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FOREWORD

This document was prepared to present more detail with respect to
operational accidents than could reasonably be contained in Appendix H,

"Radiation Doses to the Public from Operational Accidents," contained in the
environmental impact statement pertaining to disposal of Hanford high-level,

transuranic and tank wastes, DOE/EIS-0113, to be issued in 1986,






SUMMARY

Three alternatives are being evaluated for disposal of Hanford defense
high-level, transuranic, and tank wastes., The wastes have been identified -
existing tank waste, future tank waste, cesium and strontium capsules, trans-
uranic (TRU) contaminated soil, pre-1970 buried TRU solids, and retrievably
stored and newly generated TRU solid waste, The three alternatives are the
Geologic Disposal Alternative, the In-Place Stabilization and Disposal
Alternative and the Reference Disposal Alternative,

Environmental impacts associated with disposal of these wastes according
to the alternatives listed above include potential doses to the downwind popu-
lation from operation during the application of the handling and processing
techniques comprising each disposal alternative. Scenarios for operational
accident and abnormal operational events are postulated, on the basis of the
currently available information, for the application of the techniques employed
for each waste class for each disposal alternative., From these scenarios, an
upper-bound airborne release of radicactive material was postulated for each
waste class and disposal alternative. Potential downwind radiologic impacts

were calculated from these upper-bound events.

The dose to the maximally exposed individual and the total downwind popu-
lation dose were obtained by using standard radionuclide transport and dose
computer codes. Thae meteorological data used for the transport were selected
from data collected at the Hanford Site over many years. Demographic data for

the locale was taken from published information.

In all three alternatives, the single postulated event with the largest
calculated radiologic impact for any waste class is an explosion of a mixture
of ferri/ferro cyanide precipitates during the mechanical retrieval or micro-
wave drying of the salt cake in single shell waste tanks. The anticipated
downwind dose {70-year dose commitment) to the maximally exposed individual is
3 rem with a total population dose of 7000 man-rem. The same individual would
receive 7 rem from natural background radiation during the same time period,
and the same population would receive 3,000,000 man-rem. Radiological impacts
to the public from all other postulated accidents would be less than that from



this accident; furthermere, the radiological impacts resulting from this acciw
dent would be Tess than one-half that from the natura] background radiation
dose, Since this is the postulated accident for each of the disposal alter-
natives, operational as¢idents ip general shouid not constitute an imporiant
discrimination among alzernabives,
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1.0 INTRODUCTION

An important component of an environmental analysis of various waste
disposal alternatives is the potential for radivlogical impacts on the downwind
population from accidents that may occur during disposal operations. Accidents
in which radiological material is released Lo the atmosphere usually resul? in
expusure of the body by means of the inhalation pathway.

Accidents of concern are those wilth the highest releases of radiocactive
particies. Known as upper«bound accidents, these can provide an umbrella
source term for all inadvertent releases for that technique. The most severe
upper-bound accidents in terms of airborne release of material are those that
inciude damage to the facility and/or its engineered safeguards., This damage
cauld provide a direct path for radicactive particles to enter the ambient
atmosphere,

Postulated accidents cover upper-bound releases. They are not antici-
pated; but on the hasis of current knowledgse of the systems and materials, they
cannot be eliminated from consideration. However, some semblance of realism
has been maintained in the development of worst.case accidents, This hag been
achieved by studying and evaluating the process, equipment, and confinement
features of the operation,

Fractional airborne relesses are calculated from published information
currentiy avatiable, This includes release data calculated for similtar acci-
dents postulated in the literature and experimental data for similar types and
levels of stresses, The fractional airborne releases are combined with the
anticipated inventories of radicactive materials at the accident logation and
mitigation during passage through the facility to estimate an atmospheric
airborne release. A standard code is then used to calculate the downwind
transport and resulling dose, Assumptions used for Lhe current and future
demography (population) are stated,
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2.0 CONCLUSIONS

Accident scenarios for three alternatives for disposal of Hanford Defense
Waste are evaluated, The three alternatives are designated as the Geologic
Disposal Alternative, the In-Place Stabilization and Disposal Alternative, and

the Reference Disposal Alternative {see 3ection 4.0). A "No Disposal Action”
alternative is also discussed. Six types of Hanford Defense Waste are con-

sidered: existing tank waste, future tank waste, strontium and cesium cap-
sules, transuranic {TR) contaminated seoil, pre-1970 TRU-contaminated solid
buried waste, and retrisvably stored and newly generated TRU waste [see
Section 4.0},

The potential radiciogic impacts of the various techniques {unif ppera-
tions} required to convert the material in each waste class into its final form
for each of the disposal alternatives is one of the factors in the value-impact
evaluation used to select an alternative. In order to determing the potential
radiclogic impacts, the airborne release of radionuclides from potential acci-
dent or abnormal operation events during each unit operation for each waste
type is required {covered in Sections 5.0, 6.0, 7.0, and 8.0). The information
currently available on the proposed techniques ranges from extensive for tech-
nigues currently in use to preliminary for preconceptual descriptions, An
upper-hound airkorne release is used to provide an “"umbreila®™ term bounding all
releases anticipated for the application of a tachnique upon a waste class dur-
ing an atternative, Estimates for the airborne releasss are based upon scenar-
ios for postulated accident and abnormal operation events. Although 2
recarrence rate cannot be specified, almost all the events chosen are ssvers
{if warranted by the circumstances} and result in the airborne release of
significant quantities of radionuclides although doses 10 the offsite popula-
tion and maximally exposed individual are low,

To convert the postulated airborne releases to dose, the radfonuclides
reteased are quantified by using maximizad inventories for the waste class
involved (covered in Section 9.0), estimating the downwind transport of the
released material {see Section 10.0), and evaluating the potential radiation
imposed on individuals from al) mechanisms {discussed in Section 10.0).
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A1l the pertinent data for the upper-bound releases and doses are
tabulated in Table 2.1 for the Geclsgic Disposal Alternative, Table 2.2 for the
In-Place Stabilization and Disposal Alternative, Table 2.3 for the Reference
Disposal Alternative, amd Table 2,4 for the No Disposal Ation Alternative,

The upper-bound events for the three disposal atternatives are the same:
an explosion of ferri/ferro upgrade precipitates in the salt cake during
mechanical retrieval or microwave drying of the salt cake in single shell waste
tanks, and the pressurized release of liquid waste during the hydraulic
retrieval of future tank waste, The total mass of material made airborne from
an expliosion is estimated to be & x 108 g of salt cake with 1.3 x 154 g of
material in the respirable size Fraction (assumed %o be 10 um or less Asro-
dynamic Eguivalent Diameter for this analysis}. The pressurized release of
waste liquid results in the airborne releass of 9 x ZQ4 ¢ of material with
4,5 x 103 g in the size range of concern,

The calculated downwind doses to the total population and maximally
exposed Individual are 7000 man-rem and 3 rem (70-year dose commitment) respec-
tively for the explosion. The corresponding values for the gressurized release
evant are 4000 man-rem and 2 rem, respectively. In either case, the 1-year
dose comitment to the maximally exposed individual does not exceed §5.2 rem.
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TABLE 2.1.

Existing Tank Waste

Future Tank Waste

Strontium and {esiuam

tapsules

TRil-Contaminated Soil
Sties

Pra«1970 TRU Solid
wasie

Ratrievably Storsd and

Hewly sengratec 1RU

Summary of Upper-Bound Accidents and Radiation Doses Associated

Geologic Disposal Alterpative of HanTord Defenss Waste

Miaximum individgual

with the

Population Total

“Yota Yy pose, rem Vady Dose, man-cfm
. Bescription of Ypper Boumd Accident o A-yr Dose Commitment  l.yr Uose  Commitment
fxplosion of ferrocyanide precipitates in single-shell 2« 107t 3 x pob 4 x 10% 7 x 103
tank waste duriag mechanical refrisval of the wasie,
Pressurized ralease of liquid waste due te faflsre of a 9% Wl 9 x 10 3 x 10¢ Z =% 183
diversien watve during hydraulic retrievel of the waste.
Huptare of a strontium capscile hy impenper haadling Zx 10”? iy t078 & % 29'4 1z 10”2
during retrieval operatioss.
Beftagration of contaminated materials due to process 5 x 1077 2 x 10°% 1 x 1073 Ayl
maifunction ia siagging pyrolysis imcinerator
peflagratins of contamipated material due to procaess 5 x b 1x wt tx 167e 3x 17!
malfunction of slagging pyrolysis incinerator,
Pressurized release from waste drum rupturce due to 1x 1073 5 x 1072 3 x 108 1 x 0¥

butidug of radiolyfic gasses in the wagies,
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TABLE 2.2. Summary of Upper-Bound Accidents and Radiation Doses Associated with the In-Place
Stabilization Disposal Alternative of Hanford Uefense Waste

Existiny Tank Masie

Future Tank Waste

Strontium and Cesium

Capsules

TRU-Cont aminated Saitl
Sites

Pre~-1970 T Selid
Waste

Retrievadly Stored and

Maximun Individual

Population Iotal

Tatst Bogy Udse, rem

Bady $ose, man-rem

Genaratod 1R

Deserigtion of dpper Bound Accident Yoyr H0%¢  Lamnitment  i-yr Uose  [ommitment
Explosion of farraoyanide precipitates in ths single- 2 x 1971 3% 108 3 x 1wl 7 x 103
shetl fank waste during drying of the wasties
Fressurized release of liquid waste due te failure of a. 9 x 1672 g % 10! 10 2 x 107
diversion valve during bydrauvlic retrieval of liguid
waste,
Shearing of stronticm capsule by improper handling during 3 x w8 # x 1073 107} 1 x 10!
disposal operativns
Coliapse of woids in 4011 site during grout imjectieon/ 2 x 1978 g x 107 1075 2 x w03
site stabilizetion activities
Coliapse of yoid space 3t wasie site during sabsidence 1y 7 x 1076 1074 2 x 1072
cantrol aperations,
Breach of waste comlataer during package disposal 2z md PRI i g x 10!

gperat fong,
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TABLE 2.3.

Disposal Alternative of Hanford QOefense Waste

txisting Tank Waste

Future Tank Maste

Strontium and Zesium

Lapsules
TRU-Lagntaningted Sgid

Bescription of Usser Bound Accident

Mavimum Individual

Sumnary of Upperw-Bound Accidents and Radiation Doses Assuciated with the Refersnce

Population Yotal

Teidl Sody Nose, rom

BOdy DoLe. man-rom

1-yr Uote  Lomeltment

I-yr Trse  Comitment

Pre-1970 YA Sslid

Waste

Retrievahiy Stored
and Newly Ganerated

AR

Explosion of ferrocyanide pracipitates is single-sheli
tank waste during drying of the waste

Prassurized reizase of liquid #3s5is due Lo fallure of 3
diversion valve during hydraulic retrieval of the waste

Rupturs of strontiuwm capsule by improger bendling
during retrieyal operations

Callapse of voids in the soil site during grout injection/
site stabiiization activities

Colizpse of voids in 30lid wasie site during grout
injection/fsite stabitization

Pressurized relsase Trom waste drum due to containey
rgpture; pressurization due to buiidua of radiciytic
gases in masie

zxwt 3 x wd

9x 10 9x10l
2x w7 3x
?x 16 ax a0’
32 w? 7 x wh

2% w3 5k

g x 102 7 x 1’
3 x 102 zx 108
6 x w1 x1d
§x %  zxw?

éx15~% 2z« 108
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TABLE 2.4.

Maximum Individual

Summary of Upper-Bound Accidents and Radiation Doses Associated with the No Disposal
Action Alternative of Hanford Defense Waste

Population Total

Total Body Dose, rem

Body Dose, man-rem

Description of lpper Bound Accident 1-yr Dose Commttment  l-yr Dose ~ Commitment
Existing Tank Waste Pressurized release of liquid waste due to failure of a 6 x 1072 9 x 107! 1 x 102 2 x 103
diversion valve during hydraulic retrieval of the waste
Future Tank Waste Pressurized release of 1iquid waste due to failure of a 9 x 107¢ g x 107! 3 x 108 2 x 103
diversion valve during hydraulic retrieval of the waste
Strontium and Cesium Rupture of strontium capsule by improper handling 2 x 1077 3 x 1076 6 x 1074 1 x 10'2
Lapsules during retrieval operations
TRU-Contaminated Soil  Collapse of voids in the soil site during site 2 x 1078 3 x 1077 5 x 107° 2 x 1073
stabilization activities
Pre-1970 TRU Solid Collapse of voids in solid waste site during site 3x 107 7x1b 6x 1008 2x 10°¢
Waste stabilization
Retrievably Stored Collapse of void space at waste site during 5 x 1078 6 x 1072 1 x 1072 2 x 1071
and Hewly Generated site-stabilization activities
TRO



3.0 TECHNICAL APPROACH AND METHODS

3.1 TECHNICAL APPROACH

The potential radiological impacts of the proposed waste handling and
processing techniques covered in this study are the doses to humans from the
airborne release of radionuclides by postulated severe accidents and abnormal
operations. This report assumes that the most significant hazard (inhalation,
skin dose, immersion dose) results from the sudden airborne release of radionu-
clides. In order for the airborne release of material to be estimated, the
level of force exerted by the event, the physical and chemical form of the
radionuclides involved, the mechanism that deagglomerates or subdivides and
disperses the radionuclide, the degree to which the released material is con-
tained and deposited prior to release to the environs must all be considered.

Accidents are defined as credible situations which create demand upon the
system beyond the capability of the process, equipment, or containment fea-
tures. Because of the conservative nature of the study approach, mitigation by
standby or engineered safety features is not considered. 'tredib]e,' in this
case, signifies situations which cannot be eliminated by the design of existing
systems and processes or Taws of physics or chemistry under the stated condi-
tions., Abnormal operations are defined as events resulting from malfunctions
of the systems, improper operating conditions or operator errors, It is not
necessary for this study to classify the events covered into these categories
{clear separations may not always be possible); the important fact is to
estimate the airborne releases from such events.

The estimate of the conditions generated and the quantity of radionuclides
airborne are based upon scenarios {sequences of events and their consequences}.
Scenarios were chosen from accidents and abnormal gperations that have occurred
in waste handling/processing facilities used in the past or from reports of the
consequences of potential accidents and abnormal events for proposed similar
waste operations (Hayward and Jensen 1980, DOE 1982, Murphy and Holter 1980,
Richardson 1980).
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A conservative approach (1.e., one that is believed to overstate rather
than understats the consequences) 15 used to estimate the potential airborne
releases,

The quantity of radioactivity released with the airborne meterials is
estimated using the radionuclide inventories associated with the specific waste
form involved in the operations covered, The reference radionuciide inven-
torias for the waste classes were reported by Rockwell Hanford Operations
{Rockwell 1985). ipper-bound reference radisnuclide inventories used t0 488ess
the potential radiological impacts are bhased upon estimates of the most signi-
Ficant inventories {the largest gquantity or highest concentration} which could
be present or actual measurements available of these values,

Potential downwind transport and dose were evaluated using established
Hanford traasport and dose models {Section 9.41,

3.2 XEY ASSUMPTIONS

The following key assumptions were made for this analysis:

1. A1} facilities, processes, and operations are or will be designed,
constructed, and used in a manner consistent with prudent and proven
practices.

2. The processas, facilities, operations, radionuclide inventories, and
waste forms are those described ia the engineering support data
(Rockwell 198%).

3. The upper-bound accident identified as having the greatest potential
radiological consequences for a given operation is assumed to con-

servatively bound {upper Himit} all other credible accidents that
could occur during that particular operation,

3.3 METHOBS

A great deal of information 1% required to make a precise estimate of the
paotential airborne release of radignuclides from an event, Some, but npt
necessarily all, types of information required are: des¢ription of the process
and equipment iavolved, including flows, capacities, and auxiliary systems; the
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characteristics of the materials involved (both the material being processed
and the materials used in the process); the physical configuration and condi-
tions under which the material is processed (cell and building characteristics
and capabilities, building and cell systems such as off-gas and ventilation};
the services and power used and the purpose for which they are used; control
systems and the consequences of loss of control; the reliability of the equip-
ment, process, and facility; the behavior of all materials involved to various
~ levels of stress imposed {e.g., heat, pressure, and shock); and the types and
levels of stresses that could make the material of concern airborne and com-

promise the integrity of all containment barriers.

The various techniques under consideration to process the six waste types
into a final disposal form range from those currently in use to those in the
preconceptual stage. The quantity of information avaiiable ranges accord-
ingly. Thus, neither the amount of information nor the time available allows
rigorous adherence to the outline given above for the assessment of the poten-
tial consequences from accidents and abnormal operations. The approach taken
in this study was to search for published reports describing similar operations
and to use the information of the consequences presented. When such informa-
tion was available, the values given were used without further evaluation, In
some instances, scenarios describing the postulated events were not given, and
the applicability of the information to the operations covered in this report
could not be evaluated.

Other events not covered in published reports were also included as they
were suggested to the authors based on their experience in conseguence assess-
ment. If information on the consequences was not in the published Titerature
available to the authors, assessment was made using their knowledge of the
situations and experimental data on the airborne release of material under
similar Tevels of stress. When analysis indicated that no significant quantity
of radionuclides was released as a consequence of an event, that fact was so
stated, Finally, when an estimate of the airborne reiease could not be made
due to the lack of information, a method of evaluating the situation was
outiined.
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The scenarios selected for estimating the potential upper-bound radiclogi-
cal impact by a given operation tend to be those which result in large energy
releases and involve radionuciides in a dispersible form. This 1s not surpris-
ing since energy is required to subdivide and disperse or to deagglomerate and
disperse the radionuctides and also to compromise the integrity of the contain-
ment and barriers which normally prevent the entry of radionuciides into the
environs, Events with potential for large energy releases, such as firss and
explosions, are prime candidates., The level and type ¢f stress over a given
time period determines which materials will react in what way, what barriers/
containment may survive, and which engineered safety features can function,
Such mitigating features are considered where possible, The containment
feature most susceptible to damage from energetic events is the high-efficiency
particutate air Ffilters, which usually are the last barrier to release to the
atmosphere and are relatively fragile. {They are also often a great distance
from the source of energy and protected by enginegered safely features fo
prevyent damage.) Operations involving uncontained, subdivided radicactive
materials ({.e,, powders) or performed outdoors with no containment were also
prime candidates for upper-bound events.
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4.0 WASTE FORMS AND DISPOSAL ALTERNATIVES

The study focused on the potential upper-bound radiological impacts of
operational accidents during the operations proposed for three possible dis-
posal alternatives performed on six waste forms. The six waste forms and three
disposal alternatives are described in this section. A baseline case, con-
tinued storage, which consists of monitoring and maintaining the current waste
storage sites without taking any disposal actions {sites are not stabilized,
barrier and marker system is not installed, etc.) is also addressed.

4.1 WASTE FORMS

There are six waste forms: existing tank waste, future tank waste, stron-
tium and cesium capsules, TRU-contaminated soil, pre-1970 solid waste, and
retrievably stored and newly generated TRU solid waste. They are described in
the Rockwell engineering packages (Rockwell 1985). Most of the forms are
described as of January 1984 except those which do not currently exist, e.g.,
future tank waste, newly generated TRU solid waste.

4.1.1 Existing Tank Waste

Four major classes of waste are contained in existing tank waste:

1) sludge produced from components of high-level waste that precipitate
when the waste is neutralized

2} salt cake produced when waste supernatant ligquids are concentrated
beyond the solubility limit of a major component

3) double-shell slurry {the supernatant liquid after salt cake
formation)

4) complex concentrate produced by concentration of waste containing
large amounts of organic complexing agents.

4.1



The first two classes of waste are stored primarily in the older {single-shell}
tanks: the Jatter twe in the newer {double-szhell) tanks. Some supsrnatant
liquid, contained in the older tanks, is being transferred as completely as
possible to new tanks. The volumes and compositions of waste in individual
tanks vary considerably, depending on the source of the waste and on past waste
management practices at the respective tank farms, The processing schemes pro-
posed Lo dispose of the type of waste depend upon the storage mode, radionu
ciide content, thermal relesase due to radicaciive decay, and the chemical and
physical form of the waste (ease of retrieval and processing}.

4,1.2 Future Tank Waste

Future tank waste includes PUREX plant waste generated during the current
aoperaticns, which began in November 1983, together with Tiquid wastes from
osther sources {including liquid waste projected for {he operations of the
Plutonium Finishing Plant) projected through 1995, All these wastes are stored
in double~shell tanks, The sources and compesition of future tank waste are
described below.

4,1,2,1 Neytralized Current Acid Waste

High-level wastes from PUREX operations will be neutralized and stored.
The neulralized current acid waste would be separated into two phases: 1} 3
soiid phase {2 suspended sludge of insoluble materials) primarily consisting of
hydroxides or hydrated oxides insoluble in the highiy alkaline agueous 3s¢iu-
tion, and 2} a supernatant Tiguid consisting of an aqueous solution of sodium
nitrate (resulting from the neutralization of the nitric acid by sodium
hydroxide}, sodium nitrite (resulting from the radiolytic reduction of the
sodium attrate), sodium sulfate (resulting from the conversion of sulfamate %o
sulfate), sodium aluminate {resulting from the aluminum additions to complex
fluoride fons], and sodium hydroxide.

The sludge would contain most of the fission products {except cesium and
technetium) and unrecovered TRU, The supernatant Tiquid contains most of the
cestum and technetium, the todine not removed in the head-end process or
decayed, and some of the ruthenium, The two-phase slurry cannol b¢ economi-
cally vitrified since the sulfate Timits the quantity of waste tnat can be
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incorporated into the borosilicate glass, The sludge is separated from the
supernate and washed free of sulfate {and also the soluble aluminate), minimiz-
ing the quantity of glass generated.

4.1.2.2 Cladding Removal Waste

The zircaloy cladding on N-Reactor fuels is dissolved chemically in the
PUREX plant by reaction with an aqueous ammonium fluoride solution containing
ammonium nitrate to suppress the evolution of hydrogen. The dissolvent slowly
attacks the uranium metal as it becomes exposed after cladding removal. Solids
and 1iquid are separated by centrifugation. A portion of the resulting uranium
fluoride (with the actinide and fission product associated with it) not removed
by centrifugation remains with the waste. Neutralization removes essentially
all the TRU and fission products from solution. The supernatant liquid is thus
non-TRU, low-level waste.

4,1,2.3 0Organic Wash Waste

As part of the PUREX process, the organic solvent is washed to remove
degraded organics that could otherwise interfere with the process. The wash
solution contains sodium carbonate and potassium permanganate. Trace quanti-
ties of metal ions are removed from the organic solvent by this washing. As
the aqueous wash becomes ineffective, the depleted aqueous wash solutions are
combined with cladding removal waste for storage in doubie-shell tanks.

4,1.2.4 Plutonium Finishing Plant Waste Composite

Plutonium finishing piant waste composite is assumed to be a blend of
waste from Z-plant (PUREX product metal reduction plus ash and oxide scrap
recovery), S Area laboratory waste, and T-Piant waste. This excludes any

special waste streams resulting from isotope separation efforts.

4,1.2.5 Miscellaneous HWastes

A variety of low-level wastes are included in this category. Some are
additional wastes arising from PUREX operations, such as ammonia scrubber
wastes, miscellaneous sump waste, and Tow-level waste from the latter portions
of the process, Others are Tow-level wastes from operations elsewhere in the
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200 Area [B~Plant, T-Plant, eic.}., The scrubber and sump wastes are Combined
with the ¢ladding removal waste, and the 200-Area wastes with the Jow-leve)
wastes from the latter portions of the PUREX operations.

