00 and 200 Areas contain <1% carbonate, lower K, values are
warranted for these arcas, such as 0.5 mL/g. K, values of “C of >250 mL/g
have been measured in calcite.® At the 100 K Area, the C-14 is widely
distributed down gradient from a crib associated with reactor operations.
1 The range of K, values was estimated.

6, 7,85,

Co

1,200 (1,200)

1,200 10
12,500

In a sodium-dominated system, the K, values range from 1,290 to

2,120 mL/g." In a calcium-dominated system, the K, values range from
2,000 to 3,870 mL/g.!" In the Hanford sediment/groundswater system, the Ky
values range from 1.600 to 12,500 mL/g."

Cs

540
{1,500

340 to
3,180

In a sodium-dominated system, the K values range from 1,410 to

1,590 mL/g."!

In the Hanford sediment/groundsvater system, the K, values range from 540 to
3,180 mL/g.?

0.3 (0.5)

0.2t 13

A review of K, values for I in Hanford sediments showed a range of 0.7 to
15 mL/g for 9 observations; median was 0.7 mL/g.! Later studies increased
this range to 0.2 to 15 mL/e: the median was decreased to 0.3 mL/g, ?
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Table A.10. K, Values Adopted by Composite Analysis (Category F — Far-Field Groundwater not Impacted by
Backeround Chemistry of Waste Source) {cont’d)

Radio-

Conservative

Justification/References

nuclide and (Best Ran.ge Kq
. Estimate
estimate) K, L
Estimate (mL/g)
{mL/g)
. 50 50 to
N'I;Jts)"’ (300) 2,350
In the Hanford sediment/groundwater system, K, values for nickel ranged from
440 to 2,350 mL/g."* In a broad range of sediments, including those from
Hanford, K, values for nickel ranged from 50 to 340 mi/g.”
Nb. Pa 10 2.4t021.9 | A review of Np K, values for Hanford sediments showed range of 2.4 to
P (15) 21.7 mL/fg for 4 observations; median was 17.8 mL/g.! Later studies increased
the K, value slightly to 2.2 to 21.7 mL/g; the median was slightly lowered,
15 mL/g.
Pb 2,000 13,000 to
(6,000) 79,000 In a system where the pH is 6 and there are no competing ions, the K, values
range from 13,000 to 79,000 mL/g."
Pu 80 80 to
(200) >1,980 For plutonium (V, V1) where the pH is 4 to 12, the K; values range from 80 to
>1,980 mL/g."*
Ra, Sr 8 51173
20 For a sodium-dominated system, the strontium K, values range from 173 mL/g,
and 49 to 50 mL/g.!* For a calcium-dominated system, the strontium K, values
range from 8§ to 13 mL/g, 5 to 19 mL/g", 5 to 120 mL/g'%, and 19.1 to
21.5 mL/g.”? _
For a sodium-dominated system, where the pH is 7 to 11, the strontium K,
values range from 4.9 to 25.1 miL/g."”
Ru 10 10to Estimated'*!!
{20 1.000
Se 0 -lddto In the Hanford groundwater/sediment system the K, values ranged from -3.44
[0)) 0.78 to 0.78 mL/g.”?
40 40 to
Th, Zr (1,000) >2,000 K, values were estimated.

For zirconium, when the pH is 6 to 12, the K, values range from 90 to
>2.000 mL/g."
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Table A.10. K, Values Adopted by Composite Analysis (Category F — Far-Field Groundwater not Impacted by
Backaround Chemistry of Waste Source) (cont’d)

Radio- Conservative Justification/References
nuclide and (Best Ranlge Kq
. Estimate
estimate) K,
Estimate (mL/g)
(mL/g)
U 0.6 0.1 to 79.3 A review of Hanford sediment U-K, values showed range 0 0.1 10 79.3 mL/g
é ’ ' for 13 observations; median was 0.6 mL/g.! Resuits from later studies support
&) the range.? In all reported data, some U was adsorbed by Hanford sediments
and >90% of the values were between 0.6 and 4 mL/g.
Notes: :

! Kaplan and Serne 1995
2 Kaplan et al. 1996

? Routson et al. 1976

! Sheppard et al, 1976

5 Martin 1956

¢ Striegl and Armstrong 1990

? Garnier 1985

2 Pourhaix 1966

® Mozeto ct al. 1983
' Zhang ct al. 1995
I Routson et al. 1978
2 Seme et al. 1993

3 Semne and Relyea 1983

1 Rhodes et al. 1992
¥ Rhodes 1957b

¥ Rhodes 1957a.

17 Nelson 1959
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Table A.11. K, Values Adopted by Composite Analysis (Category G - High and Intermediate Impact Zone for
Conditions of High Salt and Chelated Groundwater)

Radio-
nuclide

Conservative

and (Best) K,
Estimate (mL/g)

Range K,
Estimate
{mL/g)

Justification/References

Tritium,
Ci, Te,
C,Co,l,
Se

0 (0)

0100.5

T, I, Se, Cl are anions. Co forms an unusually strong complex with EDTA
by virtue of unique chemical reactions, namely the Co(ll) converts to
Co(IIT) through an auto-oxidation process, and the Co(IIT) forms very
strong complexes with the EDTA. Tritium is assumed to behave like waler.
The others do not complex with chelators and their fow K, is controiled by
virtue of their anionic nature.!

Ac, Am,
Ce, Cm,
Eu

3(3)

Jto 50

A K, for americium of 5.6 mL/g has been measured in one Hanford soil
(soil Py and 24 mL/g in another Hanford soil (soil §) in an aqueous system
containing high concentrations of salts and high concentrations of
complexing agents, such as EDTA and HEDTA.? Additionally, borehole
data beneath 216-Z-1A Crib suggest that Am moves appreciably stower
than carbon tetrachioride.’ If carbon tetrachloride is considered a
conservative tracer, then it wouid appear that Am behaves as if it has a non-
zero K, value, i.e., that it is retarded. Cm, Ce, and Eu have a +3 valence
_and were assumed to behave like Am.'?

Cs

(10

6to 18

Based on column breakthrough curves using actual U recovery scavenged
waste.* The lack of Cs in groundwater beneath cribs suggests it has not
broken through and more likely than not has a K, that approaches the
default value for neutral, low organic, tow salt (Table A,10).

Np, Pa

2(5)

2t0 10

A K, of 3.9 mL/g has been measured for Np in one Hanford soii (soil P)
and 6,8 mL/g in another (soil S) using an aqueous system containing high
concentrations of salts and high concentrations of complexing agents, such
as EDTA and HEDTA 2

0.2(04)

0.2t03

Estimate™®

Ra, Sr,
Pb, Ru,
Ni, Nb,

0.4 (5)

0to 30

A K, of 0.02 mL/g has been measured for Sr in one Hanford soil (soil P)
and 1.5 mL/g in another Hanford soil (soil 5} in an aqueous system
containing high concentrations of salts and high concentrations of
complexing agents, such as EDTA and HEDTA. 2 These organic
complexants are likely to be degraded by microbes over time, thereby
converting the radionuclides into a more adsorbing species.

Strontium is used as analogue because of its similar +2 valence.

Th, Zr,
Pu

0.5(3)

0.6 to 100

A K, of 0.6 mL/g has been measured for Pu in one Hanford soil (soil P) and
2.6 mL/g in another (soil S) with an aqueous system containing high
concentrations of salis and high cencentrations of complexing agents, such
as EDTA and HEDTA.? Additionally, borehole data beneath 216-Z-1A
Crib suggest that Pu and Am move appreciably slower than carbon
tetrachloride.” If carbon tetrachloride is considered a conservative tracer,
then it would appear that both actinides behave as if they have non-zero Ky
values.

Notes;

! Serne et al. 1995

2 Delegard and Bamey 1983

} Price et al, 1979

4 Rhodes and Nelson 1957
3 Pourbaix 1966

¢ Ames and Rai 1978
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possible. By analogy with ferric iron (Fe**) and oxidized aluminum (AI*"), which have similar
charges and slightly smaller ionic radii, it is likely that the actinides would be present as a variety
of hydroxide complexes rather than the bare cations typical of acidic conditions. Changes in the
extent of chelation are more difficult to project. The chelating ligands are highly selective for
multivalent cations, so high sodium concentrations may have only a small affect on the extent of
chelation. Chelation may be somewhat reduced because of competition between the chelating
ligands and hydroxide and carbonate for the cations, but the extent cannot be estimated in the
absence of experimental data.

Degradation of organic chelating agents under the extreme conditions present in the tanks must
also be considered. In the presence of oxidizers (nitrate and nitrite) at elevated temperatures and
subject to intense radiation, these organic compounds will break apart to simpler ligands such as
oxalate, with some acetate and formate, with eventual oxidation to carbonate. Tank wastes are
typically high in carbonate, both as a result of organic degradation as well as uptake of
atmospheric carbon dioxide. For the remaining organic species, a recent study (Carlson 1997)
has shown that in many tanks, oxalate is the dominant form of organic carbon, typically
accounting for 80 to 100 percent of the total organic carbon. This suggests that concentrations of
the original organic ligands will be small, but measurements on a few tanks showed that their
concentrations are still detectable. Additionally, many of the leaks occurred soon after wastes
were placed in the tanks, when the organic ligands may have been only slightly degraded.
Mobility of contaminants during the early phase of waste migration downward from a leak may
have been strongly influenced by chelating agents, whereas later leakage would not be.

The fate of ferrocyanide under tank conditions is probably similar to that of the organic ligands,
with carbon eventually becoming oxidized to carbonate and nitrogen becoming oxidized to
nitrate or nitrite. Thus, this important complexer of cesium would also have likely contributed to
cesium mobility during early leaks, but may no longer be important for later leaks or sluicing
losses under the Phased Implementation alternative.

Potential Effects of Colloids

A likely consequence of the interaction of self-concentrated REDOX waste with soil underlying
the tanks is the production of colloid-size alteration products, which could potentially disperse in
the leaking solution and hence be advected to greater depths. This mechanism offers a potential
explanation for the unanticipated mobility of Cs-137; any Cs-137 adsorbed to colloids would be
transported as well, giving an effective distribution coefficient of zero. A key question is the
stability of colloids under this scenario. Colloids are stable under conditions where the
individual particles repel each other. Repulsive interactions are facilitated by low ionic strength,
where compensation for surface charge extends a significant distance into the solution, allowing
like-charged surfaces to repel each other. At higher ionic strength (often no more than 0.01 M),
charge compensation occurs essentially at the surface, permitting particles to approach closely
enough to stick together due to van der Waals forces. A competing affect is the influence of
increasing sodium concentration, which tends to stabilize colloids in solution. As a result, much
higher ionic strength is needed to induce flocculation in a sodium-dominated electrolyte than ina
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calcium or magnesium dominated electrolyte. Nevertheless, colloid transport in undiluted waste
leaking from the tanks, with an ionic strength much greater than 0.01 m (probably 4 M or greater)
appears to be highly unlikely.

Colloid stability under site-specific conditions for the Hanford Site has been investigated
(McGraw and Kaplan 1997) to determine the potential for colloids to move in groundwater.
Uncontaminated Hanford Site groundwater was estimated to have a pH of 8.1 and an ionic
strength of 0.099 M. Clays, the predominant colloids in Hanford Site sediments, have a pH of
zero charge near 4, so are negatively charged in Hanford Site groundwater; most other minerals
have pHs of zero charge between 6 and 8 and would show a greater tendency to flocculate
because of reduced electrostatic repulsion, Comparison with experimental data on colloids
extracted from a Hanford Site soil over a range of pH, ionic strength, and relative abundance of
sodium shows that Hanford Site groundwater will cause flocculation. The experimental data
suggest that Hanford Site groundwater would need to be diluted by nearly an order of magnitude
for colloids to be stable. This may occur in the vadose zone, particularly in areas of focused
recharge such as between the tanks. Interactions with tank leakage would lead to higher ionic
strength and higher sodium concentrations, but ionic-strength effects are overwhelming, further
favoring flocculation,

The potential for a stable colloid to move through saturated and unsaturated systems has also
been evaluated experimentally in columns using well washed sand (McGraw and Kaplan 1997).
In saturated experiments, no significant differences in retention were observed for particles
between 52 and 1,900 nm in diameter (the range of the experiment). In unsaturated column
experiments using a Hanford Site-specific volumetric water content of 6 percent, particles 52 nm
in diameter were mobile, whereas larger particles were increasingly retained within the column
with increasing diameter. A semi-empirical model based on filtration theory for uncharged
particles was used to assess qualitatively the fate of particles based on their size. This model
predicts that particles less than 100 nm in diameter will be rapidly removed from the aqueous
phase by diffusional processes, in which Brownian motion carries particles to grain surfaces,
where they are subsequently immobilized by unspecified processes. Empirical observations of
natural systems also suggest that particles less than 100 nm in diameter are rare; McGraw and
Kaplan (1997) note that most field studies report colloid diameters of 100 to 500 nm.

