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EXEQJTIVE SUMMARY 

The 'TRAC Syst• estimates the amounts cf selected radionucl ides and stable 
chemicals in the total waste 1111nagement systan and how they are distributed 
among underground tanks. Input data are based upon historical records. Models 

of reactor, chemi ca 1 process, and .aste 1111nagement opera ti ens were created. A 11 

c011puter codes except isotope generation and depletion were written within the 

scope of the project. 

Predictions of total amounts agree with reference values for most 

radionuclides to within a factor of three. The amounts of principal 
radionuclides agree to within 1oi. Isotopes of urani1.n, tin, their daughters 

and Cl4 vary from reference values by about an order of magnitude. The source 
of the discrepancy appears to be technical and not conceptual. 

The estimates of waste inventories at locations has been compared with 

reference values for solid volu1119 and heat generation. Solid volumes by farm 
are about 1.8 times lower than these reported in independent work. Heat 

generation rates have been calculated fr011 waste inventory estimates. When 
canpared to reference values, the values agree to within a factor of ten for 

two-thirds of the identified tanks. Distributions of waste components 1n the 
solution phase are sensitive to an error in the method of estimating solution 
phase volume. 

The summary table that follows lists the activities of total lRU, Sr90 plus 
Y90, and Csl3·7 plus Bal37m for 1.53 tanks as of January l, 1981. The lRU is 

based upcn contributions -fl'"OIII 12 act1n.ides consistent with guidelines 1n the 

Draft DOE Order 5820 dated January 13, 1983 • . The qther nine tanks that were in 
use before January l, 1981 are net listed because they were not populated with 

waste e0111pcnents by the simulation. 

These inventories are preliminary. Data, particularly process chemicals 

., 
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added and waste management transactions, have not been satisfactorily audited. 
Canputer codes have not been verified. Sampling and sample analysis have not 

been performed to validate predictions. 

The TRAC System is unique at Hanford; no other study is available that can 

predict the inventories of waste components at specific storage and disposal 

locations. It is capable of testing the sensitiv1ty of the total inventory and 

tts d1stribution. among locations to changes in input data and 110del ass1.111ptions. 

It can be refined and improve waste inventory estimates based upon qualified 

analytical data. 

Prudent application of the information developed in this study is 

recommended. The simulation spans 37 years of complex operational history and 

1s untested. 

/ 
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1. 0 INTROOOCTION • 

Ch•1ca1 processing of frrad1ated nuclear fuels at Hanford has produced 
a1ka1ine 11qucrs and solids which contain rad1onuc1ides. These have been placed 

1n underground tanks fer tanporary storage. Subsequent management operations 
have resulted in a complex 1ntenning11ng of these wastes as well as the add1t1on 

of stable chemfcals and the removal of rad1onuc11des, water and heat. Natural 

precesses have caused the segregat1 on of waste components f ntc so 1 ut1 on and 

solid phases prior to transfers. 

A study has been mad• to estima.te . the total waste inventory and the 

inventories 1n each tank through 1980 from histor1ca1 records. This document 

reports the methods and preliminary results of that study. Anc11 lary data 
reports are available in a suppl.ant Cl.l). Canputer software has been 
documented 1 n a third report C 1. 2 >. 

1.1 HAN FORD HI STORY 

The tanked Hanford nuclear wastes originated fran primary and secondary 
recovery precesses and from several waste sol i d1ficati on schemes. Primary 
recovery processes win plutonium, uraniun and neptuniun fran irradiated fuel. 
Secondary recovery processes isolated uranium, cesium and strontium fran in-tank 

wastes. Radionuclides fn the wast, were produced fraa fuel irradiat1on in ei.ght 
conventional reactors and one high-pressure reactor. The operating periods of 

the primary recovery processes and reactors can be seen in Figure 1.1. 

Pl utcni um was recovered infth11y· by the Bi sauth Phosphate process fran 

dissolved nuclear reactor fuel billets in the 222-B __ and 222-T buildings. On 

stream 1n December 1944. this prec1p1tation/separat1on process operated until 
1956 and four major tanked w~stes were generated. They were Metal Waste, 
Cladding Waste and the First and Second Cycle Decontamination Wastes. The Meta l 
Waste contained most of the fission products and essentially all of the uranium. 
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Figure 1. l. Operating Periods of Hanford Reactors and Processes 
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The decontamination wastes were generated during chanical cleanup of the 
plutonium product solution. When tanked. 111>st of the Cladding Waste was blended 
with First Cycle Waste. 

The plutonium ·recovered by the Bismuth Phosphate process was further 
purified in the 224-U building by ~oprec1pitat1on with lanthan1.111 f1 uoride. The 

224 waste stream was produced. 

The concept of the three tank sattl ing cascade was introduced with _the -Bisnuth Phosphate process. In this practice. waste solutions were passed in 
series through three tanks. The first tank was filled and overflowed to a 
second tank which spilled over 1nto a third. Cooling and precipitation occurred 
in each tank. This precipitation carried many of the radionuclides to the tank 
bottans. If the precipitation was efficient. the partially decontaminated 
supernatant liquid was often al lowed .to flow out of the tanks system to the 
l ow-level, ground disposal sites. 

Uranium was not recovered in the Bismuth Phosphate process. Therefore, the 
Uranium Recovery or Tributylphosphata CTBP) Solvent Extraction process was 
imple11ented at the 222-U building to reclaim uranium fran the tanked Metal 
Waste. Because of the high solubility of uranium in the Metal Waste, both the 
sludge and supernatant were processed in th is secondary recovery process. 

About midway into Uranium Recovery. a strontium and cesium scavenging cycle 

was claveloped for lBP wastes to further reduce the volume of the tanked waste. 
Fran 1954 through 1957, TBP wastes were scavenged "in-plant", cascaded through 
underground tanks. and tbe clarified supemates sent to cribs. Those tanked 
wastes a.1 re&dy processed for Urani 1111 Recovery and !.1 rst Cycle Wastes fran the 
Bi smuth Phosphate process were scavenged "1n-tank" for strontium and cesium. 
The supernates were cascaded to other tanks to al l ow settl 1ng of the scavenging 
precipitate. The resultant supernatas were cribbed. In-tank scavenging 
operated fran late 1955 through 1957. 
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The second primary recovery process used at Hanford was Redox, a solvent 
extraction process using methylisobutylketone Chexone) as the solvent. The 

Redox process began operation early in 1952 and ended in 1966. Plutonium and 
uranium were recovered throughout the period. Neptunium was recovered beginning 
in December 19S9. Tanked wastes include Coating Waste and High-Level Waste. 
The High-Level Waste was radioacti.vely more concentrated than the Bismuth 
Phosphate process wastes. The concentrations -of heat-generating radionuclides 
in this waste were increased throughout operation by process improvements and by 
a decision ,n 19S3 to dispose of vapor condensa~es separately. -

High heat generation was probably the cause of the failure of some tank 
liners in the S Tank Fann and SX Tank Farm. The Redox supernate liquor present 

in these failed tanks was pumped to alternate tankage. Later many of these 
liquors were processed for cesium removal. 

Early Redox wastes were the last to be cascaded. They were received in S 
Tank Fann and SX Tank Fann. Tanks SX-106 and SX-115 were individually filled 
with Redox waste. 

The last primary recovery process used at Hanford was the PUREX process. 
This solvent extraction process operated fran 1956 until 1972 and produced 
wastes even more radioactively concentrated than the Redox wastes. PUREX 
recovered plutonium and uraniwn. Neptuni1111 was isolated beginning in January 
1963. The PUREX process produced three major tanked wastes: Cladding Waste, 
Organic Wash Waste and PUREX High-Level Waste. Of the Cladding Wastes, small 
amounts Of solids settled fran wastes _produced fran aluminun clad fuels and 
large .volumes settled from the zirconium clad fuel wastes. The Organic Wash 
Waste was dilute. The High-Level Waste was neutralized until the end of 1967 
and temporarily stored in tanks. High-Level Waste produced after 1967 was 
inmediately processed in the acid form for recovery of ~sium and strontiwn. 

Fission-Product Recovery began operation at the 222-B building in 1967. 
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Its purpose was to r.ove cesium fran the supernates of neutralized PUREX and 
Redox High-Level Wastes. strontim fran the sludge fr011 PUREX High-Level Waste. 
and both fission products from unneutralized PUREX High-Level Waste. 

During the tim that both the PUREX and Fission-Product Recovery operated, 
PUREX High-Level Waste was proces~d for removal of cesium and strontium. The 
waste solution which resulted contained high levels of heat generating fission 
products oecause of the short aging time. This boiling waste was neutralized 

and discharged to Tank AY-1O1. 

Beginning in 1973. the PUREX sludge waste was sluiced fran A Fann and AX 
Fann tanks into AA Vault, 1110st s011 ds were rmoved fran the sluicing solution by 
flocculents. and most of these were dissolved in nitric acid. An estimated SI 
to 2S1 of PUREX sludge solids were not dissolved and were removed by centrifuge 
clar1fication and returned to waste tanks. The strontium was removed fran the 
acidic solution oy sol vent extraction. Thfs was followed by sulfate 
precipftation and caustic strike for strontium purif1cation. After 
neutralization. the supernate was discharged to the waste tanks. 

Cesium removal fran the supernatas of neutralized PUREX and Redox 
High-Level Wastes throughout the operating period of the Fi ssion-Product 
Recovery process. Initial ly all Redox and most PUREX supemates were processed 
1n campaigns that alternated wfth the processing of unneutralized PUREX 
High-Level Waste. After 1972, the remaining PUREX supemates were used to 

sluice the PUREX sludge. Cesium was recovered fran these supernates 1n 
campaigns i:hat alternated with those that removed strontium fran the sludge. 

The first type of waste solid1fication facility, the 242-B and 242-T 
Concentrators. was originally used for concentration of Bismuth Phosphate 
process waste. I n 1951, they began to concentrate Cladd1ng/First Cycle Waste. 
These concentrators were steam-heated pot evaporators operated outside the waste 
tanks and at atmospheric pressure. The liquors were partially boiled dC'lfn and 
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cycled to underground waste storage tanks. 

The next two waste solidification units heated waste liquors in-tank; one 
used a hot a1r sparge CITS-l) and the other used an immersed electrical heater 

CITS-2). The ITS-l operations were conducted in individual tanks. The ITS-2 
concentrations were performed . by ~ating the contents of one tank and moving the 

heated 1 iquor through a series of other tanks.-

The operation of the 242-S and 242-A Evaporator-Crystallizers began in 1973 

for 242-S and 1977 for 242-A. The program objective was to reduce the vol1111e of 
tanked waste liquors through the boiloff of water. This was accomplished by 
boiling the liquor in an enclosed vessel at reduced pressure. The evaporation 
was carried out until a slurry containing about 30 weight percent solids was 
formed. The slurry was returned to underground waste tanks for ecoljng, 

crystallization, and settling. Further vo1llll8 reduction of liquid wast~s has 
been achieved in the Evaporator-Crystal l1zers by the addition of nitric acid. 
By neutralizing hydroxide, higher al1111inate concentrations can be achieved 
before precipitation. The principal products of waste solidification have been 

large volumes of sodium nitrate salteakes and waste liquors that are r1eh in 
sodium hydroxide and sodi1111 alum1nate. 

Fran 1970 to 1972, diatanaeeous earth was added to tanks BX-102, SX-113, 

TX-106, TX-116, TX-117, and U-104 as absorbent for residual supernatant liquors. 

Similarly, type 2 Portland cement was added to Tank BX-105 in 1966. 

l.2 PREVIOUS WASTE INVENTORIES 

Within past years, several types of waste in~antorfes have been developed 
to aid fn the evaluation of alternative disposal strategies. Allen Cl.3) 
identified the contributions of each chanf eal process to . the total inventory. 
Process flowsheets and records of purchased ehanicals were used. Radionuclides 
in the total inventory have been estimated based upon reactor operation records 

·, -... ~✓ 
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by the waste managanent staff Cl.4, 1.5). A qualitative assessnent of the types 
~f wastes in each tank has been prepared for intemal use based on a hi story of 
Hanford 200 Area waste management operations Cl.6). Murphy Cl.7) reported the 
amounts of waste losses of pl utoni 1.111, uranium, neptuni 1.111 and thorium that were 

initially discharged to each tank fann. 

The prototype Cl.8) of the current work w-as published in 1981. It 
consisted of a feasi bi 1 ity study for the period 1944 through 1977. The 

structure of the simulation, fundamental data, a pre11minary canpositions 

simulation, waste management medals and a data base of the waste management 

transactions were developed. 

1.3 OVERVIEW OF 'THE 1RAC SYSTEM 

The work reported here extends the prototype model, improves the 
integration of the elements; and corrects most of the logic and data errors . 
found 1n the earlier work. The elements of the 1'RAC System and how they 
interact are illustrated in Figure 1.2. Figure l.3 i dentifies the computer 
codes and data fi _les of the simulation and their interrel at1onships. 

The Extract progr• converts the waste management transactions in the 
Transaction Data Base CTF) into a Transaction Data Fil e CTOF). A series of 
programs are used to produce Fitting Coefficients CFOATA) fran reactor 

conversion data produced by the OCOOE Cl.9) and RISO Cl.10, 1.11) programs. The 

FOATA file contains coefficients that are used to calculate radionuclide 
production trcm fuel s irradiation data. The ORIGEN2 Cl.12) code was used tc 

prepat"e the 0Ec.AY2 file which 1s required to simulate the monthly decay of 
radionucl1des. 

The Callpos1t i on Simulation 1s performed by the PRECPF and COFGEN programs. 
PRECOF is executed in a secure environment. It reads FOATA, DECAYZ, fuel 
1rrad1at1on aata CRCATA), and fuel processing data CPCATA ) . PRECDF creates 
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* TRAC is the acronym for Track Radioactive Components. 

Figure 1.2. Elements of the TRAC System. 
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CMCr> and CISO) f11 es and passes than ta a Transfer Tape ITT> for derivative 
classific:ation. The ~ file contains the amounts of each non-product 
radionuclide discharged fraa the Bisnuth Phosphate, Redox, PUREX and c:anbined 
PUREX Fission-Product Recovery processes during each month of operation. The 
ISO file contains 1sotap1c abundances of the product nuclides and compliments 
the K:T file. The Transfer Tape i.J c:anpleted by a manual extraction fran the 

POATA file of the tans of fuel dissolved in each process during each month 
CSPT). 

• 
The Canposition Simulation is completed in a public environnent by COFGEN. 

It uses TT data, DECAY2,, TOF, a stable process chanical s file CSOATA), and waste 

lesses of product nuclides frcm the accountability data CADATA). COFGEN 
prepares the QCT report and the COF file. The QCT report lists the amount of 
each compo_nent released fran each process during each quarter. The (l)F file 
1 ists the concentration of each c:anponent in each waste stream during each 
quarter. 

The Waste Inventory Simulation CTRA~) uses COF, TDF, DECAY, and KSP ta 
create the Inventory Data File CIOF) . DECAY is used by TRAC to s1mu1ate 
quarterly decay of radionuclides and was prepared from Origen program data 
Cl.13). The KSP formation data a,nsists of .solubility product and meta1-eanplex 
formation constants. TRAC uses KSP to partition supersaturated solutions 
between solution and solid phases before simulation of solution transfers. 

A Glossary of these and other terms used in the simulation is provided in 
Chapter 7. Chapter 6 gives descriptions of the data reports in th is doct.ment 
and the Supplement Cl.l). 

* TRAC is the acronym for the c:anputer program used ta track radioactive 
components. 
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2.0 INVENTORY .K>CEl (TRAC) 

2.1 CONCEPT 

The Waste Inventory Simulation estimates the amounts of radionuclides and 

stable ch•ica1 s that are present .. 1n the solution phase and the solid phase at 

waste storage and disposal locations. Reactor-. recovery process and waste 
management operations are modeled for Hanford fl"'cn October 1944 to January 1981. 

The Waste Inventory Si mulation is driven by the TRAC Model which tracks 

radioactive ccmponents thl"'Ough. waste manag•ent transactions. The model 1s 

supported by two data files that contain c:ompos1tion and transaction 

infonnation. Data tables. resident in the programs, are used to estimate the 
effects of decay and so1ubi1ity during the simulation. 

The model assunes that waste inventories can be estimated by a sequential 
simulation of individual transactions. The basic time step is the calendar 

quarter. Transactions within a quarter are ordered by date when possible and by 

transaction type when the day of the tr"ansaction is not available. 

The TRAC Model reads data fran files, calls subroutines that execute the 
General and Transaction Models, and creates a file that is used to generate 

inventory reports. As a driver. the TRAC Model provides for the distribution of 

the generate total waste inventory to underground tanks as a function of time 

and provides for the redistribution of the waste among tanks and to disposal 

loc:at1ons outside of tanks. 

2.2 STRUCTIJRE ANO IESCRIPTION 

The Waste Inventory Simulation has data files. data . tab l es. Gener al Model s. 
Transaction Models and inventory vectors. An inventory vector is a li near array 
of c:anponent amounts and volume for a phase at a waste storage or disposal 
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location. Each tank, Fission-Product Recovery, Uranium Recovery and a 
generalized out of system COOS) for low-level liquid sites has an inventory 
vectors for the solution and solid phases. The net result of the simulation in 
a t1me step is the change in the inventory vectors caused by the application of 
General and Transaction Models. 

2.2.1 Data 

TRAC uses data that are resident in its data tables and two data files: 
the Canposition Data File CCOF) and the Transaction Data File CTOF). 

The data tables define terms, relationships, and operating parameters for 

decay and solub111ty simulations and compositions for waste managanent 
processes. See Section 2.3.1.1 for details. 