Other low-level wastes are generated by operations in other areas of
Hanfard, These and the low~level 200-Area wastes contain tow concentrations of
chemicals and radionuclides with large volumes. These two groups of low-level
Tiquid waste will De concentrated by a Tactor of {en, and, when concenirated,
may be ¢lassified as TRU waste.

4,1.3 Strontium and Cesium Capsules

Most of the high-heat generating fission products, 90sr and 137Cs, have
been extracted from the high-tevel waste and eacapsulated in seal-welded, high-
integrity double-wall matal capsules [see Figure 4.1) as strontium Fluoride and
cesium chloride, Capsule parameters are listed in Table 4.1, The capsules are
currently stored in shielded water-filled basing for dissipation of decay heat
and reduction of exposure to operating personnel, This method of storage pro-
vides multipie containment of tha radionuciides by the double-wall capsules,
water basin, reinforced concrete building, and a directional air system provid-
ing filtration by multiple stages of high-efficiency particulate air filters.
In the event of & capsule failure, the damaged capsule c¢an be returned to the
process cell, re-encapsulated, and returned 1o the water basin. Contaminaled
water can be processed to remove the radionuciides and returned to service.
Storage of the strontium and cesium capsules will ¢ontinue in the existing
water basing until a disposal or long-term storage alternative is selected.

4.1,4 TRU~Cantaminated Soi)

This waste form i3 primarily composed oF systems formerly used t9 dis-
¢harge TRU-contaminated liquids to Hanford soils and some incidental sites
contaminated by other means. The types of systems used to discharge TRU.
contaminated Tiguids inglude:

e Cribs ~ buried structures [often wood or concrete} filled with
aggregate that holds or disperses liquids and/or solutions for percom
tation into the ground
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solid waste sites, and sites with retrievably stored or newly generated waste)
would not be relocated but interred in place. All sites would be treated for
subsidence control as needed and covered with a protective barrier and marker
system. Although in-place stabilization would be considered permanent dis-
posal, it does not preclude future generations from removing the waste. The
operations proposed for the six waste forms for this alternative are shown
schematically in Table 4.3.

4.2.3 Reference Alternative

The concept directing the reference alternative is to provide a balanced
approach that would give a reasonable expectation that the long-term risks are
limited without incurring unacceptabie near-term risks (disturbing currently
stable and/or difficult-to-retrieve waste sites). In a sense, this alternative
is a combination of the two previously described alternatives, choosing the
optimal processing scheme for each waste ¢lass. Geologic disposal would be
used for the strontium and cesium capsules, for the high-activity portions of
existing double-shell tank and newly generated tank wastes, and for most
retrievably stored and newly generated TRU waste. Other waste that is not
readily retrieved and for which the short-term environmental risks may outweigh
the benefits of deep geologic disposal would be disposed of by in-place
stabilization. The operations proposed for this alternative on the six waste
forms are shown schematically in Table 4.4.

4.2.4 No Disposal Alternative

A no disposal action alternative, which amounts to continued storage of
the wastes, was also considered in detail. In the short term {i.e., for
periods less than 100 years), the no disposal action alternative can be
considered as a "delay major action” alternative, after which time disposal
alternatives could be considered. If DOE chooses the no disposal action
alternative, waste would remain as disposed of or continue to be stored
indefinitely using existing storage practices with planned improvements. The

operations proposed for this alternative are shown in Table 4.5. Active
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TABLE 4.3,

Existing Tank MWaste

Future Tank Waste

Strontium and Cesium
Capsules

TRU-Contaminated
So11 Sites

Pre-1970 Buried
TRU-Contaminated
S501id Waste

Waste Processing Steps for the In-Place Stabilization Alternative

Retrievably Stored and
Newly Genmerated
TRU Wastes

Leave waste in singla-
shell tanks, Retrieve
99,951 of waste from
double-shell tanks.

|

Treat douhle-shell

tank waste as neces-
sary to immobilize in
grout; place grout in
near-surface trenches
or in existing tanks.

|

Fill tanks suffici-
ently with appropriate
material to limit
subsidence, and seal
411 accessible
penetrations.

Leave soil contami-
nated from tank leaks
in place.

Cover tank farms and
grout disposal sites
with the protective
barrier, emplace
markers, and recoard.

Retrieve 99.95% of
wastes in double-shell
tanks. Separate and
encapsulate ceslum,
and dispose of as
cutlined for the
strontium and cesium
capsules, right,

|

Immobilize the resi-
dual waste as grout
and dispose of in
near-surface trenches
or in existing tanks,

|

Fill tanks suffici-

entty with appropriate

material to limit
subsidence, and seal
all accessible
penetrations.

|

Cover grout disposal
waste sites and tanks
with the protective
barrier, emplace
markers, and record,

Package capsules in
canisters for near-
surface disposal
onsite,

Place canisters in
near-surface caissons
after cooling,

|

Cover canlster dis-

posal area with the

protective barrier,

emplace markers, and
record.

Wastes remain disppsed
of in place.

Fill voids with grout
to limit subsidence.

Cover all sites with
the protective
barrier, emplace
markers, and record.

Wastes remain disposed
of in place.

|

Compact in-place, dis-
posed wastes as
needed. F111 wolds in
ald TRU caissons and
other sites with grout
te control subsidence.

|

Cover all TRU buried
so0lid waste sites with
the protective
barrier, emplace
markers, and record.

Dispose of stored JRU
waste 1n place.
(First remove
bullding-stored waste
to burial ground,)

Compact waste, i)l
volds with grout as
needed for Subsidence
control, provide the
protective barrier,
emplace markers, and
record,
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TABLE 4.4.

£xisting Tank wWasie

Future Tenk ¥asie

Strontius and fasium
Lagsules

fRi-Contaminated
_ 4911 Sites

Haste Processing Steps for the Referance Disposal Alternative

Fri-1970 furisd
TRi-Cont gminazed
G611 Waste

Retrievably $tored and

Newly Generated
TRY Wastss

todve wastz in $tdaglen
shell tanks., Hairiave
92,953 of waste from
disife-¢hall Lanky,

Separate ide TRY and
Wigh-igwst Fraction of
the doublewshel]l tank
wastes, immobiiits Lhe
Tow.fovel as glass,
ard dispose of in &
repoasitory,  fmwahile
ize the non-IRY frag.
Lion of double-shell
tank wasie as graut,
amd dispose of ia
near-surfice rrenches,

Fitl tanks suffigi.
entty with appropeiste
material Tty iimit
subsisence, and saal
a31 accasyinle
gengirations,

feave 301l contami-
pated from Lank leaks
in place,

Covar tans farms and
grout dysposal sifes
with the protective
Sarrier, mplace

markesrs, sng recard,

Rotrieve 93,350 of
wistes fa double«shell
tanks.  Separate high~
taval and TRU wiste
for witrifization and
genlagic Sispusal.

|

Jmrobilize tke
residuzl wasie as
grout ad gispose of
in asar.sucfage
trenchet or ia
2zisting tanks,

Fidl tanks suffici-
autiy with apprapriste
metarial to ligit
subsidence, s seal
all acessinia
pesetratisne,

|

Lover grout diiposal
waske siTes snd Lanks
with the protective
barrigr, smplace
AITERCS, AND recird.

Package capuules is
cantsters for repo-
sitory dizpossl,

Serg canisters s
geaiagic repositary
far disposal.

Wastes remzin disposed
nf in placs,

|

F4il voids mith grout
to Tiwit suhsidente,

l

Cover al) sites wizh
the protective
sarrier, enplace
mark#rs, and reqord,

Most wasies remain
gisposad of in place.
fatrieve TRU sites st
ot 2O Ared plateds.

|

Lompsct ta-place, dis-
posed wastes as
aseded, Fill wids in
ald TRU taissons ang
ather sites sith grout
te conteal sibsidence,

|

Cover all TRU gried
50114 waste sites with
the profective
nRrrier, paplace
markers, amd record,

|

A raguired, psckage
gnd trzat the
retrinven waste and
seng it tp ¥1PP,

Retrieve TRU washe snd
sort aml package W is
#IPP waste atceplance
criteria.

|

Package and treal
waste A required, and
send it Lo MIPP,

fiispose of residual
wisle as low-igeel
wdstaE,
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Existing lank Waste

TABLE 4.5.

fyutura lank Waste

Serontium and fesium
Capuules

Ri-Dontaminsted
Soil S43ey

Implementation of the No Disposal Action Alfernative

Fre-1970 Haried
TEU-Dontaminarey
Gnilg ¥Maste

Retrievably Stored any
Newly Geserated
TR Wasies

iesve waste in Singls-
shei} 1asnks; relamk
dipubisshell fank
witte every W yr,

Manitor and maiatain
Lanks, filling single-
shall tark domes and
gnused 018 doubia-
55017 tank domes as
reguired 10 prevent
colispse and maintaian
surface.

Leava soi) contami-
sated from tank lesks
in place.

#atank doublesshall
waske wesfy 50 yr.

|

Monttor and maintain
tanks, Filling unused,
ol double-shel) tasks
% reduired o prevent
cat¥apie,

Prkage capsules in
cantsiary A$ neceEsiary
for ansite dry
storyge.,

Stare canisters in
nagr-surface caissans,

Montiyr vaissons and
gontiaue caisson
sxinbeddnde,

Leave $ites 4%
disposed of,

|

Ngnitpr sites and
continge site
maintenanss,

Leave Sites &
gisgasad of,

Monitar site and
continge site
maintenanoe,

Leave waile 45 stgred,

Monitor waste and
continue to maintain,



administrative control would be provided, Federal ownership and presence on
the Hanford Site is plansed in perpetyity, but for comparative analyses 1oss of
active institutional conteol is assumed to occur fn the year 2150, It must be
emphasized that this scenario was defined simply for comparing alternatives.
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5.0 POSTULATED RELEASES FROM POTENTIAL ACCIDENTS ASSOCIATED
WLTH THE GEOLOGIC DISPOSAL OF SIX WASTE FURMS

Several operations are required to process each of the six waste forms for
gealogic disposal, This section contains a brief description of each waste
processing operation used and the facility involved, Upper-bound release is
then estimated, and other potential accidents are discussed. The capability of
the facility in which an operation js presumed to occur and the transport/
mitigation before the release of the airborne material to the environment are
also included. Upper~bound releases are Tisted in Tables 5.1, 6.1, 7.2, and
8.1 for the genloegic, in-place stabilization and dispesal, referencs, and no
disposal action aiternatives, respactively.

3.1 EXISTING TANK WASTE

Tank wastes are retrieved, the strontium, cestum, technetium, and TRY are
separated for yitrification, and residual wastes as grout are sent to low-level
waste burial grounds or tanks., The tanks are filled with appropriate material
and sealed, soil contaminated from tank leaks is left in place, and the tank
farms are covered with sofl.

5.1.1 HMechanical Retrieval

This operation retrieves salt cake and sludge from single-shell tanked
waste without direct addition of water {Figure 5.1).

5.1.1.1 Description of Operalion and Fagility

Tne mechanical retrieval speration s designed 1o occur with mintmum
alterations to the tank dome structure and to the tank farms in general, and
is structuraed to avoid direct loads teo the dome. The conceplual regovery
process is composed of thres sequential operations:

¢ in-tank recovery of waste

¢ removal of waste from the tank to a transfer point for emplacement in
a shipping container

e transfee of waste to an onsite processing facility.,
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TABLE 5.1,

Existing Tank Waste

1. Mechanical retrieval
2. Hydraulic retrieval
3. 5r, Cs, TC remoyal

{radionuclide
concentration)

3.1 $ludge washing,
solidfliqurd
separation

1.2 Complexant
destruction

3.3 Radionuciioge
removal

e

Glass immobilizabion
{witeification)

§. Grout decontaminated
salt solutions

&, Fill and cover emply
tank [dome fill)

Future Tank Waste

1. Retrieval

ra

Solid/1igquid
separat ion

3. %r, Cs, Tc, TRU
removal

=

Groul decontaminated
liguid

n

Viteification

o>

Fill and cowver empty
tank {dome Fill}

Geologic Disposal Alternative Potential Accidental Releases for Operations
Involving Six Waste Forms

ltmcsphericth}

Strontium aod Cesium Capsules

1. Remove tron WEsF(e)

2. Capsule packaging

Accident
Source Fractional Transmisfi?n Release of Release
Waste Form Quant ity Facility Accident Location Release Factor 2 Concern, g Point
Salt cake 2000 m? mbite platform  Explosion Waste Tank HA 1 1.3 x 104 Ground level
Salt cake 9 x 107 gimin  Hal®) Pressurized Diversion & x 1072 1 4.5 1 10% Ground level
release valve
sludge .2 gimin Sludge washing Filter failure Filters L1 1 0.2 Stack
canyon
Me infuormation available
[on eachanye Radionuclide lon exchange Resin 0,01 1 10’4 Stack
resin concentration fire column
Molten glass L2 gimin Glass tuss of Filters HA 1 0.2 Stack
immobilization filters
Decontaminat ed 1 m] Transportabie Liquid spray Transfer 1x 109 7.5 % ID'? 3u 10'4 Stack
salt salutigns yrout from line line
Residual tank 91 of Hone Oome collapse  Tank 5« o2 1 3450 Ground level
waste original
fill
nCawtd! 9o 00® grmin KA Prassurized Diversion & x 1072 1 4.3 x 107 Ground level
release valve
NLAW 1.2 gfmin Sludye washing Filter Filters A 1 1.2 Stack
canyon faiiure
lon exchanqge Radionuc lide lon exchanga Resin .1 ix ll.l"I1I Stack
resin concentration fire column
Tecontaminated w? Transpartable Liquid spray Transfer 1x 10°% 2.5 5 1077 3107t Stack
biquid grout Feom line Vine
Molten glass 1.2 gfmin Glass Loss of Filters HA 1 0.2 Stack
immobilization filters
Residual tank 0.105% ot Kone Dome collapse  Tank 54 1071 1 3.5 Ground level
waste original
fill
Encapsulated 2.2 n 10} y wesFiel Capsule drop Storage 1x1072 2.5« 1077 5.5 x 1078 Stack
waste arga
Encapsulated rza 108y cpeif) Machinary “Load” 1.2 % 10°% 2.5 x 1077 6.6 x 1077 Stack
waste impacts station
capsule

















































































TABLE 5.8. Postulated Airborne Releases from Accidents
During Filling of Empty Tank

Event Atmospheric Airborne Release

Dome collapse 350 g(a)
5 x 10'8 fraction(b')

Loss of filtration

1st stage 5 x 106 g/mg
Both stages 1 x 1072 g/m

Loss of services or No significant release
power

Equipment failure No significant release

(a) Based on Rockwell (1980).
(b) Hayward and Jensen {1980).

5.1.6.4 Other Accidents Considered

Additional accidents are developed in the following section, and releases
are included in Table 5.8.

Loss of Filtration. This event could occur when equipment used in the
dome-filling operation hits the filter and dislodges it. Any airflow (rate
unknown) would therefore be unfiltered. It might be assumed, as in the dome

collapse, that much of the airborne material would be jnert rather than radio-
active. If the accident happened before the dome filling began, the air in the
dome would contain low levels of contamination., Any required safety systems
could shut down the airflow. Therefore, these releases are postulated to be
lower than in a dome collapse.

Loss of Services or Power. This would shut down the operation, and thus

no releases would be envisioned for this event.

Equipment Failure, This event is not seen as leading to releases. Equip-

ment is located cutside the tank, radioactive materials inside. Operations
would merely be shut down,
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5.2 FUTURE TANK WASTE

Processing of future tank wastes would be integrated with that of existing
waste, Insofar as practicable, all newly and future-genarated high-level waste
would be disposed of in 3 geologic repository. Many of the operations are the
same as for existing tank wastes; therefare, the reader 1§ directed to those
sections when appropriate.

$,2.1 Retrieval

These wastes are stored in double-shel] tanks, and the speration used will
be hydraulic retrieval. Therefore the operation, facility, upper-bound acei-
denl, release estimates, and other accidents considered will be Lthe same as
those discussed in Section 5,1.2 and listed in Table 5.3.

5.2.Z 3Solid/Liquid Separation and Strontium, Cesium, Technelium and TRU
Removal

These operations will share the same facility and oparations as the exist-
ing tank waste. Therefore Lhe operation, facility, upper-bound accident,
release estimates, and other accidents considered will be the same as those
described in Section 5.1.3 and listed in Tables 5.4. and 5.5,

5.2.3 Grout Decontaminated Liguid

The partially decontaminated ligquid would be conwverted to grout, along
with sther wastes. &Grout would be disposed of in shallow frenches. Thus these
agperations are the same as those For existing tank waste and the operation and
Facility, upper-bound aceident, release estimate, and other accidents con-
sidered are the same as those for existing tank waste as described ia Sec-
tion 5.1.% and listed in Table 5.7,

8.2.4 ¥itrification

Future tank waste will be immobilized in a large vitrification facility
operatad in conjunction with the sludge washing and so0lid/1iquid separation
radionuclide removal facility. Therefore, the operations will be the same as
those in Section 5.1.4, with the same upper-bound accident, reiease astimates,
and other accidents considered, These are listed in Table 8.8,
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5.2.5 Fill Empty Tanks

Future tank waste would be in double-shell tanks., The anticipated resid-
ual waste would be less than 0,05% of the initial quantity, thus reducing the
magnitude of any potential release. The operations, upperbound accident, and
other accidents considered would be the same as described in Section 5.1.6. In
that section the postulated dome collapse accident had a 350-g estimated
release, based on a 7-kg release from a full tank. Here the release is 0.05%
of that from a full tank for a total of 3.5 g. This release is lower than that
estimated in Section 5,1.6.3, since there is less residual waste in this
tank. The other releases listed in Table 5.8 apply here.

5.3 STRONTIUM AND CESIUM CAPSULES

Strontium and cesium capsules {illustrated in Figure 4.1) would be stored
in the Waste Encapsulation and Storage Facility until 1995, then removed for
geologic disposal. The other operation discussed below is packaging the
capsules.

5.3.1 Removal of Capsules from Water Basin

Strontium and cesium capsules would be stored in water-filled basins until
the necessary modifications were made to the waste encapsulation and storage
facility to allow overpacking. During the storage period, the capsules and
basins would be periodically inspected and maintained as necessary. Storage
of capsules at the facility is in an active mode that requires cooling water,
makeup water, ventilation and maintenance of facility operating systems.

5.3.1.1 Description of Operation and Facility

Neither the waste encapsulation and storage facility, nor its equipment is
described in the Hanford Defense Waste Environmental Impact Statement, nor are .
details of the capsule retrieval system. These are assumed to be those now in
place and described by Braden et al. {1971) in the Safety Analysis Report for
that facility. The facility contains a storage pool area, and a crane is
available and used to remove cover blocks and capsules.
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The operation and egquipment design and usage are assumed in keeping with
sound, prudent auclear practices especially in the ares of engineered safety
systems such as the ventilation and exhaust system.

5.3.1.2 Postulated Upper-Bound Accident

The upper«bouynd airborne release event postulated s a rupture of the
capsule, Waste canisters can be breachad before they are encapsulated if they
are dropped in handling operations {Hayward and Jensen 1980). Completely
encapsulated canisters will not rupture even if they are dropped onto concrete
from heights up to 6 m, Encapsulated canisters could not be ruplured when hit
by a Talling, heavy object such as a <ell cover. However, the capsules may be
stored for an extended period of time and could potentially deteriorate due to
heated storage in water. Glass, which is the material contained in the Hayward
and Jensen study, provides greater support for the casing than either the
strontium fluoride or cesium chloride {salt forms] addressed in this study.
Therefore, the capsule is assumed to ruypture upon impact after 3 drop, and the
material contained within the capsule is subdivided. The fraction subdivided
and made airborne in the respirable size rangs 35 not available in the pub~
1ished Titerature, Thus, the internal pressurs generated within the capsule
required to rupture it i35 assumed to be high and the particulates produced are
correspondingly fine.

Loss of basin ceoling water resulting in the averhealing of the cesium and
strontium capsules was not considered as the upper-bound accident for this
gperation for the following reasons: 1} the basin is designed to withstand the
drop of a capsule, 2} if the basin suffers & Yeak during normal storage, the
leak would be siow and detected before significant effect since the facility is
continually monitared, and 3) catastrophic loss of basin water is associated
with severe natural phenomena (e.g., earthquakes} which are covered in another
section,

5.3.1.3 Release Estimated for Upper-Bound Event

A value of approximately 1% was experimentally measured for less Than
10 um aergdynamic equivaient diameter airboene fraction of 2 fine depleted
uranium dioxide powder released at 50 psig pressure {Sutter 1983} and this
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experimental value is applied. Since it is postulated that this event occurs

within a nuclear-grade facility with a filtration system that has two stages of

high-efficiency particulate air filters, the respirable fraction released to

the atmosphere is conservatively estimated as 2.5 x 10~9 of the source.

Theoretic density of the salt forms are 3.988 and 4,24 g/cm3 and the capsule

contents are compacted to 75% of the theoretic density, so 3 g/cm

3 is con-

sidered a good value to use for the density of the radioactive material. The

mass of the 7.42 cm3 source is calculated to be 2,2 x 103 g, the respirable

airborne fraction is 2.2 x 10} g and the atmospheric release fs calculated to

be 5.5 x 10°8 g.

The release is listed in Table 5.9.

5.3.1.4 0Other Accidents Considered

Other accidents could occur, but have lower releases as listed in

Table 5.9.

Capsule Drop in Basin. The impact suffered from the capsules striking

water will be significantly less than the impact of a cover block; therefore,
it is estimated that the consequences will be much less.

TABLE 5.9, Postulated Airborne Releases from Accidents
During Capsule Recovery

Event

Capsule rupture
Capsule drop in basin

Hydrogen accumulation
and explosion

Loss of filtration
Ist stage
Both stages

Fire
Capsule failure in basin
Loss of services or power

(a) Richardson {1980).

Atmospheric Airborne Release

5.5 x 1078 g
Significantiy below upper-bound
1 x 10715 fraction(d)

-6 .13
5 x 1077 g/m
1 x 1072 g/m3

No significant release
No significant release
No significant release
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Hydrogen Accumulation and Explosion. Hydrogen generated by the radiolysis
of watar in the basin could accumulate if ventiiation flow through the area
were (ost for a long period of time. The rate of hydragen production s depen-
dent on the radiaticn level, which is dependent upon time for the concentrated
cesium and strontium in the capsules. It is not felt that there i5 a great
possibility of accumulating levels of hydrogen that could result ia an explo-
sion with significant damage to the building, much Tess to the capsules stored
under many feet of water,

1.0ss of Filtration. Lloss of Filtration without loss of flow would result
in the release of the material normally prasent in the facility, Since the
areas arpund the water-filled basin are operating areas and would be at a

radiation level safe for personnel, the consequences of such an oCcurrence are
H I

Fire, Que to the presence of combustible materials {plastic - bags,
sheeting and equipment; cellulasics - clothing, paper, ete.; and lubricating
0ils and greases) in the facility, the possidbility of a fire cannot be
ignored, The capsules are made of highly resistant metals, and high tempera-
tures for long periods would he required to result in high enough internal
pressuras Lo cause rupturing. The quantity of combustibles would Timit the
extent of the Tire, so no significant airborne release of the contained

radionuciides 18 postulated,

Capsule Failure ia Basin., Since storage is an active process in which the
capsules and storage basin water are periodically checked, failure of the cap-
sules in the water-filled basin is not considered to be a likely event and
remedial measures {including decontamination of both the basin water and cap-
sules) would be quickly implemented,

Loss of Services or Power, In this operation, ioss of services or power
waild resuit in cessation of operations or Toss of flow. Neither consequence
is viewed as a3 significant release mechanism.
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5,3.2 {(apsule Packaging

The capsyle packaging process 1s described in Appendix B of the Hanford
Defense Waste Enviromnmental Impact Statement.