Colloid transport in undiluted waste leaking from tanks at the Hanford Site is unlikely due to the
high ionic strength of the tank waste liquid and the abundance of negatively charged minerals in
the Hanford Site sediments, both of which would cause colloids to flocculate. This conclusion is
supported by evaluations using Hanford Site specific conditions and experimentally using a semi-
empirical model based on filtration theory.

A.1.2.6 Recharge
The net recharge to the unconfined aquifer beneath a tank farm from infiltrating precipitation is

an important parameter for calculating groundwater impacts from past tank leaks, tank waste
retrieval losses, and tank waste residuals (Jacobs 1998a). Most of the precipitation at the
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Table A.12. Comparison of TWRS EIS Recharge Rates to Emerging Information for Various Activities or Periods

Activity or period Recharge assumed in Rates Assumed by the Comments
TWRS EIS (cm/yr) Composite Analysis and
RPE (¢m/yr)
Pre-Tank N/A 0.5 (CA)
0.3 (RPE)
Current Conditions 5.0 7.5 (CA) The Composite Analysis has adopted a
(Graveled Surface) 10.0 {RPE} rate of 7.5 cm/yr using a one-

dimensionai vadose zone model.
RPE assumes 10.0 cm/yr using a two-
dimensionai vadose zone model,

During Retrieval 0.5 10.0 RPE makes no allowance for changes
in recharge during retricval.

Active Cap 0.05 0.05

Hanford Barrier

RCRA-Complaint Cap | W/A 0.1

Partially Effective Cap: RPE assumes recharge rate through

Hanford Barrier 0.1 N/A the cap remains at design rate for the
design life, after which time the rate

RCRA-Compliant Cap | N/A N/A transitions back to the pre-tank rate.

Post-cap 0.1 0.5 (CA) TWRS EIS assumed cap degraded and

0.3 (RPE) recharge remained at the degraded

value. RPE is assuming that at the end
of the cap life, recharge returns to pre-
tank levels of 0.3 cm/yr.

Notes:

Related RPE assumptions: 1) The transition time between pre-tank and current conditions recharge rate is | year and the
change in recharge is linear over that period. 2) At the end of the cap design life, the transition period for recharge is to go
from the cap design rate to 0.3 cm/yr (0.12 infyr) is 10 years and change is linear over that period. 3) The Hanford Barrier
has a design life of 1,000 years, 4) The RCRA-compliant cap has a design life of 500 years.

CA = Composite Analysis (Kincaid 1997)

RPE = Retrieval Performance Evaluation Criteria Assessment (Jacobs 1997)

Current Recharge Rates

Current recharge rates for a tank farm are for a sand and gravel surface with no vegetation.

This is the type of condition that has assumed to prevail from the time of tank construction until a
barrier is placed over the tanks., The proposed recharge rates for a tank farm under current
conditions is 10 cm/yr and 7.5 cm/yr (3.94 in./yr to 2.95 in./yr) for the RPE and Composite
Analysis studies, respectively. The RPE study has adopted a two-dimensional vadose zone flow
and transport model whereas the Composite Analysis and TWRS EIS used a one-dimensional
vadose zone flow and transport model. Compared to the two-dimensional model, the one-
dimensional model is expected to result in higher simulated contaminant concentration values at
the vadose zone/groundwater interface, thus selection of the recharge values from the lower end
of the range for current conditions is appropriate when using a one-dimensional model. Several
previous groundwater impact assessments involving contaminant transport through the vadose
zone from a tank waste source used a constant annual recharge rate of 10 cm/yr (3.94 in./yr) to
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represent current conditions. Ten cm/yr (3.94 in./yr) is approximately 60 percent of the long-
term annual precipitation (16.8 cm/yr [6.61 inJ/yr]) (Hoitink and Burk 1994), which corresponds
to lysimeter data that represent tank farm conditions (Gee 1987; Gee et al. 1992).

Lysimeter data from the Field Lysimeter Test Facility (FLTF) show that the recharge rate ranges
from 24 to 66 percent of the annual precipitation for years 1990 to 1994 for lysimeters with
gravel over sand and bare vegetation conditions, which is typical of current tank farm ground
conditions (Rockhold et al. 1995). This is equivalent to approximately 4 to 11.1 cm/yr (1.57 to
4.37 in./yr) of recharge based on the long-term annual precipitation rate of 16.8 cm/yr

(6.61 in./yr) (Hoitink and Burk 1994). However, more recent lysimeter field measurements
acquired during August 1995 to July 1996 from the Small-Tube Lysimeter Facility resulted in
10.89 cm/yr (4.29 in./yr) drainage, which is 66 percent of the actual precipitation over that
period. These lysimeters were designed to simulate tank farm conditions on the 200 Area
Plateau. When additional moisture was applied via irrigation, the percentage of drainage
observed in the lysimeters increased to 75 percent (Fayer 1997). In a 3-year study at the FLTF,
under ambient precipitation conditions a total of 592 mm (23.3. in.) of precipitation occurred
from 1990 to 1993, of which 47 percent or 278 mm (10.94 in.) of recharge (drainage) was
recorded (Rayer 1997). Enhanced precipitation (1,440 mm [56.69 in.]) during this same time
span accounted for 62.5 percent recharge (900 mm [35.43 in.]). Waugh et al. (1991) reported
that 50 percent of the annual precipitation has resulted in recharge at the STLF during the 1988 to

1989 time period.

Recharge Through a Barrier
The surface barrier for the Phased Implementation alternative was assumed to be the Hanford

Barrier. In a recent study (Jacobs 1998a,b), the RPE project also considered a RCRA-compliant
type barrier. The assumed recharge rates through these two types of surface barriers and their
expected life are discussed in the following text.

Previous works have shown annual recharge rates of less than 0.5 mm/yr (0.02 in./yr) for Waste
Management Units with a protective cover (i.e., Hanford Barrier) (Gee et al. 1996). The Hanford
Barrier consists of ten layers for a total thickness of 4.5 m (14.8 ft.)to the base of the asphalt base
course. The design life for the Hanford Barrier is 1,000 years. At the prototype site, no drainage
has occurred from the soil surfaces (Gee 1996). The value of <0.5 mm/yr (0.02 in./yr) is
supported by lysimeter data collected from the FLTF and STLF (Gee et al. 1992).

The RCRA-compliant barrier has a design life of 500 years. The entire RCRA-type barrier
consists of 8 layers for a total thickness of 1,7 m (5.58 ft.) thick to the base of the asphalt base
course. Witha 1 m (3.28 ft.) silt loam cover, recharge is expected to be negligible (Gee et al.
1992). This is supported by lysimeter data from FLTF, the STLF, and Arid Lands Ecology site
(Gee et al. 1992). The RPE study has assumed the recharge through this type of barrier would be

1 mm/yr (0.04 in,).
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Post-Barrier Recharge
After deterioration of the Hanford Barrier and the RCRA-type barrier, recharge rates are

anticipated to return to predevelopment conditions. Therefore, in the post-barrier period,
recharge rates are assumed to be 3.0 mm/yr and 5.0 mm/yr (0.12 in./yr and 0.20 in./yr) for the
RPE and Composite Analysis programs, respectively. These assumed values are within the range
identified in previous studies for shrub-steppe ground cover with a silt-loam soil.

Comparison of Assumed Constant Recharge with Seasonally Varied Recharge

Assuming a constant recharge rate has been a simplifying assumption commonly used for Site
calculations of contaminant mass flux through the vadose zone (DOE 1996a, Ward 1997, Wood
et al. 1995a,b). Recharge rates actually vary on a number of scales including seasonally, yearly
with climatic variations, and periodically with changes in ground cover from such occurrences as
fires and construction. A recent numerical analysis by the RPE project compared an assumed
constant recharge assumption with synthetic seasonal variation in recharge (Jacobs 1997).

On the 200 Area Plateau, approximately 42 percent of the annual precipitation occurs in the
months of November, December, and January, when evaporation and transpiration are at a
minimum. Previous works have indicated that maximum recharge from the surface occurs
between February and April, depending on the amount of snowmelt, air temperatures, antecedent
moisture conditions of the soil, and precipitation (Rockhold et al. 1990, Fayer 1997). It was
noted in Gee et al. (1996) that recharge greatly increased when drainage peaking in February
1996 for the gravel and basalt sideslopes on the Hanford Barrier. This was in response to
snowmelt and other winter precipitation. The appropriateness of assuming constant recharge
instead of the more accurate seasonally varying recharge is tested with a two-dimensional
transient flow and contaminant transport model of the vadose zone as reported in the following

text.

The RPE evaluation developed a synthetic “typical” variable recharge scenario for comparison to
constant recharge. Seasonal mean precipitation was obtained from Table 4.2 of Hoitink and
Burk (1994). The precipitation data in the table span from the years 1946 to 1993. The values
were normalized so that the cumulative recharge assuming seasonal variability would have the
same volume as a constant 10 cm/yr (3.94 in./yr). The resulting values are 14.88 cm/yr

(5.86 in./yr) for the winter period (December to February), 8.72 cm/yr (3.43 in./yr) for the spring
period (March to May), 6.12 cm/yr 2.41 in./yr) for the summer period (June to August), and
10.32 cm/yr (4.06 in./yr) for the autumn period (September to November).

To test the effect of incorporating annually varying infiltrating recharge instead of a constant
infiltrating recharge, a model with no clastic dikes, anisotropic unsaturated hydraulic
conductivities, and a distribution coefficient of 0 mL/g (0 gal/Ib) was run under two conditions.
Under the first condition, the model was used to simulate a unit concentration for a waste tank
over a 250-year period with a constant recharge rate of 10 cn/yr (3.94 in./yr). Under the second
condition, all other inputs were the same except that the recharge rate was assumed to vary
seasonally on a quarterly (3 month) basis during each year of the simulation. The annual
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variation in infiltrating recharge for each quarter of each year simulated was 14.88 cm/yr

(5.86 in./yr) for the first 3 months, 8.72 cm/yr (3.43 in./yr) for the next 3 months, followed by
6.12 cm/yr (2.41 in./yr) (for the next 3 months, and finally 10.32 em/yr (4.06 in./yr) for the last

3 months. These rates were calculated based on Hoitink and Burk (1994) such that when added
over an annual time period, the total volume of infiltrating recharge would equal that produced in
a year under conditions of constant 10 cm/yr (3.94 in./yr) infiltrating recharge. Both simulations
used the subsurface conditions expected at the SX Tank Farm, located in the 200 West Area and
the period of simulation was 200 years.

A comparison of the results of the two simulations indicates that there no discernible spatial or
temporal impacts on the migration of contaminants. Plots of concentration at various times
within time over the whole model domain (vadose zone), as well as graphs of time versus
concentration at selected model elements, are identical under the two simulations. The plots of
mass flux with time over the entire base of the model domain was identical.

A.1.2.7 Vadose Zone Geometry

There are no new data relative to the waste site geometries (layer thicknesses). The site geometry
in the TWRS EIS was generalized to represent groups of tank farms. Recent analyses that focus
on one tank farm, the AX Tank Farm, indicate that the resulting groundwater impacts are
relatively insensitive to the site geometry (Jacobs 1998a), even if more specific data are used
such as variable layer thicknesses. Thus, use of more specific waste site vadose zone geometry,
in lieu of the generalized vadose zone geometry used in the TWRS EIS, would not appreciably
change the impact assessment.

A.1.2.8 Vadose Zone Isotropy and Homogeneity

Field observations of contaminant plumes at the Hanford Site provide evidence of lateral
migration suggesting anisotrophy of the effective hydraulic conductivity in subsurface sediments
(Routson et al. 1979; Sisson and Lu 1984). Typicaily, anisotrophy is expected to be
heterogencous, that is, it varies within a given sediment layer as well as between different
sediment layers. Under unsaturated conditions, some research suggests that anisotrophy may be
moisture dependent (Yeh et al.1985a,b,c).

There are no new data on hydraulic conductivity anisotrophy ratios for sediments beneath the
Hanford Site. Although anisotrophy ratios have not been measured directly in sediments at the
Hanford Site, anisotrophy ratios for different Hanford Site sediment types have been estimated
based on studies by Sisson and Lu (1984) and Lowe et al. (1993). Ongoing studies by RPE have
investigated ranges of anisotrophy ratios numerically with a two-dimensional vadose zone
models of the SX and AX Tank Farms (Jacobs 1997). Results of these studies indicate that
anisotropic ratios (K,/K,) on the order of 3 to 10 provide better matches to observation vadose
zone contamination based on the spectral gamma logging data than does the isotropic conditions
or extreme anisotrophy ratios on the order of 30 to 100.
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Previous work by Kline and Khaleel (1994) indicate that incorporating moisture dependent
anisotrophy increases have resulted in good agreement with model-predicted horizontal
spreading with field observations associated with investigation of the tank T-106 leak. These
evaluations are somewhat hypothetical for the Hanford Site because of the lack of field data
regarding moisture dependent anisotrophy.