Waste streams are used to meter waste canponents from primary recovery 
processes into the simulation. The ccmposition of 14 variable waste streams and 
three constant waste streams are read to the Waste Inventory Simulation fran the 
CDF during in1tialization. Thereafter, the variable waste streams are updated 
quarterly in the simulation waste fran the CDF. Changes in the variable waste 

streams reflect variations in the amount of fuei dissolved in primary recovery 
processes and the irradiation conditions of the fuel. They also represent 
changes in process flowsheets. Chapter 3 describes the creation of the CDF. 

The TDF provides the Waste Inventory Simulation with the data required to 
operate the Transaction Models and to update total waste volume and tanperature 
each quarter and naninal tank capacities during initialization. Chapter 4 
describes the details of the Transaction Data Base- ITT) and the TOF which is 
prepared fran it. 

. . i 
..... -' 



_,. 

Page 2-3 

2.2.2 TRAC Model 

As a driver, TRAC controls the order 1n which the .steps of the Waste 
Inventory Simulation are performed. In a time step, it first updates data 
statanents, then calls and performs the Decay Model for each inventory vector, 
then calls and performs the Transaction Models for transactions in the order 
they appear 1n the TDF, then calls and performs the Volume Model for each tank's 
solution inventory vector, and finally steps to the next quarter. 

The driver also echo prints the Event Log and writes the results of 

transfers to the 00S location to a f11e. At the end of the s1mu1ation 1t writes 
the contents of the inventory vectors to the Inventory Data F11e CIDF) which is 

used to generate inventory reports. 

2.2.3 General Medals 

The driver uses three General Models. Decay and Volume are called each 
quarter. Phase Partition 1s simulated before any transactions that requires the 

transfer of solution and for all locations at the end of the s1mulat1on. 

2.2.3.1 Decay Model 

The DECAY program is called at the beginning of each time step and provides 
a rapid, non-interactive, 91-day decay simulation. The model uses decay tables 

that are resident in program data tables. Each table was prepared by an ORIGEN 
C2.l) program run that simulated the decay of one mole of a rad1onuc11de fer 91 

days • . The table contains the amount cf the parent that survived the simulation 
and the amounts of each daughter that were produce~. 

The model operates by the creation of a tsporary w~rking vector of the 
same form as an inventory vector·. Nuc11des are decayed sequentially 1n the 
order they appear 1n the inventory vector. Each nuclide amount is multiplied by 
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. 
the nuclide values in the corresponding decay table and the products are 
accunulated in the working vector. After all nuclides 1n the inventory vector 
are evaluated and their decay products written to the working vector the 
inventory vector is discarded and replaced by the working vector. 

2.2.3.2 Volume Medel . 

After the last transaction is simulated in a quarter, TRAC steps the 
s1mulat1on clock and calls the Volume Medel. The function of the Volume Medel 
is to adjust the total vol une of waste, at each tank 1 ocati on to the observed 
value. The adjustment is made by overwrit1ng the volume in the solution 
1 nventory vector of a 1 ocati on with the difference between the tota 1 waste 

vo1 ume fran the TOF and the vol 1.1118 of the sol 1 d inventory vector for the 
location. In the event that the solid volume exceeds the volume fran the TDF, 
both the solid and solution volumes are reset. The new volumes sum to the 
current TOF volume and are 1n proportion to their original values. If both 
input phase volumes are zero, they are not changed. 

2.2.3.3 Phase Partition Medel 

The Phase Partition Model evaluates the solubility of each element in a 
solution inventory vector and transfers component mnounts that exceed saturation 
values fran the solution inventory vector to the solid inventory vector of the 
location. The detailed algorithm for the model 1s given 1n Section 2.5. 

The simulation bundles components by element, calculates 
tanperature-dependent interaction constants, establishes an order to evaluate 
solubility and metal-canplex formation interaction~, partitions each element 
between solution and solid phases, unbundles each element to radionuclides based 
upon input abundances, and recalculates the solid phase ~ol1111e based upon a 
density of 1.8 gm1arr'3. Like the Decay Model, a temporary working vector is used 
to facilitate man1pu1at1ons. When precipitation w1th hydroxide reduces the pH 
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to below tan, ft is restored to ten. Alllbf ent temperature fntaractfon constants 
are used as a default when taiperature dependent data fs w,avaflable. The 

following radfoelanents are manfp~latad as oxyfons: Nb02, Np02, Pa02, PoO, ~• 
and ZrO as oxycatf ons and ~, Se04, and Tc:04 as oxyanf ons. 

Interactions are 11m1ted to ~ose bebeen ·two components. Sodium salts of 
uranyl and other anions are modeled based upo~ actual data in excess sodfua as 
the appropriate products of uranyl and the anions. Likewise, the sol ubility of 

al umint111 in base is evaluated fraa actual data. It is assuned that the 

solubility of aluninum above 1.6m ar is controlled by the fonaation of 

NaAHOH>4 and mcdaled · fran data as-the product of scdi1.1111 and alum1ntJ11 
concentrations. Otherwise aluminun solubility is based on the formation of 
Al(OH) 3• 

As a simpl ifying approximation, ft is assuned that metals that fona l:l 
canplexes w1th organic ligands can only precipitate with hydroxide. 

2.2.4 Transaction Models 

The seven Transaction Models describe the unique operations that have been 
performed on the wastes fn the course of manag•ent. They provide for 

distributing waste to tanks frca primary recovery processes, transferring solids 
and solutions bebeen tanks and between tanks and secondary recovery processes, 
volme reduction, and specific nuclide scavenging. Models are called, as 

required, by the MANAGE subroutine of TRAC. 

2.2.4.l Addition Model 

The Addition Model converts the concentrations of c:anponents in the 
1 denti ff ed waste stream to amounts based upon the addition vo 1 ume. The amounts 
and vol ume ar e added to the solution i nventory vector of the spec1ffed tank. 
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The TDF contains 37 unique waste streams. Of these, the C:OF contains 17 

and the Addition Model uses these to substitute for the others. PUREX 
High-Level Waste is substitu~ed for PUREX Inorganic-Wash Waste. PUREX 
Organic-Wash Waste is substituted for PUREX Carbonate Waste. Concrete is 
subst1tuted for Cement. Water is substituted for the remaining waste streams 
for which no data are currently av~ilable. 

Table 2.2.4.1 lists the variable waste streams, the quarters the process 
dissolved fuel, and the quarters the TDF requests addition of these wastes to 
tanks. 

2.2.4.2 Transfer Model 

The Transfer Model distributes component amounts fran a source inventory 
vector to the corresponding vector of a receiver. Solution transfers ut111ze 
the solutio~ inventory vectors and solid transfers utilize the solid inventory 
vectors. Phase Partition of the source inventory vector preceeds every solution 
transfer. The fraction of the original amount of a component in the source 
inventory vector that is transferred equals the fraction of the volume that is 
transferred. When the requested volume exceeds the available volume, only the 
available volume is transferred. The success of the simulation of each transfer 
is echo printed by the MANAGE subroutine of TRAC. See the description of the 
Manage Report in sections 2.3.2.1 and 6.2.10. The report is available in the 
Supplement (2.2). 

2.2.4-.3 Evaporator Model 

The Evaporator Model is used to simulate canpJexant destruction 1n 
atmospheric evaporators and partial neutralization of feed to Evaporator 
Crystallizers. All other transfers through evaporators are handled as simple 
solution transfers with volume corrections made routinely for each location each 
quarter by the Volume Model. 
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The complexant, !£OTA*, 1s presuned to be quant1tat1vely destroyed 1n 

Hanford waste at 403°1<Cl300F) during the typical residence time of 13 hours 

(2.3) in the 242-T Evaporator. 

Partial neutralization in the 242-A and 242-S Evaporator Crystallizers 

require the addition of the Pt:,IP Pr_ocessing Canposit1on. Canponents are added 

based upon the vol une of waste fr0111 a tank tha.t is being processed. No increase 

1n volume occurs. In all other respects, the Evaporator Model is duplicated by 

the Transfer Model. 

IHEOTA 1s N-(2-Hydroxyethyl )-ethylene d1am1.ne N,N,N-tri acetate-

2.2.4.4 Scavenge Model 

The Scavenge Model reduces the sol ub1 1 ity of Co60, Sr90 and Csl37 by 
tranferring solution fran one· tank, adjusting the pH, adding chemicals to 

precipitate the rad1onucl1des, and completing the transfer to a receiver. A 

solution transfer 1S first performed for volume and all canponents except 

hydroxide. The transfer volume is then used to calculate the amounts of process 

chan1cals including hydroxide that are also acc1111ulated to the solution 

inventory vector of the receiver. Since process ch•1cals are 11sted_,as 

concentrations in the process caapos1t1ons, the pH 1s adjusted to the hydroxide 

concentrat1 on 11 sted in the C0111pos1 ti on. 

2.2.4.S Recovery Model 

The Recovery Model 1s called for· fNery transfer to the B-Pl ant location or 

the U-P1ant location. The model allows for the re~overy of cesium and strontium 

at B-P1ant and recovery of urani\al at U-P1ant. Chemical additions are made, the 

indicated products are removed and volumes are adjusted~ normalize the process 

to the volumes of the recovery plant effluents in the TCF. After the 

simulation, the waste canponents are retained in the inventory vectors of the 
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plant locations until they are removed by solution or solid transfers. 

Solution and solid transfers to U-Plant are canbined into a solution vector 
for that location. Processing components are added fran the Process Canposition 
based upon moles of components per unit volume of the waste which is being 
processed. Recovery of 99S of th~ .. uranium and a volume increase of 1oi are 
ass&111ed. 

The solids and solutions which enter B-Plant are processed separately. 
Transfers to the solid inventory vector are for Strontium Recovery. · The 
sol ut1 on 1 nventory vector 1 s used for Cesium Recovery. Canponents in the 
process composition for ces1un removal are metered based upon moles of cesiUIII 
processed. Ces1 &111 content 1s reduced by 9SS and the total vol Ullle of the waste 

vector 1s increased by lOS. 

Strontium recovery fran the B-Plant solids 1s simulated like the other 
recoveries with one except1on; since some of the solids could not be settled by 
flocculents and since some of the settled solids could not be digested in n1tr1c 
acid, these fractions were neutralized and returned to the tanks without further 
process1 ng (2.4, 2.5). These solids are set equal to 20S of the total vol une 

and total components which were sluiced. 

Process simulation of the remaining SOS of the solids entering B-Plant 
parallels the recoveries of cesium and urani1111. The addition of the process 
composition 1s based upon moles of p~ocess ccmponents per unit vo1U111e of solids 
ranoved fran the tanks and digested in acid. Strontium content 1s reduced by 
95S acd the volume is increased by 4lOS. 

2.2.4.6 Group Model 

The Group Model 1s used to simulate In-Tank Solidification. The Phase 
Partition simulation 1s executed for each tank 1n the group. The solution 

~-···· .. . ' . , . 

.:._.,;. . .i 
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inventory vectors that result are summed and components redistributed to 

receivers based upon their relative solution volumes before the summation. 

2.2.4.7 Cascade Model 

The Cascade Model does nQt p~9Yide for distribution or redistribution of 
waste. Rather, it establishes or terminates a. relationshi.p between two 
locations. When a cascade is in place, waste components and volume can 
autanatically be transferred to the second location if the total waste volume in 
the first location exceeds the nanina1 capac:fty of the first location. In 
practi c:a, the first location is al ways a tank and the sec:ond 1 ocati on can be­
either a tank or the 00S location. 

In a· Normal Cascade, the autanatic: transfer calls the Phase Pal'""tition 
Simulation. The tranferred components 1nclude· the fraction of the soluble 
canponents based upon the volume of solution that retnai ns and the volume 
tranferred and ia,; of the fnsoluble components calculated by the Phase Pal'""t1t1on 
Simu1at1on. The components are added to the solution inventory vector of the 
receiver. The remaining 90~ of the fnso1ub1e components are added to the solids 
1 nventory vector of the source tank. The 90/ lO spl 1t of sol 1 ds 1 s consistent 
with experience for several cascade syst•s C2.6). 

The Straight Cascade fs a special case. It fs autanatic:when the so11ds 
volume of the source tank equals its naainal capacity before the waste additi on. 
Thfs cascade is modeled as an addftion to the receiver location of the cascade 
without calling the Phase Partition Simulation. 

2.3 INPUTS >NO OU1PUTS 

The Wasta Inventory Simulation uses inputs fran dat a files and resident 
data tables. It ec:hos a message to the Event Log after eac:h transaction is 
simulated. The inventories of each discharge to the 00S location are written to 
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a Loss File at the end of each quarter. At the end of the simulation the 
Inventory Data File CIDF) is created which contains the final inventory vectors 
for each phase at each 1 ocati on. Report generators create the inventory reports 
fran resident data arrays in the program, the Loss File, and fran the IDF. 

2.3 .1 Inputs 

2.3.1.1 Data Tables 

The Data Tables used by the Waste Inventory Simulation are resident in the 
programs. Many such as Tank N&111ber and Bundled Canponents by Element are 
obvious and do not require canment. Table 2.3.1.1 lists those that do. 

Atanic weights (2.7, 2.8) are based upon the C-12 isotope. 

Canponents in the inventory include 65 radionuclides and 29 stable 
chemicals (Table 2.3.1.2). Radionuc11des include fission products, activation 
products, and actinides which will be in the inventory at 10 C1 or 1110re act1v1ty 
fran 300 years to one million fran the present and their precursers. While 
Bal35m, Ni59, and Th233 were also antic1pated to have high act1v1t1es, 

negligible amounts were found. While sources did provide data on Pu242, l.1236 
and Th232, the components were not 1nc1 uded 1n the scope of this study since 
the1 r long-tenn activ1t1es were expected to be sall. Because of its high heat 
generation Rul06 was also included although its long-tel""III activity 1s snall. 

The stable components, Cd, ~ 4, Fe(CN)5, Hg, Se04, Sr, and WO4 (from 
phosphotungst1c acid) were provided for in the initial study but were not found 

1n the references which were investigated. 

Decay Tables are based upon ORIGEN (2.1) calculations. Amounts of 

short-lived intermediates in the decay chains were "pass~d-on" to simulation 
canponents. 

-... __ ;~· 
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Pr-oc:ess Canpositions are required by the Evaporator, Recovery, and Scavenge 
Models. Canpos1t1ons are provided for partial neutralization in evaporators 
(2.9), Cesium Recovery (2.10), Stronti1111 Recovery (2.11), Uranil.JII Recovery 
(2.12), and Scavenging (2.13 - 2.22). 

Specific activities are base~. upon atanic weights and molar activities fran 
the ORIGEN2 (2.23) 1 ibrary. 

Considerations and references for the metal-canplex formation and 
solubility-product data are so extensive that they have been included with the 
Phase Partition Algor,.ithm in Secti~n- 2.S. 

2.3.1.2 Data Files 

CCF See Chapter 3 

TDF See Chapter 4 

2.3 .2 Outputs 

2.3.2.1 Echo Prints 

The Manage Report is generated fraa the Event Log and 1s available 1n 
Appendix J of the Suppl•ent (2.2). It lists every transaction as 1t was 
requested and simulated. Status of all tanks 1n a cascade are presented after 
every addition to an active cascade. 

2.3.2 .2 Resident Data Repol"t3 

The Decay Report-91 days lists the decay tables used for the quarterl y 
decay simulation. See Appendi x K of the Supplement (2.2). 
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The Solubility Report, Appendix L of the Supplement (2.2), lists the values 

of the Solubility Products fr-an 30°c to 120°c in 10°c increments and the 
metal-eanplex fonnation constants at ambinet temperature. The 
temperature-dependent values are provided for il1ustration only; so1ubi1ity 
products are calculated at the reported waste temperature for each Phase 
Partition simulation. 

2.3.2.3 Reports fran Inventory Files 

The Estimated Waste Tank Inventories, Appendix A, and Tank Fann Summaries, 

are generated fr-an the IOF. The amount of each component that is estimated to 
be present at each location as of January 1, 1981 are listed. Separate 1ist1ngs 
are provided for total waste, solution waste, and solid waste. 

The TRAC TRU Report 1s al sc generated fran the IOF. See Appendix C. The 
activity cf every actinide is reported for each location that contributes to TRU 
as recommended by Draft DOE Order 5820 {2.24). The amounts of Qn245, Aln24l, 

~m243, Pu238, Pu239, Pu240, and Np237 are included consistent w1th the 
definition provided for TRU. Also reported, as recanmended, are actinides that 
are parents of TRU nucl1des: Qn242, On254, Am242 and Pu241. Total TRU fer each 
locat1on 1s the Sllll of the TRU nucl ides and the1 r parents corrected to the 
maximum activity of daughter they will produce. TRU concentration at each 
locat1on 1s calculated fr-an total TRU and waste masses as of January 1, 1981. 
Major fission products, Sr90-Y90 and Csl37-Bal37m, are included for infonnation. 
Two additional lists are included that order the tanks fran high to lcw for 
total TRU activity and iRU concentration. 

The report on the Waste Transfers fran the System, Appendix D, is generated 
fran the Less F11e. It lists the amount of each canponents in each simulated 

release fran the tank-fann systan. 
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2.4 ASSUMPTIONS ANO LIMITATIONS 

A total · of 22 assU111ptions are associated with the Waste Inventory Model. 
Seventeen are related to its General Models. Of the 17. 13 involve the Phase 
Partition Model. 

2.4.l Decay Modal 

The production of decay daughters that are not TRAC components is reflected 
immediately 1n their daughters that are TRAC components. If no 1'RAC daughters 
exist. they are dropped. form . tha simulation. These daughters have short half 
lives compared to the design period of the model which is 300 years to one 
m111 ion years. 

2.4.2 Volume Medel 

Volumes are assumed to be linearly additive. Errors that arise from thfs 
assunption are eliminated quarterly by the Volume Model. Because individual 
transaction types are performed in a quarter from smallest volume to largest 
volume. the error in a tank in a quarter is minimized. 