5.3.2.1 Description of Operation and Facility

The capsule packaging process is visualized as having a throughput rate of
one canister per day, The strontium and cesium capsules would be placed in
racks amd inserted into Canisters made from 0,3-meguiside diameler Carbon steel
pipe about 2,7 m long with end plates. The canisters would be sealed,
inspected, and surveyed for radicactive surface contamination. An afrecooled
vault would provide lag storage space for the sealed canisters hefore their
transfer to the drywell storage facility or a geologic repository. The fol-
towing key equipment pleces would be operated in essentially the order Tisted
to 1o2d one canister:

Lo Seven-capsule holding vauilt
2. Thres-station load/weld machine

o At the "“exit" station, a canister containing an empty capsule
rack would he placed on the machine.

» At the "load” station, an actuator, arm, and grapple would con-
nact Lo the capsule rack and withdraw i1 vertically a distance
of approximately 2 m from the canister, Capsules, handled by
conventional hot cell manipulators, would be igaded onto the
rack as it was Towered back into the canister.

s At the "“weld” station, a 1id would be placed on the canister by
manipulator or in-cell crane, A rotating weld head would make
the weld closurs,

3. Helium leak test unit
4, Ultrasonic weld penetration test unit

5. Electropolishing decontamination tank
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6. Canister storage pods: an array of 12 steel sleeves {0.38-m inside

diameter, with 1ids) that would penetrate the cell floor. A wind

tunnel below would provide forced or natural convection air cooling.

The number of capsules loaded into a canister would vary according to heat
dissipation capabilities of the storage medium {basalt, salt, or near-surface
5011) and on thermal 1imitations of the capsule materials themselves,

The capsule packaging facility is envisioned as a series of thrae hot
calls {sach 4.9 mwide by 3 m, 14 n, and 7 m long) housed in an overall facil-
ity that would be 43 m Jong, 14 m high, and that would occcupy approximately
1100 m2, High~density concrete shielding walls of the hot cells would be
~0,9 m thick, and would have eight viewing windows and four manipulator pairs.

5.3.2.2 Postulated Upper-Bound Accident

The literature reviewed {DOF 1982; Hayward and Jensen 1980, Richardson
1980} stated that encapsulated waste canisters cannot he failed unless impacted
by a falling, heavy object such as a cell cover., Whether this applies to cape
sules that have been stored under water for Tong periods of time is aot known.
It is postulated that a capsule fails by impact with the machinery used in
handling such as a crane head and releases a portion of its contents to the
cell atmosphare,

5.3.2,%3 Release Estimate for Upper-Bound Dvent

The maximum airborne release to the environs is a 3 x 10710 fraction of
the source based on values found in the literature (DOE 1982). The filter
transmission is 2.5 x 10°7; thus, the fractional release {back calc¢ulated) from
the source fs 1.2 x 1073, This is the failure of a single capsule; 2.64 ¢ is
airbarne in the cell and 6.6 x 1077 g s released to the atmosphere. This
value 5 lower than that calculated in Section 5,3.1.3, but here only a portion
of the capsule is invalved in the release. The release is listed in
Table 5.10.

5.3.2.4 0Other Accidents Congidered

Releases from the less than upper-bound dccidents are developed below and
listed in Table 5.10.
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TABLE 5,17, Postulated Airborne Releases from Accidents
During Grouting Decontaminated Salt Solutions

Event Atmospheric Airborne Release
Pressurized release 2 x 103 g
Spill 5 x 10~3 fractional release
Puncture No significant release
Fire 5 x 104 fractional release
Range fire No significant release

Contamination spread No significant release
Equipment failure No significant release

event might be 0.12%, as discussed in Section 5.6.1.,1.4, if the event
occurs in static air. However, if the operation is outside, it could
be suspended by wind. If the wind is blowing at the average Hanford
windspeed and 10% of the spilled material interfaces with the wind,
the release fraction could be 5 x 10'3 (Sutter 1980).

¢ Puncture. A waste package could be punctured by a forklift during
retrieval. If a single hole is punched into the package, only a
small amount of the waste is pulled out during withdrawal of the
probe. This type of event should not have significant releases.

e Fire., A fire in a package of combustible waste could occur if nitric
acid, for exampie, spilled onto cellulosic waste. The fractional
release could be 5 x 10-4 {Mishima and Schwendiman 1973). The

3 at a waste

largest box could contain 2 x 107 g of waste, 64 m
density of 0.32 g/cm3. However, the package would not be anticipated
to hold that quantity of combustible waste, These large packages
would probably hold Targe equipment that could not be decontaminated,
pumps, tools, etc. Therefore it is considered unlikely that this

waste would sustain a fire.

e Range Fire. A range fire is not considered a threat to this opera-
tion. The gravel covering the waste would insure sparseness of
vegetation so there would not be combustibles to fuel the fire,
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s Contamingtion Spread., Spread of contamination could occur if pack-
ages of waste with exterigr contamination are excavated. Adminis-
trative controls as the waste is smplaced should ensure that spread
does not take place. Although a package could leak, it would not
involve significant levels of contamination.

a Equipment Failure, An egquipment-related event such as an gverturning
of & front-end Toader could impact the waste. Such an event should
Tack sufficient force to cause significant releases since the
vehicles will be operating at very low 3peeds.

5.6.2 Sorting and Related Operations

5.6.,2,1 Remote-Handled TRU

Remote~handled TRU would be processed with the TRUscontaminated soil and
pre-1970 s0lid waste, Therefore, the operation and facility, upper-bound
accident, release estimate for the upper-bound event, and other accidents
considered will be the same as those For sorting the solid waste, These were
discussed in Section 5.5.2 and listed in Table 5.14.

%.6,2.2 Contact-Handled TRU

Contact-handled TRU waste will be assayed amd segregated in the contact.
handled Waste Receiving and Processing Facility. Thus, wastes are jdentified
as 1o whether they are low-level or whether they are handied in this facil-
ity. The operation and facility, upper-bound accident, release estimate for
the upper-bound event, and other accidents considered will be the same as those

for other sorting operations, These were discussed in Section 5.5.2 and listed
in Table 5,14,

5.6.3 Processing

Since the remcte~handled TRU is processed by the slagging pyrolysis
incinerator, the operation and facility, upper-bound accident, relesase estimate
for upper-bound release event, and other accidents considered are the same as
postulated in Section 5.4.2. The raleases from the slagging pyrolysis
incinerator are listed in Table $.12.
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5.6.3.2 Contact-Handled TRU

Operation and Facility. Processing will involve size reduction, shredding

and immobilizing the waste in concrete. The size reduction operation will
select materials for the shredding that will prepare the waste to a form
readily adaptable to immobilization. The waste is immobilized using a concrete
mixture.

Postulated Upper-Bound Accident., Fire is suggested as the bounding

accident for this operation. It is postulated to occur during shredding
combustible waste., Waste dumped into the feed hopper could inadvertently
contain solvent that spills on cellulosic materfal. Sparks from the grinder
could then ignite the waste.

Release Estimate for Upper-Bound Event. One of the Targer packages used
is an 80-gal (317 L) drum (Rockwell 1985). The material could be loosely
packed cellulosics contaminated with radioactive powder. An overall density

could be 0,32 g/cm3, so the potential source is 1.5 x 10° g. The appropriate
release factor is 5 x 10~% of radioactive material (Mishima and Schwendiman
1973), and the calculated release in the facility is 50 g/drum of fine parti-
¢les. It is conceivable that more than one drum load is in the hopper. Two
drums would release 100 g in the facility to challenge the high-efficiency
particulate air filters for the 2.5 x 107> g release listed in Table 5,18,

TABLE 5.18., Postulated Airborne Releases from Accidents
During Sorting and Related Operations with
Contact-Handled TRU

Event Atmospheric Airborne Release
Fire 2.5 x 107% g
Explosion No significant release
Hand1ing Accident 2 x 1011 fractional release
Spill 3 x 1010 fFractional release
Leak 2 x 10711 fractional release
Pressurized release Not postulates
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Qther Accidents (onsidersd, Releases from Lhe following less~than-upperw
bound accidents are listed in Table 5.18.

o Explosion. An expiosion was considered at the Idaho National
Engineering Laboratory (DOE 1979), but no potential source was
identified for an explosion strong enocugh to breach the walls of the
facility or to fail both high-efficiency particulate air filters and
their associated dampers.

e Handling Accident, A handling accident has been postulated to occur
in the compaction area at the Idaho National Engineering Laboratory
{ODE 1979) with a release fraction of 10"% in the ventilation flow.
Particles generated by this event would be larger than those produced
jn a fire, making it of lesser concern,

o Spill. A waste container breach and spill could have 2 maximum 0,12%
fractional release {Sutter, Johnston and Mishima 1981} and produce
fairly large particies., While the fractional releass appears larger
than for the fire, the size of the particles make 1t less of an {nha-
Tation hazard. A second mitigating consideration is that the spill
tould contain a larger portiocn of nonradicactive material,

e leak, A liquid leak should result in a 0.013% fractional release., It
would be assumed that very 11ttle liguld would be contained in the
wasts at this process step. Leaks would be identified in the esrlier
sorting and related operation,

& Pressurized Release. Pressurized releases from drums have been

suggested in earlier process modules. The materials are not packaged
during the sorting and sheedding operations, Reactions by the mate-
rials would be most likely to occur, If any reactions are possible;
during this Lime. OUnly after these operations i3 the material
restrained in concrete, Prassurized release i not considered as g
likely event for this process step,
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6.0 POSTULATED RELEASES FROM POTENTIAL ACCIDENTS
ASSOCIATED WITH IN-PLACE STABILIZATION
AND DISPOSAL OF SIX WASTE FORMS

For the in-place stabilization and disposal alternative, there would be
little processing or treatment of wastes except for those stored in double-
shell tanks. Releases for each of the waste forms are developed in the
following sections, and are listed in Table 6.1.

6.1 EXISTING TANK WASTE

6.1.1 Dry Single-Shell Tanks

Waste left in place in single-shell tanks would be dried as required to
achieve adequate stability.

6.1.1.1 Description of Operation and Facility

One proposed drying method would use microwave energy to heat and thereby
dry the waste, This technique could radiate microwave energy into the interior
of an underground tank and heat the waste in a manner similar to microwave
cooking, Portable generators would transmit energy into the tank interior via
coaxial cables. Air would be discharged through two high-efficiency particu-
late air filters,

6.1.1.2 Postulated Upper-Bound Release Event

The postulated upper-bound release event would be the explosion described
for single-shell tanks in Section 5.1.1.2.

6.1.1,3 Release Estimate for Upper-Bound Event

Section 5.1.1.3 develops an estimate of 1.3 x 104 g of respirable material
airborne and is listed in Table 6.2.

6.1.1,4 Other Accidents Considered

Some other accidents considered are listed in Table 6.2.
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TABLE 6.2. Pastulated Airborne Releases from Accidents During
In-Tank Drying of Single-Shell Waste

Atmospheric
Lvent Airborne Relgase
Explosion 1.3 x 104 g
Loss of filteation
15t stage 5 x 1078 g/m3
Both stages 1 x 1072 gfm3
Loss of services No sigaificant
ar power release
Spattering 2.5 x 1079 g/m°

Spattering could occur if internal heating of the waste were uneven; pres-
sure couid build up, with subsequent sjecting of wasie through the crust into
the tank woid space. It is estimated that 100 mg!ma {ORNL 1970) s in the
atrflow, with 10% less than 10 wn aerodynamic eguivalent diameler in diame-
tar, This event should net breach the filters, so the release would be at a
lower lsyel than the maximum,

b.1.2 Tank Dome Filling

Tank dome voids above Lhe waste in both the singlie- and doubles~shell tanks
will be filled.

6,1.2.1 Descriptieon of Operation and Faciiity

The same ftechniques used to Fill empty tanks will be used to fill the dome
voids, These wera discussed in Section 5.1.5.1.

6.1.2.2 Postujated tipper-Bound Accident

& dome collapse would he the postulated upper-bound accident as discussed
in Sectign 5.1.6.2.

6.1.2.3. Release Estimate for Upper-Bound Event

The source gquantity avaiiabie to be released will be larger from these
full tanks than the emptied tanks. Therefore a larger release 1§ anticipated
from this dome collapse. Rockweld {1985) estimated a 7-kg release; Hayward and
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Jensen (1980) suggested a 5 x 10-8 fractional release. The 7-kg value is the
selected upper-bound release and is listed in Table 6.3,

6.1.2.4 Other Accidents Considered

These accidents will be the same as those discussed in Section 5.1.6.4 and
are listed in Table 6.3, They include loss of filitration, loss of service or
power, and equipment failure.

6.1.3 Hydraulic Retrieval of Residual Liquid

Residual liquor and other liquid waste from double-shell tanks would be
retrieved hydraulically,

6.1.3.1 Description of Operation and Facility

The sluicing operation is described in Section 5.1.2.1.

6.1.3.2 Postulated Upper-Bound Accident

The sluicing operation will be the same as that described in Section 5.0;
therefore, the accident hypothesized in Section 5.1.2.2, a pressurized release
of sprayed 1iquid waste, is the upper-bound accident,

TABLE 6.3, Postulated Airborne Releases from Accidents
During Dome Filling

Atmospheric
Event Airborne Release
Dome collapse 7 kg

Loss of filtration 6 3
1st stage 5x 107 g/m
1 x 107

Both stages 0-? g/m3

Loss of services No significant
or power release

Equipment failure No significant
release
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6.1.3.3 Release Estimate for Upper-Bound Event

As described in Section H.1.2.3, 9 x 0% g/min s pumped and has & 5 x
1072 fractional release in the accident. Thus the release is 4.5 x 10° g/min,
as listed in Table 6.4,

6.1.3.4 Other Accidaents Considerad

These ars discussed in Segtion 5.1.2.4, and inClude a slurry spill, lfoss
of services or power, and 1oss of filtration, Releases are 1isted in
Table 6.4,

6.1.4 Complaxant Destruction

Wastas with high concentrations of organic complexants would be treated Lo
reduce the concentrations to an acceptable lavel, This grocess has nol been
deveioped, 50 no releases can be estimated,

6.1.> Grout

Treated residual aqueous solutions would De treated to convert them to g
cementitious grout. The waste would be processed through the transportable
grout facility. The operation and facility, postulated upper-bound accidents,
the release estimate for upper-bound event, and other dccidents considered will
be the same a5 those in Section 5.1,5. Releases are listed in Table 8.5,

TARLE 6.4. Postulated Airborne Releases from Accident During
Hydraulic Retrieval of Residual Liquid

Atmospheric
tvent Airborne Release
Pressurized 1iquid 4.5 x 10° g/min
spray
Slurry spill 1 x 10"% fraction,
pius resuspension
Loss of services or NG significant
power release
toss of filtration 6 3
1st stage 5 x 1079 g/m
Both stages 1 x 1072 g;m3
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TABLE 6.5. Postulated Airborne Releases from Accidents During
Grouting Operation

Atmospheric
Event Airborne Release
Spray (solution) 3 x 1074 g
Solution tank Teak 2 x 10-8(2)
Mixer tank leak Significantly below
upper-bound
Grout spill Significantly below

upper-bound

{a) Hayward and Jensen {1980).

6.1.6 Trench Disposal of Grout

Grouted waste will be disposed of in trenches.

6.1.6.1 Description of Operation and Facility

The grout burial trenches are of earthen construction with a membrane
liner. They are 15 m wide, with sloping sides, and are 8 m deep. This trench,
100 m long and filled to a depth of 3 m, can hold 5400 m3 of grouted waste. An
air support bubble dome is used during filling for weather protection and to
prevent airborne dispersal of the waste. Once the trench is filled and the
grout is cured, the dome will be removed and the trench backfilled with 5 m of
soil.

6.1.6.2 Postulated Upper-Bound Accident

No significant potential for airborne release was identified.

6.1.6.3 Accidents Considered

Since no releases were developed, a table was not developed.

Grout Leak. It is postulated that grouted liquid is inadvertently
released. A variety of mechanisms could be responsible, such as a leaking
connection or a break while making the grout. The quantity released would
depend upon the circumstances. But the nature of the material makes a seriogus
airborne release unlikely. The grout is viscous and difficult to subdivide
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into fine particies {much of the material used to make the grout is coarse).
The level of radicactivity in the grout is low. Therefore, 1t is estimated
that this type of event would resuit in an insignificant {but unquantified)
airborne release,

Grout Spray. In order for the grout to be sprayed, a considerable
pressure would be required, much In excess of that needed simply to move the
grout, No situation which could result in such 3 situyation was postulated, and
this svent was not considered significant.

Slope or Trench Fajlure During Loading, The grout is laid in the bottom
of a trench through multipie nozzles. If the sides of the trench were to col-
lapse due to insufficient strength of the soil, the so0fl sliding into the
trench could ¢ause the grout $o be splashed. As mentionsd in the grout spill
scenarig, the airborne release would be insignificant and the most probable
resuit of this event would be the inadvertent buriagl of the grout.

Failure of the Air Bubble Dume, Loss of the air bubble dome would expose
the uncured grout to the atmosphere and, in inclement weather, might interfere

with the proper curing and aging of the grout, These are operational concerns
but do not appear to pose a serious airborne hazard.

Loss of Services or Power. Loss of services or power could result in

cessation of operations or exposure of the grout. Nelther consequense appears
0 pose & serious airborne release situation.

6.2 FUTURE TANK WASTE

65.2.1 Hydraulic Retrieval

Wastes in double=shell tanks {(neutralized current acid wastes) would be
retrisved by hydraulic sluicing,

6.2.1.1 BDescription of Operation and Facility

The sluicing operation is described in Section 5.1.2.1.

6.2.1.2 Postulated Upper-Bound Accident

the sluicing ogperations are the same, therefore the suggested accident in
Section 5,1.2.2 appliies, i.e., a release of pressurized liguid as a spray.
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§.2.1,3 Release Estimate for Upper<Bound Event

As described in Section 5,.1.2.3, 9 x 184 g/min is pumped and has a 5 x
10°2 fractional release in the accident. Thus the release if 4.5 x 1% g/min
as lTisted in Table 6.4.

6,2,1,4 {ther Accidents Considered

Those are described in Section 5.1.2.4 and listed in Table 6.4,

6.2+.2 Lesium Removal

§.2.2.,1 Description of Operation and Facility

Due to the small volume of waste involved, the waste is processed through
8 Plant and the waste encapsulation and storage facility, The cesium is
removed in an exchange column and converted to s¢lid cesium chioride for
encapsulation.

6.2.2.2 Postulated Upper-Bound Release Accident

The upper-bound is the {on exchange fire postulated in Section 5.1.3.3.

6.2.2.3 Release Estimate for Upper-Bound Release Event

These are discussed in Section 5.1.3.3 and listed in Table 6.8,
§.2.2.4 Other Accidents Considered

A tank Jeak and equipment failure were considered in Section 5.1.3.3.
Some others follow, and are listed in Table 6.6,

Filter Fire. If the high-efficiency particulate air filters are subjected
to high temperatures for extended periods of time, the glass fibar melts,
resulting in toss of filteation., Whether tne material accumulated c¢an de
released or is frapped by the shrinking glass fibers is yel to De defined.

Loss of FilLration without loss of fiow would resull in the relaase of the
partvicies ajrborne in the cell., IF no credit is taken for the removal of
particlies by other components of the off-gas system, all the airborne particles
are assumed to be released to the atmosphere. {on exchange removal 1§ a wet
process and is not particularly dusty. It is assumed that the mass airborne
concentration is 10 mg/me and the ventilation flow is 20 mS/min resulting in
the release of 0.2 g/min,
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TABLE 6.6. Postulated Fractional Airborne Releases
from Accidents During Cesium Recovery

Atmospheric
Event Fractional Release

Cesium ion 3 x 10-6(3)

exchange fire fractional release
Filter fire/filter 2 x 1079(P) 9.2 g/min

failure fractional release
Lass of services or No significant release

power
Rupture of ion Insufficient data

exchange column

{a) DOE (1982)}.
(b) Rockwell (1980).

Loss of Services or Power. Loss of services or power could result in a

variety of consequences depending upon the services and the equipment
powered. Most of the consequences envisioned have been covered by the other
events described, and a greater airborne release than estimated for these
events is not anticipated.

Rupture of the Ion Exchange Column. Loss of containment of the resin and

solution would result in the airborne release of some of the liquid by free-
fall spill, If the resin is not recovered, it could dry and be available for
combustion. Such an event is not likely since the operation would be actively
monitored while high-level material is present. Thus it is not anticipated

that this event could result in an airborne release greater than those already
covered.

6.2.3 Cesium Encapsulation

Information on cesium encapsulation is taken from the Waste Encapsulation
and Storage Facility safety analysis report (Braden et al. 1971). Although no
description of the process was included in the Hanford Defense Waste Environ-
mental Impact Statement, the process currently used at the facility is assumed
to be similar to that described in the safety analysis report.
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8.2.3.1 Description of Operalion and Facility

The Waste Encapsulation and Storage Facilily where the operabtion takes
place is described in detail by Braden et al, {1971).

Gesium encapsulation begins when concentrated cesium carbonate 15 con-
verted to cesfum chloride by batch contact with 12 molar hydrochloric acid,
Cestum chlioride was selected as the optimal compound for encapsulation for
various reasons, among which are high cesium density, compatibility with
encapsulating materials, and negligible radiclytic decomposition for the
anhydrous material, The cesium chloride solution is heated to boiling in the
evaporator-melter, and after the drying step is siowly heated to its melting
temperature [approximately 645°C). During the high-temperature drying and
melting operation, the atmosphere inside the melter is purged with argon 10
reduce the corrosion potential, Some cesfum chloride is volatitized during
this gperation, and the melter vent line 15 equipped with a de-entrainer for
collecting this material, The collected material is recycied back to the
meiter and included in the next hatch.

The molten cesium chloride is cast in cylindrical, type 316 L stainless
steel, primary containers as shown in Figure 4.1, {Capsule parameters ars
listed in Table 4,1.] After the castings are c¢ooled, caps are placed on the
containers and welded to the containers using an inert atmosphere, Each cap-
sule is leak tested, decontaminated by ultrasonic cleaning, weighed, weld-
tested, and calorimetered, Interim storage is in a water-filled basin
(described in Section 5.3.1}. Equipment used in the process, including the
of f-gas system (caustic scrubbers, de-entrainer, heater, filters), are
described by Braden et al), (1971).

68.2.3,2 Postulated Upper-Bgund Accident

As previously discussed, 1oss of all components of the offw«gas and venti-
Tation systems {two separate systems) is not credible unless some gvents simul-
taneousily occur within the systems with sufficient energy generated to breach
the systems. A loss of the system can occur with 10ss of airflow or continued
agirflow. A Yoss with loss of flow results in venting the contained airborne
materiais slowly by diffuston, In the event of loss of function with continued
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fiow and melter operation, the release from this operation could be very high

due to the volatilization of cesium chloride.

Loss of filtration (loss of both

stages of the high-efficiency particulate air filters - an unlikely event)
without loss of ventilation flow would release the materials already airborne

in the cell to the atmosphere, and is the postulated upper-bound accident.

6.2.3.3 Release Estimate for Upper-Bound Event

Cesium encapsulation may be a dusty operation, and a mass airborne
concentration of 100 mg/m3 is applied. Assuming the same ventilation rate as
in previous discussions of this situation (20 m3/min), the mass airborne

release to the atmosphere would be 2.0 g/min,

6.2.3.4 Other Accidents Considered

as listed in Table 6,7,

Other accidents considered are also listed in Table 6.7.

