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a GLOSSARY

This is a glossary of llanford terminology that has been primarily derived from Agnew (1996) and the
Tank Waste Remediation System (TWRS) Environmental Impact Statement (EIS) (U.S. Department of
Energy,1996a). Additional terms have been added from other sources. Not all these terms may appear
in the TWRS Familiarization Report, but it was deemed useful to compile all these terms for possible
future use. The uncertainty as to an exact meaning of a term is indicated by a "?."

IC-Ist Cycle Decontamination-(Bismuth Phosphate) BIPO process. Often included cladding waste, lield4
10 percent of FP, I percent of Pu. See also BiPO , MW, and 2C,4

,

ICl-First cycle decontamination waste from the BiPO process,1944 to 1951.
'

4

IC2-First cycle decontamination waste from the BiPO process,1952 to 1956.4

ICFeCN-Ferrocyanide sludge produced by in-plant scavenging of IC supernatant wastes. Used 0.005M
ferrocyanide.

ICS-Ist Cycle Scavenging waste. TY-101 and TY-103 received IC waste that was scavenged with
FeCN before it was added to the tanks; termed ICFeCN.

1st Generation Tank-The original tank design encompassing Tank Farms B, C, T, U (excluding the
200 series tanks), and BX These tanks have an operating capacity of 530,000 gallons, a 75-foot diameter,
a 12-inch dish bottom, and a 4-foot knuckle. Also see Type 11 tanks.

,

!, j 2C-2nd Cycle Waste from BiPO process. Supernatant often cribbed,0.1 percent of FP,1 percent of4s~
Pu. See also BiPO , MW, and IC.4

2Cl-2nd Cycle Waste from BiPO process,1944 to 1951.4

2C2-2nd Cycle Waste from BiPO process,1952 to 1956,4

2nd Generation Tank-Same as original tank design (1st Generation or Type II) except the operating
capacity was increased to 758,000 gallons. Also, see Type III tanks.

202-S-Also known as S Plant where REDOX process ran 1952-1966.

204-AR-Rail Car Unloading Facility, completed in 1981, replaced 204-S as Rail Car Unloading Facility.

211-T-Chemical storage area used for nitric acid and sodium hydroxide storage, and low-level
radioactive sludge storage.

221 B-See 222-B Plant.

221-T-licad End facilities (two cells) in 221-T Building are used as a containment systems test facility
to develop sodium aerosol data needed for the design of air cleaning equipment for large-scale Liquid
Metal Fast Breeder Reactors. 221-T Building (Cell 4) used for interim storage of Pressurized Water
Reactor Core Il fuel from Shippingport Atomic Power Station. See also T Plant.

(
k) yjj
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o GLOSSARY (Cont'd)
\ /

222 B-One of the three original Bismuth Phosphate Processing Facilities. Later converted to waste
fractional plant. B Plant used for BiPO4 1944-1952, then for FP recovery. See also B Plant and TK.

222-C-Initially a pilot plant for REDOX, later a pilot plant for PUREX and B Plant waste partitioning.
See also C Plant.

222 T-T Plant used for BlPO 1944-1952.4

' 222-U-One of the three original Bismuth Phosphate Processing Facilities. Later converted to a uranium
recovery plant. See also U Plant.

224-LaF finishing waste. 224-U Waste. See also P. PFP, PRF, TRU, and Z

224-2-Same as 224,

224-AR Vault-Originally designed for treating and transferring tank farm sludges to B Plant and for
interim lag storage and transfer of PUREX acid wastes to plant. Also used for lag storage of neutralized
high-level waste enroute from B Plant to tank farm storage. Construction completed in 1968; put in
standby mode in 1978.

224-F-224 U Waste. LaF Pu Finishing Plant. Same as Z Plant. See also LaF.

p 224-U-Completed in 1944 as part of U Plant complex. Nevei used for original purpose. Used as training() facility from 1944 to 1950, converted to UO Plant in 1951. Plant shut down in 1972. Restarted in 1984.3
Feedlines from REDOX and U Plant canyon disconnected. See also 224-F.

224-UA-Constructed in 1957 with six calciners installed. UO Plant capability sufficient to handle UNH3
stream from REDOX, U Plant, and PUREX.

225-B-See also WESF Plant.

231-Z-Dilute phosphate waste from Z-231 laboratories.

241 Z-Underground sump pit.

242-A-Reduced pressure evaporator in East Area designed for 30 percent solids. A-102 was feed from
1977 to 1980. AW-102 was feed from 1981 to the present.

242-B-Atmospheric evaporator used for concentrating wastes, 1952-1956. B-106 was feed tank.

242-S-Reduced pressure evaporator designed for 30 percent solids 1973-1980. S-102 was feed from
1973 to 1977. SY '02 was feed from 1977 to 1981.

242-T- Atmospheric evaporator used to concentrate wastes.1952-1956 and 1965-1976. TX-118 was feed
tank.

,-

w/
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GLOSSARY (Cont'd)O
242 Z-Waste treatment facility. Equipment was used to treat PRF waste and extract americium from the

i
waste. Scheduled for decontamination and decommissioning.

244-AR Vault-Originally designed for treating and transferring tank farm sludges to B Plant and for
interim lag storage and transfer of PUREX acid wastes to B Plant. Also used for lag storage of,

neutralized high-level waste enroute from B Plant to tank farm storage.

'

2706 T-Used as equipment in low level decontamination facility. See also T Plant, 221 T and 271-T.

; 271 T-Building used for chemical make-up area and dry storage, and offices. See also T Plant,2706-T,
and 221 T.

,

j 2736 ZA-Plutonium Storage and Support Facility. Used to store plutonium in a variety of fonns,
j packaged in metal containers. Also used for shipping, receiving, repackaging, and nondestructive analysis
j of plutonium. See also 2736-ZAB.
,

; 2736 ZAB-Plutonium Storage and Support Facility. Used to store plutonium in a variety of forms,
!

packaged in metal containers. Also used for shipping, receiving, repackaging, and nondestructive analysis
j of plutonium. See also 2736-ZA.

3rd Generation Tank-The first generation of the Type IV tanks, located in the SX Tank Farm only.<

These tanks have a 1,000,000-gallon operating capacity, a 75-foot diameter, a 14.875-inch dish bottom,
and no knuckle. See also Type IV tanks.

b'

4th Generation Tank-The second generation of the Type IV tanks, located in the A Tank Farm only.
These tanks are the same as the third generation except they have a flat bottom. See also Type IV Tanks.

5th Generation Tank-The third generation of the Type IV tanks, found only in the AX Tank Farm.
*

These tanks are the same as the fourth generation with the addition of grid drain slots beneath the steel<

liner bottom..

A Plant-This is also called the PUREX plant. The PUREX process ran from January 1952-June 1972,
! then was in standby and ran again from November 1983-1991, and is now shut down. See also PUREX

Plant, CWP, and OWW.

AISitCk-Salt Cake waste generated from the 242-A Evaporator-Crystallizer from 1977 until 1980.

A2SitStry-Salt Slurry waste generated from the 242-A Evaporator-Crystallizer from 1981 until 1994.

Active-Currently operating or scheduled for further operation.
.

3 Active Drywell-Drywell in which radiation readings of greater than 50 counts /second are detected. To
' be considered " active," these readings must be consistent as to depth and radiation level for repeated

readings.

i
i

x
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GLOSSARY (Cont'd)

Active Institutional Control-Continued Federal control of the Hanford site along with maintenance and
surveillance of facilities.

Active Tank-A tank that contains more than 33,000 gallons of waste and/or is still involved in waste

.

management operations.

AEC-Atomic Energy Commission. See also ERDA and DOE.

Aging Waste-liigh-level, first cycle solvent extraction waste from the PUREX plant

Air Lift Circulator (ALC)-The air lift circulators installed in aging tanks to promote mixing of the
supernate. By maintaining motion within the body of the liquid, the circulators minimize superheat
buildup any consequently, minimize bumping.

ALARA-A requirement and approach to control of radiological or hazardous material whereby
i individual and collective exposures to the work force and to the general public are managed and

controlled to be at levels As Low As Reasonably Achievable. This is not a dose limit but a process that
has the objective of attaining doses as far below the applicable controlling limits as is reasonably
achievable, it takes into account the social, technical, economic, practical, and public policy factors.

ALE-Fitzner-Eberhardt Arid Land Ecology Reserve. This is a 124 square-mile area in the western pan
of the llanford site that has been relatively undisturbed for almost 50 yr. Access is limited to this site for,

scientific purposes.

! ANL-Argonne National Laboratory.

Annulus-The annulus is the space between the inner and outer shells on DSTs. Drain channels in the
insulating and/or supporting concrete carry any leaksge to the annulus space where conduWty probes
and radiation detectors are installed.

ANSI-i.merican National Standard Institute,

Anticline-An arch of stratified rock in which the layers bend downward in opposite directions from thei

crest.
;

Aquifer-A body of permeable rock, rock fragments, or soil through which groundwater moves.

ARM-Area Radiation Monitor.
,

'

ASMF<-American Society of Mechanical Engineers.

Assumed Leaker-The integrity classification of a waste storage tank for which surveillance data indicate
a loss of liquid attributed to a breach of tank integrity.'

.

:
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GLOSSARY (Cont'd)

Assumed Leaking Tank-In 1984, the criteria designations of " suspect leaker," " questionable integrity,"
" confirmed leaker," " declared leaker," " borderline," and " dormant" were merged into one category now
reported as " assumed leaker."

Assumed Re-Leaker-A designation that exists after a tank has been declared an " assumed leaker" and
then the surveillance data indicate a new loss of liquid attributed to a breach of integrity.

ASTM-American Society for Testing and Materials.

AW-Designation of a tank farm. Also can stand for neutralized current cid waste.

AWC-Aging Waste Condensate.

AWWA-American Water Works Association.

B-liigh-level waste from the B plant.

B Plant (222-B)-A facility located in the 200-East area of the Hanford site. BiPO ran in B Plant from
4

April 1945 to October 1952, while Cs/Sr recovery from tank farms ran from 1 % 7-1976, and Cs/Sr
recovery from NCAW and CAW ran from 1%7-1972, and then from 1983-1991. B Plant's mission from t

1%7 was to take the acid stream from PUREX through cesium and strontium recovery operations.

Basalt-Dark to medium-dark colored rocks of volcanic origin with relatively low SiO content.2

-

BC-TRU solids from B Plant processing of complexant concentrate waste.

Beyond Design Basis Accident-An accident with an annual frequency of occurring between 1 in 1
million and 1 in 10 million.

BHI-Bechtel Hanford, Inc.

BL-Low-level waste from B Plant.

Boiling Waste-Waste containing sufficient radioactive decay heat to self-boil.

Bottom Referenced Tank-Either a dished bottom tank or a flat bottom tank where the zero point for
liquid-level gages is the lowest elevation in the tank.

Bottoms Receivers-Tank designated for receiving evalmrator bottoms.

Bottoms (Tank)-Material remaining in waste tanks after most of the tank contents have been pumped
out. This is also referred to as tank heel.

A
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.: O

BP [ Bismuth Phosphate (BIPOD] Process-First precipitation process used at the 11anford Site for
<

separating plu: onium from the irradiate 6 uranium fuels. This process was replaced by REDOX and
PUREX processes to gain the advantages of separation and recovery of the uranium and plutonium fission

i products in B 222 arxl U 222,1944-1956. Left U in waste. See also MW, IC, and 2C,

Bumping. Tanh H.anp-A tank bump occurs when solids overheat in the lower portion of the tank. The
hot r911ds are mixed v/ith the cooler fluid either by operation of the ALCs or by natural means. The hot,

solids rapidly transfer heat to the liquid, some of which quickly vaporizes. The sudden pressurization
caused by vapor generation is called a " bump."

Burial Ground (gastlen)-A land area specifically designated to receive packaged contaminated wastes
'

and equipment for burial. Rated volume at the time of construction.

| Burping- Burping is a term commonly used to refer to a rollover event due to gas generation. Ilydrogen
gas generated, notably in tatt SY 101, in a lower layer, makes that layer light enough to roll over to the
top, potentially releasing f'w . able gas.i

.

BWIP-Basalt Waste Isolation Project.
:

C Plant-Strontium Semiworks. Called C Plant or llot Semiworks earlier, was pilot for both REDOX
'

and PUREX, July 1952 to July 1956. Then reconfigured for Strontiwn Recovery Pilot Plant from July
*

1960 to July 1%7. See also 222-C, SSW, and 11S.

Caisson-An underground structure used to store high level waste; typical designs include corrugated
metal or concrete cylinders,55 gallon drums welded end-to-end, and vertical steel pipes below grade.

Calcine-To heat a substance to a high temperature, but below its melting point, causing loss of volatilei

constituents such as moisture; refers also to the material produ:ed by this process.,

I Caliche-An accumulation of calcareous material formed in soil or sediments in arid regions.

; CAM-Continuous Air Monitor.

Canyon-A heavily shielded, pa,tially below grade concrete stincture used for remote chemical
i processing of radioactive fuels or wastes.

$ CAS, Cascade-Tanks connected in series placed at different elevations allowing liquids to flow from
| one tank to anothy. This process filled three or more tanks with one pump by using overflow lines.

Normal use was +3a a sequence of tank numbers, that is, 101.102,103, or 110,111,112.
,

CASS-Computer Automated Surveillance System (applies to the AY md AZ Farms).

Catch Tank-Small-capacity single-wall tank, primarily associated with diversion boxes and divert;r
stations, The tanks collect liquid from diversion boxes, diverter stations, catch stations, and other1

facilities.

O xili

,

t

w y. .,.--, y-,. , - . - , - - . , ,,---v.. -,y ... ,,.-.-.e - ---,- - , v- -, .--



- - - _ _ _ _ _ _ _ _ __ _ _ _ _ - - _ _ _ - _ _ _ _ - - _ _ _ - _ _ _ _ _ - - _ - _ _ _ _ _ _

GLOSSARY (Cont'd)

Catbodic Protection (CP)- A method employed to mitigate corrosion of metals, mainly steels, whereby
the electrode potential of the steel is brought to a value below its equilibrium potential or to values where
active corrosion does not occur.

CAW-Current Acid Waste-this is PUREX acid waste, also called ilAW or IWW. See also liAW,
IWW, and PAW.

CC-Complexant Concentrate waste.

CDE or CEDE-Committed Effective Dose Equivalent. This is the sum of committed radiological dose
equivalents to various tissues in the body, each multiplied by the appropriate weighting factor. A 70-yr
dose commitment period was assumed in the TWRS EIS (U.S. Depanment of Energy,1996a)

Cell 23-Waste from Cell 23 at B Plant. Cc!I 23 contained an evaporator and was used not only during
B Plant operatians, but to reduce tank waste volume as well.

CERCLA-Comprehensive Environmental Response, Compensation and Liability Act.

CF-Corrosivity Factor. Ratio of the molar concentration of N0( to the combined molar concentrations
of NO and 011 used to evaluate the potential for localized corrosion of carbon steel in radioactive2
waste.

CFR-Code of Federal Regulations.

CHP-Cascade fleel Pit.

Cl-Curies.

Cladding Removal Waste-Chemical wastes resulting from dissolving the metal sheath or coating
surrounding fuel elements. These chemical wastes usually are contaminated with activation product:,
fission products, and some transuranic elements.

CLU-Chemical Laboratory Unit.

CMPO-N diisobutylcarbmoylmethylphosphine oxide.

Complexants-Organic chemicals that assist in chelating metallic atoms.

Conductivity Probe-Measures surface level of conductive liquid (or waste) by detecting electrical
conductivity between probe tip and liquid / waste surface as it is lowered into contact.

Confined Aquifer-A subsurface water-bearing region that has defined, relatively impermeable upper
and lower boundaries. The impermeable boundary is referred to as a conf' ing layer.m

.

h
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GLOSSARY (Cont'd)O
Confinned or Declarwl leaker-The designation of any underground waste storage tank where the data
are considered sufficient to support a conclusion with 95 percent confidence that the tank has leaked.

CPLX-Conplexed waste. See also CC,

CPP-Cascade Pump Pit.

CPS-Criticality Prevention Specifications.

CPW-Concentrated Phosphate Waste. Waste originating from the decontamination of 100 N Area
reactor. Concentration of this waste produces concentrated phosphate waste.

CR Vault-Facility located adjacent to C Farm, used for scavenging campaign following Uranium
recovery,1952-1958. Ferrocyanide was added to tank supernatants in CR. Vault, and then the slurry was
returned to C Parm for settling, fonning in-fann sediments.

CRB-Columbia River Basalts.

Credible Accident-An accident that has an annual probability of occurrence greater than or equal to 1
in I rnillion.

Cdb-An underground structure designed to receive liquid waste from tanks or evaporators that can
percolate into the soll directly or after traveling through a connected tile field.

Crust-A hard surface layer that has formed in many waste tanks containing concentrated solutions.

CRW-Cladding Removal Waste.

CSB-Container Storage Building is being constructed to provide dry storage for spent fuel from the K
basins.

CSP-Cascade Slulce Pit.

CSR-Tank supernatant was sent to B Plant for Cesium recovery using C 105 as a staging tank. From
1%7-1976,21,724 kgal was sent to and 26.290 kgal returned from B Plant. See also IX.

CSS-Concentrated Supernatant Solids.

CST-Caustic Solution 0.01 M Naoli,

CTW-Caustic Waste for makeup.

Cullet-Small pieces of glass formed when hot molten glass is quenched in a water bath.

Current Acid Waste 'Ihe high level waste stream from the PUREX plant that contains most of the
fission products from the dissolved fuel.

xy
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-

CW-Cladding Waste, included with 2C from 1945-1950, and with IC from 1951-1956.
,

CW Al-Aluminum Cladding Waste.

l CWitT-Concentrated Waste liolding Tank.

CWP-Cladding Waste PUREX. See also A Plant, PUREX Plant, and OWW.
"

,

CWP2-Cladding Waste. PUREX 27
,

4

CWR-Cladding Waste REDOX. See also REDOX and R.

CWRI-REDOX Cladding Waste from 1952 to 1960.
i

; CWR2-REDOX Cladding Waste from 1951 to 1%7.

'

CWZrt-Cladding Waste from PUREX 1966-1970 that used Zirflex process on Zircaloy clad fuel
elementa. See also PD and NCRW.

| CWZr2-Cladding Waste (REDOX), zirconium cladding.

D & D-Decontamination and Decommissioning.

1 D2EllPA-di 2-ethylhexyl phosphoric acid,

i
DBA-Design Basis Accident is a postulated abnormal event for nuclear facilities that is used to establish
performance requirements of structures, systems, and components that are necessary to maintain them
in a safe shutdown condition indefinitely or to prevent or mitigate consequences so that the general public

j and operating staff are not exposed to radiaCon in excess of guideline values.

DBE-Design Basis Earthquake is the maximum intensity earthquake that might occur along the nearest:i

| fault to a structure. Structures are built to withstand DBE. This definition as provided in the TWRS EIS
may not be conservative. NRC 10 CFR Part 100 App. A, replacing DBE by Safe Shutdown Earthquake
(SSE) See under SSE.

DBP-Dibutyl Phosphate.

DBPW-Dilute "B" Plant Waste.
<

| DC-Dilute Complexed. Waste characterized by a high content of organic carbon including organic
complexants: ethylenediaminetetra-acetic acid (EDTA), citric acid, hydroxethylenediaminetriacetic acid
(liEDTA), and iminodiacetate (IDA) being the major complexants used. Main sources of dilute
complexed waste in the double-shell tanks system are salt well liquid inventory. See also EDTA,
ilEDTA, and IDA.

DCG-Derived Concentration Guide,

lO
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DCH 18-Cr4-Dicyclohexano 18-Crown 6 Ether.

DCS-Dilute Caustic Solution.

DCW-Dilute Complexed Waste.

DDSSF-Dilute Double Shell Slurry Feed.

DF-Decontamination Factor is the factor by which the concentration of radioactive contaminants is
reduced, measured by the ratio of initial radioactivity to that after decontamination.

DIIe-Dilute Feed for Evaporator input. Interstitial liquid that is not held in place by capillary forces, and
will therefore migrate or move by gravity. See also DILFD.

DILFD-Dilute Feed. See also DIL.

Diversion Box-A below grade concrete enclosure containing the remotely maintained jumpers and spare
nozzles for diversion of waste solution to storage tank farms.

DNCPW-Dilute Noncomplexed Waste, defined as waste with no complexants and TOC > 1 weight
percent.

DNFSB-Defense Nuclear Facilities Safety Board.

DoD-U.S. Department of Defense.

DOE-U.S. Depanment of Energy. See also AEC.

DOFJRL-U.S. Department of Energy /Richland (Field Office).

Doll-Washington Department of Ileahh,

Dose Equivalent-Product of the absorbed dose, the quality factor, and any other modifying factors to
compare the biological effectiveness of different types of radiation on a common scale.

DQO-Data Quality Objective is a series of planning steps to identify and design more efficient and
timely data collection programs.

Drainable Intentitial Liquid-Liquid that is not held in place by capillary forces, and will therefore
migrate or move by gravity. Drainable liquid remaining minus supernate. Drainable Interstitial Liquid
is calculated based on the salt cake and sludge volumes, using average porosity values or actual data for
each tank, when available.

Drainable Resnaining Liquid-Supernate plus drainable interstitial.
,

DRCVR-Dilute Receiver Tank.

h(V xvn
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3

D Twell-Vestical boreholes with 6-inch (internal diameter) carbon steel casings positioned radially
around single-shell tanks. Prriodic monitoring is done by gamma radiation or neutron sensors to obtain

'

scan profiles of radiation or moisture in the soil as a function of well depth, which could be indicative
. of tank leakage. These wells range between 50 and 250 feet in depth, and are monitored between the
!

range of 50 to 150 feet. The wells are sealed when not in use. The wells are called drywells because they
do not penetrate to the water table and are therefore usually " dry.".

!
'

Drywell (in tank)-A sealed casing within a tank that is attached to a riser and used for access of a
ganuna or neutron detector, or an acoustical probe to detennine the level of interstitial liquid.

] DSC-Differential Scanning Calorimetry.

DSS-Double Shell Slurry in a concentrate of DSSF.
,

4

DSSF-Double-Shell Slurry Feed. Waste concentrated just before reaching the sodium aluminate
saturation boundary in the evaporator without exceeding receiver tank composition litnits. This form is

: not as concentrated as DSS. See also DSS and DDSSF.
J

DST-Double Shell Tank. The newer one million gallon underground waste storage tanks consisting of,

a concrete shell and two concentric carbon steel liners with an annular space between the liners.
"

DTPA-diethylene-triamine penta-acetic acid.

DW-Decontamination Waste.
3

Ecology-Washington State Department of Ecology.,

EDE-Effective Dose Equivalent is a value used for estimating the total risk of potential health effects
from radiation exposure. This estimate is the sum of the committed effective dose equivalent from internal
deposition of radionu:lides in the body and the effective dose equivalent from external radiation.

EDTA-Ethy!eaediaminetetra-acetic acid. See also, DC, HEDTA, and IDA.
:

; EF-Evaporator Feed.
,

| EFD-Evaporator Feed Dilute.

EGR-Episodic Gas Release..

EIS-Environmental Impact Statement.-

Encasennent Pipe-The carbon steel pipe used as encasement of the primary pipe in the RCSTS and other
transfer pipings,

i

ENRAF-A gauge fabricated by ENRAF Inc. to determine waste level by detecting variations in the
weight of a displacer suspended in the tank waste, which are detected by a force transducer,

,

.
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i

EP-Enclosure Pit.

EPA-Environmental Protection Agency.

EPRI-Electric Power Research Institute.

ERA-Expedited Response Action.

ERDA-Energy Research and Development Administration. See also AEC and DOE.

ERDF-Environmental Restoration Disposal Facility. !

ERPG-Emergency Response Planning Guideline.

ES&H-Environment, Safety, and Health.

ESRI-Environmental Systems Research Institute, Inc.

ETF-Effluent Treatmen: Facility.
i

Evaporator Crystallizer-242 A and 242 S waste concentration facilities that operate at a reduced
pressure (vacuum) and are capable of producing a slurry contahdag about 30 volume percent solids at

c a specific gravity of greater t!an 1.6.
I

Evaporator Feed-Any waste liquid that can be concentrated to form salt cake; for example, low heat
waste, dilute interstitial liquor, aged waste, and other radioactive waste solutions.

EYFD-Evaporator Feed Tank.

FDC-Functional Design Criteria.

FeCN-Ferrocyanide wastes created during a scavenging campaign in 1953-1957. See also PFeCNI,
PFeCN2, and TFeCN.

FPTF-Fast Flux Test Facility is an experimental nuclear reactor located in the 400 Area used for testing
. fuels, materials, and designs related to breeder reactor technology. Recently, it is also being considered
for tritium production as an alternative to light water reactor or accelerator based technologies.

FIC-A Food Instrument Corporation automatic liquid level gaufe based on a conductivity probe, in
some tanks, they are electrically. connected to the CASS; in other tanks, local readings may also be
obtained from a dial.

First and Second Cycle Decontamination Wastes-Waste contained 10 percent of the original fission
product activity and 2 percent of the product. Byproduct cake solution was mixed with product waste and
neutralized with 50 percent caustic. This waste contained a mixture of suspended solids, hydroxides,

Dd xix
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carbonate, phosphate, scavenger meta':,, and chromium, iron, sodium, and silicolluoride. See also IC and
2C,.

FLSH-Flush water.

FP-Fission Product waste. Cs and Sr recovery began in 222 B in 1%7. Cs was removed from PUREX
| SU (PAW) and Sr from PUREX SL (PAS), and both from Acidic Waste.

: Fdt-Chemical additives mixed with waste that create a glass when heated. Examples include fusible
;

ceramic oxides and silicates.

FSPLIT-Separates or slots the flow of one or more input streams into two or more output streams.

ITIR-Fourier Transform Infrared spectroscopy technique used to identify molecular species by their
! vibrational frequencies.

GA-Gain to tank.

GIS-Geographic Information System.

GM Instrument-Instrument for detecting low level beta and gamma radiation using a Geiger Mueller!

tube.
#

: Grout-A fluid mixture of cement-like materials and liquid waste that sets up as a solid mass and is used
J for waste fixation and immobilization.

GTCC-Greater than Class C waste.
"

Gunite-A building material consisting of a mixture of cement, sand, and water that is sprayed onto a
j mold.
,

HAMMER-Itazardous Materials Management and Emergency Response training center.
,

Hanford Coordinates-A set of offsets, in feet, from a reference point on the site. These are the units
used to lay out these facilities. Conversion to latitude and longitude is possible.

Hard Pan-Tenn used to describe uranium carbonate phase that formed in solids from MW additions.
Proved to be very difficult to sluice.

HASP-Health and Safety Plan.

HAW-Aging waste from PUREX/PFM Processing NPR Nuclear Fuel. See also AGING WASTE,
CAW, IWW, NCAW, NFAW, NHAW, PAW, and PFM.

HarOP-Hazards and Operability Study. I

O
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HDRIc-11anford Defense Residual Liquid.

IIDW-lianford Defined Waste.

IIEDL-Dilute sulfate waste.
1

HEDTA-N-(2 hydroxyethyl)ethylenediaminctetra acetate. |
i

lleel-The waste that remains in a tank after the tank is emptied.

HEPA-liigh Efficiency Particulate Air. A filter designed to achieve 99.995 percent minimum efficiency
in the containment of radioactive particulates greater than 0.3 micrometer in size.

Iliv-lianford Facility Wastes.

IIHI-Health 11azard Index.

IIIIW-liigh Heat Waste.

HIC-liigh Integrity Container used as a containment for low level radioactive wastes.

IlLO-Ilanford Laboratory Operations waste.

/~~'s
Q HLW-liigh Level Waste. The llLW is defined on the basis of its source as: (i) irradiated reactor fuel,

(ii) liquid wastes resulting from the operation of the first cycle solvent extraction system, or equivalent,
and the concentrated wastes from subsequent extraction cycles, or equivalent, in a facility for reprocessing
irradiated fuel, and (ill) solids into which such liquid wastes have been converted.

HMS-Ilanford Meteorological Station.

HS-Ilot Semiworks. A pilot facility that had a variety of operations. See also C Plant and SSW,

HSRAM-lianford Site Risk Assessment Methodology.

HTCE-Historical Tank Content Estimate.

HVAC-Ileating, Ventilating, and Air Conditioning.

HWVP-Hanford Waste Vitrification Plant.

IDA-!minodiacetate. See also, DC, EDTA, and HEDTA.

IDLH-Imminently (or immediately) Dangerous to Life or Health.
.

II-Interim Isolated. The administrative designation reflecting the completion of the physical effort
required to minimize the addition of liquids into an inactive storage tank, process vault, sump, catch tank,

n
U xxl

__~



_- . - - ---- - - - -.- - - -

i

GLOSSARY (ConPd) 1

OI or diversion box. In June 1993, Interim Isolation was replaced by intrusion Prevention. (Term obtained
from the Tank and Surveillance and Waste Status Surrunary Report.)

ILL-Interstitial Liquid Level Liquid that resides in the volds/ interstices of the solids.
1

IMUST-Inactive Miscellaneous Underground Storage Tank. See MUST.

I Inactive Tank-A tank that has been removed from liquid processing service, has been pumped to
; contain less that 33,000 gallons of waste, and is not yet or is in the process of stabilization arx! interim

i

isolation. This includes all tanks not in active or active restricted categories. Also included are inactive'

i

spare tanks that would be used if an active tank failed,

j Incidental waste-Wastes that are not classified as IILW, NRC has defined three criteria that must all
i be met for wastes to be called incidental waste: (i) wastes that have been processed (or will be further

processed) to remove key radionuclides to the maximum extent that is technically and economically
practical; (ii) wastes that will be incorporated in a solid physical form at a concentration that does not
exceed the applicable concentrations for Class C low level waste; and (111) wastes that are to be managed
pursuant to the Atomic Energy Act, so that safety requirements comparable to the performance objectives
set out in 10 CFR Part 61, Subpart C are satisfied.

!

INEL-Idaho National Engineering Laboratory.
'

In-Service Tank-The waste classification of a tank being used, or planned for use, for the storage of4

liquid (in excess of the heel) in corjunction with production and/or waste processing. All llanford4

double-shell tanks are in-service; none of the single shell tanks are in-service.

Interim Isolation-An administrative designation reflecting the completion of the physical effort required
'

to minimize the addition of liquids into an inactive storage tank, process vault, sump, catch tank, or
diversion box. See IP.

Interim Stabilization-A tank which contains less than 50,000 gallons of drainable interstitialliquid and -
3

has less than 5,000 gallons of supernatant, if the tank was jet pumped to achieve interim stabilization,
then the jet pump flow must have been at or below 0.05 gallons per minute before interim stabilization.

; is completed.

'

Interstitial Liquor-The liquid within pores of saltcake and sludge. Some of the liquid is capable of
drainage, but the rest of the liquia is held by capillary forces.,

.

Intrusion-The unintended entry of any liquid into a waste storage tank.

Intrusion FIC-A mode of operating the FIC surface level monitoring equipment typically used when
a waste su? face is not electrically conductive. The conductivity probe (plummet) is positioned a small
dictance above the waste surface. Should that gap be spanned by an intruding liquid, conductivity between
the plummet and the waste surface would be established that triggers an alarm in the CASS system. Note
that the intrusion FIC level is not an actual measurement of the current waste surface.

xxil
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Intrusion Mode FIC Setting-The FIC probe is positioned a short distance above the waste surface, if
the surface level of the waste in the tank increases, thereby touching the probe tip, a positive indication
is received.

IP-Intrusion Prevention. This is an administrative designation renecting the completion of the physical
effort required to minimize the addition of liquid into an inactive storage tank, process vault, catch tank,
sump, or diversion box. (Term obtained from the Tank and Surveillance and Waste Status Summary
Report.)

IRAP-Integrated Risk Assessment pregram.

Isolation-The act of sealing a tank against liquid intrusion from credible sources and confining the
atmosphere in the tank. Filtered airways are not sealed to balance the pressure to the atmosphere, and
in some cases provide cooling airDow.

IWW-Inorganic Wash Waste.

IX-lon Exchange Waste. Assumed ion exchange removal efficiency for radionuclides (i.e., americium,
strontium, cesium, and technetium). IX identifies waste returned from Cs recovery. See also CSR.

,

M Pump-A modified commercially available low capacity jet pump used as a salt well pump to pump
interstitial liquid.

KE and KW-K reactors used to irradiate metallic uranium fuel.

Kimckle-Point where the side wall and the bottom curved surface of a tank meet.

KOP-Knowledge of Process uses process information to derive waste compositions based on some
process driver.

LaF-Lanthanum Fluoride waste generated in Plutonium Finishing Plant Operation from 1945 to an
unknown period of time. See also 224 and 224 F.

Lag Storage-Space required to temporarily hold solutions or solids so that processes are not upset by
variations in throughput.

Lance /1-Iq-A long steel pipe, usually 2 to 3 inches in diameter. The top is bent at a 90<!egree
angle, and contains a check valve, gate valve, and nose connection. The bottom end of the lance is
tapered to a 1/2-inch diameter. Water entets the top of the lance, which is forced out the bottom at high
pressure. This creates a passageway which may be used for equipment installation.

LANL-les Alamos National Laboratory.

Laterais-Horizontal drywells positioned under single-shell waste storage tanks to detect radionuclides
in tha soil which indicate leakage. Laterils are monitored by radiation detection probes. Laterals are

O
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4-inch ID steel pipes located 8 to 10 feet below the tanks concrete base. There are three laterals per tank
to only A and SX Farms.

LAW-Low Activity Waste. See LLW and incidental waste. |
!

LH-Lifting Bale. Riser top has plate flange with lifting bale-possible concrete plug under.

Irak Detection Pii-Collection point for any leakage from AM Parm Tanks. The pits are equipped with
radiation and liquid detection instruments.

LEL-Lower Explosive Limit.

LERF-Liquid Effluent Retention Facility.

LETF-Liquid Effluent Treatment Facility.

i
Level Aquatment-Any update in the waste inventory (or tank level) in a tank. The adjustments usua!!y )
result from surveillance observations or historical investigations.

14 vel Illstory-A diagram that shows the history of the waste level and waste level changes in a tank.
The diagram also includes other related data.

LFL-Lower Flanunability Limit.

Liquid Level Best Engineering Judgment Ilne-During the initial filling of certain single shell tanks,
only the liquid level was reported. To adjust for the big increase in level height, which occurred when
solids were added to the record, a sloped line was used to reflect solids volume between the initial fill
and the time the solids data were recorded.

Liquid Efflueet Retention Fullity-A llanford Site facility being built to temporarily store 242 A
Evaporator process condensate containing certain regulated chemicals (e.g., ammonia) that have been
classified as liquid waste or dangerous waste. This waste would be treated at the Effluent Treatment
Facility.

LLW-Low-Level Waste. Also referred to as Low Activity Waste (see incidental waste).

LOW-Liquid Observation Well. Liquid observation wells are used for monhoring the Interstitial Liquid
Level (ILL) in single-shell waste storage tanks. The wells are constructed of fiberglass, or tefzel-
reinforced epoxy-polyester resin. They extend to within 1 inch of the bottom of the tank steel liner. They

|
are sealed at their bottom ends and have a nominal outside diameter of 3.4 inches,

htCL-Maximum Contaminant Level.

MDW-Miscellaneous Dilute Waste.,

MIBK-Methyl Isobutyl Ketone (llexone) is a solvent that was used in the REDOX plant.

O nly
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GLOSSARY (Cont'd)
O MIC-Microbiologically influenced Corrcslon.

MTU-Metric Ton Uranium. .

MUST-Miscellaneous Undergrourd Storage Tanks are telatively small steel or concrete containers
anging in capacity from 3,400 liters to 189,000 liters (900 to 50,000 gallons). These were used for solids

settling prior to decanting liquids to cribs, neutralizing acidic process wastes, uranium recovery
operations, collecting waste transfer leakage, and waste handling and experimentation. Inactive MUSTS
(or IMUSTS) are tanks that are out of service, but may still contain wastes. Active MUSTS are tanks that
are still being used to transfer wastes between tanks in tank farms.

MW-Metal Waste from BiPO . Ninety percent of FP, all of U,1 percent of Pu. The term " metal" at4

lianford referred to Pu. Waste from the extraction contained all the Uranium, approximately 90 percent
of the original fission product activity, and approximately 1 percent of the Pu product. This waste was
brought just to the neutral point with 50 percent caustic and then treated with an excess of sodium 1

carbonate. This procedure yleided almost completely soluble waste at a minimum total volume. The exact
composition of the carbonate compounds was not known but was assumed to be a Uranium Phosphate
Carbonate mixture. See also 1C and 2C.

MW1-Metal waste from BIPO ,1944 to 1951.4

MW2-Metal waste from BiPO ,1952 to 1956.
|4

- ( N-Reactor that was the first built to not only produce Pu, but also generate power-used metallic
uranium fuel.

NBAW-Neutralized B Plant Acid Waste.

NCAW-Neutralized Current Acid Waste primary llLW stream from PUREX process, it is a liquid
waste, high in Cs, Sr, and TRU Content. It is the most radioactive of the waste streams from the
reprocessing facility.

NCPL-Non-Complexed Waste general term applied to all llanford site liquids not identified as4

complexed. See also NCPLX and NCPLEX.

NCPLEX-Non-Complexed Wasta. See also NCPL and NCPLX.

NCPLX-Non-Complexed Waste term applied to all Hanford Site liquids not identified as complexed.
See also NCPL and NCPLEX.

'

NCRW-Ncitralized Cladding Removal Waste.

NEPA-National Environmental Policy Act.

NESHAP-National Emission standard for Hazardous Air Pollutants.

O
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GLOSSARY (Cont'd)O
- Neutrallaed PURV.X Acid Waste-The original plant in 1956 neutralized all of the high level waste and
sent it to the A 241 Tank Farm. As fission product recovery staned, a ponlon of the waste was treaicd
for Strontium Recovery and then neutralized. As of 1%7, all of the High Level Waste left PUREX as
an acid solution for treatment at B Plant.

Neutron Probe-Probe equipped with a neutron source and detector. They are used in dry well
monitoring to determine the moisture content of the soil as one way to detect leaks in underground waste
storage tanks or pipelines.

NFAW-Aging waste from PUREX/PFM high level waste.

NFPA-National Fire Protection Association.

NIIAW-Aging waste from PUREX/PFM processing of NPR fuel.

NIOSil-National Institute of Occupational Safety and Health.

NIST-National Institute of Standards and Technology.

NIT-HNO /KMnO solution added during evaporator operation. See also PNF.3 4

NOx-Oxides of nitrogen.

NPH-Normal Paraffinic ilydrocarbons were diluent used in Uranium recovery and PUREX processes,
and is close to Dodecane, C12 II -M

NRC-U.S. Nuclear Regulatoty Commission.

NSTF-Near Surface Test Facility is a full scale demonstration facility designed for testing, engineering,
and training.

NTA-Nitrilotriacetic Acid.

Ofigas-Gas evolved or generated during thermal treatment processes such as evaporation, incineration,
or solidification. Offgas treatment is a generic namu for equipment / system used to clean up these gases.

Open Hole Salt Well-A well in which a pump is insened in solid waste. Frequently used to remove the
liquid from tanks containing less tium 2 feet of sludge. See also Salt Well.

ORR-Operational Readiness Review.

OSD-Operational Safety Document.

OSHA-Occupational Safety and Health Administration.

OSR-Operational Safety Requirement.

4
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GLOSSARY (ConPd)O
Out of Servlee-A tank which does not meet the definition of an in service tank. All single shell tanks
are out of service.

OVM-Organic Vapor Monitor.

j OWW, OWW1, OWW2, OWW3-Organic wash waste from PUREX. Evidently, this was combined
with P waste in 1960-l%1, but usually kept separate. The solvent used in PUREX was treated before
reuse by washing with potassium permanganate and sodium carbonate, followed by dilute nitric acid and
then a sodium carbonate wash.

,

P-PUREX llLW,1956 to 1972. Sometimes assumed to be 50 percent OWW Used NPll/TBP to extract
both l~ wi U. Np was also extracted from 1%3 to 1972.

P 10 Pump-A turbine pump used in the first stage of removing liquids from a waste storage tank.
,

PI-PUREX high-level waste generated between 1955 and 1%2.

| P2-PUREX high level waste generated between 1%3 and 1967.

Pall-Polycyclic Aromatic ilydrocarbon.

Partially Interim isolated-The administrative designation reflecting the completion of the physical effort1

p required for Interim isolation except for isolation of risers and piping that is required for jet pumping or

j for other methods of stabilization.

PAW-PUREX Acidified Waste.

PCB-Polychlorinated Biphenyl.

PD-PUREX decladding waste.

PEL-Permissible Exposure Limit.

PFeCN-Ferrocyanide sludge produced by in-plant scavenging of waste from uranium recovery.4

PFeCNi-Ferrocyanide sludge produced by in-plant scavenging of waste from uranium recovery. Used
0.005 M Ferrocyanide.

PFeCN2-Same as PFeCN1, except used 0.0025 M ferrocyanide used.

PFM-Process Facility Modification Project provides a head end facility for the PUREX Plant in which
N fuel and FFTP fuel can be processed.

PFP-(also called Z Plant) Plutonium Finishing Plant, Pu Finishing Plant waste.

PFPGR-Dilute, non-complexed waste from retrieved PFP solids.
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p GLOSSARY (Coned)(
PitP-Plasma Heanh Process.

FirPUREX low-level waste,
,

PMW-PUREX miscellaneous waste. ;

PN-PUREX neutralized cladding waste. !
I

PNF-Partial Neutralization Feed. Indicates addition of nitric acid at an evaporator in an attempt to
produce more salt cake during volume reduction. See also NIT.

PNNI-Pacific Nonhwest National Laboratories [ Originally called Pacific Northwest Laboratories )
(PNL)].

]
|

PNW-Partial Neutralization Waste. |

Pond (Swamp)-Ground area where uncontaminated or low level waste water is discharged to seep into
the ground.

PPR-Pit Propagation Rate.

PRA-Probabilistic Risk Assessment.

'
PRF-Plutonium Reclamation Facility-Type of waste generated in Z Plant for " finishing wastes."
Solvent based extraction process using CCl /IEP.4

Primary Addition-An addition of waste from a specific plant or process vault. These additions come
from the Waste Status and Transaction Summary, WHC SD WM TI-614 and -615, Rev. O, DRAFr.

Primary Pipe-The inner stainless steel pipe in the RCSTS and other transfer pipings.

Primary Tank-The complete enclosed carbon steel tank which is the primary container in DSTs.

PRTR-Plutonium Recycle Test Reactor.

PS-Primary Stabilization. The condition of an inactive waste storage tank after all liquid above the
solids, other than isolated surface pockets, has been removed. Isolated surface pockets of liquid are those
not pumpable by conventional techniques.

PSA-Probabilistic Safety Assessment.

PUREX-Plutonium Uranium Extraction Plant. Also called A Plant where PUREX process ran from
January 1952 to June 1972, then was in starxiby and ran again from November 1983 to 1991, and is now
shut down. See also A Plant, CWP, OWW, and P. It is tilso used for the reprocessing process. .

O
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PWIIT-Post Weld lleat Treatment. Treatment conducted by heating the tanks at temperatures arouru! ;
500 'C in order to relieve stresses associated with welding operations.

Questionable Integrity- Any tank that has a small decrease in liquid level or a radiation increase in an
associated dry well, for which the remaining data for the tank is insufficient to support a conclusion with
95 percent confidence that the tank is sound.

R-REDOX liigh-Level Waste (IILW) was generated from 1932 to 1966, it used methylisobutylketone
(hexone) as a solvent, and extracted both uranium arx! plutonium. S Plant ran from January 1952 to
December 1%7.

R1-REDOX waste generated between 1952 and 1957.
!

R2-REDOX waste generated between 1958 and 1966.
|

|

RCRA-Resource Conservation and Recovery Act.

RCSTS-Replacement of Cross Site Transfer System.

RECUPLEX-A process conducted in the Z plant to recover Pu from the Z plant waste stream. Ended
in1%2.

REDOX-Reduction Oxidation. Also known as S Plant where REDOX process ran from 1952-1966?O See also R. and CWR.

Removed frota Service (Tanks)-Any tank that is a confirmed leaker or is not intended for reuse.

Riser-Pipe leading into tank dome.

RShCk-Salt Cake precipitate from self concentration in S and SX Farms.

S Plant-The facility at llanford which contains the original extraction process for recovery of both
plutonium and uranium. See also REDOX.

SISitCk-Salt Cake waste generated from the 242-S evaporator / crystallizer from 1973 until 1976.

S2SitSiry-Salt Cake waste generated from the 242 S Evaporator / Crystallizer from 1977 until 1980.

SAIC-Science Applications International Corporation,

Salt Cake-Crystallized nitrate and other salts deposited in waste tanks, usually after active measures are
taken to remove moisture. (Term obtained from the Tank and Surveillance and Waste Status Summary
Report.)
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GLOSSARY (Cont'd)
; O

Salt Slurties-Same as DSS, estimated from chemical model by precipitation (via evaporator). DSS
derives from the supernatants of a variety of wastes following evaporation of water. See also DSS and
A2SitSlry. '

! Sah Well-A hole drilled or sluiced into a salt cake and lined with a cylindrical screen to permit drainage
and jet pumping of interstitial liquors.

:

Salt Well Pump-A low capacity pur.p used to remove interstitial liquid from wells.

SAR-Safety Analysis Report.

I Scatenged-Waste which has boen treated with ferrocyanide to remove cesium for the supernatant by
precipitating it into the sludge.;

SCC-Stress Conosion Cracking.4

i
; Side Referenced Tank-A dished bottom tank where the zero point for the liquid level gauges is at the

elevation that the dished bottom begins. '

;

Sludge-Solids formed after waste neutralization with sodium hydroxide additions. Studges usually
i sediment and remain in the tanks into which the waste is originally added. Sludge usually was in the form

of suspended solids when the waste was originally received in the tank from the waste generator, in-tank
photographs may be used to estimate the volume,

Slugs-An tenn for uranium fuel elements which had been machined or extruded into short cylinders,

which were then clad or encased in corrosion-resistant metals.

Sluicing or Sluiced-Dissolve or suspend in solution by action of a high-pressure water stream.

SMM-Supernatant Mixing Model is a component of the HDW for modeling tank waste inventory.
:

SOE-Safe Operating Envelope.
!

SOLEX-Solvent Extraction Option.4

Sound or Sound Tank-The integrity classification of a waste storage tank for which surveillance data
indicate no loss of liquid from a breach of integrity.

Spare-Spare riser with no current function or planned use-possible concrete plug underneath plate.*

4

SRL-Savannah River Laboratory.

4 SRR-Strontium Recovery Waste. Slurried PUREX sludge from A and AX Fanns was sent to B Plant
for strontium recovery from 1%7-1976. Some 801 kgal was sent to and 2,810 kgal retumed from B Plant ,

4

i with A-102, A 106, and AX 103 as staging tanks sending sludge to AR vault and supernatant to C 105.

O m
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GLOSSARY (Cont'd)O
SRS-Strontium Recovery Supernatant. The sludges shiiced for SRR were washed in AR vault with
supernatant from C-105. The resulting supernatants were sent to CSR. Also inay refer to strontium
sludge. Also may refer to Savannah River Site.

SSE-Safe Shutdown Earthquake is that carthquake which is based upon an evaluation of the maximum
earthquake potential considering the regional and local geology and seismology and specific characteristics
of local subsurface matetlal, it is that earthquake which produces the maximum vibratory ground motion |

for which certain structures, systems, and components are designed to remain functional.

SST-Single Shell Tank.

SSW-Strontium Semiworks Called C plant or llot Semiworks :arlier, was pilot for both REDOX and
PUREX, July 1952 to July 1956. Then reconfigured for strontium recovery pilot plant from July 1960
to July 1%7.

Stabilization-The moval or immobilization, as completely as possible, of the liquid contained in a
radioactive waste storuge tank by salt well pumping, open hole salt well pumping, adding diatomaceous
carth, etc. Both floating suction and salt well jet pumps are used to remove liquid. In general, this term
is also used to refer to treatment of waste to render it . immobile or safe for handling or disposal.

Static Tank-A tank with no significant change in liquid level or involvement in transfer operations
during a stated period of time.

SU-Supernatant (Drainable Liquid Remaining minus Drainable Interstitial Liquid). Supernate volume
is usually derived by subtracting the solids level measurement from the liquid level measurement.

T Plant-Decontamination plant for various equipment. Originally built for BiPO process, but since only4
used for decontamination. BIPO ran from December 1944 to August 1956. See also 222 T.4

TISitCk-Salt Cake waste generated from the 242 T Evaporator Crystalliter from 1951 until 1955.

T2SitCk-Salt Cake waste generated from the 242 T Evaporator-Crystallizer from 1955 until 1965.

Tank Fann-An area containing a number of storage tanks; that is, a chemical tank fann for storage of
chemicals used in a plant, or underground waste tank storage of radioactive waste.

TBP-Tri Butyl Phosphate-waste from solvent based uranium recovery operation in 1950, OP(OC 11 )3,4 9
whicli was used in uranium recovery and in PUREX.

TEDF-Treated Effluent Disposal Facilhy,

Tenninal Liquor (TL)-The liquid product from the Evaporation-Crystallization Process that, upon
further concentration, forms an unacceptable solid for storage in single-shell tanks. Terrninal liquor is
characterized by caustic concentration of approxhnately 5.5 M (the caustic molarity will be lower if the
Aluminum Salt Saturation is reached first),

t
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O
,

TFeCN-iwrocyanide sludge produced by in-tant or in farm scavenging.

TOA--rhermal Gravi:netric Analysis,

ti (Thl, Tid)-Thoria llLW or Cladding waste.

Theru.owell- A wdl in a waste tank which contains thermocouples..i

.

TillTCA-Tttfaydtv4310tr.vaboxylic acid.

TIIL-Thoria Low Level.

TK-TK 17 2 was an early name for B Plant. See also B Plant and 222 B.
;

TL-Terminal Liquor.

TLM-Teo.k Layer Model is a component of IlDW model for tank waste inventary.

|
TOC-Total Organic Carbou

'
TPA-Tri Party Agreement is also known as the 11anford Federal Facility and Consent Order. It is an
agreement signed in 1989 and amended in 1994 by the U.S. Department of Energy, the U.S.

.,

p Environmental Protection Agency, and the Washington State Department of Ecology that identifies,

t milestones for site cleanup,

Trench-A deep furrow in the ground. At llanford, they are used for the disposal of solid waste.
1

TRU-Transuranic waste.;

TRUEX-Transuranic Eatraction.
3

TSR-Technical Safety Requirement,4

i

'ITF-Thermal Treatment Facility.

2

TWINS-Tank Waste Inventory Network System is a database managed by PNNL.

TWRS-Tank Wace Remediation System.
.

Type I Tank-These are the 200 series tanks found in B, C, T, and U Farm. They have an operating
capacity of 55,000 gallons, a 20-foot diameter, a 6-inch dish bottom, and a 3 foot knuckle. Generation
is not associated with Type I tanks.

Type II Tank-These re the original (1st generation) tank designs that are found in B,C,T, and U
(excluding the 200 series tanks), and BX Tank Farms. See also ist Generation Tank.
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;

Type III Tank-These are the 2nd generation tank designs that are found in BY, S. TX, and TY Tank
Farms. See also 2nd Generation Tank. ,

Type XY Tank-These are 3rd,4th, and 5th generation tank designs that are found in SX, A, and AX,

Tank Farms, respectively. See also 3rd Generation Tank,4th Generation Tank, and 5th Generation Tank.

Type V Tank-These are the first double shell tank d: signs that are found in AY, AZ, and SY Tank
Farms.

U Plant-Uranium Recovery Plant from March 1952 to January 1958, U0 Plant from then until3
September 1972. Restarted in March 1984, and is now shut down.

UIU2-Dilute, non-complexed waste from Ul/U2 ground water pumping.
,

l

UIL-Upper Flammability Limit.

UOR-Unusual Occurrence Report.

UR-Uranium Recovery Operation in 222 U,1952-1957. Created TBP (primary waste) and FeCN
(scavenging wastes). TBP waste called UR waste in Defined Waste report.

Uranium Oxide Plant-This is a processing fac!"7 associated with the PUREX plant that converted the
liquid uranium nitrate into a uranium trioxide pc uder through calcination. He plant was built in 1943

O to 1944 and operated from 1951 to 1972 and from 1984 to 1989.

USQ-Unreviewed Safety Question, This is a program that aims to idernify known or suspected operating
conditions outside the known safe limits (also called authorization bases).

Vadose Zone-The region of soll and rock between the ground surface and the top of the water table in
which pore spaces are only partially filled with water

VOC-Volatile Organic Compounds.

Waste Tank Safety Issue-A potentially unsafe condition in the handling of waste material in
underground storage tanks that requires corrective action to redwe or eliminate the unsafe condition.
(Term obtained from the Tank and Survelliance and Waste Status Summary Report.)

Watch-list Tank-An underground storap tank containing waste that requires special safety precautions
because it may have a serious potential for release of high-level radioactive waste because of uncontrolled
increases in temperatures or pressure. Special restrictions have been placed on these tanks by " Safety
Measures for Waste Tanks at Hanford Nuclear Reservation," Section 3137 of the National Defense
Authorization Act for Fiscal Year 1991, November 5,1990, Public Law 101501 (also known as the
Wyden Amendment) (Term obtained from the Tank and Surveillance and Waste Status Stunmary
Report.)
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WESF. Plant-Waste Encapsulation and Storage Facility. Construction was completed in 1974. Capable '

of producing up to 350 capsules of cesium and 175 capsules of strontium per year.1575 cesium capsules
and 625 strontium capsules produced between 1974 and 1985.