The density of all solids are assllll8d to be l.8 gm•c:zn-3. Densities 
typically vary fran 1.3 gia•cm-3 to 2.2 gm•cm-3. For 12 tanks the mean density 
was found to be 1.43 gm•cm-3 (2.25). Because solution transfers predominate 
over solid transfers in the simulation. the assuned value was set to minimize 
solution transfer failures. The impact of the assU111ption on solid transfers fs 
to ac:calerate the complete ranoval of l-1etal Waste and PUREX High-Level Waste 
sludges. 

It i s assumed that the sol ution volume of waste at a. locati on can be 
esti mated quarterly from the difference between the observed total volume and 
the calculated solid phase volume. The model does not allow for interstitial 
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liquor. However, this is of limited significance to the Waste Inventory Medel. 
The amount of dissolved components that are redistributed among locations in 
interst1tial liquor is snall c:cmpared to the total inventory. 

When the difference between observed total volume and calculated solid 
volume for a tank is less than zer~, the solution volume and so11d volume can be 
reduced 1n the same proportion to provide the .observed total volume. This 
assunption, when implemented results in a reversible error to the solution 
volume since it can be changed in succ:eed1ng quarters. However, solid volumes 
can only be increased by incremental volume increases .fran the Phase Partition 
Simulation or as a result of recovery processes. 

The assunption relating to solution volume estimation principally impacts 
the distribution of soluble ccmponents among waste tanks. Insoluble_ccmponents 
for all waste streams except Vetal Waste fran the Bismuth Phosphate Process and 
PUREX-High Level Waste are reported to be in the first tank that received than. 
The distribution of soluble canponents reflects the accumulated errors of solid 
volume estimation fran the Phase Partition simulations, uncertainties in 
observed total volumes, and the default logic of the Vol1..111e Model. 

2.4.3 Phase Partition Model 

Temperatures are assuned to be in the range of 600F to 2s0°F. temperatures 

below 60°F have been traced to thermocouple failures. Those above 2s0°F are 
unreasonab1e for aqueous solutions and are presuned to be sludge temperatures 
that do not influence canponent solubilities in solution. 

The pH of al 1 sol ut1ons is ass&111ed to be greater than or equal to ten. 
Process flowsheets typically report that liquid effluents were adjusted to a pH 
of ten or higher. The bascisity was achieved in the pre~ence of the buffering 
effect of metals that form hydroxides. Addition of sodium hydroxide during the 
Phase Partition Simulation to maintain a m1nim1.111 pH of ten is judged to be 
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eonservat1vely low. 

In the absence of taperatur1 dependent data. Phase Pal"'tition ccnstants are 
assuned to be independent cf telllperature. Th1s assunption is used primarily for 
metal-eanplex formation rather th.JI' solubility product calculations. S1nce 
metal-eanplex formation is exothe~1c. this underestimates the influence cf 

ligands in the enhancement of metal solubility. Metals should appear less 
soluble in the model than 1n ac:tual waste sol ut1ons. 

Insoluble canpounds can only be formed by paf rf_ng two dfffe~ent canponents. 

Canpounds such as NaM(OH)4 for a trivalent metal must be handled by exception 
(see specific assUDpt1ons below). This 1s a severe 11mitatfon to the 

.-, 

flexib111ty and validity of the Phase Partition Medel. One solution fs a 
refined model. Another is the development of effec:t1ve solubility relationships 
based upon data. The second approach was attempted for strontfum as ·1t 

precipitates 1n Sr COH> 2. The first Waste Inventory estimates (2.26) used 
literature values for the solubility product of SrCOH> 2• Strontium was 
predicted to be totally soluble although experience indicates that ft 1s only 
soluble in the presence of canp1ex1ng ligands. In these inventories, -801 of the 
strontium 1s in the solid phase and the remaining 201 1s found 1n ligand rich 
solutions. 

Metal-ligand c:0111plexes are assuned to be totally soluble. Th1s assunption 
1s reasonable for the 1:1 ccmplexes evaluated. 

Only •tal hydroxides are assuned to precipitate for metals that complex. 
The assunption 1s not valid but was a-ccepted as essential to the creation of a 
simple. workable canputer cede. The fmpac:t of the __ assunpt1on can only be 
evaluated by sensitivity studies and laboratory work. 

Cations that do not form canplexes are assUDed to precipitate sequentially 
as ccmpounds fran the most supersaturated first to the least supersaturated 
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last. The val1d1ty of th1s assunpt1on can only be tested w1th laboratory 
studies on actual samples. The sense of the assunpt1on is that the 
prec1 p1tation of large quantities of camponents affect the ffnal equ11 ~br1 um 
state of the solution more than those that result in trivial changes to solution 
concentrat1 ons. 

Once formed, sol ids are ass&111ed to settl& fran the solution, immediately. 
Specific Scavenge additions to these solutions were developed in the laboratory 
and demonstrated that the radionuclides precipitated. However, the work did not 
allow for small particles to grow and settle fran solution in tanks. 
Crystal-growth kinetics is outside the scope of this simulation. 

The asslliled sol 1 ds density of 1.8 gm• an-3 mentioned 1n the Volume Model 
above also influences the Phase Partition Medel. S1nce the assuned density 1s 
conser-vat1vely high, the solution volumes are estimated to be above actual 
values. Increased solubility of canpcnents is the penalty.· The error is 
largest in tanks w1th a large solids to soll.'tic'n ratio. 

Solids are assuned to be insoluble except in recovery processes. This 
assunption 1s not restrictive for most radicnuc11des that are either extremely 
insoluble or extranely soluble. However, it does exaggerate the amount of 

stable components in the solid phase 1f the ccmponents are sparingly soluble. 

Salt cake and sludge are treated as solids with similar properties. The 
density of salt cake is lower than that for sludge. Therefore, the solubility 
of ccinponents above sa 1 t cake is 1 ower than the corresponding sludge system. 
Likewise, the ass1111ption. that solids do not redissolve except in recovery 
processes is a more severe restriction en sa1t cake systans than sludge systems. 

Alumin1111 precipitates as A1COH) 3 below a hydroxide ~ncentration cf 1.6m 
and otherwise as NaA1COH) 4• This assllrlption is based on a study of Barney's 
work (2.27) on uncanplexed systans. It primarily affects the distribution of 

_,_ j 
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stable canponents in c::ancentrated Evaporator Crystatlizer products since 1'177. 

Above a hydroxide c::ancentrat1on of 1.6m al1m1inllll exists exclusively as 

Al(OH>4 and 1ts solubf11ty can be calculated fcnn an effective solubility 

product in sodium and total dissolved aluminllll. That is ksp • CNa~CA1l6-t~lJ • 

The rat1o of Al(OH>4 to A13+ fn B~_mey 2m hydroxide fs about 1<>34 (2.27). 

Precipitation of NaU~P04 and Na4U02<°'3>3 do not significantly change the 
initial ccnc:entration of Na in solution. Whi -le th i s fs not valid for Metal 

Waste. subsequent Urani 1.111 Reccvery limits the impact of this assmption. 

2.4.4 Transaction Models 

The volume of waste transferred during any transaction is the m~nimum of 

the volume stated in the transacti on or the avai l able phase volume. Sfnce 

fai 1 ures tc execute the requested transfer are reccrded f n the Manage Report, 

they can be reviewed and corrected individually. 

Tanks fn a cascade are evaluated two at a time. Solfds that precipitate 

are distri buted 9~ tc the first tank and lOS to the sec:cnd. This ass1111pt1on 1s 

ccns1 stent with two actual cascades. The split is al so supported by cascades of 

Bismuth Phosphate-Metal Waste and Redox High-Level Waste. These were not 

cascaded fran the tank farm syst• and their solid volumes generally agree w1th 

the model. 

Solid transfers tc Fission-Product Rac:cvery are di sti rbuted SOS to the 

process and 20S tc tanks . as undigested waste. Docllllentation (2.4. 2.5) 

indicates that the percentage of th!9 total solfds yolume that c:culd not be 

digested in the AA Vault rose frc:11 an initial figure of SS to a final figure cf 

2SJ. 

The canponents fn the solution phase after phase part1t1on of a series of 
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group tanks is distributed to the tanks in proportion to their solution volumes. 
To test th1s assunption, an improved Phase Partition Model and laboratory data 
are requ1 red. 

. 
HEDTA 1s thermally destroyed in an evaporator that operates at atmospheric 

pressure. Since no transfers thrQugh the 242-B Evaporator have been identified, 
the oestruction is only simulated for the 242-T Evaporator. While this inodel 
agrees with a study of HEDTA destruction (2.3), it does not account for the 
appearance of degradation products which are also capable of fonning canplexes 
with metal 1ons (2.28, 2.29). 

Inventories are not significantly affected by the program's failure to 
simulate the Scavenge Plc,del or the Evaporator Model for Partial Neutralization. 
These an 1 ssi ons were un1 ntenti ona l and should be corrected before th~ next · 
s1mu1at1on. The impact is probably not as major as routine errors in the Phase 
Partition Model. It has been suggested that as much as 95J of the nuclides 
precipitated in laboratory studies, were released to low-level sites with the 
scavenged supernates. 

2.5 PHASE PARTITION ALGORI'THM AND SOURCE DATA 

Phase Partition is a 'TRAC subroutine which precedes the transfer of a 
solution fran a tank. It provides for an ordered series of precipitations and 
metal-can pl ex formations of selected pa1 rs of waste canponents. All 
precipitates are assuned to settle instantaneously fran the solution phase. 
Canplexes are assuned to be soluble and in equilibrium with the unprecip1tated 
free metal as it exists 1n the solution .at pH 10. The temperature-dependent 
solubility products and metal-canplex formation constants which were used in the 
inventory estimations are listed in Tables 2.5.1 and 2.5.2 respectively. Figure 
2.5, Flowsheet for the Phase Partition Model, provides Al'.' overview of the model. 

The pH of 10 is used extensively in this model for two reasons; it is a 
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typical value found in tanks to minim1ze corrosion of the mild-steel liners and 
a fixed hydroxide -concentration sign1ficantly simplifies the esti~tion of the 
s_o1 ub11 ity of metals that were selected to inodel metal-canplex formation. While 

the 1on concentration is permitted to var-yin the precipitation of cations which 
are not modeled for metal-canplex formation, 1t 1s reset to at least pH 10 after 
each metal hydroxide is evaluated _for solubflity. 

In thfs simulation, all interactions are limited to two cocnponents except 
as noted below. Coprecipitation, mineralization and complex formation with such 

simple inorganic ligands as OH and N~ ions are not considered. 

The simulation of precipitation of the ccmpounds and formation of ccmplexes 

listed in Table 2.5.2 are performed by a series of steps. 

Step 1. Radioactive and stable canponents are merged 1nto a temporary 
Concentration Vector of. chemically indistinguishable components. This operation 
is called bundling. 

Step 2. The so1ubi11ty of metals that complex are evaluated at pH 10. 

Step 3. The enhanced solubility of each metal that forms complexes 1s 
approximated for each ligand. Only l:l metal-ligand complexes are considered. 

For the reaction: 

M + L ~ ML 

K CMLJ 
l • CMJCLJ 

The equi1ibrium concentration of free metal, CMJ, is est~b11shed in Step 2 and 
maintained by precipitated metal hydroxide. For CMLJ the concentration of 
canplex, the equilibri1.111 concentration of 11gand is the in1tia1 concentration 
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CLJ less the concentration in the e0111p1ex CMLJ. That 1s 

CCLJ - CMLJ>. 

Therefore: 

K CMLJ 
l • -CM_J_C_CL-J--C-ML_J_> 

Rearrangement yields: 

·-

But this 1s the maximum concentration of c:anplex that ean fonn and neglects the 

canpet1tion of the other metals that interact with the 11gand. 

The value CMLJ can be defined as the c:oncentrat1on of H. that forms when metal, 

M. canpetes with other metals for the 11 gand. 

Then: 

CMLJ , • C LJ CMLJ 

~ CM1LJ 
A11 1 

The maximum tota 1 c:oncentrati on of free meta 1, CMJ • and 1ts c:0111p 1 exes 1 s: 

CMlmax • CMJ + ~CMLJ J 

All j 

and the actual concentration of each metal. M. 1n solution 1s saaller of two 

values. CMlmax or the initial c:oncentration fr-an Step l. 

Step 4. The actual concentration for each metal as calculated in Step 3 1s 
canpared to "the 1n1tial concentration fran Step land the difference 1s taken 
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from the temporary Concentration Vector for the sol ut1on to the Inventory Vector 
for the solid phase. The stcichianetr1c equivalent of hydroxide ion for each 
metal is also moved to the solids Vector. If required, additional hydroxide ion 
as NaOH 1 s added to the solution temporary Concentration Vector to restore it to 
pH 10. 

Step 5. The compounds listed in lable 2.5.l which are net treated in Steps 2-4 
above are ordered by their precipitation potential, 0. 

For the precip1taticn: 

Q • CA Jacs Jb/Ksp 0 . 0 

CA0 J, CBoJ are in1t1al concentrations fran Step l above. 

Ksp 1 s the sol ub111ty product cf can pound AaBb at the temperature of the 
prec1 pitat1 on. 

Values of one or less are discarded and the ranaining Q's are ordered fran 
largest to snal lest. The series is the order in which the ccmpounds' 
solut11it1es w111 be evaluated 1n Step 6. This startagem assures that the 
1nteract1ons which w111 change solution concentrations the most w111 be 

performed first. 

Step 6. The solub111ties of each canponent are calculated for each identified 
canpound 1n the order developed 1n Step S. For precipitations with hydroxide 
1on, _ either the concentration of hydroxide ion ranaining in solution or pH 10 is 
used, whichever 1s larger. As with Step 2, if the solut1on pH falls below 10 
after precipitation, sufficient NaOH 1s added to the solution phase to restore 
1 t. Ff na l temporary Concentration Vector adjustments after each canpound 
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precipitates correct the concentrati ens remaining f n solution to e1 ther the 
total 1nftia1 concentration or th• equflibrf1111 concentration, whichever is less. 

Thfs assures that when the sol ubilfty af other compounds are evaluated later, 
1ons will not participate that have already been removed fran solution. 

Stag 7. Final transformation of the t.porary phase partition vectors into 
solution and solids Inventory Vectors 1s performed with the insoluble amounts of 
each C0111ponent transferred fran the solution phase to the solids phase. The 

temporary solution concentrations which c:ontain all canputational results 
deserve one last review. Canponent by c:anponent, the maximum c:oncentrations of 
metal that C0111plex are the s111 of the free metal and the metal 1n each type of 
canplex. Ligand concentrations are equal to their original values since they do 
not precipitate in this model. The c:oncentration as a nonc:0111plex1ng cation is 
efther fts original value or the concentration that results fran sucessive 
precipftation interactions wfth identified anions. Anions behave the same as ,, 
noncanplexing cations in thfs model. Original isotopic distributions are used 
to unbundle the caaponents. 

Several insoluble eanpounds that contain three distinct components are evaluated 

as though th8'f contained only two. The assunpti on that Na4U02<~ )3 and 

NaU02P04 precipitates at a constant sodiua ion concentration equal to the 
1nitial value fs reasonable except for Metal Waste. S1nce the solutions and 
solids fona Metal Waste were blended for Uranium Recovery, the ass111ption causes 
only a temporary error. 

Since the ratio of A1COH> 4 to aluminm 1on is about 1o34 fn 2m hydroxide ion the 
solub11ity af NaCAl(CH)4J is evaluated as the product of the sod11.D and alU11in&111 
1on concentrations. The hydroxide 1on c:oncentratf~~ 1s adjusted aften,ards. As 

Barney (2.27) reports, NaCA1(CH> 4J precipitates above l . 6m hydroxide 1on, 
othen,ise Al CCH >3 precipitates. 

Solubility products CKsp's) for the canpounds 1n Table 2.5.l were fitted to a 
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quadratic of the form Ksp • a + bt + ct2 for t • temperature c°C). The Hewlett 
Packard POLYP (2.30) stati sties program was executed with an HP41C 
programmable calculator to detennine the parameters. 

The Ksp for SrCOH)2 is an exception; the POLYP solution for Ksp • aebt was 
used fran 10-70°F and Ksp • atb fran 10-100°c. The values fran these 
relationships had correlation factors close to- l as did all other campounds. 
However, in the feasibflity study (2.26), strontiLIII appeared to be totally 

soluble. By reducing the solubility product to about 10-24m3, the 1on was 

calculated to be insoluble 1n the absence of ligands and totally _soluble in the 
presence of ligands. That is about 80S of the strontium appeared in the sludge 
and 2c,; in solutions that contained ligands. When temperature-dependent data 

were unavailable, the literature values were set equal to a and the constants b 

and c were set to zero. 

For literature solubility ·data reported in grams of solute per 100 grams of 
solution, molar solubflity was calculated by the following relationship (2.31). 

100 + ~ 
Density•----

100 

The Ksp for NaCTc04) was evaluated by analogy to the KCTc04) canpounds with 
KCRe04) and NaCRe04) {2.44) and the variation 1n solubility of the two rheniLIII 
canpounds with temperature {2.45). 

Because solubility data are not available for 50111e ccmpounds, solubility 

products are based upon analogy with other canpo&.!rldS. 

Canppund 

NaAt 

Nb02COH) 
Pa02 COH) 
PoO (OH) 
Pd(OH) 2 
SbCOH) 3 

Aoolog 

NaI 

Np02COH) 
Np02COH) 
Np02COH) 

PbCOH>2 
BiCOH)3 



The solubility of Na2Si"3 1s based on typical solution conc:entrations of 
silicon and hydroxide in Hanford waste (2.25). 
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Solubility-Product parameters, conditions, and referenc:es are listed in Table 
2.5 .l. 

d'>Z 
Ionic strength CI> is reported, when available I• l/2,E cz2 where c 1s the 
molar concentration of each dissolved ion and z 1s its charge. 

Stability constants CK1> are listed in Table 2.5.2 for l:l metal-ligand 
c:anp1exes at 20-2S'C. For the reaction: 

' 

M + L ~ ML 

K1 • CMLJ/CMJCLJ. 