TABLE 6.7.
During Cesium Encapsu

Event

Postulated Airborne Releases from Accidents

lation

Atmospheric
Airborne Release

Loss of off-gas
exhaust system

Canister drop
Hydrogen accumulation
and explasion

Spill of molten cesium
chioride

Fire

Loss of services or
power

(a)
{b)

Richardson (1980).
DOE (1982).
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2 g/min

g x 10-6(3)
fractional release

3 x 10'4(b)
fractional release

Significantly below
upper-bound

Significantly below
upper-bound

No significant release



Spill of Molten Cesium Chloride., It is postulated that due to a process
mal function, molten cesium chloride is released to the cell, As in the discus-

sion of the spill of molten glass, it is believed that the molten material
would cool rapidly and solidify. Some airborne release to the cell atmosphere
would occur during the cooling but, if the exhaust system is operational, the
release to the outside atmosphere would be minor.

Yolatilization of Cesium Chloride. Some volatilization normally occurs
during operational heating of the cesium chloride to melting. The volatilized

material is controlled by the off-gas system. Loss of the off-gas system or
the release of molten material to the cell has been discussed in previous
sections.

Canister Drop. No scenario was postulated for this event by Richardson

{1980}; however, he postulated a release., It is assumed that some process mal-
function causes the drop of an unencapsulated container full of cesium chlor-
ide. The airborne release to the atmosphere listed in the reference is shown
in Table 6.7.

Fire. Fire in the in-cell filters was considered by Braden et al., (1971)
to be the most serious radiclogic hazard to the Waste Encapsulation and Storage
Facility. It was postulated that all the accumulated material could be
released to the facility filtration system, which is postulated to remain func-
tional, In this operation, the material is volatile at higher temperatures and
release is more probable, Since the facility high-efficiency particulate air
filters are assumed to remain operational, the airborne release to the environs
is estimated to be minor.

Hydrogen Accumulation and Explosion. A detonation of accumulated hydrogen
from the radiolysis of water was postulated {(Braden et al, 1971} in one of the
tanks holding a concentrated radionuclide solution. The facility filters

remain operational and the airborne release to the outside atmosphere is minor.

Loss of Services or Power. Various losses of services or power are
discussed by Braden et al. (1971); vessel coil failure, loss of cooling water,

ioss of process or instrument air, loss of electrical power, etc., None of the
release consequences from these events is as serious as those covered above,
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6.2.4 Grouting Neutralized Current Acid Waste Supernatant Liguids

After removal of cesium, the neutralized current acid waste supernatant
Tiquid would be concentrated by evaporation and converted to grout,

6.2.4,1 Description of Operation and Facility

The neutralized current acid waste residues would be combined with other
wastes and processed through the transportable graut facility as descrided in
Section 5.1.5.1.

6.2,4.2 Postulated Upper-Bound Accident

As in Section 5.1.5.2, the upper-bound release 13 a spray of the feed
solution,

6.2.4.3 Release Estimate for Upper-Bound Lvent

The atmospheric release developed in Section 5.1.5.3 and listed in
Table 6.8, is 3 x 10°% y of sait solution.

TABLE 6.8, Postulated Airborne Releases from Accidents During
Neutralized Current Acid Waste Grouting Operations

Atmospharic
tvent Alrborne Releage
Spray of neutralized current 3.0 x 19“4
acid waste sclution
Salt solution tank 2 x 10-8(a)
leak fractional ralease
Hixer tank leak Significantiy below

upper~bound

Grout spild Significanily below
uppar-bound

{a) Hayward and Jensen {1980).
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§.2.4.4 (ther Accidents Copnsidered

Additional accidents beyond those listed in Section 5.1.%.4 are not
considered,

6.2.5 Fill Tank

Filling the empty tanks will be the same oparation used for future waste
in Section 5.2.5. Tha opecation and facility, postulated upper-dbound accident,
retaase for upper-bound event, and other accidents considered are described
there. Releases are listed in Table 8.9,

6.3 STRONTIUM ARD CESTUM CAPSULES

Storage of the strontium and cesium capsules in the Waste Encapsulation
and Storage Facility continues to allow decay time. After 20 %o 40 vears the
heat generated would be 1ow enough to permit passive cooling of the encapsu-
lated waste,

6.3.1 Capsule Retrieval

This is the same operation described in Section §.3.1. It includes the
description of the operation and facility, postulated upper-bound accident,
release estimate for upper-bound event, and other accidents considered.
Releases are listed in Table 6,10,

TARLE £,9, Postulated Airborne Releases from Accidents
Buring Filling of Empty Tanks

Evant Atmospheric Relsase
fome collapse 3.5 ¢
Loss of filtration 6 3
1st stage b x 10“2 gim3
Both stages 1 x 107° g/m
Loss of services or No significant release
pawer
Equipment failure No significant release
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TABLE 6,10, Postulated Alrhorne Reieases from Accidents
During Retrieving Capsules

Atmospheric
Event Airborne Release
Capsules rupture 5.5 x 10°6 g
Capsule drop in
basin
Cover drop 3 x 10-30(a}

fractional release
Hydrogen accumulation/ 1 x 10-15{b}

explosion fractional release
Loss of filtration Significantly below
upper-hound
Fira No significant release
toss of Services or 8o significant release
power

Capsule failure in basin  fg significant release

(a} DOE {1982).
(b} Richardson (1980).

6.3.2 Capsule Packaging

This is the capsule packaging process deserived in Section 5.3.7 that
jncludes a description of the operation and facility, postulated upper~bound
accident relgase estimate for upper-bound event, and other accidents con-
sidered, Releases are listed in Table 6.11,

6.3.3 Place Capsules in Drywell Storage

Drywell disposal is the propossd canister storage for in-place
stabitization.

6.3.3.1 Description of Uperation and Facility

Canisters are transported to the drywell disposal area vy a shielded-cask
transporter (Figure 6.1)., The canisters will be lowered into drywells (one per
drywel! is assumed} by the transporter vehicle that alsc discharges sand into
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6.3.3.2 Postulated Upper-Bound Accident

It is postulated that the transporter does not correctly align the waste
capsule in the drywell and moves with the capsule still partiaily in the
transporter. The transporter shears the capsule and causes subdivision and
dispersion of the particles generated. The operation is performed in the open
without any enclosure over the drywell, and any material release would be
directly to the atmosphere,

6.3.3.3 Release Estimate for Upper-Bound Event

The dispersion value given in DOE (1982) was 1 x 1078 for a cover block
drop, Richardson's (1980) value for a dropped shipping container was 1 x
10~5, Since the area affected is less than either the container or cover block
drop, the smalier value of 1 x 1078 is applied.

As developed in Section 5.3.1.3, one capsule contains 2.2 x 103 g, SO the
release is 2.2 x 10‘39, as listed in Table 6.12. This release is directly to
the atmosphere.

TABLE 6.12, Postulated Airborne Releases from Accidents
During Orywell Storage of Waste Capsule

Atmospheric
Event Airborne Release
Improper transporter 2.2 X 10'39
orientation during 10~6(a
canister placement Fractional release
Package element failure/ 10'5(b)
canister drop Fractional release

{a) DOE (1982).
(b) Richardson (1980).
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6.3.3.4 {ther Accideats Considersd

One other accident was considered and listed in Table 6.12.

Package Element Failure/Canister Drop., As stated in DOE (1982), it is not
anticipated that a fully encapsulated waste container will be ruyptured by
routine handling mishaps. The capsules arce further gverpacked before dfsposal,
eyen further reducing the poteantial for fatlure., It is not anticipated that -
the waste canisters will fail under these conditions. t

6.4 TRU-CONTAMINATED SOIL

Sites would be surveyed to determine radiation and contamination status.
Subsidence control is achieved by injecting grout Intg sites with high ;
potential. Abandoned ponds, trenches, and ditches would e filled before
covering if necessary. Trench drains, cribs, settling tanks, and reverse wells ;
could be injected with grout,

6.4,1 Grout Injection

Grouting is the only disposal gperation associated with the in-place
stabilization and isolation alternative for these sites (Rockwell 1985).

Subsidence control is initiated by complieting a geophysical survey of the
high subsidence potential liguid waste sites {typically cribs) to identify
their Incation and Lo identify grout injeciion points. To stabilize, these
sites, a conceptual method is used involving & cementitious grout injected by a
specially trained crew. The equipment needed includes mixing tanks, propor- !
tioning transfer pumps, hoses, and pneumatic deills, After grout iajection, &
cognstruction crew is required to trim vent and feed piping with power saws
under a tent-type containment. The equipment and personne! are transported by
heavy~duty trucks. Following grout injection, the surface barrier can be
applied {Rockwell 1985}, _ '

6.4.1.2 Postulated Upper-Bound Accident .

The upper-bound airborne rglease event 15 suggested by Murphy and Holter
{1980). This i¥s a void space collapse initiated by equipment. They postulated
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that an earthmover was engulfed in a 90 m3 void space. This disturbed 45 m3 of
waste for an hour and produced airborne material.

6.4.1.3 Release Estimate for Upper-Bound Release Event

In the event postulated by Murphy and Holter {1980}, the source was 130 Ci
and 4.7 x 10°3 Ci is released; thus, the calcuiated atmospheric fractional
release is 3.6 x 1073, At a soil density of 1.8 g/cm3, the 45 m3 is 8.1 x
107 g, and the calculated release is 2.9 x 103 g. Only a portion will be in
the respirable size range., As discussed in Section 5.4.1.3, Hanford soil can
have a 0.088% respirable component. This makes the release of concern 2.6 g,
as listed in Table 6.13,

6.4.1.4 Other Accidents Considered

Other accidents considered are also listed in Table 6.13.

Grout Ejection. Grout injection at an excessive rate could possibly

result in some minor amounts of waste being ejected through the air exhaust.
If an air exit is not provided, pressure buildup could potentially eject some
of the waste through the entry chute.

Excavating Contaminated 5S0il., Disturbing contaminated soil during excava-

tion before marker placement should not be likely since clean material covers
the waste to a depth of 5.4 m. Radiation surveys should preclude this
accident.

TABLE 6.13. Postulated Airborne Release from Accidents
During Grout Injection

Atmospheric
Event Airborne Release

Yoid space collapse 2.6 g
Grout ejection Significantly below

upper-bound
Digging into waste No significant release
Fire No significant release
Reaction with concrete No significant release
Excavating contaminated No significant release

5011
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Digging Into Waste. Digging into waste shauld not be likely, since little
digging will be done. The method of preparing the grout injection has not been
detailed, but it would probably be more of a core drilling operation than
digging., The radiation surveys shouid preclude this accident.

Fire. Fire would be a limited event since there is a low level of com-
bustible material in the cribs, The wood-constructed c¢ribs could possibly
bura, bul no significant releases are postulated.

Reactian with Concrete, Thermal or reagtive interaciion of waste with the

concrete does nol seem likely., Small amounts of contained organics might have
been inadvertently inciuded when the waste was interred, but should not be in
amounts large enough to be of concern,

6.5 PRE-1970 SOLID TRU WASTE

Pre~1970 TRU solid waste burial grounds would be stabilized as reguired.

§.5.1 Grout Caissons

Caissons containing TRU waste would be immobilized in place by being
filled with grout or other stable fillers. The area would then he covered and
marked.,

8.5.1.1 Descrigtion of Uperation

A conceptual method of injecting cementitious grout into caissons has been
developed {Rockwell 1985}, This is the same method Rockwell suggested for TRU-
contaminated soil sites, describad here in Section 6.4,1,

6,5.1.2 Postulated Upper-Bound Accident

For caissons, void space ¢ollapse does not seem o apply, since the waste
15 gonfinad to the caisson, The postulated upper-bound gvent is eguipment mal-
Function allowing grout injection al an excessive rate. This could result in
an aruption of contaminated material through the air inlet. The waste could be
from a package broken during placement. Surface contamination could contribute
to the release. Some material 1s assumed to be sjected into the air, and the
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potential for resuspension could also be considered. Since the caissons are
located 4 m below grade, it seems unlikely that a large quantity of waste could
be ejected.

6.5.1.3 Release Estimate for Upper-Bound Event

Waste should be packaged in the caisson. For this release astimate, it is
postulated that the waste is stored in 3.82-L metal cans, It is assumed that
the contents of one can are inyolved in the accident, The fractional release
is assumed to be similar to that from a core drilling accident described by
Murphy and Holter {1980}, 7 x 10'8. At a waste density of 0.96 g/cm3, the
source is 3.7 x 10° g and the release would be about 3 x 104 g as listed in
Table 6.14, It would appear that only airborne material reaches the surface,
so that there is no source for resuspension releases.

6.5.1.4 Other Accidents Considered

These accidents are also listed in Table 6.14.

Void Space Collapse, A void space collapse would not seem to apply to

this situation, since the waste is confined to the caisson.

Spread of Surface Contamination., Surface contamination spread could only

result in minor releases, which could occur if hoses are introduced into a
contaminated chute and then withdrawn. Details of the operation not currently
available could suggest whether this is a real possibility.

TABLE 6.14. Postulated Airborne Releases from Accidents
During Grout Injection of Caissons

Event Airborne Release
Injection at excessive 3 x 1074 g
rate
Void space collapse No significant
release
Spread of surface No significant
contamination release
Fires
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Fire, Fire such as a range Tire is possible, but the depth of burisl
should precliude the possibility of releases from this event,

6.5.2 Subsidence Contrel

A pile-driving method is currently being developed for subsidence control
in areas with high potential for subsidence (Rockwell 1985}).

6.8,2.1 Description of (peration

Piles are injected into ifdentified waste zones using a dissel«powered
vibratory hammer/extractor attached to a2 vibratory crane, The S-m-long piles
are driven at 2.5-m centers within identified areas. Piles are dynamically
driven through the waste zone and then withdrawn,

If the piles are found to have smearable surface contamination when with-
drawn, they are redriven to grade. IT no smearable contamination is delected,
the piles are withdrawn and reused,

B8.5.2.2 Ppstulated Upper~dound Accident

The postulated upper-bound release event is a void space collapse
described Tn Section 6.4.1,2 with the same estimated release, 2.6 g, The
release 15 listed in Table 6,15,

£,5,2.3 Other Accidents Considered

No significant releases were postulated for the events listed in
Table 6.15.

TABLE 6,15, Postulated Airborne Releases from Accidents
Durtng Subsidence Cantrol

Event Airporne Release
¥oid space collapse 2.6 g
Penetration of waste Ho significant releass
Fire No significant release
Excavating contaminated soil No significant release
Criticality Not postulated
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Penetration of Waste. Penetration of waste during rod emplacement could

lead to releases when the rod is withdrawn. The diameter of the rods would be
fairly small, so no large amount of waste would be available as a release
source, When the waste is penetrated it is probably displaced and immobilized,
and only small amounts clinging to the rod would reach the surface,

Fire. Fire could be considered, for example, if a range fire enguifed the
diesel-operated vibratory hammer. The fire would be very limited because of
low combustible loading, and should not result in releases of airborne
contamination.

Excavating Contaminated Soil. The only soil excavation is done during

marker placement. This is not a likely source of radicactive release since
clean material is covering the waste to a depth of 5.4 m.

Criticality. Subsidence control is an operation to examine for critical-
ity potential. While administrative controls should have prevented criticality
during interment, this operation will change the fissile geometry within the
s0il matrix since the vibratory hammer will compress soil and waste, This type
of system {soil, waste) does not tend to produce criticalities; they generally
occur in solution systems with material accumulation in a tank and a surge to
ynsafe geometry. Nevertheless, Clayton (1974) suggests that criticality can
occur in soil with concentrations as low as 2 g/L in relatively dry soil., He
also suggests soil as having a 30% void volume; thus if soil with 2 g/1.4 L is
compressed to 2 g/L it is a geometry that could conceivably go critical. Soils
surrounding the packaged waste could be contaminated from leakage or ruptured
packages. It is unlikely that there would be sufficient fissile material
available to sustain a criticality. Radiation surveys should preclude
criticality accidents.

6.6 RETRIEVABLY STORED ANQ NEWLY GENERATED TRU SOLID WASTE

Any TRU solid waste packages stored in above-grade faciliities would be
buried. All retrievably stored TRU solid waste would be treated the same as
pre-1970 TRU solid waste., Thus the only releases not covered in Section 6.5
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are from the burial opaerations, The subsidence control releases were included
in Table 6.15, with the upper-bound release identified as the void space
callapse.

6.6,1 Waste Burial

Burial aperations are performed routinely at Hanford, thus are not
detatled in either the Hanford Defense Waste Environmental Impact Statement or
the support document for relrievably stored and newly generated transuranic
salid waste {Rockwell 1985},

6.6,1.1 Description of Uperation and Facility

Routine disposal of non-TRU waste by burial in trenches at Hanford is
described by Geiger, Brown and Isaacsen (1977}, It is assumed that the process
used here will be similar, Therefore, the wasts would be placed in a wide-top,
relatively narcow-bottom trench, All radicactive waste {s covered al the end
of the day, No enclosure is identified for the operation,

6.6.1.2 Postulated Upper-Bound Accident

The accident occurring when the waste container is in the open air rather
than covered with dirt would have the largest release potential. A bereach of 3
waste container, spiliing the contents in the ambient air, is the postulated
upper-bound accident.

6.6.1.3 Release Estimate for Upper-Bound Event

Based on the experimental work of Sutter (1980}, 5% of the spilled waste
could be entrained if the ambient winds are at the Hanford average 7.6 mph
(Stong et al. 1972). The waste will be in 210-L drums, and at a waste density
af 9.96 g/em has a total mass of 2 x 107 g, the total i3 1 x 103 g reteased
directly to the atmesphers.

6.6,1.,4 Other Accidents {onsidered

The other accidents considerad before selecting the upper-tound relegse
are discussed below and listed in Table 6.16.

Puncture, A punciure-type penatration of the waste container would have a
towar relsase than would a complete breach of the containar,
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TABLE 6.16. Postulated Airborne Releases from Accidents
Ouring Subsidence Control

Atmospheric
Event Airborne Release
Container Breach 1 x 103 9
Puncture Significantly below

upper-bound

Equipment Impact Significantly below
upper-bound

Fire No significant release

Equipment Impact. Equipment impacting the waste, if it generated suffi-

cient energy to break a package, would not resulit in a release above the level
estimated above for the upper-bound event.

Fire. Fire would be unlikely since the waste is packaged so that air is
available. During this operation there is primarily dirt on the surface, and
no combustibles are available, so a range fire is unlikely.
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7.0 POSTULATED RELEASES FROM OPERATIONAL ALCIDENTS ASSOCIATED
WITH REFERENCE DISPOSAL OF SIX WASTE FORMS

The reference alternative provides a balanced disposal approach to the
waste disposal., This alternative should Timit Jong-term (over 10,000 yr)
population risk without incurring near-term risks by disturbing wastes that are
now stable.

To some extent, the reference alternative would combine gealogic disposal
and in~place stabilization and disposal. It would be the same as the geslogic
disposal allernative for strontium and cesium capsules and portions of retriev-
ably stored and newly generated TRU solid waste., It would be the same as the
in-place stabilization and disposal alleraative for waste in singlesshell
tanks, TRU~contaminated soil sites, and pre-1970 TRU burfed solid waste
sites. Table 7.1 lists the waste forms and indicates disposal alternative
techniques that are applicable to each. Operational accidents will not be
discussed again here, s0 the third column 1ists the repoct section in which
they are developed. A}l upper-bound operational releases are listed in
Table 7.2 for quick reference.

Thus there are three waste classes or portions thereof that could involvye
some variation of aperational steps as listed below.

» Doublewshell tank waste: grouted liguid waste c¢ould be returned to
emply lanks

¢ Fulure tank waste: cesium removal only
s Retrievable remote-handled TRU: packaged for geologic disposal.

These wasles would be processed io facilities sized for the aged of the
raference alternative, rather than in the more extensive and much larger
factlities required for the gzologic disposal alternative.

7.1 DOUBLE-SHELL TANK WASTE

Qperations for the double-shell tank wastes are sssentially the same as
those described in Section 5.1. Steps are hydraulic retrieval, sludge washing,
high-level and TRU separation {without technetium or strontium recovery),
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TABLE 7.1. Reference Disposal Techniques for Six Waste Forms

Applicable Alternative Report Section
Waste Form Disposal Method Developing Accidents
Existing tank waste
Single-shell In-place stabilization and 4.1
disposal
Double-shell Geologic, part repository and 3.1
part onsite
Future tank waste New
Strontium and cesium Geologic 3.3
capsules
TRU~contaminated soil In-place stabilization 4.4

and disposal

Pre-1970 solid waste In-place stabilization 4.5
and disposal

Retrievably stored and
newly generated TRU
Contact-Handled TRU Geologic 3.6
Remote-Handled TRU New

vitrification, and repository disposal. Some operations will be conducted in a
small vitrification facility, but will be the same as geologic disposal, For
example, vitrification will use a joule-heated melter., Accidents and releases
will be the same as Section 5.1, and are listed in Table 7.2.

7.2 FUTURE TANK WASTE

The reference aiternative for future tank waste involves geologic disposal
of high-level waste, Cesium only would be removed from neutralized current
acid waste before grouting. Strontium and TRU elements from this waste would
be contained primarily in the sludge. Cesium and the sludge would be vitri-
fied, Accidental releases from all of these operations were developed in
Section 5.1 and are listed in Table 7.2.
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7.3 RETRIEVABLY STORED AND NEWLY GENERATED TRU

For the reference alternative, retrievably stored and newly generated TRY
would be sent to a geslogic repository. The waste would be grocessed in the
Same way as in the geologic disposal alternative, except for the remots-handled
TRYU waste, Since only remote~handied TRU waste would be processed, a smaller
facility would be used. The waste processing facility propesed for the
geologic dispnsal alternative was sized to accommodate TRU-contaminated soil
sites and pre«1970 TRU solid waste burial grounds,

The remote-handled TRU waste would be processed in a facility that pro-
vides remote handiing, and containg hot cells for size reduction, Tmmobiii-
zation, and packaging, A cemote-handied waste retrieval and packaging facility
would include specific processes required to immobilize and package the waste
{Rockwell 1985}, However, the immobilization process s aot identifisd, so no
reledses can be developed. Table 7.2 listg the postulated relesses from the
other operations.
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8.0 POSTULATED RELEASES FROM OPERATIONAL ACCIDENTS ASSOCIATED
WITH THE NO DISPOSAL ACTION ALTERNATIVE

Under the no disposal action, the wastes are placed in continued storage;
this alternative does not implement a long-term solution for permanent disposal
of the radioactive wastes. The wastes would continue to be stored essentially
as they are now for the indefinite future. The waste-handling operations would
include storage, necessary remedial actions, and waste surveillance. The acci-
dents postulated for this alternative process are shown in Table 8.1, They
involve the double-shell wastes (both existing and future tank wastes), the
strontium and cesium capsules, and all TRU wastes. With the exception of the
existing tank wastes and the retrievably stored and newly generated TRU, upper-
bound accidents have been described in Sections 5.0, 6.0, and 7.0. For the
existing tank wastes, the ferrocyanide explosion is no longer postulated to
occur, as the single-shell tank wastes are left undisturbed. The dominant
release for this waste class then becomes the pressurized release during
hydraulic transfer of the existing double-shell tank wastes from tank to tank
as required to assure tank integrity. For the retrievably stored and newly
generated TRU, the collapse of a void space, similar to that described for the
other TRU sites, is postulated to occur during subsidence control,
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9.0 REFERENCE RADIONUCLIDE INVENTORIES

Reference radionuclide inventories used to conservatively estimate poten-
tial radiation doses to the public from operational accidents during proposed
waste disposal operations are covered in this section. These reference inven-
tories represent the upper bound or maximum radionuciide inventory or concen-
tration anticipated during these operations, The inventories are calculated
from the data supplied by Rockwell either in their engineering data packages
(Rockwell 1985) or by subsequent memoranda {Rockwell 1985b) or conversations
with cognizant technical staff, Flowsheets are currently unavailable to ade-
quately define the modification of the inventories during the various opera-
tions and, therefore, no credit is taken for the dilution or concentration of
waste until it is processed into its final disposal form,

9.1 EXISTING TANK WASTE INVENTORIES

Existing tank waste is presently stored as salt cake, sludge, interstitial
liquors (double-shell tank slurries) and complex concentrates. Existing tank
waste in 149 older single-shell tanks and 20 new double-shell tanks contain the
bulk of the radioactive waste (1.8 x 10° m3) stored on the Hanford site
{Rockwell 1985).