WilC-Westinghouse llanford Company.>

WIPP-Waste isolation Pilot Plant.

WRAP-llanford's first major solid waste processing plant, serving to analyze and repackage containers
of waste left from the llanford defense mission and generated by cleanup activities.

WSCF-Waste Sampling and Characterization Facility.

WVDP-West Valley Demonstration Project.

Z-Z Plant waste. 234 5Z waste /Z Plant Pu Finishing.

Z Plant-Pu finishing plant. Operated from 1949 to 1991t now in standby.

ZAW-Zirconium Acidifkl Waste (PUREX waste stream from Zirconium) cladded fuel.

O
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o EXECUTIVE SUMMARY
|LJ

The U.S. Department of Energy (DOE) established the Tank Waste Remediation System (TWRS)
program at the llanfstd site to manage the retrieval and cleanup of radioactive waste contained in
177 aging underground storage tanks. The DOE plans to privatire the waste solidification operations
ur. der a two-phase program. In Phase 1, a feasibility study, scheduled for completion in January 1998,

1

would be conducted by two contract teams, and one or more demonstration facilities would be constructed '

for solidifylag about 10 percent of the waste by June 2011. In Phase 11. which will be a full scale
operation phase, all the wastes are plarmed to be processed. Under a Memorandurn of Understanding,

,

reached between the Nuclear Regulatory Commission (NRC) and DOE for Phase I activities, the NRC '

will develop sufficient knowledge of the physical and operational situation of the llanford waste tanks and
Phase I activities to enable the NRC to (i) assist the DOE in perfonning reviews in a manner consistent
with the NRC regtdatory approach, and (ii) be prepared to develop an effective regulatory program for
the possible licensing of DOE contractor-owned and -operated facilities during Phase 11. The review of
information pertaining to the llanford site, tanks, and TWRS reported in this document is a first step in
this process.

Chapter 2 summarizes the infonnation available regarding the llanford site geography and geology, status
of knowledge regarding site contamination, processes leading to waste generation, tank farms, transfer
systems, and ongoing activities pertaining to TWRS. This chapter also describes the status of
characterization of site contamination. While groundwater contamination has been rather extensively
characterized, there is less information available on the vadose zone.

Identification and quantification ofllanford tank waste contents are subjects of extensive study. Chapter 3( ,) of this report includes a general description of double-shell tank and single-shell tank waste
,

V characteristics, and a discussion of tank inventories of chemicals and radionuclides. The wastes have been
produced over a long period of time by a variety of processes. Characterization of tank contents
chemically and radiologically is, therefore, a challenging task. Two approaches to this question are being
employed, each complementing the other: direct sample assay and eJmation based on facility records.
The former is limited by the extreme physical and chemical heterogene.ty of the tank contents, while the
latter may be unreliable due to incomplete or inaccurate docurnentatioa of process and waste transfer
transactions. The DOE cffort is centered on determination of a ''best-basis" value for each constituent
in each tank, based on a combination of the assay and historical data. Until that evaluation process is
completed, the historically-based llanford Defined Waste (llDW) model being developed at Los Alamos
National Laboratory (LANL) is the most complete and thorough dataset of tank inventory estimates. The
Center for Nuclear Weste Regulatory Analyses (CNWRA) has prepared a database (based on inventories
from the llDW model) allowing access of tank information utilizing ARC / INFO geographical information
system software. The geographic and geologic map presented in appendix D can be combined in ArcView
with the location of the tank farms, if their coordinates can be accurately described, to represent the
complete spatial description of the tank farms for eventual hazard analysis.

Chapter 4 reviews the various hazards posed by tank wastes and associated with the retrieval and mixing
'

of wastes prior to solidification. The safety issues associated with solidification will be discussed in
another report as part of subtask 1.2. The hazards posed by tank wastes and the TWRS activities are
classified under four Watch-list categories: (i) flammable gas, (ii) organic oxidation, (iii) ferrocyanide
oxidation, and (iv) high-heat. Other hazards identified in this review include: crust burn associated with
secondary ignition of organic-nitrate / nitrite mixtures in the crust layer, liigh-Efficiency Particulate Air
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filter blow out associated with flammable gas ignition, environmental hazards and flammability due tos

,") organic solvents, known and unknown leaking tanks, criticality, and lightning stiikes. This report also
evaluates potential safety concerns associated with retrieval, mixing, and transfer of tank wastes. Two
important concerns in this regard are: (i) safety problems arising from commingling wastes under interim
storage, and (ii) operability of waste transfer systems that may be impeded by plugging, trapped

,

flammable gas, exothennic reactions, and cerroded lines. The physical and chemical data needs for {compatibility assessments are provided in chapter 4. I

The time constraints did not pennit a comprehensive or critical review of the infortnation on the llanford
I site and TWRS activities. Ilowever, based on the reviews performed to date, the status of knowledge and

additional information requirements, as outlined in chapter 5, may be summarized as follows.

Knowledge of vadose zone contamination in the potential areas of TWRS activity and waste*

disposal is sparse, although several investigations are under way to characterize contamination
migration in the vadose zone under some of the tanks (e.g., SX !anks), and in the 600 Area
associated with a conunercial Low Level Waste disposal site. On the other hand, considerable
effort has been made in characterizing the groundwater contamination in the unconfined aquifer.
Understanding vadose zone contamination is necessary for perfonnance assessments associated
with Low Activity Waste disposal, as well as hazard analyses related to waste retrieval and
solidification.

Knowledge of tank waste contents and chemistry is evolving, due to ongoing waste*

characterization programs and estimations based on facility records, llowever, better
understanding of the chemical interactions of various waste constituents is necessary to assess
the safety aspects of retrieval and mixing of wastes from different tanks, and to detennine the,

;

operating envelopes for solidification. Knowledge of the distribution of chemical species within
the tanks is also necessary for evaluation of contaminant migration under the tanks.

There is a paucity of easily accessible documentation on the location, design, and problems*

associated with waste transfer lines within the 200 Areas and the cross transfer line, it is known
that some of these transfer lines have suffered from plugging and leakage. Knowledge of
processes leading to plugging and extent of leakege is necessary to better understand safety
hazards associated with waste mixing and transfer to the privatization facilities.

The evaporator / crystallizer in the 200-East area, which has been monitored closely over the past*

few years, has shown a service life before materials replacement of about 10 years, llowever,
it is not known how the service life will be affected by the mixture of wastes expected during
the Phase 11 operations.

The information on the llanford site and various components of the TWRS is scattered and, in*

some cases, not easily accessible. It is reconunended that this report be augmented as further
information is gained, to assist in future safety analyses.

/^N
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('] 1 INTRODUCTION

The U.S. Department of Energy (DOE) established the Tank Waste Remediation System (TWRS)
program at the llanford site in 1991 to manage the maintenance and cleanup of adioactive waste '

contained in 177 aging underground storage tanks. The DOE is legally botmd to remediate the waste tanks
under the 11anford Federal Facilities Agreernent and Consent Order of 1989 (Ecology,1994), also known l

as the Tri-Party Agreement (TPA). To accomplish the TWRS requirements, the DOE plans to privatize
the waste treatment and immobilization operations. The TWRS privatization is divided into two phases,
a proof-of-concept or demonstration phase (Phase I) and a full scale operations phase (Phase II). The
Phase I program, scheduled for completion in 2012, is divided into Part A (feasibility study), which is
scheduled for completion in January 1998, and Part B (demonstration pilot plant study), which is
scheduled for completion in June 2011. A Memorandum of Understanding has been reached between the
DOE and the Nuclear Regulatory Commission (NRC)' for Phase I activities, which provides for the NRC
to acquire sufficient knowledge of the physical and operational situation at the llanford waste tanks and
processes involved in Phase I activities to enable the NRC to (i) assist the DOE in performing reviews
in a manner consistent with the NRC regulatory approach and (ii) be prepared to develop an effective

'

regulatory program for the possible licensing of DOE contractor-owned and contractor-operated facilities
during Phase 11. A program to assist the NRC in developing technical and regulatory tools for the TWRS
privatization activities was established at the Center for Nuclear Waste Regulatory Analyses (CNWRA).
The program consists of four tasks, of which only task 1 (Familiarization and Regulatory Development
and Safety Review)is currently active. The objective of the CNWRA activities in subtask 1.1 is to gather
detailed, current information related to the llanford site in general, and the 200 Area tank farms in
particular, that will be useful to support execution of other subtasks.

(nV) The volume of information on the llanford site and activities related to envirorunental cleanup is quite
large (over 6,500 documents in the DOE bibliographic database that can be accessed via the Internet).
Because of the limited time available to acquire the relevant documents and review the infonnation for
inclusion in the present report, this report is necessarily neither critical nor complete in addressing the
information. This report is prepared in a modular format so that, as further information is acquireo,
corrections or augmentation of the present report can be made in the future. Chapter 2 of the report
provides a description of the site and facilities, included in this chapter are the descriptions of site
geology and geohydrology and the present understanding of sitewide contamination of both radioactive
and hazardous species, llistories and brief descriptions of the processes that produced the wastes are also
provided. Finally, descriptions of various operational areas, especially of the tank farms and transfer
facilities, and ongoing activities relevant to TWRS are included. Chapter 3 of the report and appendix
A provide a tank by-tank description of waste content. The list of tank waste contents is derived from the
Tank Waste Inventory Network System (TWINS) database. As part of the familiarization activities in
subtask 1.1, a pictorial database of tanks was constructed using a Geographic Information System. A
summary of the infonnation available in this database is provided in appendix D. Chapter 4 reviews the
hazards posed by tank ,vastes and TWRS operatiom, with the exclusion of waste solidification operations,
which have not been initiated at the 11anford site as part of the TWRS. Detailed information of tank waste
contents is provided in the apperxilx. A glossary of frequently used terms is also included with the report.

8 Mernorandum of Understanding Between the Nuclear Regulatory Commission and The U.S. Depanment of Energy,

O hnuary 29,1997, Tederal Register, V. 62, No. 52.12861. March 18,1997.

( )
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'

2 DESCRIPTION OF SITE AND FACILITIES
'

2.1 INTRODUCTION

The purpose of this chapter is to provide a brief description of the Hanford site, locations of
tank fanns, tanks, reactors, and processing plants, and the history of construction based on a preliminary
survey of some of the reports that are publicly available. The chapter also describes ongoing operations, l

'

such as decontamination, monitoring, and construction of systems for waste retrieval and handling, and
summarizes the present knowledge of site contamination. While most of the description is focused on the |

200 Areas, a brief description of past and present activities in the 100 and 300 Areas is also provided.

The Federal govemment established the Hanford site in 1943 to produce plutonium (Pu) for.

national defense purposes. The site occupies approximately 1450 sq km (560 sq mi) north of the city of
'

Richland. The location of the Hanford site is shown in figure 21. The site is roughly 50 km north to
south and 40 km east to west. About 6 percent of the land has been actively used, and this is divided into
several widely dispersed operational areas:

* The 100-B/C, D, F. H, KE, KW, and N Areas along the south shore of the Columbia River
in the northern portion of the site contain the reactors and fuel storage basins.

* The 200-East and West Areas in the center of the site, where the tank waste remediation
system activities are being carried out, contain the reprocessing plants, underground storage -
tanks, evaporators, effluent treatment facilities, shallow disposal areas known as cribs, a
spent fuel storage facility that is under construction, and the future privatired solidification
facilities. A commercial Low Level Waste site, licensed by the state of Washington and
operated by US Ecology, is also located near the 200 Areas.

The 200 Area North, located between the 200 Areas East and West and slightly to the northa

of these areas, was used between 1945 to 1952 to store spent fuel from the 100 Area
reactors (U.S. Department of Energy,1992b). Three storage facilities, containing storage
basins and transfer facilities, were built to accommodate excess irradiated fuel that could not

be processed on schedule due to problems encountered in the B and T plants. In June of
1952, the more efficient S plant was built for processing the irradiated fuel and,
subsequently, the spent fuel was removed from the buildings in the 200 N storage basins.
The fuels were typically stored for 40 to 60 days before reprocessing. This cooling time was
primarily to reduce the radioactivity of gaseous fission prodocts (primarily iodine) before the
dissolution of fuel in the separations plants. Water from two wells located east of the
facilities was used to cool the fuel stored in the basin. This water was discharged to a pond
located south of the facility (U.S. Department of Energy,1992b). Low levels of radiation
have been detected underground at several locations in the 200-N Area, indicating that some
of the Al-clad fuel leaked and transferred radionuclides to the cooling water. All fuel storage
facilities were shut down in June 1952. The fuel was removed, fuel storage basins drained
and cleaned, and the water was pumped to shallow trenches located about 30 m northwest
of the storage buildings (U.S. Department of Energy,1992b).

Od
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* The 300 Area near the soothern border of the site was originally conceived as a pocess-

-_ improvement and fuel fabrication area However, the array of activities in this area has3

[ increased ;o encompasa, construction of vitrification test facilities and a variety of research 3
| activities through the Pacific Northwest National Laboratories (PNNL) located in this area.
:
A

* The 400 Area is the home of the Fast Flux Test Facility (FFTF), which was constructed as4-

a
a prototype breeder reactor facility. The WNP-2 reactor of a commercial power production

4

company, Washington Public Power Supply System, is also located near the 400 Area, along
the Columbia River.

-

L
f'

j * The 600 Area is the area between the operational areas.
,

?:

* The 700,1100, and 3000 Area facilities in the Richland area mainly provide vehicle
''

maintenance and administrative support to site activities,
a
| . . The Pu production mission ended in 1989 and since then the Hanford site mission has been fj diversified to include waste management and environmental restoration. !

2.2 - SITE DESCRIFFION

f _ The sita description presemed in this section covers the site geology, hydrology, climate, and
potential natural hazards. Information presented in this section is taken from the Tank We.te.

-

Environmental Impact Statement (U.S. Departmem of Energy,1996a) and U.S. Geologic Survey (1987),
_

'
which may be consulted as primary sources. The Hanford site occupies approximately 1,450 km in the3

Pasco Basin of the Columbia Plateau of southeastern Washington State (figure 2-2). 'Ihe Columbia River
-

flows through the northern and eastern parts of the site and forms the southeastern boundary. The Yakima

River is south of the reservation and flows to the east into the Columbia River between the cities of
Richland and Kennewick, which are south of the southeast corner of the Hanford site. Most of the site
is undeveloped land occupied by shrubs and grasslands.

2.2.1 Geology and Geohydrology

The . Columbia Plateau is. a large physiographic province-of southeastern Washington,
northeastern Oregon, and . west cemral Idaho. This province is generally underlain by thick ==P=w of
the Miocene Columbia River Basslts (CRBs). Basalt flows tens of meters thick (Carmichael et al.,1974),
individually cover areas of thousands of square kilometers and are stacked up to several kilometers thick
(Tolan et al.,1989). The Pasco Basin is an area of limited topographic relief bounded by a monocline
on the east and anticlinal ridges elsewhere (U.S. Department of Energy,1996a). The elevation of the
Hanford site ranges from 120 m above sea level at the Columbia River at the south end of the site to
approximately 230 m in the central and northwestern parts. Waste tank farms are located on the slightly ,
elevated and flat Central Plateau in the central part of the Hanford site (figure 2.1).

The CRBs at the Hanford site are over 3 km thick. River deposits consisting of gravel, sand,
and silt are interbedded between some of the basalt flows and are called the Ellensburg Formation. These
rocks are gently folded at the Hanford site, and the waste tank farms are locwed between the Gable
Mountain anticline on the north ami the Cold Creek syncline on the south (U.S. Department of Energy,
1996a). These geologic structures have important controls'on topography, suprabasalt sedimentation, and

2-3 :
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flow of groundwater and surface water. For example, in the Gable Mountain anticline, relatively,

impermeable basalts occur above the water table and crop out at the ground surface, which impedes
groundwater flow across this structure (U.S. Geologic Survey,1987).

Suprabasalt sediments up to 230 m thick at the llanford site include the Ringold and overlying
Hanford Formations which are separated by an erosional unconformity over most of the site and by
aeolian sitt of the Palouse Formation in the western pan of the site (figure 2 3). The Ringold Fonnation
consists of river, lake, floodplain, and alluvial fan deposits composed of gravel, sand, silt, and clay.
Ringold sedimentary rocks are generally well sorted and semiconsolidated. The upper unit of the Ringold
Formation consists of discontinuous, relatively impermeable fine sand, silt, and clay. A band of this rock
type located between the waste tank farms and the Columbia River reduces the hydraulic connection
between the area of the tank farms and the river. The lower part of the Ringold Formation is dominated

; by gravels which are divided by a lower horizontal mud unit. The lower mud may serve as a confining
bed for the aquifer in underlying gravels (U.S. Geologic Survey,1987, U.S. Depanment of Energy,
19%a).

The Hanford Formation, which is exposed at the ground surface over most of the Hanford site,,

'

is composed of unconsolidated sand, gravel, boulders, and silt deposited by floodwaters of the Columbia
River. This formation ranges up to 106 m thick in the vicinity of the waste tank farms (Pacific Nonhwest
National Laboratories.1996b).1 Over much of the surface at the reservation, the llanford Formation
consists of reworked sand dunes. This formation is heterogeneous but predominantly coarse grained.
Waste tanks are located in the Hanford Formation (U.S. Depanment of Energy,1996a).

Surface water at the Hanford site comprises the large Columbia River, the Yakima River, West
p Lake located about 5 km nonh of the 200-E Area, springs at the base of the elevated terrain on the west
L1 side of the site, and ephemeral streams (Dry Creek and Cold Creek) which flow rarely from west to east

only in association with heavy storms. Natural infiltration through the thick (70 to 90 m) unsaturated zone
is estimated to be small, for example less than 1 mm per year. Natural recharge to the saturated
groundwater system occurs from the Columbia River to the north, Cold Creek, Dry Creek, and upland
areas to the west of the site (U.S. Department of Energy,1996a).

Groundwater flow in the unconfined aquifer under natural conditions is from west to east in the
central pan of the Hanford site. The unconfined aquifer is predominantly in the Ringold Formation or
in the Hanford Formation near its contact with the Ringold Formation. Prior to operations at the Hanford
site, the water table was about 90 m below the ground surface in the present vicinity of the waste tank
farms (U.S. Geologic Survey,1987). Heterogeneity in the Ringold Formation, notably relatively
impermeable horizontal clay units, promote lateral rather than vertical flow in the aquifer. Natural
discharge from the unconfined aquifer is to the Columbia River to the east and southeast of the site and
to West Lake. Confined aquifers exist in the lower Ringold Formation below impermeable units and in
the Ellensburg Formation between basalt flows. These confined systems are largely or completely isolated
from Hanford site activities (U.S. Department of Energy,19%a).

Surface water and groundwater in the unconfined aquifer at the Hanford site ate dilute,
oxidizing, and have near neutral pH. The oxidation state diminishes and pH increases with depth in the

,

I The maximum thickness of the Hanford Formation is reported erroneously to be 65 m in the Tank Waste Environmental
Impact Statement (U.S. Department of Energy,1996a).
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confined aquifers. Dissolved calcium and magnesium are higher in spring and unconfined aquifer waters7
's than in aquifers in basalts, whereas other dissolved constituents tend to increase with depth (Early et al.,
k 1986).

' Industrial water discharged from Hanford site operations elevated the water table and modified
the groundwater chemistry, particularly in the vicinity of the 200 Areas. Recharge of the unconfined
aquifer in areas of waste water discharge due to industrial activities exceeds by far the natural recharge.
Groundwater mounds that formed under the 200 Areas resulted in some flow to tiie north between Gable
Butte and Gable Mountain. The artificial groundwater mounds are presently diminishing toward natural
conditions (U.S. Geologic Survey,1987). Present hydrologic and hydrochemical variations in the
unconfined aquifer below the 200 Areas are transient, depending more strongly on human activities than
natural conditions.

,

2.2.2 Meteorology and Natural Hazards

| In the rain shadow of the Cascade Range, the climate at the Hanford site is semiarid. Average
rainfall is about 17 cm/yr. The driest month in summer averages 0.5 cm/mo, and the wettest month ini

winter averages 2.5 cm/mo. The weather is cold (on an average about 25 days per year below 0 'C) in
the winter and hot (on an average 51 days per year over 32 'C) in the summer. The averr ~ relative;

~ humidity is 33.3 percent in the summer and 80.2 percent in the winter. Prevailing winds are from
west-northwest and northwest in all months of the year. Monthly average wind speeds range from ,

10 km/hr in December to 15 km/hr in June (U.S. Department of Energy,1996a). Peak gusts occur from
south-southwest, southwest, and west-southwest. Severe wind conditions occur about 10 times a year,
most commonly during May through August. There were no reported incidents of violent tornadoes in

b] striking the region has been estimated to be 2.7 x 10-5 to 3.7 x 10-5 (Markee et al.,1974).
the region surrounding tb Hanford site from 1945 through 1980. The annual probability of a tornado

.

Potential natural hazards at the Hanford site include flooding, catastrophic flooding, volcanic4

ash deposition, and seismicity. Cold Creek flows intermittently through the site west and east of the area
of the tank farms. Exceptional flooding of Cold Creek due to intense rainfall could affect the TWRS

"

operations area, but there is no record of flooding to this extent (U.S. Department of Energy,1996a).
Flow in the Columbia River is presently controlled by numerous dams above and below the Hanford site.
During the Pleistocene, however, repeated failures of glacial dams released huge volumes of water into
the Columbia Plateau and created floods at the Hanford site over 100 m deep. These immense floods
eroded the channelled scablands north of the Hanford site and deposited the sediments of the Hanford
Formation (Baker and Nummedal,1978).

The Cascade Range to the west of the Hanford site has active continental margin.

stratovolcanoes. Ash from the 1980 eruption of Mount St. Helens fell at the Hanford site. A major
'

eruption of a Cascade volcano could potentially deposit centimeters of ash at the Hanford site. Seismicity
'

in the area is low. The Rattlesnake-Wallula structural alhnment, which passes along the southwestern
margin of the Hanford Reservation, is estimated to be capable of a maximum 6.5 Richter magnitude2

earthquake (U.S. Department of Energy,1996a).

4
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2.3 - SITE CONTAMINATIONfm

't")
2.3.1 Overview

'

This subsection presents a description of contamination at the Hanford site. Recent Hanford site
assessment studies, publications, and environmental monitoring reports were used as supporting material
and references for this summary, and no new field evaluations were performed.

.

For many years, facility operations have contributed to the extensive site contamination at the
Hanford site, which is present in different media and in many areas onsite and offsite. Site conditions,
contamination, and affected environment at the llanford site have been studied and documented for many
decades, resulting in the compilation of volumes of historical data for evaluating changes that may occure

in the concentration and dispersion of contaminants over time.

Current environmental monitoring programs include monitoring facility effluents at the point
of release to the environment, and analyzing diverse media and conditions near all types of operating
facilities. Environmental surveillance is a separate program consisting of comprehensive multimedia
sampling and analysis that is conducted site wide and for surrounding areas.

A key purpose of the Hanford site monitoring programs is to verify compliance with DOE, U.S.
Environmental Protection Agency (EPA), and Washington State standards for the protection of human
health and the environment. The atmosphere and surface water have been determined to be the primary
pathways for movement and subsequent release of radioactive and chemical substances to the
environment, with groundwater providing connection with springs.

b In Beneral, concentrations of radionuclides released in effluents have not significantly changed
over the last few years since the decommissioning of most production facilities, with many effluents
approaching naturally occurring radioactivity levels. Results from the 1995 monitoring were consistent

: with past results, indicating higher concentrations of radionuclides and chemical substances present in
distinct operational areas. A generalized listing of sources of contaminants released is given in table 2-1.

i Table 2-1. Sources of various contaminasis in the Hanfortl site (Pacific Northwest National
Laboratories,1996a).

Operations and Facilities Area Contaminant = Released

Reactor operations-activation 100 3H,60Co, 90Sr, 99Tc,125Sb, Cr +, 39,2 , NO ,6i
3 i

products / gamma emitters U

Pu purification 200 Pu, 241Am, carbon tetrachloride, chloroform,
NO -3

3H, 90Sr, 99Tc,129g,137Cs, Pu, U CN , Cr +,6Irradiated fuel processing- 200,600
fission products F , NO -3

Mc, U, Cr +, Cu, trichloroethylene -6Fuel fabrication 300

lO
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n 2.3.2 Soll Contamination

llanford site soil contamination resulted mainly from the use of cribs, holding ponds, ~.ak
farms, septic tanks, ditches, solid waste landfills, and other structural features that had the potential for
release. Historically, characterization of soil contamination has been limited in comparison to groundwater
investigations because of the latter's greater potential for offsite migration of contaminants. However, soil
contaminants are tracked at the Hanford site through surface soil and vadose zone monitoring programs.
The vadose zone monitoring includes soil sample collection from the zone between the ground surface,

and water table. Samples are analyzed for radionuclides and chemical substances to assess concentrations

and the potential for contaminant migration through the soil to the groundwater. Approximately 53 billion
liters (14 billion gallons) of liquid wastes have been discharged from the effluent facilities to the soil from
over 300 disposal sites (Pacific Northwest National Laboratories,1996b).

Onsite surface and near surface soils had concentrations elevated above applicable regulatory
limits of cobalt-60 (Co-60), strontium 90 (Sr-90), cesium-137 (Cs-137), Pu-239, Pu-240, and
uranium (U), with highest levels at or near waste disposal areas. Monitoring results from 1983 to the
present generally indicate no significant changes in radionuclide concentrations except for St 90, which
has declined due to radiological decay and has shown downward migration (U.S. Department of Energy,
1996a). St 90 and Cs-137 have similar half-lives and, therefore, would be expected to show similar
evidence of radiological decay at the site. However, these differences may be from uncettainties existing
in the measured values of these radionuclides and in waste disposal activities at the various facilities,

in 1995, borehole and well logging operations were performed to identify, characterize, and
track radionuclides in the soils, including about 70 boreholes around effluent disposal facilities, and aboutp 250 dry wells out of the proposed 750 wells in the Tank Farms Vadose Zone Characterization project.

V Thus far, it has been shown that Cs-137 has reached greater depths than previously determined beneath
the 200-West Area, recorded at a depth of at least 38 m (125 ft) which is the top of a low-permeability
confining bed with underlying groundwater levels at about 64 m (210 ft) (Pacific Northwest National
Laboratories,1996b).

Additional ongoing subsurface investigations are being performed at the US Ecology commercial
low-level radioactive waste (LLRW) facility located between the 200 Areas, at the southwest corner of
the 200-East Area on the Hanford site. The US Ecology facility has been in operation since 1%5 and has
disposal trenches containing radionuclides and hazardeus chemicals. Limited documentation exists for the
types, concentrations, and quantities of radionuclides and hazardous chemicals that were disposed of in
most of the trenches. As the result of an EPA Resource Conservation and Recovery Act (RCRA) facility
assessment (RFA) of the US Ecology facility, the site was determined to be a potential source for
contaminant release and the trenches were identified as Solid Waste Management Units (SWMUs) under
the Hanford facility RCRA hazardous waste permit and corrective action program (Landau Associates,
Inc.,1996).

In response to these RCRA regrirements and its existing permit, US Ecology has begun
implementation of a three-phased site investigation to assess potential releases of hazardous waste
constituents from the disposal trenches into the vadose zone beneath the trenches. Phase I represents
proposed monitoring activities from existing systems; Phcse II includes installation of proposed
compliance monitoring facilities in accordance with the LLRW licensing requirements; and Phase III
consists of additional proposed monitoring systems and changes to existing monitoring plans for

/~N
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regulatory compliance based on Phase I and 11 data. Phase I and proposed Phase Il facilities are shown

v) in figure 2-4.,

Existing vadose zone monitoring systems consist of three soit vapor monitoring wells, three
solar stills, and six trench cap areas. Soil gas samples collected from the soil vapor monitoring wells are
analyzed for methane, radon, tritium, fixed gases, and benzene, toluene, ethyl benzene, and xylene.
Various trench caps from trenches 5 and 7 are regularly s.unpled and analyzed for radon. The solar stills
are used for the collection of tritium samples (Landau Associates, Inc.,1996).

Site contamination values presented in the following paragraphs are based on 1992,1993, and,

1994 US Ecology monitoring data. Low concentrations of some volatile constituents (maximum
concentrations of ethyl benzene and xylene at I mg/m' and 3 mg/m', respectively) primarily in the gas
phase, have been detected at the trench edges indicating limited migration. Samples collected from the
soil vaporing monitoring wells show slight elevations above background concentrations of carbon dioxidei

and methane, and reduced oxygen concentrations, which may be indicative of organic wastes
decomposition (Landau Associates, Inc.,1996).

Background concentrations for tritium were exceeded in both vapor monitoring wells and the
solar stills with recorded maximum concentrations of about 400,000 pCi/L and 4100 pCi/L, respectively.
Based on these fm' dings, tritium migration from the trenches is indicated. Radon concentrations were
elevated in well VW 101, measuring up to > 1627 pCi/L, and close to background concentrations in well
VW-102. Although trench cap radon concentrations were measured at levels below background, these low
concentrations are believed to be the result of dilution from the surrounding atmosphere (Landau

'

Associates, Inc.,1996).
O
V in 1991, soil samples also were collected from about the 15-28.3 m (45-85 ft) range below land

"

surface during the vadose zone monitoring well installations and analyzed for volatile organic constituents.
Analytical results indicated no volatile constituents were present. No indication of radionuclides analysis
was given for these samples in the US Ecology reference report.

Graphics presenting detailed areas of soil contamination were not readily a'vailable at the time
of this writing. However, through continued DOE work to better determine the extent and magnitude of
soil contamination, maps delineating site surface and subsurface soil contaminants should become
available.

2.3.3 Surface Water and Sediment Contamination

Surface water and sediment samples are collected from riverbank springs and the Columbia
River, with additional surface water monitoring of onsite ponds and offsite water sources. Water samples
collected from the surface water disposal units and springs for the 1995 monitoring program were
analyzed for Pu-238, Pu-239, Pu-240, tritium (H-3), Sr-90, U, and gamma-emitting radionuclides, as well
as pH, temperature, and nitrate. Surface water disposal units in the 200 Areas consist of holding ponds,
such as the B and U Ponds, and drainage ditches. The results indicated that radionuclide concentrations
in the surface water in the 200 Areas were mostly at or below detection limits, and below DOE Derived
Concentration Guides of 100 millirem per year (mrem /yr). Nitrate concentrations were below applicable
Drinking Water Standards and pH measurements were below liquid effluent RCRA standards.

O
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Contaminant transport through springs to the Columbia River from the past operations of the_

(} N Reactor is a major concern at the llanford site. The 1995 monitoring results for the 100-N Area
b groundwater springs located along the Columbia River shoreline indicated that radionuclide concentrations

were highest near the N-springs effluent monitoring well, but below the concentrations actually measured
in the well. These concentrations were conservatively estimated based on the modeled groundwater
discharge rate of 10 IJmin (2.64 gal / min) multiplied by higher radionuclide concentrations present in the
N-springs effluent monitoring well (Pacific Northwest National Laboratories,1996b)-

Riverbank spring water measurements in 1995 indicated no radiological contaminant
concentrations above the DOE Derived Concentration Guides. Although there are no current ambient
surface water quality standards for U, the total U concentration in the proposed EPA Drinking Water
Standard was exceeded in the 300 Area spring. Washington State ambient surface water quality criteria
levels for Sr-90 and H-3 were exceeded in the 100-H Area, and the 100-B Area and old Hanford
Townsite riverbank springs, respectively.

The 100-K Area spring was the only site reported to contain nonradiological conamimnk above
regulatory limits. Copper and zine exceeded the Washington State ambient surface water acute wr.icity
levels, cadmium exceeded chronic toxicity levels, and trichloroethylene concentrations were indicated
above the EPA standard.

Generally, surface water samples collected in 1995 from various locations along the Columbia
River near the Hanford site contain radionuclides at concentrations weli below regulatory standards. As
expected, highest H-3 and total U concentrations were detected along shorelines located near operational
facilities, groundwater seepage areas, irrigation return canals, and downstream of the Hanford site, with
lowest concentrations recorded at upstream locations. Since 1990, H-3 concentrations present in the Priest(q) Rapids Dam (upstream of Hanford site) and Richland Pamphouse (downstream of Hanford site) have,

declined slightly with higher concentrations recorded near 150 pCi/L, well below the ambient water
quality standard (AWQS) of 20,000 pCi/L (Pacific Northwest National Laboratories,1996b).

Preliminary results from the U.S. Geological Survey National Stream Quality Accounting
Network Program indicate that applicable standards for a Class A-designated surface water body were
met in 1995. Metals and anions detected in the Pacific Northwest National Laboratories 1995 Columbia
River water samples were below Washington State ambient surface water quality criteria levels for acute
toxicity. Chronic toxicity testing results indicated regulatory limits for all metals and anions were met
except for lead. Lead concentrations were above the Washington State limits in all Columbia River
transect samples with the exception of those collected along the 300 Area transect. Future monitoring will
require the use of a lower detection limits analytical method for some parameters since the minimum
detection levels for cadmium and mercury exceeded chronic toxicity testing standards and that of silver
exceeded the acute toxicity standard (Pacific Northwest National Laboratories,1996b). Volatile organic
compounds (VOCs) occasionally detected in the water were within regulatory limits.

Other nearby offsite water analyzed in 1995 included sources used for irrigation and/or drinking
water. Radionuclide concentrations for these sources were reported below the applicable DOE Derived
Concentration Guides, Washington State ambient surface water quality criteria levels, and Drinking Water
Standards. The total U limit in the proposed EPA Drinking Water Standard was exceeded at one location,
although all other locations exhibited naturally occurring regional levels.

A
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Onsite sediment and aquatic vegetation sampas were analyzed for Pu-239 and 240, Sr 90, U,n
)(d and gamma-emitting radionuclides. The results indicated elevated radionuclides in some samples,

however, all results were below applicable radiological control standards.

Surface sediments collected in 1995 from various Columbia River shoreline locations indicated
highest elevated levels of beryllium (Be-7), Sr 90, Pu 239 and 240, Co-60, U-235 and 238, arx!
europium (Eu 155). Metals were detected in all samples collected and analyzed. McNary Dam sediments
had the highest median concentrations for most metals and the maximum and highest median
concentrations of chromium were reported from the riverbank spring sediments.

2.3.4 Groundwater Contatnination

A comprehensive surveillance program exists for periodically monitoring the groundwater
originating beneath the Hanford site because of the magnitude, and the lateral and vertical extent of
contamination plumes, both onsite and offsite, composed of radionuclides and hazardous compounds.
Some of the highest levels of groundwater contamination exist in the contaminant plumes that have
originated from the 200 Areas. In the 200-East Area, the B and Plutonium Uranium Extraction (PUREX)
plants and associated operations are primarily responsible for releases to the environment, in the
200 West Area, the Reduction-Oxidation (REDOX), U, and T plants, and the TX and TY tank farms,
are the primary sources of contaminant release.

A grourx! water monitor well network comprised of about 800 wells is mnimined at the Hanford
site. Wells are monitored in intervals ranging from monthly to annually, with selected wells less
frequently Pathways for human exposure to contaminated groundwater are from onsite water supply wells

O and discharge to the Columbia River. The majority of wells are placed and screened within the lower
V unconfined aquifer, however, the upper confined aquifer is also monitored because it, too, is a potential

pathway for offsite contaminant migration. Additional wells have been constructed along the site
perimeter and in various offsite locations (upgradient and downgradient) to monitor contaminant migration
a2xt determine background conditions for establishing baseline water quality criteria.

Water supplies in and around the Hanford site that pose risks to human exposure to
contaminants include three onsite water supplies and the Richland city water supply wells Wells near
these water systems are also monitored on a reguhr basis. Waste disposal facility areas are regulated by
RCRA, and other areas are regulated under the EPA Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA). Wells that do not fall within these two EPA programs are
monitored under general surveillance and other monitoring programs established at the Hanford si e.

'

Annual monitoring (sf the Hanford site drinking water system indicated elevated H-3 levels
(about 20,000 pCi/L) in the 400 Area drinking water when a backup water supply was used for several
months. Otherwise, the annual average H-3 concentration was in compliance at 8,424 pCi/L (Paci0c
Northwest National Laboratories,1996b).

Contaminants of concern detected in the groundwater on a sitewide basis include many
radionuclides and chemical compounds that have been detected by analyses incorporating up to about
17 radiological parameters and 20 inorganic and organic parameters (not individual compounds), such
as heavy metals, VOCs, polychlorinated biphenyls (PCBs), and semivolatile organic compounds. Based
on the 1995 monitoring program results, radionuclides and chemical compounds detected at concentrations

O
4:V'
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greater than the maximum contaminant level or interim Drinking Water Standard were mapped as shown

[V in figures 2-Sa and 2 5b, respectively (Pacific Northwest National Laboratories,1996a), it must be noted
that the proposed privatization facilities for the TWRS will be located at the eastern boundary of 200-East
area.

Radionuclides de'ected above Drinking Water Standard levels in one or more wells were
Cs-137, Co-60, iodine (1 l* 9 Pu, St 90, technetium (Tc-99),113, and U. In addition, total alpha and
beta level also exceeded dri, ng water standard levels. DOE Derived Concentration Guide groundwater
limits for H 3, Sr-90, Pu, and U were also exceeded.

H 3 is the most mobile radionuclide contaminant and is present throughout onsite groundwater
plumes originating from the 200-East and 200-West Areas, extending into the 300 and 600 Areas, and

'

discharging into the Columbia River at and near the 100-N Area, and possibly also the 100-K Area. The
200-East plume, with reported concentrations above the regulatory Maximum Contaminant Levels
(MCLs), trends towards the cast and southeast, into the 300 Area and the Columbia River. Physical flow
barriers created by the Nonh Rich and well field recharge ponds and Yakuna River prevent this plume
from migrating further south toward the city of Richland. H-3 concentrations above the MCLs are also
present in groundwater at the 100-B,100-D, and 100-F Areas (Pacific Northwest National Laboratories,
1996a).

Although I-129 and H 3 were released from the same sources, migration and subsequent
discharge of I 129 into the Columbia River is known, but not confirmed at levels exceeding Drinking
Water Standards. The 200-East Area, 200-West Area, and 600 Areas all have plumes with reported 1 129
concentrations greater than Drinking Water Standards.

(3.

V St 90, U, and Tc-99 plumes are present h the 100, 200-East and -West, and 600 Areas (U is
also in the 300 Area) with reported concentrations above the Drinking Water Standards and/or DOE
Derived Concentration Guide limits. Discharge of Sr-90 from these plumes into the Columbia River is
known. U is suspected of discharging into the Columbia River, but there is no supporting data to indicate
that migration and subsequent discharge of elevated concentrations of Tc-99 into the Columbia River is
occurring. Co-60, Cs-137, and Pu are present in the groundwater but appear to be mainly restricted to
the 200-East Area and 600 Area, with each contaminant only reported in one or two wells at
concentrations exceeding Drinking Water Standards and/or DOE Derived Concentration Guide limits.

The inorganic and organic chemical compounds detected above MCLs include carbon
tetrachloride, chloroform, chromium, cyanide, fluoride, nitrate, and trichloroethylene. Although
tetrachloroethylene was not detected above the MCL in the 1995 monitoring program, in previous years
it has been reported in groundwater above the MCL,

,

Nitrate is mobile in groundwater and can be used to delineate nonradiological contamination at
the Hanford site. Nitrate plumes extend throughout the site at the 100,20G-East,200-West, 600,1100
and Richland North Areas. Locations where the MCL for nitrate was exceeded include all 100 Areas
except 100-B, and the 200 and 600 Areas. Nitrate is also suspected of originating offsite to the west and
southwest from agricultural fertilizer and irrigation, and potentially the Siemens Power Corporation
facilities. Suspected areas of impact include the 100-F Area, the western part of the 600 Area, and the
Richland North Area.

O
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Chromium concentrations were detected above the MCL in most of the 100 Areas, and in the

(n'} 200 and 600 Areas. Fluoride and cyanide were detected above Drinking Water Standards in groundwater
from the 200-West Area and 600 Area (just north of the 200-East Area), respectively.

A vast plume of carbon tetrachloride and, to a lesser extent, its suspected degradation product,
chloroform, has been mapped beneath the 200-West and 600 Areas. Groundwater analyses indicate
concentrations in excess of the MCLs for both contaminants. Less extensive plumes of trichloroethylene
containing concentrations above the MCL have been mapped beneath the 100-F,100-K, 200-West, 300,
and 600 Areas (Pacific Northwest National Laboratories,1996a).

Based on the 1995 report, the only nonradiological contaminants being discharged offsite into
the Columbia River in elevated concentrations are chromium and nitrate.

Generally, radionuclide and hazardous chemical contaminant concentrations in groundwater may
have declined slightly in some areas, but overall they have not significantly changed over the last 5 years.

2.3.5 Air Contamination

Under the Clean Air Act araendments of 1990, the Hanford site is a designated major source
for one or more criteria pollutants and for hazardous air pollutants. Presently, the Hanford site must
comply with the radionuclide National Emission Standard for Hazardous Air Pollutants (NESHAP) of
10 mrem /yr (U.S. Department of Energy,1996a).

.

p. Near facility air monitoring for radioactivity is done by a network of continuously operating
V samplers positioned at 47 locations, most in the prevailing downwind directions, and primarily within

about 500 m of nuclear facilities or sites having the potential for environmental releases. For the 1995
Annual Environmental Monitoring program, contaminants detected in the 200 Areas were Cs-137, Pu-239
and 240, Sr-90, and U, and for the 100 N Area Co-60 and infrequently Pu-239 and 240 were detected.
Elevated air concentrations for these radionuclides were detected near facilities while offsite
concentrations were measured at lower concentrations. However, no radionuclides were detected above
regulated limits. Radionuclide air concentrations are showing a decreasing trend, particularly in the
200 Areas due to facility shutdowns and improved operations (U.S. Department of Energy,1996a).

Air surveillance includes continuous air sampling of 40 onsite locations, the site perimeter, and
in nearby and distant communities for analysis of radioactive materials that are collected as filtered
particulates at all sites, and also as selected gaseous radionuclides at strategic sites. Differences in
concentrations for worldwide radionuclides sources, such as naturally occurring and historical nuclear
tallout, were accounted for by measuring the site perimeter and distant regional locations concentrations.

Total beta air concentrations for the site perimeter and distant locations were not significantly
different. However, total alpha air concentrations for the perimeter were slightly higher than distant
location measurements. No gamma radionuclides from the Hanford site were consistently detected.

Specific radionuclides detected during the 1995 dr surveillance program include H-3,1-129,
Sr-90, and Pu-239 and 240 Measured concentrations were evaluated according to the DOE Derived

1

kb
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_ Concentration Guide, which is the air concentration that would result in a radiation dose equal to the

*
. -

;

DOE public dose limit in millirems per year.

Site perimeter concentrations of H 3 and 1-129 were slightly elevated compared to distant
34-

-. locations. However, the elevated H 3 concentrations were not statistically significant, and concentrations
3ofI-129 measured only 0.000002 percent of the DOE Derived Cancentration Guide of 70 pCi/m St 90

| was only detected onsite with the maximum concentration 9 0.003 percant of the DOE Derived
3Concentration Guide of 9 pCi/m Site perimeter and distant location concentrations of Pu-239 and 2404

[ were similar with a maximum concentration at 0.02 percent of the DOE Der;ved Concentration Guide
3[ of 0.1 pCi/m (Pacific Northwest National Laboratories,1996b).

.

{: Chemical contaminants of concern included in the air sampling pt > gram were PCBs, polycyclic
: aromatic hydrocarbons (PAHs), chlorinated pesticides, and phthalate plastiders. All but the phthalate
i plasticizers were detected in the 1995 monitoring data. Total average concentrations ranged from 490 to

3
g 660 pg/m for PCBs. The highest average concentrations for the 14 PAHs and 16 chlorinated pesticides

3 3|' detected were 800-2500 pg/m for phenanthrene and 550-3,500 pg/m for Endosulfan I, respectively

{ (Pacific Northwest National Laboratories,1996b).

| In the absence of regulatory standards, air concentrations for these organic pollutants are
evaluated according to health risk-based concentrations, which means that concentrations below risk-based

i levels are less than 1 x 10-6 for cancer risk and less than 1.0 hazard quotient for non-cancer risk. Only
: the maximum total PCB concentrations exceeded risk-based concentrations and they were two times the

j accepted risk based levels (Pacific Northwest National Laboratories,1996b).

. _
Overall, the air quality in the Hanford site vicinity is good with particulates being the only air

pollutant t%t exceeds regulatory standards. Monitoring results for 1994 and 1995 indicated onsite and
offsite concentrations of radionuclides and hazardous air pollutants were below applicable limits,>

.

'

2.3.6 Surface Soil, Vegetation, and Wildlife Contamination

I Soll and vegetation sampling results at the Hanford site indicate that samples colheted on or
adjacent to waste disposal operational areas typically have higher concentrations of contaminants than
those collected from distant locations. Offsite surveillance monitoring of soils and vegetation are not
currently performed because of the onsite remediation operations and cessation of Pu production
operations.

Elevated Sr 90 and Cs-137 levels were detected in the 1995 fish and wildlife sampling effort,
with overall levels of radionuclide accumulations in small amounts for specific radionuclides indicative
possibly of fallout or Hanford site sources. Sr-90 was detected in goose eggshells and fish while Cs-137
was present in some goose muscle samples (Pacific Northwest National Laboratories,1996b).

Agricultural and food products from around the Hanford site were sampled and analyzed for
numerous radionuclides and only a few contained low radionuclide concentrations that were slightly
elevated above background conditions. These samples were from milk (collected at downwind locations
from the site) containing I 129 levels that indicate a steady decline in concentration over the last six years;
wine . samples containing H-3 levels below hazardous consumption levels, and alfalfa with Sr-90
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concentrations that appear to be related to the use of Columbia River irrigation water (Pacific Northwest
National Laboratories,1996b).

2.4 FACILITY AND AREA RADIOLOGICAL SURVEYS

In addition to media monitoring, radiation levels emanating from facility structures and
operational areas are surveyed. Radiation surveys are conducted using thermoluminescent dosimeters and
hand-held microrem meters.

The 100-N Area, specifically the 1301-N and 1325 N Liquid Disposal Facilities, contained or
'

received liquid efauent from the N Reactor and had the highest direct radiation measurements Significant
decreases in exposure levels up to 12 percent were seen in the 1990-1995 time frame, due to continuing
radioactive decay and facility closures, Restoration projects in the 100 Area contributed to elevated
radiation dose rates, however, the overall effects were measurable decreases upon completion of cleanup'

activities (Paciiic Northwest National Laboratories,1996b).

Waste-handling facilities in the 200 (tank farms),300, and 600 Areas had the highest radiation
dose measurements. The average annual 1995 radiation dose was about 120 mrem /yr for the 200 Areas,
140 mrem /yr for the 300 Area, and 120 mrem /yr for the 600 Area, which represents a decrease of about
12,18, and 12 percent, respectively, from 1994. The 400 Area reported the lowest average dose rate of
77 mrem /yr, representing an annual decrease of 32 percent.

'

In general, radiation doses throgiet the site have been declining due to better environmental
management practices, facility closures, radioacive decay, and restoration activities. The calculated
maximum total radiation airborne dose of 0.006 mrem was much lower than the public exposure limits
of 10 mrem /yr and 100 mrem /yr as set by EPA and DOE, respectively,>

2.4.1 Remedial Action Summary

For each of the designated facility areas, a brief summary of the existing and proposed remedial
actions is provided in the following paragraphs. This material has been extracted primarily from the 1996
Baseline Environmental Management Report (U.S. Department of Energy,1996e) Figure 2-6 provides
a sitewide overview of the magnitude of the proposed restoration of buildings and reactors for
decontamination and decommhsloning, and soil and waste to be excavated.

2.4.1.1 100 Area

Approximately 640 acres of property have been identified as contaminated in the 100 Areas,
thus requiring risk analysis and identification of sites for remediation. Currently, about 75 percent of the
soil and groundwater contamination and remediation technologies evaluations for high-priority sites within
the 100 Areas have been completed with the remaining low-priority areas to be characterized by fiscal
year (FY) 1988.

Remediation activities in the 100 Area include the excavation and replacenwnt of an estimated
3 33 Mm _(4 Myd ) of contaminated soils, analysis of about 20,000 soil samples, and restoration of

640 acres of surface area. Proposed groundwater treatment technologies include ion exchange for removal
of chromium and radionuclides, with remaining (unremovable) H-3 contaminants reinjected up-gradient
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from the river shoreline. Proposed treatment will continue until about FY 2002 and monitoring through(g FY 2018, or as determined at that time. It is expected that drinking water standards may not be attained,j
'" and groundwater use will remain restricted.

2.4.1.2 200 Area

The 200 Areas, East and West, have undergone detailed evaluations of existing waste sites and
remediation priorities have been determined. Field investigations for determining soll and roundwaterF
contamination and potential movement of contaminants in these media are still in progress and assumed
to continue in FY 1998. Areas along the Columbia River have been designated the highest priority for
remedial action.

For the 200 Area, the rnajority of contam'nated soil and solid waste will be contained in place,
using engineered caps and barriers to minimize contaminant migration, and the remaining uncontainable
areas excavated and disposed in the Environmental Restoration Disposal Facility. Remediation is expected

2 2to be completed by FY 2038 with an estimated 6 Mm (7.1 Myd ) of caps installed. Limited soll
remediation to date includes stabilization of some co taminated surface radiation areas and installation
of vapor extraction systems for the removal of t s. con tetrachloride, minimizing the potential for
downward migration of contaminants into the groundwater.

As previously discussed, groundwater contamination of hazardous chemicals and radionuclides
beneath the 200 Area is extensive and feasible treatment alternatives are currently being evaluated. Select
areas already have pump and treat systems that were installed in 1994 for groundwater remediation
activities for radionuclides and carbon tetrachloride. Similar systems are proposed for remediation at other

- /'] areas to reduce high levels of hazardous chemical and/or radionuclides contaminant concentrations and

V future dispersion.

2.4.1.3 300 Area

Site characterization of the 300 Area is almost completed, with some soil and building areas to
be characterized upon decommissioning. 'lhe 300 Area contmimtion consists primarily of petrochemicals
and solvents with some radioactive materials, comprising about 50 acres of soils and buildings in
industrial areas.

Remediation alternatives under consideration include retrieval of buried transuranic waste and
soll washing for removal of U. The surface and subsurface soils are proposed to be remediated to.

industrial use levels with low-level radionuclides or hazardous chemicals disposed of at the Environmental
3 3Restoration Disposal Facility. All, approximately 276 m (360 yd ,) transuranic contaminated soil and

buried waste is planned for disposal. It has been determined that contammant concentrations in the
groundwater originating from the 300 Area are decreasing and are currently at levels that do not pose a
threat to the environment or public health. No remedial action is proposed for the groundwater at the
300 Area.

2.4.1.4 400 Area

Site characterization is complete for the 400 Area and remedial designs have been developed.
The soil and debris contamination in this area is small in comparison to the other areas, with about

p
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3 32,300 m (3,000 yd ) of low-leven waste argi hazardous chemical = identifbd for excavation and disposalc

v) in the Environmental Restoration Disposal Facility,(

Additionally, decommissioning of the Fast Flux Test Facility is proposed which will involve
removing heavily contaminated materials and entombing lightly contaminated structures. The ento nbed
structures will be further protected by mnstructing an earthen berm around them with a cap on top.
Approximately 935 m (1,223 yd;) of low-Level Waste (LLW) and 71 m (93 yd ) of hazardous waste3 3 3

are estimated from this facility fer disposal in the Environmental Restoration Disposal Facility. Area 400
is not an originating source of groundwater contamination.

2.4.1.5 Other llanford Areas

Other areas developed for use at the llanford site as buffer space or support operations include
the 600 and 1100 Areas, the Arid Lands Ecology Reserve, and the North Slope. Remediation activities
are already completed for all areas except the 600 Area. Site characterization at the 600 Area is almost
complete with proposed surface and subsurface soll and debris contamination expected to require minimal
excavation and subsequent disposal in the Environmental Restoration Disposal Facility. Regulatory
approval for a No Further Action Required determination was issued for the groundwater in these areas.

2.5 ORIGIN OF WASTES

The primary source of the waste at the llanford site is the historical irradiation and processing
of U fuel to extract Pu. The fuels comisted of Al-Si clad metallic U fuel (B, D, F reactors) as well as
the zirconium (Zr)-clad metallic U fuel (N and K reactors) (Wodrich,1996). A total of about

2(G 100,000 metric tons of U (MTU) was processed, with about 74,000 MTU from the PUREX process,
19,000 from the REDOX process, and the rest from the T and B plants. Reprocessing of the fuel started
in 1944 and rose to a peak in the 1964-l%5 time period (Gerber,1992a; Wodrich,1996), as shown in
figure 2-7. Other important sources of waste at the site include (i) spent fuel stored in the K reactor
basins and associated sludges due to corrosion products, fission products, and wind-blown debris; and
(ii) various pilot-scale operations conducted in the 300 Area prior to full-scale operations in the 100 and
200 Areas. This section focuses on the reprocessing operations. A timeline of the processes leading to
waste generation is shown in figure 2-8 (Agnew,1997).