Ionic strength CI) 1s· defined as 

ei7. 

I• l/2 ~cz2 

Where c is the molar concentration of each dissolved fen and z is its charge. 

Tabled values for stability constants are corrected for proton masking of 

ligands at pH 10. Corrections are added to log stability constants. 

u,aod Leg Cocnc::t100 (2.33) 

¥3~ o.o 
~H50, o.o 
HEOTA -0.2 
EOTA -o.s 
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TABLE 2.3.l.l 
INVENTORY DATA TABLES 

DATA TABLE 

Atan1c Weights 
Canponents 
Decay Tables 

Process Canpos1t1ons 
Spec1f1c Act1v1t1es 
Meta1-Canp1ex Fonna~1on 
So1ub111ty Product 

USED BY t:J2PEL 

Phase Part1t1on, System 
All 
Decay 

Evaporator, Recovery, Scavenge 
Systan 
Phase Part1t1on 
Phase Part1t1on 

j 



04245 

CM244 
04242 

AM243 
AM242M 
AM242 
AM241 
PU241 
PU240 

PU239 
PU238 

NP239 
NP237 

U238 
U235 
U234 

U233 
PA234M 
PA233 
PA231 
ll-f234 
'll-1231 
'll-1230 
'll-1229 
'll-12.ZI 

T.ABLE 2.3 .l.2 

TRAC CX>MFONENTS 

AT217 

P0218 
P021S- · 
P0214 

P02l3 
P0210 
BI214 
BI2l3 
BI2ll 
BI210 
PB214 

PB2ll 
PB210 
PB209 
TL207 
SMlSl 
BA137M 
CS137 
CS135 
1129 

SB126M 
58126 
SN126 
P0107 
RU106 
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NI63 

Cl4 
BA 
BI 
PB 
NI 
SN 

ZRO 

AL 

CA 

CE 

CR 

FE 

LA 
~ 

Na 

K 

NA 
CL 

F 

CX>3 

OH 

N03 

N02 
P04 
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Tab l e 2 • 3 . l. 2 (Continued) 

AC2Z7 TC99 SI03 

AC22S NB93M S04 

RA226 ZR93 EOTA 
RA225 Y90 HEOTA 
RA223 SR90 C6HS07 

FR223 SE79 C2H303 

FR221 



Compound Tanperature 
c0c, 

Ac(OH>3 21 -Ag! 

Ag-(OH) 20-25 

A1 COH)3 

Am(OH)3 20 

BaCOH)2 10-50 

BaCOH>2 >SO -

Ba<S04> 

B1COH)3 

B1 CP04) 25 

Ca(~) o-so 
CaCOH)2 

CeCOH)3 20-25 

Cm(OH>3 

CrCOH)3 
CsCOH) lS-30 

FeCOH)3 20-25 

TABLE 2.S.l 

SQ.UBILm PAIWETERS 

CKsp •a+ bt + ct2, t°C) 

Medfa a b 

CI> 

l.36E-21 

S.69E-14 -3.4SE-lS 

0.1 2.S0E-08· -
2.00E-lS 

l.OOE-24 

6.90E-Ol -7.00E-02 

l.SSE+o3 -S.09E+o0 

6.64E-ll 2.60E-l2 

4.00E-31 

l.20E-23 

6 . 25E-09 -l.57E-10 

6. 28E-OS -l.21E-06 

0.1 3.20E-02 -
2.30E-06 

S.OE-31 

7.3SE+o2 -4.SOE+OO 

0.1 l.2fiE-38 

Page 2-29 

C Reference 

2. 36 

8. 78E-17 2.37 

2.38 

2.33,2.38 

2.39 

l.87E .. 03 2.40 

4.20E-Ol 2.40 

4.lOE-14 2.41 

2.42 

2.42 

l.lOE-12 2 . 41 

6.67E-09 2.41 

2.38 

2.43 

2. 44 

2.40 

2.38 
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TABLE 2.5 .1 (Continued) . 

Compound Tanperature Medi um a b C Reference 
(OC) (I) 

KCN~) >20 -2.58E+Ol l.23E+o0 4 .SBE-03 2.40 
KCOH) l.67E+02 2.19E+OO -3.4SE-03 2.41 
K2C S04 ) 2.60E-Ol 3.00E-02 7.74E-04 2.37 
LaF3 25 l.40E-18 2.45 
LaCOH)3 20-25 0.1 7.90E-l9 2.38 
MnCOH>2 20-25 0.1 5.00E-13 2.38 
Na (A 1( OH) 4 J <as NaAl) 2.40E+Ol 2.27 
Na2(~) S.91E+o2 -6.36E+OO 4.00E-02 2.40 
NaCl 3. 74E+ol l.OOE-02 6.47E-04 2.37 
NaF 7.SOE-Ol l.OOE-02 -2.02E-OS 2.41 
NaI l.OlE+02 2.22E+o0 l.OOE-02 2.40 
NaCNOz) l.1SE+02 l.90E-Ol 4.00E-02 2.40 . 
Na CO~) 4.99E+ol 6.40E-Cl 3 .63E-03 2.41 
NaCOH) <62 2.96E+o2 6.40E-Cl l.lOE-Ol 2.41 
Na(OH) ~62 -6.19E+02 3.53E+ol -1. 70E-Ol 2.41 

Na3 CP04 ) 20-40 2.38E+Ol -2.43E+00 B.OOE-02 2.41 
~la3 CP04 ) >40-60 l.BSE+03 -9.57E+0l l.27E+OO 2.41 
Na3 CP04) 65-100 l.6SE+04 -4.86E+02 3.BSE+oO 2.41 

Na CS04) 
2 

2.53E+02 -2.78E+00 l.OOE-02 2.37 

Na2CSe04) 18-30 3.03E+o2 -3.02E+Ol 8.40E-Ol 2.41 

NazCSe04 ) >30 2.3SE+02 -2.04E+OO l.OOE-02 2.41 
NaC1:c04 ) o-so l.60E+02 3.90E-Ol 2.SlE-03 234,235 
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TABLE 2.S.l CContf nued) 

Compound Temperature Medium a b C Reference 
(OC) CI) 

Na4 CU02> C~ )3 25 2.36E-04 2.so 
NaC~)CP04) 25 l.23E-91 2.so 
Nf2CFeCCH)e;J 20-25 0.1 l.30E-lS 2.38 
N1COH) 2 20-25 0.1 S.OOE-lS 2. 38 
Np~(OH) l.O l.70E-02 2o47 
PbCOH >2 20-25 0.1 2.00E-16 2.38 
Pb(S04) 0-40 8.53E-09 3.69E-l0 6. 74E-l2 2o4l 
PuCOH>4 l.OOE-52 2. 47 
RuCOH>4 4.90E-28 2.48 
SmC0H)3 25 6.30E-26 2.49 
SnCOH> 2 20-25 0.1 2.0E-28 2.38 
Sr(OH> 2 10-70 l.24E-04 l. lOE-Ol 2. 40 
Sr(OH>2 >70-100 3. lOE-27 l.41E+ol 2 . 40 
ThCOH)4 20-25 0.1 l.OOE-44 2 • .38 
TH OH) 6.48E+00 -2.soe-01 l.OOE-02 2 . 40 

U"2COH>2 20-25 0.1 2.S0E-22 2.3 8 
YCOH).3 20-25 0.1 l.60E-23 2.38 
ZrOCOH> 2 20-25 0.1 l.00E-47 2.38 

1) ~sp for NaCTc04) ass1111ed based upon analogy to Ra ccmpounds. 

2) Ksp for SrCOH> 2 at and below 10° 1s aebt. Above 10°, ksp • atb. 
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TABLE 2.5.2 

STABILm CONSTANTS CK1> 

Hydroxyacetate, H00i2COO-

Ion Temperature Medi um Log Kl Reference 
(Co) (I) 

~+ 20 o.s CNaCl04) 2.82 ± 0.01 2.51 
em3+ 20 o.s CNaC'.J.P4) 2.84 ± 0.04 2.51 
Np02+ 0.2 1.60 ± 0.08 2.51 
Npo2+ 25 CHCl04/NaCl04) 1.51 ± 0.03 2.51 

Citrate, -ooca-izCCOH)CCOO-)Oi2COO-(•Cit3-, 

Ion Temperature Medi um Log K1 Reference 
(Co) (I) 

Afrt3+ 1.0 CNH4Cl) 7.11 2.51 
em3+ O.lM (pH7-8) 5.38 2.51 

CCmCOH> CCi~) J 
Fe3+ 20-25 0.1 25.l CHC1t) 2.33 
Mn2+ 20-25 o.s 3.4 CHC1t) 2.33 
Np02+ 20 0.05 CNH4Cl04) 3.66 ± 0.09 CHCit) 2.51 
pu4+ 25 o.s CHC104 ) 15.84 2.51 
Pu4+ 25 o.s CHCl04) 15.54 2.51 
Pa2+ 20-25 o.s 2.1 CHCit) 2.33 
sr2+ 20-25 o.s 2.8 CHCit) 2.33 
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TABLE 2.5.2 (Continued) 

N - C2-Hydroxyeth1)-ethy1ene d1am1ne N, N', N1-tr1acatate C•HEDTA> 

CHc)Cii4)C-OOCOtz)NCa-t)2>2NC012C00-t'CL3-> 

Ion T•perature Med1111 Log K1 Reference 
CC'°) CI> 

~+ 25 0.1 CNH4C104) /HC104) 15. 72 2.s1 
Aftt3+ 25 O.l CNH4C104) 16.18 2.s1 
~+ 25 0.1 CNH4C104/HC104) 15.93 2.s1 
F~+ 20-25 0.1 25.9 2.33 
Mn2i' 20-25 0.1 10.7 2.33 
Np02+ 25 0.1 CNaC104) 6.87 2.Sl 
Pu4+ 14.3 Seel) below 
sr2+ 20-25 0.1 6.8 ·2.33 

Ethy1enediam1ne N, N, N', N' tetraacetate CEOTA) 
c-ooCOi2>2 N <Oi2>2 N c0t2coo-> 2c-v4-, 

Ion Temperature Medium Log Kl Reference 
(Co) <I> 

Ar?+ 0.1 14.2 2.s2 
Afi3+ 20 0.1 16.91 2.s2 
c.3+ 20 0.1 (KN~) 16.07 2.s2 
o,p+ 25 0.1 17.l 2.s2 
cr3+ 20 0.1 23.4 2.s2 

F~+ 20 O.l (KC1) 25.1 2.s2 
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TABLE 2.5.2 <Continued> 

Ethylenediamine N, N, N', N' tetraacetate CEDTA) 
C-OOCOi2)2 N C0i2>2 N C0i2C00-)2C•y4-) 

(Continued) 

Ion Temperature Medi um Log Kl Reference 
(Co) CI> 

Mn2+ 20 O.l 13.95 2.52 
Npo2+ 2S 0.1 CC104-) 7.33 2.52 
Pao+ 2 2S 0.25 8.19 2.52 
p~+ 20 1 CNaBr) 24.S 2.52 
Pu4+ 20 0.1 CKCl) 17.66 2.52 
Ra2+ 20 0.1 (NaCl) 7.07 2.52 
sm3+ 20 0.1 CK+) 16.99 .2.52 
·sn2+ 20 l CNacl04) 18.3 2.52 
sr2+ 20 0.1 CKN0:3) 8.60 2.52 
Th4+ 20 0.1 23.25 2.52 
r,+ 20 0.1 CKN0:3) 6.54 2.52 
y3+ 20 O.l CKN~) 18.ll 2.52 

l) CPuCHEDTA)J+:log K4 assL111ed behavior of Pu4+ relative to t-.nr3+ and err?+ 
1n HEDTA s1m11ar to those in EDTA. 

· ......... , __ :/ 
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3.0 COMPOSITION M:>OEL (COF) 

3.1 CONCEPT 

The Canposit1on Medel estimates the concentrations of each inventory 
canponent 1n each quarter for every waste stream that contains r-adionuclides. 

The waste streams are used in the Waste Invent.cry Simu1at1-on tc distribute the 
waste fraa plutonium recovery and finishing processes tc waste storage and 
disposal 1ocat1ons. 

The- Canpos-1-t1on Mede~ manipulates fuels da-ta- to simulate distributions tc 
processes and conversion tc nucl 1de amounts. Decay is simulated to correct the 

nuclide assemblages for fuel aging. Amounts of nuc11des which are recovered in 
primary recovery processes are converted tc isotopic d1str1but1ons which are 
used to df str1J)ute nucl i de amounts fran waste 1 oss recor ds. The amounts of 

nuclide components are converted to concentrations by the use of addition 

volumes fran the Transactions Data F11e (TOF). This is the same f11e that the 
Waste Inventory S1mu1at1on uses to d1str1bute waste streams and assures that 

cons1 stent amounts enter the inventories. The waste streams are ccmp1eted by 

the add1t1on of process ch•1ca1 concentrations fran flowsheets and charge 

balanced by the addition of either !Odium ion or nitrate fon. 

The waste stre• e011positions reside in the Composition Data File CCOF). 
The f11e is produced by two progr111s: PRECOF and CDFGEN. PRECOF 1s executed on 
a secure oevice. It reads and performs all required operations on classified 

data. Th• output fran PRECOF does not ccn-tain class1f1ed data and is 

transferred to 'the CDFGEH progr• after derivative classification. COFGEN 
operates on a public device and prepares the· Composition Data File. 

3. 2 STRUC'TURE ANO DESCRIPTION 

The Canposition Medel consists of data tables. data files. a driver for 
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processing classified data, a driver for processins public data, six specific 
models, a series of queues and two working arrays. The models provide for 
simulation of fuels management, conversion of aged-irradiated fuel into their 
nuclide equivalents, decay and distribution of nuc11des and stable chemicals to 
process waste streams. The queues are used in the fuels management model. 

- . 

The first working array contains the am~unts of camponents released frcm a 
process during a time step. It is created in PRECOF and is called the Monthly 
Component Tables (Mer). A~ the end of PRECOF, ·it 1s populated with the amounts 
of non-accounted nuclides for which recovery was not attempted in a primary 
recovery process. 

At the beginning of C:OFGEN, MCT tables are merged tc create Quarterly 
Component Tables CQCT). Subsequently, the OCT tables are populated with amounts 
of accounted nuclides, stable chemicals added during processing, and incremental 
amounts of either sodium or nitrate ion are added to each simulated quarterly 
waste stream to balance the positive and negative charges. 

The second working array is the C:OF which contains component concentrations 
in simulated waste streams. In this context, waste stream is specifically 
restricted to initial waste releases of any contained component to the tank farm 
systan. 

The C:OF 11 sts the concentrations of each component in every waste stream 
which was released fran each primary recovery process during each time step in 
the s1mu1at1on. Created by COFGEN, the waste stream file is populated by 
non-accounted ana accounted nuclides, process chemicals, and either sodium or 
nitrate 1ons for charge balance. 

3.2.l Data 

Data are present 1n the composition simulation as resident data tables or 

read in from data files. 
·:. .:.. · ·· 
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Data tables in PRECOF specify tons of fuel charged to each reactor, the 
equivalences between the fuel types in the seven types af fuels that are 
modeled, the definition of fuel 1ndicies 1n tenas of irradiation power, reactor 
and the seven modeled fuel types, and tables used to simulate monthly decay. 

Fitting coefficients that ar• used to relate fuel irradiation data to 
nuclide production are read into PRECOF fraa an external file CFOATA) during 
initia11zation. Fuels data for reactor and separation process operations are 
read to PRECOF fran the ROATA and POATA files. 

COFGEN · contains data··-tables that define wast• streut· names, the-­
associat1ons between processes and their waste streams, the principal waste 
stream associated with each process tank and tank farm names, the factors used 
to split radionuc:lides that are not recovered during primary recovery to process 
waste streams, amounts ~f neptun11.111, plutonium, thorium and uranium re1Etased to 
tank farms as waste losses, iso-tcp1c abundances of plu-tcnium, thorium and 
uranium in the Z-Plant waste stream, and factors for cesium and strontium 
recovery fran PUREX High-Level Waste fran 1968 through 1971. 

COFGEN also reads data frcm files. A transfer tape, created by PRECOF, is 
read in two steps. Canposition infonnation is read fraa the MCTs during 
init1a11zat1on. The data on Tons of Fuel Dissolved CSPT) in each process during 
each t1me step and the 1sotopic abundances of recovered radioelements by time 
step are called as needed. The other files that are called by COFGEN as needed 
contain data on Stable Ch•1ca1s CSOATA) and waste stream addition volumes to 
each tank during each time step frcm TOF. 

3.2.2 Canposition Drivers 

The Canposit1ons Model has two drivers: one in PREGQF and another in 
CDFGEN. Both read input. data, call subroutines 1n the order they are required, 
step the simu1at1on clocks, and write the output information to files and report 
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generators. 

The PRECOF driver sequences the operations of an irradiated fuels inventory 
management system. During initializat1on, it reads factors that are used by the 
s1mu1at1on to convert fuels irradiation data to nuclide amounts present at 
discharge. The driver then directs a month-by-month simulation of fuel 
discharge fran reactors, aging in retention be-sins and dissolution in primary 
recovery processes. Amounts of non-accounted nuc11des dissolved, isotopic 

distributions of accounted nucl1des, and total tons -of fuel dissolved for each 
month and process are calculated. These data are written to a transfer file for 
use by CDFGEN. Operation of the fuels management simulation is echo printed to 

a classified report (3.2). 

The COFGEN driver steps the simulation of primary recovery processes and 
creates simulant waste .streams. During initialization, it defines data 
relationships and merges the monthly MCr records to quarterly OCT records. 
Nuclide amounts are adjusted for decay to the last day of the quarter. The main 
portion of the program consists of two cycles. Both sequentially drive the 

· program fran the ti rst quarter of the simulation to the last. 

The first cyclic program reads selected input data, manipulates the data, 
and writes the results to a scratch file that is used by the second cyclic 
program. The first cycle reads the tons of fuel dissolved in each primary 
recovery process, the volumes of each waste stream added to each tank. 