9.1.1 Tank or Process Waste Inventories

To generate a reference radionuclide inventory that would represent near
upper-bound concentration levels of radionuclides for existing tank waste, the
C-105 tank with the highest measured TRU concentration levels was selected as
the reference waste. The {-105 tank radionuclide concentrations are shown in
Table 9.1. This reference inventory is used to estimate the potential radio-
togical impacts on the public from accidents postulated to occur during the
handling, packaging and processing operations for existing tank waste.

9.1.2 Grout and Glass Inventories

Average concentrations of radionuclides in grout and glass for existing
tank waste are shown in Table 9.2 for the three disposal alternatives. These
data are taken from a Rockwell engineering package {(Rockwell 1985) and

9.1



TABLE 9.1, Estimated Upper Bound Tank Inventory of Radionuciides
for Existing Waste (Decayed to the end of 199G)

Radionuclide ci ci/kgld)
231 1 x 104 1 x 107¢
283 pn 1 x 10! 1 x 1075
14¢ 6 x 102 7 x 1073
2840y, 6 x 10} 7 x 1078
135¢g g x 10-} 1 x 1076
1374 z x 10° 2 x 107}
129y 2 2 x 10°8
63y; 4 x 108 5 x 1072
23745 6 x 1072 7 x 1078
238?23 5 x 10 & X 1I3“5
239p, 2 x 103 2 x 1073
240p,, 6 x 10% 7 x 1074
241 py 5 x 107 § x 1073
226p, 9 x 1079 1 x 10734
106g, 5 6 x 1070
1514, 1 x 16° 1 x 107}
1285, 9 x 16} 1 x 1073
90sp 3 x 100 4
997¢ 1 x 103 1 x 1073
2307y, 1 x 10-6 1 x 10-12
233y 3 x 1074 4 x 10-10
234 7 x 1073 8 x 1079
235y i 1 x 1070
238 2 x 10! 2 x 1078
937p 5 x 109 6 x 1073

(@} Bassd on C-105 tank inveniory
{Rockwell 1985,
150,000 ¢gal (sp ar 1.47)
835,000 kg waste.
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TABLE 9.2, Average Concentration of Radionuclides in Grout and Glass from Existing Tank Waste

nsite SEabiiization

asd Isulstian Genlanic Disposal Raference Alternat ive
Greut Grout fGiass Grout Glass
Eadtonuilide C%;&a{a} Ci?kglh} Ci}m3{“] Ci;kgfﬁ} Cifﬁa&i5zerz§} Ci!kg{cj iéﬁwgia] tilk§{§} i fLandsrert?) Ciiig§c:
(S1FM 2ot 1wt ax et 2o 2 1x i 20 1216 6 x 10t 3 x 1078
My 2x 100 vl 2xe px w10 2y ged 1 w®  2x 10 yx 1w 5 x10? 3y 10°°
14 zx it rx10d 3 ag® 2k 1008 - ——- zx 1w 55100 - _—
240, 11 7x’ 1xw? 7aw g ce? 6x100 1zt v cw? 4k z 5 wf
3504 6x 1w ax it 1kt 7wl gy 0d IR LA SR Tt A N P .- e
V3lgy txw? 7sw? axet oz2xnd i x 30? 65307 1ad 7. w? - -
B3y et axt aww? 2.t 2 x 1t 11077 2k 1907 10" gt 6« 1077
129, 2ewd ot rxaad o5y 078 - - 2wt 1x 107 - -
™ sx 10t 2 e 10 s w7 2k 3y d 2 x 10 3x et oz 1078 1% 107! & x 1073
238p, dx 167 s4x1e® 3.t zaw? 3% w? 2x 107 sx19% s x 107? 2 x 16~% 1« 1078
?3%p, 5x 10 gx 307t 12wt 7. 1008 1 6x 8% 5% 10% &y 10°® 2 x 10t 1x 1072
280p, 1ot e wf sxw® 2x00? 1 x 307t rxwd 1xwd zaw? ax et 2 x WS
Mip, 3x107% z2x wr® axaet 3k 077 3 zxaaed 3wt o2 a0 ; 5 x 30°%
by, IR C AL B IS ot LA ST L RV T ol L P SRS Prg 1 IR UM SR T hg LIS BT ot L S T 251074
106g,, ar10” ax16f 310 zaro? g ged 6x 1077 a1k zxe® a0t & x 1076
ig, 7 ta et sxwmd gx b 8 % 357 3 x j07% 2 poxosg73 - -
g, 2x 17 110 s a1 4w a0? 4k 1072 2x1ed 21073 4« 1078 - ——-
¢ 1o Txw? axwt o3yt 3y 0? 2 txwt 7w &k a0t 7 x a0t
I¥pe Feat 1xart ax 10t 20 2 Ly 1073z et 1 ¢ 1070 - -
230y, sx 1012 471 s x 1P 3.l 3k wed It LA Tt L o O R (1 1507
233 3x18"% zx w0 s xowmt gx 10018 5o LR T I IR/ B R Y S WP T 6 » 16710
234y zxw® T xwl e w? w2 wd sxw?  2rae? sl g wd § x 1977
25 1ot et 7w’ sk 54 1003 31078 3x 0% o100 4y gl 2% 78
238 zew? 1w’ 2x10® 1?2 x ! yx 107t zxwd Lxwf sk 10 5 5 3075
936 110 Fx o xxiet 2o 2 wh 1w 10 ot 7wt gk -

{a} ﬁifm3 listed in the data package {Rockwell 1985,
in} Ualculated wsing 5 yrout density of 1,4 x iD &gimg;
fz} Calguizisd using a glass density of 2.8 % 193 ig;ma, canister volume 0,62 mb,



converted Lo Ci/kg of grout or glass. Grout densities can range in values from
1.27 to 1.43 g/cm® {McDaniel and Moore 1981, Table III}, A value of 1.4 g/cmd
(1.4 kg{m3} was selected to calculate grout concentrations. Mendel et al,
(1981, p. 2.2) compiled a 1ist of glass waste densities. Values for borosili-
cate glass ranged from 2,6 to 3.4 gfcm3. We calculated glass concentration
using a 2.8 ggcm3 (2.8 kg;m3} value., Average concentration values are used for
groul and glass since the waste is processed and blended prior to geouting or
¢itrification operations,

9.2 FUTURE TANK WASTE ~ REFERENCE RADIUNUCLIDE INVENTORIES

This section describes the radionuclide composition of new waste from the
proacessing of N-Reactor fue] fn the PUREX facility and the planned operation of
the Plytonium Finishing Plaat, Estimates of the radionuclide concentrations in
nigh-level waste from N-Reactor produced fuels from FY-1872 through FY.]1930 for
fission products, actinides, and activation producls are shown in Table 9,3a.
These inventories are accumulated to the end of FY.1980, then decayed annually
through 189%, Table 9.3b 1ists ¢ladding removal waste values. For dose calcu-
lations the larger inventory N-Reactor or cladding removal waste value is
used., The concentrations reported represent the waste neutralized and accumu-
lated before a vitrification facility is available fn FY-1991 for the referance
aption, Plutonium finishing plant wastes, processed separately, have TRU
concentrations lower by a factor of 2 to 3 than those shown Tor the PUREX
wastes and use of the PUREX concentrations in the calculations of the
radiological impacts will generate bounding values, Thus, plutonium finishing
plant waste concentrations are not listed.

The average concentrations of radionuclides in g¢grout and glass for new
tanked waste is shown in Table 9.4 for the three disposal alternatives., These
data are taken Trom Rockwell [1898%) and converted to Cifkg of grout or glass.
Average conceatrations values are used for grout or glass since the waste is
processed and blended prior to grouting or vitrification,
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TABLE 9,3a.

Radioisotopes Accumulated in PUREX High Level Waste from N-Reactor Production FY-1972
to FY-1990 and Decayed through FY-1995

Fission Products Actinides Activation Products
Radionuclide  cifa) Cizkg{P)  Radionuclide cila) Ciskg{P)  Radionuclide ¢ila) Ci/kg(P)
144¢, 1.29 x 108 2 x 10-1 281 1.99 x 10° 2 x 1072 14¢ 1.9 x 102 2 x 10-°
134¢ 4,97 x 10 a4 x 1072 239, 2.07 x 103 2 x 1074 60¢q 2.58 x 10° 2 x 1072
137¢ 4.44 x 107 7 240p,, 4,41 x 102 4 x 1075 %5Fe 2.42 x 104 2 x 103
154¢, 1.64 x 10° 1 x 102 241p, 1.92 x 104 2 x 1073 S8, 2.3 x 103 2x 1074
155¢, 8.94 x 104 7 x 10-3 235y 2.06 x 10-! 2 x 10-8 95mpp 3.6 x 1073 3 x 10-10
34 7.2x 103 6 x 1074 238y 4.03 3 x 1077 59 4.3 x 100 4 x 1076
129y 1.21 x 101 1 x 1076 63n; 3.9 x 103 3 x 1074
106gurn 2.5 x 107 2 1254, 4.6 x 101 4 x 10°®
1254, 7.14 x 10° 6 x 10-2 1135, 4.75 4 x 1077
151y 3,94 x 10° 3 x 1072 119mg, 9.07 x 101 7 x 10°®
1264, 2.2 x 101 2 x 1076 121mg, 6.76 x 1072 6 x 10-°?
905, 4.08 x 107 3.5 93zr 7.65 x 10°7 6 x 10-14
I1c 4.7 x 103 4 x 1074 95zr 3.4 x 1003 3 x 10710
937rNb 1.9 x 103 2 x 1074
Quantity of Fuel Processed: 12,144 MTU

Note:

Combined activities

contingency included.

(a) Ci listed in Rockwell (1985).

are listed for isotope pairs.

(k) Volume BOO L/MTU; sp gr 1,25 at 20°C information
obtained from Bob Watrous, Rockwell, February 6, 1984

No
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TABLE 9.3b. Radioisotopes Accumulated by FY 1395 in Cladding Removal Waste from N-Reactor Production,
FY 1872 through FY 1695

Fission Products Actinides . Activation Products

Radionuclide  Gil4) cizkgtP)  Radisnuciide  ci(d) Cizngl®)  Radiosuciide  cild) £ 7kgld)
1440, 1,29 x 0% 2 x 1078 20lam 3.76 x 105 3 x w07t 14 9.0 x 101 & x 10°®
134p¢ 1.49 » 10% 1 x 1673 239p, 2.69 x 10 50rs §.13 x 1ol 5 x 10970
B ee 1.33 x 168 2 x 17} 280py 2.69 x 104 2 x 10-% LT 4.90 x 104 a4 x 1073
154g, 1.64 x 104 1 x 10°% 281p, 2.69 x 107 5% pyy 6.89 x 102 5 x 10°%
155g, 8,94 x 0l 7 x 1070 235y 2,06 x 1l zx 1078 ECT .03 2 10° 8 x 1073
106g,, 7.50 x 165 & x 1072 238y 4.03 3 x 1077 59x 2.08 x 16t 2 x 10"
124y, 2.18 x 0% 2 x w3 63y 1.83 x 108 2 ¢ 107t
1515 3.94 x 102 3 x 10°% 123, 6.00 x 104 5§ x 1073
126, 6.60 x 1071 5 x 108 1135, 6.07 x 105 5 x 10™*
90g. 8,08 x 10% 7 x 1073 115mgy, 1,16 x 105 1 x 1072
987 1.4 x 1% § x 10*3 121ms,, 8.56 x 101 7 ¢ 1076
937 rnb 6.96 x 10! 6 x 1076 2y, 1,92 x 10l 2 x 107b
357, 9.37 x 188 g x 1073

Quantity of fuel pracesssd: 12,148 HTU
fste: Combined activitias are listed for isolope pairs, no conlingency I8
included for unidentified production load; and LaFj precipitation
steg to remove IRU from oladding romoval wastes s assumed To be implewented October 1, 1985,

{a} €i Visted in Rockwell {198%).
{p} volume HOO L/MTU; sp gr 1.2% st 20°C.
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TABLE 9,4, Activity in Terminal “Product” Forms from New Tarked Waste Decayed to 1995

Grstte Staniligation and

Lsolatton Alternative Geologic Oisposal Alternative Referpace Alternative
Residual in Gragt Grout GTass Grout | Glass
Enptigd, Produgt Brodugt Product progugtids Prodyct
key Tanks'#: Tim o Tifm . gif ., . Cifw 8t my PP & it "

Nuglides  toial £ {awerage) Ci;tg{ P {avergael CIAEQ Y c&hiszer(af Cifkgiai { g rags ) {iikg{ { Lifranisrer  Ci/ERY R canisteril®F Lijka )
W 1.8 80 3.4 PR Tt B 10 PR T A R EIR T A, S U SPOS EA N S TS B PEAPENT 0 S NP+ S W ST O U ey 1 ng ot
3 .4 e w0t s ;i}“?ﬁ sswf g3 a g b a 2.4 1 zfz'f& A
Hebe g5 x 10t e : g3z 1wt pant 57 . gt 3 4.5 ! ix 168 2.y s ed  za ot -
Py 2.5 2wt ot 182 2.4 1x 0 g sl z &1 1. 107 ey wt 518 -
Hy 3.5 grwr? a1 ® ot et re wd 1 2axwd 2awd g —em
L%y 5.0 2897 134 0% sawr® Tt 5w ] st 5B a
W 222w a5 w 3x10°F 2z wd 2x100d pow 0?1k oapt t.é e wrd gz . @ 4 -
B3N, g 6.0 10*-{"M pew? 2ot 2w Pt ae k0¥ 3k 107 1.0 ax 13 Lax ot s we?
108 7.6 110 1.6 4 108 T R WL x0vt naax 1?2100t 200w 30%e 7 100 1,z ko0t 7
gy 2.0 % 1% I 3107 3.8 0% 1kt s xaet aawd nrwaet 9 ew7d B3 gef % 13! -
Hige 2.4 0w 4% 2 30F txied sax s .19 4rx1a? 3kt L4 g x wd oge w6 ——
3y 2.8 sore o sxwd ss et taw? s gt siaw? a0t @ -
ERFSS $.7 2.5y WP a1 nzx ot ex o araapt osx ot taxe? 3k w0? g 35 13 .
#pp 2.3 % W L 717 8.5« w%F  3x? 1.8 1z gmd 1.8 zxw? it 33t _—
fmamtityr  Bf Tanks 99,000 wo graut 99,000 o grouett? 3,358 cansh¥ 9,08 8% grout 453 cans 137
{3] #.0%% of ineentary racainy in faak, Ci ani Cifm' wa'uag Histed in Rockws)? 1335,
{o) Cifkg caleutated wsing yesul density of 1.8 x w? Kgim®, or 4Yass Sensity 2.8 x 107 kgzmg. conistae volume 0.62 m3 [Rockwell 1988),
ted Listed Ci/canister amd aumber canisters are fnceemental values based on assumption that [for Reference Alternative only) a stand &lone vitrification campaign 15

run for plutonium finfshing plant waste,

Assumes plytonium finighing plant supernate is plended with other grout feed stresms [neutralites turresl acid waste, claading removel wistes, HanTord Fagilisy
Haste) Lo make 38,0000 ot of yraug,

High activity walues arlse from short cooled [1995 vintage) newtrelized currest atid waste and vladding removal wastes. in scbuel prectice, cladding remmvs?
wastes waste oauld be aged B0 tanks severs] yesrs befere being converted to graut.

Fragzct Qu%ﬁiitf%; gre incremsats] wdiued 3cising from oow maste being blanded with exisiiag waste. {Exisbing waite sinne proguces 136,508 a?
L9480 canisiars.

araut g



9.3 CESIUM AND STRONTIUM CAPSULE INVENTORIES

Cesium and strontium wastes are concentrated and encapsulated in rela-
tively pure form along with their respective stable isotopes counterparts. The
characteristics of the existing capsules are shown in Table 9.5 {Rockwell 1985,
p. 7). To conservatively estimate the potential radiological impacts to the
public from operational accidents during the proposed operations, the capsules
containing the highest curie content are assumed to be involved in anmy postu-
lated accident. The curie concentration was calculated assuming a 2.2 x 103 g
waste mass per capsule as developed in Section 5,3.1.3. Details on the number
of capsules assumed, heat loading, and the number of canisters anticipated for
each of the alternatives are shown in Table 9.6 (Rockwell 1985). The values in
Table 9.6 assume that all the cesium and strontium aqueous waste currently in
8-Plant will be processed and encapsulated.

9.4 TRU-CONTAMINATED SOIL SITES - REFERENCE RADIONUCLIDE INVENTORIES

Three upper-bound inventories are provided in order to cover the antici-
pated range of characteristics for TRU-contaminated soil sites. These inven-
tories are an upper-bound TRU inventory site, an upper-bound fission product
inventory site, and an upper-bound TRU concentration site. Data from charac-
terized sites are presented to give a realistic estimate of the amount of
radionuclides that could be encountered. Inventory data for more than one site
are given because no single site exhibits the characteristics that makes it an
upper-bound inventory site for all types of release scenarios.

9.4.1 Upper-Bound TRYU Inventory Site

The site containing the highest inventory of TRU, 216-Z-1 + 2TF is chosen
to represent the upper-bound TRU inventory site (Rockwell 1985). The inventory
{Rockwell 1985) is shown in Table 9.7. The assumption and conversion factors
shown in Rockwell (1985) apply to these data. Appropriate dimensions for the
216-2-1+2TF site are 92-m long by 13-m wide for the area over TRU contaminated
soil. The total estimated volume of TRU contaminated soil is 8,300 mS with a
density of 1.81 g/cm3 (15,000 MT of soil).

9.8
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TABLE 9.5. Characteristics of Existing Strontium and Cesium Capsules (as of December 1983}

Strontium (447 Capsules)

Costum {1,579 Lapsules)

Characteristics Jaa, 1, Jan, i, Jdan, I, Jaf,. 1, van, 1, Jan. 1,
{par capsule) As Filled 1984 1995 7055 As Filled 1564 1945 2010
Cumuzlative megacurias 26,6 23.2 18.0 12.7 76.2 69.8 54.1 38.3
Cumytative kilowalils 178.7 157.8 122.4 86,5 366,4 3358.0 259.9 183,38
Average kilocuries 59.4 51.9 40.3 28.8 45,2 44,2 34.3 24.6
Average watlts 358.8 352.9 273.7 193.6 231.9 212.2 164.6 116.4
Highest curies
1gadiag (KC1) 137.1 115.9 89,9 63,8 68,8 64,0 49.6 K
Concentration, highest
curies loadiag, xCi/g 0,062 (.053 .041 0.029 4,031 8.029 (3,023 0.016
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TABLE 9.6, Assumed Strontium and Cesium Capsule and Capsule Canister Details

Geologic Disposal (1995)

Average Number

Number of Head Load, Average kW per Number 0{ of Capsu]efb
Waste Type Capsules KW capsule Canisters'?) Per Canister!P)
Strontium Capsules(C) 600 215 0.36 184 3.3
Cesium Capsules 1,580 260 0.17 325 4.9
Total 2,180 475 - 509 -
In~Place Stabilization and Disposal and Continued Storage (2010)
Strontium Capsules () 600 152 0.25 304 2
Cesium Capsules 1,580 184 0.12 368 4.3
Total 2,180 336 -— 672 -—-
{a) Based on thermal limit of 1.17 kW/canister (QOSP) and 0.9 kW/canister (13?05) geologic

repository heat load limits. A half-lTife of 30 years is assumed for cesium and strontium.
Based on a Drywell Storage Facility heat load limit of 0.5 kW/canister,
Includes a projected 153 capsules for existing B Plant strontium solutions.



TABLE 9.7. WUpper-Bound TRU and Fission Product Site Inventory Data
{Through December 1982) for TRU-Contaminated Soil Sites

Maximum Max imum
Max imum Maximum(22B} Fission Fission
TRU Site, TRU Concen-  Product Site, Product Con-
216~2-1+2TF tration, 216 w5142 centration,
Radionuclide Ci Ci/kg Ci Ci/ky

241 pm 1.3 x 103 1 x 10m 2.5 x 101 g x 1075
ey 1.1 x 1071 7 x 1079 2.5 x 107% 8 x 1078
137 1.2 8 x 1078 1.3 x 10° g x 107%
238, 1.8 x 102 1x 107 3.3 5 x 1077
239y, 3.7 x 105 3 x 1070 5.8 x 10t 2 x 1072
240p, 9.1 x 102 6 x 1079 1.7 x 10} § x 1076
241py, 2.5 x 103 9 x 1074 4,7 z 10! & x 1075
A, 5.3 x 1072 3 x 1079 5.9 x 107 2 x 10°%
108g,, 1,1 x 107¢ 7 x 10°10 1.3 x 10-% 4 x 10712
%05, 1.2 - 8 x 1078 1.5 x 103 5 x 1074
233y 3.6 x 1072 2 x 1079 1.0 3 x 1077
234, 3.7 x 10-2 2 x 10-% 1.0 3 x 10°7
235y 1.1 x 1003 7 x 1071 3.1 x 102 1 % 10~8
238 2.7 % 1072 2 x 10°? 7.6 % 10"} 2 x 1077

Total Beta 2.5 x 103 §,7 x 10

Total Uranium {grams) 8.1 x 10t 2.3 x 108

Total Plutonium (grams) 6.4 x 10% 1.2 x 103

{a} Based on 8,300 mS in site 216-2-1 + 2TF and bulk density of Hanford
spils = 1,83,

{b] Peak TRY concentrations 40,000 nCi/g ~40 times higher than average
shawn in ¢olumn.

9,4.2 Upper-Bound Fission Product Site

A tiguid-TRY-contaminated soil site containing the highest total quaniity
of fission product activity was selected as the representative site for this
class of material. This allows consideration of the impact of release sce-
narios depending primarily on beta-gamma emissions, The inventory data for the

site chosen, 216-5-1 + 2, are shown in Table §.7. This site volume is 1700 m°

9,11



{Rockwell 1985) or about 3100 MT of soil. The upper-bound site inventory
(Rockwell 1985) is used to estimate the potential radiological impacts to the
public from accidents postulated to occur during disposal operations for this
class of sites.

9.4.3 \Upper-Bound TRU Concentration

The upper-bound TRU concentration that might be encountered within a
localized area is of concern for some release scenarios. Characterization data
(Price et al. 1979) have reported TRU concentrations up to 40,000 nCi/g in
small votumes, This value is roughly 200 times the average concentration for
the upper-bound TRU site, This concentration is projected to occur within only
the first 1/3-m depth from the source of contamination with the TRU concentra-
tion decreasing to less than 1000 nCi/fg at a distance of 2 m to less than
100 nCi/g at 15 m.

9.5 PRE-1970 TRU SOLID WASTE BURIAL GROUND - REFERENCE RADIONUCLIDE INVENTOQRY

Three classes of material are described for this category of waste: an
upper-bound TRU inventory site; an upper-bound fission product inventory site;
and, an upper-bound TRU concentration site, Measured values from actual sites
are used to give a realistic upper-bound estimate of the amounts of radio-
nuclides that could be encountered. Inventory data for more than one site are
given because no single site exhibits the characteristics that make it an
upper-bound inventory site for all types of release scenarios.