2.5.1 Fuel and Cladding Dissolution

The fuel from the B, D, and F reactors was processed to dissolve and remove the cladding using
a causi!c solution. Prior to 1952, the fuel was fabricated by encasing the U metal in a cladding (or jacket)
using the triple dip method (Gerber,1993). This process consisted of cleaning the bare U rods in nitric
acid, placing them in a pre-cleaned steel sleeve, and then dipping them in succession in molten baths of
bronze, tin, and an aluminum-siliwn mixture. Following these dips, the steel sleeve was removed and
aluminum end-caps were welded. From 1954 to 1964, a new lead dip process was substituted. In this
process, the U rods were first immersed in a duplex bath of molten lead topped by a molten Al-Si layer
followed by dipping in a molten bath of Al-Si mixture. The dissolved cladding from both these processes
was sent to the tanks as cladding waste (CW).

2p A list of abbreviations is provided in the front matter of this repon.
* e
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| Figure 2-7. Annual estimates of fuel processed at the IIanford site using various processes

(Wodrich,1996)
!

2.5.2 Bismuth Phosphate Process

I The history of the process chernistry development and details of the chemistry have been
! described by Thor:rpson and Seaborg (1956), The Bismuth Phosphate (BP) process utilized the ability of

| bismuth to coprecipitate Pu in the +4 state in phosphoric acid [ referred to as Pu (IV)] with bismuth
phosphate (BiPO referred to as BP), while U and other fission products did not coprecipitate to such aI 4

j high degree. The separation was further enhanced when it was recognized that coprecipitation of Pu
occurred only in the Pu (TV) state and not in the Pu (VI) state, whereas BP ';ould be precipitated by
controlling the acidity of the solution. A synopsis of the process is shown in figure 2-9 (Agnew,1997).
The fuel, containing U, Pu and fission products, is dissolved in nitric acid. Phosphoric acid and bismuth
are added to the dissolved fuel solution and the Pu(IV) in the solution is precipitated as Bl(Pu)PO , while ;4

O 1
'
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Figure 2-9. A synopsis of the BP process and associated waste streams (Agnew,1997)-

most of the U and fission products [ labeled metal waste (MW)] are carried in solution, The Bi(Pu)PO4
is dissolved again in nitric acid and the Pu(IV) oxidized to Pu(VI) using sodium bismuthate, When this4

solution is diluted or BP is added, the U and fission products precipitate and are sent to the waste tanks
as First Cycle Waste (IC Waste), but the Pu(VI) remains in solution. Addition of ferrous ions to the
supernate again reduces the Pu(VI) to Pu(IV) and the cycle is repeated. In the final stage, further
purification of the Pu is achieved by coprecipitating the Pu(IV) with a small concentration oflanthanum

. fluoride.

The T, B, and U plants (or canyons) were constmeted in 1944 to employ the BP process.
However, because the B and T plants were sufficient to meet the demand, the U plant was never utilized
for production using this process. Until 1952, the U plant was used to train the B arxl T plant operators.

3This process ran until 1952 in the B plant and 1956 in the T plant and generated some 370,000 m
(98,000 kgal) of MW, IC,2C, and 224 wastes (see glossary section for definition of these terms). The

' 2-25
'



. - - - - - - - - - _. -- -. . - -. - .-- - .-- - - . . -

'

i
IC,2C, and 224 wastes referred to in figure 2-9 are from the first cycle, second cycle, and Pu finishing

'

operation, respectively. The tank farms T, TX, and TY were used for wastes from the T plant and tank
farms B, BX, and BY were used for wastes from the B plant. The discharges to the ground through
trenches, cribs, and tank leaks from this process are given in the 200-West and -East Groundwater
Aggregate Area Management Study reports (U.S. Department of Energy,1992a,1992b).

2.5.3 Uranium Recovery Process

in order to recover the U MW generated in the waste stream by the BP process, the U plant
: (221-U building) was converted to a U recovery plant and began operation in 1954 (Gerber,1992b;
! Agnew,1997) and ended in 1958. The wastes from this process included process waste and waste water

sent to cribs, french drains, ponds, and ditches, and spent solvents and carbonate scrub solution sent to
cribs (U.S. Department of Energy,1992a). In 1955, the 224-U building, adjoining the U plant, was used
to support the PUREX operation in the production of UO powder.3

i The U recovery process at the Hanford site involved sluicing the tank wastes in the B C, BX,
BY, T TX, and U tank farms using either water, a caustic or a carbonate solution (the latter two could
have been used if sluicing was unsuccessful in removing all the sladge), dissolving the teachate in acid,
complexing the U as U(VI) with nitric acid, and solvent extraction of U(VI) in a mixture of tributyl
phosphate (TBP) and kerosene. A synopsis of the process is shown in figure 210. The U was recovered

! in the organic phase from which it was stripped by repeated carbonate wash and organic extraction. The
U recovery process took advantage of the fact that the actinides, notably U and Pu, formed strong nitrato

i complexes in the hexavalent state whereas other fission products such as Cs, Sr, and Ru formed weak
nitrato complexes (Fletcher,1956). The nitrato complexes are quite soluble in organic solvents such as

,

N TBP or methyl isobutyl ketone (MlBK) When an aqueous nitrate solution was brought into intimate
'

contact with an organic solvent such as TBP, the actinide nitreto complexes partitioned to the organic
phase, while the fission products remained in the aqueous phase. Partitioning of the actinides to the
organic phase was further enhanced by the presence of metal nitrates in the aqueous phase such as-

aluminum nitrate, called salting out agents. Because TBP was highly viscous and had a density close to
that of water, it was diluted by other organic media such as normal paraffinic hydrocarbons (NPH) or
kerosene. The actinides were then stripped from the organic phase using either dilute nitric acid solution
or carbonate solution to recover the actinides. The carbonate wash shown in figure 2-10 is probably for
washing the TBP/NPH phase after removal of U. Washing with carbonate removes residual waste from!

'
TBP/NPH and the organic phase is then recycled to the process.

3The process produced about 2 m of aqueous waste for each cubic meter of MW processed.
Because the process produced more waste than could be accommodated by the tanks, concentrating the
waste stream was performed by scavenging the supernatants (containing mostly Cs) with ferrocyanide.

[Fe(CN)6 also referred to as FeCN] to coprecipitate the Cs-137 with Na:NiFe(CN)6. The sludge from;

j this process was returned to the tanks and the supernatant was placed in cribs. These tanks also contain
; . remnants (heel) due to incomplete sluicing (ranging from 15 to 20 volume percent of the total MW) of
| original BP wastes, and these are suspected to be mainly a hard U carbonate phase. Agnew (1997)
| asstunes that 80 percent of the Pu and 95 percent of the Cs associated with the MW waste were removed

during the U and Cs recovery processes and ended up in the waste streams, while the remainder of the
Pu and Cs ended up in the heel.

.
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Figure 210. A synopsis of the uranium recovery process and associated waste streams (Agnew,
1997)

2.5.4 REDOX Process

The REDOX process began in January 1952 at the S or REDOX plant (202.S building) and was
also based on continuous solvent extraction of Pu and U from an aqueous nitrate solution into methyl
isobutyl ketone, also known as hexone. The synopsis of the process is shown in figure 2-11. Cladding
was dissolved in caustic and separated from the fuel as cladding warte (CWR) While most of the fuel
received for reprocessing in the S plant was Al-Si clad fuel, towards the end of the S plant operations in
1966, a small quantity of Zr-clad fuel was processed (Agnew,1997). Following cladding removal, the
fuel was dissolved in nitric acid and the sohttion composition was adjusted with Al(NO )3 as a salting out .3

agent, Na2 r2 7, NH SO H, and Fe(NO )3 to control the REDOX condition such that U was presentC0 2 3 3
as U(VI) and Pu was present as Pu(IV). Intimate mixing with hexone extracted the actinides into the

r
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Figure 2-11. A synopsis of the REDOX process and associated waste streams (Agnew,1997)

organic phase, The wastes, wh!ch were in the aqueous phase. went primarily to the S and SX farms. The
organic phase was further washed with aqueous Fe(II) solution to reduce the Pu to Pu(Ill) which then
partitioned to the aqueous phase. The Pu can be oxidized again to the tetravalent state to separate it from
other actinides such as americium (Am). After removal of U from the organic phase, the organic medium
was washed with water to remove the residual radionuclides and then recycled The aqueous waste wu
sent to the tanks.

2.5.5 - PUREX Process

The PUREX process started as a pilot plant in the Hot Semiworks (C plant) and became a
production process in January 1956 in the PUREX or A plant. Al and Al Si cladding was dissolved using
caustic solution which does not affect the fuel, From 1968 to 1972, Zr clad was treated to dissolve the
Zr cladding using a process called Zirflex process, presumably using hydrofluoric acid. Following
cladding dissolution, the fuel was dissolved in nitric acid. After cladding and fuel dissolution, the aqueous

- Pu and U were complexed in a nitric acid solution and extracted into a TBP/NPil (kerosene) organic .
phase. The separation process chemistry is similar to that in the REDOX proc.:ss, as shown by the
process synopsis in figure 2-12. The redox condition prior to solvent extraction of U and Pu is adjusted
using ferric nitrate instead of a mixture of nitrates, bisulfites, and dichromates as in the case of the

2-28



- ~ . - - - - - _ - _ ~ . _ _ _ - - ~ . . - ~ . ~ . ~ . . . - _ . - - _ . . ~ _ - - - _ - _ -

?

e

* .luel decladding and dissolutton.~.~~ ~ ~ ~ ~ ~ ~.~ ~ ~~ ~ ~ ~~.~~ ~.~ ~~. - ~ .~ ~~~.~ ~~~.

e ff-ga. - irLTi
'

=
+

i

e ~4
_ 7 off gas Purex scrubber to crb

,

j fuelelements ; claddmg dissoluton p fueldissolution - |
...........|.CWP to waste tanid...I| __ ,e....e.... ~ ..................... ~ ........................*.,~ ...........

'
-

I *

-

h

~..................

..............................Pu and U (and Np) parttoning and purifcaton.~n .
; ...........

Fe(NHgSChT2 |
; *

'! NtOs- 'a4 U ; more cycles for uranium punficaton4

; j FeNO)s N TBPIPH3 i

j- HAP <
'

s. / a%
i '
j !'

TBP/NPH \
ad s Pu(Ill) - more cycles for plutonium purification

!......just to Pu(IV)...wy.9........''.s....id............................................................i
HA acid recovery, denitraton, neutralizaton flP to waste tanksI -4

! fisson products

! canyon cell drainage
i PL to waste tanksi
! ;. .. . ......... .... .. . ..*organc washing "~ ~ ~ ~ * .- ~ ~ ~ 1 Vessel clean-out

j' carbonate j
wash :-

'

t ! : i
<

j to makeup and recycle
j organic 79- |

o

: TBP/NPH aq t$

: N :
; i IOWW to waste tanksi j
'

: :
' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '; , .

i .
\

.

; Figure 2-12. A synopsis of the PUREX process and assac3=*ad waste streams (Agnew,1997)

1
4 4

y REDOX process. The ferric nitrate also acts as a sahing agent to enhance the partitioning of the actinides
to the organic phase. The organic solvent is finally washed with carbonate solution to remove radionuclide,

E.
impurities and recycle the solvent to the solvent extraction process; From'1959 to 1%1, the'PUREX
wastes were sent to the A and AX tank farms. The high activity waste (HAW) obtained by the separation
of the agneous phase from TBP/NPH was denitrated using sugar to reduce the amount of caustic needed
for neutralization. .

2.5.6 Cesium and Strontium Recovery

The B and C plants were used to recover Cs and Sr. respectively, from the tank wastes, because
the decay heat from these radionuclides was causing boiling in the tankt (Agnew,1997). From 1%2
forward, the Sr semiworks or C plant started processing the PUREX wastes to remove Sr-90, which was
producing sufficient decay heat to cause boiling in the tanks (Agnew,1997). The wastes from this
operation were sent to the C tank farm. From 1968 to 1976 the B plant removed Cs from the neutralized -

- supernatants taken from the A and AX tank farms which contained PUREX wastes and Sr from the
PUREX acid waste from the PUREX plant and sludge sluiced from the tank farms. The sugns-rui from
tanks for the Cs recovery were fed into the AR vault located close to the C plant through the C-105 tank -
as the staging tank and washed with caustic. The caustic solution was then sent to the B plant for Cs

s
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q recovery. The acid PUREX wastes were sent directly to the B plant. The waste from the B plant after

V Cs and Sr recovery was then directed to the B and BL tank farms.

The Cr and Sr recovery process synopsis is shown in figure 213. For the caustic Cs wastes,
zeolites were used to extract Cs. For the acidic wastes, phosphotungstic acid was added to precipitate Cs.
The supernatant from this process was treated with nitric acid and the Sr was recovered using solvent
extraction irR an organic phase containing TBP. The organic phase was washed as described before for
the REDOX process to recover the organic solvent and recycle to the solvent extraction process. The Cs
was convened to a Cs chloride (CsCl), melted, and stored in double-walled capsules made of Type 316L
stainless steel. The Sr was converted to a strontium fluoride (SrF ) in a powder form, compacted, and2

stored in capsules of similar design to the Cs capsules. However, for the Sr capsules, the inner wall was
made of a Ni-base alloy, Alloy C-276, and the outer wall was made of Type 316L stainless steel. A
schematic of the capsule design is shown in figure 2-14. The centerline and surface temperatures
calculated for air (figure 2-14) are presumably relevant to open, still-air conditions, although the
assumptions in this calculation are not shown in the Environmental Impact Statement (EIS). There are
at present 601 Sr and 1,328 Cs capsules with a total radioactivity of 76.3 mci as of 1994. The capsules
are stored under water in the Waste Encapsulation and Storage Facility (WESF) locatd close to the
B plant, Monitoring and maintenance activities of the capsules involve calculating annu11 inventory,
physically verifying that the inner capsule has not bulged (for Cs capsules only), and monir. iring pool cell

'

water contamination. The Cs capsules are " clunk tested" on a quarterly basis to detenr;ne if bulging of
the inner canister has occurred. This is done in the pool itself by grasping one end of the capsule with
the pool tong and moving it rapidly vertically by about 15 cm. This allows the inner canister to slide
down within the outer capsule, making a clunking sound. If the capsule fails the clunk sound, it is
removed to the hot cell for additional evaluation. Various alternatives for the long-term storage and

(3 disposal of these capsules are being pursued (U.S. Department of En:rgy,1996b). The WESF is
d scheduled to be decontaminated and decommissioned within tne next 10 years.

x 2.5.7 Other Processes

Various other processes were initiated in the production of Pu in the Z plant [also known as the
Plutonium Finishing Plant, (PFP)}, located in 200-West. The plant started by concentrating the Pu nitrate
from the B and T plants into a paste, which took place from 1945 to 1949. In 1949, production of Pu
metal was started and continued with some hiatus until 1988. This process used carbon t.trachloride,
nitric and hydrofluoric acids, and various oils and degreasers. The wastes from these operations were sent
to tanks TX-118 and SY-102 (Agnew,1997). The RECUPLEX process started in 1955 to recover Pu
from the Z plant waste stream and, during the operation, generated various organic wastes. Due to a
criticality event, the RECUPLEX facility had to be shut down in 1962 (U.S. Department of Energy,
1992a). This was replaced by the Plutonium Reclamation Facility (PRF) which operated along the same
principles until 1987. Another operation that took place in the Z plant was the recovery of Am from the
PFP waste stream using an ion-exchange process. This process was stopped in 1976 after an explosion
in one of the recovery units (U.S. Department of Energy,1992a). A review of reports regarding the
analyses of the causes of the explosion has not been performed.

'

2.5.8 Solidification Tecimologies

The history of various solidification processes at the Hanford site and other DOE sites has been
described by McElroy and Platt (1996). Prior to 1965, solidification experiments were carried out in the

(3
'
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Figure 213. A synopsis of the strontium recovery process and associated waste streand. Cesium
recovery from acidic waste is also shown (Agnew,1997),

321 building using spray calcination to convert waste to a glass / ceramic waste form. Bc'. ween 1%5 and
'

1971, the Waste Solidification Engineering Prototypes GVSE19 program wks conducted by PNNL in the
324 building, In the following 5 years, over 50 mci were processed. Various solidification processes
were tried including the Oak Ridge National Laboratory pot calciner, phosphate glass process, and spray
calcinet/ melter process. The equipment was mounted on modular units and located in a single hot cou.
Waste feed from the llanford 200 Areas B plant was brought in and stored in vault tanks prior to
solidification. A total of 33 solidification demonstrations were completed corresponding to the
solidification of 104 metric tons of original fuel. Later in 1975, a small engineering scale vitrification
facility was built in the 324 building along with engineering scale reprocessing facility. Spent fuel from
the West Valley pool was obtained, reprocessed, and vitrified in this facility. The quantities and
disposition of the solidified waste are not discussed by these authors.

'
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Figure 214. A schematic view of the cesium and strontium capsules (U.S. Department of Energy,
1996b)

I

<'' 2-32
f

,-,~,,_,,.c..- , , - y-...--w, , , , , . , . ~ - - . - - . - . - - - -.-,-r,, . . , - . . , - ,



,

l
,

(D 2.6 DESCRIPTION OF OPERATING FACILITIES
<J

2.6.1 Overview of TWRS Facilities and Cotuponents

The TWRS facilities consist of waste tanks, evaporators, transfer piping, and processing vaults.
Additionally, the privatization contractors are expected to construct the solidification facilities and waste
handling systems. In evaluating the hazards associated with TWRS operations, it is important to obtain
information on the materials of construction of various components. An overview of the materials of
construction is provided in table 2 2 (Edgemon and Anantatmula,1995). It must be noted that
discrepancies can be found in the description of materials of construction and corrosion protection
methods between various llanford site reports. Where possible, these differences are pointed out. As
further information becomes available, a resolution of these discrepancies may be attained.

2.6.2 Waste Tank Operations

Approximately 99 percent of the total radioactive waste volume at the llanford site is stored in
underground tanks. The tanks are grouped into tank fanns and buried approximately 6 to 8 feet below
ground in the 200 East and 200. West Areas (figure 2-15). In addition to the tank farms, there are
Miscellaneous Underground Storage Tanks (MUSTS), most of which are inactive.

The first 149 tmks constructed at the llanford site, starting in 1943, were made of a single
carbon steel wall and floor in the fonn of an open container encased in an outer shell and dome of
reinforced concrete. There are four basic designs of these single-shell tanks (SST), as shown in
figure 2-16, with capacities ranging from 208 to 3,785 m' (55,000 to 1,000,000 gal). Construction of

(_) these SSTs was discontinued alter 1964.
Q)

The tanks have two primary functions: (i) confinement-the tank shells and liners provide
confinement barriers for liquid and solid wastes, and (ii) structural stability-the reinforced concrete
structure and the steel liners of tanks provide acceptable safety margins for continued operation under
normal and abnormal loads (Ohl et al.,1994). Table 2 3 provides details of the construction of the
149 SSTs including infonnation on year of construction, location, farm, number of tanks in farm,
capacity, steel grade, and condition of the steel plate. The SSTs were built by welding steel plates using
flux and later gas-covered electrodes, but none of the tanks were subjected to the stress relief post weld
heat treatment (PWHT) that is used in most recent designs. Changes in the specification of the steel were
due to the introduction of new steel grades reflecting improvements in steel manufacturing practices and
the development of tighter specifications by the American Society for Testing and Materials (ASTM) and
American Society of Mechanical Engineers (ASME). Nominal design lives are not available in the SST
design archives but an intended use of 20 to 40 yr temporary storage is generally accepted by the current
Hanford site enginaring staif (Oh! et al.,1994). All the SSTs have exceeded their intended life and 67
of them are known o'r assaned to have leaked radioactive waste to the surrounding soil (see chapter 4).

It is conskered (Anantarmula et al. 1995) that the leakages experienced by the SSTs are the
result of the initiatet and propagation of cracks in the proximity of the welds due to stress corrosion
cracking (SCC). The residual stresses arising from the welding operations contribute to the SCC. This
failure mechanism was confirmed for t.nistress relieved waste tanks at the Savannah River Site (Poe,
1974) and it has been obsermi in laboratory tests simulating the chemistry of the waste (Ondrejcin,1978;
Kirch,1984). SCC of catbon ateels in hu alkaline nitrate solutions within the range of concentrations
typical of high-level radioac'ive wht:s resulting from the reprocessing of spent fuel is a well recognized

A
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Table 2 2. Tank Waste Remediation System facilities and consponents i

Facility Component and Materials Functions

DST Primary tank (carbon steel) Structural stability, primary .

containment

Secondary liner (carbon steel) Secondary contalmnent, leak
detection in annulus

Concrete vault (side walls, Structural stability, radiation
dome, and base) protection

SST Liner (carbon steel) Primary containment

Concrete vault (side walls, Structural stability, radiation
dome, and base) protection

Evaporator Evaporator vessel (austenitic Structural stability, contsimnent
stainless steel)

Evaporator coils (austenitic Primary containment
stainless steel)

Transfer pipes (pipe in pipe) Primary pipe (carbon or Structural stability, containment
stainlessstect)

O Seccadary pipe (carbon steel) Structural stability, secondary
containment

Transfer pipes (pipe in Primary pipe (carbon or Structural stability, contalanent
concrete) stainlessstect)

Concrete trench Structural stability, radiation
shielding

Transfer pipes (direct buried Primary pipe (carbon stect) Structural stability, containment
pipe)

Double contained receiver tanks Storage tank (temporary) Structural stability, containment

Concrete vault Structural stability, radiation
shield

Liner for concrete vault (carbon Secondary containment '

or stainless steel)

Catch tanks Storage tank (carbon stect) Structural stability, containment

AR and CR vaults Storage tank (carbon steel) Structural stability, containment

Concrete vault Structural stability, radiation
shielding

O 2 34
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g phenomenon (Donovan,1977; Ondrejcin et al.1979; Cragnolino,1993). The occurrence of SCC can be
inhibited, however, at high [NO(J/[NOf] and (Oll']/[NOf) ratios (OndreJcin et al.,1979). Therefore,
it may be possible to avoid SCC, even in tanks with relatively high residual stresses along the welds, by
controlling the concentration of these anions in the waste streanu entering the tanks or by pumping out i
of the tanks the supernatant and the interstitial liquids. These approaches have been adopted at the '

llanford site . , the process of stabilizing the waste in specific SSTs, an operation designated as tank
stabilization.

As part of the resolution of waste tank safety issues at the llanford site, other failure
mechanisms and corrosion control options have been identified to minimize further degradation of the
SSTs (Oh! et al.,1994). Localized (pitting and/or crevice) corrosion is another potential failure mode for
SSTs (Anantatmula et al.,1995). A corrosivity factor (CF) has been defined as the ratio of the molar
concentration of NO( to the combined molar concentration of NO( and 011 to evaluate the propensity
to localized corrosion of the waste contained in a tank. The critical CF above which the waste promotes
localized corrosion is estimated to be 2.5 Different actions are recommended and eventually adopted for
each tank, including pumping of liquid, addition of NaOll, and corrosion monitoring depending upon the
estimated value of CF. Other failure moder, such as uniform corrosion, microbially influenced corrosion
(MIC), concentration cell corrosion, erosion corrosion, hydrogen embrittlement, thermal embrittlement,
radiation damage, fatigue, creep / stress relaxation, mechanical wear, and environmental degradation of
the reinforced concrete are not expected as generic problems under the conditions prevailing in the tanks,
although isolated instances of failure due to some of these processes rnay be plausible (Oh! et al.,1994,
Anantatmula et al.,1995; Edgemon and Anantatmula,1995).

Over the years, the design of the SSTs changed to better accommodate the waste being stored
A and to reduce the occurrence of corrosion. Alterations include adding equipment to handle self boiling
V waste, increasing size and changing the bottom to a flat surface instead of a bowl shape. Another change

was the addition of a grid of drain slots beneath the steel liner. The grids were designed to collect leakage
and divert it to a leak detection well, Another design difference is that several SST were built in cascades
of three or four tanks connected with piping at different levels. Thus, when a tank filled to the level of
the pipe, waste would flow through the pipe to the next tank. This construction allows the contents of the
tank to settle to the bottom and therefore, the waste that went to the next tank had less solid and less
radioactivity (mostly in the form of Cs, since Sr had settled out in the solids). This design also allowed
the waste to be pumped into one location until all the tanks were full, reducing the amount of waste
rerouting to fill the tanks in a particular cascade group.

Figure 2-17 shows the configuration of the instrumentation currently available in SSTs. All SSTs
have measuring devices to monitor the surface level of the waste, including manual tape, automatic FIC,
which is a device manufactured by the Food Instrument Company, and/or ENRAF, which is a gauge
'abricated by ENRAF Incorporated These tanks have thermocouples and a camera obsenation port for
taking in-tank photographs and videos. Drywells are located around the SSTs to allow monhoring by
gamma radiation or neutron-moisture sensor of any tank leakage, liowever, only two SSTs are currently
monitored monthly by gamma radiation sensor. The remaining drywells are monitored upon request as
is the case of monitoring by neutron-moisture sensors.

iStart ng in 1968,28 double-shell tanks (DSTs) were built with a capacity of approximately
3,780 m'(1,000,000 gallons) each. They are composed of an inner, freestanding, completely enclosed
carbon steel tank which is referred to as the primary tank. The primary tank is located inside a reinforced
concrete shell and dome with the walls covered with a steel liner, as shown in figure 218. The liner is

O
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Table 2-3. Years d construction of' single-sheE *==he location, associssed tank. fwsms, and capacity. Also immene=d are slee :
steel -^- and the plate condities for time tank waEs (Larrick et al.,1995; Edg===== and Ammutasmsels,1995). [

'"
y-

3Year Area Tank Fann Namsber of SST Carmeky sm (gal.) Steet 4J- ~~ _ Flute Condelen t

1943-44 200E B 4 208 (55.000) A7-1939' A-R

1943-44 200E C 4 208 (55.000) A7-1939 A-R ,

1943-44 200W T 4 208 (55.000) A7-1939 A-R !
t i

f[
1943-44 200W U 4 20F (55.000) A7-1939 A-R |

1943-44 200E B 12 2.006 (530.000) A7-1939 A-R !
1

: 1943-44 200E C 12 2.006 (530.000) A7-1939 A-R

1943-44 200W T 12 2.006 (530.000) A7-1939 A-R
*

i
-| 1944 200W U 12 2.006 (530.000) A7-1939 A-R ;

,

; - 1946-47 200E BX 12 2.006 (530.000) A7-1939 A-R <

, u
g 1947-48 200W TX 18 2.839 G50.000) A283-1946T. Gr Cb A-R I

i

1948-49 200E BY 12 2.839 G50.000) A285-1946T, Gr B A-R, 1

! #C

1950-51 200W S 12 2.839 (750.000) A283-1946T. Gr B A-R [

1951-52 200W TY 6 2.839 G50.000) A283-1949T. Gr B A-R

. 1953-54 200W SX 15 3.785 (1,000.000) A283-1952T.Gr A A-R r

i or B I
i- I
'

1954-55 200E A 6 3.785 (1,000.000) A285-1952aT. Gr B A-R !
'AC

i 1 % 3-64 200E AX 4 3.785 (1.000.000) A201-1%1T. Gr A* A-R
!- .

A-R as rolled i

a A7 introduced in 1939 (Amencan Waser Works Association Code) and replaced by A36 in 1960 !
b A283 introduced in 1946; it was ASME code in 1967 and 1971; currently not an ASME matenal |'
c A201 introduced in 1949 and replaced by ASIS and A516
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Figure 218. Schematic cross-section of a double-shell tank showing the inner (primary) tank that
is a completely enclosed steel tank surrounded by an open topped steel liner and encased in concrete

(D
V usually referred to as the secondary steel tank and its purpose is to contain any liquid leakage from the

primary tank. The space between the two steel tanks, the annulus, is monitored for leaks using radiation
detector and conductivity probes. Schematic drawings in different publications (Gephart and Lundgren,
1995; llanlon,1996) differ slightly, and may lead to the mistaken impression that the primary tank is an
open container without the steel dome.

Table 2-4 provides information on the DSTs, including year of construction, location, farm,
number of tanks in each farm, capacity, steel grade, and condition of the steel plate. All butt-welded
joints between plates were executed with full penetration and the primary umks were stress relieved by
a post weld heat treatment (PWilT) following modern practices. The purpose of the pWIIT is to reduce
residual stresses along the welds to a level low enough to avoid the occurrence of SCC. None of these
tanks have leaked.

'

The current schedule for the disposal of the radioactive waste contained in SSTs and DSTs will
require operation of the DSTs through the year 2028. This schedule requires a service life of 40 to 60 yr
depending upon the closure sequence of the tanks. An analysis of useful life of DSTs has been conducted
assessing the failure modes limiting the service life of the tanks (Oh! et al.,1996). The failure modes
considered to be potentially limiting of the life are: (i) primary tank breach by pitting corrosion;
(ii) primary tank breach by SCC; (111) exceeding allowable stress for primary tank as a result of uniform
corrosion; and (iv) occurrence of a beyond-design basis accident. Eight additional failure modes, as
reviewed by Edgemon and Anantatmula (1995) and listed above for the SSTs, were analyzed and
discounted as life-limiting modes in terms of DST failure. DST failure is defined for this purpose as a
physical change in tank geometry or material properties that could cause the removal of the tank from

O,
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' Tamk - W of Flese
3Year tAna . Fann. DST Capadey us (gep Seest .W r -am.

,

1968-70 200E AY' 2. 3,785 (1,000,000) A515-1965, Gr 60 N

1971-77 200E AZ 2 3,785 (1,000,000) A515-1969, Gr 65 N

1974-78 200W SY 3 4,391 (1,160,000) A516-1972. Gr 65 N

1978-80 200E AW -6 4.391 (1,160,000) A537-1974a O 1 N

1980-81 200E AN 7 4.391 (1,160,000)- A537-1975.O 1 N

1983-86 200E AP 8 4.391 (1,160,000) A537-1979. O 1 N
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p service. Through the useful life analysis li was concluded that the rate controlling mechanism for DST

Q failure is primary tank breach by pitting corrosion in the vapor phase. The probability of this type of
failure was estimated to range from 0.4 to 0.6 for the expected 40 to 60 yr of service life, in order to
relate pit propagation with a parameter associated to tank operation, the following equation was derived
to relate pit propagation rate (PPR) with CF (discussed previously) with a correlation coefficient r =0.94.2

PPR (mils /yr) = 3.28(CIpas (21)

The expression was derived from a limited set of experimental data obtained with steel coupons exposed
to the liquid phase, the vapor phase, and the interface between these phases of various waste types,
including PUREX, REDOX, and BlPO,, using both tank samples or laboratory simulated wastes (Oh! et
al.,19%).

As a first level screening process to guide the integrity inspection and the corrosion monitoring
of the tank, the DSTs were gmuped into different categories (Oh! et al.,1996) according to their potntial
susceptibility to pitting corrosion t.nd SCC, The screening for susceptibility to pitting corrosion of DSTs
was performed using the CF to classify the DSTs into two groups (nonsusceptible and susceptible). On
the basis of values of CF greater than 2.5, calculated from the estimated concentrations of NO(, NO ,2

and 011, either for the supernattat or the sludge, only three DSTs (AN 107, AP 107, and AW 104)
were considered to be susceptible to pitting corrosion. In order to screen for the susceptibility to SCC,
the DSTs were classified into three groups by Oh! et al. (1996), using a different criterion developed by
Ondrejcin (1978) at SRS Ondrejcin determined the environmental domains of SCC at 50,60,70,80,
and 100 'C in terms of the concentrations of NO( (1.5 to 5.5 mol/L), NO( (0 to 3.5 mol/L), and 011-

Qq (0 to 5.0 mol/L) using statistically designed, slow strain rate, SCC tests. An elongation to fracture lower
than 13 percent was selected as indicative of SCC susceptibility and found to te consistent with the results
of SCC tests using a fracture mechanics approach. Oh! et al. (1996) estimated the environment
compositions and temperature for the DSTs, and classified them as: (i) Group ! tanks, which included
a majority of DSTs, that may have low susceptibility to SCC (i.e.clongation to failure greater than
13 percent), (ii) Group 11 tanks, which includes three DSTs (AW 104, SY 101, and SY 102), considered
to be potentially susceptible to SCC (i.e. the elegation to failure was estimated to be lower than
13 percent), and (iii) Group til tanks (AY 101, AZ 101, and AZ 102), which exhibited temperatures
above 100 *C, also considered to be potentially susceptible to SCC. The group til was created because
Ondrejcin's tests did not address temperatures beyond 100'C and hence, as a conservative measure, the
tanks with temperatures above 100'C were considered to be susceptible to SCC even if the chemistry of
the wastes in these tanks did not indicate any SCC susceptibility. In summary, six tanks were evaluated
as being potentially susceptible to SCC, but only Tank AW 104 was found to be susceptible to both
pitting and SCC Ilowever, as noted by Oh! et al. (19%), the screening approach needs to be verified
through inspections, because it is based on current estimates of the bulk waste solution, without
considering local concentrations in crevices or other areas. The screening approach also does not consider
the potentially adverse conditions that may have existed in the past which could have initiated pitting or
SCC.

Figure 219 shows the configuration of the instrumentation used in DSTs. The main difference
with respect to the SSTs is the existence of the annulus Monitoring leakages in the DSTs can be easily
accomplished by continuous air monitoring in the annulus using radiation detectors or by conductivity
probes that are activated in the presence of an electrolytic conductor. In DSTs, there are usually one or
more thermocouple trees in risers in the primary tank.
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2.6.3 Waste Transfer System |

V
The waste is transferred between storage tanks and from storage tanks to waste processing

facilities through a complex network of underground piping with a total length of over 80 km. An
example of the complex network of transfer piping widtin the 200 E Area is r,hown in figure 2 20. It rnust
lv noted that Ogure 2-20 does not show all the pipes in this area (Gephart and Lundgren,1995). The
underground transfer system consists of process piping, catch tanks, lift tanks, diversion boxes, pump !

pits, valves, and jumpers. Corrosion of the process piping as a result of contact with the soll is the I
primary concern reguding the integrity of the transfer system. Other transfer system components are
made of corrosion resistant alloys or are isolated from the underground environment.

Corrosion control of the imderground transfer system is accomplished by an impressed current !
cathodic protection system (llaberman,1995). Cathodic protection was first installed at the llanford site
in the 1940's following prernature failure of the 300 series stainless steel transfer lines from external
corrosion arising from direct contact with the soll (Jaske,1954). The original cathodic protection system
was shut down in 1980 and replaced later in many stages with one of modern design (llaberman,1995).
Anodes made of high-silicon cast iron were introduced and current was provided with 3 phase 480 V

i input rectiners with silicon diode circuitry. Special design considerations were employed to minimire
stray currents. Since 1985, all new transfer lines installed at the llanford site are required to have
cathodic protection.

Despite the significant hnprovement represented by installation of the new cathodic protection
system, the complexity of the pipe network and the coexistence of different materials, soll environments,
coatings, and variations in temperature mAe effective corrosion control challenging. Adequate monitoring

g and frequent surveys of the performance are required to avoid detrimental effects associated to stray
currents that may affect the integrity of the tanks. Between April and June of 1994 the entire cathodic

'

protection system was surveyed and in general was found to operate as intended (llaberman,1995).
Ilowever, rectifier adjustments were required and stray current was detected affecting several lines which
require bonding with protected piping. No negative effect on the tanks was found.

Liquid waste has been transferred between the 2CGWest Area and 200 East Area facilities for
approximately 30 yr, using a cross site transfer system connecting the SY tank farm in the 200-West Area
with tank farms in the 200-East Area (Brantley,19%). The piping system has been installed in the past
7 to 40 yr through a combination of many projects. The portion of the system that lies between the
200-West and 200-East Areas is referred to as the cross country transfer system and consists of six 3 in.
Schedule 10 stainless steel pipelines in a reinforced concrete encasement. This segment was built in 1950.
Four of the six pipes have plugged during transfers and at least one ruptured during attempts to clear the
blockage (Brantley,1996). Tae current cross-country transfer system and three additional segments will
be removed from service and replaced by a new piping system, currently under construction, through a
project designated as Replacement of Cross Site Tiansfer System (RCSTS). The trace of the RCSTS is
schematically shown in figure 2-21.

The RCSTS consists of a buried pipe in-pipe system approximately 10.5 km long with two lines
connecting the 241 SY-A and 241 SY B valve pits in the 200-West Area with the 244-A lift station in
the 200-East Area (Kidder,1996). Liquid waste will be transferred in either direction through one line,
whereas the other one will be used to transfer wastes with as much as 30 percent solids from the
200-West Area to the 200-East Area using a booster pump to s!!ow pumping of liquids with higher
viscosities and solid contents. The pipe in-pipe design la schematically shown in figure 2 22. The trar'sfer
piping is made of a 8.62-cm (3-in) Schedule 40 AISI 304L stainless steel primary pipe encased in a
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g) 15.24 cm (6 in.), Schedule 40 ASTM A53 grade D carbon steel pipe. The encasement pipe will be

(V 30.48 cm (12 in.) diameter at the expansion loops. Both the primary and encasement pipe sections are
joined by welding (no jump;rs are used). The carbon steel pipe is protected with an epoxy coating to
minimize external corrosion, although the use of galvanhed steel was indicated in the Preliminary Safety
Analysis Report (Kidder,1996). The encasement pipe is suircunded by polyurethane foam insulation and
a fiberglass reinforced plastic jacket to reduce the temperature drop during waste transfer to a maximum
of 10'C (20 'F). As shown in figure 2 22, the pipe in-pipe system rests on a low-density concrete
bedding material. Cathodic protection of the encasement pipe was not recommended (Anantatmula and
Oh!,1996) due to the high costs (approximately $1.5 M) of an impressed current cathodic protection
system, l

The design parameters of the RCSTS are provided in table 2 5 (Kidder,1996). The RCSTS was
designed following the requirements of American National Standard Institute (ANSI)/ASME B31.31993
Chemical plant and Petroleum Refinery Piping with an expected service life of 40 yr. Thejustification
for the selection of the piping materials for transferring alkaline radioactive mixed waste has been
provided in a material of construction position paper (Parsons,1994). For leak detection of the primary
line, a continuous coaxial cable will be run in the annular region between the primary and the encasement
pipe, as shown in figure 2 22. This annular region will be filled with dry air or an inert gas to minimize
corrosion and spurious leak detection alarms. In the diversion box and vent station, simple conductivity
or thermal anemometer type leak detectors will provide indication of a leak. Additional details are
provided in the Preliminary Safety Analysis report (Kidder,1996).

The inner surfaces of the transfer lines in contact with tank waste may be susceptible to similar
modes of corrosion as those affecting the tanks. A large number of waste transfer line failures has been
recorded (Edgemon and Anantatmula,1995). Although no detailed information of these failures was
available for the preparation of this report, a table provided by Edgemon and Anantatmula (1995) lists

L the corrosion processes that are expected using a qualitative ranking based on historical data, literature
review, and their own opinion. Table 2-6 reveals that, in addition to pitting corrosion, erosion corrosion
associated with the flow of water slurries is a matter of concern. It can be seen that the third most
important failure mode is related to malfunctioning of the cathodic protection system.

2,6,4 Evaporator and Effluent Treattnent Facilities

Evaporators were used to concentrate waste streams associated with the T, REDOX. B, and
PUREX plants in order to maximize the use of available tank space. With the exception of the 242 A
evaporator crystallizer in the 200 East Area, the other evaporators have been shutdown, but not
decontaminated. This section will focus on the 242 A evaporator crystallizer since this is an operating
system that will be used in future volume reductions of wastes from the SSTs and DSTs and laboratory
facilities. Detailed discussion of the evaporator design and operations can be found in the safety analysis
and integrity assessment reports (Westinghouse llanford Company, 1992;1993). The materials of
construction of the 242 A facility are shown in table 2-7.

The corrosion performance of the materials of construction is described by Ohl and Carlos
(1994). The most severe corrosion occurred in the EC1 condenser which has tubes made of carbon steel.
With the current materials, 8-10 yr of life is expected after each replacement of materials and renewal
of operations. The localized corrosion is due to the presence of unfiltered river water in the shell side of ,

the tube bundles. However, for the stainless steel vessels and components, no significant degradation was
found after 7 yr of operation.

O'V 2-47
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Table 2 5. Design parameters for the cross-site transfer system (Kidder,1996)

V
Achievable Design Velocity 4.5 ft/s 6.0 ft/s

_
3 3Specific gravity 1.5 g/cm 1.25 g/cm

!

!
Viscosity 30.0 cP 10 cP |

Solid content 30.0 displacement vol% 20.0 displacement vol%

Miller number < 100 < 100

Minimum pil (transfers /Dushes) 11.0 11.0

Temperature (transfers / flushes) 35 to 200 'F 35 to 200 'F

Insulation Required Required

Particle size 0.5 to 4,000 pm 0.5 to 4,000 pm

Friction factor 0.0404 Newtonian flow

4

The Liquid Effluent Retention Facility (LERF) treats the condensate from the 242-A evaporator
and consists of three RCRA compliant surface impoundments or basins. This facility provides equalization

O of now and chemistry (essentially pli) to the Effluent Treatment Facilities (ETF). Each of the thne basins
in the LERP has a capacity of 24.6 million liters (6.5 million gallons). The basins are constructed of two
flexible polyethylene membrane liners. Beneath the secondary liner is a 1 m thick /soll/ bentonite barrier.

'.

The basins have a low-density polyethylene cover to minimize evaporation and ingress of water.

The ETF has a treatment system to reduce concentrations of radioactive and hazardous waste
constituents, tanks for verifying treated efauent characteristics before discharging, and State-approved
land disposal area for the effluents. The treatment processes include ultraviolet / peroxide destruction of
organics, reverse osmosis for removing dissolved solids, and ion exchange to remove some contaminants.
The effluents are analyzed for verification of acceptable levels of radioactive and hazardous contaminants
and then discharged.

The Effluent Disposal Facility is a collection and disposal system for non RCRA waste streams
that already meet discharge requirements. The waste streams origiaate from Z plant,222-S laboratory,
T plant, B plant, and PUREX plant.

'
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g Table 2 6 Relative ranking of degradation mechanisms for transfer lines (Edganon and
Anantatmula,1995)

Relative Probability of Relative Probability
Priority Mechanism Occurrence of Causing Failure Risk Factor

1 Pitting 8 7 56

2 Erosion / erosion 5 7 35
1 corrosion
4 ...

] 3 Improper / 8 4 32
i malfunctioning

cathodic protection
i system

4 Uniform corrosion 7 3 14
'

from imerior

4 Galvanic coupling 7 3 14

4 MIC 2 7 14
.

2.6.5 Canister Storage Building

; Approximately 2100 metric tons of spent nuclear fuel are currently located in two storage
basins, K East (KE) and K-West (KW) attached to the retired KE and KW reactors in the 100 Area. Most'

,

of this fuel is from the retired N reactor, but some fuels from older reactors are also stored here. These
fuels consist of unprocessed metallic U or Pu and have been stored for periods ranging from 8 to 24 yr

] (U.S. Department of Energy,1995). The KE and KW basin are located as close as 420 m from the
Columbia River. The basins are unlined concrete pools with asphaltic membranes beneath the pools. The
interior of the KW basin has been coated with epoxy, although the status of this epoxy is at present
unknown. The KE basin has leaked water in the past and may be continuing to leak radionuclides. This
condition. coupled with seismic vulnerabilities (e.g., possible breaching and draining of water leading to
criticality) has resulted in a recent decision to remove the fuel from these basins and place it in dry
interim storage. Towards this end, a Canister Storage Building (CSB) is being constructed in the 200-East
Area at the site where the vitrification facility was originally planned to be constructed (Daily et al.,
1995).

,

l{alf of th: fuel is stored in open-top aluminum and stainless rteel canisters (in KE basin) and
the other half is in tealed vented canisters (in KW basin) (Lawrence et al.,1996). Each water filled
canister is 0.71 m tall and contains up to 14 fuel assemblies. Examination of corroded fuel while in the
KW basin arx! after removal into a hot cell sho.ved extensive corrosion and accumulation of U oxide
particles in the sludge in the canisters as well as the basin floors. The fuel that was removed was
subjected to a variety of thermal cycles to determine whether it can be dewatered and transported in a
dry storage cask. These investigations (Lawrence et al.,1996) showed that the fuel could be dried and
passivated to form an oxide film The ignition temperature of the uncorroded part of the fuel was about

{ 650 *C whereas the corroded fuel had an ignition temperature of 300 'C. Passivating the fuel through

O 240

,
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Table 2 7,242 A Etaporator Crystallirer facility and comp 9nent materials of coastruction

item Material Specincations
m ix

)C A-1 evaporator ASTM A240. Type 304L Stainless steel (SS)
i

De-entrainment pads AISI 3NL SS

P B 1 recirculation pump ASTM A240 Type 304L and 316L SS ..

E-A 1 reboller ASTM A240. Type 3NL SS
_

P B 2 bottoms pump ASTM A240. Type 3NL and 316L SS

E-C 1 condenser Shell: ASTM A285 Grade C Carbon Steel (CS)
Tube Sheet: ASTM A516, Grade 70 CS
Tubing: ASTM A53. Type E or S. Grade A or B CS

E-C 2 condenser Shell: ASTM A53, Grade B CS
Ilead: ASTM A515, Grade 300, CS
Tubing: ASTM A53. Type E or S. Grade A or B CS

E-C 3 condenser Shell: ASTM A53, Grade B CS
IIcad: ASTM A515, Grade 300, CS
Tubing: ASTM A53. Type E or S. Grade A or B CS

( TK C-100 condensate catch ASTM A167 Type 347 SS (Modification of ASTM
tank A 312, Type 3NL SS)

X D 1 lon exchange column ASTM A36 CS

TK-C-103 tank ASTM SA36 CS

Piping (water and steam) ASTM A53, Type E or S Grade A or B CS
or ASTM A 106, Grade A or B CS

General chemical and air piping ASTM A312, Type 3NL SS

Building / secondary containment ACI 301-72 structural concrete, coated on the inside
walls of the building with acrylle coating

treatment in a 2 percent oxygen +98 percent argon mixture at 150 to 250 'C improved the ignition
temperature to 650 'C. It must be poted that the proposed drying temperature of the fuels prior to placing
them in dry storage canisters is 300 'C. Considerable arnounts of sludge, up to 79 cm deep in basin pits,
up to 19 cm on the floor, and over 30.5 cm in some canisters, have been found. These sludges contain
fission products, U oxides, and wind blown debris (mostly sand). At present, investigations are ongoing
to determine their disposition and compatibility with DST wastes (Lawrence et al.,1996). The fuel in the
CSB will be stared in ve:tical tubes made of carbon steel. The CSB can accommodate 400 tubes with
three canisters in each tube.g

b
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.

2.6,6 Proposed Privatization Operations

O'

In the phned alternative, which is the preferred alternative for TWRS in the DOE EIS (U.S.
Depanment of Energy,1996a), readily retrievable, well-characterized waste from the DSTs would be
processed in two demonstrolon scale plants. At present, one of the privatization contractors has proposed
convening both the low Activity Wave (LAW) and liigh-l.evel Waste (llLW) into solidified waste fomis
to meet the perfonnance requirements specified for borosilicate glass in the DOE contract and the other
privatiration contractor has propor,ed solidifying only the LAW as glass. The llLW and LLW vitrification
facilities will be located east of the 200-East Area within the area previously constructed for grout4

i

disposal. A possible layout of the Phase 11 implementation facility is shown in figure 2 23 (U.S. i,

j Depanment of Energy,1996a). The waste feed will be staged into tanks AP 102 and AP 104. The |
'

contents will be analyzed to detennine whether they meet the process envelopes identified for meeting
| waste form, productivity, and process safety requirements. The wastes will then be transferred to tanks

AP 106 and AP-108 for retrieval by the privatization contractors.

i 2.7 ONGOING ACTIVITIES

A number of RCRA and CERCLA related activities are under way at flanford site (U.S. |4

Depanment of Energy,1995). The ongoing activities in the 200 Areas include the TWRS and the
Renedial Investigation / Feasibility Study. This repon focuses on activities peninent to the TWRS. Other

,

activities, when they are of interest to understanding and assessing the risk related to the TWRS activities,
have been mentioned throughout the other sections. A list of ongoing activities at the llanford site
pertaining to the TWRS is shown in table 2 8 (U.S. Department of Energy,1996b). The table also
identifies potential areas of interest for the NRC that will be addressed by a review of these activities.

0 details pertinent to other activities in table 2-8 may be found in the TWRS EIS (U.S. Department of
Some of these activities are described in greater detail in this section and in subsequent chapters. The

,

Energy,1996b c). Activities related to waste characterization are described in greater detail in chapter
3. The watch-list tank activities are described in greater detail in chapter 4,

2.7.1 Vadose Zone Characterization

Vadose zone characterizatiors was initiated in 1995 (U.S. Department of Energy,1996c) to
provide baseline data on soil contamination around the SSTs, with a panicular focus on the SX tank f arm.
Characterization consists of gamma spectroscopy in the dry wells beneath the SX tanks. Ten of the fifteen
ranks in the SX farm are assumed or verified to be leaking, with the most abundant radionuclide detected
being Cs-137 at depths up to 38 m (125 ft). Other radionuclides detected include Co-60, Eu 152, and
Eu 154. These surveys do not address site contamination from the LAWS sent to the cribs but do provide
me idea of the transpon mechanisms resulting in groundwater contamination. In tenns of potential

ic.'mst to the NRC regulatory development, such infonnation is essential, for example, in estimating
pmential hazards due to pipe leakage. Details of site contamination and current site characterization
activities are provided in sections 2.2 and 2.3.

2.7.2 Watch-List Tanks

As shown in figure 2-24, watch-list tanks belong to four categories: (i) flammable gas [Hanlon
(1996) reports that a total of 56 tanks are on the flammable gas list), (ii) ferrocyanide (14 tanks),
(iii) high organic (20 tanks), and (iv) high heat (1 tank). Knowledge of current actions in this program

O 2 52
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Table 2-8. Omguing and plasmeed programas reissed to the Hasserd Tamk Waste Rassedisaien Systems

erugemn r_ c- rw eishd Arms .rineavst r.r Nutc

Vadose zone d.- iuL.uvii Imtzated in April 1995 to provide baseline data on potenrW Baseline risk evaluanon, groundwater
conran===rion distribunon beneath SST (SX tank farm) conuanisation due to transfer pipe leaks

Waste di ..iuh.uvii Imtiated to better derme the tank consents through analyses of Safety issues with respect to wasse mixing
samples and feed quality before solidifranon

Watch-list tanks Establish operating ; _-- 1_ a and develop mitigating CP cntena a.4.;, risk
measures evaluanon dunng TWRS operation

Umsa. " safety questions Review of known or W conditions that fall outside the C.e ensena A.@
authonzation bases; need to be completed by iMs 1995

Continued operation of tant Momtonng of liquid levels, corrosion, and drywells; Radiologral releases from vanous TWRS
farms calent=emg operational waste solumes and wasse man =mtion; operanons such as retneval, evaporanon,

isolating and rensovmg pumpable liquids froin SST: operating and from the heels in the tanks--

p 242-A evaporator, and treaung evaporator effluents conseqarere cntena 1.a-

E Cross-transfer popmg Co-hs of a safe, regulatory-compliant cross-transfer Pluggag can lead to criticahty, pipe leaks
piping to replace existing lines between 200 East and 200 West to radionuclide release--- , ,- ---

cnsena development

Tank farm upgrades Instrumentation for automaue tank data gathermg. improved Radionuclide release fron Q . ,;y
tank ventilauon systems, increased electncal power, and desagned ventilation or transfer piping
upgraded tank waste transfer facility within tank farms

Initial tank retrieval system Consohdanon of compatibic wastes in the DST to increase Radenuclide reicase from transfer pipeg.
room in exisung DST for waste from SSTs chenaca! coinpatibility of wastes

Cs and Sr capsules Currently listed as waste by-product.bowever, needs Classification of wastes and i n - ';
consultation with NRC on fmal classification of wanes treatment options

Hanford tank imtiative Obtam information with respect to tank closure; detenmne Determmaion of poornet=1 hazards froin
residual wasse volumes after retrieval, sampling of resaduals. residuals and closure operations
and waste contammarion arocad tanks

.
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is necessary to detennine the effect of various TWRS design decisions on consequences, including !(n) selection of tanks for mixing prior to solidification. The details of the watch list tanks are provided in
chapter 4.

2.7,3 Unreviewed Safety Questions

The Unreviewed Safety Questions (USQ) program is a formal administrative program that aims
to identify known or suspected operating conditions outside established safe limits. These limits form the
authorization bases for continued operatic,n of the tank farms. Some of the watch list tanks were under
this category until the safety issues associated with their operation were identified and they were placed
under a specific watch list category. Criticality with respect to the tank contents was originally an l

,

unreviewed safety question, but the criticality issue was closed in 1994. Currently, there are no tanks in
the criticality watch-list. Ilowever, criticality during tank waste retrieval will be addressed on a
tank by tank basis during remediation. Details of the watch list categories are provided in chapter 4. The
TPA requires that all unreviewed safety questions be resolved by Septernber 1998. Recently, some tanks
containing dry organic nitrates were placed under the USQ Program because methods of analyzing
accident scenarios have become available for these (llanlon,1996).

2.7,4 Continued Operation of Tank Fartns

in addition to routine operations, such as maintenance of facilities and equipment, a number of
safety management activities are being conducted. Among these activities, those that may influence the
NRC review of TWRS activities include: (i) combining compatible tank waste types through existing
cross-transfer piping in order to provide tank space and address safety issues, (ii) screening andO characterizing waste on a tank-by-tank basis for remedial actions, (111) isolating and removing pumpableV liquids from SSTs, and (iv) operating the 242 A evaporator to concentrate wastes and remove
contaminants from residual liquids. These activities are not likely to fall within the Phase I remediation
program but may be important in hazard analyses related to Phase !! activities.