Splitt1ng factors, used to distribute non-accounted nuclides to waste streams 
are norma11zed to remove waste stream_s with non-zero addition volumes. For 

quarters after 1967, a change in splitting factors substitutes the PUREX 
Fission-Product Recovery High-Level waste stream for the PUREX High-Level waste 
stream. F-factors are calculated for the quarter and thei ~ contributions to 

G-factors are acc1.111ulated. {The F-factors and G-factors _are used to distribute 
accounted element data to waste streams. See section 3.2.3.5.) 
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The second cycle of the COFGEN driver creates the COF, reads quarterly 

inputs, and sequentially evaluates ecmponent concentrations that are written to 
the COF and amounts that are written to the OCT. Canponents are treated in the 

order: non-accounted nuclides, accounted nucl1des, stable chemicals and ions 

for charge balance. 

3.2.3 Canposition Medals 

Sfx Composition Models have been developed. Decay, FIFO and Conversion 
Models are implemented in PRECOF. The Non-Accounted Nuclide Model and the 

Accounted Nuclide Medel operate 1n both c:cmpositiolf programs. The Stable 
Chemical Model is found in CDFGEN. 

3.2.3 . 1 FIFO Model 

THE FIFO (First-In-First-Out) queues are the principal tools used in the 

PREc;OF program. They provide a sequencing mechanism for the managetnent of fuels 
irradiation data fran reactor discharge through cooling and dissolution of fuel 

1n a recovery process. Queues are defined for the seven general types of fuel 
which are evaluated 1n PRECOF. Table 3.2.3 . 1.1 lists the queues and the types 

of fuel they manage. 

Irradiation data fer a fuel type discharged fran a reactor in a a10nth are 
manipulated by the FIFO Model u a fuel string. 

A fuel string 1 dentifies the amount af a fuel type that was discharged fran 
a reactor 1n a month and . the power level and exposure conditions of the 
irradiation. Exposures are given for a short ton of discharged fuel and power 
levels are given fer a short ton of fuel charged to the reactor. Standard fuel 

charges of 320 tons for K-reactors, 400 tons for N-reactor and 225 tons for al l 
others were used. 

'l 

' ... 
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Fuel strings are simplified in two ways. The 30 fuel types in the ROATA 
file (3.1) for reactor discharges and the POATA file (3.1) for process charges 
are merged to seven. See Table 3.2.3.l.l. The second simplification combines 
three fuel string elements into a fuel string index. Stepped values of power 
level and discrete values of reactor and fuel type are rendered by 72 fuel 
string indexes as illustrated in Table 3.2.3.l.2. Canbined, these 

simplifications allow a fuel string to be specified by: discharge amount, 
discharge month, exposure, and fuel string index. 

The inventory of spent -fuel is managed by the FIFO CF1rst-In-F1rst-Out) 
systan. Fuel strings for fuel discharged in a 11onth are loaded into the bottom 

of one of the seven queues. As fuel dissolution is simulated in one of five 
recovery processes or is shipped offsite, fuel strings are withdrawn fran the 
top of an identified queue. The processes simulated are Bismuth Phosphate, 
Redox, PUREX, and PUREX Fissio~Product.Recovery. The Thoria process is not . 
modeled. 

The difference in time between the discharge month and the dissolution 
month 1s the cooling time CTC). The average TC for fuel strings withdrawn fran 
each queue during each month weighted for amount of fuel are echo printed with 
the queue status for the month. Queue status includes fue 1 strings that are 
loaded and removed during each month and a summary of the contents of each queue 
at the end of each month. The echo print is available as SR-RE-WM-19 (Secret) 
(3.2). 

3.2.3.2 Conversion Model 

Conversion of a fuel string to amounts of nucl1des at discharge was 
performed with fitting equations. Data fran reactor models and experience were 

evaluated by curve-fitting subroutines and loaded into PRECOF durfng 
1nitialization. Table 3.2.3.2 lists the nuclides for which conversion was 
modeled. 
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F1ss1on product production was based upon RISO (3.3, 3.4) code 
calculations. For moles discharged per short ton of charged _uranium, production 
CN/T) was found to be a quadratic function of exposure CX). 

NIT • a + bX + cx2 

The secondary dependence on 1rrad1at1on power vas modeled as a step function of 
pcwer per tons of uraniun 1n a standard reactor charge. See section 3.2.3.l for 
the standard charges. The evaluated power levels for each of the six modeled 
uranium fuels are listed in Table 3.2.3.l.2~ 

The f1tt1ng coefficients Ca, band c) were evaluated (3.5) for wery fuel 
type at the power levels listed in Table 3.2.3.1.2. The f1tting equations were 
found 't0 reproduce input RIBO data for al 1 exposures and power level 5. 

Actinide data .were obtained fran the DCODE code (3.6) for non-accounted 
nucl1des for which were not recovered. Data for accounted nuclides were 
obtained fran conversion tables. All actinides were found to obey an equation 
independent of 1rradiation power. 

ln (N/T) •a+ bX + cx2 + dX3 

The fitting coefficients Ca, b, c and d) were evaluated by the OJRVFIT code 
(3.5). Caraparison of production (NIT) 1n moles per short ton of uranium charge 
were c:anpared for exposures CX) for input data and those predicted by the 
fitt1ng equations. Agreement was found to be w1thin 3. 

Ac:tivat1on product production was found · to agree with the following general 
equat1on. 

NIT• bx 
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The relationsh1p is independent of irradiation power. 

Fitting coefficients for the six uraniLIII fuels that were modeled can be 

found in Append1x E of the Supplement (3.8). No data are currently available 
for thor1um conversion. 

3.2.3.3 Decay Model 

The OECAY2 program is cal led by PRECOF to si11ulate decay during fuel aging 
and by COFGEN to merge MCT records into quarterly OCT records. Its operat1on 
duplicates the Decay Model described in the Inventory Model chapter, section 
2.2.3 .1, with two exceptions; the decay period is one month rather than one 
quarter and decay tables are based on ORIGEN2 (3.9) calculations rather than 
ORIGEN (3.10) work. 

3.2.3.4 Non-Accounted Nuclide Model 

The Non-Accounted Nuclide Model provides all of the logic required to 

populate the component table and waste streaai files with non-accounted nuclides. 
It operates in both the PRECDF and COFGEN prograais. 

In F'RECOF, the Non-Accounted Nuclide Model places nuclide aaiounts into the 
MCT'. Four tables are defined for each month fran January 1944 through December 
1971. The four tables permit the segregation of monthly releases of waste fran 
the 81 smuth Phosphate, Redox, PUREX, and Thori a processes. The PUREX-Fission 
Product Recovery process uses the PUREX tables. 

In a>FGEN, the model merges the MCT records 1nto QCT records. Splitting 
factors, obtained fran the process flowsheets discussed in section 3.3.1.2 and 
total quarterly waste stream volumes, obtained frcm the TDF are used to 
distribute nucl1des fran the OCT to waste streams. The component concentrations 
in each waste stream are stored in the COF. 
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Two provisions are made to assure that nuc11des generated 1n PRECOF are not 
lost by application of the splitting factors. The transactions have been 
audited to verify· that the principal waste stream of a process 1s active during 
every quarter that fuel 1s dissolved 1n the process. Also, before the standard 
sp11tt1ng factors listed 1n Table 3.2.3.4 assune that all waste streams for a 
process are active. To allow for .null secondary streams, the splitting factors 
for a process are norma11zed for the active wa-ste streams -each quarter they are 
used. 

For every quarter begi nn1 ng f n 1968, 951 of the eesi um and stronti un are 
raaoved fr-an· the OCT and ttfe COF f11 es. This simulates Fission-Product Recovery 
directly after PUREX processing and before the waste was distributed to the 
tanks. 

3.2.3.S Accounted Nuclide Model 

The Accounted Nuclide Model populates the COF and a.er arrays with nuc11des 
for which recovery process were operated. Plutonium 1s accounted for all 
processes except Thoria. Uraniim 1s accounted for all processes except Bismuth 
Phosphate. Thorium 1s accounted for the Thoria process. Neptunium 1s accounted 
for the Redcx process beginning 1n Dec.bar 1959 and for the PUREX process 
beginning in Janua·ry 1963. The model operates 1n both the PRECOF and COFGEN 
programs. 

In PRECDF~ the model populates the MCT with the total amounts of each 
accounted nuclide that enters each process during each month. These amounts are 
used to calculate isotopic abundances which are written to the Isotcpic 
Abundance CISO) f11e and then the nuclide amounts are reduced to zero in the 
Mer. 

In COFGEN, total amounts of accounted elements that were disposed of in 
each tank fanns over the entire period of Hanford operations are distributed as 
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accounted nuclides to quarterly waste streams fran recovery processes. The 
amounts of accounted elements by farm as waste losses and the amoun~s of 
accounted nuclides distributed fran each process by CDFGEN are tabulated in 
Appendix O of the Supplanent (3.8). 

Because existing information Jacks sufficient detail · to unambiguously 
redistribute the accounted el anent data to waste streams, ass1111pti ons were made. 

Assunp:tipn 1. Waste losses for I process are d1 rectly proportional to the 
tonnage of fuel dissolved. Other partition factors are more appropriate 
than weight of fuel dissolved. However, the increased complexity that 
would arise fran their use cannot currently be justified. 

Assunptjon 2. Waste losses for the waste streams are directly proportional 
to the amount of actinides processed and inversly proportional to process 
efficiency. Actinide processing was based upon the Am-241 content of 
dissolved fuel. 

Assunptjon 3. The concentrations of accounted nuclides in a waste stream 
do not vary with time. 

A distribution factor CF) can be defined for a summation over all tank 
fanns. 

EFARMS 
F ~ A * K * V/1:.V 

The ratio of volumes specifies the fraction of the•·total waste stream 1n a 
quarter that was released to a single tank farm CV). The short tons CA) of fuel 
dissolved 1n the source process during the quarter and ttle efficiency factor CK) 
for that process are weighting factors. 
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F can be interpreted as the relative amount of a radioelanent that is added 
to a tank farm in a quarter fn a waste strNIII. COFGEN cal cul ates 2030 values of 

F for each tank farm for the l4 vari abl • waste streams and the 145 quarters. 
When summed. the F values for a farm provide a constant CG) that relates to the 
total amount of a rad1oelanent added to a farm fran all waste streams over all 
time. 

The total amount CE> of a radicnucl ide distributed to a tank farm can be 
part1tioned among waste streams by quarter by the factor F/G. Summation over 

all farms provides the amount of the element present fn the waste stream during 
the quarter and introduction of the factor· for the 1sotop1c abundance (IA) 
yields the amount cf a nuclide- CN) that 1s distributed 1n a quarter. 

EFARMS 
N • IA * ~ E * F /G 

The nuclide amounts are s1.111med over all waste streams for each process and 
entered into the quarterly canponent table. They are also converted to 
concentrati ens for the COF by the use cf the total waste stream vo 1 ume for the 
quarter. 

The Z waste stream was populated with nuclides different fran the other 
streams. Only accounted nuclfdes are entered and these originate only fran the 
values reported fer Tank TX-118 in Appendix O of the Supplement (3.8). Isotopic 
abundances fran the last year of PUREX operations. 1971. are used. 
D1stribut1ons of accounted nuclides to the OCT and COF proceed by the accounted 
nuclide model in all other respects. 

3.2.3.6 Stable Ch•ical Model 

The Stable Chan1ca1 Model performs two functions; it enters the amounts 
of process chemicals to the COF and a.er and ft balances the 1on1c charges of the 

-

.. ,, 
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canponents. 

Process chemicals are read to COFGEN fran the SOATA file as concentrations. 
The values are based upon flcwsheets as described in section 3.3.1.2. 

Charge balance is accomplished by comparing the SI.Ill of the positive ionic 
charges with the sun of the negative- charges for each waste stream. Sodi1.1n ion 
is added to waste streams for negative differences and nitrate ion for positive 
~ifferences. Changes 1n waste stream concentrations are ·reflected in the OCT. 

3 .3 INPUT AND OUTPUTS 

The Canpos1tion Model utilizes inputs fran data files and resident data 
statement. PRECOF echo prints a listing of fuel queue status and op~rations. 
Reports are prepared fran PRECOF and a>FGEN data statements and fran the QCT and 
CDF files of COFGEN after program execution. 

3 .3 .1 Inputs 

3.3.1.l Data Tables 

Table 3.3.l.l 11sts the ecmposition data statanents that are resident in 
PRECOF and COFGEN. Splitting factors were taken fran the flowsheets referenced 
1n section 3.3 .1.2. Decay tables are based upon ORIGEN2 (3.9) canputer runs. 

Process C0111positions for Uran1 U111 Recovery -'d F1 ssi on-Product Recovery are 
reported per unit of feed. Addi ti onai essential ch•1cal s to remove urani 1111 

were added per k1loga1lons of tankage that entered.the plant (3.11). Cesi1111 
Recovery (3.12) from Redox and PUREX supernates was metered by the curies of 
ces11.1n in the feed. Recovery of strontium (3.13) fran PUREX sludge was based 
upon thousands of gallons of sludge received. The figure in section 3.3.l.2 
illustrates the plant, operating period for the recovery operations and the 
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f1owsheets that were modeled. 

3.3.1.2 Data Files 

Table 3.3.1.2 lists the ccmposition files that are called by either PRECOF 
or COFGEN and the model that they ..support. 

Conversion data that were used to obtain the fitting coefficients 1n FDATA 
were taken fran RISO (3.3, 3.4) canputer runs, OCX)CE (3.6) canputer runs, 
actinide conversion tables (3.14, 3.15) and activation product production data 
(3.16)'. 

ROATA and POATA are available in UNIVAC Binary or ASCI II machine readable 
tape or in a condensed form on UNIVAC Binary or ASCI II machine readable tape 
(3.17), or on microfiche (3.18). Details of their preparation are available 
(3.19). 

ISO and MCT are generated by PRECOF fran source information. 

The basis of the TDF 1s discussed 1n detail 1n Chapter 5, Transactions. 

SOATA contains the process ch•ical s infonnation that appears 1n waste 

streas. Figure 3.3.1.2 shows the principal flowsheets that were used for each 
process. When concentration data fra1 f1owsheets were not available, amounts 
were estimated from essential ch•ical lists based upon mass of fuel processed. 
Voluaes were obtained frcm reference (3.20) to convert amounts to 
concentrations. A review was used to test the results of the flowsheet study 
(3.2.1). 

The Bismuth Phosphate Technical Manual (3.22) reports process chemicals per 
ton of fuel. Waste stream concentrations were obtained by the use of data on 
tens of fuel processed and waste stream volumes (3.20). 
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Figure 3.3 . 1.2. Plant Operating Periods and Flowsheets. 
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The Redox process was redeveloped continuously during its period of 
operation~ Four representative flowsheets were selected (3.23, 3.30). The 
concentrations of waste stream components were taken from the flowsheets without 
man i pul ati on. 

Wasta stream c:cmpos1t1ons. for .PUREX ware not taken di rec:tly from process 
flowsheets (3.31, 3.45). Flowsheet changes were disregarded for campaigns that 

were shorter than the quarterly time resolution of the model. Flowsheet waste 

streams were merged if they were not specified separately in the waste tank 
transactions (3.20). For example, Canister Waste was included with Coating 
Waste. In two cases, the ·tank fana data identified substitute waste streams 
that were modeled as equivalent to the primary waste stream; Inorganic Wash 

.Waste 1s equivalent to PUREX High-Level Waste and Carbonate Waste is equivalent 
to Organic Wash Wasta. 

The on l y process chanicals 1n SOATA from Fission-Product Recovery are 
related to processing of . PUREX current acid waste. The compositions include the 
combined contributions fran PUREX and Fission-Product Recovery (3.46). 

3 .3 .2 Outputs 

Most reports are available as appendices in the Supplement (3.8). General 
descriptions are presented in Chapter 6.0. 

3.3.2.1 Echo Print 

The queue operations- and queue status for each simulation month 1s 
available as PRECOF-Errors, Queue Operations and Fitting Data (3.2). Fitting 
coefficients for accounted nuclides are also included. 



3.3.2.2 Resident Data Reports 

Waste Streams Used by Ouar-ter 
Accountability Element Report 
Fitting Coefficients for 
Non-Accounted Nuclides 
Tons of Fuel Dissolved 
Stable Chemicals Report · 

Decay Report - 30 Days 

3.3.2.3 Reports From Working Files 

COF Report 
OCT Report 

3.4 ASSUMPTIONS AND LIMITATIONS 

Appendix A 
Appendix 0 

Appendix E 

Appendix F 
Appendix G 
Appendix H 

Appendix B 
Appendix C 
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While assumptions have been made in the development of all models, those 
considered most contraining are associated with the limited number of fuel 
types, the limited resolution of flowsheet data, and the limited amount of 
information on the distribution of accounted nuclides to tanks. 

3.4.l FIFO Model 

Input data to POATA and RDATA files are assumed to be correct and complete. 
The resolution and consistency of the data are good. PDATA contains only 25 
fuel types which are considered to be fairly representative of the gradual 
modifications of fuel that were actually irradiate~ PDATA contains fewer fuel 
types, than RDATA, although equivalents have been assigned easily. The queue 
operations resulted in only one technical failure. At the end of the simulation 
only three fuel strings were lift in the conventional fuel queues. The model 
handled 3789 conventional fuel strings in the simulation. 
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Fuels were removed fran retention basins by fuel type in the order that 
they were placed into the basfns. This assumption can be tested by changing the 
draw rule fc;;• fuel strings to either the string of highest or lowest exposure. 
The sensitivity tsst has not been perlonaed. 

