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SUMMARY
#

A series of criticalexperimentswas completedwith mixed plutonium-uranium

solutionshaving Pu/(Pu+ U) ratios of approximately0.5. These experiments

were a part of the CriticalityData DevelopmentProgrambetween the United

• States Departmentof Energy (USDOE)#and the Power Reactorand NuclearFuel .

DevelopmentCorporation(PNC) of Japan. A completedescriptionof, and data

from, the experimentsare includedin this report. The experimentswere

performedwith mixed plutonium-uraniumsolutionsin cylindricaland slab

geometriesand includedmeasurementswith a water reflector,a concrete

reflector,and withoutan added reflector. The concentrationwas varied from

112 to 332 g (Pu + U)/liter. The ratio of plutoniumto total heavy metal

(plutoniumplus uranium)was 52% for all experiments.
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CRITICALITY EXPERIMENTSWITH MIXEDPLUTONIUMAND URANIUMNITRATE

SOLUTIONAT A PLUTONIUMFRACTIONOF 0.5 IN SLAB AND CYLINDRICALGEOMETRY

1.0 INTRODUCTION

• The designand-operationof-facilitiesfor recyclingfast breeder reactor

fuels involvescriticalityconditionswhich are much differentfrom those

encounteredin the light water reactorfuel cycle. Conditionsare encountered

in plant operationswith fissionablematerialsthat involvecomplex equipment

shapes,high plutoniumcontent in solutionwith uranium,and neutronabsorbing

materialsthat affect criticality. Experimentalcriticalitydata are required

for validationof the calculationsand nuclear data used in facilitydesign,

operationalproceduresand relatedlicensingactivitiesto ensure freedom

from criticalityaccidents. In August, 1983 the U. S. Departmentof Energy

(DOE) and the Power Reactorand NuclearFuel DevelopmentCorporation(PNC)of

Japan entered into an agreementto study criticalityaspects of nuclear fuels

encounteredin the developmentof fast breeder reactorrecycletechnology.

This arrangementwas developedthroughthe DOE and PNC Agreementin the Field

of Liquid Metal-CooledFast BreederReactors. Prior to this Joint Memorandum

of Agreement (MOA) for Nuclear CriticalityData DevelopmentPrograms,DOE had

initiatedan experimentalprogram at the DOE HanfordCritical Mass Laboratory

to provide basic criticalitydata on plutonium-uraniumsystems in supportof

the U. S. LiquidMetal Fast BreederReactor Program. Under this MOA, PNC has

promotedand enlargedthe DOE Programto cover areas of mutual interestas

well as areas of specific interestto PNC.
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Some computercodes for criticalitycalculationshave been developedand

applied to FBR fuel cycle facilitydesigns. Applicationof these codes,

however, and the associatedcross-sectionlibraries,results in uncertainties

in the criticalityaspects for FBR fuel under the conditionsencountered.

Therefore,experimentaldata are neededwhich will permit validationof codes

and cross-section data to minimize the uncertaintie.s so that facility safety,

efficiency, and reliability can be enhanced. The verification of criticality

evaluation methods is the subject of regulatory licensing activity.

This report containsa descriptionof, and data from, the criticality

experimentsconductedwith mixed plutonium-uraniumsolutionsat Pu/(Pu + U)

ratios of approximately0.5, which documentspart of the work in the Project's

Subtask 120. The experimentswere performedin cylindricaland slab geometry•

Reflectorconditionsof water reflected,concretereflectedand bare were

used. The solutionconcentrationwas varied from 112 to 332 g (Pu + U)/liter.

These data have applicationwhenever mixturesof plutoniumand uranium exist,

in the head-endof a fuel reprocessingplant throughthe first solvent

extractioncycle, in storagevesselsand during product conversionwhen a

coprocessingscheme is used.
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2.0 DESCRIPTIONOF EXPERIMENTALASSEMBLIES

This section includes the general description of the experimental

assemblies used for obtaining the criticality data.

2.1 GENERALDESCRIPTIONOF THE SOLUTIONSYSTEM

An existing experimental system, previously used for solution experiments

at the Critical Mass Laboratory, was used in the measurements to provide the

data for this report. The solution system is located in the critical assembly
4

room. The addition of solution to the experimental vessel is remotely made

from the control room. The layout of equipment in the critical assembly room

is shown in Figure 2.1.

The critical assembly room is 10.67 meters square and has a ceiling height

of 6.4 meters. The side walls are composed of 1.52 meter thick concrete.

The concrete ceiling and floor are each 0.61 meters thick.

The containment hood (Hood I) was located 1.83 meters from the north

wall of the room. The west side of the hood, which faces the wall containing
the DS and DMtanks was located 1.52 meters from that wall.

A schematic showing the piping connnections between the three experimental

vessels is shown in Figure 2.2. This piping arrangement allows critical

experiments to be conducted with the same solution in each of three vessels

without changing vessels. The small diameter cylinder (35.39 cm) and the

variable thickness slab tank were used in these series of experiments.
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2.2 CYLINDRICALVESSELASSEMBLY

A photograph of the cylindrical vessel system is shown in Figure 2.3.

This system contains two cylindrical vessels. The vessel used for the exper-

iments in this report has an inside diameter of 35.39 cm. This vessel can be

seen through the window on the left. The control and safety blade mechanisms

are mounted above the vessel and can be seen in the figure directly above the

vessel. The reflector tank serves to contain water when water reflected vessels

are used. Windows of polycarbonate (Lexan) were installed on the front for

access to the tank and for visual inspection. This reflector tank was

fabricated of carbon steel. The placement of the cylindrical vessels is shown

in Figure 2.4.

The small cylindrical vessel (35.39 cm ID and 106.60 cm inside height)

was fabricated of 304L stainless steel. The wall thickness was 0.079 cm.

The control and safety blades are external to the vessel and are fully withdrawn

during the neutron flux determination during the critical approach measurement.

A schematic of the cylindrical vessel is shown in Figure 2.5.

The fill, dump and manometer lines enter the bottom of the vessel through

the dump valve system. The vessel is connected to the dump valve pedestal by

a Marmon flange connection which provides a leak tight seal.

The experiments with the cylinder were conducted with the reflector tank

empty, with the reflector tank containing water and with a concrete reflector

positioned around the cylindrical vessel. In the "bare" condition, the

reflector tank is empty, but some neutrons will, however, be reflected from

the adjacent tank walls and the large empty cylinder that is also located in

the reflector tank, and the concrete walls of the room. Reflector type control

and safety blades of acrylic resin were used for the bare assembly. For the

water reflected cases, the reflector tank was filled to a level slightly below

the top of the cylindrical vessel.
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In the case of the concrete reflectedassemblies,the concretewas 25.2

cm thick. An artist'sconceptionof the concretereflector,showingthe

concretepositionedaround the experimentalvessel, is shown in Figure 2.6.

(See Appendix A for EngineeringDrawing). The concrete reflectorextended

to the bottom of the reflectortank.

Engineeringdrawings are provided in AppendixA for the cylindricalvessel

system;these containdetailed dimensionsused for fabrication.

2.3 EXPANDABLESLAB TANK SYSTEM

The expandableslab tank system has been in use for severalyears and

has been used in conductingmany experiments(Lloyd,1973). The engineering

drawings for this system are provided in Appendix B. C. R. Richey has performed

an analysis on the grid structurefor the slab tank system (Richey,1967) in

which he determinesits effectson the experiments.