9.5.1 Upper-Bound TRU Inventory Site

Inventory data for the 218-W-2 site, the site containing the largest total
inventory of TRU, is shown in Table 9.8 and was taken from Rockwell (1985).
Assumptions and conversion factors for determining isotopic ratios of uranium
and pltutonium in that document were applied to these data to estimate the
appropriate radionuclide inventory. The approximate dimensions of the site are
124 m-long by 179 m-wide for the area over the TRU waste, with a total volume
is listed in the Rockwell document and estimated at 23,000 m3 (4 x 10!0 g).
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TABLE 9.8, Upper-Bound TRU Inventory Site {218-W-2) for Pre-1970
Sotid Waste Burial Srounds

Radignuclide Inventory, Ci
241 pn 2.6 x 107
137¢s 5.6
238py 3.4 x 102
233p, 7.2 x 10
240py 1.8 x 10°
¢dlpy 5.0 x 1073
242p, 1.0 x 107t
30, 5.0
233y 6.2 x 107}
234y 6.4 x 1671
235y 1.9 x 1072
233 4,7 x 107}

Tatal Beta 5.0 x 107
Total U (grams} 1.4 x 165
Total Pu (grams) 1,3 x 10°
Yolume, m3 2.3 x 104
Ared, mé 1.5 x 104

Hanford soi1 3
density, g¢/cm 1.8

9.5.2 Upper-Bound Fission Product Inventory Site

Although not defined as a TRU waslte site, the Zi8«£~128 site containing
the highest total fission product activity was salected 1o allow consideration
of release scenarios depending primarily on bDeta-gammd emissions, The inven-
tary data {Rockwell 1985) for the site are given in Table 9.9, Concentrations
were calculated based on a 4400 mo {Rockwell 1985) waste volume.

9.5.3 Upper-Bound TRY Concentration Site Inventory

The upper~bound TRU concentration anticipated in a localized area during
the proposed disposal operations for this class of materials is of concern for
some release scenarios. Caissons have the highest concentralions of TRU found

8.13



TABLE 9.9. Upper-Bound Fission Product {not a TRU Site)
Inventory Site (218-E-12B) for Pre-1970 TRU

Solid Waste Burial Ground

Concentration,

Radionuclide Inventory, Ci nCi/g

281pn, 2.4 x 10} 3
60¢, 6.6 x 104 8 x 103
137¢5 2.6 x 104 3 x 103
238py, 3.2 6 x 107!
233p,, 6.6 x 10! 8
240p, 1.6 x 10! 2
241p,, 4.6 x 10! 6.9
242p,, 9.5 x 1074 1 x 1074
106p,, 1.3 x 10! 1.6 x 10!
905 2.6 x 104 3 x 103
233y 1.3 x 10-2 2 x 1073
234, 1.3 x 1072 2 x 1073
233y 3.9 x 10°4 5 x 1072
238 9.5 x 1073 1 x 1073

Total Beta 1.4 x 10°

Total U (grams) 2.9 x 104

Total Pu (grams) 1.2 x 103

Yolume, m3 4.4 x 10°

Area, mé 3.4 x 103

Hanforq 5071 3

density, g/cm 1.8

in this class of waste. The inventory for the 218-W-4B caissons has an average

concentration of 6,200 nCi/g.

This concentration would be projected to occur

within a caisson 3 m deep x 2 m in diameter under overburden that is 4.5 m

deep. Inventories and concentrations to be used for this estimate of the

potential radiological impacts from operational accident where upper-bound

concentrations are used are shown in Table 9,10,
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TABLE 9.10. Uupper-Bound TRU Concentration Inventory Site {218-W-4B}
for Pre-1970 TRY Solid Waste Burial Grounds

Concentratiﬂn,(a)

Radionucltde Inventory, ©i nfi/g

233y 1.3 x 107} 1.5
234y 1.4 x 107} 1.5
235y 4.2 x 10°3 4.6 x 107%
€38y 1.0 x 1ol 1.1
238p,, 4,5 5.0 x 10!
233py 9.5 x 10} 1.1 x 103
240p,, 2.3 x 10 2.6 x 102
241py, 6.6 x 101 7.3 x 109
eAzp,, 1.4 x 10-3 1.5 x 1072
241 py 3.5 x 10} 2.8 x 10%
237ng 0.0 0.0
2327y 7.4 x 1g73 8.2 x 1072
108, 1.7 x 10t 1.9 x 102
805, 2.0 x 109 2.2 x 16%
13704 1.8 x 1103 2.0 x 108
60¢q 5.3 x 10% 5.9 x 103
18400 1.4 2.0 x 10%
144p, 1.8 2.0 x 1ot

Total Beta 8.6 x 103 9.6 x 10%

Total U {grams) 3.0 x 10%

Total Pu {grams} 1.7 x 10°

Yolume, m3 50

{a) Note: Only parent radionuclide activities for 805,
90y, 137pg.137mg,  ang 106p,.106g, pairs are
jisted, Total beta, however includes daughters, and
is the sum of specifically jdentified fission product
isotopes, plus reported gensral activity {without
specific Tsotopes given}. In most cases, the general
activity can be treated as approximately 50% each
stroantium and cesium activity.
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Inventory values are as of December 31, 1982, except plutonium and
americium alpha-emitting isotope values are decayed to maximum 241 buildup.

9.6 RETRIEVABLE STORED AND NEWLY GENERATED TRU SOLID WASTE -
REFERENCE RADIONUCLIDE INVENTORIES

Three sites were selected as upper-bound inventory sites based on the
descriptions and inventories of the retrievably stored TRU solid waste sites
(Rockwell 1985). The sites are designated as the primary, secondary, and
tertiary sites. The primary site was selected on the basis of the site that
contained the highest TRU inventory without regard to fission product or TRU
concentrations. The secondary site was selected on the basis of the highest
total fission product inventory. The tertiary site was selected on the basis
of the highest peak TRU concentrations radionuclide inventories and concentra-
tions are listed in Table 9.11. Waste densities are included in the table,
with contact handled TRU density 0.32 g/cm3, cajssons at 0.96 g/cm3.

9.6.1 Primary Site

The primary site {the highest TRU inventory site) selected was the
218-W-4C burial ground; the inventories {Rockwell 1985) are listed in
Table 9.11, The total TRU inventory is 5.20 x 10% Ci and contains retrievably
stored TRY in trenches. If the isotopic values can be assumed to be average
values and the peak to average concentration ratio is 10 to 1, then the peak
concentration can be obtained by dividing by the volume, 4,90 x 103 m3, and
density D.32 g/cm3 and multiplying by a factor of 10. This peak concentration
should bound most of the retrievable TRU waste sites.

The following secondary and tertiary sites can be added to modify the
characteristics of the primary site to develop additional upper-bound sites as
required.

9.6.2 Secondary Site

The secondary site selected and listed in Table 9.11 was the 218-W-3A
burial ground since it had the highest fission product inventory (Rockwell
1985). It is not defined as a TRU waste site. The primary radionuclides
considered in this selection were 137Cs and 90sr, The fission product
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TABLE 9,11. Retrievably Stored TRU {1970 - FY-1383) Inventory'd)
. — 218-4-58 218930
~W34, TEREhEs LETS5GH5 Frimsry Site,’
Radiznuct ide £ £ifeg T 7Kg 1 T/ ¢i Cifkg

2y 2.6 v 10l 2 7® ok 167 1 1072 1.21 x 10 9 x 1073 1,5 x 102 2 x toeb

2434 —— - - 8.58 x 10"% 3 x w8

14, 1.59 1 x 1w

2850, 7.2 5 x 3076

6, 21 zxi0? Ay ei? exirt saxwwd 7y 19d

M, s« ax10? et 2c17 smawt 3

13 1.7 %19 1xoeT 8.8 x 10 §x 1874 1.6 2 318% #x 1077 1.za 0 8 x 1677

1%y 352« 10t 3 x 10

H 6.5 £ oz 347

88¢p 3,73 ¢ 185 3 1 1072

&y 1 x 18°? §x1073% g8 x 1077 § x 1078 1.5 % 10°% 7 x 1077 3.5 < w7t 2 x 10718

187 py TR 3 x 1072

144, 6.3 x 10" 4 x 1072 Lex b 2«17 5,2 x 308 3 x 109

£ty 2. 16°1 2« 107? 1.5 x 1% 2 ¢ 1p7d zzx 1w 75 x 107 1.2 5 10t 2 x 1977

23y, 1% 1% g 1079 7 w30 1e10d zaex w6 1x10? syt 1 x 1o7?

243y, 5% 2x107t Bk 0l x5 sl 21977 3.5 1180 2% 1973

a1y, 2% 10 x40 2xwd srxwt Loy p® a0t 32 10?

2425, gss10f gxw?d zrxwl 3xw? s w? o1k a6t 1.4 g x 1077

106, 5,8 x 0¥ 5 g 1977 1.1 % mE 4y ast w100 2axwt 2,3 30t 2 x 107?

ey 1.67 « 1% 1 4 1979 nEx i 8x 107 1 x1? 7 x w? o ox e 7 x 107}

2324 2.7 x W 2 x 17? 6 x 0% 5 x 108 1.1 % 107 5 %1678 1.8, 107 3ox 107

233y 3.6 3 x 1078 1.3 1x 1078 2410 1x10%% 7.6 x 000t 5« 107

234, 1.7 3 x Wb 1.3 1 x 10°% 0% 3070 1 x 1078 7.8y a0t 4x w07

235 Lox il 80108 goxw? axw? sexit ax ¥ 2.3k 1077 1z 1078

238, 2.7 zx wb 1 1x10% 223100 1xw% w7k w7 ¢« w!
yatume, 4% 168 3y o100 z x ! 5 x 10°
Area, af PR 5 5 169 PRt
Deasity, kg/ms 320.4 326.4 $61.2 320.4

t#} Peax zarcantrstions gre estimated to be 3 factor of 19 higher than average velus given.



inventory is: 29Sr, 1,67 x 10% Ci, and 137Cs, 1,70 x 10% Ci. The peak
anticipated concentration can be obtained by dividing the volume of 3.9 x
103 m3 and the density and multiplying by a factor of 10.

9.6.3 Tertijary Site

The tertiary site selected on the basis of having the highest TRU concen-

tration was 218-W-48, and included caisson waste. A total of 21.7 m {Rockwell - F
1985) of caisson waste was received from 1970 through FY 1983. Radionuclide
inventories {Rockwell 1985) and concentrations for the 218-W-48 site are
included in Table 9.11., Newly generated caisson waste can have siightly ele-
vated levels of certain important radionuclides {(Rockwell 1985). Because of
the very small volume of waste involved, this site is not considered .
representative of the majority of waste within this category.
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10.0 DOWNWIND TRANSPORT DOSE CALCULATIONAL METHODS
ANQ RADIATION DOSES FROM PUSTULATED
OPERATIONAL ACCLOERTS

Population and maximum-individual dose estimates were calculated for each
accident scenario postulated for a waste processing activity., Occupational
doses for these accident situations were not addressed because of the unavaila-
bility of facility gpecific information {such as manpower requirements, shield-
ing, distance from the source, etc,)] essential to the analysis of otcupational
dose. The assumptions, models, and input parameters required for the calcul a-
tion of maximum individual and population dose estimates for each of the waste
dispesal, along with the dose alternatives, are described below.

10,3 ACCIDENT SCENARIOS

Many different accident scenarios were developed as part of this project,
Only those accidents which resulted in an afrborne release gf radigactive mate-
rial to the ¢ffsite environment ware considered in the dose anmalysis. Releases
of radivactive material to the air and in liguid discharges were postulated,
but only atmospheric accidental releases had the potential for migrating off-
site during waste disposal activities.

The duration of @ release during an accident can have a significant bear-
ing on the radiological consequences of the svent, Ip £his study ail releases
were postulated to be of short duration {less than an hour). Even with a
short-term, or acute, release there are many ways in which the radionuclides
can continue to expeSe the population long after the release has been terni-
nated. For example, in & typical accident scenario, a cloud (or plume) of
contaminated material is postulated Lo be releasad., As this plume travels off-
site, members of the public may be irradiated by the radionuclides containgd in
the cloud passing overhaad. Lf they inhale some of the radicactive materizl
from the ¢loud as 1t passes they can receive an additional exposure, If some
of the radicactive material deposits on plants or on the ground it can resuit
in long~term exposure to people residing in the area. While the possibilities
for exposure seem large and Complex, & set of computer programs has baen
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developed to calculate the dose conseguences from all the major exposure path-
ways from each of the basic releage scenartos, Thase programs, listed in

Tabie 14,1, are discussed in the following section, A1l have been individually
documented,

10,2 DO3E CODLS

Several compuler programs, or dose codes, wers ussd to calculats the
radiation dose to members of the public in the event of an accidental release
of radioactive wmaterial %o the environment., The standard method for svaluating
the radiotogical impact of a release is to estimate the dose to the "maximally-
exposed individual” (the single person receiving the highest dose from the
release} and to the entire exposed population as 3 whole. The doses are
reported in rem for the maximum individua!l and man-rem for the population,

The computer programs ussd to caiculate dose to the maximally-exposed
individual and to the regional population are shown in Figure 10,1, The pro-
grams SUBDOSA {Strenge, Watson and Houston 1975), DACRIN {Houstan, Strenge and

TABLE 10,1. Computer Programs Used to Caiculate Potential Radiation
Boses from Releases During Waste Disposal Operations

Program Type of Dose Referance

SUBDOSA  Onewyear alr sybmersion dose from aoute (finite Strenge, Watson
cloud) or chroni¢ {(semi-infinite cloud) releases, and Hpuston 1979

DACRIN Individual and collective inhalation doses from Aouston, Strange
chronic or acute releases, one-year doses, dose and Watson 1974;
commitments, and gccumulated doses. Strenge et al.

1876

PABLM individual and colliective doses from contaminated Napier, Kennedy

farm products, from either air deposition or and Soldat 1880

irrigation, one-year dose, dose commitment, and
accumitiated dose, Individual and colisctiive doses
from contaminated water and aquatic foods and
aquatic recreation, one-year dose, dose commitment,
and accumuiated dose,

ALLDOS Report genarator using precalculated factors from Strenge ot al.

SUBBOSA, DACRIN and PABLM, Simplifies repetitive 19840
¢aleuylations of individual and pepulation doses.
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FIGURE 10,1, Computer Programs for Calgulating Public Doses from Routine
or Accidental Releases of Radionuclides During Uperations

Watson 1974, Strenge et al. 197%), and PABLM {Napier, Kennedy and Soldat 19806}
uses information about the radionuclides released, meisorciogy, and population
distribution to ¢aleulate air submersion, inhalation, and ingestion doses,
respectively. For cases in which repetitive calculations are necessary for the
same envirommental conditions (as for the various alternatives at Manford), it
was convenient to use a fourth program, ALLDOS {Strenge et al. 1880), to summa-
rize the results of the calculations. This combination of computer programs
was used for the acute accidental releases postulated for operations involving
the Hanford wastes.

ALLDOS uses precalculated dose conversion factors to generate dose commit-
ments €0 a maximum iadividual and the population in the reglion of Lhe release
site. The code was developed for calculation of radiation doses from postu-
tated releases of aged radicactive wastes. These radionuclides are long-lived
with decay nalf-lives of several weeks or longer. Therefore, radicactive decay
in transit from the release point to the Jocation of expoasure in the environ-
ment is not considered.

10.3 STANDARD HANFORD METEOROLOGICAL PARAMETERS

The dose calculations rely on the use of meteorological data to provide an
estimate of the manner in which radioactive material would most likely disperse
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following an accidental release Lo the atmosphere, The longer the data have
besn collected, the more realistic the estimate., Meteoroiogical data have been
coliected at the Hanford Meteorglogy Station, near 200 West Area, for ihe past

30 years (Stone et al. 1983), The results of these monitoring efforts are pub- .

lished in Hanford Annual Reports {Sula et al. 1982,1983).

For short-term accidentai releases, the meteorological parameter used in
the dose ¢aloulations is the value of air concentration of radionuclides per
unit release that is nol exceeded more than 5% of the time; it 1s referred Lo
as £/Q, with units of sec/m3, Typically the results of the meteorological
efforts are tabulated and reported as X/Q', or Cijm3 per Ci/sec of releass.
The value of X/Q' can be converted to E/Q when the length of release is known
or can be estimated. Values of X/Q' used in these calculations were based on
data given in PNL-3777 Rev 1 (McCorwmack, Ramsdell, and Napier, 1984},

Demugraphical data also play an imporiant role in the calculation of
radiation dose. Il is the combination of metecroingical and demographical
information that indicate which population group will receive the highest
exposure from radicactive releases. In the case of accidental releases from
the 200 Areas of the Hanford Site, the population projected to receive the
greatest exposure lives 10 to 80 miles SE of the waste site. The population
data used in this assessment came from Population bstimates for the Areas
Within a 50-Mile Radius of Four Reference Points on the Hanford Site {Sommer,
Rau, Rabinson, 1981). Meteorological and population data used in the dose cal-
culations are shown in Table 10,2,

For the maximally-expesed individual, the 95th Percentile center-line X/Q'
values provided in Hanford Oose Overview Program: Standardized Methods and
data for Manford Environmental Dose Calculations were used [Mclormack,

Ramsdell, and Hapier 1984}, The following assumpiions were used io delermine
the location of the maximally exposed individual for accidental releases. For
purposes of inhalation and submersion dose calculations, the maximaily exposed
individual was assumed to be positioned on Highway 240, 8.8 km sguth of the
200 Areas; but for ingestion dose calculations this person is presumed to live

i0.4
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TABLE 10.2. Population Values and Sector Averaged X/Q's Used in
the Assessment of Radiation Dose

gistance, Population  Ground Level  Elevated

- miles Size £/Q° £/q

" 0-10 a

e 10-20 8,664 1.02x10"%  4,21x10°7

R 20-30 62,866 5.76x1077  2.04x1077
30-40 66,306 a.10x10%7  1.33x2077

, 40-50 4,094 3.10x1077  1.03x10°7
Population Heighted
x/i 7.35x10"%  2.57x10"%

on a farm ie Franklia Qounty 24 km East of the 200 Areas. The valugs used in
the calculations are shown in Table 10,3,

10.4 STANDARD HANFORD EXPOSURE PARAMETERS

Bats reguired for the dose programs include dietary and recreational
preferences and habits in the general popuiation, as well as agricuitursl
practices in the general region, The standard Hanford terrestrial pathway data
are given in Sula and Blemer {1981}, The growing period, yield, and irrigation

. rate reflgct agricultural practices in the Columbia River Basin, The parame-
ters for the average member of the population reflecl the dietary habits of the
Tri-Cities residents. Values used for the maximally expesed individual were
selected to represent a worst-case individual supporting nimself and family
with a large garden and farm animals. Standardized input Tor Hanford environ-
mental documentation is summarized in recent publications {Napier 1981,
McCormack, Ramsdell and Napier 195843,

TABLE 10.3. Maximum Individual, 95th Percentile Centerline E}Q’ Yalues

Elevation
Pathway Location Ground 60 Meters

Inhalation 5 aii=S 3.40 x 10°°  1.08 x 10°°

Ingestion 12 mi-E 1.50 x 10°% 4.9 x ]0~6
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10,5 RADIATION DOSE ESTIMATES FROM ACCIDENTAL ATMUSPHERIC RELEASES DURING
WASTE DISPOSAL OPERATIONS

Doses to the maximally-exposed individual and to the population living
downwind from the Hanford Site were estimated for each of the proposed waste
disposal alternatives. The atmospheric releases used as the basis for the dose
calculations are those given for each of the accident scenarios listed in
Tables 5.1, 6.1, 7.2, and 8.1 and discussed in Sections 5, 6, 7, and 8.

10.5.1 Radiation Doses Associated with the Geologic Disposal Alternative

Twenty-six separate dose calculations were performed to analyze the poten-
tial radiclogicai impact from the disposal of the Hanford Defense Wastes under
the geologic disposal alternative. The dose estimates, Tisted in Tables 1lU.4a,
b, and ¢, are divided according to the maximally exposed individual inhalation
dose, the maximally exposed individual ingestion dose, and the population dose,
For each of these three categories, the first year total body and critical
oryan dose(a) and the 70 year total-body and critical-orygan dose commitments
were calculated. The accident resulting in the greatest public dose was the
ferro/ferricyanide explosion postulated for the handling of the single-shel]
tank wastes. It has been postulated that a layer containing ferro- or ferri-
cyanide precipitates might be present in the single-shell tank wastes. Under
the proper conditions, this material could react explosively with nitrates
present in the waste. If ferrocyanide precipitates are present in the waste,
the potential for an explosion, as discussed in Sections 5, 6, and 7, does
exist. However, the presence of such material, in quantities sufficient to
produce such an event is still a subject of some debate {(RHO-LD-55, Rockwell
1980).

The accident with the second-highest radiological consequences is from the
pressurized release of 1iquid waste due to failure of a diversion valve during
hydraulic retrieval of the tank wastes, This accident is described for both
the existing and future tank wastes.

{a) The “critical organ" is the organ receiving the highest dose during the
time period under consideration.
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TABLE 10.4b.

Geologic Disposal Alternative Potential Doses from Accidental Releases

Operations Involving Six Waste Forms {(Max. Ind. Ingestion)

Eajsting Tank Waste

1. Mechanical retrieval

2
i

Hydraull¢ retrieval

5r, Cs, Tc remova)
(radionuclide
concentratian)

3.1 Sludge washing,

solid/1quid
separaticon

3.2 Compiexant
destruction

3.3 Radionuciide
remaval

Glass immabilization

[vitrification)

Grout decontaminated

salt solutions

. Fill and cover empty

tank {dome 111}

Future Tank Waste

wn

Rat riayal
Solid/Viquid
separation

5r, €5, Tc, TRU
remoya

Grout decontaminated

Tguid

¥itrification

F111 and cover empry

tank [dome fi11)

Maximum Individual Oose (o) rem
ax{mum_Ingesilon

ear
ist Year Dose Dose Commiteent
Masie Form Facility Accident Location N . Organ T. Body L. Drgan
salt cake Mobile platform  Explosion Vaste Tank 6 x 1072 22 107" 1x 109  5x 100
Selt cake mic! Pressurized Diversion 2 x 10°% & x 107% 5: 1070 2 a 10%
release valve
s1udpe Sludge washing Filter failure Filters 3 1077 Pt 7w 10e® 3 10'53

canygn

Mo information avatlable

lon eachange
resin

Malten glass
Decontsminated
salt solutionsg

Residusl tank
waste

ncauld?
MCAM
lon exchange

resin

Decontaminated
guid

Molten glass

Residual tank
waste

Strontiue and Cesium Capsules

1. Remove from wEsFie)

2.