Waste was released frcm proceases during the 1110nth the fuel was dissolved. 
Thfs ass1111ption 1s reasonably gcod for high-level waste streams. Current acid 
waste. in one case. was held in Waste Fractionizat1on for 46 days before ft was 

processed for Fission-Product Recovery. This is not serious for the quarterly 

time step of the mcdel. Low-level streams and pl ant flushes can be found 

entering tanks five to ten years after the process was shut down. 

3.4.2 Conversion Model 

All fuel types can be mcdeled by one of seven general types. Specifically , 
all conventional fuels can be mcdeled by natural and enriched. internally and 
externally cooled fuels fran K-reactor. The RISO (3.3. 3.4) and CCOCE (3.6) 
codes do not distinguish between the irradiations of a single fuel type 1n any 
of the conventional, lcw-pressure reactors. Individual conventional fue l s other 
than internally and externally cooled can be mcdeled. However, a test case has 
not been perlonned. 

Standard fuel charges to reactors are asscmed to be constant. This proves 
to be correct for all reactors after a gradual startup period. A comparison of 
nuclide production during startup for maxim1111 charges and a lower value has not 
been perlonned. 

The nuclide production 1n a fuel string can be-•calculated based on an 
average effective exposure. Available data do not specify the radial position 
of individual fuel elements 1n a reactor during 1rrad1at1on for the fuel 
strings. 
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RISO (3.3, 3.4) and OCODE C3.6) programs provide in accurate basis for 

conversion calculations. A secondary code, such as ORIGEN2 (3.9), can be 

modified for Hanford fuels and compared to the existing conversion bases. 

Fission product production can be modeled as a step function of power 

level. A comparison of nuclide pra.duction by the step-function approach and a 
\ 

continuous power-level approach has not been made. Differences between fitting 
coefficients for adjacent power levels are snall. 

Actinide and activation product production are independent o~ power level. 
An alternative program, such as ORIGEN2 (3.9), would be required to test this 
assumption. 

Stable chemicals, present 1n the irradiated fuels, are not estimated by the 
conversion model. Aluminllll and zirconium are the major components that are 
underestimated by the model. Fuels are also a major source of silicon. 
However, the impact of the error in silicon content is · not significant to the 
total inventory. 

Failure to model Thoria fuel has no significant effect on the nuclide 
inventory. The inventories of Th-232 and U-233 are significantly lower than 
they would be if Thoria fuels were included in the simulation. The U-233 should 
significantly contributes to the total transuranic content of Tank C-102 and 
Tank C-104. 

3.4.3 Decay Model 

The assllllptions and limitations of the Decay Model for compositions are the 

same as those stated in section 2.1.4.l for inventories. 
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3.4.4 Non-Accounted Nuclide Model 

Distribution of non-accounted nuclidas to the waste streams of a process 
are constant for all nuclides. If the distribution of nuclides is uniform 
throughout the uranium fuel, the ass1111ption is reasonable· for Redox processing; 
Redox has only Coating Waste and Htgh-Level Waste. The assumpti en is weakest 
for Bismuth Phosphate wastes in which sequential precipitations should anphasize 
nuclide distributions among waste streams. Different nuclides should partition 

themselves between the PUREX .waste streams by different factors. -
Waste stream· volum•· data in the- transactions data' base are correct. While 

errors most surely appear in these data, they only impact distributions to 

tanks. Since the same data are used to construct the waste streams as are used 
to add waste streams to tanks, the total inventory of each nuclide is. unaffected 
by the errors. 

Nuclide amounts that populate inactive secondary waste streams based upon 
process splitting factors are released 1n the other streams that are active 
during the quarter. Since the primary waste stream of a process is acti ve in 
every quarter that fuel is dissolved, this assumption does not change the total 
inventory of nuclides. Because the splitting factors are based upon flowsheets 
that permit lag storage for dilute streams, the assunption probably introduces 
an error of distribution to tanks. A review of the transactions cf secondary 
waste streams shows th• to decrease in frequency as they becane mere dilute. 
Indeed, if the total amounts of nuclides reccmnended by flowsheets were 
distributed to the trivial volumes of sane of these waste streams. their 
concentrations would exceed those of the -high-level waste streams. 

Fi ssion-Product Recovery removed 9.SS of the cesium and strontium fran PUREX 
currant acid waste. An inventory run has not been made tc test this assumption. 
Any impact would be seen in the inventories cf tank that ultimately received 
these wastes. 

"l 
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3.4.5 Accounted Nuclide Model 

The input data on the d1stribution of accounted elements to tank farms is 
correct as amended. Amendments 1nc1ude removal of all thorium data and removal 
of uranium data corresponding to receipts form the Urani1111-Recovery process. 
The quality of the original data is uncertain and can only be evaluated by the 
analysis of samples. The impact of removing the thorium data is sna11 because 
the principal isotope, Th-232 is not a component in this simu1at1on. A 

technical error in the uranium logic placed about 81 of the total uranium 
processed into the inventory. The problem is associated with the B1snuth 
Phosphate portion of the model and should be reflected 1n receivers of Uranium 
Recovery. The impact should be seen in tank farms BX, BY, C, T, TX, TY, and U. 

Waste losses for a process are directly proportional to the tonnage of fuel 
dissolved. Exposure more appropriate than weight of fuel dissolved. However, 
the increased complexity that would arise from its use cannot currently be 
justified. 

Waste losses for the waste streams are directly proport1onal to the amount 
of actinides processed and 1nversly proportional to process efficiency. 
Actinide processing was based upon Am-241 1n dissolved fuel. This assunption 
only influences the distribution of accounted nuclides to farms that received 
waste fran more than one process. Tank fanns B, BX, BY, C, SX, T and V are so 
affected. Of these only 8- and BY-Tank Fanns received similar amount from more 
than one process. Americium production is similar to the production of 

plutonium and neptunium. 

The concentrations of accounted nucl1des · in a waste stream do not vary with 

time. This assumption is weak. As each process operated, it became more volume 
efficient and its wastes became more concentrated. However, the effect of the 
error is reduced because tank farms were filled sequentially with waste from a 
process. That is, in the distribution of the accounted nuclides to a farm among 



Page 3-21 

the fann•s tanks, the only concentration range of concern is fran the first tank 
that fills to the last. The error is most significant for these tanks. 

The waste fran plutonium refinishing, Building 234-SZ, contains only 

accounted elements with isotopic abundances equal to those of PUREX in 1971. 
Failures of this assumption are limited principally to Tank TX-118. The waste 
stream contains Am-241 and stable chemicals whtch have not yet been defined. 
The plutonium processed was also fraa recovery periods outside of 1971. 
However, the error due to isotopic abundances is probably small. 

3.4.6 Stable Chanical Model 

The a111ounts of stable chemicals in waste from a process that changes 
gradually can be approximated by step changes from a limited number of 

fl ow sheet. This assumption impacts fNery . tank inventory and the tota 1 inventory 
to sane degree verification with data fl"OIII purchase chanical records and 
validation with analytical data are required to quantify the error. 

The same Bismuth Phosphate flowsheet was used in both building 202-B and 
202-T. Minor impact fs anticipated from the ass1.111ption. 

Low-volume PUREX waste streas can be combined with related, high-volume 
waste streams. Minor impact is anticipated· from this assumption. 

The PUREX, High-Level and Inorganic Wash waste streams and Organic Wash and 
Carbonate waste streams can be consi de~ed equivalent. While this assumption is 
not rigorously correct, differences between the waste streams in each pair are 
due to minor waste streams that are managed separately on an irregular basis. 

PUREX sludge volume and volume of PUREX acidified sludge can be considered 
to be equivalent. This error arose fran independent development of the model 
and the data set. These will be corrected in the next inventory estimation. 
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About one-seventh of the stable chemicals were added during strontium removal 
fran PUREX acidif1ed sludge. The error principally affects tanks A-101. A-106 
and those that recieve waste fran them and sign1f1cantly affects the amounts of 
ligands 1n the inventory. 

Wastes wh1ch are generated fr0111 Cesium Recovery frcm PUREX and Redox 
supernates are not ccmingled with other wastes ·before release frcm 
Fission-Product Recovery. No data has been found to disallow this ass&111ption • .. 
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TABLE 3.2.3.1.1 

FIFO QUEUES 

fU6- MANAGED 

-conventional Reactor - Natural Fuel 
ConventionaT Reactor - Enriched Fuel 
Conventional Reactor - Thoria Fuel 
N-Reactor - r« I Fuel 
N-Reactor - t« II Fuel 
N-Reactor - MK IV Fuel 
N-Reactor - MK IA Fuel 
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TABLE 3.2.3.1.2 

Fua STRING INDEXES >HD POWER LEVas 

Fuel String Power 

Index c 1l Range C,) Beac:toc (3) fueJ 

1 - 8 1 .Old Natural 
9 - 16 l C Natural 

17 - 2-4 l K Natural 
25 - 32 1 Old Enriched 
33 - 40 l C Enriched 
41 - 48 1 K Enriched 

49 . N/A Old Thor1a 
50 N/A C Thor1a 
51 N/A K Thor1a 

52 - 56 2 N MK I 
57 - 61 3 N MK II 
62 - 66 3 N MK IV 
67 - 72 3 N MK IA 

Notes: 

Index Ranges are listed when a series of power levels are used. For 
example, for natural abundance fuel fran an old reactor e19ht l)O'!er levels 
are possible. Th!Y vary fran Index• l for low power to Inaex • 8 for high 
power for Power Range • l. 

Power Power Levels CMW/T) 
Range 

l 
2 
3 

1.0, 2.0, 4.o, 6.o, 8.o, 10.0, 12·.o, 14.0 
3.0, 5.0, 7.0, 9.0, ll.0 
7.0, 8.0, 9.0, 10.0, 11.0 

"Old• Reactors are B, D, DR, F, and H Reactors 
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TABLE 3 .2.3 .2 

NUQ.IOES EV ALUA'TED FOR CONVERSION BY IRRADIATION 

Ac::t1o1da:s E1ss1°o Products ac::t1vat100 Products 

011245 S.151 N163 
Cm244 Bal37m Cl4 
011242 Bal35m 
Am243 Csl37 
Am242m Csl35 
Am241 Il29 

Pu24l Sbl21Sm 
Pu240 Sbl2t5 
Pu239 Snl2t5 
Pu238 Pdl07 

Np237 RulOIS 
U238 Tu99 

U235 Nb93m 

U234* Zr93 

Y90 

Sr90 

Se79 

* U234 evaluated fort« I, MK IV and MK IA only. 
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TABLE 3 .2.3.4 

WASTE STREAMS AND WASTE STREAM SPLITTING FACTORS 

$gJjtl:jcg Eaacc 
Process Waste $tceam $:,mbpJ Before 1968 After 1967 

Bismuth Metal Waste* MW 9.900 
Phosphate First Cycle Waste lC 0.090 

Second Cycle Waste 2C 0.010 
Lanthanum Fl uor1 de Waste 224 0.000 

Redox Redox High-Level Waste* R 0.950 
Redox Coating Waste CWR 0.050 

PUREX PUREX High-Level Waste* p 0.949 
Waste Fractionization B 0.949 
High Level Waste* 
PUREX Coating Waste C'WP 0.050 0.050 
Organic Wash Waste oww 0.001 0.001 
PUREX Low-Level Waste PL 

Waste Fractionization BL -- --
Low-Level Waste 

Thoria Thoria High-Level and T 1.000 1.000 
Coating Waste 

Pl utoni 1111 Z-Plant Waste z N/A N/A 
Finishing 

* Principal Process Waste Stream 



TABLE 3 .3 .l.l 

C:OMFOSffiON DATA STATEJ.ENTS 

Cota Statanent 

Amounts of Accounted Elements to Farms 
Canponents 
Canponents in Constant Wasta Streams 
Decay - 30 Day 
Farms 

Fuel Indicies 

Isotopic Abundances in Z-Waste Stream 
Processes 

Precess Effic1enc:y Factors 
Splitting Factors 
Standard Reactor Charges 
Waste Streams and Equivalents 
Waste Streams by Process 

Ussd By MQdeJ 

Accounted Nuclide 
Conversion-Various 
Stable Chanicals 
Decay 

Accounted Nuclide 
FIFO· 

Accounted Nuclide 
FIFO 

Accounted Nuclide 
Non-Accounted Nuclide 
Conversion 
Various 
Various 
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CaJJed By 

COATA PRECOF 

FDATA PRECOF 

ISODIS* CDFGEN 

MCT* CDFGEN 

PDATA PRECOF 

SPT* CDFGEN 

SOATA CDFGEN 

TOF COFGEN 

-rransferred fran PRECOF 

TABLE 3.3.l.2 

COMPOSffiON FILES 

Conversion 

FIFO 

Accounted 
Nucl 1de 

CDFGEN t'RIVER 
AND ~CAY 

FIFO 

Accounted 
Nucl 1 de 
Total 

Stable 

Canponents 

Various 
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Cescc1 p:t1 on 

Fitting Coefficients 

Fuel String Data for 
Reactor Discharges 

Isotopic distributions of 
Accounted Nuc11des fer each 
waste stream fer each Quarter 

Amounts of Non-Accounted 
Nuc11des Released fran 
each precess during each month 

Fuel String Cata for Fuel 
dissolution 1n precesses 

Tons cf fuel dissolved 
1n precesses each month 

Amounts cf stable canponents 
1n each waste stream 

Volmtes of each waste stream 
received by each tank during 
each quarter 
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4.0 TRANSACTION FlLE CTF) 

4.1 CONCEPT 

The Transaction File CTF) 1s a Syst• 2000* data base. It contains 
quarterly status 1nformation and w.aste manageaient operation infonnation for 
every underground storage tank at Hanford. The file prov1-des the Waste 
Inventory Simulation syst• with all tank data and the logical order to perform 
the simulation. 

*Copyright: Intel Systans Corporation, Austin, Texas. 

4 .2 SiRUCTURE AAO C€SCRIPT10N 

The TF is a three-level data base as shown in Figure 4.2. The five data 
sets, illustrated as boxes, are: Tank Identification, Time and Temperature, 
Status, Transaction, and Canment. The elanents that identify types of data are 
11 sted in each data set. 

4.2.l Tank Identificati on Data Set 

The Tank Identifi cation Data Set contains three elements: Tank Number, 
Index, and Capacity. The data base c:cntains 162 tanks and two recovery 
processes. These are both destinations and sources of waste 1n waste management 
operations. The tanks included are in A-, AW-, AX-, AY-, 6-, BX-, BY-, C-, S-, 
SX-, SY-, T-, TX-, TY-, and U-Tank Fanns. Uranium Recovery and Fission Product 
Recovery are identified by Tank Numbers U and B respectively. 

Indexes range fran l through 171. The first six indexes are· associated 
with A-Farm tanks. Indexes 7 through 13 are reserved fer AN-Fann tanks. The 
indexes 14 through 169 are assigned to fanns alphabetical l y in bl ocks. W1th 1n a 
farm, the 1ndexes increase with tank number. Fissi on-Product Recovery and 
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TANK IDENTIFICATION 
TANK NUMBER 
INDEX 
CAPACITY 

.. 

. . 

TIME & TEMPERATURE 
QUARTER . 
YEAR 
TEMPERATURE 
TEMPERATURE FLAG 

I 1 
STATUS TRANSACTION COMMENT 

WASTE TYPE TRANSACTION COMMENT 
TOT AL VOLUME TRANSACTION TYPE COMMENT FLAG 
LIQUID VOLUME TRANSACTION ORDER 
SOLID VOLUME TRANSACTION FLAG 
DESCRIPTIONS (5) AMOUNT 

· LOCATIONS (6) 

Fi gure 4.2. Structure of the Transaction Data Base. 
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Uranium Recovery are assigned indexes 170 and 171 respectively. 

Tank c:apacities are nominal values. The tanks in A-, AW-, AX~, AY-, Kl.-, 

SX-, and SY-Tank Farms have capac1aties of 1,000 kgal. Those 1n BY-, S-, TX-, 
and TY-Tank Fanns have 750· kgal. Those in B-, BX-, C-, T-, and U-Tank Farms 

have capacities of 530 kgal for the 100 .series tanks, and 55 kgal for the 200 
series tanks. 

4.2.2 Time and Temperature Data Set 

The Time and Temperature Data Set contains four elements. Quarter, Year, 
Temperature and Tanperature Flag. Quarters are numbered from l for the first 
quarter to 4 for the fourth quarter. Years range fran 1944 through 1980 and 

identify the period of the simulation. The first quarter of 1981 has been 
included to support the Volwne Model of the Waste Inventory Simulation. 

Temperatures are 1n degrees ce1s1us. The Temperature Flags listed in Table 
4.2.2 identify the assunpt1ons made to provide missing temperatures. 

4.2.3 Status Data Set 

The Status Data Set contains nine el .. nts: Waste Type, Total Volume, 
Liquid Volume, Solid Volume, and five Descriptions. Total Volume is used by the 
Waste Inventory Simulation. The others are provided for information. 

Waste Type qualitatively indicates the pr1n~1pa1 waste or wastes that are 
in a tank. A listing of . the wastes is presented 1n Table 4.2.3. 

Volume elanents are listed in kgal of total or phase volume, Liquid Volumes 
are generally obtained by difference from Total Volume and Solid Volume data. 

The Descriptions contain about 13,000 connents fran narrative remarks 1n 
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the source document (4.2). Most have been entered 1nto the Status Data Set and 
Transaction Data Set for use by the Waste Inventory Simulation. Others identify 
service conditions or waste management functions of tanks. specific process tank 
sources. or transfers to named low-level sites. 

4.2.4 Transaction Data Set 

The T~ansaction Data Set contains eleven elanents: Transaction. 
Transaction Type. Transaction Order. Transaction Flag. Amount. and Six 
Locat1 ons. 

4.2.4.l Transaction Element 

The TF contains five unique Transactions: Add. Cas. Group. Scav. and Xfer. 
Add is associated with the addition of a waste stream to a tank. Consistent 
with the definition of waste stream. these additions are limited to the first 
rel ease of a waste to the tank fanns. Cas rel ates to the creation or 
terminat1on cf cascade lines between two tanks. Group is utilized for 
In-Tank-Solidification only. Xfer is used for the transfer of waste fran one 
tank number tc another. These transaction appears in the data tree of the 
source tank number. 