The slab assembly (Figure2.7) used in these experimentsis unique because

its thicknesscan be adjustedover a range of 7.6 to 22.8 cm. This range of

adjustmentsis made possibleby means of a stainlesssteel bellows fabricated

around the peripheryof the tank. Slab thicknesschange is accomplishedby

means of adjustmentscrews, locatedat the cornersof the vessel,between the

opposite sides of the slab; slab thicknessis measuredby means of a dial

caliper. The height and width of the tank is about 106.7 cm, based on the

average of the bellowsvariation. The stainlesssteel sides (0.159cm) are

reinforcedwith an egg-crate-typestructurethat maintainsthe side position

to within ~0.025 cm when fillingthe tank. The assembly and its parts are of

Type 304L stainlesssteel. A reflectedassembly is achievedby attaching

gasketed side plates and fillingwith water. The assembly is positioned in a

large hood for contaminationcontrol, in the event of leaks.
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The grid structureis composedof 0.3175 cm thick stainlesssteel plate.

The measured averagecenter-to-centerspacingof the supportgrid structureis

10.6 cm. The bellows, visible in Figure 2.7, is constructedwith a tip to

troughdistance of 5.08 cm at a slab thicknessof 15.2 cm. The bellows is

composedof two sets of four V-shapedstructures;the sets are separatedby a

U-shaped structurehaving a width of 2.86 cm and a depth of approximately2.5

cm. The cornersof the slab tank are roundedwith a 14.4 cm radiusmeasured

. from the outside of the tank. The bellows are made of type 304L stainless

steel and are 0.079 cm in thickness.

The slab tank is positionedinside a metal frame (visiblein Figure 2.8)

to which gasketed side plates can be attachedto form a reflectortank. In

both water reflectedand "bare"experimentsthese side plates are present

exceptwhere noted. In case a water reflectoris used, the water level is set

at the midpoint of the top bellowsof the slab tank. The side plates and end

plates for the reflectortank are 0.635 and 0.476 cm thick respectivelyand

are fabricatedfrom stainlesssteel. A schematicof the expandableslab

tank positionedin the reflectortank is shown in Figure 2.9.

The insidedimensionsof the water reflectortank are 68.6 cm wide by

142.2 cm long by 143.5 cm high. The slab tank is positionedsuch that the

center of the bellows on the lower edge of the slab is 18.4 cm above the inside

face of the lower plate. The slab tank is positionedsuch that the narrow

side faces (BellowsCenter)are 17.75 cm from the insideface of the water

reflectortank. The distancesfrom the broad faces of the slab tank to the

water reflectortank walls is varied accordingto the criticalconfiguration

being examined,from 25.6 cm to 33.2 cm on the south side; and 20.2 cm to

27.8 cm on the north side for tank thicknesssettingsof 22.8 cm to 7.6 cm,

respectively.

The slab tank and associatedwater reflectortank are surroundedby a

containmenthood (see Figure 2.10). The hood has a stainlesssteel structure

with Plexiglaswindowswhich are 0.95 cm thick. The steel structuralmaterial

is approximately0.635 cm thick.
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The bottom of the water reflectortank is located 100.6 cm above the

concrete floor of the experimentalcell. The broad faces of the water reflector

tank are located34.3 and 138.4 cm, from the South and North faces of the

hood walls, respectively. The narrow faces of the reflectortank are located

24.6 and 109.5 cm, from the West and East hood walls, respectively.

The slab tank is equippedwith controland safety blade drive mechanisms

which provide for insertionof the controland safety blades directly into

the solution. The control and safety rod drive mechanisms are mounted above

the slab tank. A 2.5 cm thick steel grate platform is mounted inside the

hood, 230 cm above the floor. The grate providesa working platform for the

installationof the control and safey blade drive mechanisms.
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3.0 EXPERIMENTALRESULTS

This section provides the results of the experiments including a

description of the measurement techniques involved in obtaining the data.

3.1 CRITICALITY MEASUREMENTTECHNIQUES

The critical heights for the experiments reported herein were determined

using the critical approach method (Clayton, 1985). In this critical approach

method, neutron flux measurements are made as the height of solution is

incrementally increased. Inverse count rate is plotted versus solution height.

As the delayed critical condition is approached the neutron count rate

approaches infinity so the inverse count rate approaches zero. By extrapolation

of the inverse multiplication curves to zero value, the critical height is

determined for the system. The neutron flux is routinely taken on three

boron-lined proportional detectors located near the experimental vessel. The

data from the three counters extrapolate to essentially identical values for

critical height at near critical values. The computer calculated least squares

fit of the inverse multiplication curves, used in determining the critical

value of the heights for each experimental assembly, are included in Appendix C.

The critical heights given in Appendix C for the slab tank are with respect to

the top of the bottom bellows.

3.2 CRITICALITY DATA

The criticality data for this report were obtained from January - September

1985, when three experiments were completed with the small cylindrical vessel and

seven with the expandable slab experimental system. The data are summarized in

Tables 3.1 and 3.2. The critical indicated heights for the slab tank are shown

with respect to the midpoint of the lower bellows. The chemical analyses data

for the (Pu + U) nitrate solutions given in these tables were provided by the

Chemical and Analysis Section of the Westinghouse Hanford Co. from samples of

solution supplied to them. The sample analyses methods and descriptive titles

are given in Table 3.3. The critical heights were calculated by a least squares

3.1



fit to the inverseneutron multiplicationdata from three neutrondetectors.

(Computerprintoutprovided in Appendix C). The 241Am contentfor each sample

analyzed,the analysis date and the experimentscoveredby that sample are given

in Table 3.4. The isotopicanalyses values for the plutoniumand uranium of the

experimentsare given in Table 3.5. Table 3.6 provides informationon the

temperaturesof the criticalassembly room (CAR),the dump mix tank (DM) and the

water reflector. Also in Table 3.6, the reflectorwater level and the position

of the bottom of the controland safetyblades are given. (Referenceis the

vessel top).

Appendix D provides data on the chemical analyses for the impurities found

in the (Pu + U) nitrate solutions.

The chemical analysesof the reflectorwater samplesare given in Appendix E.

The compositionof the concrete reflectoris given in Appendix F. Also

provided are the calculatedatomic densitiesused in previousmeasurements

using this concrete reflector (Primm,1986).
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TABLE 3.1 CriticalityMeasurementswith (Pu + U) Nitrate
Solution in 35.39 cm I. D. Cylinder

Critical
Project CLt. Free Height,

Run Case Experi.ent Sauple"1) Pu U Specific Acid Hc
Date Number Number Reflector Number (g/liter) ,, (g/liter) Gravity H. (cm)

01/15/85 1 046 Water 1087 59.35 53.12 1.1968 0.77 23.83

01/17/85 1 046R Water 1087 59.35 53.12 1.1988 0.77 24.06

01/29/85 2 047 Concrete 1088 59.82 54.12 1.1977 0.75 24.88

04/26/85 10 051 Bare 1098 59.63 53.27 1.1978 0.85 34.93

-I) Sampleswere not ion exchangedprior to analysis
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TABLE3.2 Criticality Measurements with (Pu + U)
Nitrate Solution in Slab Geometry

Solution

ProJect CIL Free Slab Critical
Run Case Experinent Sazple-3) Pu U Specific Acid Thickness Height,
Date Nu.ber NuJber Reflector Nunber (9/I i ter) (9/I i ter) Gravity H. ca cm

94/95/85 3 648 Bare -1) 1B95A 174.87 157.48 1.5316 1.15 17.46 ,
(1 Side
Taaper Tank)

64/88/85 3 649A Bare -1) 1095A 174.07 157.48 1.5318 1.15 18.10 78.74
(1 Side
Tanper Tank)

04/18/85 3 050 Bare -2) 1095B 174.62 157.52 1.5329 1.15 18.18 71.88
Lo

09/85/85 8 654 Water 1119 118.94 108.39 1.3714 0.82 12.19 68.62

09/86/85 7 055 Water 1120 80.53 55.17 1.1944 0.55 12.19 83.41

09/09/85 8 058 Bare -2) 1121 81.00 55.52 1.1954 8.53 19.85 45.31

89/18/85 8 058a Bare -2) 1121 81.00 55.52 1.1954 0.53 17.78 60.15

• OaLashowcriticality not possible in the slab with 17.46 ca thickness with Pu * U nitrate solution being used in this experiment.