In addition to screening and characterizing waste on a tank by tank basis, monitoring of the
effect ciwaste additions on the corrosion of the tanks has been initiated using electrochemical noise (EN)
probes (Edgemon and Bell,1996). Using these probes, the initiation and growth of pits was detected on
prototype electrode probes placed in tank 241 A7.101 following raw water additions (Edgemon et al.,
1996; 1997), llowever, current transients related to pitting decreased in magnitude and frequency with
increasing times after the water addition, suggesting that conditions leading to uniform corrosion were
reestablished. Recommendations for improvements in the EN probes have been developed with an aim
to extend monitoring to other tanks (Edgemon et al.,19%).

Details of the tank and evaporator designs are provided in section 2.6.2 and 2.6.4, respectively.
Projections for future tank waste additions are shown in table 2 9 (U.S. Department of Energy,1996b).
This waste is expected to be added to the DSTs after being processed in the 242 A evaporator. The
majority of the future waste additions would come from D&D activities at inactive facilities at the
llanford site and would be classified as dilute, noncomplexed wastes (meaning that they do not contain
significant quantitles of complexing organic chemicals). The 100 Area cleanout waste is classifkd as
double-shell slurry feed waste. This is the waste that is concentrated in the evaporator to a point just
below the sodium aluminate saturation boundary. Cleanout of the K Basins would result in the addition
of approximately 54 m) of sludge from spent nuclear fuel, corrosion products, iron and aluminum oxides,

A
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() Table 2 9, Projected future waste additions to double-shell tanks after processing in the 242.A
evaporator (U.S. Department of Energy 1996b)

Waste Volume
Ecurce Type (m') Duration of Accumulation

PUREX: Deactivation waste DN 5,700 FY94 97

D Plant: Terminal cleanout waste DN 2,100 FY97-01
(concentrated)

100 Area: Terminal cleanout waste DSSF 2,200 FY95 99
'

(concentrated)

100 Area: Sulfate waste DN 140 Not reported

300 Area: Fuel supply cleanout DN 45 Not reported

105 F,10511: Basin cleanout DN 850 Not reported

Tank 107 AN: Caustic addition DN 190 Not reported

100 KE, KW: Dasin cleanout DN 1.200 Not reported

TOTAL 12,400
,

f DN: Dilute noncotnplexed waste
DSSF: Double shell slurry feed

'

concrete, fission and activation products and sand from the outside environment. The sludge waste would
add about 11,000 Ci to the DSTs. This would include about 5,200 Ci of Pu 241, 260 Ci of Pu 239,
1,280 Ci of St 90, and 970 Ci of Cs 137. Following cleanout, the sludge would be transported in about
1200 m' of water to the DSTs.

2.7.5 Cross-Transfer Piping

Since the solidification plants are planned to be constructed in the 200-East Area, wastes have
to be transported from 200-West to 200-East. The existing cross-transfer piping is nearing the end of the
40-yr design life. Currently, four of the existing six lines are out of service due to plugging, and the two
remaining lines do not meet engineering requirements such as double contaltunent and leakage detection.
llence, the construction of regulatory-compliant cross transfer piping has begun and is expected to be
operational by 1998. The causes of plugging may vary, including fluid flow, thermal, and chemical
factors. Additional information on the causes of plugging and the nature of precipitates in these pipes will
benefit future safety analyses of existing and newly constructed cross-transfer piping systems. Details of
the transfer piping are provided in section 2.6.3.

,
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2.7,6 Tank Fe m Upgrades(g
i

Upgrades to the tank farms are undertaken to improve the reliability of safety related systems,
upgrade the regulatory compliance status, and stabilize the tanks until completion of TWRS. Several
upgrades to the tank farms have been recently planned. First, installation of 300-IIP mixer pumps in
SY 102 AW 105, and AZ 102 tanks will enhance sludge removal from the bottom of the tanks. These
pumps are twice the size of the pump installed in tank 101 SY, dubbed the burping tank. Second, the
addition of instrumentation including an automatic tank data gathering and management conttol system
is planned. Third, improvements will be made to the tank ventilation system. Fmally, the power capacity
of the electrical system will be increased and brought into compliance with existing codes.

2.7.7 Initial Tank Retrieval System

This initial tank retrieval system would provide means for enhanced retrieval of waste from up
to 10 DSTs. The initial tank retrieval capabilities would allow consolidation of compatible tank wastes
to create additional DST storage space and suppon passive mitigation such as diluting gas generation
wastes.

2,7,8 Ceslum and Strontium Capsules

The design of the Cs and Sr capsules and the origin of wastes in these capsules are discussed
in section 2.5.6. These capsules are stored in the WESF in 200-East in five of the eight pools. The pools
ate filled with water to a depth of 4 m and house metal storage racks for placing the capsules. The
capsule characterization is indicated in figure 2-14. Cs is primarily present as Cs 137, which has a half

(mC) life of 30.17 yr and decays to barium (lla 137). Sr is p esent mainly as Sr-90, which has a half life of
28.6 yr and decays to Y 90, which then decays to the stable Zr 90. The TWRS EIS does not propose any
activities for the disposition of these capsules. These capsules are considered as by product materials.
Originally, the Sr capsules were used as heat sources and the Cs capsules were used in strengthening
wood products, and sterilizing medical prod 2ts and saline solutions. Plans call for all capsules to be
returned to the llanford site by the end of 19W (U.S. Department of Energy,1996a).

2.7.9 Ilanford Tank initiative

The llanford Tank initiative program includes several activities described in the TWRS EIS.
One objective is to reduce uncertainties in waste retrieval by developing and demonstrating waste retrieval
technologies, which is the primary objective of Phase I of the TWRS praram. Additional activities would
involve development of technologies for removal of tank heels after sluicing of the waste for initial
retrieval and planned activities related to tank closure (U.S. Department of Energy,1996a). Tank closure
is not included in the TWRS activities, and the details of tank closure methods have not been defined at
this time.
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g 3 DESCRIPTION OF TANK CONTENTS
u

3,1 NATURE OF TANK WASTES

Effective and safe remediation of lidord tank wastes requires an understanding of both the
potential hazards and the potential responses of waste materials during processing. Therefore, it is
important to describe and quantify the chemical and radiological contents of the tanks. Ilanford tank
wastes may be considered in four categories: SST wastes, DST wastes, MUST wastes, and future tank
waste additions as discussed in chapter 2. The discussions of this chapter emphasize se inventory of SSTs
and DSTs, which together comprise greater than 99 percent of the total waste volume and a majority of
total radionuclide activity at the llanford site (U.S. Department of Energy,1996b). The other major
contributors to radioactivity in 11anford wastes are the Cs and Sr capsules, which are beyond the scope
of this report. The total MUST waste volume is minor and the MUST inventory, while not yet well
documented, is expected to differ little in character from the SST and DST inventories (U.S. Department
of Energy,1996b). Future tank waste additions are discussed in chapter 2.

The tanks contain complex mixtures of solids and liquids. Liquids are either supernatant-easily
pumped and floating above settled solids-or interstitial-confined to pore spaces of the solids. Solids are
classified as sludge or saltcake (Gephart and Lundgren,1995). Sludge is a thick, wet layer of settled and
precipitated water insoluble solids at the tank bottom, with small pore spaces that do not allow removal
of liqutds. Saltcake is dryer with larger pore spaces, being a residue after evaporation of supernatant
liquid; saltcake components are typically water soluble. Slurry is a water / liquid mixture that can be
pumped. Figure 3-1 is a photograph of the interior of an SST, showing a variegated solid crust forming
on the top of the waste characterization.o

I )
'd The 'vwes are products of several chemical processes (see chapter 2). Typically, records on

the waste contents and waste volumes are incomplete or missing. Direct assay of the tank contents is
complicated by (i) tb hherent danger in sampling highly radioactive material that is potentially explosive
(see chapter 4) and (ii) the heterogeneous nature of the tank wastes. Chemical and radiological
characterization is, therefe~ @'lenging task. In this section, the general characteristics of the wastes
are described, while secti 9 ) : : Asses the inventories of chemical and radionuclide components of
the wastes. Detailed inventx.6 of the tanks are presented in appendix A. Unless otherwise noud, the
following references were the sources for the information contained in this section: (Gephart and
Lundgren,1995; Golberg and Guberski,1995: Agnew,1997; U.S. Department of Energy,1996b).

3.1.1 Singledhell Tanks

As shown in table 2 3, the 149 SSTs were built from 1943 to 1964 and hold from 208 to
3 33,785 m (55.000 to 1,000,00 gal.) each. Of the combined 132,500 m (35 million gal.) of waste,

66 percent is wet saltcake, predominantly sodium nitrate, and 34 percent is sludge. Nearly all separable
3liquids have evaporated or been transferred from the SSTs to DSTs, but about 23,000 m (6 million gal.)

of liquid are not easily pumped and will remain in the tanks. The solids and dissolved constituents of the
SSTs are 90 percent sodium nitrates and nitrites, with the remainder consisting mostly of phosphates,
carbonates, hydroxides, and sulfates. Radioactivity in the SSTs is dominated by Sr-90 (75 percent) and
Cs-137 (24 percent); Sr is concentrated in the sludge, while Cs is located chiefly in the saltcake and
interstitial liquids.

,
,

k )

3-1

.



. __.. _ _ _ __ _ _ . _ ____ _. - - - _.. __. _ _ _ - _._

I.

I
i
i
|

|
1
i

!

I
,

V & -

l'

N
9

,

:

| @
| ?);L
1 2:et
; yy
i ' 'df1

| J || t[
| (l|9

[
,

;.,

)

| ~|{
\ n'

; fy
| -hf '/)
| $'

,

3, ; ,

be
! i

)y$i pu
+[' -

,,

^ pE 4 {- - '

,

s 3 }; - -e x'
_ -

i ge ,.
,s , <

s , [thi ~J
.

.u, -'~
.. .

j . .j.4 Af <t . 34 ,

eac 4:, % m. . eu+
:

- m.i; Y$;| Y;-
:

.. w a .,

hYcfJ
%%dg??

ts..

N[Q:
gj$@y . W j. "~Y''34~

! M h d k $ $ M 3 0|.f ;.,M@fQ jf ~ ?b '%4Nbf$l
,

" ~

f/ 4+J9 fgps O 1 90|

gggg3g Ry! n
na a. _/4,w[ ,; - .

e V
. . . ~ . .

'y M:- v .4 2 1/*=5_,7 ,

. fe.M.@,~y| i.9% :meyjg "/; y'j

wQg4Ihn$_.y ., e% CIA 92'N, ,V ;!J
,u n se ~ ..

|
-

e i
*

. ; ;; : p m, ,. , -n j.u ,y..,htAM ,1.g
-

3 m., t s&m g, % g:u ;$$$ *WWLQMldOh@SM-|.E $7Ala5
~; - eggnw.

L &.I #i_ _ C3 % ' . 5*

<

t

! Figure 3-1. Photograph of the interior of tank 241-AX-101, from the web page at
j http://www.hanford. gov /twrs/ char. pub /ax10lbig.gif
4

)

3-2

,

- - - - , . . _ . - . . . . - . . - ,, ,- _. . . - - . . . _ , . . . . , _ _ , - . , - . , . - - , , , _ . -- ,-_. - . , - , - - . . . , , - . . . - - - . - - - , - , - -. .--



. - . - .- -- . -. - . - - - . .. .- - . - -

,

3.1.2 Double-Shell TanksO<

The 28 DSTs are newer and larger than the SSTs, having been built between 1%8 and 1986
and ranging in capacity from 3,785 to 4,390 m' (1 to 1,16 million gal.)(table 2-4). Because they are

.

I

volumetri ally dominated by supernatant liquids transferred from SSTs, the 75,700 m' (20 million gal.)
of DST waste are 85 percent water. The waste is thus dominated by liquids and slurries, sometimes with |

a bottom layer of sludge. DST waste types have been delineated in greater detail than SSTs, Eight types !
i have been defined, listed here in decreasing order of volume (Gephart and Lundgren,1995; Hanlon,
'

1996):

'

* Double-shell slurry and double-shell slurry feed (31 percent of total DST waste volume;
various sources)-suspension-rich, high-salt solutions from evaporation of SST and9

reprocessing plant wastes; includes solids comprising 19 percent of this waste type4

* Concentrated complexant (23 percent; various sources')-liquid and solid alkaline waste -
,

with high organic and transuranic contents, resulting from evaporation of dilute complexed:

waste; includes solids comprising 17 percent of this waste type.

* Dilute noncomplexed waste (21 percent; sources are T, B, REDOX, and PUREX plants,
the N Reactor, the 300 Area, and the PFP)-low radioactivity liquid waste from a variety
of processing operations; includes solids comprising 9 percent of this waste type

* Neutralized current acid waste (9 percent; PUREX)-93 percent liquid waste generated
i since 1983

,

* Concentrated phosphate waste (6 percent; N Reactor)-from decontamination of N
Reactor; confined to tank AP-102

* Dilute complexed waste (5 percent; various sources)-high-organic liquids from the SSTs;
includes solids comprising 10 percent of this waste type

* Neutralized cladding removal waste (4 percent; PUREX)-thick alkaline sludge, chiefly
; zirconium hydroxide

'

* PFP sludge wash (0.7 percent; PFP)-sludge from PFP recovery operations; confined to
i tank SY-102
,

According to the Westinghouse Hanford Company (WHC) Waste Tank Summary (Hanlon,
1996), most tanks contain only one of these waste types. Exceptions are: AW-103, AW-105, and SY-102,
which contain neutralized cladding removal waste solids or PFP solids in addition to dilute noncomplexed
waste; and SY-101 and SY-103, with both concentrated complexant and double-shell slurry.

,

'There are differing definitions of concentrated complexant waste in the Hanford literature, but they appear to be compatible.
The source definition used here--evaporation of dilute complexed waste which is itself derived from SSTs-is from Hanlon,

(19%) and appendix B in the TWRS EIS (U.S. Department of Energy,1996b). Gephart and Lundgren (1995) and appendix L
-of the EIS (U.S. Department of Energy,19960 define concentrated complexant as being derived chiefly from Sr recovery
operations in B Plant. Scheele et al. (1995) suggest that Sr recovery is the chief source of the organic complexants present in
the tanks; thus, the definitions are compatible.i

3-3
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C The chemistry of the solids and dissolved constituents of the DSTs is, like the SSTs, dominated\
by sodium nitrates and nitrites, with t3ditionally 20 percent metal hydroxides and 10 percent phosphates,
carbonates, oxides, and sulfates. Cs-137 comprises 72 percent of the DST waste radioactivity, while
27 percent is from Sr-90; this contrast with the SST proponions is due to the tendency for Sr to have
settled out in the SST solids before waste transfer to the DSTs.

! 3.2 INVENTORY

| Two approaches to tank inventory characterization have been employed, each complementing
the other; direct sample measurement (or assay) and estimation based on facility records. The ongoing
Hanford tank waste inventory effort combines both approaches: (i) analytical characterization work is
being reported in a Tank Characterization Report (TCR) for each tank (e.g., Benar and Amato,,

! 1996)-these reports include estimations of total tank inventories based on an infornwd combination of
individual sample results; and (ii) historical characterization is reported in documents termed Historical3

:
Tank Content Estimates (HTCE), which are released for quadrant groupings of tank farms (e.g., Brevick
et al.,1996) with reference to supporting summaries for each farm (e.g., Brevick and Newell,1996).,

The HTCE reports summarize all available historical dsta on processing and waste transfers, and present'

the waste inventories based on those data. In terms of inventory characterization, the goal of Hanford's
overall effort is to produce a unified "best-basis" inventory drawing on all available estimation and assay
results. This work is still in progress, and the most recent results may be viewed on line at the PNNL,

Tank Waste Information Systems (TWINS) web site at
'

http:// twins.pnl. gov:8001/TCD/ main.html

(Permission for access to this d='=h=w must be obtamed from PNNL). This database also has all available
| assay data on tank waste samples, and should prove to be a valuable resource for ongoing tank waste

' familiarization.4

| The complex computational basis for HTCE inventories is being executed at Los Alamos
National Laboratory (LANL). This effort, using what is termed the Hanford Defined Waste (HDW)
model (Agnew,1997), compiles historical process and waste transaction records in order to construct

i sprad% delineating time-dependent inventories of solid and liquid chemical inventories for each tank.
In the HDW model, all possible sources of tank contents are classified among 48 different waste types,;

each with a given chemical /radionuclide profile based on knowledge of the processing from which it
originated. Tank contents are then calculated from combinations of these waste types consistent with the

j historical records. The HDW estimation model for solids compositions is termed the Tank Layer Model
*

(TLM) and that for liquids is called the Supernatant Mixing Model (SMM). The HDW model enmpiles
estimates for 33 nonradioactive chemical species,46 radionuclides (decayed to 1994), and four bther
properties (density, water weight percent, total organic carbon, and sludge void fraction). The -
radionuclide estimates are based on ORIGEN2 calculations for all the nuclear fuel batches processed at

L Hanford, with modifications for extraction and other processing.

The HDW total site inventories are shown in die A-1. Because the set of tables illustrating
individual tank inventories would constitute 354 pages, we report here only a few selected tanks as,

O
V
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p examples. These examples are shov.n in tables A-2 to A-7, which are reproductions from Agnew (1997). ;

(] The example tanks were selected on the basis of the following (see chapters 2 and 4): '

A-101 is on both the Organic and Flammable Gas Watch-lists*

AW-104 has nitrate, nitrite, and hydroxide concentrations that make it particularly*

susceptible to pitting corrosion and stress corrosion cracking

BY-106 is on the Ferrocyanide Watch list*

C-106 is on the liigh Heat Watch-list due to high fission product content*

SY 101 is a " burping" tank and is on the Flammable Gas Watch-list*

SY.102 is particularly high in Pu*

The TWRS EIS (U.S. Department of Energy,1996) used a different, preliminary set of data
in reporting overall chemical and radionuclide inventories for SST and DST tanks. The EIS approach
(Golberg and Guberski,1995) was to use historical process records for estimation of SST inventories and
measurement data augmented by historical data for the DSTs. Therefore, the methods employed for the
EIS inventory were not fundamentally different from those in current use; the more recent historically
based inventories are the products of further records research and more sophisticated modeling
techniques, and their results are being critically compared with analytical data from all tanks. The EIS

p total inventories, not broken down by individual tank, are provided for comparative purposes in
(j tables A-8 and A-9.2 In the EIS (U.S. Department of Energy,1996a), the argument is made that these

total inventories, while not accounting for the considerable variations among tanks, are adequate for
conceptual design of waste treatment options. The current Hanford inventory approach is compared with
that utilized in the EIS in table 31. Comparison of inventory values is briefly discussed later in this
chapter.

The general chemical characteristics of the SST and DST tank wastes were discussed in
sections 3.1.1 and 3.1.2. In the following sections, the different chemical components of the waste-
inorganic, organic, and radioactive-are separately addressed.

3.2.1 Inorganic chemicals

Table A-1 shows that, by far, the most abundant cation in the tank wastes is sodium; Na+
comprises around 80 percent of the cationic content by weight. Figure 3-2 shows the range of variation

2 Note that there is a traceable discrepancy in DST soluble chemical components between the versions of table A 8 in the
Golberg and Guberski report and the EIS itself; we report here the former, primary source. In EIS table A,2.1.2, values in the
DSTs Soluble column from CrO.2* down to Zr** were erroneously shifted up one row.

(
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Table 3-1. Comparison of inventory approaches for the TWRS Environmental Impact
Statement and the ongoing inventory characterization effort ("Hanford Best Basis").

n
Inventory EIS Hanford Best-Basis

~

Coverage site-wide only Individual tank

Approach assay and L Tank Characterization 2. Historical Tank Content
records-DST Reports-sample assay Estimates-records;

includes Hanford
records-SST Defined Waste Model

4 4

Best Basis inventory

4 The arrows signify that the Best basis inventory is based on a comparative analysis of
results of both Tank Characterization Reports and Historical Tank Content Estimates,

in Na+ concentrations across all 177 tanks, based on the Revision 3 HDW model,8 The next most
abundant cation overall is aluminum, with approximately 5 weight percent of the cationic inventory.
There are relatively large concentrations of cations derived from construction materials: Fe'+, N 2+,and

3Cr + and fuel claddings: Zr" and A18* [also presented as Al(OH)/].

The anionic waste contents are not so dominated by a single constituent. The dominant anion,
O by weight, is nitrate (NOf) at about 62 percent, and other abundant anions include hydroxide (OH-),
'

nitrite (NOf), and carbonate (CO/-). However, a number of other anions such as phosphate (PO/-),
Cl , F , SiO/ , SO/- (table A-1) have significant concentrations and are important to waste chemistry.
The EIS designates nitrate as the chief inorganic anion of significance to risk (U.S. Department of
Energy,19%b), because of its potential to oxidize ferrocyanide as well as organics in the tank, leading
to explosion and radionuclide release. The range of variation in nitrate concentration among tanks based
on the HDW revision 3 model is shown in figure 3-3,

3.2.2 Organic Chemicals

Interest in organic waste constituents arises from two considerations (Gephart and Lundgren,
1995; Turner et al.,1995), First, at elevated temperatures, organic compounds can combine with the
abundant oxidizing materials in the waste, chiefly nitrates and nitrites, in exothermic reactions that pose
risks of fire and/or explosion. (This issue is discussed in more detail in chapter 4.) Second, organic
complexants can bind with waste constituents (e.g., radionuclides) and affect their chemical behavior
during waste treatment processes. The overall EIS inventories (table A-8) report organic components only
as total organic carbon (TOC) Ongoing individual tank inventory efforts such as HDW provide more
detailed delineation of organic compound contents by tank (e.g., tables A-2 to A-7) and overall for the

' Note that revision 3 data are used in the histogram plots of figures 3-2,3-3, and 3-4 because of the availability of the
CNWRA database derived from revision 3 (Agnew,1990. Electronic files of revision 4 concentration data are not readily
available; the online TWINS database lists only total amounts in kg or Ci, rather than in concentrations. The differences between
revisions 3 and 4 are not important for the purposes of these illustrative plots.
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Hanford site (table A 1). The overall site inventories (table A 1) show that, on a molar basis, glycolate
is the predominant organic complexant. The other listed organic anions-citrate, ethylenediaminetetra-t

acetic acid (EDTA), N-(2-hydroxyethyl)ethylenediaminetetra-acetate (HEDTA), acetate, oxalate, DBP,
and butane-all have similarly low molar concentrations, ranging from approximately 1/20 to 1/4 of the
total site glycolate value. On a weight basis, glycolate is rivaled in abundance by HEDTA. There are no
major differences in organic inventories between SSTs and DSTs.

3.2.3 Radionuclides

The key radionuclides for risk assessment at Hanford site are C-14, Sr-90, Tc-99,1-129,
Cs-137, and U (U.S. Department of Energy,19%b). Table 3-2 lists the total tank HDW inventories for
these radionuclides on a quadrant basis. Plutonium is added to the table because it is the key element for
criticality hazard assessment (see section 4.2.5) More information on HDW total radionuclide inventories
is available in table A-1, and EIS values are listed in table A-9. As mentioned above, Sr-90 and Cs 137
are by far the most abundant radionuclides on an activity basis. The daughters of St-90 and Cs-137-Y 90
and Ba-137m, respectively-are at or near a state ot' transient radioactive equilibrium, that is, equal
radioactivity, with their parents and should be included in the inventory. However, both of these
daughters are sufficiently short-lived that they decay away in a matter of days when separated from their
parents. Figure 3-4 indicates the wide variability of Sr-90 concentrations in the tanks. Such large
inter-tank variability is also noted in other tabulated radionuclides (tables A-2 to A-7).

Of the six key radionuclides listed in the EIS, C-14, Sr-90,1129, and Cs-137 are considered
to present exposure hazards during remediation (U.S. Department of Energy,1996). Although the half-
lives of St-90 and Cs-137 are short-29 and 30 yr, respectively-relative to the others, they are still long

O enough that these two radionuclides will remain the dominant sources of radioactivity exposure and heat
generation hazard during waste retrieval and solidification. Consideration of longer term risk centers on
those radionuclides-C-14, I-129 Tc 99, and U isotopes-which are deemed mobile in groundwater and
have sufficiently long half-lives (5 x 10' to 4 x 10' yr) to persist well into the future. The longer term risk
pertains to on-site storage of waste forms prior to disposal in a geologic repository and residual waste
in the tank following remediation.

Table 3-2. Total HDW inventories of key radionuclides in Hanford tanks, listed by quadrant
(modified from Table A-1). Values are in curies, with the exceptions of U and Pu (kg).
Although Pu 239 and Pu-241 are the only fissile Pu isotopes, they comprise more than 95
percent of waste Pu by mass. Therefore, total Pu is reasonably representative of the relative
fissile Pu content.

Quadrant C-14 Sr-90 Tc 99 I-129 Cs-137 U (kg) Pu (kg)

NE 8.4 x 102 2.3 x 10' 5.3 x 10$ 1.0 x 10' 6.7 x 10' l.1 x 106 2,7 x 102

SW l.5 x 103 1.9 x 10' l.1 x 104 2.0 x 10' l .3 x 10' 6.2 x 10' l.4 x 102

NW 4.1 x 102 1.9 x 106 2.9 x 102 5.6 x 100 . 4.5 x 106 4.9 x 105 1.2 x 102

SE 2.1 x 103 1.8 x 10' l.4 x 104 2.7 x 10' 2.3 x 10' l.9 x 105 2.5 x 102

0
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p 3.2,4 Discussion
LJ

The nature of the tank waste inventories-chiefly their derivation in large part from
reconstructions of waste histories-precludes attaching a large degree of certainty to any particular
inventory estimation scheme without consideration of the times considered and the methods employed.
For example, distribution of Cs-137 between SSTs and DSTs can be appreciably affected by pumping
liquids from the former into the latter, which is an ongoing activity. Furthermore, it is projected that the
74,200 m' (20 million gal.) of waste in the DSTs will be augmented by another 12,400 m'
(3.3 million gal.) during future waste transfers; no calculations of the effects on tank inventories were
noted in the literature. The EIS (U.S. Department of Energy,1996b) does note that the added wastes will
be dominated by dilute noncomplexed waste types (see above). Note also that accurate radionuclide
inventories require dates of calculation to account for decay; however, the five-year spread in dates used
in the studies cited herein results in less than a 13 percent difference in St-90 and Cs-137 contents.

It has been noted by nearly all studies cited in this chapter that individual tank inventories have
the highest degree of uncertainty. Agnew (1997) calculated estimated uncertainties in concentrations based
on variability in knowledge of process and solubilities. The resultant variabilities are shown for individual
tanks in tables A-2 to A-7. There is a wide range in relative variabilities, ranging up to nearly
100 percent of reported concentrations, but most appear to be in the range of 10 to 50 percent. A higher
degree of confidence in individual tank inventories is the goal of the llanford "best-basis" effort, which
as noted is still incomplete. This effort will unify results from the IITCE/IIDW estimation scheme with
analytical data on the wastes themselves. See table 3-3 for a " grab bag" example of how divergent
analytical data may be from inventory estimation for tank contents of major constituents. Note the rather
good agreement for sodium and Cs-137, but the factor of two difference in nitrate and factor of five

O difference in Sr-90. Best-basis values must be critically reviewed when they are finalized.'
LJ

Table 3 3. Comparison of assay or Tank Characterization Report and records or IIistorical
Tank Content Estimate (which incorporates IIanford Defined Waste results) inventory
approaches for selected cotutituents in Tank SY-101. Data from TWINS online database and
table A-6.

Constituent IITCE/HDW TCR

Na+ (kg) 1.77 x 106 1,39 x 106

NOi- (kg) 1.69 x 106 8.50 x 105

Sr-90 (Ci) 6.83 x 105 1.31 x 105

Cs-137 (Ci) 1.54 x 106 2.31 x 106

'Agnew (1997) notes that direct comparison of HDW values with assays for a given tank are not generaHy likely to be
useful. He says instead that the comparison should be made among groups of tanks with similar waste histories (he does not.

^ however, provide a list of such groups).

(])''
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While the overall site tank waste inventories for constituents are subject to less uncertainty,
(A) significant differences emerge from one estimation scheme to another. (Note that TCR total site

inventories are not yet available.) A comparison is made in the EIS (U.S. Department of Energy,1996b)
using an earlier IIDW which does not generally differ markedly with the revision 4 version cited here.
It is noted there that some constituents are listed at contents several times higher in the HDW than in the
Golberg and Guberski (1995) W11C report. The EIS authors state that it is not possible, considering
model complexities, to easily explain the source of these differences, it would seem, then, that use of the
generally higher HDW inventories would be more conservative. An important exception, noted in the
EIS, is nitrate, which is about twice as high in the Hanford overall inventory as in the HDW, and is
potentially significant as a post remed% tion pollutant (U.S. Department of Energy,1996b). Table 3-4
compares the total site tank EIS values for selected major constituents with those from the more recent
ilDW revision 4 model (Agnew,1997). Agreement is quite good for three of the four constituents, but
the large difference in nitrate estimates persists.

In summary, the best tank waste inventory (i.e., the "best basis" model currently under
development) is not yet complete. Preliminary results are available at the online TWINS database site.
Until completion of this inventory, use of the HDW model (Agnew,1997) is generally preferred for
constituents listed therein (table A-1 and example tables A-2 to A-7).

Table 3-4. Comparison of total site tank inventories as determined by Golberg and Guberski
(1995) for the Environmental Impact Stritement (EIS) and in the HDW resision 4 (Agnew,
1997) for selected constituents. EIS values are from tables A-8 and A-9, with values from the
fonner convened from metric tons to kg. HTCE/HDW values are the "All Tanks" values in
table A 1,

_

Constituent EIS HTCE/HDW

Na' (kg) 6.91 x 10' 4.92 x 10'

NOi (kg) 1.07 x 108 5.04 x 10'

Sr-90 (Ci) 5.37 x 10' 6.16 x 10'

Cs-137 (Ci) 3.49 x 10' 4.71 x 10'

3-12
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- 4 HAZARDS POSED BY WASTE TANKS AND TANK WASTE( REMEDIATION SYSTEM

4.1 PRIMARY IIAZARDS ASSOCIATED WITII HANFORD WASTE TANKS

A number of safety issues associated with Hanford waste tanks have been identified by the
DOE, Of primary importance, particularly with respect to the regulatory role of the NRC, are those
having the potential for releasing radioactivity to the environment. The DOE developed a set of criteria
to identify tanks with potential safety concerns as Watch list tanks.' The four different Watch-list
categories are flammable gas, ferrocyanide, high organic content, and high-heat gener,. tion, Information
indicates that there are 50 tanks (44 SSTs,6 DSTs) on the Watch-list (Hanlon,1996), with 10 tanks listed
in more than one of four different Watch-list categories, The safety issues associated with these Watch list
categories are discussed in the following sections, and the Hanford waste tanks identified for each
Watch-litt are given in table 4-1.

4.1.1 Flammable gas Safety issue

The risk associated with the release of flammable gases into the dome space of waste tanks at
the Hanford site is a top priority safety issue (McDuffie,1995), Although flammable gas production from
radiolysis is always a concern for high-level radioactive waste storage, a special problem developed at
the Hanford site when wastes were concentrated by evaporation to generate additional storage space in
the million-gallon waste tanks. The volume of the slurry concentrate slowly increased due to retention
of generated gases after being pumped into the tanks, which defeated the purpose of volume reduction.
The real problem became evident when some tanks began to have rather large surface level drops

(O accompanied by release of gas mixtures containing both fuel (hydrogen) and oxidant (nitrous oxide).)
These gas mixtures are flammable and potentially explosive even if not mixed with the oxygen in the
ambient air Tank SY-101, prior to installation of a mixer pump, exhibited the largest cyclic releases (as
indicated by tank surface level drop and increase in tank pressure), and hydrogen concentrations in the
tank dome space and ventilation header have exceeded the lower flammability limit (LFL)2 for short
periods of time (McDuffie,1994) The presence of flammable concentrations of gases and an ignition
source could lead to reactions that could cause a radioactive release or provide an energy source that

'A separate but related formal administrative DOE program is in place to identify as an USQ known or suspectert operating
conditions that have not been analyred or that fall outside of the established authorization bases. Following identification of a
USQ, a review is conducted and corrective action is taten if applicable. The USQ may be closed from an administrative
standpoint, which means that conditions surrounding the safety issue have been analyzed, although the safety issue may still exist
and may require mitigation, controls, or corrective action. The safety issues that were identified under the Watchlist program
were also previously analyzed as USQs. Technical evaluation has resulted in closing the USQs on ferrocyanide, floating organic
layer, and criticality (U.S. Depanment of Energy,1996a). There is a USQ associated with the Flammable Gas Watch-list tanks
because of the potential consequences of a r;diological release resulting from a flammable gas burn, an event not analyzed in
the SST Safety Analysis Report. Hanlon (1996) reported that DOE declared a USQ on some tanks containing dry organic nitrate
chemicals because methods for analyzing accident scenarios have become available for these.

2The lower and upper limits of flammability indicate the percentage of combustible gas in air below which and above which
flame will not propagate, When flame is initiated in mixtures having compositions within these limits, it will propagate and
therefore the mixtures are flammable (Avallone and Baumeister,1996). Lower and upper limp.s of flammability for hydrogen
are 4.0 and 75.0 vol.%, respectively. For ammonia, lower and u;'per limits are 15.0 and 28.0 vol.%, respectively. For
methane, the lower and upper limits are 5.0 and 15.0 vol.%, respectively.

d 4-1
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Table 4-1. Watch-list tanks (Hanlon,1996)

i FIsmmable Gas Organics Ferrocysekle' High Heat

Total Total Total Total
| Temp. Waste Temp. Waste - Temp. Waste Tank Temp. W aste

Tank No. (* F) (inches) Tank No. (*F) (inches) Tank No. (*F) (inches) No. (* F) (inches) -

| A-101 (*) 151 347 A-101 (*) 151 347 BY-103 80 153 C-106 154 72

| AX-101 (*) 133 272 AX-102 (*) 76 14 BY-104 122 155 1

Tank

AX-103 (*) 108 40 B-103 (*) 64 17- BY-105 113 190 ,

S-102 110 207 C-102 82 149 BY-106 123 241 ;

S-Ill 92 224 C-103 115 66 BY-107 97 104
r

? S-Il2 35 239 S-102 110 207 BY-108 106 90w ,

SX-101 135 171 S-Ill 92 224 BY-ilo 115 152

SLIC2 147 203 SX-103 170 242 BY-Ill 87 174 -

SX-103 170 243 SX-106 Ill 201 BY-ll2 88 113
,

SX-104 165 229 T-111 63 158 T-107 65 61 ,

SX-105 179 254 TX-105 (*) 97 228 TX-II8 75 122

SX-106 111 201 TX-IIS 75 134 TY-101 64 50 i

fSX-109 148 % TY-104 64 24 TY-103 69 66

!T-110 64 133 U-103 87 166 TY-104 64 24
,

U-103 87 166 U-105 90 147 14 Tanks

!

.
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Table 4-1. Watch-list tanks (IIanlon,1996) (cont'd)

!Flammable Gas Organies Ferrocyanide' liigh IIcat

Total Total Total Total i

Temp. Waste Temp. Waste Temp. Waste Tank Temp. W aste
Tank No. (* F) (inches) Tank No. ('F) (inches) Tank No. (* F) (inches) No. (*F) (inches)

U-105 90 147 U-106 79 78

U-107 79 143 U-107 79 166

U-108 88 166 U-Ill 79 115

U-109 85 164 U-203 64 6

AN-103 112 U-204 61 9

AN-104 118 20 Tanks
A
0 AN-105 106 :

AW-101 (*) 104

SY-101 120 !

SY-103 98

25 Tanks

' The Ferrocyar:ide Safety issue was considered officially closed and all tanks removed from the Ferrocyanide Watch-list as of
October 1996 (L Kinzer, U.S. Department of Fnergy. Reported in Tri-City IIerald, October 31,1996).

(*) All Watch-list tanks are monitored continuously for temperature, except for the eight tanks identified with an asterisk, which are
measured manually on a weekly basis. Tempa.iuis listed in the table are the highest temperatures recorded for se month of July,
1996 (Ilanlon,1996).
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g could facilitate other reactions within the tank, Subsequent analytical and experimental work has

g demonstrated that flamrnable gases other than hydrogen, such as ammonia and methane, must also be
considered. Episodic venting of flammable gases is expected to recur until some form of mitigation or
retrieval action is undertaken.

Twenty five tanks are on the DOE Flammable Gas Safety Program Watch-list and are identined
in table 41. The list includes tank SY-101 (the only one which had a gas release event resulting in
flammable gas concentrations exceeding the LFL for hydrogen) and tanks containing materials related to
contents of tank SY-101 or tanks that exhibited slurry growth, episodic level drops, or short-term releases
of gases into the tank headspace. Analysis of DSTs SY-103, AW-101, AN 103, AN 104, and AN 105
indicated that these tanks contain sufficient stored gas such that, on a sudden release, the hydrogen
concentration would exceed the safety criteri0n For tank domes this criterion is 25 percent of the LFL,
a value recommended by the National Fire Protection Association (NFPA). DOE Order 5480.4 requires
that the NFPA guidelines be used for nuclear facilities. The above Watch-list is current as of
July 31,1996, but is subject to updating, especially during the current safety screening campaign being
undenaken by the DOES.

Although there is still insufficient knowledge about processes occurring within the waste that
generate, retain, and release the gas, it is well known that hydrogen, a very flammable gas, is produced
by radiolysis of water or aqueous solutions. Thus, there are always concerns about hydrogen
accumulation in vapor spaces of reactors, fuel storage systems, and radioactive waste storage tanks.
Additional studies in various laboratories (e.g., Delegard,1980; Jansky and Meissner,1984; Bryan et
:1.,1992) using Hanford waste simulants show that it is possible to produce flammable gas mixtures even
without the presence of radiation (McDuffie,1994). For example, chemical degradation of organics

p producing hydrogen occurs under alkaline conditions (high hydroxide ion concentration) in the presence

V of some form of aluminate Ammonia and nitrous oxide are produced by reduction of nitrite ion in the
presence of organic compounds. Other chemical and radiolytic studies indicate that organic compounds
such as some of the complexants present in Hanford tank wastes are active in producing gases, whereas
more refractory organics such as formate and oxalate (the anions of formic acid and oxalic acid,
respectively) are not effective hydrogen producers under tank conditions (McDuffie,1995). A general
conclusion from studies on Hanford radioactive wastes containing active organics, aluminum, and nitrite
is that the potential exists for production of flammable mixtures of hydrogen, ammonia, and nitrous
oxide, along with low concentrations of methane and carbon monoxide. However, the relative
contribution of purely chemical production of gases as compared to radiolytic production has not yet been
determined.

The physics of gas retention and gas release in Hanford tank wastes is not fully understood and
studies of retention and release mechanisms are still under way However, it is known that the relative
densities of solid and liquid phases, as well as shear strength of gas-retaining layers, are important factors
determining the relative amount of gas retained before gas release can occur. Several mechanisms for gas
retention are possible including viscous trapping of bubbles, stabilization in three-phase foams at

Tank safety screening is being conducted by DOE to ensure that appropriate safety issues have been/are identified for the8

Flanford Site SSTs, DSTs, double contained receiver tanks, catch tanks, and MtJSTs that contain radioactive waste. These tanks

are being screened for safety issues relevant to ferrocyanide, organics, flammable gas, and criticality (Dukelow et al.,1995), as
well as for safety issues relevant to noxious vapors (Osborne et al.,1995). All tanks have been previously screened for high heat
conaitions (DeFigh-Price and Wang,1993). The safety screening involves taking solid, liquid, and/or gas samples from waste
tanks for chemical analysis.
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hydrophobic surfaces, capillary channel gas accumulation, mechanical trapping of crystal clusters, andO tight engulfment in bubbles attached to solid panicles (McDuffie,1995). Retention of gas within the waste'd appears to present a greater problem than gas generation, which would not be a problem if the tank
ventilation can successfully remove the gases from the tank dome space. Gas retention or accumulation,
on the other hand, can result in a serious situation if it leads to a sudden release of large inventories of
gases, such as those which have occurred in tank SY-101 and, more recently, in tank SY-103 (Hanlon,
1996). In the latter case, hydrogen gas concentration increased from a 60 ppm baseline to 500 ppm over
two days, then subsequently increased from 470 to 1720 ppm within one minute. The LFL for hydrogen
is 40,000 ppm and the safety criterion for dome space is 10,000 ppm.

Because there is inadequate information regarding tank waste processes that generate, retain,
and release flammable gases, efforts are ongoing at Hanford to collect information about the basic
chemical and physical propenies of the tank wastes. This information is needed to gain knowledge about
the behavior of the waste so that effective mitigation methods can be developed and implemented.
Mitigation methods may involve mechanical processes, chemical treatment, or a combination of both.
Tank SY-101 is currently being mitigated by using a mixer pump to stir the waste and allow hydrogen
gas to be released gradually and prevent episodic releases that are above the LFL. The pump is operated
for 25 min three times a week.* Other tanks are being screened and evaluated to assess the magnitude ,

of their risk from flammable gas generation, retention, and intermittent release. Gas monitoring systems
are also being installed that will provide continuous monitoring of hydrogen and periodic monitoring of
other gases. In addition, effons are under way to upgrade instruments for surface level and temperature
measurements.

Recently, all 177 tanks (Watch-list and non-Watch-list) were placed under flammable gas
controls, which means that flanunable gas may exist in all 177 tanks and special safety measures will be

f taken during maintenance, monitoring, and waste transfer activities (Hanlon,1996; U.S. Department of
( Energy,1996a). Final resolution of how many tanks present a risk due to flammable gas has not

occurred.

4.1.2 Organics Safety Issue .

A variety of organic compounds were used at the Hanford site during fuel reprocessing, metal
recovery operations, and waste management operations. The principal sources for the majority of the
organics were the solvent extraction processes that were used to recover Pu and U, which include
Uranium Recovery, PUREX, and REDOX processes, and the waste management operations which
involved removal of Cs-137 and Sr-90 from the wastes to improve the safety of radioactive waste storage.
The major organics added to the tanks as a result of these operations include the solvent tributyi
phosphate (TBP, 30 vol%) in a normal paraffin hydrocarbon (NPH) diluent, the radiolytic degradation
products of TBP [ dibutyl phosphate (DBP) and butanol], di-2-ethylhexyl phosphoric acid (D2EHPA),
sodium ethylenediaminetetra acetate (EDTA), sodium hydroxyethylenediaminetriacetate (HEDTA),
glycolate, sodium citrate, sodium tartrate, and sodium hydroxyacetate. Estimated quantities of organic
chemicals used at Hanford are listed in table 4-2.

In addition to the organics, wastes contain large amounts of sodium nitrate and nitrite, with the
nitrite arising principally from radiolysis of nitrate. Since these organic-bearing wastes are mixtures of
organic fuels, strong inorganic oxidants, and heat-producing radionuclides, the potential exists for rapid

* Wodrich, D.1997. U.S. Departrnent of Energy. Personal communication, January 14,1997.
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. Table 4 2. Organic chemicals used at Hanford (Turner et al.,1995)

Amounts Purchased or
Process or Operation Organic Chemical Used (times 1000)'

__

PUREX/B Plant NPH/TBp2 140 kg (308 lb)

B Plant TBP NPH-D2EHPA 0.06 cubic meters (12.7
gal)

Z Plant TBP-DBBP bottoms that 1.8 cubic meters (400 gal)
contained some carbon
tetrachloride

B Plant (strontium and Glycolic acid 694 kg (1,530 lb)
cesium recovery)

B Plant (strontium and Citric acid- 633 kg (1,3% lb)
cesium recovery)

|

B Plant (strontium and HEDTA 745 kg (1,642 lb)
cesium recovery)

B Plant (strontium and EDTA 166 kg (366 lb)
cesium recovery)

V N Reactor, T Plant Turco) brand detergents Unknown

PUREX, B Plant lon-exchange resins Unknowm

8

Quantities derived from Klem (1990) and Gerber (1992a).
2 These solvents degrade to alkali soluble materials under tank conditions (Camaioni et al.,

1994).
2 Turco (a trademark of Turco Products, Inc.) detergents, which are estimated to contain 5-

10 wt% TOC, were used in decontamination procedures.

D2EHPA = Di-2-Ethylhexyl phosphoric acid
DBBP = Dibutyl butyl phosphonate
EDTA = Ethylenediaminetetra-aceticacid
HEDTA = Hydroxyethylene(ethylenediamine)triaceticacid
NPH = Normal paraffm hydrocarbons

Plutonium-Uranium ExtractionPUREX =

TBP Tributyl phosphate=

' 4-6
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f-- energetic reactions that could result r dioactive release to the environment. Such a reaction resulted() in a major explosion in a radioactive w- . tank in Kyshtym, Russia, in 1957 (Medvedev,1979) resulting'~~
in radiation contamination of an estima, i3,000 sq km. The Kyshtym explosion occurred when the tank
cooling system failed and the radioactive decay heat raised the temperature of a sodium acetate-sodium
r.itrate radioactive waste mixture to the point at which a thermal-runaway reaction occurred between
acetate and nitrate. Fisher (1990) evaluated Hanford tank waste data and available reactivity data with
respect to the Kyshtym accident and concluded that the temperatures of Hanford tank wastes are well
below those required to initiate reactions between sodium acetate and sodium nitrate / nitrite. The organic
chemical safety issue associated with the Hanford site and TWRS operations is the possibility of local
ignition sources or radioactive decay heat that could lead to exothermic reactions between the heated
organic waste components and oxidizing salts (e.g., sodium nitrate and sodium nitrite) under conditions
of low moisture.

Based on reviews of waste transfer records (Babad and Tumer,1993) and available sampling
data (Webb et al., 1995),36 tanks were considered to possibly contain greater than 3 wt% TOC on a
dry-weight basis (or 480 J/g of exothermic energy), which is the minimum fuel concentration considered
necessary to support a propagating reaction based on empirical data (Fisher,1990). Those tanks had
controls put in place to prevent propagating reactions (Westinghouse Hanford Company,1995) and were
placed under the scope of the DOE Data Quality Objectives (DQO) to Support Resolution of the Organic5

Complexant Safety Issue (Tumer et al.,1995). The tanks were evaluated using criteria described in the
DQO to determine whether: (i) the wastes have enough fuel to support a propagating reaction when dried,
(ii) enough moisture is present in the wastes to prevent a propagating reaction, and (iii) the wastes have
the potential to dry during interim storage. Of the 36 tanks, only 20 are still in a recent (July 31,1996)
High Organic Watch-list (Hanlon,1996). These tanks are listed in table 4-1.

O
V If the waste has sufficient fuel-nitrate mixture and low moisture content and energy source raised

the temperature to the ignition point, a propagating reaction could be initiated. A variety of ignition
sources were evaluated (Westinghouse Hanford Company,1985). All of the potential initiators (e.g.,
vehicle operation above the tanks) would occur near the waste surface with the exception of rotary core
drilling and lightning strikes. Proper safety interlocks to limit drill bit temperature rise and grounding of
tanks can mitigate these events. The temperature of the waste in these tanks is either monitored
continuously or measured manually on a weekly basis. The tanks are also checked for the presence of
entrained or floating organic layers that might pose a risk from a slow pooled or wicked fuel burn.
Studies are also under way to gain a better understanding of high organic safety issues. Current
characterization efforts are focused on testing tank waste samples to confirm that the current safe storage
criteria (i.e., fuel energy value, TOC, moisture content) for tank wastes are conservative for actual waste

s The DQO Process, defined by the EPA, is a series of planning steps to identify and design more efficient and timely data
collection programs. It provides a systematic procedure for defining the criteria that a data collection design shouk' satisfy,
including when and where to collect samples, the tolerance level of decision errors for the study, and how many samples to
collect. It is the policy of the DOE Office of Environmental Management (EM) to apply up-front planning, where practical, to
ensure safer, better, faster, and cheaper environmental sampling and analysis programs for all EM projects and operations (memo
from Thomas P. Grumbly, Assistant Secretary for Environmental Management. September 7,1994). Specifically, it is EM policy
that the DQO process be used in all environmental projects where there may be a need to collect significant environmental data.
The EPA * Guidance for the Data Quality Objectives Process" (U.S. Environmental Protection Agency,1994a,b) provides
excellent guidance on the steps of the DQO process for developing data quality criteria and performance specifications for data

p operatic,ns.
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Q (U.S. Department of Energy,1996c). Waste from selected tanks will be tested for reaction propagation
V using an adiabatic calorimeter.

4.1.3 Ferrocyanide Safety Issue

During the 1950s, additional tank storage space for high-level radioactive waste from defense
operations was generated using precipitation processes for scavenging Cs and other soluble radioauclides
from tank waste liquids. In the Cs 137 scavenging processes, waste solutions were adjusted to a pH
between 8 and 10, and sodium or potassium ferrocyanide and nickel sulfate were added to coprecipitate.'

Cs with the insoluble alkali-metal nickel ferrocyanide. Because the waste solutions had high nitrate and
radiolytically produced nitrite concentrations, these ions became incorporated into the precipitates. After
allowing the radioactive precipitates to settle, the decontaminated solutions were pumped to disposal cribs,
thereby providing additional tank storage volume. Later, some tanks were found to be leaking; pumpable
liquids were removed from these tanks, leaving behind a wet solid (sludge) residue containing the
ferrocyanide precipitates (Burger et al.,1991). In implementing the scavenging process, approximately
140 metric tons (154 tons) of ferrocyanide [ calculated as Fe(CN)|] were added to waste that was later
routed to 18 Hanford site SSTs.

The explosive nature of ferrocyanides in the presence of oxidizers has been known for decades,
but the conditions under which impure mixtures of ferrocyanide, nitrate, and nitrite can undergo
propagating react ons had not been thoroughly studied. The potential reactivity of these mixtures was firsti

recognized at the Hanford site when the Cs 137 scavenging process using ferrocyanide was investigated
for application to radioactive wastes produced by the next generation processing technology. The
investigation found that cesium zinc ferrocyanide and nitrate exploded when heated (Hepworth et al.,n

(v) 1957). In the laboratory, mixtures of ferrocyanide and oxidants, such as nitrates and nitrites, have been
shown to undergo energetic reactions when heated to high temperatures (above 250 'C) or exposed to
an electrical spark of sufficient energy to heat the mixture (Cady,1993; Epstein et al.,1994). Because
the scavenging process precipitated ferrocyanide from solutions containing nitrate and nitrite, an intimate
mixture of ferrocyanides and nitrates and/or nitrites is likely to exist in some regions of the ferrocyanide
tanks. Despite the fact that the measured temperatures in the Hanford waste tanks continue to drop, there
has been speculation as to the possibility of " hot spots" forming in the tanks from radiolytic heating.

Efforts have been under way since the mid-1980s to evaluate the potential for ferrocyanide
reactions in Hanford site SSTs (Burger,1984; Burger and Scheele,1990; Meacham et al.,1995). The
1987 EIS (U.S. Deparunent of Energy,1987; included an environmental impact analysis of potential
explosions involving ferrocyanide-nitrate mixtures. The EIS postulated that an explosion could occur
during mechanical retrieval of saltcake or sludge from a ferrocyanide waste tank. The EIS concluded that
this worst-case accident could create enough energy to release radioactive material to the atmosphere
through ventilation openings, exposing persons offsite to a short-term radiation dose of approximately
200 mrem. A General Accounting Office study (Peach,1990) postulated a greater worst-case accident,
with independently calculated doses of one to two orders of magnitude greater than postulated in the DOE
EIS.

Three different flowsheets (and variations of them) were used in ferrocyanide waste scavenging
campaigns. Approximately 66 percent of the total ferrocyanide used at the Hanford site was used in the
U-Plant flowsheet, which treated " metal waste" dissolved in nitric acid after the U had been recovered
using the tributyl phosphate process. Simulant sludge produced by this flowsheet contamed approximately

g 8.3 wt% sodium nickel ferrocyanide on a dry basis. The T-Plant flowsheet, used to treat first-cycle waste
1 1v
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from the BP process, consumed approximately 8 percent of the ferrocyanide used at the Hanford site, and,m
iD) simulant sludge produced by this flowsheet contained 8.8 wt% sodium nickel ferrocyanide. The in-farm

flowsheet, which treated the basic waste from recovery of U, consumed approximately 26 percent of the
ferrocyanide used at Hanford and produced sludge containing up to 25.8 percent sodium nickel
ferrocyanide (Postma and Dickinson,1995). A more detailed review of ferrocyanide waste production
is presented by Postma et al. (1994) and by Jeppson and Wong (!993).

Reviews of process flowsheets and waste transfer records (Borsheim and Simpson,1991)
indicated that eighteen tanks received ferrocyanide waste. These tanks were placed under the scope of the
DQO on Ferrocyanide Safety Issue (Meacham et al.,1995) for further evaluation using criteria described
in the DQO. The Ferrocyanide Safety Program was implemented in 1990 to address this safety issue
(Bryan et al.,1995) and comprised four major components. The first, tank monitoring, involves
developing, deploying, and maintaining instrumentation for continuous monitoring of the tank contents.
Specifically, waste temperatures in the tanks are being monitored continuously to detect increasing
temperature trends. The second program component, modeling and analyzing existing tank data, allows
predictive calculations of, for example, the existence of hot spots within the waste or concentrations of
gases within the tank dome space. Ferrocyanide waste characterization using waste simulants and actual
tank samples is the third program component and focuses on the chemical analysis (e.g., fuel, moisture,
and nickel concentrations) of gas space, surface samples, and core samples from the ferrocyanide tanks.
The fourth component is research and development designed to provide an understanding of potentially
hazardous reactions of precipitated ferrocyanides and their aging products within the SST ferrocyanide
waste.