The RPE studies (Jacobs 1997) that involved simulations of the SX Tank Farm also included
coarse scale heterogeneities. Each lithologic unit was modeled as an anisotropic and
homogeneous within the specific layer, while heterogeneity is introduced across different model
layers, each with differing hydraulic conductivities and anisotrophy ratios. In contrast, Ward

et al. (1997) examined the impact of finer scale heterogeneities by introducing both coarse and
fine textured sediment lenses approximately 0.6 m (2 ft.) thick into larger lithologic units present
beneath the SX Tank Farm. They found that these small-scale textural variations introduced into
the model resulted in moisture content increases near the interface between fine and coarse
textured lenses due to the formation of capillary breaks. Under unsaturated conditions, small-
scale coarse lenses will impede downward fluid migration, resulting in shallower penetration of
leaked fluids. Coarse layers would also cause increased lateral migration of contaminants under
saturated conditions, further impeding the downward migration of leaked fluids,

Overall, these new studies suggest that anisotropic hydraulic conductivities and finer scale
sediment heterogeneity may be operative at the Hanford Site and, if so, would be one of the
processes that are responsible lateral migration of contaminants from tank leaks. This process
would also tend to lower the peak concentration of contaminants reaching the water table, all
other factors being equal. Results presented in the TWRS EIS reflect one-dimensional vadose
simulations which cannot incorporate anisotropic hydraulic conductivity and associated lateral
migration. TWRS EIS one-dimensional vadose simulations would therefore tend to results ina
faster travel time through the vadose zone and higher maximum contaminant concentrations

reaching the water table.

A.1.2.9 Vadose Zone Contaminant Pathways
As noted in the TWRS EIS, measurements of relatively immobile contaminants at the SX Tank

Farm at a depth of 38 m (125 ft) betow ground surface are not fully explained. Reviews of the
literature, additional measurements of contaminant concentrations in the vadose from spectral
gamma logging, and the extension of one borehole are new information and data that provide
some inferences on contaminant migration. Under some conditions and at some sites preferential
flow paths can significantly impact the transport of contaminants in the vadose zone (Parlange
etal. 1988). The three different forms of potential preferential flow in the vadose zone at the
Hanford Site are identified as 1) fingering; 2) funnel flow; and 3) flow associated with clastic
dikes or poorly sealed well borehole annular space. The mechanisms of these potential flow
paths are discussed in the following text. There is still some uncertainty associated with these
type of flow paths at the Hanford Site, but the new information and data do not change the
impact assessment presented in the TWRS EIS.
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Fingering

Fingering is described as fingers of vertically oriented flow paths that are usually wetter and carry
more water per unit area than the surrounding sediments during infiltration of water through the
vadose zone. Initial moisture content, media heterogeneity, and the existence of large void
spaces such as macropores and fractures all fundamentally affect the fingering process (Glass and
Nichol 1996). Fingers can be instability or heterogeneity driven (Steenhuis et al, 1996).
Instability driven fingers, due either to gravity or viscous forces, occur espectally in sandy soils,
with or without layers. Neglecting consideration of capillary forces, instability, and finger
formation are predicted when downward water flux is less than the saturated conductivity of a
porous medium, Capillary forces act to stabilize perturbations to a wetting front below a critical
wavelength (Glass and Nicholl 1996). Infiltration through layered systems can occur where a
layer of lower saturated hydraulic conductivity (K,) overlies one with a higher K. Redistribution
of moisture, following ponded infiitration within a single layer, and uniformly distributed water
application to a single layer at a flux less than K by rainfall or irrigation have all been shown to
induce fingering (Chen et al. 1995; Glass and Nicholl 1996).

Fingers, once formed, persist from one infiltration cycle to the next (Glass et al. 1988). If initial
moisture contents are distributed non-uniformly, either temporally or spatially, due to variations
of flow caused by instability, or by intermittent water supply, fingered flow in sandy soils is
observed to combine with hysteresis to create a heterogenous permeability field. Subsequent
events then follow preferential flow paths defined by these previous fingers leading to the
formation of persisting conduits of flow and extreme variability in solute transport (Glass et
al.1989; Glass and Nicholl 1996). These flow conduits can be destroyed by complete drying or
artificially uniformizing the moisture content within the bottom layer by saturation and drainage
(Glass et al. 1988).

Heterogeneity driven fingers are the result of media heterogeneity such as macro- or mesopores
or uneven water application. Macropores in the topsoil will tend to supply water nonuniformly
to the unstructured and macroporeless subsoil causing the formation of fingers below. Other
structures within the soil profile such as clay lenses and rocks play a similar role of concentrating
flow (Glass et al. 1988). Horizontal micro-fayering will tend to stabilize fingered flow, while
cross-bedding acts to concentrate and coalesce fingers (Glass and Nicholl 1996).

There is a concern that in the 200 Areas, it is possible the features that promote fingering may be
present and active to some degree. If such is the case, it would be likely that the vertical extent
of finger flow would be intermittent and of limited thickness because of the macro- and micro-
layering with the sediments. According to Dr. Bob Glass of Sandia National Laboratories, who
has extensively investigated fingering phenomenon in the laboratory and in the field, the
following are factors in the development of fingering (Glass 1997).

+ Pressure-versus-saturation curves should be sharp and uniform throughout the interval of

interest
«  Wide variations in lithology inhibit finger development
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« Moisture content and flux should be low
«  Wetability should be intermediate.

Based on his field experience in New Mexico with the Santa Fe Group sediments consisting of
alluvial gravel, sand, and silt in a climate similar to that at the Hanford Site, Dr. Glass suggested
that extensive fingering at the Hanford Site is unlikely. Other studies suggest that unstable flow,
which is driven by gravity, should be negligible in porous media in many arid regions because of
the dominance of capillary and adsorptive forces over gravity forces in these areas (Scanlon et al.

1995).

Funnel Flow
Funnel flow is a special case of instability based flow where inclined lenses of coarse sand act as

capillary breaks, redirecting downward seeping water toward their lower edges, and focusing
recharge into a series of columns in which the local flow rate is enhanced by a factor of 10 to

100 relative to a uniform flow field (Kung 1990). The applicability of this mechanism to the
Hanford Site depends upon the presence of inclined coarse-grained units to redirect infiltration.
Such layers have been interpreted from borehole samples beneath the SX Tank Farm (Ward et al.
1997). Simulation performed by Ward et al. (1997) suggests that funnel flow could play a role in
enhancing lateral migration, but the extent to which it could enhance the vertical migration of

tank wastes has not been addressed.

Flow in Clastic Dikes and Well Boreholes
Flow through clastic dikes and poorly sealed well annular spaces are both instances of

preferential flow paths. The impact of such potential preferential flow depends on the location of
the feature relative to leak sources and is also dependent on leak flow rate because is it is only
when leak flow rates are sufficient to saturate the feature that they become transport pathways.
At low leak volumes, clastic dikes may serve as flow impediments.

Ongoing RPE studies (Jacobs 1997) include numerical analysis of leaks from the SX and

AX Tank Farms for cases with and without the potential presence of a clastic dike. As part of
these studies, a thin vertical high conductivity zone was incorporated into a two-dimensional
flow and transport model of the vadose zone. This feature could be used to represent either a
clastic dike or conservatively, the poorly sealed annulus of one of the dry wells at the tank farm.
The feature was located directly between two tanks to examine the effects on the migration of
contaminants from the base of the tanks to the water table. The thin zone of high conductivity
extended from the elevation of the base of the tanks to the water table.

Results of two-dimensional vadose zone simulations of AX Tank Farm, sluicing leaks indicate
that the presence of a clastic dikes resulted in a very small change (i.e., 60 years sooner for
condition with clastic dike) in the time of contaminant first arrival and maximum contaminant
concentration at the water table (Jacobs 1997). A comparison of the calculated results for a case
with a clastic dike and without one is shown in Figure A.1. Plotted in this figure is the total
cumulative mass as the mass reaches the water table for the two cases. The calculations are
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based on subsurface conditions at the AX Tank Farm, which is located in the 200 East Area, an
assumed 30.3 m’ (8,000 gal.) waste tank leak from one tank, a source coneentration of | kg/m’,
and a zero K. A similar approach was taken for the SX Tank Farm, which is located in the
200 West Area (Jacobs 1997). For the SX Tank Farm simulations, subsurface conditions
existing at the SX Tank Farm were used. Examination of sediment hydraulic characteristics
beneath each of these sites indicates that, although most of the same stratigraphic formations
underlie both sites, the thicknesses and relative juxtaposition of fine and coarse-grained layers
within these formations is distinct at each tank farm. Subsurface conditions at the SX Tank Farm
are, in general, representative of those of the other tank farms in the 200 West Area. Compared
to those in 200 East Area, they are finer grained and have lower saturated hydraulic
conductivities, resulting in the ability to cause perched water table conditions given the
appropriate recharge events. Subsurface conditions at the AX Tank Farm can be used as
representative of those in the 200 East Area. Based on the observation that representation of
clastic dikes at both of these tank farms is inconsequential it is then reasonable to apply this
conclusion to the other SSTs in both 200 East and 200 West Area.

Overall, results of calculations with clastic dikes represented in the simulations at the SX and AX
Tank Farms indicate that clastic dikes, and to a lesser extent, drywell annular space pathways, do
not affect contaminant first arrival or maximum concentration at the water table for a mobile
contaminant (Jacobs 1997). They could play a role in explaining some of the deeper Cs-137
observed beneath the SX Tank Farm, but additional field data and analysis would be necessary to
conclude that they may have more than a minor role.

A.1.2.10 Sluicing Loss Characteristics
In the TWRS EIS, sluicing losses were assumed to leak over the full area of the base of the tank.

Ongoing RPE studies (Jacobs 1997) have found that tank area from which the leak occurs can
affect the arrival time and peak concentration of contaminants to the water table. The RPE
studies used a two-dimensional vadose flow and transport model of the SX Tank Farm and
varied the area of tank base from which a past leak was assumed to occur. This parametric
analysis also included varying the loss volume and leak duration. Results of simulations of
different published leak volume estimates (Hanlon 1996; Agnew 1996) in sediments with
isotropic hydraulic conductivities and zero distribution coefficients are depicted in Figure A.2.
This figure illustrates the sensitivity of contaminant travel times to tank leak area and leak
volume. Comparison of panel (B) and © in Figure A.2 illustrates the impact of halving the area
over which the Agnew past leak volume is assumed to occur. Halving the area over which the
leak loss occurs effectively doubles the loading rate (volume/time per area), causing the resulting
solute plume to migrate more rapidly towards the water table. Changing assumptions concerning
leak duration and leak volume have similar impacts as changes in leak area, when the other
parameters are held constant. Panel (A) on Figure A 2 illustrates the depth of contamination if
the Hanlon volume is assumed to be distributed over the full tank base.
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The new vadose zone information and data indicate that there are minimal changes to the TWRS
impact analysis for potential releases from residuals that may be left in the tanks after retrieval
and immobilized waste in the LAW vaults for the conditions of the Phased Impiementation
alternative.

New information on tank leak characteristics combined with assumed larger retrieval losses
indicate that first arrival of mobile contaminants may be sooner that calculated in the TWRS EIS.
There is still much uncertainty related to what the nominal tank leak area would be, how many of
the 149 SSTs would leak during retrieval, and how much they would leak.

Overall, the largest change based on the new information and data is associated with past leaks
from the waste tanks. Even though there continues to be a large uncertainty surrounding past
tank leaks the data seem to indicate that some past tank leaks arrive at the water table within few
tens of years, depending on the leak characteristics. These arrival times are supported by the
RPE studies (Jacobs 1997, 1998a,b). For these past leaks, the leaks themselves are a very large
driving force for the relatively fast transport in the vadose zone. The contaminant transport is
augmented by the enhanced recharge of approximately 10 cm/yr (3.9 in./yr) at the tank farms
through bare sand and gravel covers that have been placed over the tanks plus other sources of
water such as water line leaks at some tank farms. Other factors include the tank leak area and
the potential effects of the tank leak chemistry (e.g., high pH and high sodium concentration) in
the near-field.