-1) The north side was removed
-2) Both sides of tamper tank on
-3) Sampleswere not ion exchangedprior to analysis



TABLE 3.3 ChemicalAnalyses Methods

Measurement Method Title -1) Date ofApproval

Plutonium Plutoniumby AutomatedAmperometric 03/18/85
Titration. (30.3)

Uranium Uranium by AutomatedPotentiometric 02/05/86
Titration. (30.8)

Impurities Impuritiesby EmissionSpectroscopy: 06/11/85
Direct Reader. (40.13)

241
Am Americium-241by Anion Exchangeand 05/14/75

Alpha Analysis. (40.16)

Free Acid Determinationof Free Acid in Uranium/ 02/04/86
PlutoniumSolutions. (Usingan
improvedoxalatemethod) (40.22)

Density Density of Solutions. (UsingMettler/ 02/05/86
Paar DensityMeter) (40.23)

Isotopic IsotopicCompositionof Plutonium 09/27/78
and Uraniumby Mass Spectroscopy. (30.6)

Impurities Impuritiesby Spark Source Mass 05/22/75
Spectrometer. (40.15)

-1) The numbersin brackets are HEDL'smethod numbers.
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TABLE 3.4 Chemical AnalysisValues for Americium-241
in Microgramsper milli-liter

Sample 241Am Analysis
Number (ug/ml) Date

1087 290 01/29/85

1095 921 10/21/85

1096 306 05/08/85

1096 307 05/08/85

1119 587 09/23/85

1121 302 09/23/85

Sample 1087 covers experiments046, 046R and 047

Sample 1095 covers experiments048, 049A and 050

Sample 1096 covers experiment051

Sample 1119 covers experiment054

Sample 1121 covers experiments055, 056 and 056a.
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TABLE 3.5 IsotopicAnalyses Valuesof Pu and U (Wt%)

Sample 1087"I) Sample 1095-2) Sample 1119-3) Sample 1121-4)

Pu

238 0.029 • 0.003 0.021 i 0.002 0.029 • 0.001 0.027 • 0.001

239 91.11 i 0.04 91.11 • 0.04 91.10 • 0.04 91.10 • 0.04

240 8.30 • 0.04 8.31 • 0.04 8.31 • 0.04 8.31 • 0.04

241 0.474 • 0.002 0.462 • 0.003 0.464 • 0.002 0.467 • 0.002

242 0.093 • 0.002 0.092 • 0.002 0.093 • 0.002 0.092 • 0.002

U

238 99.253 i 0.005 99.267 i 0.005 99.265 • 0.006 99.266 • 0.006

236 0.027 i 0.002 0.022 • 0.002 0.022 • 0.001 0.022 • 0.001

235 0.707 • 0.005 0.701 • 0.004 0.705 • 0.005 0.702 • 0.005

234 0.012 • 0.001 0.009 • 0.002 0.009 • 0.003 0.009 • 0.003

-1) Sample 1087 is for Experiments46, 46R, 47 and 51. Date analyzed,1/31/85.
-2) Sample 1095 is for Experiments48, 49 and 50" Date analyzed,10/24/85.
-3) Sample 1119 is for Experiment54: Date analyzed,9/25/85.
-4) Sample 1121 is for Experiments55, 56 and 56a: Date analyzed,9/25/85.
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TABLE 3.6 Informationon Temperatures,Reflector
Level, and Controland Safety Blade Position

Control and Safety
Reflector Level Blade Distance

Experiment TemperatureC° Distance Below Below Vessel

Number Room S_orage Tank Reflector Vessel Top (cm) Top (cm)

C_linder 048 22,8 17,8 17,6 1,27 2,54
046R 22.0 17,7 20.3 1,27 2,54

047 21.g 17.9 21.9 N/A 2.54

051 17.1 18.6 NIA NIA 1)

Sla____b 048 22,0 18,0 N/A N/A 5

049A 21,0 17.0 N/A N/A 6

050 19.8 20.0 N/A N/A 5

064 22,2 24,6 22.6 2,64 5

055 23.6 24,7 22.2 2.54 5

056 22.7 24.9 N/A N/A 5

058a 21.1 24.8 N/A N/A 5

H/A - Not Applicable

I) Control I Safety blade top was 1.986 cn below tank bottom.
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3.3 SOURCESOF ERROR

It is practicallyimpossibleto assess, individually,the effects of all

the uncertaintiesin all of the experimentalmeasurements. Realistically,it

is only necessaryto examinethose variablesor combinationof variableswhich

might have a reactivityeffectwhich is a significantfractionof the typical

uncertaintyin a particularKENO calculation. This evaluationwas done for

the significantmeasurementsinvolvedin earlier experimentsand reported

(Primm,1986). From that analysis it was found that the primary uncertainty

that caused significanterror was from the free acid values. Since those

measurements,a study was made and a free acid analysismethod developedand

reported (J. L. Ryan, 1985). This has significantlyreduceduncertaintiesin

the analysisfor free acid. Furtherwork provided free acid standardsso

that the analysescould be confirmed.

The evaluationof uncertaintiesby (Primm,1986) includedthe critical

height,plutoniumconcentration,uraniumconcentration,density, free acid and

compositionof reflectors. It ,vasrecognizedby (Primm,1986) that the

procedureused to derive uncertaintiesdue to experimentaland chemicalanalysis

measurementswere likely to over estimatethe value of each parameter.

The latest estimatedvalues of uncertaintiesare listed in the following

table:

. TABLE 3.7 Measurementof Uncertainties

Pu Concentration• 0.1%

U Concentration • 0.1%

SpecificGravity• 0.0003

Free Acid • 0.04 M

CriticalHeight • 1.6 mm

3.9



Values for uncertaintiesin the chemicalanalyseswere provided by

M. C. Burt of the Chemical and AnalysisSectionof the WestinghouseHanford

Company, Hanford EngineeringDevelopmentLaboratory. The criticalheight

uncertaintyis given as 1.6 mm though the least square fittingof approach

data for three countingsystemswould indicatea smaller value as reasonable.

The 1.6 mm is the smallestunit on the sight tube.
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APPENDIX A

ENGINEERING DRAWINGS OF THE CYLIND,_ICALVESSEL SYSTEM



APPENDIXB

ENGINEERINGDRAWINGS OF THE EXPAND_LE SLAB TANK SYSTEM



JJ

_m
-4

m

"I"I

c_

o _
-O

z
CJ

_ ×

L_j

_b

I llr



APPENDIXC

LEAST SQUARE FITS OF THE CRITICALAPPROACH DATA

The value of the extrapolationfor the expandableslab system requiresthe

additionof one inch (2,54 Cm)o This is due to the zero positionof the solution

height measuringsystem having to be at the top of the bellows, The solution heights

on all least square plots are in inches.
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CFRP-PNC-2-14-2-O4B DATE 1-14-85
14" CYL. H20 REFL. CB&SB OUT

8|, ........ I ......... I ......... : ......... : ......... ; ......... t ......... : ......... i

/ Y-O INTERCEPT AND SLOPE
SCALER ##l g. 3606E+00 -5. 1282E-03

SCALER #2 g. 3626E+00 -7. 64g7E-04

7 - SCALER #3 g. 40g3E+OO -1. 3543E-03 •

"_ AVERAGE g. 3775E+00 -2. 4158E-03

"i, STO. OEV. 5. t L22E-08 4, $825E-05

I

\ T
z
ou 4
\

J
0 3 _- "U_

7_

'----- '"---" '-'-'_" ----" '"_ '----Z---_. _,___ _.._._
8. 700 8. 800 8. go0 g. 000 g. I00 O. 200 g. 300 g. 400 g. 500