Four of the 18 tanks that received ferrocyanide waste (tanks C-108, C-109. C-111, and C-112)
were classified as safe based on criteria described in the DQO on Ferrocyanide Safety issue and were

[V removed from the Ferrocyanide Watch-list in June 1996 (Hanlon,19%). As of July 31,19%, fourteeni

tanks remained on the Ferrocyanide Watch-list (Hanlon,19%) and are listed in table 4-1. These tanks
contain > 8 wt% sodium nickel ferrocyanide on an energy equivalent basis but meet conditionally safe
criteria established in the DQO which preclude sustainable, rapid exothennic ferrocyanide reactions
(Hanlon,1996, table A-2 footnote). However, because the ferrocyanide sludge has been exposed for
many years to other highly caustic wastes, as well as to elevated temperatures and both gamnu and beta
radiation, DOE investigators believe that ferrocyanide decomposition may have occurred in the tanks
which would lead to ferrocyanide concentrations much less than that predicted by tank inventory records.
Tank waste samples that have been analyzed to date support the conclusion that ferrocyanide
decomposition has occurred and that the sludge in the Ferrocyanide Watch-list tanks is too dilute to
support a sustained reaction, even if dried out and ignited (Postma and Dickinson,1995). This conclusion
has recently been accepted by the DOE.' All tanks have been removed from the Ferrocyanide Watch-list
and the Ferrocyanide Safety issue was officially closed as of October 1996.

4.1.4 High-Heat Safety Issue

Radioactive decay of stored waste can result in elevated temperatures of Hanford tanks. If waste
tank structural damage occurs due to overheating of the waste tank concrete structure, release of
high-level nuclear weste may occur. According to Hanlon (1996),10 SSTs have high-heat loads
[>42,000 kJ/h (>40,000 Bru/h)] namely: A-104, A-105, C-106, SX-107, SX-108, SX-109, SX-Il0,
SX-Ill, SX-112, and SX-Il4. All of these tanks are on active ventilation except for A-104 and A-105.

p * Kinzer, J.1996. IJ.S. Department of Energy. Reported in Tri-Cny Herald. October 31.1996.
I h
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Tank C 106, the only tank on the High-Heat Watch List at present (Hanlon,1997), requires more than
ective ventilation to keep the temperature below 150 *C (300 'F), which is the maximum temperature
limit established in the DOE Operating Safety Document (Wodrich,1992). The rate of heat generation
in tank C 106 is estimated at more than 105,000 kJ/h (100,000 Bru/h) and arises primarily from
radioactive decay of St-90 waste that was transferred into the SST in the late 1960s. For this tank, water
is periodically added to maintain a liquid cover (supernate) over the liquid sludge for enhanced thermal
conductivity and evaporative cooling (DeFigh-Price and Wang,1993). The amount of cooling liquid
currently maintained in tank C-106 exceeds the interstitial holdup of the tank sludge; the excess cooling
liquid is a primary concern because it could release radionuclides to the surrounding soil and groundwater
if a tank leak develops. Although the method of active ventilation supplemented by water addition is
effective for the short term, she long term resolution for tank cooling is removal of the heat-generating
waste in the tank. This solution is being pursued as the only remediation method for this safety issue, and
tank C-106 has been selected as the first SST for retrieval and transfer of radioactive waste to a selected
DST. Sluicing of tank C-106 is scheduled to begin in 1997.

4.2 OTHER HAZARDS

4.2.1 Crust Burn Issue Associated with Flammable Gas Tanks

in addition to the potential for ignition of flammable gases such as hydrogen / alt and/or
hydrogen / nitrous oxide, as discussed in section 4,1.1, another scenario of significant concern associated
with the tank wastes is the potential for secondary ignition of organic-nitrate / nitrite mixtures in the crust
layer initiated by the burning of flammable gases or by a mechanical in-tank energy source. This scenario
has been called a " crust burn" issue. Crust heating by a burning gas or by mechanical energy (e.g., from

Os
friction during core sampling) could initiate an exothermic reaction between organic carbon and the nitrate
or nitrite compounds. If the crust material gets too hot, volatile components could be released into the
atmosphere as aerosols which could entrain and release radionuclides to the environment.

The crust burn problem was first evaluated for tank SY-101 based on visual observations of the
waste surface with a television camera, chemical analyses of enct samples, and calorimetry tests of waste
samples. Results of crust analyses and analytical modeling of cnist heating were used to show that a
"cru;t burn" was not a safety issue for tank SY-101 (Fox et al.,1992). Sampling activities have been
scheduled for other tanks on the Flammable Gas Watch-list (Johnson,1994). Primary data needed to
detennine the potential for a crust burn of the waste material are derived from calorimetry tests, including
differential scanning calorimetry (DSC) which involves heating small samples at a programmed rate, by
measuring differential temperatures between the sample and a reference chamber. The heat flow into or
out of the sample is used to determine (i) whether an exothermic reaction exists, (ii) the temperatures
required for it to occur, and (iii) the net amount of heat produced. A relatively recent characterization
report by Baldwin et al. (1995) concluded that DSC measurements on crust samples from tank AW-101

- show exotherms in nearly every subsample, but none of the observed exotherms exceeded the 586 J/g
threshold set forth in the DQO on the crust burn issue (Johnson,1994).

4.2.2 High-Efficiency Particulate Air Filter Blow-Out Issue Associated with
Flammable Gas Tanks

Another scenario associated with the presence of flammable gas mixtures in waste tanks that
needs to be addressed is that of a pressure pulse which can occur even without ignition of the gas

OD 4-10



(p (e.g., sudden release of gas accumulated in the waste). The HEPA filters on the tanks have an operating

'') limit of +2.5 kPa (+ 10 in of water)(McDuffie,1995). If the gas pressure exceeds this value the filter
seal could be breached and there would be an open pathway for release of radionuclides to the
environment. Studies are under way to better understand mechanisms of gas accumulation and release in
tank wastes. Plume burn analyses are also ongoing to determine the size of flammable gas release which
can burst a HEPA filter upon ignition (McDuffie,1995).

4.2.3 Organic Solvent Safety Issue

Various separation processes employed at the Hanford site involved the use of organic solvents
which were inadvertently and/or purposely sent to the waste tanks. Subsequent waste transfer operations
also distributed organic solvents among several of the Hanford tanks. The potential hazards associated
with organic solvents are (i) contributing to headspace flammability (as discussed in section 4.1.1),
(ii) igniting an organic solvent pool, and (iii) igniting an organic solvent that is entrained in waste solids.

Currently, one tank (C-103) is known to contain an organic solvent pool. Current
characterization efforts include continued vapor sampling of the tank headspace to identify additional tanks
that may contain an organic solvent pool or entrained organic solvent. If vapor sampling suggests the
presence of organic solvent, liquid grab samples and/or near-surface samples will be obtained to better
quantify the potential for an organic solvent fire.

4.2.4 Known and Assumed Leaking Tanks

p) Liquid waste from past tank leaks has resulted in vadose zone contamination beneath the leaking
( tanks and may be adversely affecting the groundwater in the vicinity of the tanks. As mentioned in

section 2, potential groundwater impacts are currently being investigated as part of the RCRA
Groundwater Assessments for the T Farm Waste Management Area and will be ongoing soon for the
S-SX and B-BX-BY Waste Management Areas (U.S. Depanment of Energy,1996d).

Leak monitoring is ongoing for the 177 waste tanks, and reports on waste inventory and
surveillance are released monthly and quarterly. The repo'.t for the month ending July 31,1996 (Hanlon,
1996) indicated that 67 of the 149 SSTs are assumed leakers. There are no reported leaks from the
28 DSTs. Table 4-3 provides a list of tank identification number, date at which the tank was declared a
leaker, estimated leak volume, estimated activity of leak, and date the tank was interim stabilized. The
leak volume ranges from approximately 1,300 L (350 gal.) from tank C-204 in the 200-East Area to

2436 m (115,000 gal.) from tank T-106 in the 200-West Area. Estimates of total leak volume from all
67 assumed leakers range from 2,300 m' to 3,400 m' (600,000 to 900,000 gal.). To minimize further
releases to the environment, the DOE removed all SSTs from service in 1980 and initiated a program to
transfer all pumpable liquid into DSTs and stabilize the SST tank wastes until final disposition. This
effort, known as interim stabilization, is currently ongoing. Interim stabilization has been completed on
all but five assumed leaking tanks. All SSTs (including nonleaking) are expected to be interim stabilized
by the year 2000 (U.S. Department of Energy,1996d),

f3
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Table 4-3. Tank Waste Remediation System tanks that are assened to be leaking

Date Declared Associated Interim
Tank Confirmed or Kilocuries Stabilized -

Number Assumed Leaker' Volume 8 (gallons) Cs 137 Date82

A 103 1987 5,5006 6/88-

A 104 1975 500 to 2,500 0.8 to 1.8 9n8
A 105 1%3 10,000 to 277,000 85 to 760 7/79

AX 102 1988 3,000' 9/88-

AX-104 1977 '
8/81- -

B-101 1974 ' 3/81- -

B-103 1978 7 2/85- -

B-105 1978 ' 12/84- -

B-107 1980 8,000' 3/85-

B-110 1981 10,0006 - 3/85

B-111 1978 ' 6/85- -

B-112 1978 2,000 5/85-

B-201 1980 1,2006 8/81-

B-203 1983 300' 6/84-

B-204 1984 4006 6/84-

BX-101 1972 7 9/78- -

BX-102 1971 70,000 50 11r/8

BX 108 1974 2,500 0.5 7n9
,

BX 110 1976 ' 8/85- -

BX-111 1984 7 3/958-

BY-103 1973 < 5,000 N/A-

,

BY-105 1984 ' N/A- -

'BY-106 1984 N/A- -

BY-107 1984 15,100' 7n9-

BY-108 1972 <5,000 2/85-

C-101 1980 20,0006 11/83-

C-110 1984 2,000 5/95-

C-111 1968 5,500 - 3/84
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) _ Table 4-3. Tank Waste Remediation System tanks that are assumed to be leaking (cont'd)

Date Decland Associated Interim
2Tank Confinned or Volume ,3 Kilocuries Stabilized

Number Assumed Leakert (gallons) Cs-1374 Date8

C-201 1988 550 3/82-

C-202 1988 450 8/81-

6C-203 1984 15.100 3/82--

C-204 1988 350 9/82-

6S 104 1%8 24,000 12/84-

7SX-104 1988 6 000 N/A-

SX 107 1964 <5,000 10n9-

SX-108 1%2 2,400 to 35,000 17 to 140 809
SX-109 1%5 < 10,000 < 40 5/F1

7SX-110 1976 5,500 8D9-

SX-111 1974 500 to 2,000 0.6 to 2.4 7D9

SX-112 1%9 30,000 40 7D9

SX-113 1962 15,000 8 11/78

SX-114 1972 7 7n9- -

SX-115 1%5 50,000 21 9n8
6T-101 1992 7,500 4f93_

6 11/83T-103 1974 <1,000 -

6T-106 1973 115,000 40 8/81

T-107 1984 7 N/A-

6T-108 1974 < 1,000 11n8-

6T-109 1974 < 1,000 - 12/84
9 6T-111 1979,1994 <1,000 2/95-

TX-105 1977 7 - 4/83-

TX-107 1984 2,500 10D9-

TX-110 1977 7 4/83- -

7TX-113 1974 4/83- -

TX-114 1974 7 4/83- -

TX-115 1977 7 9/83-

O
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Table 4-3 Tank Waste Remediation Systeen tanks that are assumed to be leaking (cont'd)

Date Declared Associated Intedm
Tank Confirmed or Kilocudp StabilipNumber Assumed Leaker! 2Volume ,3 (Eallons) Cs-137' Date

TX-Il6 1977 ~7 4/83-

TX-117 1977 7 3/83- -

6TY-101 1973 <1,000 4/83-

TY-103 1973 3,000 0.7 2/83
6TY 104 1981 1,400 ifg3_

TY-105 1960 35,000 4 2/83

TY-106 1959 20,000 2 1108
U-101 1959 30,000 20 9n9
U-104 1%1 55,000 0.09 1058

6U-110 1975 5,000 to 8,100 0.05 12/84
6U 112 1980 8,500 gn9_

Total of 67 Total volmne of
tanks 600,000-900,00010

Notes:

( Source: Hanlon,1996
1 = No data provided
b

f/A = Not applicable (not yet interim stabilized)
In many cases, a leak was suspected long before it was identified or confirmed. For example, tank U 104 was

suspected of leaking in 1956. The leak was confirmed in 1961. This report lists the assumed leaker date as 1961.
Using present standards, tank U 104 would have been declared as assumed leaker in 1956. In 1984, the criteria
designations of * suspected leaker," " questionable integrity," " confirmed leaker," * declared leaker," * borderline,"
and " dormant * were merged into one category now reported as " assumed leaker." It is highly likely that there have

fn undetected leaks from SSTs because of the nature of their design and instnamentation.
One gallon is equal to 3,788 L.

3These leak volume estimates do not include (with some exceptions) such things as (1) cooling / raw water leaks;
(2) intrusions (rain infiltration) and subsequent leaks; (3) leaks inside the tank farm but not through the tank liner
(surface leaks, pipeline leaks, leaks at the joint for the overflow or fill lines, etc.); and (4) leaks from catch tanks,

iversion boxes, encasements, etc,
e curie content list is not decayed to a consistent date; therefore, a cumulative total is inappropriate,
ese dates indicate when the tanks were declared to be interim stabilized, la some cases, the official interim

stabilization documents were issued at a later date. Also, in some cases, the field work associated with interim
stabilization was completed at an earlier date.
6Leak volume estimate is based solely on observed liquid level decreases in these tanks. This is considered to be
pe most accurate method for estimating leak volumes.
The total leak volume estimate for these tanks is 570,000 L (150,000 gal.) [ rounded to the nearest 38,000 L

(10,000 gal.)], for an average of approximately 30,400 L (8,000 gal.) for each of the 19 tanks.
' Tank BX-Ill was declared an assumed re-leaker in April 1993. Preparations for pumping were delayed, following
an administrative hold placed on all tank farm operations in August 1993, Pumping resumed and the tank was

clared interim stabilized on March 15, 1995.
ank T-ill was declared an assumed re-leaker on February 28,1994, due to a decreasing trend in surface level

surement. This tank was pumped and interim stabilized on February 22,1995,
total has been runded to the nearest 190,000 L (50,000 gal.). Upperbound values were used in many cases

in developing these ostimates. It is likely that some of these tanks have not actually leaked.

b
V
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(] 4.2,5 Criticality
Q'

In the DOE Final TWRS EIS, it is stated that:

"Of the actions evaluated in the Final Safe Interim Storage EIS, only the retrieval of
solids from tank SY 102 was affected by the technical uncertainties regarding
criticality." (U.S. Department of Energy,1996c; p. E-12).

As a result, the DOE has suspended retrieval of wastes from this tank, possibly for transfer into a DST,
pending the outcome of a criticality safety evaluation process outlined for the Defense Nuclear Facility
Safety Board. Based on these statements, it could be assumed that the only significant risk of criticality
known at this time is from retrieval of wastes from tank SY-102.

In order to determine if the statements made in the preceding paragraph accurately depict the
criticality potential of other Ilanford TWRS tank wastes relative to tank SY-102, a survey was performed
to obtain information about the fissile nuclide content and criticality potential of other tanks. A report by
Perry et al. (1994) contains information about the Pu-239 content and criticality potential of tank SY-101,
a tank that one might expect to also have nontrivial criticality concerns. In this report, the authors used
core sample data and the S/ code ONEDANT to calculate the k.' corresponding to the Pu
concentrations in sedimentary layers of this tank. They found that these layers have a k. of about
0.012 percent and that an increase in the Pu-239 concentration by a factor of about 16,000 is necessary
before the sediments would approach criticality. The analyses seem credible considering that the total tank
inventory of Pu 239 in this tank was estimated to be 910 g (Perry et al.,1994) and the minimum critical
masses of Pu-239 are 9,800 g for pure Pu metal, 900 g for Pu metal and light-water-moderated bare

(3 spherical reactor, and 320 g for a light water-moderated and reflected spherical reactor (Knief,1992).

\*)
Since the publication of Perry et al. (1994), additional information about the contents of the

tanks has become available (Agnew,1996) As discussed in section 3.2, the Agnew (1996) report
estimates the total inventory of Pu-239 in tank SY-101 to be about 3,580 g and the total inventory of
U-235 to be about 89,500 g, implying that the major criticality concern with the tank wastes in SY-101
may be the U-235 concentration and not the Pu-239 concentration.

To determine if there is a risk of a U-based criticality in the tanks, the tanks were ranked based
on the fissile enrichment of the U which they contain and it was found that tank AW-104 contains U with
the highest enrichment at 0.866 percent. The calculated U enrichments assume that the tank inventories
of U isotopes listed in Agnew (1996) are accurate. In some cases, these isotopic inventories were
calculated using the ORIGEN2 code (Croff,1980). Calculations of k. were performed using the MCNP
Version 4A code. The results indicated that even with optimal moderation in a pure, homogeneous,
U-light water system, k. is only 0.94 for this system with U at an enrichment of 0.866 percent. The
calculations used ENDF/B-VI cross-section files and the optimal relative abundance of UO to water2

molecules was 0.43 (with a corresponding " solution" density of 4.8 g/cm'). This value of k. implies that
U at the assumed enrichment would have a net poisoning effect on a critical system and that a U-based
criticality is not possible. Also. aiding U with the enrichments found in the Hanford tanks

? S, theory discretizes the Boltzman equation for neutron transport in solid angle as well as space to find the eigenvalue of
the system (k.n),

g] k. is the neutron multiplication factor for a material with infinite extent. that is, neutron leakage out of the system is zero.
' |
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q (Agnew,1996), to a critical system, would cause the system to become suberitical, meaning that addition

Q of U lessens the probability of an accidental criticality.

As a result of these findings, the tanks in the Hanford TWRS were ranked based on their total
Pu fissile nuclide content (Pu-239 plus Pu-241)in grams using data from Agnew (1996). The results of
this rank ordering and the total fissile Pu content of each tank are shown in table 4-4a. Table 4-4b lists
the same information ,vith the tanks grouped by tank farm, it is noted that tank SY 102 is high on the
list presented in table 4-4a but is not the highest ranking tank, implying that the waste in tank SY-102
may not pose the greatest risk of a nuclear criticality of all tank wastes, as assumed in the beginning of
this section.

It is noted that the DOE has stated that the margin of suberiticality it' the HLW tanks is
maintained by two independent criticality parameters; (i) the low plutonium concentration and (ii) the
amout.t of soluble and insoluble neutron absorbers (Braun et al.,1994). The calculated k. values of
representative waste samples is below 0.2, which is highly subcritical (Braun et al.,1994). Based on these
statements, it could be concluded that an accidental criticality of in-tank wastes is highly unlikely.

Er situ vitrification of wastes currently being stored in tarb SY-102 may present some hazard
for accidental criticalities during the removal, transportation, and solidification of these wastes. Since the
exact solidification process that would be used is not known at this time, possible criticality hazards of
similar processes that have been or are occurring elsewhere have been reviewed. These reviews are
described in the following paragraphs.

Processes with the potential to cause accidental criticalities in the Plasma Hearth Process (PHP)

Q were evaluated (Slate and Santee,1996). The PHP is a technique currently under development by Science
V Applications International Corporation (SAIC) for the DOE that destroys the organic component of the

waste and vitrifies the inert fraction into glass or slag. Three stages of the process that were susceptible
to accidental criticalities were found: (i) the concentration of Pu in the crucible as multiple waste streams
are processed, (ii) the pouring of molten slag into a collection drum, and (iii) the arranging of cooled
collection dmms into matrices that allow for neutron communication between drums during transportation
and storage. For example, the maximum safe weight limit of weapons grade Pu was found to be 27 kg
for the four-dnun (of DOT-17C specifications) arrangement. This was the most reactive arrangement of
weapons grade Pu slag drums that was studied. Although the actual numerical limits found by the authors
have little meaning to the Hanford TWRS, the three stages of the process that they f.uad susceptible to
criticality may represent potential processes that need to be studied in criticality safety analyses at the
Hanford vitrification operation.

The potential for accidental criticalities at the defense waste processing facility at the Savannah
River Site (SRS) was assessed by Ha et al. (1996). The subprocesses or mechanisms that the authors
studied which may lead to criticality during vitrification are: (i) chemical reactions that concentrate U and
Pu with respect to iron and manganese neutron absorbers, (ii) fissile material adsorbed onto monosodium
titanate, (iii) fissile material entrained in the sludge solids, (iv) Pu solubility in mercury, (v) process
cleaning procedures, and (vi) melter accumulation. The authors concluded that in all of the
aforementioned subprocesses criticality had a negligible chance of occurring due mainly to the low fissile
content of the wastes, the presence of neutron absorbers such as iron and magnesium, and the lack of an
identifiable chemical process that can cause the concentration of fissile nuclides relative to the neutron
absorbers. Although the authors found that the risk of criticality was insignificant for the SRS, similar
subprocesses or mechanisms should be examined for their potential significance for the Hanford TWRS.n

k
'
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( Tahle 4 4a. A rank onlaring 4 the tanks bened as their fismEn yhdenhum comised
\

IWile Pu IWile Pu ' thlle Pu
Tank Content (g) Tank Content (g) Tank Content (gl

1X llR 7.10E + 04 .'Xille 4.44 E + 03 By.102 3.g2E + 03

C 102 5.98 E + 04 J109 4.33E + 03 AP 102 1.7411403

SY.102 4.54 E + 04 SX.107 4.22fw 03 SX 106 1.74 E + 03

C.104 3.9411 + 04 AN 103 4.Ol E + 03 T 110 1.69E + 0)

AZ 102 3.56E + 04 TX101 3.93 E + 03 C 109 1.70E + 03

Er* 2,89E + 04 SX.105 3.88ti+ 03 1X.ll6 1.64 E + 03

AY101 2.82E + 04 SX.102 3.78E + 0) BY.ll2 1.64 E + 0)

AZ.101 2.5511+ 04 C 103 3.78 E + 03 B.110 1.6011 + 03

A 106 2.41 E + 04 SXll2 3.77E + 03 C.lll 1.57E + 03

AW.103 43Fr!+ 04 15Y.103 3.75 E + 03 TX !!) 1.55 E + 03

C 107 2.271i + 04 SX.109 3.74 E + 03 S 108 1.53 E + 03

C lO6 1.86E + 04 SX.108 3.74 E + 03 U 105 1.51 E + 03

AW.105 1.88 E + 04 BX 101 3.7311+ 03 U 103 1.51 E + 03

AW.104 1.55E + 04 !!Y.106 3.17E + 03 B.104 1.4211 + 03

AW.101 1.42 E + 04 AN.107 3.1611+ 03 T.106 1.41 E + 03

C.105 1.29E + 04 SX.110 3.14 E +03 TX ll2 1.40E + 03

!! l( : 1.33 E + 04 A 101 3.0$E + 03 TX 117 1.36E + 03

M a^ 1.17 E + 04 A.105 2.99E + 03 B y 110 1.37 E + 03

U 108 1.04 E + 04 AN.104 2.93E + 03 BX 103 1.34 E + 03

U 107 8.88 E +03 SX 103 2.85 E + 03 TX 105 1.27L + 03

AY 102 8.79E +03 T 103 2.82E + 03 TX.ll4 1.27E + 03

AX 102 7.38E + 03 T.lv2 2.82 E +03 U.102 1.19E + 03

C.101 7.01E + 03 S109 2.70E + 03 TX Il3 1.19E + 03

S-101 6.77E + 03 AP 105 2.69E + 03 U lit 1.16E + 03

| S 104 6.45 E + 0) A 102 2.58E +03 BX lit i .15 E + 03

AX.101 6.23E + 03 BY.llt 2.5111+03 S 103 1.12E + 03

S Il0 5.93 E + 03 SY 103 2.4 hE + 03 T 104 1.09E + 03

SX 101 5.58E + 03 AW.106 2,48E + 03 AP.106 1.12E + 03

SX lli 5.30E + 03 B-109 2.43 E + 03 AX 104 1.10E + 03

B 111 5.13 E + 03 BY.109 2.24E +03 A 103 1.07E + 03

AN.105 5.12E + 03 T lli 2.01 E + 0.' BY 104 1.05E + 03

SX 104 4.97E + 03 BY.101 2.04E +03 S 105 1.02 E + 03

SY.101 4.93 E + 03 C Il2 2.02E + 03 BY 107 9.65 E +02

AN 102 4.90E + 03 BY.105 1.99E + 03 TX Il0 9.6 t E + 02

S 111 4.71 E + 03 AW.102 1.98E + 03 TX.109 9.42E +02

S106 4.48 E + 03 5 112 1.87E + 03 U.106 9.62E +02

O
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f Table 4 4a. A rank ordedag of the tanks based on alwir Assile plutonian content (cont'd)

,

F1solle Pu nestle Pu,
;

Tank Conteet (g) Tank Content (g)
|

$102 9.13E + 02 BX 104 1.84 E +02

TXIll 8.76E + 02 T 107 1.78E + 02

U il2 8.54 E + 02 TY 102 1.78E + 02;

! TY 101 8.42E + 02 U 110 1.73E + 02

TX 106 8.45E+02 BX 106 1.76E + 02

AN+101 8.37E +02 B 107 1.70B + 02

BX 102 8.31 E + 02 B 103 1.69E +V2

j BX 107 6.80E + 02 TX 103 1.67E + 02

! BX 110 6.44 E + 02 B ll2 1.64E + 02

BX il2 I$7E +02 BX 109 1.45 E + 02 -
"

{ TY 103 5.27E + 02 U 104 1.34 E + 02

] B 105 5.03 E + 02 T 108 1.10E + 02
'

TX 102 5.01E + 02 TX 104 1.10E + 02

| T 105 4.08E+ 02 TY 105 . 6.36E + 01 -

j U 202 4.08E+02 SXIl3 5.9BE + 01

| U 201 4.07E + 02 BX 108 5.87E + 01

| BY 108 4.01E + 02 AN 106 4.71 E + 01

B 106 3.50E +02 C 108 3.83 E + 01

1 112 2.99E + 02 BX 105 2.33E + 01
i AP-103 3.09E + 02 TX 107 1.36E + 01

|: TY 104 2.79E+02 U 101 4.52E+00
t AP 108 2.75E +02 AX 103 1.25E +02
!

A 104 2.62E + 02 B-203 1.37E + 00

; AP101 2.50E + 02 B 204 1.34 E + 00

B 102 2.40E +02 T-204 1.04E + 00
'

,

*

C 201 2.39E + C2 T 203 9.56E41

| C 202 2.39E + 02 B 201 7.65E41

1 C 203 2.39E + 02 T 201 7.65E 01

C 204 2.39E + 02 B-202 7.39E 01

| T 109 2.22E +02 T 202 5.74E41

i B 108 2.15E +02 TY 106 1.70E-01
~

1 SX IIS 2.08E + 02 AP 104 0.00E +00

j U-203 2.06E + 02 AP 107 0.00E + 00 -

; TX 108. 2.06E + 02

A U 204 2.04E +02

C 110 1.95E +02

\
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Table 4-4b. The plutonlurn content of the tanks grouped by tank fann

Fissile Pu Fissile Pu Fieslie Pu
Tank Content (g) Tank Content (g) Tank Content (g)
241 A 101 3.03 E + 03 241 B 102 2.40E + 02 241 BY 110 1.37E + 03
241 A 102 2.58 E + 03 241 B 103 1.69E + 02 241 BY ill 2.5 t E + 03
241 A 103 1.07E + 03 241 B 104 1.42 E +03 241 BY ll2 1.64 E + 03
241 A 104 2.62E + 02 241 B 105 5.03 E + 02 241 C 101 7.01E + 03
241 A 105 2.99E + 03 241 B106 3.50E +02 241 C 102 5.98E +u
241 A 106 2.41 E + 04 241 B107 1.70E + 02 241 C 103 3.78E + 03
241 AN 181 8.37E + 02 241 B 108 2.15 E +02 241 C 104 3.94 E + 04
241 AN 102 4.90E + 03 241 B 109 2.43 E + 03 241 C 105 1.29E + 04
241 AN 103 4.01 E + 03 241 B 110 1.60E + 03 241 C 106 1.86E + 04
241 AN 104 2.93E + 03 241 B 111 5.13 E + 03 241-C 107 2.27E + 04
241 AN 105 5.12E + 03 241 B ll2 1.64 E + 02 241 C 108 3.83E +01
241 AN 106 4.71 E +0! 241 B 201 7.63E 01 241 C 109 I J0E +03
241 AN 107 3.16E + 03 241 B.202 7.39E41 241 C 110 1.93E + 02
241 AP 101 2.50E + 02 241 B 203 1.37 E + 00 241 C lil 1.57E + 03
241 AP 102 1.74 E + 03 241 B 204 1.34E + 00 241-C Il2 2.02E + 03
241 AP 103 3.09E + 02 248 BX 101 3.73E + 03 241 C-201 2.39E + 02
241 AP 104 0.00E + 00 241 BX 102 8.31E + 02 241 C 202 2.39E + 02
241 AP 105 2.69E + 03 241 BX 103 1.34 E +03 241 C 203 2.39E + 020\ 241 AP 106 1.12 E + 03 241 BX 104 1.84 E + 02 241 C-204 2.39E + 02
241 AP 107 0.00E + 00 241 BX 105 2.33 E + 01 241 5101 6.77E + 03
241 AP 108 2.75 E + 02 241 BX 106 1.76E + 02 241S 102 9.13E + 02
241 AW 101 1.42E + 04 241 BX 107 6.80E +i[2 241 5 103 1.12E + 03 -

241 AW 102 1.98E + 03 241 BX 108 5.87E +0! 241 5104 6,45E +03

241 AW 103 2.37E +04 241 BX 109 1.45 E + 02 241 S 105 1.02E + 03

241 AW 104 = 1.55E + 04 241 BX Il0 6.44 E + 02 241 5-106 4.48E + 03

241 AW 105 1.88E + 04 241 BX ll! ! .15 E + 03 241 S 107 2.89E +04
241 AW 106 2.48E + 03 241 BX ll2 5.57E +02 241 S 108 1.53 E + 03

241 AX 101 6.23E +03 241 BY 101 2.04 E +03 241 S 109 2.70E + 03

241 AX 102 7.38E +03 241 BY 102 1.82 E + 03 2415 110 5.93E + 03

241 AX 103 1.25E + 02 241 BY 103 3.75 E + 03 241S-111 4.71 E + 03

241 AX 104 1.10E + 03 241 BY 104 1.05 E + 0) 241 S 112 1.87E + 03

241 AY 101 2.82E+04 241 BY 105 1.99E + 03 241 SX 101 5.58E +03

241 AY 102 8.79E +03 241 BY 106 3.17 E +03 241 SX 102 3.78E + 03

241 AZ 101 2.55E + 04 241 BY 107 9.65E + 02 241 SX 103 2.85 E + 03

241 AZ 102 3.56E +04 241 BY 108 4.01 E +02 241 SX 104 4.97 E +03

241 B 101 1.33 E + 04 241 BY 109 2.24E+03 241 SX 105 3.88 E +03
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Table 44b. The plutoaluen content of the tanks grouped by tank fami (cont'd)

Fim66e Pu Halle Pu
Tank Content (g) Tank Content (g)

241 5X 106 1.74 E + 03 241 1X 108 2.06E + 02
241 SX 107 4.22 E + 03 241 TX 109 9.42E + 02

241 $X 108 - 3.74 E + 03 241 TX 110 9.61E + 02
241.$X 109 3.74 E + 03 241 TX Ill 8.76E + 02

2415X Il0 3.14E 4 03 241 TX Il2 1.40E + 03

241sX It! 3.30E + 03 241 TX il3 1.$3E + 03

241 $X Il2 3.77E + 03 241 TX Il4 1.27E + 03

241 SX II) 3.98E + 01 241 TX IIS 1.19E +03
241 SX Il4 4.44E + 03 241 TX Il6 1.64E +03
241.$X Ils 2.08E + 02 241 TX Il7 1,36E + 03

241-5Y 101 4.93 E + 03 241 1X Il8 7.10E + 04

241 $Y 102 4.54 E + 04 241 TY 101 8.42E +02
241 SY 103 2.46E + 03 241 TY 102 1.78E + 02

241 T 101 1.17E + 04 241 TY 103 S.27E + 02

2417 102 2.82E + 03 241 TY 104 2.79E + 02

241 T 103 2 82E+03 241 TY 105 6.36E + 01

241 T 104 1.09E +03 241 TY 106 1.70E 01
241 1 103 4.08E + 02 241 U 101 4.52E + 00

241 T 106 1.4 t E + 03 241 U 102 1.19E + 03

241 T 107 1.7815 +02 241 U 103 1.51E + 03

241T 108 1.10E + 02 241 U 104 1.34E + 02

241 T 109 2.22 E + 02 241 U 105 1.3 t E + 03

241 1 110 1.69E+03 241 U 106 9.62E+02
241 T ill 2.01E + 03 241 U 107 8.88E + 03

241 T !!2 2.99E + 02 241 U 108 1.04E +04
241 T 201 7.65E 01 241 U 109 4.33E +03
241 T 202 5.74E41 241 U 110 1.73E +02
241 T 203 9.56E 01 241 U lin 1.16E +03
241 T-204 1.04E + 00 241 U ll2 8.54E +02
241 TX 101 3.93 E + 03 241 U 201 4.07E + 02

241 TX 102 5.01E +02 241 U-202 4.08E + 02

241 TX 103 1.67E +02 241 U 203 2.06E + 02

241 TX 104 1.10E + 02 241 U 204 2.04E + 02

241 TX 105 1.27E +03

241 TX 106 8.45 E +02

241 TX 107 1.36E +0!
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4.2.6 Lightning Strikesq
V

The llanford site has an average of 10 days per year during which thunderstonns occur. Based
on measurements made worldwide of the relationship between thunderstonn days per year and the number
of lightning strikes to the ground, one can expect, on average, about one flash to ground per square
kilometer per year at flanford (Cowley and Stepnewski,1994). Although actual lightning strikes in the
tank farms have not been documented, tank farm operations personnel have indicated that lightning strikes
do occur within the tank farms. This observation gives credence to the estimate that strikes occur within
the tank farms about once a year. Thus a lightning strike to either an underground storage tank or a piece
of support equipment is a credible event.

Studies described in a report by Cowley and Stepnewski (1994) were conducted to evaluate
whether or not lightning strikes are a credible accident initiator in llanford site tank farms and if lightning
strikes could result in any unique accidents that are not already addressed in existing safety guidelines
for the llanford site tank farms (e.g., Interim Safety Basis (Leach and Stahl,1993)]. The study included
a survey of equipment that supports the underground storage tanks in order to identify potential
consequences of a lightning strike on support equipment and to relate the consequences to existing
controls. A walkdown of all of the tank farms was also performed to help identify equipment and
structural configurations that could result in the release of radioactive material from lightning strikes. All
types of accidents that might be initiated by a lightning strike on support equipment or facilities were
analyzed. The studies concluded that lightning strikes on support equipment and facilities do not result
in any new accidents, that is, accidents not already addressed in the Interim Safety Basis. Lightning
strikes increase the probability of occurrence of some accidents, but the potential damage could be limited
by better equipment grounding and bonding techniques and increased use of transient protection on signal
and power wiring.

No significant problems resulting from lightning strikes on DSTs were found. The accident
with the greatest potential consequence for DSTs, ignition of a flammable gas mixture, was shown to
have a calculated probability of occurrence in the 10-* range. The actual probability may be less because
the calculated probability does not account for the DST acting as a faraday cage (Cowley and Steprewski,
1994). Because the DST would act as a faraday cage, not every lightning strike would result in a spark
inside the tank. The accident with the greatest potential consequence for SSTs, ignition of a flammable
gss mixture, has a calculated probability of occurrence of 1.9x10 8. Ilowever, this probability does not
give any credit for the effectiveness of grounJing and bonding of equipment, if proper bonding and
grounding of equipment inserted through risers were ensured, the probability of an external lightning
strike causing a spark inside a tank could be reduced below the credibie range increased ventilation to
the tanks would also reduce the probability of an ignition in SSTs because the increased ventilation flow
would ensure that gases released to the tank headspace would remain below the LIL

4.3 POTENTIAL SAFETY CONCERNS ASSOCIATED WITH RETRIEVAL,
MLYING, AND TRANSFER OF TANK WASTES

The retrieval and transfer of wastes stored in llanford waste tanks will require an assessment
of waste compatibility. This assessment may be particularly important in connection with future retrieval
and transfer of wastes for pretreatment and solidification. The overall problem relates to the potential
incompatibility of wastes that are either stored in, or will be received into, the llanford site DST system,
which could result in safety and operations problems. The DOE has formalized the process for assessing
waste compatibility for transfers into and within the DST system in its Tank Farm Waste Transfer

-

'
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i

! O Compatibility Program (Fowler,1995a), and data needs for assessing waste transfers are specified in the
\ Data Quality objectivesfor Tank Farms Waste Conpatibility Progmm (Fowlet,1995b). The primary goal

of these programs is to assure that safety and operations problems such as flammable gas accumulation,
tank corrosion, or transfer line plugging do not result due to or during waste transfers in the DST system.

There are two main issues of importance to waste compatibility assessment: (1) safety problems
may arise as a result of commingling wastes under interim storage, and (ii) continued operability may
be jeopardized during waste transfer and waste concentration / minimization (i.e., plugged transfer or
process lines, trapped flammabic gas, exothermic reactions, corroded lines or DSTs, or thermally stressed
DSTs). Potential safety problems that need to be considered include:

* Criticality
,

Flammable gas generatior, se ww.lation*

Energetics'*

Corrosion and leakage*

* Unwanted chemical reactions

Considerations of the above processes help dete;mine whether wastes may be transferred, combined, and
stored in DSTs without causing any safety problem.

j Evaluation of criticality safety requires information on fissile material concentration (Pu
\

equivalent"'), and in some cases, volume percent of solids An estimation of solids density may also be
needed for comparison of criticality limits given in g/L with measurable quantities such as pC1/L or pg/g.
Criticality control in the DSTs is achieved by conducting operations in cornpliance with criticality
prevention specifications (CPS) (Vail,1994) which limit the Pu equivalent concentration in each DST.
The CPS limit the fissile mass available and require a large concentration factor before safety is
jeopardized.

The generation of hydrogen or other flammable gas does not by itself pose a safety problem.
Safety becomes a concem when flammable gases accumulate to a level above their LFL, Specific gravity
is currently used by the DOE as an indicator for potential flammable gas accumulation based on data on
the specific gravities for the six DSTs currently on the Flammable Gas Watch list, Although a direct
correlation between specific gravity and gas accumulation has not been established, an evaluation of the
method indicated that specific gravity is an appropriate limiting factor for formation of flammable

' Energetics refers to the ability of a waste to sustain a self-propagating exothermic reaction. This is generally measured
via thermal analysis (e.g., DSC and TGA)(Fowler,1995b).

* For purposes of criticality control, one gram of Pu is treated as one gram of **Pu. For the most part, waste generators
need only consider the **Pu concentration u hen determining Pu equivalent concentration mass. Under certain circumstances,
other fissile materials will have to be measured. These materials include 20, "U, H'Pu, and (if present in sufficient quantities)
8"Np. "Pu, and "'Am. Treatment of these materials on a Pu equivalent basis is defined in chapter 2 of the Nuclear Criticahry

q Safety Manual. WilC-CM 4-29 (Westmghouse llanford Company,1994a).
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(q accumulations (Reynolds,1994). Other methods of evaluating gas accumulation potential are being
investigated (Fowler,1995b).Q

The components necessary to oxidize fuel are generally present in tank waste and incoming
waste streams, if the temperature increases enough to dry out the waste and initiate a chemical reaction
(-200 'C), an in-tank reaction could occur. Data needs for evaluating energetics include identification

,

of separable organic material and characterization of waste by DSC and thermo-gravimetric analysis
(TOA) augmented, when necessary, by adiabatic calorimetry.

|

Waste compatibility assessment is also needed to minimize corrosion of steel components of the
DSTs, transfer piping, and support facilities and reduce the possibility of leakage to the environment.
DOE operating specincation documents establish waste composition limits to keep corrosion rates below
I mil per yr and to inhibit stress corrosion cracking (Fowler,1995b). These limits are specified in
Westinghouse llanford Company (1994b) and Westinghouse llanford Company (1994c). Data needs for
determination of the possible occurrence of corrosion and leakage include pil, temperature, and
concentrations of hydroxide, chloride, nitrate, and nitrite. These issues are briefly discussed in
section 2.6.

For determining the potential of unwanted chemical reactions, DOE procedures call for
de:ermining chemical compatibility based on the reactivity group number of the source waste. This
information is to be provided by the waste generato on a waste profile sheet in accordance with the
Waste Analysis Plan (Mulkey and Jones,1994). Source wastes will be categorized according to EPA
compatibility matrix (U.S. Environmental Protection Agency,1994a,b) and potential chemical
compatibility hazards will be identified prior to acceptance into a DST (Fowler,1995b).

In addition to safety concerns, waste compatibility assessment is also needed to address
operational concerns including

* l{ cat load limits on receiving tank (tank farm ventilation capacity issue)

Plugged pipeline ar.d equipment (unanticipated precipitation)*

Consideration of the above processes will help determine whether wastes may be transferred / combined
without exceeding the physical constraints of the transfer piping and tanks in the DST system and will
be instrumental in identifying safety issues and regulatory controls that are needed to assure safe
operations.

DOE procedures place limits on the heat generation rates of the wastes to prevent localized
boiling. This is necessary because the ventilation systems in tank farms AN, AP, AW, and SY were not
designed to handle boiling, and internal boiling arising from excessive heat generation rates could lead
to release of radionuclides. Although the other two tank farms, AY and AZ, have ventilation systems
designed to handle bolling, waste heat generation rates in these tanks need to be kept below the vent
system design limit (10x10' Bru/h per tank) (Fowler,1995b). The heat generation rate is usually
estimated based on the mean Sr-90 and Cs-137 concentrations. These are generally measured using beta
counting and gamma energy analysis.

Waste compatibility analysis is needed to ensure pumpability of the source waste to the receiving
tank and that no reactions occur that could lead to plugging of process lines and equipment. Plugging of
process lines and equipment may be considered to be a safety issue because (i) rupturing of pipes may
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occur due to sudden overpressurization; not all transfer lines are equipped with appropriate rupture disksO,. and leak catchment systems; and (ii) the measures taken to remove plugging and restatt the system may
need safety analyses. Pumpability of the source waste is estimated by determining the Reynolds number
for the transfer system. Data needs for calculating the Reynolds number are density of the waste,
viscosity of the waste, pipe diameter, and pump velocity (flow rate). Volume percent solids (measured
and/or estimated) and the cooling curw verification of precipitating solids as a function of temperature
may also be needed to aid in the determination of waste pumpability.

The DOE approach to evaluating waste compatibility for the DST system has been developed
based on engineering process knowledge and observations of operational problems. Basic information
needs and decision criteria established by DOE for compatibility assessments are discussed in Fowler
(1995b). The chemical and physical data needed for these assessments are listed in table 4 5.

O
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) Table 4-5, Analytical data needs for compatibility assessment (taken from Fowler,1995b)

Safety Concerns

Flanunable Operations
Parameter Criticality Gas Energetics Corrosion Concerns

Aluminum X

Americium-241 X

Carbonate X

Cesimn 137 X

Chloride X

Cooling Curve X

ExothernVEndotherm X
Ratio

Fluoride X' X

llydroxide X X

Nitrate X X

Nitrite X X,3
'

) Organic Carbon Xx.y

Organic, Separable X

pli X

Phosphate X

Plutonium 239/240* X

Solids, Vol.% X X

Specific Gravity X X

Strontium-90 X

Sulfate X' X

Uranium X

Viscosity X

Water, wt. % X

a Although not included by Fowler (1995b), concentrations of fluoride and sulfate should be considered in the
case of corrosion as potential aggressive anions.

* Total alpha may be used for this determination. Other fissile elements may be needed as noted in footnote
12 in section 4.3.1.

,.
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5 SUMMARY AND ADDITIONAL INFORMATION
'

O REQUIREMENTS
l
'

5.1 SUMMARY

The large amount of information pertaining to llanford site, history of processes, the TWRS,
and tank waste contents was reviewed in the previous chapters. This review is neither exhaustive nor
critical. The privatization contractor activities related to waste retrieval and solidification are part of a
much larger TWRS program. Ilowever, the objective of the report is to provide the reader sufficient
background information to assess the safety aspects of TWRS privatization contractor activities and the
performance of onsite waste disposal systerns.

Chapter 2 describes the llanford site geographical and geological features, natural hazards, site
contamination, the tank farms, reactors, and associated facilities, and ongoing activities related to TWRS.

,

The geological and geographical features were provided in the form of a map generated by ArcView. ;
This tecimique of generating the site map, in addition to its enhanced accuracy over image reproduction
from previous reports, provides a particular advantage because as further information on the site
characteristics and coordinates of various facilities is acquired, this can be overlaid on the existing maps
electronically, The current state of knowledge of the groundwater, soil, and surface water contamination
is also reviewed in chapter 2. A review of available information of site contamination suggested that, in
general, concentrations of radionuclides in effluents has not changed significantly over the last few years
since decommissioning of most production facilities. Onsite surface and near-surface soils had
concentrations above applicable regulatory limits of Co-60, Sr 90, Cs 137 Pu 239, and Pu 240, with the

o highest levels near waste disposal sites. Borehole data show that below the 200 West Area, Cs was
'

- recorded to a depth of at least 38 m, which is the top of a low-permeability confming bed. Surface water
analyses in the 200 Areas indicate that the radionuclide and the hazardous chemical contaminant
concentrations are below regulatory limits. Analyses of surface water near the 100 Area reactors indicate
elevated levels of St 90 and 113 Only in the 100-K Area do the concentrations of nonradiological
chemicals exceed the regulatory limits, Mapping of the groundwater contaminant plumes suggests that
these are clustered around the various processing plants. Near the proposed privatization facilities,
elevated levels of 113 have been found. The only nonradiological components being discharged at
elevated levels offsite to the Columbia River are chromium and nitrate.

The engineering systems of importance to the TWRS include the waste tanks, transfer systems
(including valve pits, jumpers, and transfer lines), evaporator / crystallizer, and the solidification facilities.
The solidification systems have not been constructed and will be reviewed as part of subtask 1.2. The new

waste transfer line under construction between the 200 West and East areas (known as the cross transfer
line) was reviewed, Pitting, erosion, and malfunctioning of the cathodic protection system are considered
to be the three most important performance limiting failure processes for the cross transfer piping system.
Plugging of the lines due to chemical reactions or hydrodynamic changes is also an important
consideration for performance. The same performance issues may be relevant to the new pipe transfer
systems constructed to transfer waste from Tanks AP-106 and AP-108 to the privatization facilities, as
well as the piping systems within the privatization facilities. The evaporator / crystallizer is essential in
reducing the waste volumes prior to solidification. At present, the expected life of the
evaporator / crystallizer is 8 to 10 yr before replacement of the construction materials is needed.
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p/ The privatization facilities will be constructed in the area adjacent to the AP tank fann east of
y 200 East. At present, the site for disposal of the LAW products is not known. The ongoing programs

pertaining to TWRS include vadose zone characterization, tutk waste characterization, evaluation of
watch-list tanks, resolution of unreviewed safety questions, continued operation of tank farms, i,

| constmetion and operation of cross-transfer piping, upgrades to the tank fanns and transfer lines,
i

development of the initial tank retrieval syr, tem, determining the disposition of Cs and Sr capsules, and !

initiating resolution of other issues pertaining to tank closure, retrieval of tank waste residuals, and
contamination around tanks. Chapter 2 also surveyed the information available on other facilities that are
under construction or will be constructed by DOB. These facilities are outside the scope of the contracts
associated with the two privatization contractors, but are part of the DOE TWRS program. The CSil that
is being constructed at the site of the former vitrification facility is an important component of the

| disposition of spent fuel from the K basins. In the phased alternative of the TWRS, the CSB may also
be used to store some of the high level waste glass logs. Unfonunately, at the time of writing of this
repon, detailed design information regarding the CSB was not available.

|

| Identification and quantification ofllanford tank waste contents are subjects of extensive study.
Chapter 3 of this report includes a general description of DST and SST waste characteristics, and a

.

discussion of tank inventories of chemicals ud radionuclides, The wastes have been produced over a long|
period of time by a variety of processes; characterizing tank contents chemically and radiologically is
therefore a challenging task. Two approaches to this question are being employed by llanford, each
complementing the other: direct sample assay and estimation based on facility records. The fonner is

| limited by the extreme physical and chemical heteroEeneity of the tank contents, while the latter may be
I unreliable due to incomplete or inaccurate documentation of process and waste transfer transactions. The

| llanford effon is centered on determination of a "best-basis" value for each constituent in each tank,
( based on a combination of the assay and historical data. Until that evaluation process is completed, the

historically based ilDW model being developed at LANL is the most complete and thorough data set of
tank inventory estimates. The CNWRA has prepared a database (based on inventories from the llDW
model) allowing access of tank information utilizing ARC / INFO geographical information system
software. The available tank inventory estimates show that sodium is by far the most abundant metal,

! coinprising 80 percent by weight of the metal cation population. Imponant inorganic anions are nitrate.
| hydroxide, nitrite, and carbonate, while the most abundant organic complexants are glycolate and
; llEDTA. The radionuclide inventory is dominated by St 90 (75 percent of the SST radioactivity and 27

percent of the DST radioactivity) and Cs-137 (24 percent of the SST and 72 percent of the DST),

Chapter 4 reviewed the various hazards posed by tank wastes and associated with the retrieval
and mixing of wastes prior to solidification. The safety issues associated with solidification will be
discussed in another repon (Jain,1997). A partial list of the hazards posed by tank wastes and the TWRS
activities includes:

(i) Flammable gas: flammable gases such as hydrogen are generated due to radiolytic as well
as organic reactions. Recently all 177 tanks were placed on the flammable gas watch list.
Final resolution of how many tanks present risk due to flammable gas has not occurred.

(11) Organics: the potential for exothermic and explosive reaction between organics and
oxidants such as nitrates is a concern. Of the original 36 tanks placed under this list, only
20 tanks are still on the watch-list.

52

!

-. - - - - ._. - - . - . - -



p (iii) Ferrocyanide: the potential for explosion when ferrocyanide left over from Cs and Sr
t extraction combines with oxidants is a concern. At present all tanks have been removed

from the ferrocyanide watch list.

(iv) liigh heat: radioactive decay may generate high heat that may in turn result in structural
damage of the concrete walls. Only tank C 106 was placed on this watch list and
long-tenn resolution is being pursued.

(v) Crust burn associated with secondary ignition of organic nitrate / nitrite mixtures in the
crust layer

(vi) IIEPA filter blowout associated with flamrnable gas

(vil) Organic solvent leading to possible flammability and environmental contamination

(vill) Known and unknown leaking tanks

(ix) Criticality

(x) Lightning strikes

The report also evaluated potential safety concerns associated with retrieval, mixing, and
transfer of tank wastes. Two important concerns are (a) safety problems arising from commingling wastes
under interim storage and (b) operability of waste transfer systems that may be impeded by plugging,
trapped flammable gas, exothermic reactions, and corroded lines. The physical and chemical dats needs\ for compatibility assessments are provided in chapter 4.

5.2 ADDITIONAL INFORMATION REQUIREMENTS

Information requirements for hazard analyses will evolve as further knowledge is gained
regarding the processes for tank waste retrieval, separations, feed preparation, solidification, and disposal.
The additional information requirements are categorized below in terms of various components of the
TWRS. Topics related to solidification processes and chemical reactions are not listed, since they are
discussed in other reports (Jain,1997; Pabalan et al.,1997).

5.2.1 Site Contamination

At the time of this document's production, limited data were available regarding the extent and
magnitude of radionuclide and chemical contamination of surface soils and subsurface soils of the vadose
zone at the Hanford site. As planned site characterization activities proceed, specifically, the work to be
accomplished by US Ecology near the 200 Areas, study of contaminant migration in the 200 West area
under the SX tank farm, and study of the 200-East area (under one of the potential LAW disimsel sites),
new data made available from these investigations need to be evaluated, stunmarized, and incorporated
in this document.

O
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5.2.2 Waste Characteristicsp
V

1mportant infonnation needs pertain to the chemical and physical characteristics of the wastes
. in each of the 11anford tanks. Data on tank chemical composition is needed for safety analysis and
'

assessment of waste compatibility. Infonnation on radionuclide composition of individual tanks is also
needed for safety and waste compatibility analyses, as well as for determining shielding requirements for
TWRS equipment. Waste theology and shear strength need to be known to determine dilution
requirements, equipment needs, and efficiency of retrieval of tank wastes, liowever, as pointed out in

| chapter 3. characterization of the chemical and radionuclide inventories of the tank wastes is not a
straightforward task. Estimation of inventories based on facility records may be unreliable due to
incomplete or inaccurate documentation of tank additions and waste transfers, whereas direct sample

I measurement is limited by the extreme physical and chemical heterogeneity of the tank contents,
inventories also change due to waste degradation, radioactive decay, and waste transfers. Although a
relatively sophisticated and systematic estimation of individual tank contents is being conducted
(e.g., Agnew,1996), future NRC analyses of llanford TWRS operations should cross-check and verify
these estimates with actual data resulting from DOE waste characterization efforts.