Capsule packaging

Encapsulated
waste

Encapsulated
waste

Radicnucl ide

concentration
Glass
immobilization
Transpoartable
graut
Kaone
M

Studge washing
canyon

Radionuc11de
concentration

Transportable
grout

Glass
inmabilization

None

WESF

cpel®)

lon exchange
Fire

Loss af
filters

Liguid spray
from Jine

Dome collapse

Pressurd zed
releasa

Filter
faillure

{on exchange
fire

Liquid spray
from line

Loss of
filters

Dome collapse

Capsule drop

Machinery
impacts
capsule

Rasin
coluan

Filters 2x1077 7x078 ax10f 1k 107%e

Transfer 4 x 1071 1 x w12 1 . 10712 5« 10712
line
Tank 221070 sx103 3x1007 a0l

Diversion 6 x 1672 1 10718 5« 101" 6 a 10%
valve

Filters Bx107 zaxwfe 7x10f z2a107%
Restn Insufficient Data
column

Teansfer 6 x 077 2 x 107% 2 « 10712 7 x 10712

Tine

-

Filters 31070 9x10% 5, 10% 2x10%

Tank ax 0% gt w0t 1x107%
Storage 9x 10': 3x 10';5 2x 108 7z 1075
area 8 x 107 gx 108 15107 1x107n
“Load® 10 4w 2x 107l 9x07le
stacion 1 x 1078 1, 10% 2.10® 2« 1078

for
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TABLE 10.4b, (contd)

maxima Individual Dusei(h} Tem

Haxi TngestTon
70 Year Dose

15t Year Dose Dose Cowmiteent
. Waste Form Facility Accident Lacation T. Body T, Organ T. Body L. Organ
TRU-Contaminated Sail ’
l. Retrieye Contaminated Retrieval Exploston Battery Ix 107l 4210710 22109 4 x 108
- soil facitity charging
area
2. Process $lagging seiia} Explosion Gasifler 3« 10719 4x 107" 2108 4y 10778
prrolysis
off gas
Pre-1970 TRU Solid Waste
1. Retrieve Contani nated Retrieval Explosion Battery ac10f 1awe sxw? 2k 0%
sollfwaste facllity charging
area
2. Sorting and related Packaged waste 5P1 Pressurized Orum 3010712 4 5 10 l% 2 x 10701 s 107ts
operations release
3. Process Slagging sPl Explesion Gasifier 1x10°® sx10% 3¢10-% 1« 10t
pyralysis
off gas
Retrievably Stored and Mewly Generated TRu
1. Releas
11 &) ey Packaged waste  Calsson Pressurized  Metal can 1 10712 2 x w7l% 7 5 10012 2 4 1078
retrieval release
1.2. cult} TRU Packaged waste Mone Fressurized Orum 5107 1xw0te sx107f 2z a0
réelease
2. 3orting and Related
Operations
2.1 W TRU Packaged waste 5Pl Pressurized  Drum Bx 1071l 1w 10710 4 x 1070 gy g0
release
2.2 H TRY Packaged waste ¢y wmapld} Pressurized  Drum 4x 30712 9 x 10718 4 « 10710 2 4 107108
release
3, Precess
3.1 Ri TRu Stagging el £xplasion Gastfier 2x10°% 3. 10% 1x 109 ax1ots
pyrolysis
off gqas
1,2 CH WRAP Packaged waste  CH WBAP Fire Drum 2101 A 0l3 20 10712 94 107l
{a) T = Table, C = Column.
(b} Dose to L = Lung, B = Bare,
fc) Mot applicanle,
{d) Meutralized Current Acid Waste,
(e) Waste Encapsulation and Storage Facility,
[f) Capsule Packaging Facility.
(g) Slagging Pyrolysis lncinerator.
{h} Remote Handied.
i} Contact Handlad,
1) Waste Retrieys} and Packaging Facility,
' N -
3 a " ¥ A ' - .
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TABLE 10.4c.

»

Existing Tam MWaste

L.
2

3.

mechanical retrieval
Hydraul b retrieval

5r, €5, Te resoval
{radionucl ide
cancentration}

1.1 Sludge washing,
sol1d/ 1 quid
separation

3.2 Complexant
destruction

3.3 Radionuclide
removal

Glass imbilization
{vitrification)

Grout dacantaminated
salt solutians

F1i1 and cover empty
tank {dome fil1}

Future Tank Waste

.

n

o

Aetrieval
Salid/1iquid
separation

Sr, Cs, Te, TRU
removal

Grout decontaminated
Tiguid

Y¥itrification

Fill and cover empty
tank [dome fi11)

Strontium and Cesium Capsules

1.

2.

Remave from II'ESF(E}

Capsule packaging

Waste Form Facility Accident Location
S5alt cake Mokile platfarm  Explasion Waste Tank
Salt cake nic) Pressurized Diversion

release valve
sludge Sludge washing Fitter failure Filters
canyon
W information available
Ton exchange Radignuclide lon exchange Resin
resin concentration fire column
molten glass Glass Loss of Filters
immabt lization filters
Detontaminated Transpartable Liquid spray Transfer
541t solutions grout from 1ine Tine
Residual tank Mone Dome coltapse  Tank
waste
ncay(d) A Pressurized Pivarsion
release valve
NCAMW Sludge washing Filter Filters
canyon failure
lon exchange Radionuclice lon exchange Resin
resin concentration Fire column
Decontaminated Transportable Liguid spray Transfer
Tquid grout From 1ine 1ine
molten glass Glass Loss of Filters
tmmobi14zation filters
Residual tank Kone Oame collapse  Tank
waste
Encapsulated . WESF Capsule drop Storage
waste area
Encapsulated CPF{” Machinery “Load”
waste impacts station

capsule

Fopulation Dnse,“" FER

Geologic Disposal Alternative Potential Doses from Accidental Releases
Operations Involving Six Waste Forms {Total Population Dose}

0 Year Dasa
15t Year Dose [ose Commitment
|| m! t. Urﬂal‘ I. Bﬂa[ E. m!!ﬂ
1% 102 a0t 7x10d 6 x ot
1x 102 2x 10k zx 100 2a10h
zx w3 2x10°%8 4xw? 3x0ls
txwd 3xwd 2xw? 1z107la
zx10? 7107 sx10m? 4 x 078
9 x 109 1 10 2x 102 1x 107
32 108 200k 2x 167 2x 10%
4x10°3 3. wH axw? 3k 10°le
Insufficlent Data
3a107?  5x10BL 1«08 aw 1078
2xw?  zetwlh 3x0l 7a 0%
2x 0! 2.0 zx 10! 10l
sx 107t s.10e 1 10‘3 8 x 10728
3210 3x10% sk 10! 6k 10
Pa1? kw1 ew? sxwkh
4510 ax107% 62107 7k 10%

for
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TABLE

10.4c.

{contd)

Maste Form Faciliky Accident Location
TRU-Cantaminated Soi)
1. Retrieve Contaminated Retrieval Explosion Battery
soil facility charging
area
2, Process Slagging sp1l9) Explosion Gastfier
pyrolysis
off gas
Pre-1970 TRU 5olid Waste
1. Retrieve Contaminated Retrieval Explosion Battery
soil fwaste facility charging
area
2. Sorting and related  Packaged waste SPI Pressurized Drum
operations release
3. Process Slagging SPI Explosion Gasifier
pyrolysis
off gas
Retrievably Stored and Wewly Generated TRU
1. Releas'h}
1.1 RH TRU Fackaged waste Calsson Pressurized metal can
retrieval release
1.2. cul?? TRy Packaged wasie Mone Pressurized brum
release
2, Sorting and Related
Operations
2.1 RH TRU Packaged waste 5P1 Pressuri zed Drum
release
2.2 CH TRU Packaged waste cH waptd] Pressurized Drum
release
3, Process
3.1 R4 TRU Slagging 5P Explasion Gasifier
pyrelysis
off gas
1.2 CH WRAP Packaged waste CH WRAP Fire Drum

{a} T = Table, € = Calumn,

(b) Dose te L = Lung, # = fione.

£} Mot applicable.

d) Meutraltzed Current Acid Waste,

(e} Waste Encapsulation and Storage Facility.
(f} Capsule Packaging Facility.

(g} Slagging Pyrolysis Inclnerator.

(h) Remote Handled.

{1} Contact Handled,

(i} Waste Retrieval and Packaging Faclliity.

Population Duse.“’] ram
T3 Tear Dose
1t Year Dose Dose Commitment

T, Body L. DOrgan T, Bady T, Urqan

3x 10" 1w ax10? e x 10

9x 1074 1a1l ax10? 5. 107l

sx0? 3xwh 2210 z2a10%

w108 1 xi sx 0% 5k 10778

w10?  sx10tl 3x 10l 5« 10%

1008 1, 0% 3217 s x10f

310 3. 0 1x10f  2x10%

3x 1077 a1 2z 3zt
32107 3x10f 1e 10 2a10%

2x10°t oz a0l ax 0! a0l

108 1o sx107 1x10%
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10.5.2 Radiation Doses Associated with the In-Place Stabilization Alternative

Twenty separate dose calculations were performed to analyze the potential
radiological impact from the disposal of the Hanford Defense Wastes under the
in-place stabilization and disposal alternative. The dose estimates, listed in
Tables 10.5a, b, and ¢, are divided according to the maximally exposed individ-
ual inhalation dose, the maximally exposed individual ingestion dose, and the
population dose. For each of these three categories the first year total body
and critical organ dose, and the 70 year total body and critical organ dose
commitment were calculated. The accident resulting in the greatest public dose
was the ferrocyanide/organic explosion postulated for the handling of the
single-shell tank wastes. This upper bound accident is the same as described
for the geologic disposal alternative.

The accident with the second-highest radiological consequences is from the
pressurized release of liquid waste due to failure of a diversion valve during
hydraulic retrieval of the tank wastes. This accident is also the same as
described in the geologic disposal alternative.

10.5.3 Radiation Doses Associated with the Reference Alternative

Disposal Actiaon

Twenty-seven separate dose calculations were performed to analyze the
potential radiclogical impact from the disposail of the Hanford Defense Wastes
under the Reference Alternative. The dose estimates, listed in Tables 10.6a,
b, and ¢, are divided according to the maximally exposed individual inhalation
dose, the maximally exposed individual ingestion dose, and the population
dose., For each of these three categories the first year total body and crit-
jcal organ dose, and the 70 year total body and criticail organ dose commitment
were calculated. The accident resulting in the greatest public dose was the
ferrocyanide/organic explosion postulated for the handling of the single-shell
tank wastes. This upper bound accident is the same as described for the
geologic disposal alternative and for the in-place stabilization and disposal
alternative.

The accident with the second-highest radiclogical consequences is from the
pressurized release of liquid waste due to failure of a diversion valve during

10.13
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TABLE 10.%3. [In-Place Stabilization and Disposal Alterpative Uoses from Accidental Releases for
) Qperations Involving Six Waste Forms {(Max, Ind. Inhalation)

Maximen Trdividual 5658,{b}. rem
Maximm ianaiatton
70-Year

Referencel?) 1st Year Dose Dose Commitment
Wasle Farm Facility Accident Location Inventory T, Body L. Urgan 1, Body L. Organ
txisting Tamk MWaste
1. bry single-shelt ety cake Tank Eapiosina Tank T 8.1c¥ g% 1f 2 x IGOL 1ox 10 2 x 1%
Lanks
. Fi1) tank dome 521t cake Tank Some Tank HER TS 521070 txiaf sx w10l
tpilapse
3. Mydrauite retrieval  Ligufd waste fark Pressurized Giversion 7 #,0c2 Ix 26“2 7x 16" ax w6 Y
of resicual Yiguid Spray w3lyn '
{doudle shelll
4. Complexant No infarmation availabie
destruction
£, Grout Rguotus Tramspuctabie Liquid spray Tramfer T B,702 1x 187 2 10710 2 x 10718 2 x 107 %
splubions grout from line 1ine
#, Trench disposal Ko relesse situation detecled
7. F31Y empty tank kesidual tank None Dome: Tank Y 812 zx W sxarrfL 3x107f s x t0lp
v nanieg caiiapse
Future Tank Wiste
1. Hydrawlic retrieval  Ligquid waste Tank Pressurized Diversion T B, 3a 4x 167 1,5 x 00 4 x 107t 7y 1008
Spray vilve
Z, Lesium removal Liguid waste 8 plant [or gxghange Resin inguffigient Data
firg id umn
1, Cesimm _ System off gas B glant B fugas Filters 7 8.2 sx 10 1x007% x5 gx s
shcapsuiation Gysiem
fatlure
&, Browt Liguid Fesd Transportably Spray from fransfer ¥ H.403 1o 4wt 1xw0® z2x 0%
graut fead tine | ine
4, Fitl tank Residual Lank None Gowe Fank T 8.3 3 x IO“§ g« 10"Y 3x10t 5 10“38
waite ¢l lapse
. ) - .‘l
- Y » & - - "-} - .
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TABLE 10.5a. {contd}
Maximum Indtvidual Dose,(b], rem
Maximum Inhalation
f0-Year
Reference{a] lst Year Dose Cose Commitment
Waste Form Facility Accident Location Inventory Body C. Organ ~T. Body C. Organ
Strontium and Cesium Capsules
1. Remave from wesric) Encapsulated WESF Capsule Storage T §.5¢3 1x 1077 2x lo'gt 1x10°% 2x105%
waste rupture area T 8.5c7 2x 1008 2x 108 2x108% 2x 108
2. Capsule packaging Encapsutated cprid) Machinery "Load" T 8.5¢3 1x108 35107 2x107 3x10%
waste impacts Section T B.5¢7 2x 100 2x10% 2x10? 3x 109
capsules
3. Place in drywell Encapsulated owsFie) Transporter DWSF T 8.5¢3 2x 107 3x107 2x1073 6 x 1073
storage waste sheare T 8.5¢7 2x100° 2x10% 3x 10 3x107%
capsule
TRU-Contaminated Soil
1. Inject grout TRU-contaminated  None void space CRIB T 8.7¢2 2x 1078 3x100 9x107 22x 10
soil collapse
Pre-1970 TRU Solid Waste
1. Grout caissons Caisson None Equipment Caisson T 8.10¢c2 2x 10l 2 x107% 6x 10710 1 x 107
fajilure
2. Subsidence control  Solid waste None Yoid space Burial T B.10c2 2x 1077 1x10% 5x10® 1x10%
site collapse site
Retrievably Stored and Newly Generated TRU
1. Subsidence control Retrievable None Void space Burial T B.11lcb 4 10'6 4 x 10'4L 9 x 10'5 2 10'33
stored TRY collapse site
2. Bury packaged waste TRU waste None Package Burial T 8.11ch 2 10'3 2 x lﬂ'lL 4 x 10'2 8 x lU'lB
breach site

{a) T = Table, C = Column,

{b} Dose to L = Lung, B = Bone,

{c) Waste Encapsulation and Packaging Facility,

{d} Capsule Packaging Facility.
{e) Dry Well Storage Factlity.
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TABLE 10.5b.

Existing Tank MWaste

t, Ory single-shel)
ranks

£, Fity tank dosw

i, dHydrasiic retrigest
of residual Tiguid
{doybie shell}

4, Cumpiexant
destruction

5. Grout
H, Treagh dispass!
Fo Fill empty tenk

doame

Future Tank Waste

1. Hydraulic retrisva’

2. Cegium removal

d, Lasium
gncapsuialion

4, Grout

. Fitl zank

Haximum Indiyidual ﬁnse,{§}, ren

In-Place Stabilization and Disposal Alternative Doses from Accidental Releases for
Dperations Involving Six Waste Forms {Max, Ind. Ingestion}

sxsmum ingestion

T8-Yoar
i ) ) 15t Year Dose ioze Lommilmert
Waste Form Faciitity Agcideont iegation 7. Body L, WPgen 1. Bpdy C. QOryén
581t cake Tank Explosion Tank 6 x 1079 2 x 10718 1 x 10V 5 x 1078
Salt cake Tank Bame Tank ax1w? 1xa07le 2wl 3 0%
catapse ]
Digquid waste Tank Prossuri zod Biggrsion 2 x W7 B 108°%8 sy 1570 2« 1ol
SorEy viivg
Mo iafarmation gvaiiable
Aqueou s Transportable Liguid spray Transter 2 x 10740 6 « 10718 2 x 10710 7 x 30~V
solutians Yeouy from 1ing 1ineg
No release situation detected
Reridual tank tane Home Tank 2x 7Y Ex0778 ax107f 1 x e
wisie caltapse
Wiquid wasts Tank Pressurized sivarsion 6 x 107¢ a0 s x 107l 5 x 1%
spray Jaive
Liguia waste B plant [on exchanye Resin Insufficient Data
fira column
System off gas B plant 0f f-gas Fitters  8x 107 2 107% 7% 107% 2k 107%
system
fatlure
Liguid feed Transgoriabie Spray from transfer & x 10°71F 2 x TENERs S BV T R GV R
yrout feed line tipe
Residual tark Yone Dame fank 45107 axwdoaxw?t g w3
wasie ol lapse
- ® » ™
¥ B - P ’ . N
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, - . .w * - * ™ :ﬁ -
» .
TABLE 10.5b. {contd}
Haximum Individual Uase,fb}. rem
Maximaw [ngestion
Ti-Year
15t Year Dose Dose Commitment
Waste Form Facility Accident Location T, Body . oroan 1, Body L. Drgan
Strontium and Cesjum Capsules
1. Remove from WESFIE) Encapsulated WESF Lapsitle Storage g x 33‘2 3x 1778 22 13“? 7ox lﬁ‘gﬁ
wasie rupture Frue B ox 167 8 x iﬁ”gﬁ iz 107 ix 078
7. Lapsale packagiag Encapsuleted cerlal Hachinery *Loag” 1x 18'2 4 x Iﬁ“gﬁ Zx Iﬁ“é g x iﬁ”;
wasis impacis seclion Iz 10” Ix MITYE 2 ox 107 2 x 1y
capsutes
3. Place in drywsl} Encapsilates BHS§{QI Transporter IWEF tx 1074 4« lﬁ"iﬁ ¢ ox }8'3 4 x lﬂ'iﬂ
sforage waste sheare 1x 0% 1w 2x0r 2 x W78
capsule
TRU~Lontaminated 50il
1. iaject grout TR hone Yoid space CR1K 1 x 2071t 2w 107 M8 8 x 10710 2 & 1079
contaminated coilapse
satl
Pre«1920 TRY Solid Haste
1. Hrput caissons Latsson Hong Equipment Laisson IVt FANR QRO I I e A AP G
failure
2. Subsidence control Sotid waste None Yoid space Burial rx w8 axwTe 2x10%% 6% 0%
ite collapse gite
Rerrievably Stored and Mewly Generatad TRU
i, Subsidence contrpl Hat risyable Hone Yoid space Burial sx 1077 1xi10"Pe ex10f 2 <20
storeg TRy taliapse FiLp
7. Bury packssed waste  THU waste None Package Burial 3w sxwts zxw?d ax oY
breach $ite

T = Table, £ = Lolimn,

dose s L = Lung, B = Bave,

Waste Encapsulation and Packaging Facitity.
Capsule Packaging Facitity,

Dry Well Storage Facility.
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TABLE 1@,5c.

Operations Involving Six Waste Forms {Total Population Dose)

Existing Tank Waste

H

o

it

fry single-sheltl
Lanks

Fiii tank dome
tydraulig retrieva}

3f residual figuid
idouble shell}

. Compliezant

dastruction

Grout

Treach d¢isposal

. Fili empty tank

dome

Future Tank Wasis

i

Z

*

Hydrauiic retrieval
Cestum removal

Lasiom
antapsulaiion

Grout

Fiil tank

L - £

Paayiation ﬁaﬁ&,{b} Mma n=-Ten

In-Place Stabilization and Disposal Alternative Doses from Accidental Relsases for

5t Year Dosse

- Year

fose Lommitment

Haste Form Faciiiry Accident tocation 1, Ruody O Draan T. Body L. Groan
Saly caks Tank Fxplosion Tank 48 & ewtLE s’ 5 owle
Salt cake Tank Bome Tank zeit x4 xawd 3 x w0h

ceiispse
Ligiig waste Task Pressurized Biversion 1 & 132 2z iﬁ3£ 4 263 Z 2 1348
Spray va'tva
Mo information avarlable
Aguenns Transportable Liquid spray Transfer 1 x 10" 6 x ln”?L,B 1x 108 8 x 107%
solutions grouk from line ling
Ko relesse situatian gefected
Residial taok e Gome Tank b ox IGQ 1 i 2 x 10° 1x 1678
waste ol lapse
Ligquitd wasie Tanx Pregsurized Biversion 3 x % 2% 2@3£,& ¢ x l§3 2 x 1%
spray valyg
Liguid waste g plast ion sxchange Resin iasuffictent fata
fire oiumn
systee off gas B plant Gff-gas Fiiters $x 197°  3x M @y 107t 3 x 1whs
systen
failure
Liguid Foed Transportahia Spray from Transfor 4 x W0 1 x 0% 6x 107% 5y 10738
gronk fead tine Tine
Residual Tank Nt fome Tarik 2ot 2xw%  zxw® 1 10l
washe eniizpse
L)
» *} N
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Popujatian ose,t?) man-rem

JABLE 10.5¢c. (contd)
Waste Form Facttity Accident Liacat ion
stront.ium and Cesium Capsules
i. Remove from wesrlc) Encapsulated WEEF Capsule Storage
wasta rupture ared
2. Lapsule packaging Engapsgigias C??id} Hachinery 3 A"
waste impacis Seetian
capsaies
3, Plage in drywell Crcapsulated §ﬁ§5{&} Transportzc DWEF
sEorage wasle Sheare
cansule
TRY-Contamiaated Hoil
1. Inject grout THY)- None ¥Yuid space CRIR
contaninated callapse
a1
Pro.1370 Thy Solig Wasts
i. Srout caissess Laisson Nong tguipment Laissan
faiture
2, Gubeidance contrnl Sutig watte Nanw ¥utd space Rurial
jite ¢oilapse site
Hat.rigvasly Sersd and Hewly Generated TRU
1. Subsidence contral Retrigvable None ¥oid space Burial
storad TRU toilapse siie
2. Bury packaged waste TRy wasts Hong Pagkaye Burial
nreach sitg

{2} T = Ianle, £ = Column,
i} Dose te L = Lung, B » Bune,

{c} ¥aste Emcapsulation and Packaging Facility.

{4} Capsuie Packaging Fagility,
{g] Dry ¥ell Storage Facilbity,

Ti-Yoar
15t Yaar Oose fuse bommitment

T. Hady L. Drgai T, Body €. Drgan
6 x 13‘: 5 1a“§a‘a ix 19'2 8 x 13'§s
3x10°% 3x10"% 52 107% sw o™
7 x 3@“2 7 13“2; 1 19'§ g x ze'gs
4% 15 ax9f gx 0% 7x s
6530l 6x10f8 e 1&21 3 % 10%
axml 4xa0nid ex 1wl 7x00ie
sx 07 sy 2x 107 8 x 107
rxw?® axw® o ozxw?t o 3x S
sx1d 3xa0d pew? 2xwls
121072 9x20°h  2x 107l 4 x 0%
sy 0% 3 x it gx el zx1%
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TABLE 10.6a.