SOLUTION HE [GHT

Figure C.I Least Square Fit CFRP-PNC046
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CFRP-PNC-2-%4-O-O46R. DATE 1-t7-85 14" CYL. H20 REFL.
TEMP.- T.T. 20.3. C.A.R. 22.0. D.M. 17.7C.
C.B. & S.B. OUT SAMPLE #1097

Y-O INTERCEPT AND SLOPE
, SCALER #1 0.4014E+00 -8.1892E-08

8 SCALER #2 8.4272E+00 -8.5488E-04
SCALER #8 0.5828E+00 -i. OOOBE-03
AVERAGE 9.4788E+00 -2.6979E-08

7 _ STD. OEV. 8.3288E-02 4.5844E-05

\
,1,,,

o

_ 4

J

3 \

2 \

e.-._ _'_-'_.'-------_ '
9.200 8.400 9.800 9.800 g.o00 0.200 9.400 0.800 0.900

SOLUTION HEIGHT

Figure C.2 Least Square Fit CFRP-PNC 046R
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CFRP-PNC-2-[4-3-047 DATE I/2g/85
14" CYL. CONCRETE REFL. IOOG(PU.U)L
CB & $8 OUT SAMPLE #1088 TEMP. 22. lC B.P. 20.480

Y-O INTERCEPT AND SLOPE
SCALER #I O. 800BE*O0 -L. OI54E-O3
SCALER #2 O.7024E*OO -l. g500E-08

B SCALER #3 g.7796E+O0 -l. 7188E-03
AVERAGE 9. TgBSE+O0 -I.861_-03
STD. OEV. 1.7282E-02 3.8423E-05

5

_ 3

d "

"_.
2

8. 40 8. 80 8.80 g.O0 g.20 g. 40 g.80 g. 80 _0 O0 !

SOLUTION HEIGHT

Figure C.3 Least Square Fit CFRP-PNC047
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CFRP-PNC-S-7.25-l-O49A DATE 4-8-85 7. t25" INSIDE WIDTH SLAB TANK
NO REFL. NORTH T.T. SIDE OFF. SAMPLE#1Og5A CB&SB OUT BACK-OFF

" Y=O INTERCEPT AND SLOPE
SCALER #1 3. 0014E+01 -1. 8680E-04
SCALER #2 2. ggg5E+01 -2. 2288E-04
SCALER #3 2. gg8BE+01 -_. gg64E-04

5 AVERAGE 2. 9gggE*01 -2. 0311E-04
STD. DEV. 2. 1808E-02 2. g187E-06

I-

< "a."_ _.\

z "_'__ °_

_ "_"-"'__.'_"a_,.,
o
m

2B.oo 2B.50 2_.O0 2g.50 30.O0 30.50
SOLUTION HEIGHT

Figure C.4 Least Square Fit CFRP-PNC049A
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CFRP-PNC-3-7. 25-1-050 DATE 4-tO-B5 7, 125" INSIDE WIDTH SLAB TANK
ALL T. T. SIDES ON. NO REFL. SMPLE #10gSB CB&SB OUT

8 ::::::::::::::::::::::: ......... :::::::::::t,,,,, .... :::: ..... :

Y-O INTERCEPT AND SLOPE
SCALER #1 2.7907E+01 -2.1291E-04
SCALER #2 2.72BgE+01 -2.8297E-04

7 SCALER #3 2.7301E+01 -2.0777E-04
AVERAGE 2.72ggE+01 -2.2792E-04
STD. DEV. 2.5433E-03 3. BLtgE-07

"_,,.

1%%% \.\
Z

B4 ._,. _

-%..A

"___.
2 "_ "_

-_. -_

0 :: ....... 1,,,: ..... I ......... : ........ , ........ : .........
25,00 25.50 26.00 26.50 27.00 27.50 28.00

SOLUTION HEIGHT

Figure C.5 Least Square Fit CFRP-PNC 050
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CFRP-PNC-2-14-t-051 DATE 4-26-85 CONC. SAMPLE#IOgB D.H. CALC. HGTS.
14" CYL. BARE REFL. 10.8125" SITE TUBE ZERO
LUCITE CB&SB DOWN. B.P. 29.25 RM. TEMP. 17,1C OM 18.8C

g ============================================================

Y-O INTERCEPT AND SLOPE
, SCALER #l 1.3753E+01 -1.3047E-03

8 : SCALER #2 $.3734E+01 -1.755gE-03
SCALER #3 1.37e5E+01 -1.2787E-03

'\ AVERAGE 1. B750E+01 -t. 4484E-OS
\ • STD. DEV. 2,7253E-02 2.5212E-05

\'x,.
_6

<%% \• '

"x \.

0 : : : : : : : : : : : : : : : : : : :: : : : : : : : : : : : : ....... , ...... : :, I .........
11.50 12.00 12.50 13.00 %3.50 14.00 14.50

SOLUTION HEIGHT

FigureC.6 LeastSquareFitCFRP-PNC051
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CFRP-PNC-3-4. g25-2-054 DATE g-5-85 SLAB TANK
T.T, TEMP.- 22.5C. BP-2B. Bg
CB &SB OUT. SAMPLE# tttg ZERO-0.4375"

8 : : : : : : : : : : : : : : : : : : : : : : : : : : : : ::: : : : : : : : : : : .... : .... : : : .......

Y-O INTERCEPT AND SLOPE
SCALER #t 2.2871E+Ot -t. B404E-04
SCALER #2 2.2BggE+Ot -3.8gBgE-057
SCALER #3 2.2825E+01 -4.8931E-04

:_ AVERAGE _28B5E+0% -2.3745E-04

"_-- STD. DEV. 2.4058E-02 5.4483E-05

8

w

_s _,.

_ "-_,

a _
_3 ._.

2 ___ _,

.... .--.....2 ..... 2.____.____._ "_ ._ ___
-_r.._. .,_.,._..'_ .'_._

20.00 _.50 21.00 21.50 22.00 22.50 23.00

_LUTION HEIGHT

Figure C.7 Least Square Fit CFRP-PNC054
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I

CFRP-PNC -8-4. g25-2-055 DATE g-B-B5 SLAB TANK
CB ¢ SB OUT. SAMPLE# t t20 ZERO-O. 500"

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.

Y'O INTERCEPT AND SLOPE
SCALER #t 3. tBtTE+Ot -2,4482E-04

8 : SCALER _2 3. tB7_+Ot -5.7613E-05
SCA_R _ 3.182_+01 -5. B14_-04

"_ AVERAGE 3, tB38E+Ot -_ BTgOE-04
• STD. DEV. 3,470_-02 B. 25BBE-OB

\
"\

B

_ "\.

g5
8 "\,

_4 "_.,
J \

_ "\,3

2 _ \,_

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

_..-_.....--_,.."_--.,_
0 ============================================= .... ' ......... ::;: ::::::

_.00 _.50 30.00 _.50 3t. O0 31.50 32,00 32,50

SOLUTION HEIGHT

FigureC.8 Least Square Fit CFRP-PNC055
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CFRP-PNC-3-7. B25-1-056 DATE g-g-B5 SLAB TANK
T.T. TEMP.-22.7C BP-2g. 18
CB & SB OUT. SAMPLE# 1120 ZERO-O. 500"

B :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: .... ;:::;;;:,,=

Y-O INTERCEPT AND SLOPE
SCALER #1 1. BB37E+01 -5. B551E-04

7 SCALER #2 1. BB52E+01 -7. tgOeE-04
SCALER #3 I.B831E.01 -I. 0153E-03
AVERAGE 1.6840E.01 -7.7BBtE-04
STD, DEV. 2. Bg20E-02 _ BO47E-05

e _x\.