5.2.3 Transfer Lines

As described in enapter 2, the transfer lines within the 200-East t.nd West Areas have c variety
of designs. These designs include (i) a pipe in-pipe system which is the design for the new cross-transfer
piping between the 200-East and 200-West areas; (ii) a pipe-in-concrete system which was the design for
the original cross-transfer piping and many of the other piping systems within the 200-East and 200 West
areas; and (iii) direct buried pipes, which were used in some of the transfer lines within the 200 East and,_/D

O 200-West areas. Some of these transfer lines are considered to be arterial lines, it.that a leak or blockage
may have a significant impact on the continued operation of the tank fanns ari Oe TWRS. In addition
to the cross-transfer lines, selected transfer lines within the 200 Areas are planned to be upgraded to
double walled piping, and equipped with leak detection and corrosion protection systems. The transfer
lines selected for replacement are (i) the line connecting the T plant to the SY farm in the 200-West Area,
(ii) the line connecting the PFP to the SY tank farm, (iii) other piping in the SY tank fami, (iv) the
distribution piping in the A-tank farm, and (v) the piping in the AY and AZ tank fanns. Two areas of
additional information needs are (i) the analyses of causes of old piping failure including blockage and
corrosion, and (ii) the location of all existing piping systems, especially in the 200-East Area. The former
is important to understanding the changes in the design of the piping systems and to determining if
blockage would occur upon retrieval of wastes mixed from different tanks. The latter is important to
understanding which transfer lines are most imponant to the safe functioning of the TWRS.

5.2.4 Tank Waste Contents

The information on tank waste contents described in chapter 3 has focused on the SSTs and
DSTs. Information on the appryoximately 20 h1USTS and 40 Inactive hiiscellaneous Underground
Storage Tanks (IbiUSTs) is sparse. While these are not of concern for Phase I of the TWRS, the wastes
in the h1USTs and th1USTs are planned to be retrieved and processed in Phase 11 (US Department of
Energy,1996b). The volume of wastes in these tanks is less than 1 percent of the total waste inventory,
and the chemistry is expected to be similar to that of the SSTs. Nevertheless, the details of tank contents
are not available at present.

O
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A 2. Reproduction of Agnew (1997) inventory for Tank A 101. Includal in this and the
following fire tables are eethunted 67 and 95 percent confideswe intenals (CI).

HOW Model nov. 4 ;
$irigic Mu'll'Iarnk 241.A.lDI i

11.M Solids Compostle inverwrvy Italimme'

NM
*Venerties M Cl 4700 +67 Cl .4M Cl

-

T0talll.M Waue I e is .04 no t2 w la.h . -- . . - .

llcat tnad OR79(kW) (1(oll*0l lilll/hr) 0 742 0 83) 0 917 0 926..

Ilulk Defwily 1.76 (gn) . .- 1.16 1.20 1.10 1 33
Void itetti(wt 0 841 0 796 0 813 0 990 0 925.-

Wecr wl% 67.2 633 64 s 78.1 74 6. . . ~

I(X? wi% C(wel) 0 0 0 0 0.m ..-

i Owedsud 95 Cl . ~ 47 Cl , , +47 Cl +95 Cl'

c- - .- . - m,. .. g w ,3 m 3g g 3g g )
-

Ns* IEl 3l*4+44 4?) 0 348 0 $64 2 62 3 30
Al** 0 0 0 0 0 0 0
is's swallky 263 1.1611+0S IMlie03 1 53 2 60 2 65 2 67
(9* 6.7)lMO 278 3 97 3 $21:43 S 221!O3 8 298L41 9 78114 1
31** O O O O O O O
[f' O O O O O O O
31, 88 0 0 0 0 0 0 0
/s las YAl((NI);) 0 0 0 0 0 0 0
n8* O O O O O O O

8N3 * 0 102 4 731!+03 67.S 1.131:42 7.361:4 2 0 819 0 130
3,8* O O O O O O O
jdn* O O O O O O O
(g8 * O 421 1.34tieO4 191 7.938',41 0 ??1 0 SOR 0 $17
K* 2651:43 52 0 4.17 1.388:43 1051M)) 3161M11 384141
(g 5.24 1.111:*05 1.381;+03 7.69 803 8 37 R 46
NO3 2/Julkl3 |Mlbl0 154lLl2 3.311kl6 7.311'cl6 1.211!.14 2 hulb t)
NO7 0.379 1.181t+04 IV7 0.198 0 291 0 466 0 549

8n)3 0 421 2.(01;+04 286 7.951143 0 271 0 SOS 0 577
5po4 0 0 0 0 0 0 0
1304 3 68tM12 2 901;*03 4tu 1.921!42 2 644002 4 $21142 3311142

gj w gio,8 3 0 621 1.38ti+04 197 2 061141 3 491:01 1 00 1.17
Ir 0 0 0 0 0 0 0
(3 4.22ti42 342 4 88 6151:41 9 421001 1500:42 I 771'.4 2
(*.ll.0,s 0 0 0 0 0 0 0
11TI'A4 0 0 0 0 0 0 0

8allDTA 0 0 0 0 0 0 0

alwan a, 0 0 0 0 0 0 0
mere.sv 0 0 0 0 0 0 0

s 0 0 0 0 0 0 0n .i.a

BMer 0 0 0 0 0 0 0
6etanul 0 0 0 0 0 0 0

Nil 0.170 22911+03 32.7 3661:42 0 134 0 207 0 241i

Iw(w t* O O O O O O O
'Unkanums in tank salids inventory are assignni by Tank layering Model(llM)

-
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;" A 2, Reproduction of Agnew (1997) inventory for Tank A 101. Included in this and tLe

. Miowh,g f!ve tables are estimated 67 and 95 percent confidence intervals (CI). (cont'd)
i

|

HDW Model Rev. 4 )
Smale-Shell Tank 248.A.101

SMM Comiwnile Inventory Estirrue

PIBM '. |

ith - 95 Cl -47Cl - 467 Cl 495 Cl l
~

Total SMM Wave 5 v4 .m 9 ai (*M is a8 ' - ~ -- - !
Ilcal lAatl ,6 42 OWI (21911+04 til'tlaw) - 5.78 6 16 665 7.00
Hulk Density * l.49 (W) - - 1 44 1.47 1 50 1 58

n

' Waler wi% 42 2 - - 40 1 40 8 43 6 45 3

TOC wl% C (wel) 1.19 - i - 0665 0 923 1 46 1.71

Censukul 195 Cl : : 47 Cl- +67 Cl . 4M Cl
Coastlements seldes,- esse - lia - (anotem.) (sneleu (anelem,) (mole 4.)
N a* 11 2 8.7.64 05 9271+05 10.2 10 8 11 6 11 9

h
Al 1.40 2338;+04 136 tie 05 1.17 135 1.44 1.47

hjy rugally) 7.80114 3 293 1.57 tie 03 6691!.03 7.241W3 8371!43 8911!43
nh 9.861:4 2 3.441i+03 1.84ti+04 8 721W2 9 y l'A2 0103 0 110

hgi 1.021;4 3 443 767 9611:44 9 90li44 I D51143 1.10l!4)3
hla 1.963i4 5 1.83 9.78 l.4 tl AS 1.a)li.05 2228!.05 2 4811-0 5
alim * a 151;4)6 1.10 3 88 7811:06 7 981146 8 321146 8481:46

h (as M)(Oilh) 1.291104 7.90 42.3 1.19| A4 1.23|i44 1 3 3114)4 1391:44
8Ig * 1.101:4 3 152 817 8.521:0 4 9721!44 1.22f A3 8341!43

O 8N1 e 4 31li-03 170 911 4 141143 4 22fM3 4 36f A3 4404:43
sp 0 0 0 0 0 0 0

Mn** 3.77ti43 139 746 3.241'.4 3 3 S11103 4053:43 4311 43
Ca * 235fA2 632 339ti+03 2.191 A2 2 2ilA2 2 431 A2 2.511 A28

K+ 539ti.02 1.4 tlie03 7.511:403 4641!42 4951102 5 891W2 6 581'.4)2

0 11 7.88 8.99ti+04 4 82ti+05 6 80 1.58 8 07 8.22

NO3' 3.38 l 498 *03 7 98l5*05 3.40 3.49 3 67 3.76

NOy 2 04 6.318i+04 338 tie 05 1.65 1 81 2 29 2.36

m3a 0.422 4.70 lie 04 9.lliie04 0.38 9 0.405 0 439 0.440
po.4 7.68I' 0 2 4.90 lie 03 2.621:+04 6 67114 2 7.l il A2 - 813fM2 8731!428

so4 0.235 1.Sili+04 8.1111+04 0 188 0 208 0267 0.2698

Si f an SiO,a g 6.27ti42 1.18 tie 03 6331:403 5.511'4 2 5 88tA2 6661'42 7.031102

p 5.53ti42 705 3.781ie03 4 73f'.42 5 06lM2 6051!.02 6831102

(1 0.194 4 6211e03 2.478:e04 0 167 0.180 0.200 0.205

( 111. 0 .3 2.72|i4)2 3.46ti+03 1.851:404 2.491A2 2598!42 2 87Ii42 3.0911 02

liDTA* 2.878:4 2 5.558:+03 2 V711e04 9.273i-0 3 l.8811 02 1871142 4841?42

til1TTA 5.15714 2 9.48Iie03 5088eO4 1.771:4)2 3 1711432 7.151i-02 9.1111-02B

,la, 0.007 5.371:+03 2 87|i+04 6.77|A2 8 671102 0127 0.l46
rete- 1.861 A2 739 3.961;e03 1.441:4 2 1 65114 2 2.101:4 2 2461i.02
m is ma.,a 2.578 05 1.52 8.12 2.29tAS 2 42iM5 2.711!-05 2851145;

DilP 2.188:4 2 3.074;+03 glpO4 8828!-02 1.98ti42 2 40li.02 2.72602
t=tanni 2.181 42 10811+03 5.80i.+03 3.821!42 1.981!4 2 2.40150 2 2.721:4 2

Nili 5.02ti42 573 3.07ti+03 4 16114 2 4 501L02 5 691L02 6461162
ly(g* 0 0 0 0 0 0 0

* Density is calculacd tuned on Na,011.and AIO2..

p t Waler wt% derived from the ditTerena of demily a si total aisuAved species,

k A-7

i
.



_ . _ _ __ _ _ _ _ - _ _ _ _ _ _ _____-__- _ _ - _

/~-

-(' A-2. Reproduction of Agnew (1997) inventory for Tank A 101. Included in this and the
following five tables are estianated 67 and 95 percent confidence intervals (CI). (cont'd)

;
5 a suel k 4

Smgic Shell'Innk 241.A.101
Toial Inventory I! stimate'

V>pkal
Propertin 95Cl .67Cl 467 Cl 495 CI

| Iual Waste 5 ul .* (61-, 199 eier .- -- ..- .-. .

llcal (Ah! 7 29(kW) (2 491:*N ll'Ill/h6 6 66 701 7 53 7.88
Ilulk Densilyt _ l .49 (s/cc) -- -- I 44 1.47 1 50 1.51

Water wi%t 42.3 .- -. 40 1 40 8 416 41 4
TOC wt% C (wet)I 8.19 --- -- 0664 0 921 1 45 8.79, ,

Clwenkel ;j 95 Cl . 67 Ci = 467 CI 495 CI
Coe8tituents male /I; som @ ka - teoleft.) tameleM teele 1.) (moleft.)
Na* II I I I'3 *05 9234*05 la 2 10.7 11.6 11.9
At** 1.39 2.534;+04 1.364ie05 1.17 8.34 4 41 1.47
li'' f tdal ly, 1.601:4 2 601 3.23 tie 03 1 49114 2 1.551142 1.66114 2 1.711:42
(gh 9 831L02 3.43ti+03 1.84t' *G1 8 691142 9301:42 0 101 0.109.

gg;h 1.02t;43 143 767 9.58114 4 9 871144 1051143 1.101 43
h12 I.95ti45 0.82 9.78 1.44114 5 1.691;.05 2 22f A5 2471:05

11,3+ 8.12ti46 1 09 5 84 7.791146 7954?46 8191L06 8 468L06
/.r tas M)(Oll),) 1.298:4 4 7.88 42.3 1.191144 1.27ti44 1.33114 4 1380.44

h. gg 1.091603 152 887 8 491144 9681:44 1.221:4 1 1.Wi41
no\ Ni 4 62f A3 182 W8 4ElW) 4 511A1 4 67114 3 4.711 A3

g,s. 0 0 0 0 0 0 0
hin** 3.761i4 3 139 746 3 2 ilial 3 491143 4 OY' ') 4290.43
(.,8 * 2.478 A2 666 3 521:403 2.32I!4 2 2 3nli-c3 2551102 2 63|i42
K+ 5.311;02 1.411;+03 7.581 +0.1 4621!42 4 94t!42 5 881A2 6 561142
og g- 7.88 9,00li+04 4 83ti+05 6 80 7.58 8 07 8 22
NO3 3.57 1.49 tie 05 7.961;+05 3 39 3 48 3 66 375
NO2 244 6.301 +04 3.381;+05 1 64 1.81 2.29 2 35

3(y)3 0.422 8.701;+04 9.1 31:404 0 'n89 0 405 0419 0450
l'O4' 7.66t A2 4 881;*03 2.621;+04 6 651142 7.091 A 2 8111A2 8 70liO2

8SO4 0.234 1.518 +04 8.ll ti+04 0.988 0.207 0.266 0.268
Si f as SiO.8 1 6.45i142 1.221;e0.) 6.531;+03 5 691142 6 06114 2 6811!42 7.211L02
p 5.Sili.02 704 3.788;+03 4721!42 5051102 6011:02 6 81ti42
(1 0.194 4 6tli+03 2.478!*04 0167 0 179 0 200 0.205
till,o,a 2.72t;42 3 45ti+03 4.851;eO4 2.498.;4 2 2588.42 2863'42 3081102
11YrA* 2 861602 5.531.e03 2.971;+04 9.24ti4.1 1.871602 3868!42 4811:02
Ur2YrA 5.140.02 9.46ti+03 5.080;+04 1.27F.42 316tio2 7.831 42 90RI:42

l

d_.g 0.106 5.338:+0J 2.871i+04 6.751142 8 64t A2 0 126 0 146
m.- 1.86t LO2 737 3 %Ise03 1.4Rii42 164142 2. tnt!42 2.451L02
o, ga 2.56fi45 1.51 D+ 2.28114 5 2 421 A5 2.700A5 284I!45
DitP 2.17114 2 3.0611403 8.65.:*04 1811L02 I Wile) 2391i42 2.711 42
Intanol 2.17tio2 1.0811+03 5.80l!+03 1.81s A2 1.WILO2 2.391.02 2 711 A2

Nils 3 06ti42 578 3.10li+03 4 2001-02 4 541002 5721!42 6 491142
re((g* 0 0 0 0 0 0 0
' Unknowns in tank solids inventory an: assigned by Tank Laycring Model (TLM)
1 Water wt% derived fr0m the diffen:nce Of demity and total dissolved Species.

'
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D)I A 24 Reproduction of Agnew (1997) inventory for Tank A 101. Included in this and the
'

following five tables are estimated 67 and 95 percent confidence intervals (CI). (cont'd)

|
,

l

!
eow ma.in 4

krule5hrl41ank 246 A lO6
TIM Lilidt Canpuite Inventwy 1 niinw'

4 Ph;skal
Presordes 95 Cl 47 CI +67 Cl 995 014

lot 441tM w aue Isv.t4pv (t w a .h - - .-s
dem tml c u re tt w, p eng eoilistinwi - 0 :41 Oait O wit 0 916
Bulk iknaar a 26 tam - .- I le 6 to e to i si

Vold t ration u set .- 0 196 Ossi O swi 69ni IWacr wt E- 6) 2 - 61 1 64 e 11 1 14 6
TOC et% C (eco 0 .~ - 0 0 0 0

48N +9$ Cl ' .67 08 ' +47 C8 ' +9$ 01
Conskments CW. mCMr 011 KW- K'M.) (CM ) (CM 1
d .I 354444 3 iS4 40 0 All IJe&de e M tot 4 thi 4=9 4 G H 44
C 14 6211 0S 9 M6 el 0 156 6 255 a6 9129. M 9 4Af 01 414 01
Ne 59 e o u 44 s ($1 c3 1 le 1 IM e5 y ge$ e all 04 e in c4
Ni +.1 994.01 1 96 483 1114 45 1." o n l iel el 4 376 e2,

Cn fa) 844 46 6 edit c1 9S40 #2 4 til On 6 S W.M i net 01 12M *1
L'79 4 mal 41 16A042 0 $13 1 110 06 i 94 es 3 Hil 41 61It'4H
5t-91) 41 4 3 9mi-ent 13s9 01 9 61 80 s 10 1 le t

Y 9th 11 4 5 951 *04 0 250 e0% 9 61 10 8 10 1 (19
4 7a-91 a twa 04 o tal 3 st 6 ast 46 3 74r es s est e. $ ist e4

Nh91m 6 W0 04 0 156 3 34 4926 46 s l7t os 3:04 e4 4 t90 04
4 l't-99 8 446 49 6 tit el 0 954 4 tot 61 6 S 21 0 % 1 IMI (H I tit.e4

R e- 10h 16M.- s0 t entor son-46 01a19 90 t owie 1 274 10 s ate.an
Cni-ill'n 4 63t4% 364 03 03 3 3481 01 ISH 49 184 e4 t ill et

bl 2.1 atwa et i et m3 0 t i? 4 mt es e 621 et i Sri es jeu os
b&|20 t(all 41 6 til 43 0 904 timi M )Out OS l 3B104 4134 e4

% |-| 29 6413.01 0291 44 1540- (D 4 8 int UA 1 1e4' 47 3 Gli el 3 he #7
Cl-l }4 6 ill 47 4 998 44 ilil el 1190.07 4 888 el 119 47 9140 41
CS-l l) 0 776 its 1 t it 40 % 0 144 0 111 0 119 O NY
Ba-|17m 0 364 Jun ) 998 *01 6 116 e an) 01J0 0 lia

Srvel 51 0 6n4 146 test nl 4190et 616a42 0 297 0 45s
Fu-u52 12N'c5 s ill a cats t est es i t9is es t ast o9 71st es
Lu- $4 I879 44 014A 3ft 9 7 t4.41 4 640 #4 1194 44 139he n
I .u- M 4 Ilha O L 1 Il 4% 9 404 01 404045 4tml el 4 tNI:a l
51 3 -J26 9 294 4N 6 %R 4m 9 tat es S ill.-tN 1244N 91Alc9 t cJt ost
R& 228 31H-14 4 00.-86 6 011.-10 S J7014 S mit. 64 S 441 -1 4 5 .kl> I 4
Ae227 4 34141n 1111 43 4191.e4 141teli 1640 M 4 a }l m $ 1Rl 4e
Pe-2.li $ 396 48 4 Mf el 6666 44 6 ent4N 3 SM-M 9 lil 48 6 }}t(#
Th229 t ow n s s til o9 9196 07 6040 46 l osa-ll t c6t.i t t ut. s i
|h),12 ' 3 6701 $ 3 081-13 3 016'-81 I Nt IS 3 0sh ii 3 )ab-ll 3864911
0 21) t ent-0 ) f int e9 3144m t eil.- 1) 1 470 12 3 441-82 3 73t.8)
U 21) 6 24L-14 4 9 H.- 4 4 1 040-40 l iitt l 4 4811 14 I ME-14 9066,14

O-2 14 1646 M $ 5st c1 4 in 04 ) Uni M 3 sit 4is 4 4f t es 317t. M
d 2)$ $ 56049 02l046 1 144.4 % B 184L 00 41n1.49 8 90t 09 'I til 49
U-216 6 ht. 40 4ent07 t ell 06 1211 40 4 191 10 1 621: 10 8 WL lO
V 218 171t43 394 01 4 100-o4 1 944 018 3 ARe M 4 $50 OG $44 08
Np 2.37 31ste7 3671 64 3an e) 4761 47 3 61r 47 4 616 07 a s9i ent
ht)ld 4 641 OS I tal el c ell 1984 09 6 410 0$ 1464 41 4070'05
N 239 3 ini en I as 26 9 I 940 on a ni e t Site t auret
Pu 34t) i set o4 uia a 40t 3 mil:4w 1 sat ce s 1st e4 iisil 4 4

Pu-||4 6 1 699.0 % 2 11 X) ) 11R4 0) l iitel 18M Cl )tNet O n
~

Pw-?42 law en s t u os f l u o4 s ettav 9 4 s t *9 t ont os l e n. no
An> 241 s oite t o res el e 136a e) s ost e4 #490 01 # 9n ot

J A n> 24.l 0 000 m 194t es 6 I16 o4 3 164. 10 $ pol. (N I 490 M 6 938 M
frr>24) 1441'4m e leid e n leM43 l ed ce l e u 4m 1646 M $ 44 416
Ca> 241 s eates a sst es 41st e4 3 6st- ce 3 62t na 3 64 cs 3 67t os

4 Cn>244 3 664 on t ill es 244o4 1 10. 4 * 167t en 2 ul ca lin es

95 CI . .47 CI . 967 CI g95 C3
. (M or: i (M er ' (Mor -(Mor..

Tesale M meAr k an.) - an.) r an.) an.) "
. Pu me na is i it - I a 4*i l i rei r.:I = re ..: 4 2ina l 4 4M en

u 4 69t o41 as il i 26 | 2 440 04 | 364 04 5768e4I 6190e4
* Unitnt1wns in tank militis inveiemy are assgned by T4nk Layenng Minki ULM A

s
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b') A 2. Reproduction of Agnew (1997) inventory for Tank A-101. Included in this and theD
following five tables are estianated 67 and 95 percent confidence intervals (CI). (cont'd)

How nauha fiev 4
briale Shril Tank 241-A 104

SMM Congumic invemiwy 1 vemaic

OW
resseruse .es ci 47 o .s? cl 4w Cl
1(241 SMM % atic s W ** tik - 1990 bao - ~.

Hca liiant 6 4)(tW p () 191 *H4 lillittw) -- s ?$ 6 16 66% 1 00
llulk iknsits' 4 49 (age 4 - e 44 6 47 e so e se

WMF tt% t 43 ) 81i eb8 di6 4% s

1OC wt% C (ett) 0 19 ~ - - --4 o ens 0 971 0 46 a 11

ResisteWeal _

. . .ts Q r 47 Cl- +s? C1 -? +9s 'Cl
C-- ._ - 0%. aCWa - Cl (CM3 KW) (CVI3- ICM 3
ui aim m cim sie im44 emm . .. m a ut m
C 14 3 696 es ilet 47 las I fit et t 7ts es 3348 41 s un es
Ne-59 6 oft in i 1 at 4 6 6 u> e mie 4 6 e un a e 1 n 4m ifua
N's 4) e 646 e4 0 lio 196 9 826 OS 9 8 21 US 686: 44 4 Ils -04
Ci>M) 4 o nt 41 3 Ill el les ) 4 10. 4 % 3 40l 01 4148 41 4IMes
Sc-N t Ise 4m t ais.en et i 3 34e a 3 34s = 14st Am $ 79e m
St Gn t ant e) est 3 % u .es 90u e) 91al e) 0 600 0 90 %
V410 9 :10 03 4%8 1 s n.cos 667043 66714) O lmi 0 t01
7t-91 0 su 01 e o44 02 31 8 9 tot es t 100 Os t 136 e1 1876 49
Nt*9 %m e eet 41 147s et eno 1968 4m 19se 4m e til'49 4 He et
le 99 3 416 e4 0 toi tea 9 Sti 454 2 tel 44 1 734904 5 l u 44
R e- 10h 1 eit.c9 4 in. 4m t sia c3 $ on m s oil ee 1 72: 09 e u an
Cd- t ilm a $4 et s14e et ini s au es s au es 9 sie -c3 e 054 44
St* 25 t au- e4 olas 61 e s u e4 e til e4 e sii e4 a 9u e4
Sn- M 41M 42 3190 en ti 1 1 Mt di6 1996 m s let 42 s ill 4m
|-4 29 4666 41 B lu ed 46s 4646 0) 4944 07 sly 0) thet el
Cs- 14 1 sitam t ig on 11 6 104t e6 1764 Am 476#14m sont to

.

CS- Il G let 165 8 6 u .01 c it i 0 134 0 314 0 214
Re- 11m 0 721 est e i6t .cs o ins o iss o sei c ast
Sm156 t eol ol t ai i tse .oe i nw ei t a* ni e 120 c3 e 36t na
Fat 152 4 24s 4m 1lise ei es i 3 6 2t e6 1 eil 4m 41se 4i6 s jeg a
Fw154 6 u e4 o 4*i tit .o n 4ou o4 4 u n 44 1 e ri -c4 1 49:4ie
Fe-4 55 254s 44 o 416 Ut1 e sir 44 i sit -04 a sit e4 1 mit 44
Ra 2M i av:.co eint4m 4 ilt e4 9 i9 -ei 9 #9s -e i e ine in t eil-so
Ra 22a imn os a iut e4 e st s ee m s en es 14n e7 379 7
Ar-221 t en..so sen er 16* ci s a4a --to S ae -lo s o643eo s eu -io
Padil 3 44F 4W 34244 I tiH O2 ) 710 4N 3 719 m 1941. (W 4 364.09M29 7Iat49 4 sit e6 31st el 1(no c9 3 two m 1871 49 8613.c9
Th 212 1 ue = 1 tit es o t19 s 74 ce $ 14 4n 4 ny -us 416e en
U 232 9 es os 6 ist o4 n in 1364 et a ses er i tas m e lit.m
U411 DweAm 3 42t et iin 119e e6 5 e to a 4 Iso 4m 412t im
U-|!14 6 toe es 4 twe 04 2 it sing of Goat op 6 est. of 61sa ci
U !)5 14H Os t 6): 41 5 8101 03 2 i40 tis 3 19 Os 1464 m 14st es
U; 16 6 960 es e irt es t oM el i en en i 94 es a tes as 3ott es
U-: la a 16e er s est c4 toe a est er a i9s er a est 61 e ist.es
Np217 s ett es $ 6st e4 303 6 6st e p i s u c7 t he- e # t olt a
Pu 238 e 190 die a 64 04 46) e <ne 4m o e96.n6 e 196 4m a 4* 4m
Pu 2.19 4 789 e1 1 sit c3 t S4 tim es 40 10s 434ees 4 796 -sn
Pu-l4n 1 illa 42 4 9 sis ei MS 6 dit a 6 3%m 7 all m S14 06
Pu 246 S tel ei 6 Ent e) ill 1964ei 81it ei 9 6%l es 196164
Pud 4) 48400 ) 34h 01 t ie4 ei 4 06).40 4 4 fis to 1 1F.-10 11H to
4M 244 s tFD.es 1470 e2 til6 4116 41 4 6st Als 3670 01 e le ct
Am 241 8 996 09 9 3Wm T est.ci 9619.49 8 7st AM 3 2 u' c4 3 4.iF 4N
C M24) 6 644< 81 9 706 e4 0 $19 98u a 9 t it es t64 47 0310 07
Cm 24-) I 1M, Hs 9 tml 42 4 sse el 9 tNO c9 Y U91 4M i sit 415 lista
Cn>244 6 tot op 1 eM et 0 N3 4 900 en 6 int a t Mt 47 0 lit e?

95 Cl 47 Cl - 967 C1 - 995 CI, -

_ . 1(Merl (Mor- @ ar (M or
Tsants -. . . .M= ' .anAs ' ha a43 ~ a43 - an.) - a43
Pu e nio m u t >l - I e til inn ~1 4 ein m *in m sNm
U 6 sia eil t o9ec n I ss6a . oil 66n oil 61se ci e tM ei s eu ei
*Densny is takulacd tuted on Na, Oll . ami MO2 ,

Iwater wi% derived Inun the deficstnnt of sknsity and total dannived species.

v
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f A 2. Reproduction of Agnew (1997) inventory for Tank A 101. Included in this and the
following five tables are estimated 67 and 95 percent confidence intervals (CI). (cont'd)s

HDWl&ulpI9mv 4

5.#wie 5hlt 1as 246.A 104
Tis el in=cimy I:ietenac *

Ph)skal
Weswuee 98 Cl Ni Cl 467 01 495 (1
i<ues we c * "I .. in, to e i ., _d
HCa l.OJLI 7 79 (hW P (14'4 *4M ilill/lwi 6H 101 I ll 1 33
liialk (kfirJtvi 4 49 (ah l 6 44 4 47 g $n g Sg

Warr wt.il t 43 1 - - eli eis ele 41 4
I(XI wl4 C (wct)t i 59 - o M4 0 931 6 49 I 11

"^
f:' 95 Cl 47 CI : 967 Cl 995 Cl

Casti44evessee (% ar(W O MM3 MWI.) (CWl3 (CVII
el i no m i. t w in i n. m i n.4 4 3mo a ul w
C 64 3 ist e1 3 t4l el IIS 11M et 1744 el 174141 1399 09
NF %9 4 WM 4m 4144 el 7 de I IN 4m i IM 4m 2 (M14m ) qui 4m
N*41 4 99 e4 o Iis het t 7's eu e 79e tw 3:uit c4 t tul 44
Cnfa) 4016 4% 1 h4 el 141 ) e4 #3 3 410 el 4 6 H #1 4746 US
4 79 3 J46 4m 130s et il 9 3 196 44 3 Del M S ell em 19nt 04
$r 90 o lin B9 9 4 81t *01 otM o lit olM o ll8
YMs o lii s9 s e s O +os n eon o lo3 olu o lia
/r 91 0610'09 0 (El 43 18 0 t IM 0% 1664 41 0 730 419 9 W H 41
Nh vim I I70 49 1 s 70.c 8 43 'l e ut em 4 til im 6396 49 i est 83
EW~ 14 tl. 04 0 663 869 I tat ed 1 844'04 31el 4H lill e4
n# ia, 1. 4,M . 3 ,.t .) 4 = c9 .,=4. s .9t e9 ]>t c9
Ctl lilm 8 $4 4% $ 7 H al De $ til SS $ R}l 43 9 $3) 01 I o$t 44
54125 6 gall .e4 o til til I tul 04 164N 84 | 8 Pt #4 4 916 04
sm126 e unt a 319 4) Ia n t a u en tau m 5 47t en s tu 44
6-429 4au et n t u es a 6s 3 ail op 4 | te os s 346 at eou et

, * Cn-114 3 kw en 3 ut on 13 6 7 o st. ce i Tu em 4 350 4m 4 996 4mk Ct-117 o let It' s 64 +ot o 31 1 0 all o 114 c 274
ne ll7m o nt ist s m +os o las ein o nes can
Salil IIM 83 1 79 419t+04 5 446 el 8441 41 1186 43 4 un el
|.40 t 12 4 eM 4m I 991. c) to e 1 n40 m t see on 4 999 tia S $11 on
l'e-I 54 4 7914H e 421 2118 +01 4 oH 44 4 o 4 04 7 106 04 14FI44
I4e-l $$ ) tal . 84 0 179 9nl 2114 04 3 tall 04 I MG 4M 3Ill*44
ka 226 4 ene -lo t int en 3 Ju e4 e latelo I tat-lo I SM 10 0 att -10
R+ 223 t eml et 3 01t44 lit e sit m s att en t eil e1 114: 47
AC-227 8 3841-10 3890 07 31 Ft el 1 930-00 f lit .to 9 ht to 9 9 ti lo

P4 2)| 1798 04 3 S44 e6 6 til 41 3BAL4W ) 889 4W 4 9 01-419 4 4 4t 4W
Ih 229 1841- 4W 4 81tM I sal e) It2& 09 10B0 09 784 9 8 990 (W
Th- 212 1299 en t ilt es e s to S t il 49 5 pie o9 4 o10 4m 4 7tt cli
V|Ll2 9 171 07 4 Ite 04 3 18 1 340 81 8144 4b7 4 (Mt 4m 1 ) Lt. 4m
U-;:.ll 1991 die t ell et glo 2 751 e6 t ilt.M 414. 4m 4 711.4m
Ud'14 6 tal On 4(30 44 3 49 S hat 07 64R4 ci ~61M 43 6Illof
U-||15 t elt-M $ 42$ ei S hit el a l tt aa 314t44 149-06 1439 (WI
U 216 0 9M 44 6 416 c1 T ou G3 i W4.42 6 919 4tB 19A t 4iB t tkt me
U-118 9 140 07 5000.04 % ot 8 til 41 8 361-01 5 4M 417 8 Ml Of
Np 2.11 a og 47 $ 64t-04 101 6 6pl el 1 $1tc7 9 nal of 4on M
4 218 0 e4 e6 9 196 44 So% l 101 M i 184 4m 4 int 44 i eat M
4 219 S tui1 4)1 t hi el ISI 4 450'e% 4141 01 9 214 01 % $tt 41
4 240 s elt 42 ~3 699~-01 10 4 1 504-06 19st m 0 97t m 944044
4 241 9 lu- OS & Sil el til 81714) 9031 61 4 oil (H I flo-o4
A242 s m-lo 149e c7 e sit et 4 tilmlo e vn lo s ail-lo non to
A m 246 s4:1-49 i wl el 191 4 sll as 4 gal es s 9st et e 4u es
Am24l 3 ost-e9 I tw4m 13ne ei I ail c9 | alt 49 2131 49 1 awe 9
Cn242 e ess- on 99:e ei osu I cio on 4 on as 6 69e- os I s96 ci

C m 241 6 we es 9 Ill 46 4 a9l et 9isa o9 9 lei e9 i $40 ca I in-on
C.244 e i w'n , m an e W, 6 ist -en s at en I tu er i ni-c?

~~ 95 CI - 47 CI 467 CI - +95 Cl-

Tesds M lanAt km,
(M w; (Mer (M eir (M or.. .

alla an att3 afl3
Pu + a < 4.s t >I -- s i. 5.at u i s w ml * w .41 een m
U * sat oil i me.+oi S sM .oi * 190 811 * )u all 6 9u oil inne ci
'Unknowru in tank solnis inventory an; augnni try Tan k laycnas lekmkl OLM A
IVolunw average fiw iknsny, auss average Wact wt4 and TOC wt4 C.
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A-3. Tank AW-104

HDW ModelRev 4
DouHe ShellTank 241.AW.104

TIM Solids Owntunite invenmry I!ssimarc+

Pinskal
_Preernes

. .

95 Cl 47 CI = ' 4H Cl +95 CI
Total TIM Wew 4 711..oS op lion ta.I, - -- .- .- -

llcal lnad 9.781:.04(kWp (314 tillMw) +- 1.601:4 5 5.101:4 4 1 46114 1 1911 41
Bulk Density 1.11(g4c) 1 12 1.16 1.24 1.27.- -

Void liaction o sa6 . .- O s66 0874 0 910 0 941
Water wt% 72.9 .- .- es 7 70.5 16 4 an 3
TOC wl% C(wc0 3.44tA2 1 66114 2 2591 42 427E42 5 06f t42.- .-

Cheakul '

95 Cl ' 47 Cl +47 CI; . +95 Cl,

| C- ^" _ mole 4. sees - km (meiet) (melet) (maleft.) (moleL)
7

! g ,* O sio 1.541 o 4 7.2 R.ot 0.51s 0 660 0 geo 1.10
! gh 0 0 0 0 0 0 0l~ hjy gw gg 1.83 8.451i+04 3.91111+04 1.70 1,79 8.R5 187

nh 6.78114 3 292 117 305041 490041 8651i41 ID51!42
g o 0 0 0 0 0 0

h|2 0 0 0 0 0 0 0
slia * I D2E-04 16.9 7.96 1.571!4 7 9 711145 l.018:44 104F44

/. (as 7.dMoll),) 4.50li42 3.4tili+03 1.60l!+03 6551!45 4 361A2 4558 42 4 57E42
sh 368045 6.31 2.97 165ti45 2 661145 4 701 A5 5 6Ai!45

aNi * 0.306 5.l?ti+03 2 431L+03 1.521 A3 1251142 0 126 0 138
( b s/* O O O O O O O
| un+= 5 OtilA3 231 109 2 2nE41 3 6Ali41 6 49114 1 1261!42

ht'a 0.442 1.471?+04 6.94 ti+01 l .151 A2 0.261 0.540 0 606
K* 1.511 A2 4A8 230 5.95041 1061:42 1.96II.02 2 41tA2
ogg 6.21 8.744'+04 4.121;+04 5.30 5.72 6.58 686
NO3 0.234 1.20E+04 5.65ti+03 0.114 0174 0 294 0 352
NO2 8 92iA3 339 160 4 251 A1 6 571A3 1.13E 02 1.351A2
p33 0.528 262L+04 1.24ti+04 5 03fi42 0 325 0 650 0.732

4po4 5.89ti42 4 618ia01 2.18ti+03 2651102 4 7611.02 7.52042 9 0AIA2
8sO4 3.423;03 272 128 1.54E43 2 4RI141 4.37tA3 578tiel

Silas LO,8 g o 0 0 0 0 0 0
nr 0 257 4.04ti+03 1.90li+01 528044 0.144 0.294 0 312
(1 3.50h 03 103 48.4 16At:41 259041 4 421A1 51nE41
('.11.0,8 0 0 0 0 0 0 0
l'DTA+ 0 0 0 0 0 0 0

8til1TTA 0 0 0 0 0 0 0

alwchri 0 0 0 0 0 0 0
,m- 0 0 0 0 0 0 0
a. a*8 0 0 0 0 0 0 0
DilP 2.891i43 502 236 1.301',0 3 2 091143 3 6Ai!41 4 451A1
butanni 2.89t'.03 177 83.4 110l!43 2 09114 1 3 6aE03 4 451!.03.

Nil, 3.181 A2 447 231 5.281A4 1.6711.02 4 6Ali42 6.13tA2
rgm+ 0 0 0 0 0 0 0
+Unkname in lant soluta invensos) are assignni by Tant layering Malel (11 Alt

t
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. O A-3. Tank AW 104 (cont'd)- sg

HDW Model Rev. 4

DouNe-ShellT8 nit 241 AW 104
SMM Cominsile Inventory listinule

Pil)dtud c
SVeserties 9$ 01 47 08 +67 Cl - 495 Cl
Total SMM Wauc t es da llsi lin?!.m baah -- - - -

lies Iml 3 358:4HLwi (Il 4 RTim) 301E01 3 22E41 3 45E41 3611:41--

Bulk Dermly' 102tynn - -- 1st 102 101 1 04

Waer wl% 97 - - 912 94 4 %8 98 03__

TOC wi% C (wel) 445 42 . - 1.978!4 2 3 flE42 5 761 A2 6 971 A2

V- . . . ,

. Clismictd ' .95 Cl : 47 Cl1 47 Cl JM Cl
I Ceesthments miele4, -son'- km n (male 43 (mele41(male 4.)imete4.)

Na* O 594 1146+o4 52H-*O4 0 154 0 4h1 0769 0 916
hAg 7.254004 19.1 75.5 6 21E44 7 02E44 7.488A4 7.708:4 4
hgg gw gy 1.84ti43 400 396 ID2ti4l 1 471141 226E41 2661:41 !(

nh 7.39ti43 376 1.481;+03 3141i41 5.22tL41 9 571LO) 1 l?tA2
kni 5.233i4 7 0.807 0.422 4 931407 5078te? 5 38E47 5568 07:
h1a .

7391A9 iSlMLO3 3 97ti43 5 461:49 6 40lLO9 1139ti-09 9141 A9
gg,h 660l'.49 4301A3 S illkO3 4891!49 6 47E49 6.738149 6861:49
h las YAMMlb) 838147 7.411A2 0.293 4211:47 7.808!e? 8 811147 99MA7

aPh * 4 04tM5 8.20 32.3 1.731M5 1 86450 5 5 221505 636fA5
f Nih 145b43 94 9 374 1.49t A1 1.57E41 1.74E41 1821!al
( g/* O O O O O O O

Mn** 5.311L03 296 1.178':+03 2 321L03 38aE41 7.14E441 8 258L03
c,h 8.27ti43 324 1.28ti+03 5 05E41 6 62814 1 9 901L01 l 158:4 2
K+ 638643 244 961 2.731143 4521!41 8 24 ties 10DIi42
011 3.871A2 644 2348!+03 2 611 A7 1521A2 4001102 4128A2
NO) 0.238 1.44E+04 5.70E+04 0.101 0.168 0308 0 375
NO2 1.0lli42 457 8 80li+03 4 83tA3 7.411001 1.2*li42 1551:.02

8m1 0.102 61XMi+03 2378:+04 4678:42 7.451002 0 110 0 157
5po4 6.39ti42 3.931i+03 2.341:e04 169E42 4 50114 2 8281102 0 101
tg(>g 3.838503 360 1.4Jbe03 1684L01 2.731M 3 4 931143 5991:03

Si fan SiOJ ) 3.5LIAS 0.983 ' 3 88 3 051 A1 3 311LOS 3841'45 4(51L01
Ir 8.87tAS BAS 6.58 303E45 7.8911-05 9 85114 5 1.081004
cl 3.70lLO3 128 506 I 621101 2 641t43 4161LO3 5.79114 1
nil.0,' O.334A3 2.83 11 2 1178M3 140lLOS 1.664 A5 1 791145
11)TA* 1.198A3 335 13 2 3 928M6 7821!46 1608L05 200l!45

811I31TA 2.128i4 5 5 68 22 4 5 23t A6 1.301L05 2.94E45 3.741A3

mm.m 8.77tAS 6.44 214 5364LOS 7.031A5 1.0$E.04 1.22E44
=ca. 835ti46 0.482 1.90 6 701506 7.414L06 936fi46 I 0981-05
m .u.8 949649 8.343L04 3.29ti43 8 648L09 915E49 102E48 107E48
DHP 3.141LO3 641 2 554;+03 131E-01 2 211A1 4 071001 4 %I001
hutanni 3.84643 228 898 131H41 2.281:4 3 4 071:41 4 963501

Nil, 2.231 44 3.71 14.7 2751:05 I ?2E44 3 26E44 4 281LO4
jwg_gi 0 0 0 0 0 0 0
'Dermly is calculated tused On Na,011.and AIO2.

tWater wl% derived from the difference Of density ar81 hval dissolved species.

'
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( ). A-3. Tank AW-104 (cont'd)
v

.

I
1

I
<

HOW Musist llev 4

iAwNe Stell Tank 241.AW.lo4
Total Invenitwy listinute'

t%tkui
l'reswetie6 95 Cl -47 Cl 467 Cl ' 495 CI
l otal Wasy 4421.segla> ll123.olis.h -. -- --

ilcai llud 412f A1(4W) (84 R illll/M - 3104'41 1811ie.1 4318;O3 531141
Hulk D:nsow) , IDelp4c) . . 102 103 105 1 06

i Waler wt% t 93.2 90 6 91 3 94 7 96 2

T(X' wl% C (wet)1 43stLO2 - -- 1.94E02 315im! 5 6n6:-02 6 761c02

Chesniad
. S .95 Cl --x 67 Cl? 967 01 g 495 Cl=

C. ^m 'aBoien, mean ' km - - heelen.) bestem.) Unclem.) (1melen.)
"

Na* 0 644 I V4 no 6as4+04 0.277 0 442 0 7116 0 952
hAl 659044 12.4 75 5 5701:44 61sE04 6 79fi44 6998'44

1+h em a ly) 0.169 9.09fie03 4 021;+04 0 157 0 966 0 175 0 172
nh 7.34tA3 367 1.620 +03 3131i41 5198 41 9 498LO3 1.164' 02

til" 4 75tia7 9 55ti42 0.422 4 enlie7 4 61E47 4451501 5051107

12 6.721 09 8 9sl A4 3971!43 4 9681 5 5821;49 7 62E49 5 4911.09h

mh 934346 1.80 7.97 I tal!48 8 91E46 9 4RE46 9 55f A6
h (as MMINI) ) 4130 A3 362 1.6DI L*03 6 671506 4 IIH:.01 4171!41 4194 43
gg 4018505 7.99 35.3 1.738:45 1 844145 5 lal:45 6 100 45b

^ Ni 1.134i4 2 6M 2 811:e0.1 1.55114 1 7968i41 131W42 1411!42h
, g
{ j g/* O O O O O O O
N./ u 5.47E 03 2a9 1.2sti.03 2321:41 3 a68i41 7 CaE41 9 57E41.

g.,b 4 80liO2 4.85ti+03 Bl91!*03 7.19941 316E42 5 701L42 6 243 A1

K+ 1.171003 210 1.l91;+03 357643 514E03 9041'41 1.nnl:42
( 31 3 0 605 9.90 lee 03 4.371s+04 0 510 0.556 0 619 0 664

NO1 0.238 1.420*04 6.168:*04 0101 0169 0307 0 373

NO2 11milLO2 444 1.96Ee03 4 78tLO3 735fA3 1.271A2 1318i02
3gy33 0.848 8.161s*03 3 60 Lie 04 4 70114 2 9 758141 0 178 0 109
8g)4 6.341 A2 580li+03 2.56 tie 04 2.69814 2 4 48tA2 5.2 64 A2 Og

gg4: 3.794LO) 358 1.55 tie 03 4 671 s 1 271E01 4 AAE01 5921:43
si ras sio,a g 3.231603 p.373 3.38 2 77ti45 3 0llAS 349045 5 70li45
gr 2.368:4 2 432 8.918;+03 7.611!4 5 1311iO2 170l!42 2 87E02

(3 3 6Ali.03 126 554 1618 43 261001 4 73E41 574041
(1 11. 0 .8 4.391;45 2 53 11.2 1 161L05 1.27114 5 1518!45 162ti45
EITTA* 1.0MB A5 2.99 13.2 1568bo6 7.loli46 1454 45 1521? c5

IIInfA B 92105 5.07 22.4 4 753L06 1.18 E05 267605 3 39fiO58

alwaaw- 7.97ti45 5 75 25.4 4 87E4t 6 3AILOS 9 56E05 l itt:44

7.58606 0.438 1.90 6094L06 6 73tLO6 R 50l!.06 9 918L06,ew

.w 3.304 49 7.45E04 3.294603 7A4E49 3 311 09 9.2g1:49 9.754'4 9

DilP 3.121:4 3 6 10 2.781,+03 1.32tA3 2 201103 4 031 A1 4 911L03

butanol 3.12603 222 961 832E41 ? ?tMA3 4 03E01 4 911001

'

Nil, 3.828i43 50.0 223 734E45 I 651501 4 591L01 60llLO)

twm' O O O O O O O

' Unknowns in tank 20hds inventory nie assigned by Tank Laycnns Model (FLM),
tWalcr wl% derived from the difTcsvnw Of density and l(v al dissolved species,
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l ,) A.3. Tank AW-104 (cont'd) |

,
;

v

sew 66dd n , 4

[buHe 5hrilTank 246 AW lO4
TIM L4*ds Cemrmne Irwersary humac*

t%s6ami
Presorties M Cl ' 410 461 01 'et$ Cl
tenamM w ue e sit .na ov <miew - - . - -

fica lead 9 Tal 464 (t W) (914 6t])blin -- I fdit 'st * 4;ti 04 1 Ah! c) { 9it al
flulk Deturty 9 21 (AW ~ l 13 0 te i 24 1 37
Yoid itaction D BR6 -- - 0 466 0 874 0 960 0 94 l
Warr wtS 739 .- .- 6a 1 Tu s 16 4 so s
IDC wt% { *wft) 3 444 432 -- - | 668'-02 3S4 01 417t42 S OM 42

Wut - M CI:' 47 Cl1 +67 Cl $9s CI-

ConsHvents CWI, wCWr 0 -MW) (CWij ' HR) -KW)
fu 4.s ci > <n e c4 ti i n Im. 4 4H on 9 7Ms. e esta
C-4 4 1 n4 on e sas c6 4 0:1 ci e fit.10 5 44a og i Su es stw en
Ni- 59 6 nat 49 5 vol.44 3 6al 41 6 sat n 6 na#- c9 6 sat .o9 6 sat og
Noel 8 mi e7 6 Sat 44 e 100 t me 47 1 me 47 1 ml si 1 m# ei
Ce>M i 6 64 417 I111 44 637942 3til49 41al 45 141 -el 1171 47
Sc 79 810049 | (When 9 Owl 04 11O1l 6 AIO to 6 94t 09 3 $it .09
Sr-90 104.04 o tet__ 19 3 3 441 M 1 974,04 104.44 4 0ll 4M
Y-%lQ 304 04 0 169 79 8 3 ISt. c6 t n3t 4M 3044.44 4 0 W e4
ls-91 62904N $ 310 44 34%I 01 0 011ble 13RI 09 9 374 09 4145 4R

i

N t> 91m 266049 3anO4m t nu 41 414e .I e a tat 49 3 96# og 3 3 H ne
Tc4a# 4 ut Oil 3 et t oS a 101 c2 7 e 11 10 32,1:4m 6 49: 4m a 39e M
A u- 60h 336.01 10st ol 97: 7490 05 3 5t105 2 SH oS 191t 45bl Im 6 796 4B 5 624 del 16% C2 I I 80-09 3541SA t 01101 114647
S t> 43 3 9tt 4' 3 3 H-4) I $2 617t48 3 016 M S S 16.46 14AE46
5#wi26 3 tml cv i hu'.-o6 s 02L44 3 wa 61 107t ce 1IW 49 404 49f

f I-129 8 754L11 12%f 4m 141t41 4 4 Hell 4 SM tl 41u4 -80 t illt-10
( CS-ll4 4 ? H 44 94114l 0674 15 H 05 90f f t f 338944 344046Ns Cs-ll) 3 42t 44 0 3im 94 4 1934.4m 0 260 04 1 e nt . 04 4 76t oe

Ila-4 IIm 12914M 0 139 89 4 3131' M i490 44 3400 44 4 Sol 04
Spl5) 4 SIFile 17 W el 1 16 I n&t oa $1406 6 720 46 5 3W 4m
be-152 Sist 4m 4381 49 a gal 42 4 6 71.4m a nat 4,a $ 29e es 5 4*l- 4xl
htl 54 6 F4 06 994 44 0 tot t 970.41R 6376 47 1791 46 3 til a
14-155 9 2 H.m 1640 el 3 60 8 4 70 M SSM M 9 4L4 44 997042
ka-22n 6 0wl4 s 70s -13 4 8nt 09 612r.16 S ant lS 6 370.-44 101E-s e
14a 225 4 611.-18 1884b13 4 801.11 42048 4 42b 48 4 796-88 4 91tt -IS
Ar 227 6 0%t'-04 S emi - f i 2 Mi es 98At +16 311t.0 4 9 pIF-8 4 1899 1)
Pe-211 14400l 186E 10 6 140 01 3 646.-15 l Sot-i l S t eloil 6 806-81
Th-229 $ 77t-16 4 ht i l 104-se 4 :40-16 S ost-16 S eil -16 $ 6*-te
Ih-2.12 4 744' 68 14at 4 9 64 Nil 2 BSL-2U 914t-19 3 621-18 3 47t -44

-

U- 2.12 6 414t09 6 l&ltM S Sit 4M 9 9u4 -11 1 291-40 13 H:41 9 3 2tt og
U-211 c enssil e tttes $ 6st c6 t ott-6 3 l i2t 43 l oot -il 13* s e
U-214 6 WL 06 3190-05 3 49 44407 S An6 01 I let e3 4440-41
lk2li 3 410-07 2041 44 9 464 02 1690M 129t 08 4 til 43 $ 499.41
U 1M S 260-07 4lia 44 0 20$ 16M Sit 4ist M 91al 47 4191 46
U-218 41At na 16 H.41 1 79 30ht47 398041 1820 e6 9 91F 06
N %ll) 6 iw 10 3 25t; 411 3 4* u4 e 044,ei 1 lEle 9 Stk.10 12M- 493

ht2M 310044 0 22% 601 3 0?t 4M 14% 44 187t44 in44 04
hE 2 l9 149b ol 8 84 til 16404l 1021 41 13104) 3471 41
hF240 6 641 04 0 SiO 399 4 9Et 04 6 140 44 ?054 44 1444 44
fu-244 2 ?M 42 71,e 4011404 1071 42 1 SM el 194042 ) t tli e)
hb242 i GH 47 8Siti01 4 Olte) ? hal 02 9 494 48 0 tot 47 IIM.47
Am244 5 04 tie 7 6 640 04 0 343 1 ilt>G4 419te) e 1Ut 44 S ISI'46
Am24l 9 694--80 0 411147 64041 7 771s-1) 882649 1 324110 t 119 49
Cn?42 4 4at ne 11:1, c6 l iste n etiting 4 9usoe 4 6M 09 4:4t o9
Crvw 243 1 stwe0 6 25k o7 1 920 04 a sw to 7 3u..iG 1 s 11.-1 0 s ilt 10
Cn244 1ont o9 39446 e ait ell S ost-t a t 61F49 a reL49 t ine -on

w g, 95 Cl '47 0 947 C1. 995 Cl
M - (M ar (M ar y - (M ar , (M er -

Tetets t M' ' ' mane b M3 M3 - M.) -- M 3 -
hs S te c3 qst * - - - | Ito 3 sat asz 9 $98 47 4 094 el 41H c2.