The past tank leaks were not within the scope of the TWRS EIS impact assessment; however,
they were evaluated with respect to their potential cumulative with TWRS remediation impacts.
In the TWRS EIS, a bounding approach to past tank leaks was taken that assumed the No Action
alternative could be used as an analog to the occurrence of past tank leaks. Use of this analog
puts the impacts from past tank leaks out in time where they would be additive to the impacts
from implementing the Phased Implementation alternative. Available information suggests the
approach is still bounding because if anything, the impacts from past leaks are occurring sooner
than would be calculated using the No Action alternative and thus would be less likely to be
additive to the impacts associated with implementing the Phased Implementation alternative.

A.1.3 SATURATED ZONE (GROUNDWATER)

The secend part of the groundwater pathway is lateral contaminant transport through the
uncontined aquifer flow from points of entry at the vadose zone/water table interface beneath the
tank and LAW sources to the Columbia River. The unconfined aquifer is generally located in the
unconsolidated to semiconsolidated Ringold and Hanford formations that overlie the basalt rock.
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Figure A.2. Sensitivity of Contaminant Travel Time and
Peak Concentration to Variation in Tank Leak Volume and Area
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Groundwater in the unconfined aquifer generaily flow from recharge areas the western boundary
of the Hanford Site toward the Columbia River, which is a discharge zone for the unconfined
aquifer. The new data and information for the unconfined aquifer include 1) water levels at over
600 wells; and 2) concentration of contaminants in the groundwater Sitewide including the areas
around the tank farms. Other new information that affects the caiculated TWRS contaminant
concentrations is the revised inventory, which is also discussed in this section.

New data and information on the saturated zone have been collected from groundwater levels
and concentrations of contaminants and other constituents in the groundwater. These data are
summarized in two Site documents: Hanford Site Groundwater Monitoring for Fiscal Year 1996
(PNNL 1997b) and Hanford Site 1996 Environmental Report (PNNL 1997a). Additional
interpretations of these data are provided in the individual RCRA reports on the tank WMAs.

A.1.3.1 Groundwater Levels _
Groundwater level data are used to infer groundwater flow gradient direction and magnitude.
The Ground-Water Surveillance Project (GWSP) produces maps annually based on water level
measurements taken in June of each year. The most recently published data on water levels are
for June of 1996 (PNNL 1997b) in which groundwater levels from over 600 wells in the
unconfined aquifer on the Site and in the immediately surrounding area. The most notable
observation from these data is the continued trend of groundwater level decline in many areas of
the Hanford Site. This is illustrated in two figures. Figure A.3 shows the change in groundwater
levels on the Site between 1979 and 1995. The most pronounced change is at the former location
of U Pond, near the southern portion of the 200 West Area, where groundwater levels have
declined approximately 6 m (19.68 ft.). Figure A.4 shows the changes in groundwater levels on
the Site between 1995 and 1996, Again, the most pronounced change is at the former location of
U Pond where groundwater levels have declined another 2 m (6.56 ft).

The water-table map for the unconfined aquifer is illustrated in Figure A.5. In the 200 West
Area, the inferred groundwater flow direction from this figure is primarily to the east with a
northeasterly component on the north side of the area. Groundwater levels in the 200 West Area
are still affected by the remnants of the U Pond groundwater mound, Groundwater levels in the
vicinity of the former U Pond remain approximately 10 m (32.81 ft.) above preoperational levels
(PNNL 1997¢). Gradients are relatively high in this area due to the mound and because of the
low transmissivity of the aquifer in this area, The hydraulic gradient decreases quickly between
the 200 West and 200 East Area in response to the increase of aquifer transmissivity. The water-
table is relatively flat in the central portion of the 200 Area Plateau, including most of the

200 East Area, These data were provide in Section 5.2.4. There are no notable changes to the
groundwater flows direction that were used in the TWRS EIS that would cause a change to the

TWRS EIS impact analysis.

A.1.3.2 Groundwater Quality
Much of the Hanford Site continues to be impacted by past releases of contaminants from many

sources. The extent of this impact can be inferred by the distribution of tritium in the unconfined
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aquifer (Figure A.6). Impacts to groundwater quality from TWRS sources have been evaluated
and summarized in RCRA groundwater quality assessment reports which are summarized in the
following (Hodges 1997; Johnson and Chou 1997).

The 149 SSTs are grouped into 12 tank farms. These tank farms have been further grouped into
RCRA Waste Management Areas (WMAs) as Treatment, Storage and Disposal (TSD) units.
The RCRA SST WMAs are classified as interim status under RCRA Part A and their
groundwater monitoring status are provided in Table A.13.

New data associated with these WMA are from groundwater sample analyses from up gradient
and down gradient wells located at each of the WMAs. Based on these data, the following

information has been developed:

+ Sources within the S-SX, T, and TX-TY WMAs such as past tank waste leaks are likely
to have impacted groundwater as evidenced by the analytical results from down gradient
well samples. And, Tc-99 and co-contaminants chromium, nitrate, and I-129 (TX-TY
WMA only) are being detected in down gradient wells.

+ Leaking water lines at the S-SX WMA are likely the cause of short-term transients in
contaminant concentration that have been observed in several wells between 1986 and the
present.

+ More than one source location in the S-SX WMA is needed to explain historical as well
as recent groundwater contamination. At least two, and possibly three, sources can
explain the occurrences of Tc-99 transients observed in 1986-1987 and the more recent
events observed in wells 299-W23-15 and 299-W22-46.

+ Compositional relationships between sodium/calcium and tritium/technetium ratios
indicate information about origins and/or processes of groundwater source plumes for the
S-SX, T, and TX-TY WMAs. These constituent ratios confirm that the source was from

these WMAs,

Site groundwater continues to be impacted by past disposal practices. The uncertainty around
past waste tank leaks continues to be a factor in assessing groundwater contaminant
concentrations. Mobile contaminants (e.g., Tc-99) associated with the past tank waste leaks are
being detected in the groundwater in several of the RCRA groundwater wnonitoring wells
(Hodges 1997; Johnson and Chou 1997). This is consistent with the new information on the
potential past leak volume and tank leak area. Past tank waste leaks were not within the scope of
the TWRS EIS because there were insufficient data on the volume of releases, current
distribution of contaminants, and alternatives for remediation. Past tank leaks will be addressed,
along with other issues associated with tank farm closure, in a future NEPA analysis. There are
no notable changes to the groundwater contaminant concentrations that would cause a change to .

the TWRS EIS impact analysis.
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Figure A.3. Changes in Water-Table Elevations on the Hanford Site, 1979 - 1995
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Figure A.4. Changes in Water-Table Elevations on the Hanford Site, 1995 - 1996
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Figure A.5. Hanford Site and Outlying Areas Water-Table Map, June 1996
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Figure A.6. Distribution of Tritium in the Unconfined Aquifer, 1996
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Table A.13. Single-Shell Tank Waste Management Areas (WMA) and Current Regulatory Status

Tank Farms Included Status' Regulatory Indicator Parameters and Contaminants
Within a RCRA WMA of Concern Identified
A-AX (200 East) Indicator Parameter Evaiuation Te-99, Chromium (Cr), and Nickel (Ni), Cr and Ni
detected are likely from stainless steel well casing,
B-BX-BY (200 West) Groundwater Quality Specific conductivity, nitrate (NO,), chloride, T¢-99, and
Assessment, 1996 antimony (Sb)
C (200 East) Indicator Parameter Evatuation None
S-SX (200 West) Groundwater Quality Te-99, NOy, Cr, and Cs-137. Cs-137 attributed to
Assessment, 1995 particulate dust from casing screen zone,
T {200 West) Groundwater Quality Te-99, Cr, tritium, and NO, Tritium source from
Assessment, 1993 surrounding eribs.
TX-TY (200 West) Groundwater Quality Tc-99, Cr, tritium, [-129, Co-60, and NO,. Tritium
Assessment, 1993 source from surrounding cribs.
L (200 West) Indicator Parameter Evaluation pH, TOX, and T¢-99. All contaminants of concemn from
change in groundwater direction.

Source: PNNL 1997b.

I Indicator Parameter Evaluation status is when specific parameters (.., pH, specific conductance, total organic carbon,
and total organic halogen) arc used to determine if the facility is affecting groundwater quality. Groundwater Quality
Assessmient status is when the specific parameter threshold values have been exceeded and additional evaluation and

sampling are required.

A.1.3.3 Revised Tank Waste and LAW Vault Inventory Affects on Groundwater
Concentrations
The impacts presented in the TWRS EIS were amended for this Supplement Analysis to provide
groundwater impact comparisons for the revised inventory to the previous TWRS EIS inventory
for the selected years (2,500, 5,000, and 10,000 for tank sources and 5,000, and 10,000 for LAW
vaults). As shown in Table A.14, the only contaminant to exceed the Drinking Water Standards
for tank waste releases for the revised inventory is U-238. In the TWRS EIS, U-238 also was
calculated to have exceeded the standard. The potential uranium exceedance of the standard is
based on an assumed uranium K, of zero. The emerging information on uranium mobility
discussed previously indicates that the K is likely 0.6 mL/g or greater and as such, would not
likely exceed the Drinking Water Standards within the 10,0000-year period of interest. For the
LAW vaults, Tc-99 was the only constituent to exceed the standard for the revised inventory
(Table A.15). In the TWRS EIS, Tc-99 was below the standard.

The calculated releases from the LAW vaults in the TWRS EIS were based on the assumption
that the waste glass would be in the form of cullet disposed of in canisters, The current planning
assumption for the waste glass has it in the form of a monolith that would be poured into
canisters. A monolithic pour would result in a reduction in the contaninant release rate;
compared to the TWRS EIS, all other factors being equal. This would reduce the impact to
groundwater by lowering the maximum concentration and delaying the time of first arrival and of
peak concentration in the groundwater, Contaminants in K, group 2 (K, = 1.0 mL/g) or above
would not be expected to reach the water table in any event.
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A.2 CONCLUSION
There are additional characterization data on the levels of contamination in the vadose zone.

These data include spectral gamma logging of drywells, preliminary sampling results of
extending a borehole (41-09-39) to the groundwater in the SX Tank Farm, studies on the
mechanisms for the transport of contaminates through the vadose zone, and updated groundwater
quality data. These new data show that certain contaminants (e.g., Cs-137 and Co-60) from past
SST leaks have moved faster through the vadose zone than previously expected and that highly
mobile contaminants, such as Tc-99, have reached the groundwater at certain tank farms.
Contaminants that were previously expected to move rapidly through the vadose zone, such as
Tc-99, appear to have been substantially unaffected by these new data and some contaminants,
such as uranium, appear to be moving slower than previously expected.

The reasons why certain contaminants apparently move more rapidly than previously expected
and how deep into the vadose zone they will move at accelerated rates is still under investigation.
Some factors that may influence the rate of migration include 1) past leaks were larger than
previously expected; 2) large surface releases from water line breaks and enhanced infiltration
due to the removal of vegetation and installation of gravel around the tanks; 3) past leaks that
leaked from a small portion of the tank which tends to channel the releases and provide a larger
hydraulic head to drive contamination more quickly; 4) enhanced mobility of certain
contaminants, primarily Cs-137, due to the unique chemistry (e.g., high sodium concentration,
high pH, and high temperature) of some past SST leaks; 5) enhanced mobility of certain
contaminants, primarily Co-60, due to the presence of organic chelating agents in some previous
leaks; and 6) preferential flow paths (e.g., clastic dikes), which could provide an mechanism for
contaminants to move more quickly through the vadose zone.

There remains a substantial amount of uncertainty associated with which of these transport
mechanisms are important in explaining the transport of past tank leaks. It is likely that all play a
role at one or more SSTs. Continuation of the ongoing field investigations are necessary to
resolve the affect of these mechanisms on past SST leaks. All current information indicates that
once in the groundwater the contaminants will be transported laterally at the previously
anticipated rates and the less mobile contaminants such as Cs-137 and Co-60 will not be
transported away from the 200 Area by the groundwater but rather will chemically bond with the
earthen material and become fixed in place. As discussed in the following section these
mechanisms would have a much reduced affect on future releases from the tanks.