4.2.4.2 Transaction Type Elanent 

The Transaction and Transaction Type elements operate together. Table 
4.2.4.2.l illustrates how the Transa~ion Type element is used to further 
specify. or limit. a Transaction. The table also lists the number of occurences 
of each in the data base. Only the Transaction Types associated with Add 
Transactions that are actually used in the Waste Inventory Simulation are listed 
fn the table. Table 4.2.4.2.2 contains a complete key of the Transaction Types. 

The Transaction Types for Adds are waste streams. Transaction Types for 
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Cas either set the cascade or ends ft. The Transaction Type for Group 1s single 
• valued, ITS, and does not lfmit the Transaction. 

Six Transaction Types are used with Xfer: B, EVT, IX, SL, SU, and TBP. 
Transfers of solids and solutions are specified by SL and SU. The EVT 
Transaction Type identifies Trans(ers through 242-B or 242~T evaporators to a 

receiver 'tank. The EVT element is used fn the simulation -tc trigger a 
ccmp1exarrt destruction model. As with all Transactions involving evaporators, 
the Waste Inventory Simulation uses changes in Total Volume rather than 
transaction instructions to adjust for water loss. 

Recovery of nuc1ides that have previously entered tanks as waste streams 
from processes are special cases of Xfer. The Transaction Type element B 
identifies waste that is returned to tanks fran Strontium Recovery • . Waste 
returning f ran Cesium Recovery 1 s IX waste and waste fran Uran i um Recovery 1 s 
specified as TBP waste. 

4.2.4.3 Transaction Order Element 

The Transaction Order associated with each transaction 1s used tc queue the 
transaction for simulation. For transactions after 1977, they are four digit 
nunbers that represent month and date. 

For other years, the order may spec1 fy the month of the transaction but 1t 
always ident1fies the kind of transaction. Table 4.2.4.3 lists the form of the 
order for each relevant combination of Transaction and Transaction Type elements 
before 1978. The second . digit fran the right is nine for the orders when source 
records indicate that the transaction occurred late in the month or late 1n the 
quarter. Cas End transactions are ordered to the end of the quarter they are 
used to assure that al l additions during the quarter have been cascaded. 

., 
' 
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4.2.4.4 Transaction F1ag and Amount Elements 

Amounts range_ fr0111 one to 999 kga1. They identify the volUll'le of waste that 
was managed in each transaction. Table 4.2.4.4 lists the Transaction Flags that 
describe how certain amounts were obtained. 

4.2.4.5 Location Elements 

The six Location elanents are used to identify the tank numbers of waste 

dest~nations and the general category, 00S, for out-of-system tr~nsfers to 

low-level sites. The adds require no destinations since the tank number of the 
transaction's data tree is the destination of a waste stream. Location 1 

specifies the tank number a cascade is set to and the destination of all 
transfers. Xfers of SL to B for Strontium Recovery also have tank number Bin 
.Location 2. 

Any number of Locations fran zero to six can be populated with tank numbers 
for Group transactions. 

4.2.5 Canment Data Set 

Canment and Canment Number elements are listed in Table 4.2.S. 

4 .3 DATA SOUR~S ANO OUTPUTS 

4.3.1 Data Sources 

Tank temperatures were derived fran Reference•· (4.1) for the period prior to 

1971. Post 1971 temperatures were averages of CAS system thermocouple data • . 
Only thermocouple readings between 2S0°F and 60°F were averaged to obtain a 
quarterly averaged supernate temperature. Temperatures greater than 2S0°F were 
assuned to reflect sludge tanperatures and were, therefore, not incl ucled in th 1 s 
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average. Thermocouple readings less than 600F were discarded as erata 1n 
deriving this average. In 111any eases no measured solution temperatures existed 
where required for phase partitioning. Temperature assumptions were made and 
indicated in the Tmperature F1ag element. See Table 4.2.2. 

Information in the status data set were obtained fran reference (4.2). The 
canments fn the description elanents were used to generate the transaction-data 
set. References 4.3 through 4.109 were used to audit the status and transaction 
data for the years 1952 through 1963. •Additions of waste fran Redox, PUREX and 
Waste Fractionization were taken fran process notebooks (4.10 - 4.12) . 

4.3 .2 Outputs 

The TF has two outputs. The Transaction Data Fi le CTOF) f s use~ by the 
Waste Inventory $1mulation and the Transaction Report (TR) is available in the 
Supplement (4.113) as Appendix I. 

The TOF is a machine-readable file that reorganizes selected data fran the 
TF into the order it will be used in the Waste Inventory S1mulation. Indexes, 
Capacities, Tecnperatures, Total Volumes and elements of the Transaction Data Set 
are queued by year, by quarter by Transaction Order and by amount fran the 
lowest value to the highest. Final Total Volumes for a quarter appear with the 
next quarter's data. This is requintd by the Waste Inventory Simul ation that 
requires initial volumes. 

In the c:reati on of the iR, Rec Transactions . are generated for every 
dest1nation of Group and. Xfer transactions. Rec transactions are 11sted with 
the ether transactions of the destination tank to -indicate waste receipts. In 
these mi rror-1mage transactions, the Tank Number of the Xfer or Group is entered 
as Location l . The location of the Xfer or Group appears in the Rec as the Tank 
Number. Quarter, Year, Transacti on Type, Transaction Order, Transacti on Flag 
and Amount elements are duplicated without change. A total of 3440 Recs were 
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generated for 3025 Xfers and 87 Gl"'Oups. 

4.4 ASSUMPTIONS AND LIMITATIONS 

Lim1tat1ons are concerned with the impact of the assunptions used to create 
the TF on the 1nventor1es estimat~d by the Waste Inventory Simulation. 

4.4.l Tank Ident1ficat1on Data Set 

Capacities are overflow capacities for tanks that cascade waste. Any 
volume difference would r-esult in a difference in the total solids that could 
settle in the source tank and a di ffel"8nce in the amount of so 1 uti on that would 
be released to low-level sites. This applies to all wastes except Metal Waste 
and Redox High-Level Waste that were not cascaded to low-level sites~ 

4.4.2 Time and Temperature Data Set 

Temperatures are approximately correct. Temperatures are only used by the 
Waste Inventory Simulation to partition a supersaturated solution phase before 
the transfer of solution. Temperature-dependent data are not available to that 
subroutine for metal-ligand interactions. Other limitations in the Phase 
Partition Model are more significant than the temperature erl"'Ors. 

4.4.3 Status Data Set 

Total Volumes and Descriptions are correct and C0111prehensive. These are 
used in the creation of the Transaction Data Set and to adjust the volumes of 
the solution 1nventories each quarter 1n the· simulation. Errors 1n these 
e 1 ements pass 'th rough . to the i nventor1 es. Mi ss1 ng data in these elements -result 
in transactions that cannot be simulated. 

Neither error influences the total waste inventory which is controlled by 
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the Canposition Models. Status erl"'Ors result 1n incorrect distributions among 
the simulation's tanks and low-level waste sites. 

Total Volumes are used in the creation of transactions and the Volume Model 
of the Waste Inventory Simulation. Affected transactions are identified ~Y 
Transaction Flags D and SV. These _f1ags specify that a Transaction Amount was 

obtained by taking the difference in Total Volumes fran the current and previous 
quarters. The 1mpact of a Total Volume erl"'Or on phase volumes in the 
inventories 1s discussed in section 2.1.4 . 2. 

Des-er'1ption·•faults result fran incorrect or missing data. Incorrect values 
can be introduced into all elements of the Transaction Data Set. Mlount and 

_location elements are the mcst comnon. However. their impact on inventories is 
pl"'Obably not significant. 

Missing data in the Descriptions include solid waste losses. casual 
additions of wastes to the system. the order of group receivers. and unmatched 
transfers and receipts. Casual waste additions are characterized by small 
amounts or low frequencies. Independent transfers and receipts are listed in 
the descriptions. Approximately 200 receipts 1dent1fy unique operators that 
have no corresponding transfers. Since only the transfers are simulated. these 
200 reeei pts are not simulated. 

A final limitation of the status data set is the ambiguity of the order in 
which transactions were performed. The impact of th 1 s source of erl"'Or on the 
inventories has not been tested and is unknown. 

4.4.4 Transaction Data Set 

The Transaction Data Sets are assuned to be complete. and correct. The 
pr1 nei pa 1 11 mitati ons of this as s1.111pti on a re discussed in section 4. 4 .3 • Two 
types of information that are present in the Status Data Set but not in the 
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Transaction Data Set are scavenge transactions and the spec1f1c low-level sites 
that rece1 ve waste fran tanks. 
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TABLE 4.2.2 
TEMFERATIJRE Fl>G KEY 

I T•perature Interpolated fran measured data 

EF Temperature Extrapolated_ forward fran measured data 
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EB Temperature Extrapolated backward from measured data 

L Temperature assuned equal l30°F for non-boiling waste per 
Reference 4.1 

H Temperature assuned equal l9S°F per average of measured 
PUREX waste temperatures in data base 



AGE 

8 

SIX 

BL 

BLEB 

BNW 

CCPLX 

CE 

CF 

CPLX 

Oi 

DSS 

DSSF 

DUMM 

DW 

ES 

EF 

EFD 

EVAP 

FD 

FP 

HDRL 

HLO 

HS 

H20 

ISO 

IWW 
IX 
I&S 

"' AGEING WASTE 

TABLE 4.2.3 

WASTE TYPE KEY 

"' 8 PLANT HIGH LEVa WASTE 

• B PLANT ION EXCHANGE WASTE 

• 8 PLANT LOW LEVa WASTE 

• B PLN-ff LOW LEVa EVAPORATOR BOTTOMS 

• BATTELLE NORlHWEST WASTE 

• COMPLEX CONCENTRATE 

• EVAPORATOR CDNCENTRATE 

• CESIUM FEED 

"' COMPLEXED WASTE 

"' COATING WASTE 

• DOUBLE SHELL SLURRY 

• DOUBLE SHELL SLURRY FEED 

• DUMMY WASTE TYPE 

= DECONTAMINATION WASTE 

= EVAPORATOR BOTTOMS 

"' EVAPORATOR FEED 

• EVAPORATOR FEED DILUTE 

• EVAPORATOR 

• FEED DILUTE 

• FISSION PRODUCT WASTE 

• HANFORD DEFENSE RESIDUAL LiaUID 

• HANFORD LABORATORY. OPERATIONS 

• HOT SEMI WORKS 

• WATER 

• T~K ISOLATED 

• INO~NHC WASH WASTE 

• ION EXOiANGE WASTE 

• TANK ISOLATED AND STABILIZED 
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TABLE 4.2.3 (Continued) 

LW • LABORATORY WASTE 

MW • ~AL WASTE 

N • N REACTOR WASiE 

NCPLEX • N~ IDMPLEXED W·ASTE 

oww • ORGAA IC WASH WASTE 
p • PUREX HIGH LEVa WASTE 

Pl • PUREX LOW LEVa WASTE 

PNF • PARTIAL NEUiRALIZATION FEED 

PSS • PUREX SLUOOE SUPERNATE 

R • RECOX HIGH LEVa WASTE 

RESO • RESIDUAL 

RTX • REOOX I ON EXCHANGE WASTE 

RSN • REOOX SUFERNATE 

SIX • RECOX ION EXOiH-JGE 

SRS • SlRONTIUM SLut'GE 

SSW • SlRONTIUM SEMI WORKS 

STAB • TANK STABILIZED 

SU • SUPERNATE 

iBP • TBP WASTE 

TL • TERMINAL LI QUOR 

z • 2'34-SZ WASTE 

lC • 1ST CYC..E WASTE 

l~B • 1ST CYCL.E WASTE EVAPORATOR BOTTOMS 

2C • 2ND CYCL.E WASTE 

224 • 224-u·wASTE 

5-6 • ~ L 5&6 WASTE B PLANT 



Page 4-14 

TABLE 4.2.4.2.l 

OCQJRRENCES OF TRANSACTIONS AND TRANSACTION TYPES 

IN 1RANSACTION FILE 

Icansac;t1 on Icansac;t1on Type Occurrences 

ADD All Additions 1558 

B 69 

BL 23 

CARS 38 

CEM l 

CON 6 

CWP 112 

CWR ll9 
OE 6 

IWW 62 
Mt{ 143 · 

CMW 77 
p 157 

PL 27 

R 302 

'Tli 3 

WTR 132 

z 13 

lC 112 

2C 101 

224 55 
CAS All Cascades 165 

SET 83 

END 82 
GROUP ITS 87 

XFER A 11 Transfers 3025 

B 19 

EVT 133 

IX 38 

SL 62 

SU 2630 

TBP 143 



TABLE 4.2.4.2.2 

TRANSACTION TYPE KEY 

B • B PLIHT HIGH LEVEL WASTE 

BFSH • B PLINT FlUSH 

BL • B PLANT LOW LEVE. WASTE 

BNW • BATtaLE NOR'TliWEST WASTE 

CARS • CARBONATE WASTE 

CEM • OJN~ETE 

OJN • OJN~ETE 

CST • CAUSTIC SOLUTION 

OIP • PUREX CDATING WASTE 

CWR • REOOX CDATING WASTE 

DCS • DILUTE CAUSTIC SClUTION 

DE • DIATOMACEOUS EAR1H 
CII • DECONTAMINATION WASTE 

END • DI SOJNNECT CASCADED TANKS 

EVT • HEOT A CESTRUCTION IN 242B OR 242T EV ARlRATOR 

FL SH • FLUSH WATER 

FP • FISSION mocucr WASTE 

HLO • HINFORO LABORATORY OPERATIONS 

HS • HOT SEMI WORKS 

IWW • INOR;IN IC WASH WASTE 

IX • ION EXOilNGE WASTE 

LW • LABORATORY WASTE 

HW • ~AL WASTE 

N • N REACTOR WASTE 

NIT • HN03/~04 SQ.lITION 

OWW • OR;ANIC WASH WASTE 

P • PUREX HIGH LEVa WASTE 

PAW • PUREX ACIDIFIED WASTE 

PL • PUREX LCYff LEVEL WASTE 
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TABLE 4.2.4.2.2 <Continued) 

PSS • PUREX SLUDGE SUPERNATE 

R -= REDOx HIGH LEVa WASTE 

RSN • REOOX SU PERNA TE 

SET • CONNECT' CASCADED TANKS TOGE1HER 

SL • SQ.IDS 

SU • SUPERNATE 

TBP • TBP WASTE 

TH • lliORIA HIGH LEVa/COATING WASTE 

lliL • lliORIA LOW LEVa WASTE 

WTR • WATER 

z • 234-52 WASTE 

lC • l ST CYCl.E WASTE 

2C • 2ND CYCl.E WASTE 

224 • 224-U WASTE 

5-6 • CELL 5&6 WASTE B PLANT 
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T>BLE 4.2.4.3 
iRANSACTION ORDERS FOR TAANSACTIONS BEFORE 1978 

Icaoss:t1Ao Icansac;tion Type Icaosas:t100 Oeder! Valves gf y 

ADO ALL ADOS 2,X02,Y92 3,6 
CAS SET l 

ENO Y9l 3,6,9,12 
GRQJP ITS s 
XFER B 4 -

EVT s 
IX 3 

SL 4, X04 
SU 3, X03, Y93 6, 9, 12 
TBP 3, X03 

• The value of X r~nges fran l for January to 12 for December. 



TABLE 4.2.4.4 
TRANSACTION FLAG KEY 

CDF -=UNIT VOLt.Jt.£ ASSUJ.£0 TO MAKE STREAM ACTIVE 

D •AK>UNT BY DIFFERENCE 

E •WASTE TRANSFERRED ·THROJGH AA EVAPORATOR 

S •PARTIAL NEUTRALIZATION TRANSACTION 

sv 
l 

-= M-OUNT BY DIFFERENCE OF SOLIDS 

•P()Nil-1 LY REPORT 

3 •QUARTERLY REPORT 

6 -=SEMIANNUAL REPORT 

-

.17 •K>NTHL Y VOLt.Jt.£ FROM SEMI ANNUAL REPORT 

• 3 3 •K>Nil-1 LY V Q. tJt.£ FROM ClUARTERL Y REPORT 
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T>BLE 4.2.5 

CX)'4£NT NUKSER KEY 

1 TOTAL WASTE N«:lUNT ADCEO UNl<N~N BECAUSE OF 
CAS TO CRIBS 

2 P WASTE ASSUM:0-SOSGWW/SOS~ 

3 ITS l 

4 ITS 2 FEED TANK 

5 ITS 2 BOTTOMS N4D RECYQ.E SYSTEk 

6 242-S F:VAP FEED TANK 

7 242-S BOTTOMS N40 RECYQ.E SYSTEM 

8 242-T EVAP FEED TANK 

9 242-T BOTTOMS HID RECYQ.E SYSTEM 

l1 MW FRQ4 U-PLANT, EwrYING LINES 

12 SIMJLT.AHEOUS XFERS TO U-PLANT, ESTIMATED XFER VOLUr-£ 

13 ASSUtED MW SLUI~ iO BE lJ SCLID AND 991 SOLUTION 

14 224-2C RATIO EXTRAPOLATED FROM PREVIOUS TRENDS 

lS ASSUr-ED SOS 2C ANO SOS 224 

l 7 IN-PLAAT SCAVENGE 

18 MISSING PAGE IN t-1lN1HL Y REPORT 

20 ASSIGNED NUKSERS TO MAKE TOTALS WORK OUT 
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5.0 EVALUATION 

The reported inventories are preliminary. They are first-approximation 
estimates of how historical records can be used to simulate the consequences of 
a complex waste generation and management syst•. The data files, data bases 
and computer programs define the structure of a systan the estimate waste 
inventories. They also provide first-cut inventories that can be evaluated for 
internal consistency and agreement with independent studies. 