Reference Alternative Potential Doses from Accidental Releases for Operations

Involving Six Waste Forms (Max. Ind. Inhalation)

Existing Tank Waste
Single-shell

1, Ory
2. Fill Tank Dome
Louble-shell

1. Hydraulic Retrieval

2. 5ludge washing

3. Hadionuclide removal

4, vitrification

5, Grout solutions

6. Fill empty tank
Double-shell suboption

1. Hydraulic retrieval

2, Grout solution

3. Fill empbty tank

L. Hydraulic retrieval

2, Cesium removal

i, Grout solutions

, Witritication

. F1l] empty tank

Maximum Individual Duse,(b} rem
Maximum Tnhalation

Reference{‘” 1st Year Dose Comm’ tment
Waste korm Facility Accident Location Inventory T, Body €, Organ T, Body L. Urgan
Salt cake Tank Explosion Tank T #4.1e2 g w? 2xwl 1x100 z x 10l8
salt cake Tank Dore collagse  Tank T oA.1c2 sx107f 1w 0% sk 10t 1k 10l
Liguid waste Tank Pressurized Diversion T #.lc? 3 x 1072 rxwle 4 x 107 6 <0
spray valve
$ludye small Filter Filters T #.le2 sx 107 1x 1w 6x100% 9k 10%
vitritication failure
lon exchange Small Jon exehanye Resin
vitrification fire colump
Molten ylass Sinail Loss of Fiiters A 1] zx w510 3.0 ax 107%
vitrification filters
Pecontaminated  Lrout Liquid spray Transfer T #,2ch 4 x 10'12 2 x 107 2 ll)'“L 2 x lﬂ'mB
from lines ling
Hesidual tank None Done collapse Tank T A 4e2 221070 6 x 10'4L 3x 10'4 5 x 10'33
Liquid waste Tank Pressurized Diversion T 8,12 321002 7wl ax w0l 6 x10%
spray valve
i . - . -12 -1 =11 -0y
Plubted waste Grout Liguid spray Transfer T H.2cH 4 x 10 2w ID7L 2 & 10 2 % 10
from iines ling
Hesidual tank Mane Bowe collapse Tank T A2 2x 1077 fx 107 3 l[)'2 5 x 10'13
Wwaste
Neawlc] nale) Pressuri zed Diversion [glc2 axw? o px L a0l o7 10%
release walve
lon excnangs Snall lon exchan e Resin Insufficient Pata
vitrification fire column
NC&W Transportable  Ligquid spray Transter T 4.3cu 4% Wl 3x 0710 3« 107 5. 107108
superndtant yrouk from line Tine
Malten ylass Small Loss of Filters T dudell Tx 107 s x wh 1x 10t 26 0%
vitrification filters
Hesidual tank  None flome collapse  lank [ 4.3 11070 dx 7% 3107 5 k1073
. « o - .
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TABLE 10.8a.

LA Barw o Fertiity Aevidect
Strontias #ad Lesium Lapuate
1. Remove from i-tﬁ?{e} facapyutatag RERY Lapsule
waihE Fuplure
2. famsvls pecesyiag Eacaptul st e pptth $achisary
wihiE impac e
Capsubs

Fru-fontamindnad foit

. injecl grout cenTat vegt o NORS

Y11
Sra-iyii Solid Manis
i. brout cafssons IR B by
2. Subsidence contrnl alig waste Hung

detrigvanly Stored and Hewly tenetsted TR

[ Retrierg.
1.1 st oy

1.7 ol Ty

n,

Sartiag and felated
aperalons
Fob owA Fan

vacksgpt waste  wat!l mae

2.% 18 IRy

4

PrOCRsE
301 wE TH
Tp b wheh

fey iwlerwsiion aediishis

Fep [ - Tabiz, £ . bLulumn,
Rt AT R ¥ . Fuemg, H o
Fol Bemtralrzed Sareent A0ig Wasio.

Betd Mol Appiicabie,
Pl daste Ircagailatina amd Werage Fatility,
Pt ey Fartiify,

tipd
Fhy  Lantaet Headieg,
Erd o dWanbe Mebebewal and Fackaying bacibogg,

Yorid wigce
sl Tapsa

fqurgmant
taiture

¥ord space
calbbapse

Frasggyet zed
toleate

Bresturei zes
relzase

Fressnueirod
ol gage

¥raguar s fed
raigate

Fire

{contd}

e immn {adivigual Ctzse,{bi ren

Wasimwm JARIBL IR

Re%‘ca‘ez«;c{‘“ o Weda Tnpie T oewni Loent
: sy T e ¥ 8oy L. Grgas
SEoruge HERAS: pewd raw®orxwd zaewds
Fre tod e o e ozeie? za
¥ oe.ned SRRV I 3:1‘;;, 2% 26"; 3 x 1076
Y. derY kot ozxowte 3k
tHId Foates PR B TP L A EPRE T, o S TP I
e t et saw il Fawr? s s 0710 1k 0%
Hurral aite 7 ol P B DA I T (L A A Tl
o 41 it v oh ey gt 2y 207
R ¢ |
it R e st zwwth 7?1 x e
k]
ey fadin R e N A TR
tiramn, PN TR IR Y s T Rt
Pt . . )
s § v fies s e e et gy w0
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TABLE 10.6b. Reference Alternative Potential Doses from Accidental Releases for Operations

Involving Six Waste Forms (Max. Ind. Ingestion)

Eatsting Tank Waste
Singla-shail

1. Dry
2. Fi11 Tank Gome
Dowble-shell

1. Hydraulic Retrieval
2. Sludge washing

3. Radionuclide removal

=

Vitrification

w

Grout solutions

6, Fill empty tank
Double-shell subgoption

1. Hydraulic retrieval
2, Grout solution
3. Fill empty tank

Future Jank Waste

1. Hydraulic retrieval
2, Cesium remoyal

3. Grout solutions

=3

. Vitrification

5. FI11 empty tank

Maximum [ndividual [1I|J.';e,{bj rem

WaxTmum Ingestion

1st Year Dose 70 Year Dose Lommitment

Maste Farm Facility Arcidant Location T. Body C. Organ T. Body €. Organ
Salt cake Tank Explosion Tank 6x 102 2x 1078 110" 5 x 10%
Salt cake Tank Dome collapse Tank 1072 1w 1071B a0t 1x 10%
Liquid waste Tank Pressurized Diversion 2x? sx10f 50! 2 x 1%

Spray valve
$ludge Small Filter Filters 1x 1007 1% 100 7 x 1078 1 x 10°%
vitrification fatlure
fon exchange Small lon gxchange Resin
vitrification fire column
Molten glass Small Loss of Filters 1x 1% sx 0% ax 10® 1 x 107%
vitrification filters
Decgntaminated  Grout Liguid spray Transfer 1x 107U 2 x ID'“B 4 x lD"ll 1 x 10719
from lines Tine
Residual tank Nane Dome collapse Tank 2x 1078 g x IO'SB 4 x 1079 1x 10°%
Liquid waste Tank Pressurized Diversian 2a 10 ax 0% 5 x 107 2 x 1%
spray valve
Diluted waste  Grout Liquid spray Transfer e 107!l 2 ¢ 1018 4 x 1078t 1 x 10710
from }ines line
Residual tank Mana Dome collapse Tank 2 x lLl'3 a6 x 10'33 4 x l()'z 1x 1071
waste
ncaulc) nald} Pressurized Diversion Ex1? 1x10le 5x 107! 6 x 10%
relaase valve
lon exchange Small [an exchanye Resin Insufficient Data
vitrificatton fire cotumn
NCAW Transportable Ligquid spray Transfer 8 x 10712 1 x 10711y 4 x 10711 1 x 10-19%
supernatant grout from line line
Molten glass small Loss of Filters 1x10® 2x10%% 1x 107t 4 x 10798
vitrificatiaon filters
Hesid:a! tank None Dome collapse Tank 4x 10°% 8 x 10°% 4 x 1074 1x 10-3
waste
" ' L \
a . . , . ™~ -
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TABLE 10.6b. {contd}

Haximem [odiyidysl ww;{b? rew

Wk inger TAGOEE 1af
{4t Yoar Dote 237 obe Lowm:iment
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Srrostiun and Costum Caseyle
1. memove frop wEsei®) focapsuistes WSS Lapsule Stgrage g20? sewls orewt rw ot
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7. fapsule packaging Sacapseisey ee Macninery pe® o4 ii}“zéé 75wl ¥ x R
wasie inpgeLs S R RS PR
13T
TH-Contaminates Soil
b, Injact yroxt TRibecont aminated More Vord speTe TRy I AL Tl zx W o8
fatl el Yapse
Pre-i970 Solid Wwaste
1. Grout caissoms Cetnson Mane Euusd praenst Carsson A R L SR 7 % 10730
tarfure
?. Subsidance contral Galid waske Neng void space Burial site Tewf 1 wle 2k 1w® b x 1075
collapse

Retrievably Stoared aod Bewly feierated TRU

l. Retrigye
1.1 a8t e 11w 167 frossurized Metal 1 W oz W g gunl? 2 x 10-tlg
relinase T&n
1.2 P Tan 3 st Prassurized Mez 3] Taowwd ety kg ! 3% 1079
rategse £ih
2. Sarting end eeizted
nEerALions . .
7.1 WMaTiew Packaged wiste  wiumael’) Pressarized - Drua Bewrth o s
rolgsse
2,2 CH-TRY ¥ Pressurizes Bruz g2 ¥ ga ety 2wl
rilsace
Fe Proftess
3,1 BELTRY as infnrmation gvsiisble
1.7 CH-WRAP Backagn wasts  CH.AWRAP fire Seuem zx @ 3w Pl g o 3 x w %
tay T = Table, £ = Lelumn,
i) Zose to L= fumy, B = Bose,
2} Meutralized Cursent Arid Wesie.
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{21 MWaste Ercansslalien and Storage Fanidizy,
(T} Capsule Fackaging Faeilivy,
{5F femote Hardied.
{n} Contact Handled.
{i)l Maste Retrieval amd Pagkaging Facitity,
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TABLE 10.6¢.

Involving Six Waste Forms (Total Population Dose)

Existing Tank MWaste

Single-shell

1. Dry

2. Fill Tank Dome
Dauble-shell

1. Hydraulic Retrieval

2. Sludge washing

L

. Radionuclide remowval

4, Vitrification

5, Grout solutions

&, Fill empty tank
Double-shell subaption

1. Hydraulic retrieval

2. Grout solution

3. Fill empty tank

Future Tank Waste

1., Hydraulic retrieval

[

. Cesium removal

[}

. Grout solutions

=

. Witrification

ur

. Fill empty tank

Population Do

Reference Alternative Potential Doses from Accidental Releases for Operations

e, man-rem!®)

15t Year [Dose 70 _Year Dose Commitment
Waste Form Facility Accident Location T, Body C, Urgan «_Body C, Urgan
Salt cake Tank Explosion Tank 4 x 102 4x 10,8 7x103 6 x 10%
Salt cake Tank Dome collagse  Tank 2xw  z2x1w0h,s 4x 103 3 x 10%
Liquid waste Tank Pressuri zed Diversion 1« 108 zx10lL 2 % 193 2 x 104
Spray valve
Sludge Small Filter Filters 251073 2x 107,84 x 1072 3 x 10°lp
vitrificatien failure
lon exchange Small [on exchange Resin
vitrification fire column
Molten glass Smail Loss of Filters 1x102 1x107l,s 2 107! 1x 1%
yitrification filters
Decontaminated  Grout Liquid spray Transfer 6x 1078 1x 107 2 x 107 & x 10778
from lines tine
Residual tank None Dome collapse Tank 1a 107l 1« IUUL.B 2 x IUO 2 x 1ole
Liquid waste Tank Pressurized Diversion 12?2 x 0% 2 x 103 2 x 10%
- spray valve
Diluted waste  Grout Liquid spray Transfer 6x 108 1x1w078  2x107 8 x 1078
from 1ines line
Residual tank  None Dome collapse  Tank ax1w0®  1x10d 2 x 10% 1 x 1038
waste
neawt e} rald) Pressuri zed Diversion 12108 2x A 2 x 13 z x 16%
release valve
lon exchange Small Ton exchange Resin Insufficient Data
vitrificatian fire column
MC AW Transpertable Liquid spray Transfer 4x 1078 7 x lﬂ'?L 2 10'? 2x 10'58
supernatant grout from 1ine line
Molten glass Small Loss of Filters 7x 102 1x 100 6 x 107! 5 x 100
witrification filters
Residual tank  None Dome collapse  Tank zx 10! 2«10 2 x 100 1x 108
waste
. . _ .
? - . ’ . .. F -
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TABLE 10.6c, (contd)

Population Dase. m»muib)

15t ¥ear Uosg Ti Yaze Done Cooel ik
Wanite form Faniithy Ao rigEnt tacation Y Eody U, trgan T, iy T Drgan
Stegntiug ang Cesiug Cossuie
1. Repase from HES¥{¢§ frcepaulaled Wi fapsule Storage [ 3] 10': £ x lﬁ“ii,g 1 ¢ 178 3« }0”23
wasta Pt e ared EREN T TR s 5 398 §x 167%
., Laptule sacksging Enzapsulated cpell) ¥acninery Storags Fu 10t raaeth 1w pp? 4% 8
wiitp fmpacts ares dx WE gy 1t By o 7% 1073
capaute
IRu-Lonpaminated fni]
i. Inject grout TRG-contaminaind Wene inid space R s sxEi ozt 53 107 %
soi} ot lanye
Fre-19M So0li4 Naste
1, &rowt [aissass Laisnan Rane Eqguri psgnt, Calgnnn P A T L 7 x 1078 1x 15778
Fatture
2. Suptidence coatrel atid waste Mane woid space gartel site 6 10 3wl 2 £ 072 UL
toitanse
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Lo Rgteieps
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{a) ¥« Tanle, € 5 Column.
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() fapsale Packasing Facitity,

{g} Bemdte Handied,

int fConmtact Handled.

P37 Watke Heteimvad 2od Packaging Facility,



nydraulic retrieval of the Lank wastes. This aceident is also the same as
descrived in the Geologic Disposal and In-Place Stabilization and Disposal
Alternatives.

10.5.4 Radiation Doses Associated with the No Disposal Action Alternative

Thirteen separate dose calculations were performed to analyze the potenw
tial radiological impact associated with the no disposal action aiternatiave,
The dose estimates, listed in Tables 10.7a, b, and o, are divided according to
the maximaily exposed individual inhalation dose, the maximally exposed jndi-
vidual ingestion dose, and the population dose, For each of these three cate-
gories, the first year total body and critical organ doses, and the 70w-year
total body and critical organ dose comnitments were calculated. The accident
resulting in the greatest public dose was Lhe pressurized release of iiquid
waste due to fallure of 3 diversion valve during hydraulic retrieval opera-
tions, This upperbound accident is the same as described for the exisiing
double~shel! and future tank wastes in the geologic disposal aliernative., The
accident with the second-highest radiologicai consequences is the collapse of
void space over the retrievably stored and newly genarated TRU wastes,

10.5.5 [Interpretation of the Hadiological impact from the Waste Disposal

Alternatives

The nighest total body dose 1n a maximally exposed individual from any of
the waste disposal alternatives was caiculated to be 0.2 rem in the first year
and 3 rem over a 70-yr period, This dose is based on a summation of the inges-
tion and inhalation pathways, which were caiculated separately in order to
maximize the dose estimate {and Lo provide an upper«bound estimate of potential
dose}, The dose received by an actual iadividual in the event of such an acci-
dent wayid, in all likelthood, be much lower. The annual, or firstevesr, dose
of 0.7 rem is below the DOE guideline of 0.5 rem/yr 10 2 member of the popula-
tion from occasionall®) releases at federal facilities. It is also squivalent

{a} Vaugh, W, A, 1985. "Radiation Standards for Protection of the Public i
the Vicinity of DOE Facilities.” QDepartment of Energy memorandum,
August &, 1985,

16,26



ot

to approximately twice the annual average background radiation dose received by
a resjdent of the Tri-fities from naturally occurring sources of radiation,
such as cosmic rays {Price et al. 1884}, The accident resuliing in the greaiw
est public dose was the expiosion of the single-shell tank wastes during
retrieval or handling operations, It has been postulated that a layar contain-
ing ferro~ or ferricyanide precipitates might be present in the single-shell
tank wastes {Rockwell 18883]. Under certain conditions, this material could
react explosively with nitrates present in the waste, [T ferrocyanide precipi-
tates are present, the potential for an explosion does exist, However, the
presence of this material in gquantities sufficient to produce & large explesion
is still & subject of some debate (Rockwell 19803,

The Federal Government does nol currently set limits for the maximum dose
that can be received dy a population as a whale, Rather, it specifies an indi-
vidual 1imit based on an average dose to a suitable sample of the exposed popu-
Tation; this limit is one third the amount allowed for the individual at tne
point of maximum probable exposure. Conseguently, one cannot compare the popu~
Tation dose to a specific DUE timit. However, it is possible to compare the
astimated accidentai dose to that which is routinely received by the same group
of individuals from natural sourges of radiation. Approzimately 143,000 per-
sons were presumed Lo be exposed from the postulated upper-bound accidental
rejeases. Their first-year dose was estimated to be 500 man-rem, This same
group of individuals receives approximately 100 mrem apiece each year from
natural sources of radiation; this calculates to be 1.4 164 mar-rem, or nearly
thirty times the amount they might receive in the svent of as accident during
processing of the wastes far disposal.,

19,287
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TABLE 10.7a. No Disposa] Action Alternative Potential Doses from Accidental Releases for
Operations Involving Six Waste Forms {(Max. Ind. Inhalation}

Maximum [ndividual Dose,(P), rem
Maximum Inhalation

70-Year
Referencald) lst Year Uose Dose Commitment
Waste Form Facility Accident Location Inventary T. Body C. Organ _T. Body L. Organ
Existing Tank Waste
1. Hydraulic retrieval Liguid waste Tank Prassurized Diversion T #.1c2 1x10% 7x10°h 4xwl 5x10%
of residual liquid spray valve
{double shell)
2. Fill empty tank Residual tank Mone Dome Tank T 8.1c2 251077 6x1008 3x100% 5 10°ls
dome waste collapse
Future Tank Waste
1. Hydraulic retrieval Liquid waste Tank Pressurized Diversion T §.3a 4 x 10'2 1.5 x 10“L 4 x 10'1 7 x 10“3
spray valve
2. Fill tamk Residual tank Hone Dome Tank T 8.3 3x100% gx10d 3x 107t 5 x 1073
waste collapse
Strontiuym and Cesium Capsules
1. Remove from WESF(S!  Encapsulated WESF Capsule Starage T 8.5¢3 1 x m'; 2 x 10‘gL 1x10® 2y w'ga
waste rupture area T B.5¢7 2w 107 2x 108 2x10® 2. 10%
2, Capsule packaging Encapsulated cerld) Machinery “Load" T 8,53 1x w8 3k lO';L 2% 10'; 1 x 1070g
waste impacts sectton T B.5c7 2x 1079 2x10% 2x 109 3x10%
capsules
3. Place in drywel] Encapsulated . owsFle) Transporter OWSF T 8.5¢3 2x 10 3x 10‘2L 2 % 10'2 6 x lﬂ'gl
storage waste shear T 8,57 2x 107 2x 10778 3 x 107 I x 10778
capsule
TRU-Contaminated Soil
1. Subsidence TRU-cantaminated  Hone Void space CRIB T 8,72 2 x 0B 3% 1078 9 x 10'? Zx 10-58
soil callapse
Pre-=1970 TRU 5plid Maste
1. Subsidence Solid waste None Void space Burial T 8.10c2 zx 1077 12100 5x100 1«10
site callapse site
Retrievably Stored and Newly Generated TRU
1. Subsidence Retrievable None Void space Burial T 8.11c6 ax 0% ax1wh 9x10% 2x10%
stared TRU collapse site
{(a) T = Table, € = Column,
{h} Dose to L = Lung, B = Bone.
[c] Waste Encapsulation and Packaging Facility,
{d) Capsule Packaying Facility.
{e) Dry Well Storage Facility,
- L]
- - s H ;
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TABLE 10.7h. Ne Disposal Action Alternative Potential Doses from Accidental Releases for
Operations Involying Six Waste Forms (Max. Ind. Ingestion)

Mazimo Ingividuat Q&%e,{“}, o)
Hazimum raeetion

ThuVear
tar Year fnue Dote Lowmitewn?
woBaste Form Fags ity Auaident wonation V. Redy O lraan T Zady 4, Grgan
Existing Tamk Wiste
1, Bydrasiic retrigval  Bhguid wanls fans Fressurt 2ed Beerston o ;;}*2 g% Cr &gt 2k 1%
o1 pesidpal Tiguisd Spray valbus
fdouble ahelil
2. Fil mapty o fiegidual tank %one Some Tk Fx307 daxh o2x0¥ 1xuts
dore wiELE collapss
Futyre [ank sasts
1. Hydraulis receieva!  tiguid waste Tank Frassurized Biversion & x IF% 1 x e s 2wl 6w w0l
Spray valve
2. Fill tank Res tdual tank Mone fome Taak dx10d wa sx? 1xteh
watte coliapse
Strontiun and Cesiyn Capsyles
1. Remmve from WESFLET Frcspsulated WESF Capsule SEorage 9w w1k IO“;& 2 Wt 7x 10‘?3
waste rupture &rea gaind gy o¥ ax ot 1 x 10778
7. Capsule gackaging Encapsaloted goptdl Mzzhinery “I pa® IR I SINT L lﬂ‘é 9 x 1a‘é
wAE L imgacts seciian 1w 3 1w 20“88 w107 g x 107V
Lapsules
3. Flece in dryeell Enzapsuiated pusglel Iransporier BRI ioa i{}”i £« Z{}*:ﬁ 2w Zﬁ'g F IS ZB';B
SEoFanE wathe sheare IR §o WTTEOZF x0T 25 16778
cagsule
Tati-Lonramingted Seil
1. Subsidence Fhncnntaninstes  Hose yoid space caig trtt 2o Wyey w2yl
FEYH coilapse
Pre-1970 THE folid Hasis
i, Subsigence Sstig wests Hane ol space Burial pawd rxaels zxwt sax 0l
site coliapte site
Retrigvealy Shoret and Sewly Geaersted THE
L. Sutsigence Fidii Ran ¥old space Byrial 4 ZH“} b oA vt 6x !8“6 2% 1678
£ol lapsa A

tay 1 = Table, © & Column,

ib} Bose to b o= Lunyg, B * Rene,

fc} waste Emcapsuiatien dad Poceaging Facility,
{a} Capswle Packaging Facility,

{e) Ory Well Storage Faciliny,
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TASLE 10.7c. Ho Disposal Action Alternative Potential Uuses from Accidental Releases for
Operations lnvolving Six Waste Forms (Total Population Uose}

Pppu iation Dasﬁ“:b} WAL F B

Fetepr
) 15t Yezr Dase Dose formtbeeat
Haste Form Farility sccident Lpcatigs 7, Rody T, Draan T, Hody ¥, drgan
Exigbimg Yank Maste
1. Hydrawtiz refrisval Liguig wasts Tank Pressurized  Giwersion 1 X T E oy 103L dox 263 2 x 1848
of reziduat Viguig spray yaive
fdguite shali}
2. F11 smpty tank fasidual tank Nana o Tank ¢ 0% ) x g 24100 1 x 0%
B wasie collapus
Foture Tank Wdasts
i, Hydraulic reteieys? Liguid waste Fank Erassurl zed Siwsrsion ¥ x 102 i Eﬁgi,ﬁ TS 7 x 1%
sptay valve
2. Fill iank Zesidusl fank None (oot Tank 720l 2 owb 2+ 109 1= '
WAL LE ol lapse
Serontivm and Cesium Dapvules
1. Remave Trom WESFIY?  fncapsulated wEss Capsuie Storzer 6 x 10‘: 5 = z&“fz,s 1 x 13“§ s x ze“fa
wasle fuglusg Arpa 3 ox 307 Iy iome § ¢ 107 o5 WE
2. Capsule pecxaging  Encapsulstes gprdds Machtnsey “Load" 7 x 23*2 IR e T O za'g g x 1973
waeee impacts tection 4 x 8% ax10°%  ax 1% 7. 1e
capsuies
TRU-Cantamineted Sgii
1. Subsidunce Tumcentaminated  Home ¥oig space CRIB S WD bx R 22107 skl
spil coliapse
Pre.-1970 TR Splic daste
i, Subsidente Salid waste Ko feid space Burial 6xld Ix . zx10? 2. wrls
gitn collapie site
Hetrieyably Storad and Eewly Sgnarated IRY
1. Subgidence TR None Yoid Spage gurial xae? el zeart 4a 1933
w0l lapse zitg

fa4; 1 = Table, L = Lolumn,

in} Bose te b o« Lung, B = Bans,

{c} Yaste fmeapsulation and Yackaging Facility.
{a} Capwuie Psckaging Facility.

fel Ory Well Storage Facility.
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