_ "_'-- "-_

_ '_ "..._
_3 _ '_. "'_

_ _.. "__,._... "\.\.

2 -- --.4---_ _"_-._. _,\,
-_ _--.. _.

_-'__,._

15.80 15.80 18.00 18.20 16.40 18.80 16.80 17.00 17 20

SOLUTION HEIGHT

_Figure C.9 Least Square Fit CFRP-PNC056
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CFRP-PNC-3-7, t25-t-OSOA DATE g-to-85 SLAB TANK
T,T, TEMP.-2t. IC BP-2g, 25

CB & SB OUT. SAMPLE# 1121 ZERO-O, 500 '°

7 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : .... : :

Y-O INTERCEPT AND SLOPE
SCALER #t 2,2OgrE+Or -2, gBOSE-04
SCALER #2 2,2688E+Ot -4.0t22E-04

0 SCALER #3 2.2004E+01 -5, t725E-04
AVERAGE 2.208rE+Or -4.0551E-04

• , STO. OEV, 5.34tSE-03 t. TetBE-OB
I

s "_,
_.,

_ "_.

"_- _ '-a.. "._.

2 "_ _ _ -_"_._ "__..
I _ "

0 : : : : : : : ::: : : : : : : : : : : : :: : : : : : : : : : : _ : : _ : :
20.50 2t.'O0 21.50 22.00 22.50 23,00

SOLUTION HEIGHT

Figure C.IO Least Square Fit CFRP-PNC056A
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APPENDIX D

CHEMICAL ANALYSESDATA OF THE IMPURITIESIN (Pu + U) NITRATE SOLUTIONS

The chemicalanalysesdata for sample 1097 are for experiments046R, 047 and

051. The analyses data for 1095 are for experiments048, 049A and 050. The analyses

data for 1119 are for experiment054. The analysesdata for 1121 are for experiments

055, 056 and 056a.
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Na 30 Sr Tb...................

Mg ]0 Y Dv ..,
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S _ Ru Yb
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Figure D.I Spectrographic Analysis Report # 1087
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Figure D.2 Spectrographic Analysis Report # 1095
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APPENDIX E

CHEMICAL ANALYSES DATA,QE THE REFLECTOR WATER SAMPLES
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TABLE E.I Water Sample Analysis - 046 and 046R

1 HANFORD ENVIRONMENTALHEALTH FOUNDATION

April 2, 1985 9475

Pacific Northwest Laboratory
209-E Building
200-E Area

Attn: Ray Lloyd

WATER SAMPLE ANALYSIS - TAMPER 046

One water sample, Tamper 046, has been analyzed for the parameters requested.
Analysis was done in accordance with Standard Methods for Water and
Wastewater, 15th ed.

(mg/L)
Parameter Tamper 046

pH 7.0
Total alkalinity 56.9
HC03 alkalinity 54
C% alkalinity <0.5
Total Dissolved Solids I05
SuIfate 3.8
Nitrate as N O.lO
Fluoride 0.12
Chloride 2.7
Zinc 0.13

Manganese 0.02
Lead <O.005

Copper <O.Ol
Chromium <O.Ol
Iron O.14
Cadmium <0.005

If you have any questions, please contact EnvironmentalHealth Sciences.

M. K. Hamilton, CIH
LaboratoryDirector
Environmental Health Sciences

spm

P O. 80X 100 RICHLANO. WASHINGTON 99352

E.1



*. TABLE E.2 Water Sample Analysis - 054 and 055

I HANFORD ENVIRONMENTALHEALTH FOUNDATION

November19, 1985 CO 10165

Pacific NorthwestLaboratories
209-E Building,200-EArea

Attn: R. Lloyd

WATERANALYSIS

Followingare the resultsof the wateranalysisof two samplesreceivedOctober
22. All analyseswere performedin accordancewith StandardMethodsfor the
Examinationof Water& Wastewater,16thEd.

054 055"
AnaIysis 9-5-85 10-21-85

pH 7.3 7.3

Totalalkalinitymg/L as CaCO3 49.1 46.6

Bicarbonatealkalinitymg/Las CaCO3 47 44

Carbonatealkalinitymg/L as CaCO3 <0.5 <0.5

Totaldissolvedsolidsmg/L 77 92

Sulfatemg/L 15 15

Nitrate(asN) mg/L <O.l <O.l

Fluoridemg/L 0.12 <O.l

Chloridemg/L 0.43 0.45

Cadmiummg/L <0.0002 O.0007

Coppermg/L O.02 <0.Ol

Chromiummg/L <0.Ol <0.Ol

Ironmg/L 0.08 1.49

Lead mg/L <0.002 O.006

Manganesemg/L <0.Ol O.025

Zinc mg/L <0.05 4.2

If thereare any questionsconcerningthisanalysis,pleasecontactus.
|

M. K. Hamilton,CIH
LaboratoryDirector
EnvironmentalHealthSciences

P O. 80X 100, RICHLAND. WASH, JNGTON 99352

lmk
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APPENDIX F

COMPOSITIONOF CONCRETE REFLECTOR-I)

Two samplesof the concrete reflectorwere analyzed for material composition

by the use of two techniques- x-ray fluorescence(XRF) and isotopeneutronactivation

analysis (INAA). The procedureinvolvedobtaininga sectionof the center of the

core and reducingthe materialto powder such that it would pass througha 140 mesh

screen. Two aliquotswere obtained. Each aliquotwas analyzed by XRF and INAA).

The INAA procedureinvolveda 5-minuteirradiationin the neutronmultiplier

facility,a 5-minutedelay, and then a counting of 600 seconds to obtain Al, V, Ti,

Mg, and Ca. Approximately2 hours later the sampleswere recountedfor 1000 seconds

to obtain data for Na, K, and Mn. A summaryof this data is found in Table F.I.

The XRF procedureinvolvedpelletizingthe material to form a thin wafer.

The sampleswere then analyzedby both a Zr and then a Ag secondarysource. These

data are also shown in Table F.I. The reportederror is the 1_ value for each sample

and the weighted standarddeviationfor the mean value

[I/Z(I/_i2)].

Each samplewas then separatedinto two aliquots. The water contentwas

determinedby the followingprocedure. Each of the sampleswas weighed, then heated

to 1000 for 1 hours, cooled, and reweighed. The sampleswere then heated to 10000

for 1 hour, cooled,and weighed. The resultsof the analyses are shown in Table

F.2. Based on the data in Table F.2, the hydrogencontentof the concrete is

determinedto be 1.05 • 0.03 weight percent.

-1) Analyses performedby Elwood Lepel, PacificNorthwestLaboratorydocumented
in a memorandumto Mike Durst, PNL, dated May 27, 1981.