This new information has resulted in revisions to site computer models for estimating flow
through the vadose zone for past leaks and, to a certain extent, refinements in models for tank
waste leaks during retrieval. The leaching of residual SST waste that may be left in the tanks
after closure and the immobilized waste in the LAW vaults will be largely unaffected by these
new data. This is because 1) the residual waste and immobilized LAW will be covered by a low
permeability earthen cover that will reduce infiltration of water to very low levels so the leaching
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Table A.14, Maximum Concentrations Calculated in Groundwater for the
Phased Implementation Total Alternative (Tank Sources)

Constituent Drinking 2,500 years 5,000 years 10,000 years
Water
Standard EIS Best-basis EIS Best-basis EIS Best-basis
(mg/L) (mgl) | (mgl) (mg/L) (mg/L) (mg/L) (mg/L)
C-14 4.49E-07 3.4E-10 3.1E-10 6.8E-09 6.1E-09 2,0E-{3 1.8E-13
[-129 5.68E-06 5.3E-08 8.7E-08 2,0E-06 3.3E-06 1,3E-10 2.1E-10
Te-99 5.33E-05 3.8E-07 3.9E-07 {.5E.05 1.5E-05 1.5E-09 {.6E-09
1U-233 N/A 7.0E-13 2.7E-08 2.3E-11 9.1E-07 0.0 0.0
U-234 NIA 2.4E-11 4.0E-08 1.4E-09 2,3E-06 0.0 0.0
U-235 W/A 7.4E-06 5.2E-06 5.8E-04 4,1E-04 7.2E-09 5.0E-09
U-236 N/A 4.6E-11 1.5E-07 6.6E-10 2.2E-06 0.0 0.0
U-237 N/A 0.0 0.0 0.0 0.0 0.0 0.0
U-238 N/A 1.1E-03 7.4E-04 8.9E-02+ 6.0E-02¢% 1.0E-06 6.8E-07
Total U 0.02 {total) 1.1E-03 7.5E-04 8.9E-02* 6.0E-02* 1.0E-06 6.9E-07
NG;- NO, 45 (NOy) 2.4E-02 1.7E-02 5.4E+00 4.0E+00 2.5E-04 1.8E-03
Notes:
Best-basis = New global best-basis inventory
EIS = TWRS EIS

N/A = Not applicable
* Calculated value exceeds drinking water standard (40 CFR 141.16) based on a calculated dose equivalent of

4 mrem/year.

Table A.15. Maximum Concentration Calculated in Groundwater for the
Phased Implementation Total Alternative (LAW Vaults)

Constituent Drinking Water 5,000 years 10,000 years
Standard
(mg/L) EIS (mg/L) Best-basis EIS (mg/L) Best-basis
(mg/L) (mg/L)

Te-99 5.33E-05 4.6E-06 2,7E-05 1.2E-D5 1.2E-05
U-233 N/A 2.0E-13 7.9E-0% 6.0E-13 2.4E-08
U-234 NIA 6.6E-12 1.1E-08 1.8E-11 2.9E-08
U235 N/IA 2.1E-06 1.4E-06 5.6E-06 3.9E-06
U-236 NIA 7.6E-12 2.5E-08 2.0E-i1 6.8E-08
U-238 N/A 3.1E-04 2.1E-04 8.3E-04 5.6E-04
U (total) 0.02 (total) 3.1E-04 2.1E-04 8 4E-(4 5.6E-04
Notes:

Best-basis =New best-basis global inventory
EIS=TWRSEIS
N/A = Not applicable
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of residual waste into the vadose zone will be very slow; and 2} the chemistry and physical form
of the residual tank waste and immobilized LAW will be substantially different from the past
tank leaks. These two factors prevent the transport mechanism described previously from
substantively affecting the transport of the residuals tank waste and immobilized LAW waste.

Additional data are still being obtained and evaluated to address these issues, but it appears that
the affect on the impacts presented in the TWRS EIS include:

« The data suggest that past SST tank leaks would move faster through the vadose zone than
previously expected resulting in earlier arrival of contaminants in the groundwater. If this
occurs, then the concentrations of certain contaminants in the groundwater may be higher
than previously expected, and the concentration of other contaminants may be lower.
Overali these past leak contaminants would be more likely to move through the vadose
zone and groundwater system prior to the contaminants from the tank waste remediation
which reduces the potential for the impacts to occur at the same time and therefore reduces
the cumulative impacts of past tank leaks and tank waste remediation. The migration of
highly mobile contaminants to groundwater from past tank leaks is already occurring. This
is demonstrated at several SST farms based on RCRA groundwater quality assessments
(Section A.1.3.2). Past, present, and near-term migration of past tank leaks to groundwater
will proceed contaminants from TWRS remediation resulting in limited, cumulative
impacts of past leaks and TWRS remediation activities. Past tank leaks were not within
the scope of the TWRS EIS but were addressed as part of the cumulative impacts of tank
waste remediation with other site groundwater impacts. Past tank leaks will be addressed
in a future NEPA analysis on closure of the tank farms.

« The leaching of contaminants from the LAW vaults will be largely unaffected by the
transport mechanism discussed previously. The LAW will be immobilized into a glass
form, and leaching will be controlled by the immobilized waste form and the low
permeability earthen cover placed over the LAW vaults. LAW vaults would have few of
the characteristics that have resuited in contaminant migration from past SST leaks to
sroundwater. Past leak migration of past releases from the tanks appears to have been
dominated by large volumes of liquids (Section A.1.2.10} and enhanced infiltration
conditions (Section A.1.2.6). These conditions would not be present in the LAW vaults.
The immobilize waste would be in a glass form encased in canisters. The canisters would
be placed in dry vaults that would be covered by a low-permeability earthen barrier. Thus,
even when the earthen barrier lost its effectiveness, infiltration would be at much lower
levels than the current tank farm conditions. The lower levels of infiltration would also be
interacting with a glass waste form resulting in the slow release of low levels of
contaminants compared to the highly concentrated liquid waste releases associated with
past SST leaks. Additionally, the chemistry of past leaks that contributed to enhanced
mobility (e.g., high pH and sodium) would not exist for the LAW form. Finally, the LAW
vaults will be located in an area that has not been impacted by past leaks or discharges of
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contaminated liquids. None of the mechanisms listed earlier that may accelerate
contaminant transport will be operative for the immobilized LAW,

The leaching of residual waste that may be left in the tanks will likely be largely unaffected
by much of this new information. Leaching will be controlled by a low permeability
earthen cover over the tank farms after closure. Tanks that experienced large leaks in the
past may have a residual affect immediately beneath the tanks due to the chemistry of past
leaks. This may enhance contaminant transport near the tank, but the effect will dissipate
with depth and time. DSTs and SSTs that did not have past leaks with high sodium
content, high pH, and high heat would not have this residual affect. None of the
mechanisms listed earlier that may accelerate contaminant transport would have a
substantive affect on the transport of contaminants from residual waste that contribute
appreciably to risk. Similar to the immobilized waste form in the LAW, residual waste
remaining in the tanks would have very different characteristics than past tank leaks.
These differences would result in much slower migration of contaminants to groundwater
than experienced under past tank leak conditions. The residual waste would consist of a
dry, hard heel waste form. There would not be large volumes of liquids that could rapidly
transport the contaminants deep into the vadose zone. The residual waste would be
disposed of by filling the tanks with gravel and placing a low-permeability earthen barrier
over the tanks. This would result in much lower levels of infiltration than the current tank
farm conditions resulting in the slow release of low levels of contaminants compared to the
highly concentrated liquid waste releases associated with past SST leaks (Section A.1.2.6).
Additionally, past SST leaks consisted of large leakage volumes over relatively short
periods of time and through a limited surface area of the tanks (A.1.2.10). Contaminant
migration of residual tank waste under the Phased Implementation alternative would
consist of leaching of low volumes of contaminants, over a long period of time, and over a
wider area of the tank. These factors would further slow contaminant migration compared
to past tank leaks. Remediation of the residual waste was not within the scope of the
TWRS EIS but will be addressed in a future NEPA analysis on closure of the tank farms.

Leaks during waste retrieval would be affected by these new data and would likely result in
earlier arrival times in the groundwater but in substantially the same concentration as
estimated in the TWRS EIS. Similar concentration levels are largely the result of recent
analysis that has concluded that of the contaminants that contributed to long-term risk
under the TWRS EIS, some contaminants (e.g., Tc-99 and 1-129) are migrating at rates
anticipated in the EIS while others may be migrating at rates slower than assumed in the
EIS (e.g., uranium), Thus, the overall impact of faster vadose zone migration for some
contaminants may be offset by slower migration of other contaminants resulting in
groundwater contaminant concentration levels similar to those calculated in the EIS.

All of the transport mechanism listed previously could affect the rate of transport through
the vadose zone of leaks during retrieval. However, the affect on retrieval leakage is likely
to be less than the affect on past tank leaks. Tanks that experienced large leaks in the past
may have a residual affect immediately beneath the tanks due to the chemistry of past
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leaks. This may enhance contaminant transport near the tank but the effect will dissipate
with depth and time. DSTs and SSTs that did not have past leaks with high sodium
content, high pH, and high heat would not have this residual affect. It is important to note
that nearly all of the waste to be retrieved during Phase 1B of the Phased Implementation
alternative would come from DSTs, which are not anticipated to leak during retrieval, so
Phase IB activities would be largely unaffected by the new vadose zone data.

This new information would not affect the impacts presented in the TWRS EIS because all of the
long-term risk and groundwater impacts resulted from the highly mobile contaminants such as
Tc-99, uranium-total, Se-79, and EDTA, which were calculated to move very rapidly through the
vadose zone and groundwater so the factors that accelerate transport through the vadose zone
would only result in slightly earlier times of arrival of the impacts (Table A.11 and Figure A1)

and not appreciably higher concentrations of contaminants.

Also, the TWRS EIS was sufficiently conservative in its calculation of impacts that the bounding

impacts would capture any potential impacts from accelerated contaminant transport in the
vadose zone. Among the conservative assumptions in the TWRS EIS are 1) there would be no
dilution of retrieval leaks from stuicing liquids; 2) all 149 SSTs would leak; 3) the rate of
transport of all contaminants was grouped and contaminants were placed in the highest
reasonable group; and 3) the inventory of waste that may remain in the tanks following retrieval
was assumed to be one percent of the total tank waste, which does not take into account the

preferential recovery of the highly soluble contaminants.
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APPENDIX B

COMPARISON OF TWRS EIS AND TWRS BIO ACCIDENTS







REVIEW OF ACCIDENT ANALYSES IN THE TWRS
BASIS FOR INTERIM OPERATION AND COMPARISON TO THE TWRS EIS

The accident analyses in the Tank Waste Remediation System (TWRS) Basis for Interim
Operation (BIO), HNF-SD-WM-BIO-001, Rev. 0 (LMHC 1997) was reviewed for comparison
with the TWRS Environmental Impact Statement (EIS) (DOE 1996}, The three bounding
accidents analyzed in the TWRS EIS were also analyzed in the TWRS BIO (seismic event, spray
release, and flammable gas deflagration). A comparison of the seismic event, spray release, and
flammable gas deflagration evaluated in the two documents is presented in Tables B.1, B.2, and
B.3 and shows that the TWRS BIO is bounding for the spray scenario and the TWRS BIO design
basis earthquake bounds the TWRS EIS beyond design basis earthquake. The flammable gas
deflagration scenario in the TWRS EIS bounds the flammable gas deflagration scenario in the

TWRS BIO.
Table B.1, Spray Scenario (Cover Block Off)
Parameter TWRS BIO, Rev, 0 TWRS EIS
Source term material Aging Waste Facility 58T
Entrained solids 33 vel % 30 vol. %

Leak length S.1em{2in)long 0.035 em (0.014 in.) pinhole
Crack width 0.011 ¢cm (0.004 in.) 0.035 cm (0.014 in.) pinhole
Gauge pressure 300 psi 207 psi

*Total flow rate 9.2 L/min 0.027L/min * 2 = 0.054 L/min

Respirable release from spray

0.21 L/min (RF =2. 31%)

0.054 L/imin (RF = 100%)

Exposure duration onsite 12 hr 8 hr
Exposure duration oifsite 24 b 16 hr

Total volumetric respirable release for 150 L (12 hr) 26 L {8 hr)
onsite

Total volumetric respirable release for J00L (24 hry 52L{l6hr)
offsite

Breathing rate onsite 3.3E-04 m'/s 3.3E-04 m*s
Breathing rate offsite 2.7E-04 m/s 3.3E-04 m/s

X/Q onsite 99.5 percentile 99.5 percentile

X/Q offsite 99.5 percentile 99.5 percentile

Unit liter dose (rem/L} 5.6E+07 (AWF 33/6T) 7.8E+06 {{SST 30/70), {70-yr CEDE)]
MEI onsite radiclogical dose {rem}) 1.5E+04 4,4E+02

ME! offsite radiofogical dose (rem) 21 1.9
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Table B.1. Spray Scenario (Cover Block Off) (cont’d)