0 $ $W a1 trNoent's $ 111 +0) 1851 41 3 01t' 4) 957002 0 121
' Unknowns utlank solist. novenuwy are assIg u:d tiy Tank Layenng hkl(TLM A

n
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( A 3. Tank AW 104 (coot'd)
A

4

HDWtendetHow 4
InwNe 5hril Tank 241 AW.164

5MM Cawnsu>ule invernory h innsic

rhekel
Ivanerties .H 08 ' 47 0 ' 4N O *H CI
imas sMu w ene 3 9 1.ea ier e e e9e .m ig - - -. ..~

ikJi l Asd Il4 eittWI (114161184e1 ---- 3 070.4 % 3120 el l eit el 36:141
healk tXrhulv' 4 07 thu) -- -- t 06 loi i Oi 4 De

Wact wt'E t 95 7 -- 962 04 4 e6 s 9s 0

IOC trt% C (wft) 4 496 el - - 197t 42 3 2f fE02 5 763 07 4 971 et

.- $$ 0 . 47 O +N O ~ 495 O
Censstaiseses - CWI imuft 0 - Mit i d%) gvi) D (Cyl.)
il n i te4 ai? I sue 854 e et t 7 346 a4 7 340. 4e 1 e it et i 3:41 e l
Cal 4 6 410 4all l 446 09 $ 6ft 43 $ Ist 4W 8 Ill 49 | 491 M i Slf.M
Ni-59 s in to 1 946 07 3 0H et S n60 - to S let . s0 s 276. lo 3 41erto
Ne41 7 990 4m 7 sil: et o aim 4 9714m 4 9H na e 14t Aw e 296 in
Cthfo i 966 Us 1 910:03 7SH c3 I Ill M i 276 M 10f t M 3 06t.011
hc 79 064 09 4 644 Ann 6 M4 01 11M 4N 4 2 H 09 4300 49 0 940 4M
SrM) s 140 os s sit c2 302 4 9 1. cs s tie.es s 140 es s 44r es
YM) S )44 01 S ill' el 3112 181444 188841 S tu et 1641 49
7s-91 soil M i set m DING c) $ 94149 5940 49 8 760 49 9 4st 44
Nh9)m $ sel 09 S 70t 66 32647 4we09 4 tel c9 6 us av 6s70 44
Tc-9J e sul 07 l ent es 0 426 states 9 snt es t 3 w e7 l ait, o?

Ru-lori 9 440-43 S 1 78:49 3 HM 49 414-13 4 800-12 6ene Il e leb t)
Cd-llitn 4 las es 4 fNt 49 0 t6l 1944' un 19e es 464 es S ina; os

St>l 25 6 ist 47 i e u 44 0 644 s 29 es a los as i 3sh47 eet.07
Sn.126 3 sul m 2 ese c6 9 664 el e not c9 e sat 09 3 7 us49 3 940 09
|-| 29 3 i H -10 3 090 of a2H.e4 I 644-'40 I s91-40 11st-lO } 7 M e 40

,/ %. CS- 14 5941.44 19u0 el 7 491 el 8 Wat 89 4 eN 4III 1495 en 10 nt. Os
y CB- 17 i Mll 44 0 107 424 9 sti- ei t GH 44 4161.44 1250 e4d

Re I.17m i Det 4M e 007 @l 4100 c3 s 7UI 43 4000-44 1148 44
s.,,i 5. ... . . 9, e , ,,, 4 ,,0. . ,79 M 6 ,e . 6 . M.
EM-152 1090 4M 704.4 8 (Mt eI l 44 09 i Mt 49 1 310-09 3 S u me
F4el 54 3 tman 101:104 i st 2 nw e7 2 03o c7 3 466 c1 3 6st -e7
fu- 135 i Mit af ( 17h 04 0 301 9 9804d 9 9s4 4as 144L47 154.47
Ra 2M 6816 44 6460 16 1610 07 $ 44bl4 S $iti 84 7 300-14 7 720 64
R+222 l esbs0 145t47 $ 70s e4 S 290-11 $ 290-i s 1 671.-10 t en -to

AC-227 4 340 11 e lSit te 16404m 14 Wil 3100-41 4 440-1) 4 77t-11
Pis 231 l ast..e 3 s s4t og 7 264:06 6 4H.-0 3 6 4H-12 2 01b12 f t 7t'I t
T)> 229 3 4H la i mi 4n 6118 41 8241.43 124t- s i t astt il 4 29s-13
Th 212 4 Sibel 1484 45 s aat es s ins -13 n ists e l a it-il 1 14ti- e l
U-23 ) 9 71f.-10 $ 594- 07 1 Jul.4 6 4 441-80 b usa ,te 6 471300 7 37t4 00
U-2)I I s it 09 6 79h*6 ) 066. el 1140 49 1 isi 4W 3 Ill' 4M 344 49

' U-244 4340 07 4 let 44 1 64 3241.41 1 til 47 44v47 4 e64 07

*
U-lli l e4L M 13s003 6220 42 $ $7t e9 141L es 149f- es 177L411
t)-216 14914a Delt OS e lit t $1t.0s 3 gol M 146tm 1 s ik as
U-218 390t 67 7 av 04 4 03 i Sie 47 1 $90 07 3 n6F47 3 JitE47

# Np2.17 3 9t h-lo s e t.07 15#0 0t 3 4 2b 00 3 360.-10 4 3)t 0 4 9 th-lO
Pu-1)$ 9 Se of 91M e4 t ea 31st 67 6 040.07 i R4 m I 64 e6

PtF 219 774142 7 Salsel 29 9 1 )M. 416 493F06 I OSE OS 1 120 413

Pu-240 211h e6 2 tot 01 9 07 e sit 41 e inh 46 3 2u046 s oit 06
Pu-241 974041 9 3 5F 01 176 3848 01 6 22h 0S t ilh 04 4 46F e4
Pu-242 3 6 tt-to 3 Sibe? 4 eM 4 B 4 064 00 312L 40 4 934 50 6 206-10
An>241 1 $10 4 3 47tt0% G t 17 1 s90 es 1211 -4W 3 s94Les 4 ilha
Anv 24) 2eH tt 3 til 4M 9 760486 417bt 3 0 erbil 3 94h-l) 30t9-1)
Cer> 242 77u el 7 56t es 39s004 s elb s t 5621-40 a s76ute 9 194-41

Cen-241 164E-11 147t e9 1911 e5 S e tt;ll 5 6 Mi-t 3 s 191 -1 3 9610 13
CRv244 s sel-ll s 67FM B 4J9.44 6 6%9-11 6 79F 01 9 991-09 O latt IO

95 CI 47 CI a +47 CI +95 CI,

, , L 1 N er . M wy IM or. - (M or
Tessis - ML ' ad - - km -- aft.) si) * aft.) - mA)
Pu I w ce ui .I --- I u sas i we .. I s ea, c4 I I s se o.1 in M

U 3 67t ei l as41 list. oil i sv-oil n aae 4e l inea mil one ei
'Ocnuty is cakul. sed tuscd on N4,04, azul MO2 .
1Waaer wtOklived (nwn the delTercrat of density anJ tosal Assolved spccies.
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O A 34 Tank AW 104 (cont'd)O

HownaaevIww 4
IwNe-StrilTank 246 AW-ine

Tes el Imenl<wy tweruse'

O
-

iWomeon 9$ es 47 CI 467 cl 495 Cl |Tott heer 4 4?t we ttai (IINeollads - ~ ~

tita l Ahtd 4138 4% (k W P (lo s ti tlWlw) - I t30 41 I s il 41 4:14 # 1 $ 15101
Bielk E.3rfullyi t #4 tame $ - -- 4 02 40) tOS t G6

Waler wt'4 3 91 3 - - Si6 94 4 D4 7 96 3
1(C wt% C (wet)t 41|Il n) - I946 03 1110 03 1 Adl 43 4 Mig

unnekekud
_ 95 Cl 47 Cl " 967 08 9495 Cl

Censaisinesias (W ~ adVa - Cl (CW13 ' M%) ~ (CWij MW)
oi i ,6, 7 4m m 7. , 9uo. . ut , 3 isua 3 5% e7
C 14 9 d it 44 9 til. 01 6078-02 8 Mt 49 4 WI 09 I est es t S h im
NoS9 e in 4w t 43t a SBnsoi e N 09 I twe m I ist <w t e4 m
N* 4 % 4 dif Of I e9.04 06ts f 14107 6 ist e7 1436 47 6 est 47
Cofdl 1764 *ll 1110 09 0 t la 6 7N 43 3 Sul m 406l44 4 784 es
Sc-39 I ell 09 4 $68 46 637945 0144 49 9 240 #9 6 756 4n i aal 09
Sr-9u 4su et 6 ise 43 as) 4671 45 S on 43 test 43 s S7e 45
Y 91) 6614 41 61st03 N3 4 67F OS $ 318 OS 7 61t 45 O S n-49
7FVI 71161 09 1364' m 3148.43 $ 976-- 09 $ 970.49 0 141 49 9 e98.49( Ni>91rn 3 S4a 4W S See e 3 ut.el 4 all'49 4 J tl 4s 4 en 49 6 488 09
Tc 99 a oe 41 t coe 4.4 e 64l 0 31s ce 9 tu 4m i see of e in47
Ru im 3 mm 4m 3 stel 9 7e 3 391.e6 3 tu a 3 ius c6 3 tt 06
Cil llisn 4 4204W 43% 49 0 148 1390.m D Jed eE 4 sli es $ 3)t'45
bl25 4 6M G7 4 til 44 1 96 5 990 as 3301 87 6 4B4 43 s 11t e7

[ bl 26 3 464 09 3 174 06 9090 03 0 tal 4le t WM 419 3 670' 09 3 464 09
I blN 3 021 90 9948.47 s Sit 44 0 990 to i Stil.-lo 13%L-40 3 $64 -10
( Cl-1.14 6 764 of 4 foi os 0 749 1070 es 9 $14 en 1596 47 3411.47

Cl-l Il 4 3M.44 0 117 sis 9 A?t< OS I tel 04 1 int 04 9 dit 04
k Ba-l .lhn 4134 44 0 til *R} 9115 c5 _1 Wl' 44 136044 4 Ill e4

Str> l 5 6 S hM.m 3 est 41 34 3 415046 4 iss e 6 171 416 6 6 tl. 06
Iu 152 4 $6109 41}l m a P96 43 6000 49 6 500 # 9 4 7Pt -09 4 966 09
Eu-l 54 19tt 47 1764 44 l ee 1764 47 39704) 4 4st 47 S O4 07
lie-155 964s.47 9 3se og e le t ester 91st47 t otie.m e nes.4is
R+226 61sk t4 6 040 01 3611-07 S net 14 S en-e4 6 9H -e4 t e st-te
R& 228 t ut<40 e2H et 51s t ed 4 ainu e l a ant e s I S2t so e 7ul-so
AC JJ7 3 980 -t S 3 761 10 4444 46 1890-41 13 4t 1) 4 37t 19 4 Wiv i l
PS-211 1741-43 4674 49 1 Nt'06 4 164-13 6 40-43 1 984-13 101t-13
lh 229 I I N,13 t rail a9 I 110-01 9 lat-tI I I h; 4 3 S est. 4 )att i3
lh232 1 171< l I i ht- 41: S 840 e5 30th 4 3 ) 07t; Il 0 67t-4 0 0 530 gi
U-212 6 49t 00 6 34t e7 3764.41 4 sst lo 1310.to 7 34t-1e p g w to
U 211 1 esa 49 4 6aW-06 11J0,41 13H 49 4 441 ce e 9W49 3 ; lice
U-214 9 h30 47 * 14F44 4 13 3460 07 39st e7 0 44t's t 7sta
U 215 1894 on 3 Sit 03 e t57 9448 e9 i Sul: ce S 419 4m 6 496 als
U-2M 7 94.m 7490:01 0 149 3 0J043 3 3%t ot 4 Ist c7 1 411.01
U-218 444047 6 4pt 04 321 4690.07 3 7)&. 0) 98)tO7 t 17t e6
Ng> 2.11 414 10 3 9st es 0766:41 $ 410-00 $ 77t io 4 316-10 S OM'-lo
Pu-218 3 %I c5 3470 43 lu9 6946 43 3 tires 3 Set c5 3 a20 os
Pu-239 3 st-4b4 o siin sa) 4 37t44 s ettee s tat es 3 3st.44
Pu-24t) 61 n es 607 el ten 4 7st'49 S s4043 6420.45 4 9 te es
Pu 241 3620'04 3 53 t ill.004 6 9st e l 1420 01 3716.01 1 Aal en
Pu-242 9764.49 9 w&4m 4l1043 3 M4;ce 9041 49 s ou cs s oll 4m
AmM6 t n64 47 a altos m aio t we en 6 se es e 64t c7 S lit.e7
A rt> |'4 % 0 7Pt il 1700- es 7 5 4t43 425-1) 9 798,83 1 981-19 I U S- to
Cnd42 411 1.-10 4614.01 3 04t 41 444.-10 4 6Ma le 4 990-16 S let le
Cn> Nl ? Sni-t e 129ews 13 n 44 6 9mt-c e 11st t e 7 srena s s tee .tl
C m244 16 th- so 149e,ei 854045 s a se..t e t i9ue s lema lust c9

i
. 95 C1. 47 Cl . = 647 Cl +95 Cl9

. (M er f - (M er -(Mor.-(Mer
Tesde "M mah km an.) ' ~ a43 and t = maa -
Pu n 64 ciu s il - I es S 3 76a cil 11st **l is u nil son ci
o a em oil 9 9:t. oil : Sue .ci 3 s u..cil 14weil 4 34l 431 estel
'Uranowns in tank suaeds Inversary are assigreed tiy Tank Layenns Mxki(TLM A
tVolune average for tknsity, nuss average Water wi% anil TOC wt% C.

f%
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-[m A 4. Tank BY-106 1

%

l
!

How hhlag stov. 4 l

Smale-shell Tank N1.DY 106
TIM Sohds Composite Inventary I!stimale*

W
n _d4 ;95 et 47CI 4 67 Cec +95 C
TotalTIM hic 4 u4 da slo 842 44.b --

ilcallead 4 6) (kW) (1583.*04 B1tW) .- 3 di 4 09 5On 5 19
Bulk iknsity 145134t) - + 138 1.52 1.75 185
Void ita:tio i 0.741 - -- 0 4A5 0 646 0 852 0 922
Waler wt% 35 0 - --- 18 1 26 5 45 9 55.2
TOC wt% C(wel) 0 647 - -- 0 165 0429 0 470 0 47s

'
| M - 98 CI ; .47Cl$+47 CI .+95 CI

_.
,

C_ - eastem nomi km (Insiet) (snese4h (aSalen.) (esalet)
g,' 11 0 4 811 e465 7.284.* 0 5 ;7 el 60 2 15.1 17.7
Al" 1.79 2.93I'+04 1.118!*05 0772 1 II 2 62 3 42
re" innad re) 0.159 5 #E*03 2IN!+04 0 150 0 155 0 163 Gl67
nh 4691i42 1.450*03 5.928ie03

3 751'AJ 4 24E42 4 87114 2 5 043iO2
a;te 4. lllM2 5.2 tlAl 2 091;+04 3 971A2 404442 41Rii42 415fM2
uh I.73ti46 0.146 4.58 5 141046 1 62i'.46 l anl A6 l.77t!46
g g,h 3 07ti45 3.74 15.0 2 76E.05 2 9tE45 3 218 A5 33RI;45

/Jlas L08011):1 2.881605 1.59 6.38 2373145 2621105 2 90tMS 2 9a1!45[ hg 4 siti43 604 142ti+03 2 62114 1 3 69t?43 5 921i4 ) 6 99tA3
s ..* 11 042 1.138;.m um.m 2.791A1 2 99E42 1271A2 3 2.Im2

g/* O O O O O O Og,*. 2.754i4 3 91.6 367 2 021 A1 2 34E41 312141 3.47ti41
p,h 0.105 2.541;*03 1.02ti+04 3 071W2 9244!41 0 I17 0.128
K+ 33214 2 R35 3.344!*03 2 5sE42 3108'.41 3871!42 3 62E42
ogg 8 66 8.918'.404 3.SSEe05 4 36 586 12 0 IS I
NO) 1.08 2 67 tie 05 107ti+06 3 97 5 57 3 04 8 95
NOy 8.63 4.5441404 1.821;605 1.03 134 1.53 2 47
(m1 0 478 1.718+04 6 871ie04 0 338 03s0 0.560 0 60s

5po4 u t to 6 32Ee03 2.531i404 994442 0106 0.183 0.128
tgo4 0.179 1.0$li+04 419ti+04 0 109 0 45 0 209 0 286

si g , gg3,ag 7 45tA2 1.271i+03 3.0 84403 480821 6 22E42 9.331LO2 0 til
y 6.538i02 753 3.Olli+03 549041 599132 9.141 A2 0,I71

(3 0.888 2.5 48 403 1.02E 04 6 65E42 918tM2 0 121 O lli
P.H.0,8 2.03042 2.320'.+03 9318;+03 1678'42 1.97114 2 2 06tW2 2 (Cl!.02
IDTA* 4.55114 3 795 3.181i+03 4 0llM3 4 3 nim 1 4 611M3 4 64fM3

BHrDTA 6.letkO4 102 409 i SSE44 41RE44 7.7 t E44 7 84E44

awa,sv B.434A2 649 2 40li+03 7.22fM3 8.llE42 I.671M2 1618'.02
m sg 2.71tW2 969 3.Rali+03 2 361142 2 66E C2 2.731i4 2 2.76E42
us 2.27tA6 0.123 0.4E6 i e6E46 2 07ti46 - 2 481146 2.591!46

DSP 2.85tM2 2.74ti+03 1.100+04 I talte? 2051!42 2 211002 1 201002
butanct 2 851142 968 3 87ti+03 1.36E42 2.05E 02 2 7tE42 1.201L01

Nil, 5.48100 2 565 2 26ti+03 1201L02 4 50E42 5.8 211 o 2 5.94E42
IWiWL* 1.671502 2.758; 4 3 1.1011404 167E42 16'llM2 f .6713.02 167E41
*Unkmawns in tant sal.4s inventory one assignni by Tank layering Malel(TIMk

N
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(O A-4. Tank BY 106 (cont'd)j
Q/.

HOW h WRed,4

Smale-Shell Tank 241 HY.I(r>
SMM Comrmwiec Inveniory Essinute

4Wakul
tvoerties 95 Cl 47 Cl - +61 Cl ~ +95 Cl
Total SMM Waec cor Mise m eneh - - .- - --

lies tnal 0 (tW) to B11m) - 0 0 0 0
Bulk Denuty* OtgAct - ..- 0 0 0 0

Wact wt% 0 -- - 0 0 0 0
TOC wi% C(wet) 0 .- - 0 0 0 0

CW
.

' ,. 9$ Cl ^ 47 Cl' h67 ClY s95 Cl-

Ceemskusats - male 4,2- U ese ' km (male 41) (male 4.) (male 4.) (mole 4 )
Na* 0 0 0 0 0 0 0

kM 0 0 0 0 0 0 0
l'ch (kmal f t) 0 0 0 3 0 0 0

g, 0 0 0 0 0 0 0
89* 0 0 0 0 0 0 0

g,k 0 0 0 0 0 0 0
g g,8* O O O 0 0 0 0
/s ta: M1(Oll),) 0 0 0 0 0 0 0

8m* 0 0 0 0 0 0 0

Q gi O O O O O O On

'I I p+ 0 0 0 0 0 0 0
g,*. O O O O O O O

g_ 0 0 0 0 0 0 0

K* O O O O O O O

ml 0 0 0 0 0 0 0

NO3 0 0 0 0 0 0 0
NO2 0 0 0 0 0 0 0

8(y33 - 0 0 0 0 0 0 0
8PO4 0 0 0 0 0 0 0
8104 0 0 0 0 0 0 0

8Si f as SiOi 1 0 0 0 0 0 0 0
p 0 0 0 0 0 0 0

(3 0 0 0 0 0 0 0
8('.1Lfh 0 0 0 0 0 0 0

flyTA* 0 0 0 0 0 0 0

til1TTA' O O O O O O O

alvenid 0 0 0 0 0 0 0

.was 0 0 0 0 0 0 0

m .t a 0 0 0 0 0 0 0
DSP O O O -0 0 0 0

butanol 0 0 0 0 0 0 0

Nil, 0 0 0 0 0 0 0

|iw m * O O O O O O O

'Denuty is calculated tuned on Na,OH .and AIO2..
1 Water wi% derived from the difTcience Of density and iotal dss 0lved species. 1

l')
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OG ' A-4. Tank BY 106 (cont'd)
-

HDW Model Rev. 4 -

Sruic4 hell Tank 241.BY.106
Traal Invernory listinute'

A |W ,

tvesettles 95 Cl 41 ClL 467 Cl" +95 Cl,

roial wagi 4 o 4. 4, tu, ii.u u. . - .- . .-

ilcal lnal 4 63 (hW) (1.581!*04 8mMw) -- 3 41 4 09 5 00 5.19
Dulk Densilyt 1.65 (3Ac) .- .- 138 f.52 1.75 185

Waler wl41 35 0 .. 18 2 26 5 43.9 SS 2

TOC wi% C (wet)t 0447 . .. 0.365 0 429 0 470 0 478

'

Chemkul L-95 Cl ' 47Cl: - 967 CIT 995 Cl, ,

Constituents stole 4, #sess ' . Tat' buste4ftanste4J tesele4J 6aste4A
N a* 880 1.818 *o5 7.264 +05 743 10.2 IS 2 17.7

Alu 8.79 2.93ti+04 1.17E405 0 772 1.01 2 62 3.42

Ik" fkdsl lk) 0.159 5.4011+03 2.16Ee04 0.154 0 155 0 163 0.167
Sn* 4 691i02 1.481+03 5.921:403 3.751A2 4241!42 4 87FA2 504042
hni 4 Illi42 5.21 tie 03 2 OJii+04 3 97tM2 4 04f' 02 4.188L42 4 25FA2
hg2 1.73tA6 0.146 0 585 143FA6 1628i46 4 808146 177E46

s t,se 3.071;4 5 3.74 15.0 2.76E45 2 911M5 3.23I145 3 3BE45
/.r (as ' .r(quill,1 2.8alke5 1,59 6.38 2 3?E45 2 620 05 2 981W5 1981s45/

sl'b . 4818i43 604 2.42 tie 03 2.62E43 3 691143 5.92ti43 6991!43
nNi 3.181 A2 1.131;+03 4.53ti+03 2.79E42 199ti42 3 271142 3.181A2

g,h 0 0 0 0 0 0 0

bin ** 2.75ti43 98.6 367 102E43 2 3BE43 3128i43 3 471M3
p 8* 0.105 2.544t+03 1 020!*04 8 07FA2 9.24tA2 0.187 0.128

K+ 3.52ti42 835 3.34ti+03 2 581M2 310842 387842 3621!42
og3 8 66 8.931i+04 3.581i405 4 36 5 86 12 0 15 I
NOy 7.08 2.671i+05 Is7 tie 06 3 97 5 57 8.04 8 95

NOT l 63 434|ie04 I828i+05 -1.01 1.34 I83 2 47
nj3a 0.473 8.7 tli+04 6.87ti+04 0.332 0 380 0 560 0608

5M14 0.110 6.3211+03 233 tie 04 9 941402 0106 0.113 0 128

so4 0.179 8.058'+04 4.191t*04 0.109 0 145 0 209 0 286a
.

g3 g , g;o,a3- 2.45E42 1.27|i+03 5081i+03 4801!42 612t?42 9.330 02 0 llI

gr 6.5 38:42 753 3 Ollie03 5 491 A2 5.99ti42 9.148 42 0.173

m 0.818 2.54 tie 03 1.021i+04 6 65F 02 9.181LO2 0.123 0.123
c,g g d 2 03ti42 2.328i+03 9.38 ti+03 167tA2 1.97E42 2 068i O2 2 011W2

l'f)TAe - 4.554M3 195 3.48ti+03 4 01E43 4 388LO3 4 63tL43 4 644w3

lil1YTA 6.141i4 4 102 409 8 85E.04 4888144 7.718!-04 7 84FA48

hogs 1.43ti.02 649 2.401;+03 7.22E43 1.IIFA2 8.67114 2 16 tE42
mag.- 2.711kO2 969 3.881i+03 2.36E41 2 664m2 2.731A2 2.761502

m.3 2.278i4 6 0.121 0.486 166E06 2 07E.06 148F.46 2.54f M6
DitP 2.15114 2 2.7411*03 1.40li+04 I 86f?42 2 05FA2 2 7tli42 2 20FA2
botanol 2.l51i42 968 3.87ti+03 1.861142 2.0511.02 22tE42 2 20lW2

Nil, 5.488i4 2 545 2.26ti+03 3.201L02 4 50lWJ $ 82E42 5.944M2

re-(No I.67114 2 2.731i+03 1.10li+04 1.67E42 1678LO2 1671i42 1 671'.-02

' Unknowns in tank solids 6nvenlory are assigned tiy Tank layenns Model OLMA
1Walcr wt% derived from the difference O(density aral lotal dissolved species.

Ob '
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(V) A-4. Tank BY-106 (coned)

l@W html fts, 4

5 tulc 58u-li Tad 241 BY 10h
TLM Solids Compone ineniary F.urnhse*

AM{
naases. .w ci < 410 .s? c .w n
IttelllM % sgr 4'94 we ttg 6 464) lad - - -- - -

Heal inait 4 6)(t W) (l lat:d>4 p f tutw) - 1 49 d as sem $ 49
Bulk iknally 0 45 (&%*) - t 14 1 sl 4is Is1
Yand hattaan ol4s -- - - - 0 884 0 6d4 Ossa 0 937
WatetutS 1s 0 - -- le 3 16 5 41 9 ss 3
KlC et% C (act) e 447 .- -- 0 MS O 479 0 470 0 47s

" ~^ "

> .9$ Q ..) 47 Q $47 Q ~49$ C|commuk aq| "s,agn ~ o1 i gg) a - gg) - m) = testy
R) I 1It 44 6 9 te d') )M 4 791 tit 4 P4 et t tit 4*4 0 4 il +4
C 14 t aal et I tu- ca lo e S 9se 4e $99as t See es sme es
No-59 3 646 4a a llt en a s4 S eet. e1 S eed e7 177t m 1ew m_N,4) 3 h4 44 o als Ant 9 los es s teil es seat 04 3 sit 44
Co.60 3 700 es t 6404) 61S 6 164.m i 144 m 3 TJt es 314 c1
St-79 144 4 6471.01 S tu l !sl es f 3it es 1970 c6 3 4si.m
St-W) o b se 94 9 t ar+.es o isi com o sal o lio
Y WD e ste 34 9 s eos .os 43a1 e3 4s60 02 o ral e s to
7 9) t 17: 45 t ile al 3s s s get es S g60 0s 1446 45 4 491 c12

Nt*91m a estm $IH et an 4 S oll. es S o uses 4041 41 l tel es
h-99 4 Hi 04 9 Per c3 394 s 139 es 1 104 44 I R&B 44 i s W. 04
Re Oh 5 ist e9 3 m os e site) s eue15 5 eet-Is s sti c9 a 1ss e9
Cd 3m 6 IW es iN el tin t ese e1 6466 41 1 Sir el 9 lli es
Shi |5 6198 44 7 3H 43 194 6 364 418 9 104 40 4 230-04 6311.44
Sni M % 6 4 e6 3 Jut ei s si eog as i 391 m 4 414 m s all aj'% , l-i J W 14 It of 6396 44 019e I ell' af 3 440 of 3641 81 1 Sit et

5 4 CD- | 14 0124 ea 1994 44 3 Jo 4 4e4{ Os 4 dhi 47e t SM:e t %)tm
Co- 37 e ist i10 4 eM .es o los e 644 0 21 0 ill
Ba- Ilm 0 11) tot 41st .o1 $ 4 7041 $ l76 03 0 176 0 674
%el56 s en.44 S to f use..oe 4 att es 4 *?t es s cit et s lot e3 yFa- 52 l aat es 3 int el 94i tou 4s 90n es s agesa s uu es
Fs- 54 414 04 o ria i eit.oi 3 du. c7 3 45t et s out e4 5 ase ce
tw 55 t ut et O sen S74 salta s eit es 317t 44 3 3at og

R&-22e 619tu te 13st en 19tM e4 1 420 13 14M -4) 4100 se B 171 - la
Rs 228 e 44t es a 14e 04 3 so 349.16 3 escala i 43a es 6 47tes
AC- 221 e eed 49 0 046 m 4 041 el e ist{-Il 4 ?W -Il 13It et 3 70t49Nll a sit.49 $ 470's 3071 43 1 305-10 1 300 46 0131 m 4 37hes
n.22v 13uies t ott es sost42 61otsl4 e iues e4 31st es 31ss ce
Tb212 1 in es 3 24 es o a19 6 lue -8 3 17ue e r o tates a les.es
S 212 sowe esteol it s t ait en s awes touses e n tt et
LE21) 3 asses t art e2 14 s i nat43 2 24# es 4ou.41 s ost es
R214 3194 e6 614 el 9 12 6 tat e6 3 ott:06 iFM e6 3184 m
U-213 a lltes 4 92t e5 0 197 61H es 11H 4is a suls 418 a sat es
U4 M P asa es 4 4st os e t te an4 es swe es 1 sit es 19ss es
S 2.18 4 57t 06 1770 04 19 4 411tm 4 4tm 4 464 416 4 141 06
Np 2.11 S eir47 12st *4 t il t eat et 41st e? 6 37t e7 a nse ct
4 2.14 31 sten 4315 05 $11 9 6 tt-47 a sst et 1154 m 11H en
4 2.19 ? 1H 4s 4694 42 Its 3 t$t et s ift 4s 940041 41444
4 240 61M-4% s oll' o n 31 6 4 3 \4; 416 9150 e6 leff ei $ FEM ei
Pu-241 614 04 944.42 374 6 9 u -os l e M 44 4 9ss ee t ant 44
4 242 14Wlo 4 3)F e7 t aital 3 31tslo $ 37851o 9 340-10 litt4N
An24l 3 7stai 2 int c1 to 9 33t es 3 $w es 4 est et 3 ene as
An M) e iis 09 19 tt e r 36704) s oucio a 3S ee 17st e9 t iet e9
On242 3148 4N t Inf 46 s just et t 64-e9 I ese 4N 1 IW 49 1 ist are
Cn 24) 41st il t est es l uthed 3 wb.0 4 31stol t 4 4ug..i t 4 4Mi. a t
C n 244 t eit to s tat 47 4654-44 l ege.-l e o ml: e t a v7r.-ee 5 9ss-so

95 O c- 47 Q . ' +47 Q +95 Q
4 ?

M ar) M ar ? M ar h (M wl, .. . .,

Tenans - " M -mak
. _

ka - nM b aLY 'av sam
Pu t ait ei tan il - a si new a41 etatml eiw eil ten en
u 2 29to21 s iit.ei e su .a4 i s4 4:1 z ist es t s en ea t a sit.ea
*Urscouns mlas ankds emersary asc asugrrd by Tant Laycnns Model(ILMA

(N
t
\
~
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I A-4. Tank BY-106 (cont'd)(

64Wr tamanistov 4
5srule-5hrilIank 744-HY.lph

SMM Conunnite incrosy I winwe

W
evenness .os a - 47 a 467 n .os a
tiuesw u w.oe ooa. . cia c. .- - - -

ikmimd O (tW ) tu o t tsaw) - e o e o
llaalk iknaatv6 0 (avs ) - - e o e o

Waer wtt t o - e o e o
TOC wl4 C (eft) e -. - e o e o

Nameinged , . .. ; 96 0 ;- 47 0 ^+47 0 ; eM Q.

c - '(m. muk- 05 ' acW3 tema' m 3 t043
Hi o o o e o
C 44 e o o e o e o
New e o e o o e o
Niel o e o e o e o
Cwm o e o e o o o
5c.79 e o o e o o e
5# 00 e o e o e o o
Y-W) o e o o e o o
7s-91 e o e o o o e

i Nt* 91rn o e o e o o e'

Tc 97 0 e o e o o o
Ret 0h e o o o o e o
Cd-lilm o e o e o o e
St>t25 e o e o e o o
sel)6 o e o e o o o
6-4 20 e e o o o o oO. Cs- 44 o o e o e o oi

! f I
Co- D o e o e o e o\q! De-l Dm o o e o e o e
Snvl56 o e o e o e a
w- 4 52 e o e o o 0 e
'4 654 e o e o o o e

. s t 5i o o o o e o o( R a- 2 M o e o e o e o
| Ra 225 e o o e o o o
I Ac.m o e o e o e o

Po 2.14 o e o e o e o
h-229 e o e o e o o
W-212 e o o o o e o
(1-212 e o o o o e o
Lb21) e o o e o e o
11-214 e o e o o e o
(1-215 e o e o o e o
t) 1M o e o o e o o
U-218 e o o o e o o
Nel)7 e o e o e o o
N-2)$ o e o e o o o
N-2M e o o e o e o
N-241) e o o e o o o
Pw-248 e o o o o o o
N-242 o e o o e o o
Am 24 s e o e o e o o
A.m o e o e o e o
Co m o e o e o o o
Cn> m o o e a o e o
Cn> 344 e o o e o o e

45 Q z.47Q 047Q 1 995 0

Tennes. H -- ash -
~'. -: pter' eder. , W ar: 4 pe er-

. , .
-

km - an3 - . mAJ < an.1 - '' mA3
pu o ui .i - i ei os ei os e
u of et ei ei ei ei e
'Dennasy is cakulacd tuncd on Na. 001. oral AIOJ .

tWaser wt% derived fturn the difTcienor of derusty and knal 4sautved airciet

I .
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O - A-4. Tank BY-106 (coot'd)YY~
.

DON 6andel8hov 4

brule Siwll Tank 241 BY-ifm
Trad invensiry f um nico

AM. .

+67ci-.m aWeseres. .wa'en
..

Idd kaue 4.e 4 = e tte t*43 taw - - - ' -
Hea llhtL| 4 61|tw) (l lSl eM D l48&r) - - - 3 45 4 09 $ g0 $ 19
Sulk (knaalvt t el wres - t is t la i 75 tat

Wact wl*ll t Mo -- ts 3 36 $ 45 9 st 3
IUC wi% C (wetlt 9 447 -- e kt e 479 0 47e 04's

W
r - - eg/

. . . . 09$ a 4 0 '461a 9w d
- aCMa ' O '- KM.) ' (CWla " KM3 KM1

H. ) e s e t e64 e sie el so 4 two en e lve c' e c ae 4 4 Itil 44

C 14 3 Sal 09 41M 4'I 10 1 99443 $ 994 m 3 946 g) I tHO , ($
Ni- 39 t ut ce 21st el 334 S eal et les4 47 317q m iguFe
Niel S Mi e4 e lse est S los e4 S lag et t eet ed 343 M
[e*N) 3106 45 t 646 el el S 9164 4W l 114 40 31H e4 31M 49
Sc-79 3 414 4m 6 41F 01 5 9p i aW M $ 130 m 1970 m I et e
Sr-90 e ese 94 9 l ant ees o t ti e sso o le t o g re
Y.90 c 196 ee 9 las eos s ees el 4 ee# e3 0 tel e s70
71-9 1 e lft et s elf ei 3s s 3 9mF m s tec es 144 45 t eas es .

Nh91m e e6 un 5 lie el in 6 S e4.es s Ott as a set e' l stF es
Tc 43 l ett ed 914F e3 19e e twos t .nl et t antu e sit ed
R e. ltm s ist m 3 3eFe 13 s t -c 3 S eeF-15 s eas .e s S a rF m e ast e#
Cak illm 619F ei 31e# 43 t 90 teFep l aa e7 1 s ti es 9 3J6.41
%|23 6 alt 44 9 Ill e) 194 $ 36F43r 3 Mt (Is 133 44 13 H e4
Sn-126 3 6 te m 3 auf e) 6 B3 1 sta e t gule 4 t' Ret )att es

/',} ia 29 iiiF e> t sti 4 o ise . 66. ci c em 4 s .* e> wt
$ Cs 44 t lat m i gel ed 3 30 4464 49 4 4tF 09 113F et i IW en
% Ct- 17 0 983 9 to 4 4N en3 0 los 9 144 0 3Di 03'1

se 11m oita em 4 0m ecs s in ea s iis aa em e est
\*s& l 5 6 B ent el 5 10 ~ ~ .sen- 04 4 67t ei 4 674:e* 4 0iF43 6 30ti ef3

l'e 52 last ein 3 teF ci 945 ente es 90w4s s ait 4). t uil es
2 %4 454 04 e lle l I tt eel 344 477 3 44. J7 9 916 e4 $ 46F e44e

# 15 316F 04 O tel $i4 6 8 tten elle ek 3 116 64 3 )aF 64
L4 <% 1140 to 13SF e8 3 Rit ed 3 430-63 3 4Mll ( MM -ed 4 110.-60
'l4-X8 6 440 et a 14F e4 ) le) 3 434344 ) e Ole ~ t 4SF m 14 78- m
Ac.1'7 1. w 09 Ione tie 404F el I7wya ; ,St t e ~3 til e9 3 los es
PiF 311 8 Sil e9 $ t 74 416 3 07F e3 3 Alt. Il ( 91196 t t 13F e5 014 GS
TlW29 illi es 3 03t el 8 GB8 43 6 100! 14 a iutat e 3 til Os 11*F es
Th'!32 $ 136 4m 1319 es n et9 t zis t1 lius 41 61st es a lst as

ll-h62 8 0M et 4 87F el 19 5 J ell _m S Sv es 6064 41 e 110.01
lb' il 3 elti ci I Bft el 14 8 1 111 55' 33 09 4 0)t e) S alhg
lk 14 3 itt & I lit et 5 la 164F et 3 000 e6 3190 m 3186' en
(N15 9 lit M 4 93F e4 0 191 6 SdW 17H M 8 909 45 8 SSF (Ei

(N 16 13nF42 4 4eF ei O ll6 6 (tW eB 6 900 4B 161F e8 196F 44
W IR 414m 1176.41 64 6 4 . 3F M 45646 d eelt es 4145 es

Hl417 5 dos .e1 3 ma e4 13 194a e7 4til47 6 37F el eese 47
Pu 2.38 I t't ce t ilF el 919 9 4 tss OF G Sit et 214 46 1 11F 46

Pu- 219 13 nF es deet c3 tea s in 4d $ f >F el t est as t est- a4
Pir241) 1330 e) S elt el 33 1 4 31Fm 91 tF M 1610 04 3 010.01
Pu 24l 694 44 9 emet 376 4 9 tF c1 I 4 36 # 4 6450 44 t eN 64
Pw 242 144-ee 4 33F ot l atF at t heo 5176 se 9 %*.40 f eet 9

ann 44 1196 43 3 Wil 43 99 11H e1 3 $10 01 46041 $ 43141
Anwa3 tm9 v g w er s l etw > 4 +-i. s iw.to t i F 49 nee 9
Crvd 42 3 set e9 0 ids ce S 3DF OS 1 GH 09 4 &W e9 3 lH #1 10% et
Civ> 24) 4 150-01 3 e6F M i 06F 4 4 1 198.. i t 1 900-19 4 4Di it 4 4DI . t I
Cn> 244 19eF-DO I B4Fe7 4 65F e4 6 810-15 4 811 01 1 970 80 0 980 00

. .ps a 47 ci > 947 a 99s a.,
,

/y/ 1 W ar tat er, . (M ar ? (M er
Taints' M L meAn - kr - aN3 mA3 aft.) - aflJ ~
Pu i no citet .1 -- # F4, seeFw l . nmel e ne cil s ue .i
o 139t et t s iet eoil i s + e04 1se ell tisscal aewo?I tsnel
'Udamns un lad mms invcrewy age aimgrrd liy Iank (Acnns hkaki (TLM A
1Volunt average for ikasily, nuans averdge Waer wt% and TOC wt% C.
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A-5. Tank C-106t
V

D

How Wdel nov. 4
Smale SicliTank 241.C 106

Tl.M Soli;is Composite inve:Wory Estimace

8%Ikul .
. . . .3

'

.i - A - MQ 47 08 +67 O ' 495 0-

Total TlM Wasac I tel..te laa> lit? taaf > - - - - --

IncallM 40 6 (kW) (1391 +05 8tTUnu) - 32.7 3A 1 42.1 430
Bulk Demity 1.44 ($c t - - 137 139 1.48 8 48

r

: Void Itaction 0.760 - - 0.726 0 729 0 79s 0 act
Weer9rl% 33 6 - - 54 I 52.7 en 2 61 3

TOC wt% C (wel) 1.2ilA2 - - 4 2Mi42 6391142 8 011542 0 III

(h _.s
,

,:( g )( g ) g )' g )
@ Q : 47 Q 447 Q .'( $ Q

f*-
'- - g 4~ .m1 g:

Na* 601 9 364. 04 Ic38.oS 4.51 4 98 I 6.70 7.20
hAl I.73 3.24ti+04 1.4Sli+04 3 71 1.72 1.74 1.76
hgw ties.1 Iwg 837 S.29ti+04 S.691:e04 1 25 134 1.38 I 40

n'* 7.478',.03 269 290 73685.03 7.17143 7.571i-03 7 Sal @)
k

ai 4.70114 6 0.680 0.732 3.97I146 4 33fi46 5 07tA6 5 4311.06

ff 0 0 0 0 0 0 0
h

ila 4364i.04 60 6 65.2 4111 44 4.34fi44 4381!44 4 40li444

Zrlas M1quil),) 186fW l.17ti43 1.26fM3 3 34l@g 1.851{48 1.864 MIL 1 841148*
sea 2.03t:42 2.921:+03 3.14fie03 3.89tW2 1.9MI42 2 181142 2.188M2

i [ aNi * R387 1.571 +04 IMi+04 0102 0360 0 402 0 418
% g,h 0 0 0 0 0 0 0

Ma" 1083!43 43.5 44 2 7.498!.04 9. lllW4 1.2SIM3 1.411 43*

hpa 0.154 4 291;*03 4 611;+03 0.102 0.102 0231 0.290
g* 6.258A3 169 182 321143 5771!43 674ft43 7 64f A3
Oil 10.7 8.26ti+0S 1.36ai+05 30 1 10.5 10 8 31.1

NO3 1.12 4.79ti+04 3 IMieO4 9 87tA2 0.173 I84 1.13
"

NO2 0 597 1.90li+04 2.05 tie 04 0 518 0.57 3 0 615 0 688
am3 0.262 19M.+04 1.l71;*0 4 0.826 0 2D3 0 343 0393

J po4 1. Sala 2 1.041i+03 1.12 tie 03 1.841!41 3,18114 2 1.98t!42 2 831142
E a 4.773i4 2 3.128;e03 3.41li+0) 4 2a8141 4 33114 2 5.20lA2 3 268W2sog

sj g., g;o,4y I.74 3.3811+04 344ti+04 1.11 1.23 2.07 2.39

Ir 3.588 44 2 08 2.23 1.47114 4 1.55ti44 1.58114 4 1.60liO4
4 m 2 30liO2 563 608 182fM2 2018102 2 591M'2 3 78tM2

tis t.n,6 2.6StA3 348 374 1.49114 3 2.27114 3 2 911143 419tI43'

j l'.11TA+ 0 0 0 0 0 0 0
i s 0 0 0 0 0 0 0lern?A

., y,,aw- 3.341102 1.84ti+03 8.961ie03 1.99|i42 3 031142 3.90114 2 5 59tM2'
, , , - 0 0 0 0 0 0 0

< mama 0 0 0 0 0 0 0
DitP 1061i46 0.153 0867 2311:48 1331147 1.99tM6 2.1211 06

testanni 1261546 S.46fi42 S.878i42 2.318!48 1331147 8.991146 2.821i4 6

Nil, 0.123 1.45ti+03 1.364:403 0.102 0.117 0.l28 0.l46
,

tw m * O O O O O O O

' Unknowns in tank sodiita inverwary are assignmf by Tank layenns Madel(TIME
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[-) A 5. Tank C-106 (cont'd)V

HDW thist Rev 4
Smale StellTank 241 C.itri

SMM Consumic inventary IWinute

Mlpekd
.. . . . .

+67 Cl 495 08FWeastina " 98 Cl = - 47 Cf-

Toial sMM wave Ile smw meis. -.. .- ~ ~

Hcs tead 4 375:4)(tW) (14 9 11'1114s) 3741:01 4051?41 4691!41 S oni 41 ,

Bulk Density * I 02 Wu) . - - - 1 On 1 01 101 101

Weer wl% 96 6 - 94 8 95 6 97 5 98 4
TOC wls C(wet) 9.WIA2 - -. 4168:43 4 Sal 42 O 116 0 139

.: k -1

Chesukul ' " 95 Ctr 47 CI ; : +61Cli +96 CI
" seen -

.

[ggeltesses malan,
, .

lin '. heeleO heelso '- ^ .3 healeO
Na* O Sil 1.238+04 1 M *01 0 243 0 wo 0 aAS 0.820

| Al'* 4 tilA2 1 Mt.*03 134 8 86ti43 2 96E42 S 261:4 2 6 36fi43
l r," me.1 reg 3 ISli44 17.2 2.13 1.74|i44 2 4Mi44 3871:44 4 S6E 04

c,h 4 6fli48 2 3Rai43 2.94114 4 2 940 48 3 79114e 5368!48 6 40l!.00
hBi 2 40lLil 4 9tlA6 6018A7 2 26tbil 23 Ell 147tkil 2 543bil

gf 4 411bl8 6 031613 1.431L14 3101983 3301L13 5 0Els $ 661L18
f t,s* 4 97tbl3 9.77tA6 1.218L08 4 72tLl3 4 841 33 S 101a13 5 22h.53

| /s tes MMllih) 6558L13 S t$lian 1.24tA9 43cibl3 5341bl3 7.548483 8 744L13
n** 7.706L18 1.SetAS 1.9E06 5 900116 6 7tlLil 8 621b11 95tlLil

aNi* 2AMi44 16.3 2.02 15$3144 2698!44 2 9st'.44 3 128:44
\ ,

hEr 0 0 0 0 0 0 0
ggn* 2 6Ali.09 ' Mii44 8.79tAS 2 131149 2400:49 2968 49 3241149
Ca" 1.42tLO) 53 6 6 84 7370.44 1.lE01 1 611141 1 611141
K' 2.8 28Al 83 4 100 9611!44 9.SilLO) 2 72t A1 3 29E41
ogi G.363 6.054:401 131 0966 0 163 0 467 0 564
NO3 0 136 1 C6i;e01 983 5 911t42 9.448501 0 168 0 201
NO2 $ 388.43 378 46.7 3 79t!41 6 0)ti41 1074!42 5101 A2

anji 4.241A2 24g1;,03 Jos a 931!42 3 071 A2 5 391142 6 390E02
po4' l.S84i.03 147 15.2 7.818?4 4 1.4 4tA1 2 02r.41 1441 A1

asod 6.94tA3 653 30.8 3 leren 500E41 8 391143 307042
ain fan in g 5.358A3 147 18.2 2 7tli4) 4001i43 6 701 A1 7 talA)

ir 9 53tL10 1215L03 2.261'4 6 8 90lble 98Mikl0 105i149 1111:49.

a 9.274A3 339 42.0 4 428501 1044!41 1.23E42 1541:42
nild 2.37tA3 08 54 2 4 071A1 4.70lAl 3 011001 3 668 A1
riYTA* 3.464k82 1.034A6 1.221L07 1 311k82 3 071!.12 4 251482 4SEI2

8timTA 3.10lk12 8.32Si47 1038A1 B.201L13 1934L11 4 27t!-12 5 4 tit-12

at-h 3.834 A2 232ii+03 287 141042 2211i42 4 044;42 4 531502,

-- 1.361411 7.851A7 9.714AS 1.101b13 1.131683 1.49tbi l 1 621511
aa S. anti,la 3 0nlLl3 e'18tble 5148L18 5 464bl8 6.841015 6 461Gls

DSP 4035!49 8.3 tlA4 1.03ti44 3 41E49 3.751509 412E49 4 401:49
butmout 4 031149 2.918i44 3.62414 3 3471509 3 75E49 4 32E.09 440l'09

Nil, 8.81ti45 0,301 3.123402 8 86E46 110545 t illi.05 280l!45
g,gtg* O O O O O O O
*Derstyis calculmed tuned On Na Oil., and AIO2..

1 Waler wl% derived from the differenc rf deruity ami tolal dissolved species.
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O- A 5. Tank C-106 (coned)
\
%/

HDW tw stev. 4
Mnsic4hril Tank 241 C.l(r>

Tcual Invernory F.slinuse'

PMukul
N ;; M CI' 47 Cl : +47 08 ' +M Cl
Total Wasic I P 4 *4* tta' 4229 taal' - - - -

Heal laihl 416(nWp (1.198:+0S itill% 32 7 30 0 42 3 41 0. . - -

flulk Densatyt 13a (gul .- - 4.11 1 14 1 el I42

Waler wl%1 59 9 - - 58 3 $7.8 64 4 614
10C wi% C (wet)) 7.enA2 - - 415E-02 6 40E42 s tela 11 0114

Chanded y . . .. *H Cl ; 67 08 : +67 Cil +N Cl
Censkments under,/ mes ' ' km - IsensAJ - " " t taalamitmedsAJ

.

Na* S II 8 III *D4 8 IrII '89 3 96 4 18 S84 6 27
lAl e 1 49 19 t ti+04 3 $06.404 1.47 6 as I SO I S}
hly r w lyg 1.47 4.74h+04 $698;+04 3 07 1 15 1 19 1,10
h(3 64184) 242 290 6 31E41 614tA) 4 Sili41 6520'41
tlu * 4 04E46 0 640 0,732 3 411146 3 72fiO6 4 368:06 4 6 FE46
h13 6.19019 6.28 talt 1.454;.l 4 4 471699 5 3tibl9 1068L19 7.911689

mh 3.750A4 $4 4 63.2 1711A4 37Mi44 3 77F04 3 7RILO4
j /s(as ' AM(Mile) i 800.08 I USI A3 1.26tA3 1 % stas 1390108 8606'.48 8 62EOS/

l g pg,h 1.136A2 162 tie 03 3 84b+0.l 1(19141 1490 02 1 SIIA2 I 27tA1
( Ni * O 333 1.4 t l.*04 1691.e04 0 260 0 109 0 146 0 114

a

'y/ 3,se 0 0 0 0 0 0 0
m** 9 281104 36.8 44.2 6458i44 7 811L04 I D7041 l 11E41
nh 0.131 3 RSh+0.1 4 621i+03 8734!42 8 EllA1 0 199 0 149
K' S 688A3 160 192 4 6ll Al 5268!41 6 polia) 1 nilA1

oil 9 23 0.04h*05 1368.403 8 68 9 06 9 17 9 39
NO3 0.978 4 386,*04 S.238;+04 0 101 O 167 I40 0 99i
NO2 0 385 0.7 6 0+04 2 050eM 0 446 0 495 0 910 0 391

aty33 0.2 11 I Rel.*04 8.2plie04 Oll? 0179 0 101 0 144
5po4 13Rii42 949 l.14ti+0.1 lisil A2 104ti42 171E-02 146ti42
agru 420b42 2.9 t h eo.1 3 498;*03 31st;42 3310 02 4571!43 4 64041

Si f aa SK) ag 1.30 304 tie 04 3 640e04 0 918 1 06 1 78 1 01
tr 1.366.44 1.86 1.2:8 127E.44 134E44 3%E44 137E 04
(1 f l11 A2 342 630 161042 I t4E42 117F 02 319E42

SnilA 261443 337 428 1410 01 1 996001 194tLO) 412EG)
117TA' S.121Ll3 lDili47 0.18147 3 Sil' 11 4 10161) $ 94011 61Sibl1
airf7TAa 43HL13 8.58ti48 I OlliOf I.lSILI) 170lb t ) $ 971;.8 ) 7 574L11

alweimai .1444A2 8440+03 2.364!*03 1 91114 2 191E02 392t'02 5491i01
. , , . , 0.9nlL12 8.104:48 9.740A8 9.S44L11 8 781L12 7 0er.12 f jelbli

, .t.a 3.118L 4 9 S,l6ible 6.450 04 7.68D19 1611L19 8 3Ali.19 9 03E.19
ill1P 9.138A7 0.839 0 167 1044i4e i 15E47 171046 8 87tA6
tweenni 9.lSIA7 4906A2 S 354A2 1 0414011 1954i47 17tE46 182E46

Nil, 0.106 1.30Le03 0.36he01 816E41 0 101 O I10 0 121
4rd(M 0 0 0 0 0 0 0

'Uresumns in lank 30inds inventory are augned tvy Tank Layenns Model (TI.M A
1 Water wl% derived from the ddTeicrule Of density and 80tal dssolved species,
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O.. A-5. Tank C 106 (cont'd)-U

DOWIF Mudme Its, 4

5enair-5tirilTar6 34i{ 10h
TlM 5dedi Cunummer Invesuwy Essenusc'

W
. .. . __

*

henseems
~

'.98 n '- of n E est d < M O
Iaian tu m aur i see .ami ievi un, - - - -- .-- --.

Hea M 416 3W) (t wi ect utuews - Sa t is t ti l ele
Realk he v 4 441,a4v) -.- - 1 37 4 19 9 40 4 4B
Yoial % s== 0 7en - - 0 736 9 Tat O MO c an)
waer win Sie - - $4 6 S33 ep ) se 3
TOC wts C (wco 1lis 03 m. - 4 set es e We- o3 e sie es eist

W , .