F.l



TABLE F.I Concentration of Elements in Concrete Reflector -a)

Unit of
Measure INAA-b) - XRF-C)

ElmmnZ_ (wt} --/ __Z 1 2_

Na S 1.40 + 0.01 1.46 + 0.01 - - 1.43 _+ 0.007- - - 0.92 + 0.34
Mg % 0.84 +_ 0.46 1.00 _+ 0.50 -
A1 S 5.27 + 0.03 5.58 +_ 0.03 4.0 +_ 1.4 4.3 + 1.4 4.79 +_ 0.02

- - 22.3 _+ 1.5 23.9 _+ 1.6 23.1 _+ I.I
Sl _ - - <0.6 <0.6
P S - - 0.40+ 0.09 0.36 + 0.09 0.38 + 0.06
S _ - +
K _ 0.86 + 0.14 0.70 + 0.15 0.67 + 0.04 0.67 + 0.04 0.72 - 0.3
Ca % 10.8 + 0.5 10.4 -+ 0.5 13.8 + 0.7 12.9 -+ 0.7 12.0 + 0.3
Tt ppm 3910 _+340 2900 -+200 2900 -+200 2700 + 200 3320 + 122
V ppm 91.3 _+ 3.6 85.5 _+ 3.8 91 + 31 140 -+ 30 102 -+ 3- 196 +- 21 134 +- 19 165 +- 14
Cr ppm - + - 3

Mn ppm 557 + 4 520 _+ 4 606 t 36 577 - 34 565 +
Fe _ - - 3.45 0.17 -+ 3.29 + 0.16 3.37 + 0.12- <49 <49 <49
Co ppm - _ 6 54 + 3- 57 + 4 52 + -
Nt ppm - - 42 _+ 3 39 + 3 40 + 2
Cu ppm - - 176 _+ 9 146 +_ 8 161 + 6
Zn ppm - - 12 + 1 11 + 1 11.5 + 0.7
Ga ppm - - 34 +_ 2 23 + 2 28 +_ 1
Pb ppm - - 33 + 2 29 + 2 31 + 1
As ppm - - 21 _+ I 20 + 1 20.5 +- 0.7
Rb ppm - - 280 + 20 300 + 30 290 + 17
Sr ppm - - 15 +_ 1 15 + 1 15 + 0.7
Y ppm - - 85 + 7 87 + 7 86 + 5
Zr ppm - - 5.4 + 1.0 5.3 -+ 0.7 5.4 + 0.6
Nb ppm - - 6.9 + 0.8 5.6 -+ 0.8 6.2 +- 0.6
Mo ppm -

(a) Reported error is the lo value for each sample. The weighted standard deviation ts reported
for the average,

(b) Isotope neutron activation analysis method.
(c) X-ray fluorescence method.



T__J=F=_F._j_Water Content of Concrete Reflector

J

' Weight Loss Wetgh¢ Loss
After Heattng After Heating

Sample to 100°C , to 1000°C,
Number ,(wt_)-aJ (wt,_)-a_

A1 3.0 9.2

A2 2.9 9.2

B3 3.I 9.6

B4 3.3 9.8

Average 3.1 _+0.2 9.4 _+0.3

i

(a) Referenced to original sample weight.
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The major constituents of the concrete ape l tsted tn Table F,3, The

unidentified mass from the analysts was assumedto be oxygen, The denslty of

the concrete was detePmtned to be 2,3 -+ 0,1 g/cm3. The computed atom densities

for each element are also l tsted tn Table F,3,

F.4



Calculated Atom Densltles for the Concrete Reflector

" Welght Atom DensI ty
, E1ement ..... Percent (ACorns/b•cm)

0 51.91 4,553E-2

$t 23,10 1,154E-2

Ca 12,00 4,201E-3

A1 4.79 2.491E-3

Fe 3,37 8.468E-4

Na 1.43 8.728E-4

H 1.05 1.462E-2

Mg 0.92 5.310E-4

K 0,72 2.5 84E-4

S 0.38 1.663 E-4

TI 0.33 9.667 E-5

F.5



., " PNL-5768

DISTRIBUTION

No. of
C__opies

OFFSITE

2 Divisionof Fuels & Reprocesslng
NE-551,U. S. Departmentof Energy

• Washington,DC 20545

D. E. Bailey,Director
• R.B. Chitwood

48 Oak Ridge NationalLaboratory
Martin Marietta EnergySystems,Inc.
Bldg. 7601
PO Box X
Oak Ridge, TN 37830 i

A. D. Blakeman
W. D. Burch (3)
B. G. Eads
M. J. Feldman
W. S. Groenier
M. J. Haire (10)
C. M. Hopper
H. T. Kerr
R. C. Kryter
S. A. Meacham
J. T. Mihalczo
L. C. Oakes
R. T. Primm, III
G. E. Ragan
C. W. Ricker

R W Sharpe l_IG_ RI Smolen
J. G. Stradley (5)
J. T. Thomas
R. M. Westfall

. G.E. Whitesides
R. G. Wymer
O. O. Yarbro

• ORNL PatentSection
ORNL-RC
ORNL Records (3)

Distr. l



e

No. of
Copies

OFFSITE, ,,,

F. P. Baranowskl
III0 Dapple Grey Court
Great Falls, VA 22066

R. Little
PrincetonPlasma PhysicsLaboratory
James ForrestalCampus
PO Box 451
Prlnceton,NJ 08544

M. J. Ohanian,AssociateDean for Research
Collegeof Engineering
Universityof Florida
300 Well Hall
Gainesville,FL 32611

J. F. Proctor,Sr. TechnicalSpecialist
E. I. du Pont de Nemoursand Company
SavannahRiver Laboratory
Aiken, SC 29801

M. J. Rohr, ProgramManager
ConsolidatedFuel ReprocessingProgram
Energy ProgramsDivision
EnergyTechnologyBranch
Oak Ridge, TN 37831

Office of AssistantManager
Energy Researchand Development
DOE-ORO
Oak Ridge,TN 37831

48 DOE TechnicalInformationCenter
(Givendistributionunder
S-86T ConsolidatedFuel
Reprocessing Program
CriticalityData
DevelopmentCategory)

Distr. 2



No. of

Copies

ONSITE

4 DOE RichlandOperationsOffice

K. W. Bracken
D. K. Jones
J. J. Sutey

, K. H, Rising

24 PacificNorthwestLaboratory
g

W. W. Ballard
S. R. Bierman
E. D. Clayton
J L. McEiroy
R_ C. Lloyd (10)
L. N. Terry (CML Record Copy) (2)
H. H. Van Tuyl
PublishingCoordination(2)
TechnicalInformation(5)

Distr. 3





I , I , I , ! . i i , I ,
_BREVIATIONS GENERALNOTES ol, p. i ,llciu,lto, .,IL,,.i i

"aS ta|lt(on RIVlMAI |TlUlllll !LI_ll O1H_RWIIE IPEG_IID) i I i Atl(#IL!

I¢ lOLl (IICL| |. ILl OOtllllkl tO II II IPICIIIIO Oi iP)IIlll lOUiS, I f I #lO 1111 Ia|ll

.I.O , I CiVlI S.IIT¢11 CIIILH |. IIP_ll OLS IOlll I Illll ILL INIIP |HIS.
irlP CHIOLIIIIII IUIL IIPlO¢IISlII PlIIIlul - * - I

el ¢!!III Sill I. ALL IWIIll PIIII IiiLL IPlIAII IMIlULI I IllUO"l OIIIIIL. I . I I Sill( COL Iinl Im(ll

IO II*`PAI'I 4, STIIOLllS STILL iUAII,, l( l| ACIlllillCI Mill till llLtllllllS | I ] SRILL (Vt ll*`a Imlll .

ill iliUM &SlO IP|ClFICAIIOIII | i I [Lll|$ I#lll
cTi CIItli ; " ;

COST ¢USlORli PLIT|, SIllS S SI|IP All** I IIO- FIllS*' iS I I I ] (OVII snell

£1L (ILIIOIICAL JAil ISle A 140 I I ] COl/I limit|
HT D|TAIL lUllS ISlam I IN i n | I POll COVll |#Ill
Ilia Ill*`(lli tiP| lllll a Ill i +

It*` IlellSl0*` |. ALL ilion SIi(L I"ILL II Im AiCOIOdmCl Vll*' Ills I.It, I . 1O I SlIIILO $1lll. •
l| IOu*'i

tLlI |LlIIiL[ l. ILL l*ll VILll|l TO II Ull ¥111 l.lOll ISlCIIOOIS. I , i II i lallLl Imll _,