Parameter

TWRS BIO, Rev. 0

TWRS EIS

MEI onsite toxicological exposure

4.6E+01 ERPG-1

5.4E+00 ERPG-2

MEI offsite toxicological exposure

2.4E.01 PEL.-TWA

4.1E-04 ERPG-1

Annuaj frequency

1.0E+00 - 1,0E-02

1.1E-02 - 8.0E-03

Table B.2, Flammable Gas Deflagration Scenario

Parameter

TWRS BIO, Rev. 0

TWRS EIS

Failure mode

Unfiltered release, no dome coilapse

Ventilation failure, no dome coilapse

Source erm

Ventilation system = 6.1E-03 L
Headspace = 1.58E-01 L

MAR = 5.0E+05 L
ARF - RF = 6.3E-06

Entraipment = 2.46E+00 L LPF=0.75

Total = 2.63E+00 L Total = 2.4E+00
Breathing rate onsite 3.3E-04 m¥/s 1.3E-04 m’fs
Breathing rate offsite 3.3E-04 m¥s 3.3E-04 m*fs

X/Q onsite

99.5 percentile

99.5 percentile

X/Q offsite

99,5 percentile

99,5 percentite

Unit liter dose - inhalation

SST solids (50 yr) = 2.2E+07

DST solids (70 yr) = 6.45E+07

{rem/L)

MEI onsite radiological dose 650 1760
{rem)

MEI offsite radiological dose 0.57 4,26

(rem}

MEI onsite toxicological
exposure

1.9E+02 ERPG-1

4.54E+02 ERPG-3

ME! offsite toxicological

1.5SE+00 PEL-TWA

1.92E-01 ERPG-i

cxposure

Annual frequency

Unlikely (1.0E+00 - 1.0E-02}

7.2 E-03
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Table B.3. Comparison of Seismic Analyses Between TWRS BIO and TWRS EIS

. Parameter TWRS BIO, Rev. 0 TWRS EIS
DBE (Bounding) BDBE {Bounding)
Peak horizontal ground 0.19g 043 g
acceleration
Faiiure mode SST bum {no dome collapse} SST dome collapse
AWT spray {cover block off)
Onsite exposure Bum = 2.63 Dome collapse SST = 7.47
source term (L) Spray = 150 (i2h)
Offsite exposure Bum = 2.63 Dome collapse SST = 7.47
source term (L) Spray = 300 (24h)
Breathing rate onsite (m’/s) 3.3E-04 3.3E-04
Breathing rate offsite (m’/s) 2.7E-04 3.3E-04
X/Q onsite {(s/m’) 99.5 percentile 99.5 percentile
X/Q offsite (s/m*) 99.5 percentile 99.5 percentile
Unit liter dose (renvL) Bum SST (solids} = 2.3E+07 dc SST (solids) = 2.3E+07
Spray AWF (33/67) = 3.6E+07
METI onsite radiological dose (rem} | Bum = 6.5E+02 Dome collapse = 1.9E+03
Sprav = |.5E+04
Total = 1.6E+04
MEI offsite radiologicat dose (rem) | Bum = 5.7E-04 Dome collapse = 4.7E+00
Spray = 2. L E+01
Total = 2.2E+01
MEI onsite toxicological exposure | 1.9E+02 ERPG-1 Dome collapse = 2,.2E+03 ERPG-3
MEI offsite toxicologicai exposure | L.5E+00 PEL-TWA Dome collapse = 1.8E+00 ERPG-2
Annual exceedance frequency .0E-03/yr 14E-0d/yr’
Notes:

AWF = Aging waste farm

dc = Dome collapse

DST = Double-shell tank

EPRG = Emergency Response Planning Guidclines
MEI = Maximally exposed individual

SST = Single-sheil tank

DBE = Design-basis earthquake

BDBE = Beyond-design-basis earthquake

EBA = Evaluation-basis accident
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APPENDIX C
NEW TECHNOLOGY DEVELOPMENT







INTRODUCTION

In support of the SA a technology review was conducted to identify any new information that
might be applicable to the TWRS program (PHMC 1997). This new information could include
new technologies or performance data resulting from the development and deployment of
technologies on actual or simulated waste. A number of technology developments are underway
at the Hanford Site and throughout the DOE complex aimed at improving the process of
remediating HLW in buried tanks. Technology development activities are ongoing in most areas
of the Phased Implementation alternative. The technical and programmatic reduction in
uncertainty resulting from technology development is also discussed in Section 5.0.

The technology development activities taking place at the Hanford Site and throughout the DOE
complex are mainly for technologies that are the same as or functionally equivalent to those
evaluated in the TWRS EIS. For example, a number of technical reports were found that
investigate cesium separation by ion exchange with different exchange media.

Technology development organizations within DOE are chartered with developing technologies
for application to tank waste remediation. The goals of these organizations are to demonstrate,
deploy, and provide performance data for tank waste retrieval systems, tank waste pretreatment
and immobilization technologies, and technologies to support tank closure,

The key technology development efforts have been identified for 1998 that will facilitate tank
waste remediation throughout the DOE complex. Demonstration of technologies at other sites
can potentially provide valuable information for the Hanford Site. The technology development
activities that are of interest to TWRS include the following activities listed by waste remediation
function, The technologies that are identified throughout this section are intended to illustrate

the types of activities being pursued and not provide an inclusive list of technologies.

Waste Mobilization and Retrieval
+  Provide performance data for pulse jet mixer for the Bethel Valley Evaporator Service

Tank at Oak Ridge National Laboratory. This technology uses puised jets to mix and
suspend waste sludges and keep slurries suspended.

« Provide performance data for borehole miner at the Old Hydrofracture Facility Tank at
Oak Ridge. This is an enhanced sluicing technology that includes an extendable nozzle
design from the mining industry to direct high-pressure water to mobilize and shurry
sludges so they can be pumped out of the tanks.

« Deploy saltcake retrieval equipment; complete hot demonstration at the Savannah River
Site. This technology uses variable speed pumps and measured density gradients to
remove salts proportional to their dissolution rate. It will be used to remove salts from
the annulus of a Savannah River Site tank,

. Assemble and test heel retrieval equipment for tank 19 at the Savannah River Site. This
tank contains a zeolite heel, and the technology demonstration will include deploying
inexpensive off-the-shelf commercial equipment to dislodge and mix the tank heel. This
equipment could be grouted in the tank during tank closure.
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Complete Pulsair® mixer and in-line solids monitor feature testing. This technology uses
pulsed air bubbles to mobilize and keep slurries suspended.

Waste Pretreatiment

Complete fabrication of solid-liquid separation demonstration system for the Melton
Valley Storage Tank at Oak Ridge. This system will us a cross-flow filtration system to
perform solid-liquid separations. A similar, smaller scale system was used for a
demonstration on Hanford Site waste. The new system will be larger and will provide
additional performance data.

Issue FY 1998 chromium leaching report for the Hanford Site waste. This report will
update chromium leach data for the enhanced sludge washing of sludges based on
laboratory tests performed throughout the year. This data will help refine volume
projections for vitrified HLW.

Prepare test model of saltcake dissolution for the Hanford Site. This task will support
Phase | of the Phased Implementation alternative by defining waste concentration
envelopes for transfer to the private contractors feed staging tanks. This will reduce the
potential for precipitation of solids during waste transfers and in the feed staging tanks.
Issue FY 1998 enhanced sludge washing report for the Hanford Site. This technology
development effort will focus on waste chemistry and help define chemical envelopes to
avoid conditions gels or solids would form.

Issue FY 1998 leachate chemistry report for the Hanford Site. This effort includes
modeling the mixing of leachates from sludge washing the Phase 1| HLW feed stock and
the LAW feed to ensure conditions where the formation of unwanted solids or gels are

avoided.

Waste Immobilization

Complete technical report documenting expanded liquidus temperature data for Savannah
River Site combined processing. This effort supports the coupled processing of sludge
and saltcake in the HLW melter at Savannah River Site and supports optimization of
waste loading. This effort is expected to be expanded to support waste loading

optimization for the Hanford Site’s HLW.
Complete analysis of nonradioactive glasses for Hanford Site product acceptance criteria.

This effort supports LAW processing for Phase | by supporting the approval of the waste

product specifications for the glass.
Complete grout/vitrification lifecycle cost analysis comparison for Oak Ridge

consolidated wastes.

Tank Closure
« Complete Light Duty Utility Arm sampling campaign at Hanford Site tank AX-104.

+ Deploy Light-Duty Utility Arm; retrieve HL W tank heel samples at Idaho National

Engineering and Environmental Laboratory (INEEL).

« Complete cone penetrometer probe deployment at the Hanford Site.
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»  Establish grout specification and emplacement requirements for Gunite and Associated
Tanks at Oak Ridge.

Many of the technologies identified for the Phased Implementation alternative have been applied
at other DOE sites and in foreign countries. Technology development efforts are mainly oriented
toward adapting technologies for application on the Hanford Site’s tanks and waste types. The
development and deployment of technologies for Hanford-specific applications reduces the
uncertainties and provides performance data that can be used to retfine TWRS program planning.
In developing the engineering data for the TWRS EIS a conservative approach was used to
bound the potential environmental impacts. Therefore, technology development could be used to
refine a best estimate of the potential impacts but does not affect the bounding case. The
exception to this would be if a particular technology was not suitable for application.

CHARACTERIZATION

A number of technologies are being developed that provide in situ characterization data both in
the tanks and in the soils surrounding the tanks. These technologies involve different probes to
collect different chemical and physical property data and are designed to be deployed using a
cone penetrometer. The Raman probe has been developed to provide in situ characterization of
organic and inorganic compounds. The Raman effect is the result of inelastic scattering of light
off of molecular chemical species. A small fraction of the light interacts with the vibrational
mode frequencies and generates the vibrational spectra or chemical fingerprint. This technology
eliminates the need to take a physical sample of material for analysis. Other probes are being
developed for deployment including a soil sampling device, a gamma probe, x-ray fluorescence
probe, rheology sensors, magnetometer, and inclinometer. Development of these probes is
currently undenway and scheduled to be completed in time to support planned cold deployment
in March 1998 (Jacobs 1997¢).

The cone penetrometer platform was built in 1996 as a skid-mounted version of a commercially
available truck mounted unit. For deployment in soils the cone penetrometer platform uses a
hydraulic ram to force a small diameter pipe with a probe on the end into the soil. For
deployment in the tanks the cone penetrometer platform would deploy the sensor through one of
the tank risers. The platform is used to deploy characterization probes into tanks and soils.

Current plans include deployment of the cone penetrometer along with the new sensor
technologies in the AX Tank Farm in August 1998 for the HTI project. Several of the sensor
technologies will be combined into a multi-sensor probe that will serve as a screening tool to
map contaminant levels of Cs-137 via the gamma probe and uranium via the x-ray fluorescence
probe. This characterization data would be used in determining the nature and extent of
contamination from past leaks and would support the development of retrieval performance

criteria,
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Characterization tools are also being developed for the light duty utility arm for deployment in
the tanks. These tools include the waste hardness probe that will be used to measure waste depth
and provide a qualitative measure of waste hardness and shear properties. The extended reach
end effector, designed with a unique detachable and watertight sampler, has aiso been developed
and demonstrated. The gripper end effector has been developed and demonstrated as a utility
tool for retrieving small-scale debris and placing chemical probes deployed from adjacent risers
to multiple locations on the waste surface.

Fluidic device sampling is being demonstrated at Savannah River in order to accommodate feed
staging characterization needs for obtaining representative samples on a routine basis.

Waste retrieval and transfer technology development activities include the deployment of in tank
retrieval systems at other DOE sites and prototype testing and demonstration of waste retrieval
systems for the Hanford Site. The Hanford SST retrieval program plans to conduct a study to
review remieval technology options in 1998. This study will serve to identify new retrieval
technology developments for potential application to the SSTs (PHMC 1997).

A Confined Sluicing End Effector and a scarifier were successfully deployed using the Modified
Light Duty Utility Arm to retrieve waste from a tank at Oak Ridge National Laboratory during
FY 1997. The Confined Sluicing End Effector is a sluicing-based technology that would require
a lower volume of retrieval liquids during operation and would potentially reduce tank leakage.
The scarifier is an end effector that can be used to aggressively clean inner tank surfaces and
mobilize hardened waste and scale from the tank walls. During FY 1998 this system will be
deployed in other Oak Ridge tanks.

The HTI project conducted cold testing of four prototype retrieval systems for the removal of
hard-heel waste remaining in the tanks following sluicing. Two of the systems were robotic
arm-based and two of the systems were vehicle based systems. Additional development of these
systems is underway and one system will be selected for deployment in tank 241-C-106
following hydraulic sluicing. Successful deployment of these technologies would reduce the
uncertainty regarding the amount of waste that can be technically and practically removed from

the Hanford Site’s SSTs.

Recent improvements in horizontal drilling technology have led to the potential use of close-
coupled jet-grouted barriers to block the potential leakage from the side walls and bottoms of

SSTs during waste retrieval operations.