"
. ..c an; - sm, ' . o-

..*SS Q $4IQ"e47Q n+98 Q_

asu s ~ - aru r ana_3 D ary3
H1 s u m .. 4.e i S ti sainee $ 4 o. ase 4e e in e
C 64 5 754 e6 140 et 4 38 S ell- es S 714 et S iel 06 5 0 M et
Ni 59 i est e4 i Hi 43 71 * * eat e5 e Gue os a prese4 e not e4
Ni41 e e 4.43 1 te f eet +ct t ges.ei e est 46 eeM 03 4 cit el
CoaD 4 170 06 4384 41 4 ep SGSt46 6814 46 4 346 06 4 SM 46
c-79 3 St et i1N e3 IS S l 44 e6 4000 48 488: el 1931 49
ir W 4 Gh $ S$4.ee) 5 9M *eb 6 44 14e B 39 0 47
fO 8 0t S S$4 een 5 FPt .es 6 46 1 SD 0 39 5 41

Zr 91 e ate.e4 13st e3 71 6 sing as 3 see es e a$tes 1 set as
Nh 91m 9 4Je es o lm- 03 10 3 5641.46 3 711-03 I Sil. 04 I S?t ed
Tc.99 4 e 4 0s lace c) in g t est es s ett es 40at- el 4 t M es
R w. 406 4 lit er 3 tal 44 e lit 6 owet I los-o1 Slhe of S sti ep
Cd i Ir1 1 $# et S2N e3 Se 3 3 ??t 01 3SN el S NFe4 9 9tt e4
5hl|5 3 41tset a til es es 4 3 act as 3 eie 45 3 $10 43 11el 45
bl 6 49e4 09 3 aDi el ip I 3 3 E e6 4 639 49 4 tal et e IM 04f I 139 1808 48 $4st 49 $ 831 et 164eas 11M 40 184ees 8 04 es

;
'

Cs- 17 0 Ils 89 0 t ut eus 0 131 0 630 e 13e o t io

C u ....1 . s3. 4 . .) . ,,41 .3,i 41 . . e, .S..,
%q

Be- 17nt o lla 64 3 9est ,e4 013e e 13 e e all elle
5m l56 e ste el es e ? tot .oe 5 3n-ei 3 sa043 e ts: 0 399
Fe 53 T ant et S lit 83 Sa o i nt as ? See es ieud 41 16stics
Es- 34 6 184 44 9 tet 03 tot 4 390 04 1iM 04 44 & 44 3114.06
Eu- 51 e tat e n tai 141s .ei dels et 4 4e6 et 4 esi 41 4ees et
R4,;6 S tit ee .l sst en late en 3 5tt ee non 4e 6 41t4, t asa se
R4-||A t ese -so l aus- os 3 03t 04 4 astw as 4cet to s eSe~ eo d ow .ao
Ac-dl 3 SM 4B t ??l el 4 914- o 3 4811. 6 i S M.48 1 M4 48 1 910 418
Pe-316 3 34 en e sse c5 t att 43 e 43046 9 5u ce d ies as e st as
Th-;39 t gue to I 13e et t 4N:44 g que,40 t 400 -10 t WIrle 19BI; to
Th-;33 4 itt-18 1038 48 5354.45 4136 t1 4 leer 4 6 4 Meut t 4 43.e i
LM13 3 9Il 48 I 180 0% 6 Tal 03 3 Dee es 3 estGB 3100 et 3 a Een
U-|'ll 9 94& e5 6 B70 ai 3 ist ol 8 93 Fem 9 SI 45 t Det el i Set ei
|I-| 4 99H 4* 6 lit On i et t 80e' es t M6 G6 2 Olt 86 3 Gbt. et
' J-; 15 e lie es S rsi.es e lit et t67use eou os e Sti as e fit.as
1J436 3476 45 14It #1 3 Set es 3 340 45 334 48 3 97t4D $ &M eS
I14Ja 3 con en a wat 6 de e set es t on as 3 ou os 1 see as
4 117 e tre ei sse es e tse e3 e 34 as e 7tt of I ast ei e sitci
%l.lt 1:48 45 4 931 el $13 4414 des 6 Mt eS 1911 41 81144%
%-| 19 e est et eu t est.oi t owet e 3ptet t owei e aus en
%.|40 lestes c ar7 333 1100'04 3 63F ed S t1F44 3 67t' 44

Pw 346 Sole et se s ie..on 1Me: e t e ditei S aca ci 6 :*4i
Pu413 %181 45 3 Mit' e1 31R el 313F 48 3MF45 3 44Fes 3 ast es
Anidi S tat et t il 141 Feel 815 44 l att el 3Mtel 1800 01
AnC41 * *St es 6 ens' e5 143 43 0 641:4s S644 48 6 310 et t Tess01
Cfl> |43 3 W4- et 3068 4i 333 3 Fit e6 3 M6 46 34046 3 et 46
Cnv41 3 ve et i ausses o a>4 3 *is 41 3:w'en 1ici ei 3 toei
Cnv44 a est an 4 esi ci e is e 74 es 4 alt.as 7 et e6 oen es

/4 Qw*S7Q-;;967Q -eE Q-
..s 3

',
. .. . . _ , 1. 1 Sie4 94 wg S0w-f Of am. ;g: -. g , y; 1g,- g - u g ' wg

Pu 3 4 u3 tat .I - Se i e sa m l lev ell limni mon e)
0 3Sitei1 e it.oi 4 ew.oi 3 site 3| 3 en e41 3 See elI 3 6Ste3
'Ur6munns m sat antids inveroory ase asegned by Tan k Layenne bkuld (ILMA
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h A 5. Tank C-106 (cont'd)v
-

eew n6 esIls 4
5 male-56ailTank 246-C-tm

SMM Cunuoule inveremy t'aintale

I% M
ftemarties WD 47CI''94108 495 CI
iolel sMM w = I na .os n,. os e is.r . .- - -

lics W 4 til elltwa (14 9 lif tW) B itt 01 4 0M 41 4 690 el $ 414 41
haalk tar mave I 02 t&&e ) - - t 08 0 00 ton lui

Waer wit t ta s - - #40 99 6 91 9 to 4
IOCwtS C(wct) 9090 4) - -+ 4 tel'c) 6 Mi e) O lle 9 119

ItseshWad . .. & #6 Cl'. 47 Cl +47 Cl t +95 Cl
-

C 'OL mth O tCat) 'ICM3 (CAL) ~ tM)
H5 3.e .. i . . . . . . oct ..t, leu . 6mm 9 e,0 ce

C- 6 4 3 6n 47 3 $n e4 1111 42 6191 et 4 att 41 3 les et isit et
Ni-59 4 4 e es e les 49 s its ci 4 34s a 4141 as 4 Setas 4 Sri 4 s
Nia) 4 ittain 4 ius ei e sia e H en 4 tut en 4 470m 4 s u.en
C&6D $ att 49 $ 7st.44 ? 641 el 1614e7 4 341 el 9 $M 07 9iM ei
k-79 0180 el i 14t 44 IIM el 4 041 es e til 47 2 30 -4r1 3 7thef
St-90 55% 41 $ 14 44s 41s6.41 496041 5144 c) 6611,41
YM) s .tst ei s is 6e 4 sat ei 4 9ea.-el siss et 6 03: et
7.r-91 19et et 1 su 44 9ett c3 36n av s et 41 4 nat es e 344 en
Nt> 91ni s ol ei 6 3it ae ? ?st ci 3 agt es 460p en s lot <47 991047
TcD e TH es I ?H el o le t 104 er e nas en 2 35s a 1in es
R e- (E 1 838-40 ??I9 07 9 5 tt:Os 3 190 10 $ p2010 tiftt ee 0 34t'49
Cd im 3114 On 16n el o llo 1 Ill es t 966 44 19ed := 4 3H e6
Stw |A 3 6ne t su mi 04i1 4 6 mas 3 act' e6 4 6n es s tat.ca
SC|h 1846.07 11st ed t elt 42 6 216 417 t oM 41 1591 47 41M 41
|-| 29 1 ellAve I let et 4 Ilt e4 4 sII.4e 2 4at c9 4 376 es 3 3se m/ Cl- 14 3 46161) 3418:09 39s0 07 load. 41 324-1) 3 enf-1) 3 let"| 3

% * Csi )7 3 2u 41 11104 s te e> 3 9w o? 3 est et 14it41 isn et\ St 37m 3 07F ef 191t 04 3110c2 174 4) 19h 07 3 3W e7 3 180.01
Snel54 6 441 04 cent to o a tti 04 4 646 e4 s 311 44 99He4
Fa 152 4 60t47 i 34 e4 6 9sa #2 127ts es e see 45 tota e7 1 m.c1
Fa 154 11st es t tse el t ie eon a e Ist45 3 ast-ns 3 Dea es
F4151 9 314 cs 9on.ei til e lit es 6 6 ten s ist es e st es
Re22h 9 76# 43 9 tae 89 6 Islie a 846 -13 63413 614-46 4 Ha Il
lla-2M i 698.-15 l if t-4 2 6 44L-60 4 810 46 s tul'le g elist s 1096-15
Ac.m s eeb a e s s wee 6 aet en 064-60 s eit-i t 1 691.-44 e s u- Il
P4- 716 1 3s4 -80 e sst el 4911 0s 6148"I t l ustulo l oJh- 10 2 44t 10
Th 229 e ass-le I 1w-10 t $4 09 s an -t 3 9 3ututs e 616.-14 1 910-64
Th-212 151t-14 l eet-i l 4 364-99 3 776 16 3 548-16 19st -16 4 425-46
Ud ll d iH.-41 41m te $2W e 3 37t 11 3 27t-il $ 3)t-e ) e lit-41
0d:13 3 Niell 1140c to 3 718 m IIM .Il 3 3* Il l if t -t t 3 450-1I
Ud 14 4 400- 09 I isi 46 t ilt 64 6 ist tu I citee I all 09 1 lat es
U- | 1% 5 4abil S .1% es 6 6H: en 1 474.-11 194-40 6 9EE-4 4 84 Ell
Ud 16 t ow-lo l ottet 114d es 4 6ewll 119tal t itt-10 4 591-10
U-Lit t oet oe lutte6 0 33t 44 4 9D> to is E 6e s t90s49 l ast-4e
Np 217 s eat of s 4st os 6 796 e4 I nit ce e s t ae 167t 49 s ett. co
4h)S 17st:4s 161045 9 4M -01 3 410; es 4 see m i158; et i 190 of
hM9 l iad.m ( 140 0 % o nes 197 47 s 101 47 e ste 31114m
NM) 3 9ac e 3 9ut 44 1 sst er s ine es e ste et 4 ase.e7 sin et
h|'41 S 4Ve $ 4404% o nel i s24 4in 1 480106 7 s9Fm 9 736 06
h|42 3 33bli 14:048 4 sW46 98E13 131000 4 96t- O l 6 411-11
Am 241 4 726 06 46EOl 0 373 417F ee 3 01t 06 6444 46 ? $96 06
Am241 3 510-40 130647 431441 93 Ell 3 440-40 $ 32tble e ast -10
Cm242 s%4:e9 t ilt et l eet el 347te9 6114 00 0 000s-os 6 .llt41s
CE 241 9 100-10 e 940 ei i tel.04 4121b 40 6 SW to 4 lit De t dit 89
C.244 i sn es ise es t titei 4 m 4e i ant es ie 40 2 69i es

H CI m 47 a o te7 CI s 9W CI
- - (M er; - (M er : (M er.1 qM er

fassh - M" ,.ask. . ha mL)' maa = " an.) mL)
Pu a w owi ,1 - - - I e a n ..i I m 4. I i = .3 I iin .3I itsi.*
U i su es1 3 30 I o i9s 1 6 n asI 9 sn es i i sates I a au es
*Densny is calculace tend on N,OH .6nd AlO2.
(Waler wt% der 69ed front the dificiente of dersaty eral total duelved species
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(J A 5. Tank C 106 (cont'd)

How andes stev 4
5 male 9 mil Task 246Oem

Tw.il invenriwy Luwusc*

P%*kuf
Presettles 4 (1 41(.1 eM (1 +95 (1
fuww i n . iir umm - - - -

$kaliml s'4 MWI (t Mi .oS 14IHius - Mi 15 6 4) t 46D
+ han Denutvt i 18 (ase 1 - 8 il 6 14 I de 1 43

Wact wt*R t $9 9 - - Sa 3 11 6 64 1 43 i
TOC wt'll. C (well! ? 4Jf 4) - - 4 til el 6ett o7 a IM al o 114

4

"W .t 95 Cl J 4108 . M Cl 195 Cl
CasueNuents (% aCMn- ' (1 ' K W )''(CWI.)' K W )' (CWI,)
Hi .w. 49.i en i 4. e .. me .. s er.. e lat us
C 14 4 sal es s erit et 43 4su m e vit mo s oJt.4m t au en
N .W e uit es eon,ca 13 e 1 sw os ssta es e e90 os 9 tit cl

Ni4) s eae 01 ee t aas..en 11u ci s tut oi tone et v tat.e t
; CPNi S Fil M ) Avl.el 467 9 Utt 4m 1158 c6 S 474 Am S 144 06

Se-79 i e4e et i S4e el es S a Is,4 m 14st ce 3 Sn et 4e44 es
St-9tl 6a# a ges..oi s ert.us S SI 6 41 f t) ? )*
Y -90 6st 41st .ol S wit m S SI 6 49 1 44 ? !v
74-9 1 s emi es 6 at es tr y S att es teu os a ses 44 tap ee

Nh9 hvi a eit 414 % ase 42 10 i e set 4m 1 tw 01 # 1:10 44 31st e4
[ 99 % del 09 3 lu el at 1 3 4tt 45 1460 on 3 lit e9 ) All et

kie lch 14st c7 3 est 4M o tee t est et last er 4144-op e vit 4#
[45 llim S SH e1 4 llk o) 56 5 ten OS 3 46h et 4 158 44 014f e4
W4 23 3 t re os e S>e c2 es a e ves 4$ 3 let et s in el t eit. o1
hi)h latet 3 93t:43 un a s ud 4m t en e$ $ w ei 96M o9
bl29 4 760 m 4 096 c1 $ 46042 6 See 4ss 6 hil SA 4 sit UB 6 gat e

Cs- 14 e sos se S ese e4 o ius s on. o p a ma er s t4s e1 3OI,

{ Cn~ U o no 79 s e sat.e4 o iue o eso oise oisa
s at u,,i o to, , , , ,,m. 4 o toe o- o ,o, o,

Sn>tll s aw el 59 1 16 et .4H 41st en l lw e2 e lla o lit

l'u. l SJ e 54: 45 4 728 o2 sa t a Sw et e sw et 6 $4e et a su et

fu-154 til 4w a 1st- 4 3 aos e sat c4 e lit e4 i tu e4 3 7 s et
hu- O li 408046 3 44 1 470 411 4 tt* 4>i 4314 04 d elical 4 o16 0 %

Ri2J6 4 43t OW 12il dm I B 5E e1 3 01h 49 lift sie S ilt e 6 Sw.49
N)ll l al - to I Sit of 4ott 4H 14Bt. to I al' to i 486 . to ) 4BI- 80

Ac.2n a mu m t w as t vuo43 i sseen e sse ns i s n.ns s e us
Pa-2.Il 3 ISD 42 4 579 on i see .o) t 140 cv 8 ill av ) S 60 es S esi es
Th-:'29 e 64s -10 t est et e en 44 s 64s to e set-to e 641 60 s een -so
Th-;')2 17ss it t ilk en tiss es s )he t s i v it -c i t vit--a s iset-te

Ud) 3 let- M 4 es4.o% i9p of I WI m 1000 CA ) 170 05 3 die c5
Udl 0320.44 4 164'09 1 "1 of 7 $70 42 sout os s 964 en 9Mt.g
U34 e vt ce f sit on s aa e su-4m c an es itwas s iti ce

Ueis t im es s tat es a tit oi esot en sew es t ut es s tu- ce
U-:'14 1990 40 l lel c1 ) $91 ol 714t4W 1 hst m left es 1640 es
U4'.12 | f }b o6 % )41.ol 9 49 6581 46 66144% 6 77t ti6 l ait 42.

Ngvll7 e not of 7 set. Os e 57t o3 e ast- of a pet, c1 i e at of a 146.et
h2 ta .ia es 4 44: 4 sia 4 :50 4 s S ev es e swes i stt oi

PwG9 e 34 ci o mit t est.ci vase 44 e tus on a 4stei e su on
4:40 t w e4 e ins 22 i sie 04 3 ant e4 2 e 7t. e4 3 eaa.e4

N '40 412t. e 4 412 1741 01 192001 S tut el 4 BJt el 5 304.cl
h34J 2 74 4m t est o$ I nit.et I sik 4is 1 400:08 5014 431i 1 ML M
A r,* :46 4 64 ci t ia t est.at imaaw s ein e) 1 su oi asu es
Arrv 4) s 164 m 6199 41 1410 43 0194 m 4 8604H I 4Al-o? e 4h047

C:42 a s s ce t an45 na a sne. a sar on $.t c. a irr e.
Cm:41 3 i.w of a lot e4 o au 2 tSe 47 ut 47 2 wrot 3 ist.or
Cerd44 5 541.00 3 990tel 4 78 l ett e 4190m 4 44t 4it a llo ch

95 CI . 47 Cl +47 Cl - +95 Cl,. m
'; (hl er : - (hl er;. .,(hl er 1 (hl er4

, .
- .

Tansk ' hi asAn - _ km' aO mM ~. ' aO a&)
Pu a.4 ena s 4 - 1 is s 9 tot ma l es4ecil iistesi aeuema
Li stateal s tat..on t 4 4mt.oi e soteil aiut o11 3 2n ea l t ast ez
* Li.,nwns m eank soleds avcntoly are asugned by Teik Layerms Mo&B (TLMA
1Volv * 4verage for denuey, ainss average Wact wt% and TOC wt% C.
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A-6. Tank SY 101'

i
!

H0w meia new. 4
I)ouNe-StrllTank 241 SY 101

TlM Sohds Cawnposite Inversary I!stimac*

Ph)M
^^ _ _ _ ;;., .M Cl 47 Cl +67 Cl' +95 Cl, -

Trnal TtM w aue O sta, to imar. .- -- - -

llem ined O (t w) (01s11 tao . 0 0 0 0
Ilutk liemity 0(sAct . - - .- 0 0 0 0
Vnid Itaction 0 -- - - - 0 0 0 0
Waer wt% 0 -- --- 0 0 0 0_

TOC wt% C le .q) O m. .- 0 0 0 0

Ches6 cal 95 Cl 67 Cl'.. +47 Cl +95 Cl
Censuteense' samlet som - km (analeA) (malem.) (" ) (malen,)
Na* O O O O O O O
Agh 0 0 0 0 0 0 0
f e'* sismat l'c1 0 0 0 0 0 0 0

k
(i 0 0 0 0 0 0 0
Bi'* O O O O O O O

8[2 ' O O O O O O O
11,h 0 0 0 0 0 0 0
/s(as Mif(MIM 0 0 0 0 0 0 0p Ph ' O O O O O O O

a

( Ni . 0 0 0 o o o o
a

\ asa * O O O O O O O
Mn** O O O O O O 0~

hCa 0 0 0 0 0 0 0
K* O O O O O O O
mg o 0 0 0 0 0 0
NO1 0 0 0 0 0 0 0
NO2 0 0 0 0 0 0 0
(1)_1a 0 0 0 0 0 0 0

6PO4 0 0 0 0 0 0 0
8104 0 0 0 0 0 0 0

11(as LO,a ) 0 0 0 0 0 0 0
gr 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
('.II.n,' O O O O O O O
M7FA* O O O O O O O
ill'nTA' O O O O O O O

alvenimag 0 0 0 0 0 0 0
nr a. 0 0 -0 0 0 0 0
.. .wa 0 0 0 0 0 0 0
(WP O O O O 0 0 0
tetanni 0 0 0 0 0 0 0

Mlle 0 0 0 0 0 0 0
4frdWL 0 0 0 0 0 0 0

'Unkanwie in tant nelmis invcinary ans assigans by Tant lapring Madel(l'IM

bC
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(9 A 6. Tank SY.101 (cont'd)
V

How14ml. n , 4

DouNe-ShcIl Tank 241 SY.101
SMM Comrnslic Invenlory hemiale

Plysiall
_ . . _ _.

.

i :t 1-L - 95 Of 47 Cl 67 Cl 495 Cl
heal SMM Wave t45 e malsi e t l'e .nila+ -.. - -. -- ~

gallead i18 (k W) (4 D4ti+04 li'IT N) ..~ l 4.1 I I .S 82 2 12 6
Ilulk Denilly' IA 43Atl - ~. I71 176 I82 184_

Waler wl% 21.3 - 18 5 69.7 22 9 24 9

TOC wt% C (wet) 8 04 - -- 0 618 0 :15 1 24 1 44

Clwsnical
._

. _ .

~.95 Cl L A7Cl; $67 Cl +95 Cl
Casutthseats 1usele4, meal km ' (seele4J (male 43 (sesten.) (snutemJ
Ne* 88 5 2.3sl .c3 I til de 16 9 17.7 19 2 19 9

4 Al 2.13 3.21ti+04 2.39tieOS 1 97 205 2 21 2 29
h

re** hamalIkl 1.48tA2 461 3 41h+03 1.2il A2 i MI:42 8611:42 0.740 02
nh 0.186 S.44se03 4 03he04 0 057 0 873 0.191 0 896
Bi'* 1.825i43 212 1.388;e03 1661A3 1.74E43 4901:41 I gal A3

h
la 6.8 51:45 4.72 33 6 446145 5 2AE45 742E45 7 Sal AS
II,a. 1.23Bi43 1.33 80.3 1.141A3 g 191:43 123E45 126E45
h las MMMlb) 336E44 17.1 128 306f A4 317E44 3 48E44 3 631L04
hIg I.3Sli43 136 1.46ti+03 1091;.01 1.21tA) l 4RFA1 1611A1

) Ni * 8.Sah43 282 2.108:+03 819tA3 SW41 9 6AE41 8.788A1
3

V s,h 0 0 0 0 0 0 0
gh S.22h41 160 1.191'e01 3 934L01 4 571A1 5 87tA1 6 501 A1.

tCa ' 4331i42 ID2Ee03 7.374.+03 415142 434142 4 711 A2 4 92tA1
K' 848b42 390L*03 8 411.404 1.900:4 2 5 27tA2 9. Illa 2 9 Sili42
ml 12 8 8.211'.+0S 904tieOS le 9 82 3 13 3 13 6

NO1 6.34 2.271ieOS I M +06 6 02 6 31 641 6 72
NO2 3.16 8.12h*04 60$1;e03 2 62 2 87 3 44 3 71
njja 0 602 2 02E+04 1.5081*05 0544 0 570 0 642 0 631
gy* 0.123 6.34h*03 487Ee04 010 ,6 0.112 O lle 0 129

,
asog 0.333 8.79h*04 1.33ti+0S O 262 0196 0 37i O 4)4

Si f as 543.sy 4 103 8650+03 1.23t:e04 a 681A2 9 57E42 fill 4 0 121
p 8 934A2 950 7 080i403 7 34E42 8.13E42 9 64E 02 0102
n 0.329 6.3SEe03 4.73ti+04 0 290 0 302 0 313 0.348

nil Of 3.79BA2 4 008:403 2.9th*04 3 468!.02 3.621;.01 3 96tiO2 4128A2
13YTA* 2 S.llA2 4.0BE+03 3.04E*04 7 4RrA1 162E42 3 41E42 4 33E41

SnrnTA 4.78tA2 1.328ie03 3 434;+04 I tilA1 2 95E42 6 62E42 8 ele 42

.1-.as G134 361Ee03 418L+04 9 021A2 Olit 0.154 0178
9.2SIA3 JOS 2.22 tie 03 7 62t Al 8 42FA1 10llA2 ID91!42ar, ,

8
as almac 8.06tAS 3.96 29 3 714445 7 59FAS a S)Ea3 3 9er.45
DSP 2.33442 2.991;e03 1.13E+04 f lot:01 232042 177t!42 199fA1
but enal 2 SSli4J 8.06Ee03 7.87ti+03 2108'42 2.321:4 2 2.77E.02 1 990 02

Nils 0.l83 IDBEe03 8.0t tie 03 9 27tA2 0 100 0 129 0 144
4IWfWL 0 0 0 0| 0 0 0

* Densely is calculated tened On Na,OH .and AlO2..

tWater wt% derived from the di!Terence Of density and total dissolved spesics.

O
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Im A-6. Tank SY 101 (cont'd)(

HOW und.1 mv. 4

lbulde-Shell Tank 741.SY.101
'Iolal Invemory listinale'

l'hydail :
IYecerties ' M Cl 47CI' .67 C1 495 C1 ,

i 'Iolal Wasic 7 458 wa tto (i l'4 do tant. -.- - --
!

'

fleal Land IIB (tW) (4 Nile 04 IITil/tw) ~~ 11.1 11 5 12 2 12 6
Hulk Iknsityi 1.79 Wcc) - .. 1.73 176 I82 184

Water wl%t 213 .~. ..- 18 5 19.7 22 9 24 9

l'OC wi% C (wel)t 1.04 --. .- 1 61s 0 815 1 24 1 44

Cheal cal
= M CI L 47 Cl ' ' +67 Cl J495 Cli

Centtituents suolen, mass h -- = insolenJ (aleienJ teneWIJ (aleidd
N a' il 5 2MB *OS I Ill *m 16 9 17.7 19.2 19 9

hAl 2.13 12|lLe04 2.39ti+05 1.97 1 05 2 21 2.79
syh gual m 1.4s H42 461 3 438;+03 1.21114 2 134041 1610s42 8.74tio2
(gh 0.186 5.40li+03 403fie04 0 157 0 173 0 191 0 196

hDi 1.821 A3 212 1.581;+03 1 661141 1.741L01 8.90l!4 3 f.98E41
yh 6154;45 4.77 35 6 4 468?AS 528E45 7 02E45 7161:45
mh I.23845 1.38 10.3 3.141:4 5 1.19E45 1.251:45 8.264A5
/J (as Y.rWMO,) 3368;.04 17.1 128 3 061144 3171:44 3 4Al'.44 3 65E44

hm 1351i43 156 l .160 +03 109E41 8.111 A1 148E43 8.619;.0 1p

[ Ni * 8.58|A3 282 2.101.+03 8190 03 8 38ti 01 868ti43 8.78E438

kj) sSr * O O O O O O O

Mn** 5.221A3 160 1.190603 3951:43 4 575 A1 5 87E41 6504:41
hca 4.531A2 1.021i+03 7.578i+0! 415E42 4 34E42 4 73E42 4 921LC1

K+ 8681i42 1.90li+03 1.4 t li+04 7901:41 8 271L02 9111:42 9 518:42
ogg I2.8 1.211i+05 9.041i*05 11.9 123 13 3 13 6

NO) 6.54 2.271ie05 1.690406 6 02 631 6 63 6.72

NO2 3 86 8.1211+04 6051;e05 262 2 87 3 44 171
3(tj3 R602 2.021;+04 1.50li405 0544 0 570 0 642 0 651

squ' O.123 6.548;40.1 4 828i+04 0.806 0. II 2 0 126 0 129
ag(y 1k333 1.79ti+44 1.313i+05 0.262 0 296 0 371 0 404

SifanSrO,ag 0.105 1.651ie03 1.23fie04 8 68E42 9.57042 0.184 O lli

gr 8.951142 950 7.081t+03 7 545A2 813ti42 9 64E-02 0 102

(3 0.321 6.35E*0.1 4 73ti+04 0290 0 102 0 315 0 348
c,it,(3,8 3.791L02 4 000+03 2 980+04 3 464 A2 3 621A2 3968;02 4128:02
l'fyrA* 2538i42 4 0$ lie 03 3.048;+04 74R1603 0.6285-02 3 458bo2 4351i.02

gn 4.78E42 7.321;+03 5 454;+04 128G42 2 95E.02 6621!42 8413!42

elwela.- 0.134 5618i+03 4.188i+04 9 021002 0.012 0 956 0.878

m. tate 9.251L03 305 2.27ti403 7.621i4 3 5 42E41 1.011L02 109t!42
n. .r : 8061L05 3M 29.5 7143L05 7 59fA5 8 531L05 898E45
DGP 2.55ti.02 2 99Ee03 2.2 3|i+04 2 l01502 2 32E42 2.77E42 2 998LO2

botanal 2.551A2 1.06ti+03 7.871;+03 1.50042 2 32E42 2.778;.O's 2 99E42

Nile 0 813 1.081i+03 8.Ol E+03 9.271L02 0 101 0 129 0 148

Ik((NL+ 0 0 0 0 0 0 0

' Unknowns in lank solids inventory arc assigned by Tank Laycring Model (ILM A
1 Water wl% derived Ir0m the difTen:nce Of density and total dissolved species,

/m\
\ ) A-32"



l,

f%
( A-6. Tank SY 101 (cont'd)
'%.

HlWWiemaalRev 4
thmNe Strillank 2415Y lol

TIM LNs Cow'ummie inversery Emirnac*

W
Presernes .w a ' 47 a est a +w n
lainiu w uc o taa . c> ia s,. - .- - ..--

ier.m M o(two t0 0194 3 -. e o e o
hanik h amm y o tawl - e o o o
Ymd 'vaccan 0 -- -- o e o o
Watt wt% o - - e o o o
TOC at% C (wet) o - -- e o e o

s . M Q i .I 47 O 'i 467 O OM O
Cansehmeans ' ' Gt, ~ mLW ~O- MR) (CH3 K W)- MR)
Hn . . . . . . o
C.4 4 e o o e o o o
No-59 e o e o o o o
N.41 e o e o e o o
CnW) o e o e o e o
Sc 79 o o o e o e o
5r-90 e o o o o e o
U9D o 0 e o e o o
72-9 1 o o o o e er o
Nt> 91m e o o e o o o
Tc-99 e o o 0 e o o
Reich o e o o e o o
Cd 4 kn e o o o o e o
Shl:5 e o o o e o o
%+16 o o e o e o o
1-l M o o o e o e oe\/ Cs. 14 o e o o o o o\ ) co- si e o e o e o ob# Re- ilhn o o o e o o e
Sawl 56 e o e o e o e
iiu li) e o e o o e a
w t S4 e o e o o o o
49655 o e o e o e o
t+ T6 o o e o o o e
'te2:0 e o o e o o o
Ac-7J7 o e o e o e o
Pa-2il e o e o o e o
Tk2N o e o o e o o
h 212 o e o e o e o
U- 2.12 e o o e o o o
U- 2,1) e o e o o o o
U-214 o o e o e o o
U ll5 o e o e o e o
U- D6 o o o a 9 e o
0-213 o o e o e o o
NpD7 e o e o o e o
Pu-218 o e o e o o o
Pu- 2.19 e e o e o e o
N240 e o e o o o o
h244 o o o e o e o
Pw-242 o e o o o e o
AmM4 o o e o e o o
An 41 e o o e o o o
Co|42 e o e o o e o
CovM) e o o o o e o
CmA4 o e o e o o e

4 Q -- @ Q -- 067 Q t,e4 Q

., . . . , ., .. (M eri .. M w M er : ~- N or =m -y .. g. u g31 . g y.- . gp -. gy
Pu o ut .1 - of 01 al el .

U 01 o el el of ol o
* Unknowns in ime oms snveroory are asugncd by Tan6 Layenns maci (11.M A
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b A 6. Tank SY.101 (cont'd)
\

HDWide4stflev 4
hiuNe 5kil Tank 2415Y 104

SMM Comrnane Inverw.wy I wirrisse

OM
Preserves 4 a'47ct 407a 4Ha
rinalSuu w.= 7 et .. ne is e.4 -n to . -- .--. _-. - -e

}{cg inaj fl 8 (4 W I 14 8Mi edM ilitMwk .-~ li e il l 13 3 13 6

[ luth (1ctissiv' 419 ta're - - 0?n i 16 Is3 I se

Warr et4 3 ti l -- -- IS S 19 7 33 9 34 9
M K' wigt C (wer) t e4 - _ 0 6in O sis 3 34 1 44

(; . .

.. *N O [. 4T (|'';407 0 9M O
Caesaastisees .04, aQfa O RR) ' (CWI.) - tCWI.) RR)
H4 i eil m e lo n a me ..n ese m tog m i ce m e64 m
C 14 4 sel es 31u c3 mie l ow ei o ml ei d eal es Suu es
Nt_39 11 u- 4s 1756 09 lin I sit e 1 S to ne i lit an imT
Ni 6% 3 pit 04 0 173 61st *C1 1 Mt 44 1 el 04 1 Ist 44 13 ni- iM
Cr>Mb 3 et et ital 02 3)a 1 390 41 1951 c1 1990 49 $ 6914%
$c-79 4 8 Ft 46 3 731 c.l an 1 3 700 4m 3 MN 46 $ 464 4m & 441 en
57 M 0 564 99 6 4 8 lt *01 O til O I$8 0 fee 0 47%
Y-m 0 a64 95 a e a ll oos a att er a a9e 41 0 e69 e 173
7# 91 3 WI 41 1 341'03 99 9 0 int 49 4 til 45 1764' ut 3 lee c3
Ntw91m t 7 H 01 9 4st e n 73 1 9 73t m 9 730 4m 1000 01 2 370 05
Tc 9d i est e4 e 194 4 45t+os 3 til 44 3 a it e4 40mm 4 ve4 44
RelM t tutes $we 4161 es 4 4se m 4 9es. m I tit es 5 31tes,

Cd-l Itti 1 164 04 10h el SD 6 i W 41 6(1041 4 %N 04 t 7 N e4
$4* l |3 3 50 e4 J tin W4 6 9U8 49 6 Elit US 3460 44 3 490 04
S&l;6 1 M4.06 4 116:01 Rn 6 40004m 4 00b 42 4 341.m 9 670 416
l-l 29 6 7t4 41 3 711.4M I 19 4 360 el S cal--01 1956 el 9 mit of[ ' Co. 14 4oir4m 3 3e1 en le a 3 mm 46 3 me-en 4 74e a s 420 <m

k C 6- - 37 0 171 3 17 8 $41.een 0 114 0 112 0 Den e e19
\ he-' } 7m o lit 196 I the och 0 301 0 3B 3 0 49 0 101

Sa l56 l iit o2 t sa 1 140 04 9 341 et 9 344 el t wer e 33s143
$ 900 44 3 Re #5 34 6 3 IJF #6 3 323 n6 6 410 06 6891:44

$4 8 964 04 0 900 31 H +44 lll6 4M D SM De I mi et 4171 04
5

'

tb $1 1346 44 0 096 g esteel 4 9tt.04 l etk 44 1 R10 44 411944
Rn26 1pu se e ist 47 s 541 44 6 tst-lo I ist.to 3 Su,to 3 su .lo
Ra-|'28 3151-01 1 164-04

~

D B61 8 Sat CB ldie @) 118F SF 3 $ La el
Ac,!)7 6 lui 09 IIll e# $ 423 Al 9 tul -10 9 Idl>to 9 444 49 6 381 * *
Pa 1Il 6 mie 09 1114 46 3 %4 43 1 B H 4M 1 B 4 49 4 Tel et 1544 4e

'

Ih-229 4Ait49 3 72t 42 3oW.02 3 bt M 11414N 4 420 09 4 uni 09
'Th-;L12 i est 42 1949 4M S 444 e3 7 410 m l eft-(M i 141 m 3134 m
U-212 t one 4ls $ 916' 04 4 en S Bil of 0 til 01 1141 m 1646 em
U-2 61 4 ou e6 3 3e0 el le 9 3 3 L4 4m ) 11F m $ 1it 46 6ma
U-214 t 140 m e lit. 04 4 73 4 101 04 4 110-H6 i IE416 1 ISO e
U-215 46 tm i san 4is 0 i93 4 44e On 4 sit un 4 til m 4 716 iis
U- 216 ) 390 m 2000 01 0 149 3 49045 ) $4 4as ) 640 42 ) Rat es
U-lid I 448 46 14e.t 04 1 $6 0195 du I lit en I the m 1311 on
Np2M t let's 104c4 5 34 e +4a 07 I est e6 1419- c6 i est un
4 112 3 pit 44 | tit on a et) t sat 4m 4 821 m 3 lit m 3 SH me
Pw-119 1 p}$ OS 1til 03 393 $1Il OS 4186: et 76364'S 8 3ee 09
Pu-24i) l Die en 6 est 45 ea 9 aie m a set es 1 Ilt es t 4th oi
PU-24 6 8 ell 4M 7 341 el 3s4 6 0714M i 31t4M e S79 44 4140' e4
h242 71Jt - 80 4 tit e1 t ait: ct 5141 -m s ilt- to s t u~10 t hu .lu
Ap24l 63960% 4 6)l e1 M1 $.185 G% 7610 01 9 410 01 limt ad

An 24) 3 ent e l ost <w 11w on 3 34 taw a ssa e, 31st m 3 74e m
Cm242 3 3>tei e utI. 0 9ia s St of I ist et 3 44t4) 3 ait47
Ctrt 241 3 090 m i l 74 .0% 8 R$ 41 0 040 m 9 04twa 2 M6 05 3 42h42
Crvt 244 3 021: el I e M 44 0 541 914tes 914h US 3 190 87 3470 47

4 Q c 47 Cl a +47 Q . +M Q
~

- (M aC W or - 6M or :.. (M er
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Table A 8. Tank Waste Re8nediat10n System Environmental Impact Statement estimated total tank
waste Inventories for nonradioactive 8pecies in m44dc tons (10' g). Data from Golberg and Gubenki

.

(1995). Lack of values indicates that the Species was not measured and/or esthnated.
'

Seagle shou Tanks 14ub55 u Tanks Grand
Chesnical Total
sp,ci,, laudge sakeske lat. Laq. | Total Soluble insoluble Total

Ag* 3.28E41 1.38E + 00 1.7E + 00 1.7E+(0

Al(Oll)( 6.25E + 02 1.25E + 03 4.57E + 02 2.33E + 03 5.09E + 03 5.09E 4 03 7.43E + 03

5A1 + 1.99E + 0) 1.99E + 03 6.78E +0! 6.78E + 0! 2.06E + 03

SAs ' 7.70E.01 4.98E41 1.27E + 00 1.27E + 00

D'' 5.19E41 9.94E41 1.5|E + 00 1.5|E + 00

3Ba + 7.91041 3.09E + 00 3.88E + 00 3.8BE + 00

2Be + 8.19E42 7.61E43 8.95E42 8.95E42

lBi ' 2 61E+02 2.61E + 02 2.26E + 00 2.26E +00 2.64E + 02

2Ca + 1.28E + 02 1. 8E + 02 1.03E + 01 1.15E + 0! 2.l BE +01 1.50E + 02

3Cd + 3.84E + 00 3.84E + 00 1.67E41 6 ole +00 6.18E + 00 1.00E + 01

8Ce ' 2.35E+ 02 2.35E + 02 2.26E42 3.04E + 00 3.07E +(0 2.38E + 02

Cl" 4.00E + 01 4.00E + 01 2.73 E + 02 1.49E + 00 2.74E +02 3.14E + 02

CO/" 1.15E +03 4.13E+02 3.96E + 0i 1.61E + 03 1.92E + 03 5.83 E + 01 1.9BE t 03 3.59E +03

Cr+2 8.63E + 01 8.63E+ 01 3.41E +01 3.4 t E + 01 1.20E +02

CrO 2- 2.14E + 01 2.14E+0i 1.20E + 02 1.20E+02 1.41E+ 024

2Cu ' l.77E41 7.46E41 9.23E41 9.23E41

F- 8.00E + 02 5.00E + 0! 8.05E+ 02 3.25E + 02 1.91E + 0! 3.7 t E +02 1,18E + 03

Te(CN) ** 3.22E + 02 3.22E + 02 3.22E + 02

8fe+ 6.27E + 02 6.27E + 02 8.09E + 00 1.42E + 02 1.50E + 02 7.77E + 02

lig * 9.00E41 9.00E41 5.84E42 5.84E42 9.58E 01

K+ 5.46E + 02 2.UlE + 0i 3.66E +02 5.66E + 02

1A+ 2.19E41 2.10E + 01 2.12E +01 2.12E + 0!

Ll+ 5.77E 03 2.46E42 3.04E42 3.04E42

2Mg + 9.65E-01 1.10E +01 1.20E + 01 1.20E + 01

M a* + l.20E + 02 1,20E + 02 7.69E + 00 1.80E +01 2.57E +0! 1.46E + 02

Mo* * 4.87E + 00 8.0lE41 3.67E + 00 5.67E +(0

Na+ 1.58E + 04 3.39E +04 2.30E + 03 * 48E+04 1.40E + 04 2.30E + 02 1.43E +04 6.91E + 04

tNt + 1.78E + 02 1.78E4 02 4.07E + 00 6.57E + 00 1.06E +0! 1.89E + 02

NOa- 2.00E + 03 1.53E + 03 1.27E + 03 4.80E + 03 480E+03 8.42E + 00 4.81E+ 03 9.61E +03

NO( l .48E + 04 8.03E + M 1.71E + 03 9.68E + N 1.03E + 04 3.9t E + 01 1.03E + 04 1.07E + 05

011 ' 4.22E + 03 8.51E + 02 3.15E + 02 5.39E+ 03 2.33E + 03 1.23E + 02 2.45E+ 03 7.84E+03
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Tae A 8. Tank Waste Medi=*lon System Environmental impact Stateenent estimated total tank
waste inventorles for nonradioactive species lu metdc tons (10' g). Data from Gothers and Guberski
(1995). Lack of values indicates that the species was not measured and/Or estimated. (cont'd)

masie-54mli Tambs Double-En8 Tanha Grand
Cimen6 cal Total
$pcw Medge Sekcake lat. IJg. Total Soluble tasoluble Total

Pb'+ 1.%E4 00 3.28E + 00 5.24E +00 3.24E4 00

19,8* 3.89E + 03 6 43E+02 8.58E + 0! 4.62E + 03 3.29E + 02 2.16E + 01 3.51E + 02 4.97E + 03

3$r0 * 1.2 t E + 03 1.21E + 03 1.53E + 0i 2.14E + 02 2.29E + 02 1.44E+033

$0 3* 5.01E + 02 1.1$E + 03 1.65E + 03 3.86E + 02 6.68E+ 00 3.93E + 02 2.04E + 0)4

a$r + 3.60E + 0! 3.60E + 0i 3.60E + 01

TOC' 2.00E + 02 2.00E + 02 1.26E + 03 6.84E + 0! 1.33E + 03 1.33E+ 03

3U0 + 3.54E + 00 2.68E + 0! 3.03E + 0i 3.03E + 0!3

8V+ 6.20E42 1.88E41 2.50E41 2.50E41

W*+ 1.44E + 01 1.44E + 01 7.47E41 7.47E41 1.52E+0!
3Zn + 3.59E + 00 9.45E41 4.54E + 00 4.54E + 00

Zr* * 2.46E + 02 2.46E + 02 4.48E41 2.77E + 02 2.77E +02 5.24E + 02

Total w/o 4.93E + 04 1.23E4 05 0.40E + 03 'b9E + 05 4.18E + 04 1.45E + 03 4.32 + 04 2.22E + 05
lip

lip 2.62E + 04 1.40E + 04 5.16E + 03 4.54E + 04 8.59E + 04 8.95 + 04 1.35E+ 05

'lVTAL 7,55E + 04 1.37E + 05 1J6E+04 204E+05 1.31E + 05 1.45E+ 03 1.33E + 05 3.57E + 05

* TOC: Total Organic Carbon
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Table A-9. Tank Waste Rennediation System Environunental Impact Statement estimated total tank
waste inventories for radlonuclides in curies decayed to 1999. Data frun Golberg and Guberski
(1995). 'Ihe letter "m" denotes the metastable isomer. For SSTs, Eu 154 was not calculated. For,

'

DSTs, data is included only for those radionuclides consistendly repoHed in analytical work.

u 11 TanhSingle Shell
Radionuclides Tank Total Soluble Insoluble Total

: Ac 225 1.98E-05

Ac-227 2.21E 02

Am 241 3.30E+ 04 5.31E+ 03 6.54E+ 04 7.07E+ 04

Am 242 6.82E+ 01

Am 242m 6.86E+ 01

Am 243 3.32E+ 01

At 217 1.98FA5

Ba 137m 7.68E+ 06 2.48E+ 07 6.49E+ 05 2.54E+ 07

Bi210 7.17E-08

Bi211 2.21E 02

Bl.212 3.72E 14

Bl.213 1.98FA5

Bi214 2.70E-07

C 14 3.00E+ 03 3.45E+ 02 1.99E+ 03 2.34E+ 03

Cm 242 5.66E + 01

Cm-244 1.18E+ 02

C m 245 1.04E 02

Cs 135 1.45E+ 02

Cs 137 8.12E+ 06 2.61E+ 07 6.83E+ 05 2.68E+ 07

Eu 154 5.37E+ 04 1.44E+ 03 5.51E+ 04

Fr 221 1.98FA5

Fr 223 3.06E 04

1129 1.60E+ 01 1.90E+ 01 3.30E+ 00 2.23E+ 01

Nb-93m 3.20E+ 03

Ni59 5.03E+ 03

O A-44
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Table A 9. Tank Waste Remediation System Environmental Impact Statement estimated total tank
waste intendorles for radionuclides in cudes decayed to 1999. Data from Golberg and Gubenki
(1995). 'Ihe letter "m" denotes the metastable isomer. For SSTs, Eu 154 was not calculated. For
DSTs, data is included ordy for those radionuclides consistently reported in anal 1ical work. (cont'd)3

Double-Shell Tanksgg ggg,
Radionuclides Tank Total Soluble insoluble Total

Ni43 2.69E+ 05

Np 237 6.97E+ 01

Np-238 3.26E-01

Np 239 3.32E+ 01

Pa 231 3.80E-02

Pa 233 6.97E+ 01

Pa 234 7.69E41

Pa 234m 4.81E+ 02

Ptw209 1.98E-05
~

Pb-210 7.17E 08

Pb 211 2.21E-02

Pb 212 3.72E-14

Pb 214 2.70E-07

Pd 107 8.65E+ 01

Po 210 7.17E 08

Po 211 6.04E45

Po 212 2.38E 14

Po-213 1.94E 05

Po-214 2.70E-07

Po 215 2.21E42

Po 216 3.72E-14

Po-218 2.70E47

Pu 238 1.08E+ 03

Pu 239 1.80E+ 04 1.31E+ 03 7.05E+ 03 8.36E+ 03
,

Pu-240 4.30E+ 03 3.28E+ 02 2.07E+ 03 2.40E+ 03

A-45
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| Table A 9. Tank Waste Resnediation System Enrironmental Impact Statement estimated total tank
waste intentories for radionuc!! des in curies decayed to 1999. Data from Golbery and Guberski.

(1995). The letter "m" denotes the metastable isomer. For SSTs, Eu 154 was not calculated. For
! DSTs, data is included only for those radionuclides consistently repo 1ed in analytical work. (cont'd)
4

Double-Shell Tanks3 g gg

Radionuclides Tank Total Soluble Insoluble Total

Pu 241 3.55E+ 04 7.76E+ 02 3.86E+ 04 3.94E+ 04

i Pu 242 4.32E 04

j Ra 223 2.21E-02

i Ra 224 3.72E 14

Ra 225 1.98E 03

Ra 226 2.70E47

Ra 228 7.42E 14

Rh 106 3.79E42

Rn 219 2.21E 02

Rn 220 3.72E-14
' ~

Rn 222 2.70E47O Ru-106 3.79E42

Sh 126 8.78E+ 01

Sb 126m 6.27E + 02
,

Se-79 9.11E+ 02

Sm-151 6.30E+ 05

Sn 126 6.27E+ 02

Sr 90 4.36E+ 07 6.15E+ 05 9.47E+ 06 1.01E+ 07

Tc-99 1.10E+ 04 2.07E+ 04 3.99E+ 02 2.11E+ 04

Th 227 2.18E 02

D 228 3.72E-14

h-229 1.98E45

Th 230 3.90E45

Th-231 2.06E+ 01

n-232 6.42E-13

-
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Table A 9. Task Waste Remediation Spleen Environunental Impact Statesnent estimated total tank
waste inventon,s for radionuclides in cudes decayed to 1999. Data from Golbery and Guberski-

(1995). The letter "rn" denotes the metastable isomer. For SSTs, Eu 154 was not calculated. For
DSTs, data is included only for those radionuclides consistently reported in anal tical work. (cont'd)3

Double-Shell Tanksgg, ; ggg,
Radionuclides Tank Total Soluble Insoluble Total

"
Th 234 4.81E+ 02

11 207 2.21E-02
^

11 208 1.34E 14

11 209 4.28E-67

U 233 1.21E-02

U 234 2.12E 01

U 235 2.06E+ 01

U 236 2.88E-03
'

U 237 8.69FMI

U-238 4.81E+ 02

Y 90 4.36E+ 07 6.15E+ 05 9.47E+ 06 1.01E+ 07O Zr 93 3.94E+ 03

TOTAI. 1.04E + 08 5.23E+ 07 2.04E+ 07 7.27E+ 07

OV A-47
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GEOGRAPIIIC INFORMATION SYSTEM DATABASE OF I

TANKS AND TANK WASTES

; A computerized database for the llanford tanks and tank wastes project was constructed using the
) ARC / INFO Geographic Information System (GIS) developed by Envirorunental Systems Research

Institute, Inc. (ESRI). The purpose of the GIS is to provide a computer based information source on data
j related to underground storage tanks and tank wastes located within the 200 Areas at the llanford site.

The GIS currently contains information on waste tank status, characteristics, and waste chemistry, The
i

information within the database was collected from reports prepared for the DOE by contractors and I

laboratories. The GIS provides an avenue for rapid retrieval and evaluation of this data. Display, '

examination, and analysis of the data contained in the GIS are best achieved using the ArcView desktop
mapping software package also developed by ESRI. Following are brief descriptions of the ARC / INFO
GIS system, the data collected and entered into the GIS database to date, the ARC / INFO coverages
specifically constructed for the project, and the ArcView desktop mapping software.

The ARC / INFO GIS system is designed to link quantitative and qualitative data contained within a
database to a common spatial reference or geographic location. In the ARC / INFO environment, discrete
data types intrinsically tied to geographic locations are separated into layers or coverages. Coverages
usually consist of a single data fonnat: points, lines, or areas. Foints, lines, or areas can be digitized or
edited into coverages. When a coverage is created. ARC / INFO builds an associated attribute table which
is linked to the coverage. Spatial information about each point, line, or area added to the coverage is
automatically entered into the attribute table by ARC / INFO. Data items and associated data are then
added to the attribute table to complete the coverage. In short, an ARC / INFO coverage is linked to a
table which contains spatial data and associated attribute data fot each point, line, or area in the coverage.

The GIS for the llanford tanks and tank wastes project contains information on the configuration, status,
surveillance, liquid and solid contents, and chemical and radionuclide composition of each of the existing
177 large underground storage tanks in the 200 Areas at the llanford site. Coverages for the GIS are

'

composed of line and area data types which represent sttects, buildings, tank farms, and underground
storage tanks within the 200 Areas at the llanford site. The geographic locations of streets, buildings,
tank farms, and storage tanks at the site were digitized directly from an existing map of the 200 Areas
(figure 3.2.3; U.S. Department of Energy,1996b). Data on tank status, characteristics, and contents
(e.g., shell type, total capacity, liquid and solid waste volumes) were manually entered into the GIS from
charts and tables in a waste tank summary report prepared for the DOE by WHC (1-lanton,19%). An
electronic version of the liDW report (Agnew,19%) was obtained and used to input the estimated

,

chemical and radionuclide inventories of tanks into the GIS. The chemical and radiological constituents
contained in the GIS are listed in appendix A. Development of the database accessed by the GIS [e.g.,
incorporation of data on radionuclides not addressed by the Agnew model (see above)) will continue.

The GIS is currently composed of six coverages (coverage name is in parentheses): streets
(IIANSTREETS), buildings (HANBLDGS), tank farms (llANFARMS), underground storage tanks
(ll ANTANKS), a summary of storage tank status and characteristics (TANKSUMM), and a chemical and
radionuclide inventory (TANKCIIEM). A schematic diagram of the GIS showing the coverages and data
items contained within each coverage is shown in figure B 1. Notice that information on tank status,
characteristics, and chemistry are contained in the TANKSUMM and TANKCIIEM coverages; the other
coverages provide data about the site infrastructure (e.g., street and building names). Data can be added
to these existing coverages as additional information concerning the site geography or tanks if needed or

O B1

-- - - _ . - - , . - - _ . - . . .- - . -



I

i

requested. As waste is retrieved from the tanks for processing, infonnation on the status, content, and i
~

chemistry of the tanks can be modified. New coverages can also be constructed and added to the GIS.i
,

For example, a coverage is planned which will show the location and describe the characteristics of |
-

cross transfer piping for the retrieval and transport of tank wastes to staging, sampling, and treatment
facilities.

q

Although coverages can be displayed and examined using the ARC / INFO system, its data management
and analysis features are limited. ArcView is a sophisticated desktop mapping software package which
has extremely flexible data management, analysis, and reporting features. ArcVlew can read ARC / INFO
coverages without translation or recompilation. A major advantage of ArcView is that it permits access
to spatial data in ARC / INFO fonnat to users not directly associated with an ARC / INFO site, in addition,
unlike the UNIX based ARC / INFO, ArcView can be installed and executed on either Windows or UNIX
platforms.

The ArcView graphical user interface allows users to quickly display coverages, dynamically examine
data, perform spatial and logical data queries, and create maps. A map of the site constructed with
ArcView using the llanford tanks coverages is shown in figure B 2. ArcView is an excellent tool for
performing spatial analyses and presenting information graphically (in charts, tables, and maps). For the
llanford tanks and tank wastes GIS, waste tanks with certain characteristics or waste contents and tank
wastes with certain chemistries can be identified using query operations. To demonstrate, a simple
example is presented. A logical r.nery was performed to identify waste tanks in the 200-East Area with
a It 239 concentration greater than 1.0 pCilg. The information resulting from this query operation is
presented graphically in figure B 3. In this figure, the tanks with Pu 239 concentration greater than
1.0 pCi/g are highlighted on a map of the 200-East Area. The figure also lacludes a table which lists the
tank numbers and estimated Pu 239 concentrations of the highlighted tanks.

Funher work in this area was halted in January 1997, due to resource constraints,
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