11 Ill llll I. IOLll $*`+LS II llll I II/. I II J SPOOL PlICl l,ll!i

lull fillll*'ll I+ |IIII+S nlllLl ImlLL II +III?II Vllu OIl COIl IS III¢ CMIO_III I 'll I IVnP lltll l,llle
Ii IIII PIIell ILlll till III I [lilI lllllLlSl lllxlL (OLOl II II I III lOtllOll ill II Cl loll I Ill Ill lllll,l

lll till| lltlCt[l If CUlt. i llOl mO+llll lID llt I+ICIlI{
•̀IC *`IIllO*` n i

ll lllll( OllilllI l. PIPI OlD IIIIIUTIO| VXIII IIOUIIII SEALS SlVl II Ill I llIlL |' It i Illll Ull IXtVl ell IO OlOO *`lilt OK lUllI
• I I/I I lit# loll* tllOl • 1.1031. IIAlll fOlIO POll 114 SIt lClvlIOI ill +

m lip (llll#)

L LO*`i ll. ll*`ll|lOll ll| |ILIIIICII Ill In IICOIIIIil Vlll InIl Ill.S. IO ¢CICI IOn.OFt| ll.l|l Pll ill

Rill lilllliL 11. TOLIIIICII lmi Pl II SUPPLY

.UI llIl*`_l FIICIIOIAL i I/ll I 14 FinAL[ ¢OI*`lClOI CAt |l II*IFO0./-ll lil+ltll
II Iillll

OlClelL I .Oil I II *`ILl ¢OIIICIOI CAI I0 SI-IOI-I*II ill+ILlS

OPT lillll¢ll llllllll IIPII IIIIA|S IIIUtAI i_ I/I I _ I " |I UIIOI ILlO+ CAI IO l|-lOO-I lllilLOlIS IIAI Slll

OO Ill|Ill llAILltll II. lOtllAlCll Foe An I, l. l. I _+&.ll I 11 l/I* illS&Of IIAO PtUI ]II Sll +

IL PLATS FIICIIOIIL i_ loll I IO IS IIIOOUIP ¢tiRi ¢V+l fOIl+

II PAll IWilll lI¢IRiL i .lli +_ | l! O*lll& CAT I0 If. Ill (IITOI.A| elilll
' PSl flillS P|I SO+All IIC*` I*`GULAI i. I/F I

Pt LlOill PlIIIIOIT IUIIIATIOl 'II. IOt¢IAICII Ill Pl I, |, I, III |I + " II O.llll CAT IO IFo|I$ |IlIOI.&) PAII|IAll lillllll I FIACflOIAt i I/I I "+ll llSllt l/l" T,ICl I I I/l" DO I I" lm IIFtOlI lllULll

Ill fOliOS _ ll. Ill IOLLOvlI+ PIII li.aIlli PAl II lIP|ACID I! Iml IIIULAI NOLII FO *`ITCH PI I

II.IAI IIII101¢III IAI II AISlnlLI l#.l.llPlll, l. I. IIII, lid Ilo II. I/Ill. l " 14 OAIIII I/I* tNI¢I I I I/I" III I I/I llILOl L

mll llIllil(l lllll, lllll, lIlll, lo(|zl, lllll. AID llill. IV lOllS SO *`AT¢*` +tAll+

llO1 UOUIIII I " IS llm* IAIlIF FOII + llOl FLAIll lllLOl
llml I $(Ml OUtI

.|p IPlCII _I " II |.ILIA I Ill* II I I I/l" Ol Ol+m llltOl

lilt ItAIILIII fills ........... II Ill |lltOl-ll "--+_
IIM llilllllClL I II i.IIII I Ill _ II I I ill* lO +iOn J. ClIII

Ill |lIDS llllT.llOl lli_illl 10 Ill lllTOI*I| llLllll CO.
. __.

TiP _IPlEIL l I0 l.llll I" ll I | lie* 00 li_, |r 111 +. illll
SIC NlPlll i811Sl tlllll PICIIIL+Cl
IIC lOLl lL|llllllll +illlll

Ill $$I II! IO0 llllll ItillLlS$ frill i I 15 I/I* IAlllT.lilCllal+gLlll I0 lilC*` lI/kOO
_ iOlll +I I m rill Op(iflA Is pl |

.

II lo IOCIII NIAO iIP ICIIV I/4"-FO UIC.IA lII Ill

, • I l/l* t

II II *`II +IAO lOLl I/l-ll OIC.IA Ilit 211 Ill
G

I' II llI liAR lOLl +/l*-S UIC-IA I I SOl" t IIC Ill

l )I Nil USA1 lOLl l/l'*tl _IC-II I ill" I, Ill Oil

b "|O II Ill lit lOl°-ll Vii II IU 151
,,

I Jl l{I IOCIIY liITOl *`|+'O CAP SO|IV III Ill

ll*ll UIC*II I I04" S

IS"
m I Is |In lit ,l-ll UI¢.III Ill Ill +

__ ]'_"_ Oi '+,,L l /_ O_L¥ l l' 1! LOCI uul 1/4" ,l UIt-ll llI 15!

m

I I JS cLivln FII l/m* ,iA i I I/4" t VllOO i nil I$1

__ I l Ii ¢OlllI lid |/lI" I I O t llI lit

:_.+,: +,, ,++,.,o,,.,,0,,,Do,, +,..+,,o, +
| i II UIIOl |LILY (If I0 IS .IO0-1 --illGlLOl. +j'++ __..........+

L_ I '+ +u,,oi,,,,+

._ "_: I' --" --;''--_-" "®_ "- _--

i¢

i .J._ .tl .,..4 4 Ml _t (+ 1, &_p_+timII1 f Ii1_ 0__

I ' ""_" • ..... • .... o __ _--' i o- o.... .-
o

llllLl llllllPlLIllll l_ ,I, I-_ l+l,, ,*, 0 I

b Z_ DETAIL[ .... u....... u--
PIOClII lllll A'+ t401|_ • _o,l _I_ i,.v, 0 _ --

DETAIL_ d.......
<_ _*+ClllFIll "_l+;i'li"'_l--'_l•_ _orLo

LIOUll |lOll +._ALLi _ , £

® L,,.,l,lliL z__+_ _____b,- __
_-_-:':'--:' I I u. $. Oepor0monlOI Energy

"" _t [PACIFIC NORTHWEST L_i_IORATC)R+

,I..... ",,......... _ ""' ............., _;.... _, /-- ,.,._., .,._._,-m_,, <..,.,<..,_,<,,-_.,
___ ii i rill/w*_l s_ $_t,i ii i i ___)





/

I " t 1 !I , I , i , ' ' ' _I I III I I III i i

_/.-- _r(Ns w_ rJ , .

D c.ZAIL .E

'"'"_'_-_-k_.-_" "*" I t.I__:'. oeu,L£_',4 L 4 4L*"I a

_, ,.,.i _ "T_ TM

I I -"_,'"_ l" ,;4"----- _no,.,.,,,,.,,.,,,,,
t---_ z_e_ 4J'-----

_5_CTIO/4OC_D.Do,,,,,,,,u...'LlJ ._,............... ,

--- L ,,,,,

• '
r_.ul_) ewe.r4 I. " I

.,...o._| I _ """"'" o_r,_/_J¢ -
k£)

"'*'- "-'/ I

_"."i ( ...

_ _ _.¢CTIOtV lr'F ($,,_v,_ U [C;)A"7...<C_

..,,.,.t-----_ U, $, Dol_rlnonl OI Enoroy

SCALO _ OoO* as oas_luJ _1 _tTT_I

-" "_2----';_,_-_-"'..... ' .... " -IT " "_ - 7._ ,o,, _ <
--- _ l_ll-----___"_plll,'_lll_ l III I l I

I !