PRETREATMENT
A number of separations technology development activities were identified during the

technology review. These include bench-scale testing of cross-flow filters using sludge slurries
from several Hanford Site tanks, Other technology development efforts included identifying or
demonstrating processes for separating cesium, technetium, and strontium. Many of these
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development activities focus on development and performance of a specific type of ion exchange
resin for removal of Cs, Tc, or Sr.

A study on acid-side processing of Hanford Site waste has been initiated as a joint effort between
LMHC, the Tanks Focus Area (TFA), and INEEL. This strategic task supports the DOE
complex-wide Environmental Management Integration Team’s report recommending that
alternative processes be considered for mortgage reduction,

WASTE IMMOBILIZATION, DISPOSAL, AND CLOSURE
No new technology developments were found during a review of the current state of information
on technologies available for waste immobilization, disposal, or tank farm closure.

Optimization of problem constituents in HLW glass is being pursued in support of Phase 2,
where wastes containing these constituents are targeted for processing.

However. subsequent to the completion of the TWRS EIS, tank 17 and tank 20 at the Savannah
River Site have been closed using an engineered reducing grout to immobilize residual waste left
in the tank following sluicing followed by stabilization of the remainder of the tank with grout.

OTHER TECHNOLOGIES
A review of the present state of the in situ vitrification technology revealed no new advances that

would change the In Situ Vitrification alternative described in the TWRS EIS.
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1.0 INTRODUCTION

In 1996, the U.S. Department of Energy (DOE) and the Washington State Department of Ecology
(Ecology) published the Tank Waste Remediation System (TWRS) Environmental Impact
Statement (EIS), which addressed alternatives for the management and disposal of the
radioactive, hazardous, and mixed waste currently or projected to be stored in 177 underground
storage tanks and approximately 60 miscellaneous underground storage tanks in the Hanford Site
tank farms. The EIS addressed the full range of alternatives for the safe management and
remediation of the tank waste,

Subsequent to the preparation of the EIS, DOE published a Record of Decision (ROD), which
documented DOE’s selection of the Phased Implementation alternative. Under the Phased
Implementation alternative the tank waste would continue to be safely stored until the waste is
retrieved from the tanks for treatment and disposal by implementing Phase I to verify the
efficiency and effectiveness of the treatment processes selected to treat the waste. Phase II would
then be implemented during which the majority of the waste will be treated. The low-activity
waste (LAW) produced by processing would be immobilized and disposed of onsite in a near-
surface disposal facility near the current location of the tanks, and the high-level waste (HLW)
would be vitrified and stored onsite pending disposal at the national geologic repository.

The TWRS EIS described the Phased Implementation alternative in terms of Phase | and

Phase 2, which have been changed by the TWRS program to Phase [ and Phase II. The
Privatization contracts referred to the preparation and planning activities associated with
construction and operation of the facilities to treat waste as Part IA. Proceeding with the
construction and operations by the contractor(s) was referred as Part IB. Part JA and Part IB are
now referred to by the TWRS program as Phase IA and Phase IB. For consistency, Phase I and
Phase II and Phase IA and Phase IB designations are used throughout the remainder of this

Environmental Synopsis.

The TWRS EIS Phased Implementation alternative consisted of Phase I treatment facilities that
would treat 6 to 13 percent of the waste over an operating period of approximately 10 years,
During the Phase I design process it became apparent that the consideration of seismic and safety
requirements would result in facilities that could be 1) operated for approximately 30 years; and
2) expanded to increase annual treatment capacity. While the treatment capacities of these
facilities have not changed for Phase I, the potentially longer life and expansion capability
makes them more representative of production facilities that could partially meet waste treatment
needs during Phase II. Based on this information DOE currently refers to the Phase I
demonstration phase treatment facilities as initial production facilities.

DOE also decided to privatize certain portions of the Phased Implementation alternative to
transfer a share of the responsibility, accountability, and Hability for successful performance to
industry and save costs. Under the Privatization initiative private contractors would use private
funding to design, build, operate, and own the facilities. DOE awarded contracts for Phase IA to
privatize certain portions of the TWRS program to teams lead by Lockheed Martin Advanced
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Environmental Systems (LMAES) and BNFL Inc. (BNFL). Phase IA consisted of preparing
technical, regulatory, business, and financial plans, and other activities (including Environmental
Reports to document potential environmental impacts) associated with the planning process for
the construction and operation of facilities to treat tank waste. In accordance with the Hanford
Federal Facility Agreement and Consent Order (Tri-Party Agreement), DOE has until no later
than July 1998 to evaluate the deliverables and decide whether to authorize none, one, or both
contractors to proceed with Part IB of the contract. During Phase IB the Privatization
contractor(s) would process 6 to 13 percent of the tank waste over an operating period of
approximately 10 years, and DOE would pay a fixed price per unit of product that meets DOE’s
specifications. Part IB wiil conclude with the completion of deactivation of the treatment

facilities.

In support of the review process for the TWRS program, DOE took the following actions in
accordance with 10 Code of Federal Regulations (CFR) 1021 and commitments made in the
TWRS EIS ROD and 1) required that each of the Privatization contractors submit an
Environmental Report at the conclusion of Phase IA; 2) independently verified the accuracy of
the environmental data and analyses and prepared and considered a confidential Environmental
Critique of the contractors’ Environmental Reports; and 3) prepared this Environmental Synopsis
based on the Environmental Critique. The confidential Environmental Critique discusses each of
the contractors’ treatment process along with proprietary data that cannot be made publicly
available prior to authorizing one or both contractors to proceed with Phase IB. DOE will use
the Environmental Critique to assess the need for additional National Environmental Policy Act
(NEPA) analysis prior to proceeding with the next phase of the TWRS program.

2.0 ASSESSMENT METHODS
The Environmental Critique and this Synopsis of the Environmental Critique is one part of a

comprehensive and detailed Authorization to Proceed process, which includes an assessment of
the key issues associated with proceeding with Phase IB of the Phased Implementation

alternative.

The Synopsis summarizes the Environmental Critique, which includes an independent evaluation
and verification of the data and analysis submitted by the Privatization contractors for Phase [B.
The Environmental Critique will be used by DOE to determine 1) if there are any important
differences in environmental impacts between the proposals submitted by the Privatization
contractors that may affect the selection of none, one, or both of the contractors; and 2) if the
potential environmental impacts of the proposals are bounded by impacts presented in the TWRS
EIS or whether a supplemental EIS or other NEPA documentation is required prior to proceeding
with implementation of the actions identified in the TWRS ROD. The Environmental Critique is
a procurement-sensitive document and subject to all associated restrictions. For this Synopsis,
business-sensitive information has been summarized at a level that will not compromise the

procurement process.
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To prepare this Environmental Synopsis the data and information contained in the Environmental
Reports, associated documents submitted by the contractors in response to inquiries from DOE or
other Phase [A requirements, and the final Environmental Reports submitted to DOE in January
1998 were verified by checking calculations (when available), checking the data for
reasonableness, and comparing the impacts presented in the Environmental Reports to the
impacts presented in the TWRS EIS. All data presented in the Environmental Reports were then
compared against the data that were used to generate the impacts presented in the TWRS EIS for
Phase [ of the Phased Implementation alternative, and where the data were different the potential
environmental impacts were analyzed to determine the changes in the potentiai impacts. The
level of detail of the analysis was based on the level of detail provided in the Environmental
Reports, the magnitude of the changes in the data, the severity of the potential impacts, and the
degree of public controversy associated with the potential impact.

3.0 DESCRIPTION OF THE PROPOSALS

The proposals by the Privatization contractors contain confidential information and therefore are
not available for review by the public and cannot be fully described nor the potential
environmental impacts quantified in this synopsis. For this purpose a qualitative approach was
used in this Synopsis when comparing the potential environmental impacts with the impacts
estimated in the TWRS EIS. The descriptions of the proposals and the environmental impacts
resulting from construction and operations have been quantified in an Environmental Critique for
Phase IB Privatization prepared by DOE. The proposals are to construct and operate initial
production facilities to separate and immobilize selected waste from the TWRS program. Both
of the Privatization contractors would operate one existing double-shell tank (DST) as a waste
receiver tank, which would be used to stage waste prior to treatment. The proposals include
interim storage of the processed HLW and LAW until such time as DOE verifies that the waste
form meets performance specifications and accepts transter of the waste. The proposals do not
include current tank farm operations activities or the retrieval and transfer of waste from the
tanks to receiver tanks (existing DSTs) that will be operated by the Privatization contractors.
These activities will be performed by DOE. All waste processing for eventual disposal of LAW
onsite and HL W offsite at a geologic repository must meet waste form performance
specifications provided in the Request for Proposals.

3.1 OVERVIEW
Under the Privatization initiative private contractors would use private funding to design, build,

operate, and own the facilities. In September 1996, DOE awarded contracts tor Phase I to
privatize certain portions of the TWRS program to teams lead by LMAES and BNFL. Phase IA
consisted of preparing technical, regulatory, business, and financial plans, and other activities
(including the Environmental Reports) associated with the planning process for the construction
and operation of facilities to treat tank waste. In accordance with the Tri-Party Agreement, DOE
has until no later than July 1998 to evaluate the deliverables and decide whether to authorize
none, one. or both contractors to proceed with Phase [B of the contract. During Phase IB the
Privatization contractor(s) would process 6 to 13 percent of the tank waste over a 5- to 9-year
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period, and DOE would pay a fixed price per unit of product that meets DOE’s specifications.
Phase IB will conclude with the completion of deactivation of the treatment facilities.

Phase IB is an initial production period in which tank waste treatment services would be
provided at fixed-unit prices. Four different waste feed streams (envelopes) are identified for
Phase IB: three waste feed streams for pretreatment and immobilization of the resulting waste
stream as LAW and one waste feed stream for vitrification as HLW. These waste feed streams
are representative of the range of Hanford Site tank waste. The high-level constituents separated
out during the separations processes would be vitrified with the HLW feed stream (envelope) or
returned to DOE for treatment during Phase IL Waste processing would take place during an
operating period of approximately 10 years during Phase IB. Following waste processing the

initial production piants would be deactivated.

4.0 POTENTIAL ENVIRONMENTAL IMPACTS

Resource Requirements

In the TWRS EIS, Phase I of the Phased Implementation alternative included resource
requirements for constructing one LAW vitrification facility and one LAW and HLW combined
vitrification facility. A comparison of the construction resource requirements was made by
comparing facility footprints and facility types. Currently both Privatization proposals included
facility footprints that are larger than the 12,000 square mieter (129,000 square foot) facility
footprint in the TWRS EIS. If both contractors are authorized to proceed with the facilities as
currently proposed the two proposals combined would be approximately three times the size of
the TWRS EIS Phased Implementation alternative facilities. Based on facility footprints and data
provided by the contractors, the construction resource requirements are expected to be
proportionately greater than those identified for the TWRS EIS alternative during Phase L.

A comparison of the operating resource requirements was made by comparing the amount of
waste treated in the TWRS EIS to the amount of waste processed under each of the Privatization
proposals. The combined amount of process chemicals and glass formers required to treat the
waste that would be produced under the two proposals would exceed the 180,000 metric tons
required in the TWRS EIS by approximately three times. Both proposals would use electricity as
the energy source for HLW vitrification and LAW immobilization. This results in higher
electrical usage than the 1,700 gigawatt hours estimated for the TWRS EIS, which assumed
kerosene as the energy source for LAW immobilization. Electrical demand for the two proposals
combined would be approximately two times greater than the demand estimated for the TWRS
EIS. However, the combined energy usage of the two contractors would be within available

resources.

Soil Disturbances
The TWRS EIS assumes a total soil disturbance of up to 33 hectares (ha) (82 acres [ac}).

This would include facility footprints, trample zones around work areas, heavy equipment traffic
areas, and material laydown areas. This area would include approximately 15 ha (37 ac) of
previously disturbed area and 18 ha (45 ac) of area that has not been disturbed by prior Site
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construction and operations. Because the facility footprint for both proposals are larger than the
TWRS EIS, the total soil disturbance would be greater than the TWRS EIS. The combined soil
disturbance of the two proposals would be approximately two times greater than the soil
disturbance estimated in the TWRS EIS.

Air Quality

Concentrations from particulate air emissions during construction in the TWRS EIS would not
exceed 87 micrograms/cubic meter (ug/m’) during a 24-hour period from fugitive dust,

3.2 ug/m’ during a 24-hour period from sulfur oxides, 800 wg/m’ during a 8-hour period from
carbon monoxide, and 1.3 #g/m’ during an annual period from nitrogen oxides. Because the
facility footprint for both proposals is larger than the footprint for the facilities evaluated in the
TWRS EIS, construction requirements and air emissions would be greater than those shown in
the TWRS EIS. The combined air emissions during construction from the two proposals wouid
exceed the TWRS EIS by as much as three times but would be within regulatory standards.