O| t| I! m e I

L.............. "-- --- ......... i,W_oJ,,,*I

CTrom.) "__....,
0

' :_. e_.ooo:o t
IOI.o_r Yt_l

,q

C



, I , ' . I , I , , !

...... ,,,,_,,i.,.l'"_'_l_l'_'"' ...... ' .... '" " .r_',1,,,,,,,,,



-- z7_;e %,_ .-

_ d-O VE,q
_',,4_._ ,_ '_1 m

/zO,,2";CO/E_
__J

i ....... | i 'i ''|- " " I '; ' I .... "........ '° ' 1 '



I I ¸ i ' !
-- _ i_iii_ a_iill ,..JL. m.

, _n L,,,,,iv ,

I / '!d---T

_ - - --F I "

_ , / _rYP.)

: ]

]_ I u
_ ,'_

/I" ' ' _ "_I 'I1%1 A

-.--- 7_

,.,,.,./. #0 o_" ,_/,=t I I Ii I4 " I

,_,'_ ,<o%__,
. (rr_.) ""

I I

@ 5#_90LD/,ECE __CA_ _ "1 _
_,o /$.¢u4 //,/t_/i,_

I "_'=._...;..-.' I / U.S. Department Of Energy
I"" .......... I __ _;chi,,_Oo,,,t,o., O_c,
I_-- -----------I PACIFIC NORTHWE_-r LABORATORY

=' "I _-_'_'_,_ ---! -c_,,_r_........................ I" _o_,_ _ ..._'__ I
H" 2" _dEGNl[l*'lr usl[o ON l OIP'WtNG ll'r&1*1.*l

-r











, ! , I , I , I ,L I . ;...... III I ........ __ I ....... IIII IIIIIIII I I I IIII IIIII I I IIlIlllll I

b/El._O//'v
_AIIN T ON /.£ T T_RJ l-r"

/v_ I cO_e

., i ,, ' I i; °'_-
._ _ _--.----._,ii__ _ _ ___._.._

'-.' "_ "_-- "= ' _ " '--, ' " . ........._ __ _'_ '" _-___ , ZZ,
I

i
_ ,_ .

F 7

"I-- -r" "T--- +- "

_ 5
c --------_rY.

f i _zk +
_- +- -+- -4-

l

it

i '
I i i

o _ +_ "+" ...... +-- __i ,

II
- !!

+ 4-..... ,-H-

._----I,_ 0- ._.._:/._:z,
ia .._TUO.s_O_SPO/V e" CT_P-S: 34 ..... _ l,.z,__

I .dl/

3 ,,I . ,_

TO 1,_'/ 7"H/,,¢" __ _E'FGA?,E COAP/d_AP AA_E A_OU,

_ .BO 4 -/ ..T_ 7"

I.oI
I

-- I III II IIII ii IIIII i|l I I I

' i ' I ' I ' I ' 1





' 1 [d

if1
i-A-I -J-.--_' .. ,-.-- i. : ,-t-T;-7,L[,_ ,_,-_J _ ,----, !

l.z \_r
,/V \

" @ .

i _ -- _ i lUl i i| I i ii i

'' i .... II ' I_ I_' 'll 11 I II



, I , I , I ,° i ,, I ,, I ,, "I
I °" I-"I .........

r- 5

' a ' /" 1_*" d'J/Vd "2_ . #_._c£S

I ! / :s '

,' I J I L lI .' '..j
"--I _ 7_ 6

v/£M '_ _ d"

!

' ' i, =.s" _" --_-JL

_/_IL IT/ +
Dt_ _

I _ ,11_ \i\'\\ \'\"%%"" _"_ I _ II

>

T'_-_-__J A "
\,,._

d

E,.v E _,_ L. A'O 7"_'.5".

JECT/OHB-D

.......... •,.,,,,.o..... .%._%y .,. u._..'ro.,= ,.N¢.=,<=o,..,,,_,oN

'_" "" .... ; "' I-,'" .IAP_,mVE=,_0_ ma,c_slci =¢,_=,,..,._._ =,.,:c'r,,,=
= I " r "_; ........ ",--1

.... No_'_" j i ! I _EL LObv'STANK
_',.-=.'..._ !,_._ .... !._'?_..-!., LA TT-/CE

. ..,,_ =__.r_:.T ._ _. i _ =_k.l'_,." _ i J "L'_

I , ,i . I '° " I '= I " ,i
1 ''l ' " ...... I' .... n ..... I_l ' ' , ' ,Ill,It ' IIIII,Ilillliilllml_it_ill.... ,_li l' .... ' .... Ir, , ,i' "' Ir,



, I , I , I . I , I .
--! • i iii i ii ii i i p i

G

li01% _ DIt-. .

TRU, E PO"IT_ON 1-0 -': _

I
___/11 __ ,,1, , i i i i II imlll,,i

,....................... . ...... ..... ....ill_tlrlF!l_!ili!lr,l!I_,, . ... ,,..' 'it.





. I , I , I , I , I ,-- _ i i i i , i ii i i Jmt I I I Im

# _ _l. __ _FI,_ f ;'yP AI_O T_,t _._'#V#,_,_

^ /" .o"

,_, r -- _" --_ -'_'_

"; -" ,] I ,-1 I j
• I ' tT_ I I

..F i II ; .;I , .:', ' '

fit i i k f H ,

o I (,, /7, I I
; 14 _ =-

3o4-L 5 5 T

t

,W i
I I _ I --

I i

,, f t 11 I ,1 I ,; j. I a
Z t _ , I ,'"['._ -I I _ ! ! ,, I I

1 ' t iJ T '' , '. -: i '," T" ,,

_ ,
(rYe) (rYP)

304-L 5ST

(r_'_)i (_. (rr,=)

J l r" T I r"o r -' r "r
! I .'r, -I m L I ,- , ,

/o.,_ 1 _. '0

-- @ aO4-L SST

I I I

+ ," I', 1', :L ',;

! L" , t., tJ I J

L-.-.. . -c ' r'_) G3
(/r,_) ' r-;_#.-'i_( o#-L SST

it

......., [...... , I....... I I 1,
I I , '1 4

1_ I' ...... ,: ........... H,H..... ir,,,,................i_...... ,,,.........II[





F'"g
"" -_'_ zE l I " I F,_ , .-

-- @ _,'_fff 55

@ _A55
H

I

__l i i i 5 I _ --

I '''* I I _I 1 _ i . II I V
1 ....... I i, Irl ' ii , _i I I1[



I, I , I , I ,° I ,, I ,, ,, __
i i i i i i illl ii ii ii i [ i

-- [ " I:1 °...... '



_- t I I I II 1 11 4 II
--- l._II iiit J_ i _ -- lUll I Illill I I ii IIIII I - ' I I II I I II II I II

A

I

EXISTIN,_, k/gOD

I ':_v:
c

-- ._ III I I II i I I II i i • --



1 . I . I . I ,. I ,, I ,, I ,, I
t °-. I'1- °'-°'-°"



" ! ,. I ,, I ,. ! . i .-- iiii i ii ii i ...... iiii] i iii i v,,dll,illi,i ii i iiiiiiiii i IL III I JI II

ELEVATION Y-Y_o_ _H_T ,)
5C" AL _": _'4

!
TI-IIS PARTIAL.. EL_.VATIQN IS ONLY ,_

RE.I:'E.R.E.NC.F_ "TO3 "THE. D,,P,AP L.._NE.. I--IEX P-._ A_;.
ASSF..MFt, LY REFER TO %HE.ET I FOR
TIlE RI:'MNNIN_ ASSc'IvII_Ly

BUlb I Pll I I I I ..... III I I" IIIII ;1111....... " i " I " I " I ' I
' ,

......... lj................... 1'' I_lWlllm_lll' lit'1" .... r





t J
!

J