Concentrations from particulate air emissions during operations in the TWRS EIS would not
exceed 0.05 1g/m’ during a 24-hour period from fugitive dust, 0.9 xg/m’ during a 24-hour period
from sulfur oxides, 27 rg/m’ during a 8-hour period from carbon monoxide, and 0.01 xg/m’
during an annual period from nitrogen oxides. Both proposals would exceed the fugitive dust,
suifur oxide, and nitrogen oxide emission estimated in the TWRS EIS. The combined air
emissions of these constituents during operations from the two proposals would exceed the
TWRS EIS by as much as 135 times for nitrogen oxides, six times for fugitive dust, and 19 times
for sulfur oxides but would be within regulatory standards. Additional emissions control
technologies have been proposed that would result in operating emissions of carbon monoxide
and radionuclides that would be below those estimated in the TWRS EIS. The TWRS EIS would
exceed the combined air emissions of these constituents during operations from the two
proposals by two and one-half times.

Water Quality
The radioactive effluent generated in the TWRS EIS would be treated at the Effluent Treatment

Facility prior to discharge. Both of the Privatization proposals included generating radioactive
liquid effluent that would require treatment at the Effluent Treatment Facility. The generation of
radioactive effluent for both proposals combined would not exceed the capacity of the Effiuent
Treatment Facility. There would be no liquid effluent discharged to surface waters, and thus
there would be no direct impacts to any surface waters under the Privatization proposals.

Potential impacts to groundwater would result from potential liquid losses during retrieval of
tank waste, leaching of contaminates in the immobilized LAW vaults, and the leaching of
residual waste that may be left in the tanks following retrieval. During Phase IB potential
retrieval losses is a DOE function and is unaffected by either of the Privatization proposals.
Each of the contractors would be responsible for operation and waste transfers from one DST to
their respective facilities (tanks 241-AP-108 and 241-AP-106). Both contractors will construct
pipelines with secondary containment for transfer of waste to their respective facilities.
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Retrieval losses are not anticipated from these DSTSs or waste transfer systems. The leaching of
residuals from the LAW is unaffected by the Phase IB proposals as long as the waste form
proposed by each contractor would meet the LAW performance specifications. Therefore, the
Phase IB proposals by BNFL and LMAES would not impact groundwater. There is always the
remote possibility for a spill to occur when waste is being transferred from the receiver tank to
the process facilities, but it is anticipated that any such spills would be regulated by the remedial
measures under RCRA, and it is assumed that if a spill did occur it would be remediated.

Ecological and Biological Impacts
The TWRS EIS estimates that 62 percent of the area that would be used for construction and

operation of Phase I facilities would disturb previously undisturbed shrub-steppe habitat.

The total disturbance calculated in the TWRS EIS for Phase [ activities was estimated to be 13 ha
(45 ac). Because the facility footprint for both proposals is larger than the TWRS EIS, the
disturbance of previously undisturbed shrub-steppe habitat would be larger if both contractors are
authorized to proceed with facilities as currently proposed. The combined shrub-steppe habitat
disturbance of the two proposals would be approximately two times greater than that estimated in
the TWRS EIS. Total impacts to wildlife would be expected to be higher under the two
proposals than the impacts estimated in the TWRS EIS because impacts to wildlife are largely a
function of the total disturbance to previously undisturbed habitat.

Cultural Resources
In the TWRS EIS cultural resource surveys of the potential site locations for facilities revealed

no prehistoric material or sites. Because the total area to be disturbed under both Privatization
proposals is greater than the TWRS EIS, the likelihood of impact to cultural resources would be
greater. Visual impacts to Native American sacred sites (e.g., Gable Mountain, Gable Butte}
would be greater under the two proposals than the TWRS EIS because the proposed structures
and the total area to be disturbed would be larger. However, the increased disturbed area 1s not

significant, and there would be a low probability of impacting archaeological sites.

Socioeconomic Impacts
In the TWRS EIS, socioeconomic impacts were calculated to peak in 1999 based on a

construction workforce of 3,300. All other impacts (e.g., area employment increase of 5,900
jobs, a housing price increase of 12.9 percent, and increases in demand for public services that
would require additional police and fire personnel and school capacity) are a function of the size
of the workforce employed under the alternative, the projected size of the Hanford Site
workforce, and the size of the total nonfarm workforce in the Tri-Cities area. Individually,
neither Privatization proposal would have peak construction employment greater than the TWRS
EIS. The combined proposals would have total labor years that would exceed the total labor
years in the TWRS EIS by 5 percent. Therefore, when size of the construction workforce and
duration of construction activities are considered, the two Privatization proposals would have
impacts on the local economy that are similar to Phase I of the TWRS EIS.
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The socioeconomic impacts during operations under Phase I of the TWRS EIS were based on an
estimated total workforce of 580. The combined proposals would have total labor years that
would exceed the total labor years in the TWRS EIS by 9 percent. Therefore, when size of the
operations workforce and duration of operation activities are considered, the two Privatization
proposals would have impacts on the local economy that are similar to Phase { of the TWRS EIS.

Land Use
Under the two Privatization proposals there are no new land uses different from those analyzed in

the TWRS EIS. All activities would be in areas designated for waste management and disposal
under existing and planned Site land-use plans. However, the total area that would be dedicated
to waste management and treatment under the two proposals would be approximately 55 percent
greater than the total area estimated in the TWRS EIS.

Visual Resources

In the TWRS EIS, visual impacts would primarily be from one stack on each vitrification facility.
The stacks would be visible from State Route 240 and elevated locations that include sacred sites
(e.g., Gable Mountain), and the plumes would be visible under some conditions from Site
boundaries. Under the two Privatization proposals, visual impacts would be similar to those
analyzed in the TWRS EIS because each proposal would result in one stack per facility during

operations.

Noise
In the TWRS EIS noise impacts would primarily be from vehicular traffic along existing

roadways and heavy equipment during the construction phase. Impacts would affect nearby
animal populations resulting in displacement of wildlife within a maximum radius from the
construction sites of approximately 800 meters (2,600 feet) and workers in the immediate
vicinity of the construction activities. Under the two Privatization proposals noise impacts
would be similar to those analyzed in the TWRS EIS. During operations both proposals
estimated that noise during operations would be within applicable regulatory standards for
workplace conditions.

Anticipated Health Effects

Occupational radiation exposures are routine exposures received from working in proximity to
radioactive sources. Exposures are closely monitored, and the radiation dose a worker may
receive is limited by law and Hanford Site and contractor administrative controls. The total
number of potential latent cancer fatalities estimated in the TWRS EIS (excluding tank farm
operations) would be 0.3. This was based on 3,300 person-years and 2.00E-01 rem/person-year.
The 2.00E-01 rem/person-year was the average whole body deep exposure to operational
personnel at the Plutonium-Uranium Extraction (PUREX) Plant during 1986. The latent cancer
fatalities were based on a dose-to-risk conversion factor of 4.0E-04 latent cancer fatalities/rem,
The two proposals would each require fewer radiation workers than the TWRS EIS and result in
lower expostre rates; therefore, there would be fewer latent cancer fatalities for each proposal.
The combined proposals would have a larger number of radiation workers, but the combined
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proposals would have 40 percent fewer latent cancer fatalities than presented in the TWRS EIS
because of the lower exposure rate. There would be no offsite health affects resulting from
routine operation from either the TWRS EIS alternative or either of the proposals or the

combined proposals.

Accidents
Occupational Accidents - Occupational accidents cause injuries or fatalities to project workers

from events such as falls from ladders or twisted ankles that occur at rates that can be statistically
estimated. The number and severity of accidents depend on the type of activity and the number
of labor hours spent performing the activities. Construction activities have the highest accident
rates. The number of occupational fatalities calculated to occur for the TWRS EIS alternative
(not including tank farm operations) would be less than one, and the two proposals individually
and combined would result in less than one fatality, The potential fatalities from tank farm

the Phased Implementation alternative to provide a direct

operations are excluded from
s because neither proposal would involve management of tank farm

comparison with the proposal
operations by the contractors.

Operational Accidents - The bounding operational accident during pretreatment/treatment for the
two proposals would be a tank waste spray release. The latent cancer fatality point estimate risk
evaluated in the TWRS EIS would be as much as 180 times greater than the spray release

accident evaluated in either of the proposals.

5.0 COMPARATIVE EVALUATION OF THE PROPOSALS

Because the proposais would not differ significantly with regard to their overall environmental
impacts, they would not differ with respect to their potential for disproportionately high and
adverse human health or environmental effects (see Executive Order 12898, 59 FR 7829,
February 11, 1994). The environmental justice impacts from the two proposals would be
approXximately the same as the potential impacts described in the TWRS EIS.

6.0 LONG-TERM ENVIRONMENTAL IMPACTS
The proposals do not include disposal of either LAW or HLW, which DOE would dispose of.

The following discussion provides a general assessment of the potential long-term impacts
(i.e., of disposal) if each of the proposals were implemented through Phase [ and II.

Both proposals would generate stabilized LAW to be disposed of onsite by DOE in LAW vaults.
The total volume of LAW to be disposed of onsite would be less than or similar to the volume
estimated for the TWRS EIS. The waste forms for each of the proposals would be at least of
comparable quality to that of the glass used for analysis in the TWRS EIS and would meet or
exceed the leachability requirements of the contracts. The leachability requirements of the
contracts for the LAW were designed to ensure that all groundwater protection standards would

be met.
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The TWRS EIS bounding analysis showed very small contributions of contaminants to the
groundwater from the LAW vaults. All releases would meet groundwater standards and swould
result in long-term heath risks of two orders of magnitude less than the releases of tank residuals
(the one percent of the waste assumed to remain in the tanks following retrieval). The maximum
long-term risk from the vaults calculated for the LAW in the TWRS EIS was approximately 3 in
1 million for an onsite residential farmer. With the information available, the two proposals
would result in similar long-term risks from the LAW vaults, and these risks would be very

small.

Under both proposals the HLW would be a borosilicate glass. Both proposals would produce ths
same amount of glass for disposal by DOE. The TWRS EIS analysis showed that less than one
latent cancer fatality from routine exposures and potential transportation accidents to workers
and the public would resuit from transporting all HLW to a geologic repository. Both proposals
would result in the same impacts from the disposal of HLW, and they would be the same as those
presented in the TWRS EIS--less than one latent cancer fatality.

7.0 PHASE II IMPACTS

The proposals do not contain information retative to Phase II so it is not possible to calculate

potential impacts for Phase II. Based on engineering judgment and information provided in the

proposals for Phase I, DOE expects that both of the proposals would result in similar

environmental impacts, and these impacts would be less than or approximately the same as the :

impacts presented in the TWRS EIS for Phase II of the Phased Implementation alternative. ‘
|

8.0 PERMITS, LICENSES, AND APPROVALS \
Each of the proposals would require the same permits, licenses, and approvals as the TWRS EIS. i
These include: '
. Modifications to the Hanford Site Dangerous Waste Permit (Washington Administrative
Code [WAC] 173-303)
. Modification to the Sitewide Air Operating Permit (WAC 173-400, 173-460, 246-247,
and 173-480, and 40 CFR Part 61)
. Modification to the Site National Pollution Discharge Elimination System Permit
(WAC 173-303 and 40 CFR Part 122-136)
. A Sanitary Waste Discharge Permit (WAC 173-226)
. Notice of Construction (WAC 173-400, 173-460, and 246-247, and 40 CFR Part 61)
. Erosion and Sediment Control Plan (WAC 173-226).

9.0 SUMMARY
Based on the review of the Environmental Reports and supplemental information provided by the

Privatization contractors, the impacts of authorizing both contractors to proceed with Phase IB,
assurming one contractor is authorized to proceed with a LAW/HLW facility and the second
contractor is authotized to proceed with a LAW only facility, are within the bounds of the
environmental impacts of the TWRS EIS or are not substantively different from the impacts i
presented in the EIS. Other options that would also be within the bounds of the environmental "
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impacts presented in the TWRS EIS are proceeding with 1) two contractors that provide LAW
2) one contractor to provide either LAW/HLW services or LAW only services; or P

only services; :
3) not authorizing either contractor 1o proceed. The final option may have NEPA implications

depending on how DOE decides to proceed with waste retrieval and treatment, Specifically, as

long as DOE maintains the underlying approach to waste retrieval and treatment and the alternate

approach is evaluated and determined to be within the bounds of the TWRS ROD, DOE could
choose to proceed with another contracting strategy for implementing waste retrieval and

freatment.
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