5 .1 INTERNAL VERIFICATION 

Self consistency of the data sets and programs was checked at a number of 
points 1n the simulation. Three echo prints and a data report w111 be discussed 
here. · The PRECCF debug print CS.l) follows the fuels managanent sim~lation. 
The seven queues were loaded with 4010 fuel · strings. In only one instance was a 
fuel string draw requested for an anpty queue. This error was technical since 
the araw would have operated ccrrectly if the data had been properly coded. At 
the end of the simulation, four of the 2454 fuel strings of nonnal-abundance, 
conventional fuel were left in the queue. None of the 1335 fuel strings of 
enriched-abundance conventional fuel were left fn the queue. The N-Raactor 
queues retained 57 of the 231 loaded fuel strings. 

The COFGEN debug listed four types of conditions. Three relate to the 
assunptions and are Judged nonul for the degree of development of the 
simulat1on. Minor waste streams appear that are identified 1n the TDF but have 
no ccmposi ti on specified. Sane secondary waste streams are not active 1 n the 
TDF wb11e a process operated. This condition is adjusted for 1n the modal by 
normalization of waste st.reams Splitting Factors •.. The third is found when a 
waste streams was active in the TDF but the process was not operating. 

The fourth ccndition occurred 70 times for the 1558 additions that COFGEN 
received fran the TDF. The error 1s caused by an Add transaction that did not 
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specify a waste stream in the Transaction Type. Two were associated with 
additions to Tank C-105 in 1971. The remainder occur in or after the fourth 
quarter of 1977. None of the errors affect the total estimated inventory. They 
do affect distributions of waste. 

The Manage Report 1s an echo _print of the Waste Inventory Simulation. It 
1s listed 1n the Supplement (5.2), a~ Appendi~ J and desc~ibed in Chapter 6. 
Ten types of messages are reported to recap the course of the simulation. Two 
identify transactions that could not be simulated and the default transactions 
that actually were performed. 

Of the 3025 transfer transactions simulated, 706 defaulted to a transfer of 
all of the available phase volume which was less than the requested volume. 
There are 626 occurences when waste addition to a tank resulted in tt,e cascade 
of waste to a second tank. Of these, on 13 occasions the first tank was full of ­
solids and a straight cascade was simulated. The cascade and .straight cascade 
simulations operated as they were modeled. 

The AEO Report in Appendix D of the Suppl anent (5.2) 1 ists the amount of 
each Accounted Element that entered the simulation fran each tank farm. It also 
11sts the amount of each accounted element that COFGEN estimated was released 
from each process. The latter values are the sums of the quarterly 
contributions for each process. The input and output values for uranium agree 

to 0.2 kg out of 468602.0 kg. Since only Pu239 and Pu240 are reported in the 

input data, only these values fran the process da~ can be used for comparison. 
Th1s sum 1s 385.1960 kg for the input and output .data. The Np237 values cannot 

be compared dir-ectly because it was accounted for only in late Redox and PUREX 
operations when 1t was recovered. The 91.8495 kg from the processes are the sum 
of 81.81 kg of unaccounted Np237, 10.0ll kg of accounted Np237 and a small 
amount from the Am24l decay simulation. 
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S .2 EXTERNAL VERIFICATION 

Independent studies can be used tc test the total c:cmponent c:cntent of the 
inventory estimate and its distribution to waste storage and disposal locations. 

5.2.l Total Waste Inventory . 

At the end of the totals sections of Appendix B is the total amount of eac:h 
waste component estimated for the entire inventory. Reference 5.3 c:an be used 
as a ccmpar1son for radionuc:lides and Reference 5.4 can be used for process 
c:han1ca1 s. 

Tables 5.2.l.l and 5.2.l.2 list the amounts of every radionuc:lide with an 
est1mated total activity of a c:urie or more. Also listed are the values fran 
the reference CS.3) and the ratio of the simulation and reference values. 
Typically the studies agree to about a factor of 3. 

The isotopic: abundance of U234 in natural uranium is o.oosas CS.S). 
Fitting c:ceff1c:ients for U234 have not been included 1n the canpos1tion model. 
Since c:cnversion factors were not included for Thoria fuel in the c:anpos1t1on 
1110del, U233 production frcm trnd1ation was not included 1n the s1mulat1on. The 
SIiia 11 amounts of both 1 sotopes 11 sted in the tab 1 e are due to decay. 

Table 5.2.1.3 lists the amounts of eac:h Stable Ch•1c:a1 in the Waste 
Inventory Simulation, a reference value CS.4), and their ratio. · Elements of 18 
pairs agree to within a factor of ten, nine do not, and five ch•1cals in the 
reference are not in the. simulation. · The 1110st serious discrepancies are for 

C:z~~- Chydroxyaceta.te), bi5111uth, c:er1um, c:hlor1d_., HEDTA, 
CN-hydroxyethylethylened1c111ne triaceta.te3->, hydroxide and strontium. Chloride 
could be important to tank integrity studies. The others have an impact on the 
distribut1on of rad1onuclides betlleen waste phases. Of the f1ve components that 
are not 1n the simulation, cadm1nun and mercury are used for toxicity studies 
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and hexacyanoferrateCII) operates with nickel and strontium to precipitate 
radioces1um in scavenging operations. Tungsten and ammonia are of little 
importance to 'the model. 

The cited ccmparisons demonstrate that the model handles radionucl1des 
effectively and that further work is required a, the stable chemicals. 
Reccncilliat1cn with reference 5.4 w111 requJre a review cf flcwsheets and 
purchase records. 

5.2.2 Waste Inventory D1stribution 

The distribution of the amounts of each ccmponent in the waste inventory to 
tank locat1ons can only be obliquely compared to references. Previous studies 
report only a few properties for wastes in specific tanks. 

Table 5.2.2.l canpares the volumes of solids estimated by the Inventory 
Simulation and those reported in the Waste Status Summary CS.6). Farm totals 
are compared in the interest of space. Of the 14 farms with significant volumes -­
reported in both works, ten agree to within a factor of 3. All simulation 
values are low. 

The low inventory estimates could be due to a high ass1111ed density, the 
inventory volume model, or the phase partition model. The assumed density of 

1.8 gm·cm-3 was selected to minimize solution transfer failures. An error of 
0.4 to 0.5 gm·cm-3 is possible. The values would still differ by a little more 
than a factor of two. 

The Volume Medel corrects the total voluine ~ each location to the TDF 
value each quarter. If the TDF value is less than the solid phase volume, both 

the solid and solution phase volumes are reduced proportionately. On the other 
hand, TOF values that exceed the total volume in the inventory vectors only 
change the solution phase vo1&1118. The impact of this irreversible change 1n 
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solid phase volumes can be tested with the next Waste Inventory Simulation. 

The third possible reason for 1ow solid phase volumes in the simulation 1s 
the Phase Partition Model. Concefvab1y, too 11tt1e waste is prec:ipitatfng. 
This can be tested by canparison with ana1ytica1 results from waste samples. 

The so1utfon volumes for eaeh tank from_ the Waste Status Summary CS.6) are 

sfgniffcantly different from those estimated by the simulation. The mean 

difference of th.• volumes is l90kgal· for a11 162 tanks 1n the simulation and 

l93kgal for the single-shell tanks. Standard deviati ons for these differences 

are 26Okga1 and 25Okgal respectively. While the Wasta Status Sunnary lists 8S 
tanks with no supernatant liquid, the simulation only reports 13. Most 
simulation values are larger than the record volumes. 

An error in the estimation of a_ solution phase volume is related tc e1ther 

a simulation fault in the quarterly update of tcta1 volume or accunulate<I errors 

in the estimation of the solid phase volume for a tan kG Total volume 
discrepancies betveen the Transaction File and the simulation are minor and can 

be corrected by adjustments tc the Volume Model. Solid phase •1olume errors, 

discussed above, could be a problem throughout the s i mulation or at the end of 
the simulat1on. The models designed to handle a system of supernatant liquid 
and sludge may need tc be modfffed tc deal with a syst• that is primarily salt 
cake and s1 udga. 

Tabl• s.2.2.2 canpares the heat generation rate calculated for selected 

tanks to i:abled values fran Reference S.7. · The reference values were selected 

from the published ran~• tc fmprove ·the quality of the comparison. Heat 
generation rates for 17 tanks are within SOI and __ 23 are within lOOS. (When best 
values from the reference work are selected, data for eight tanks are within 50:S 
and 19 are within 1001). 

The tank selection provides a broad-based test of the simulation. Tanks fn 

; 
·• 
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A- and AX-Farms underwent solution and sludge removal 1n a complicated 
"merry-go-round" with Waste Fract1on1zat1on. The BY-Farm received waste fran 
the Bismuth Phosphate _and Uranium Recovery processes and fran the Scavenging 
(not simulated) and In-Tank Solidification operations. The C-Fann tanks have 
participated in practically every operation associated with tanks. The S- and 
SX-Tanks are relatively stable sin.ca they received all of the High-Level Waste 

fran the Redox process. Their supernates were transferred to Fission-Product 
Recovery and received limited subsequent use due to the low integrity of these 
tanks. 

The solid volume and heat generation rate demonstrate that the preliminary 
inventory model 1s "in-the-ball park". They also pranise to prov1de a basis for 
model refinement. 
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TABLE 5.2.1.1 

COMPARISCJf OF AM)UNTS OF MAJOR ACTINIDES 

SO-W~TI-057 
BiUU COLIC] j s:11 SC::WM-II-051 Bl:IC::LC-l&l * Bl:IC::LC-Ul* 

CC1 l - CC1 > 

Pu241 4.85E+4 S.13E+4 0.94 

Am241 4.42E+4 
. 

4o49E+4 0.98 

Pu239 2.2SE+4 2.l6E+4 1.04 

Pu240 S.28E+3 S.43E+3 0.97 

U238 2.67E+3 3 .02E+2 8.84 

Pa234m 2.65E+3 3 . 00E+2 8.83 

Th234 2.65E+3 2 . 99E+2 8.86 

Pu.238 4.56E+2 4.4lE+2 1.03 

Cm.244 l.47E+2 l.16E+3 0.13 

U235 l.16E+2 l.27E+l 9.13 

Th231 l.15E+2 l.27E+l 9.06 

Pa233 6.S8E+l l.07E+2 0.61 

Am242m 6.52E+l 2.04E+2 0.32 

Am242 6.S0E+l 2.04E+2 0.32 

Np237 6.48E+l l.06E+2 0.61 

01242 S.35E+l l.67E+2 0.32 

Am243 3.41E+l l.24E+2 0.28 

Np239 3 .28E+l l.20E+2 0.27 

U234 3 .74E•l 4.l8E+2 8.9E-4 

1.1233 9.94E-3 4.06E+2 2.4E-5 

TRU Cw/o U233) 7.39E+4 7 .39E+4 1.00 

* Table 3-8Cg) coverted to C1 by values of specific activity 1n 

SO-W~TI-057 



Bacicau~)ice 

Y90 
. 

Sr90 

Csl37 

Bal37m 

Sml5l 

Ni63 

Tc99 

Cl4 

Zr93 

Nb93m 

Se79 

Sbl26m 

Sbl26 

Snl26 

Csl35 

Pdl07 

Il29 

Rul06 

TABLE 5.2.l.2 

COMPARISON OF AJ.OUNTS OF MAJOR 

FISSION PRODUCTS AND ACTIVATION PRODUCTS 

Sil::~M:II-QS1 Bt:10:::Lil::l~l * 
CC1> ·ce1 > 

S.33E+7 S.55E+7 

5.l2E+7 5.33E+7 

2.l5E+7 l.94E+7 

2.0lE+7 l.82E+7 

8.26E+5 l.34E+6 

3.06E+5 2.87E+S 

2.99E+4 3.03E+4 

l.63E+4 l.57E+3 

4.35E+3 6. 73E+3 

3 .S9E+3 l.55E+3 

8.S4E+2 8.15E+2 

7. 78E+2 6.SOE+l 

7.75E+2 6. 78E+l 

7.SSE+2 6.60E+l 

l.41E+2 2.47E+2 

8.03E+l 6.l2E+l 

4.59E+l 5.06E+l 

2.82E+O 2.36E+o 

SD-WM-TI-057 
Bt:fC::: LC-U l * 

0.96 

0.96 

1.11 

l.ll 

0.62 

l.07 

0.99 

10.4 

0.65 

2.32 

1.05 

11.4 

11.4 

11.4 

0.57 

1.31 

0.91 

1.19 

* Tabl e 3-8Cg) covel""ted to C1 by values of spec1f1c act1v1ty 1n 
SO-WM-TI-057 
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T>SLE S .2.1.3 

COMPARISON OF AM)UNTS OF STABLE OfEMICALS 

SO-W~TI-057 
Cnngco1un SC::WM-TI-OS1 ARH-CD-6 lCB ARH-CD-6 lCB 

(11101 esl. <moles) 

Ag 4.68E-03 2.0E+2 2.3E-5 
Al 2 .76E+08 4.00E+8 0.69 
Ba S.88E+03 - -
B1 4.SlE+07 l.2E+6 38 

~"3 7 .34E+04 9E+6 8.E-3 

%H507 l.39E+07 3 .3E+6 4 .2 

~ l.47E+08 l . 9E+7 7.7 
Ca 7 .96E+04 2 . 6E+6 3 . 06E-2 
Ce 2.0lE+04 2.4E+6 8.4E-3 
C1 2.90E-02 l.2E+6 Z.4E-8 
Cr l.38E+07 l.32E+7 l.05 
EDTA l.llE+OS S. 7E+S 0.20 
F 6.28E+07 4.2BE+7 l.47 
Fe l.26E+07 2.lE+7 0 . 60 
HEOTA l.06E+05 2.7E+6 0.04 
K 6. 79E+06 l.0E+6 6.8 
La 5.42£+04 
Mn 4.46E+05 l. 7E+60 0.26 

N~ 9.89E+07 2.2E+8 0.45 

N0:3 2.27E+09 l.40E+9 1.57 
Na 2.64E+09 2 .49a9 l.06 
Ni 2.21£+05 l.SE+6 0.15 
(Ji 5 . 48E+08 S . 0E+S l . lE+3 

P04 l. llE+OB 9 . lE+7 l.22 
Pb l.37E+05 4.2E+5 0.33 
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TABLE 5.2.1.3 (Continued) 

s10:3 l.48E+07 l.49E+7 0.99 
S04 4.75E+07 5.6E+7 0.85 
Sr l.98E+0l 4.2E+S 4.7E-5 
ZrO 4.19E+06 2.7E+6 1.6 
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TABLE 5.2.2.1 
CX)MPAAISON OF FARM Sa.IO WASTE VQ.UMES 

SO-WJ+.TI-057 
S C:li!!::II::OSZ RHO-CQ:l~ ~O-CC:l~ 

Ckgal) _ (kgal) 

A 47.0 1593 3.0-2 
AW 10.8 0 
AX 15.1 915 1.1~2 
AY 1.1 82 l.3-2 
/lZ o.o 78 
B 632. 8 2118 3.0-1 
BX 596.0 1528 3.9-1 
BY 1563.9 5744 2.7-1 
C 1025.l 2173 4.7-1 
s 2470.0 6107 4.0-1 
sx 2874.9 4436 6.5-l 
SY 428.9 1335 3 .2-1 
T 1254.l 2261 s.s-1 
TX 1225.3 7482 1.6-1 
TY 47.S 763 6.2-2 
u 328.9 3287 l.0-1 

TOTAL 12521.4 39902.0 3.1-1 
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TABLE 5 .2.2.2 

COMPARISON OF TANK HEAT GENERATION RATES 

SO-~TI-057 
SD::~M:Il-'251 Bl::fQ: LI2:l1 l * Bt:IQ::LO-l1l* 
CBlU/HRl. (B1lJ/HR) 

A-101 4.2E-7 l.0E+4CU 4.2E-ll 

A-104 5.4E+2 2.0E+4CU .03 

A-105 l.2E+4 2.0E+4CL) .62 . 

A-106 7.0E-2 2.0E+4CU 3.SE-6 

AX-103 7 .SE+2 l.0E+4 CU .08 
AX-104 2.9E+5 3.0E+4CH) 9.7 

BY-104 2.3E+4 2.3E+4(t,'R) 1.0 

BY-105 l.1E+4 l.SE+4CU .74 

BY-106 l.SE+4 l.SE+4 Ct-R) 1.0 

C-103 l.4E+3 l.0E+4 CU .14 

C-105 l.lE+S 6.0E+4 CH) 1.8 

C-106 6.1E+4 l.4E+5 CU .44 

C-107 5.SE+3 l.0E+4CL) .55 

s-101 2.1E+4 2.1E+4Ct-'R) 1.0 

S-102 3. 7E+3 l.0E+4CU .37 

S-103 l.2E-5 l.0E+4CU l.2E-9 

S-107 2.6E+4 2.5E+4CH) 1.0 

S-110 4.SE+4 2.SE+4CH) 1.8 

sx-101 2.4E-7 l.0E+4CL) 2.4E-ll 

sx-102 8.4E+4 5.0E+4CH) 1.7 

SX-103 5.2E+3 l.0E+4 CU .52 

SX-104 l.7E+4 l.7E+4Ct-R) 1.0 
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TABLE s.2.2.2 CCont1nued> 

SX-105 9.1E+3 l.OE+4CL) .91 
SX-107 6.lE+4 6.lE+4C~> 1.0 
SX-108 S.2E+4 S.2E+4C~> 1.0 
SX-109 s.1e+.- S.lE+4C~> 1.0 
sx-110 8.3E+4 7.0E+4(H) 1.2 
sx-111 6.6E+4 6.6E+4(~) 1.0 
sx-112 3.4E+4 3.4E+4C~> l.O 
SX-114 l.2E+5 l.2E+5 CH) 1.0 

• Table A-1. L fs Lew-Range-~ 1s Mid-Range- H 1s High-Range. 
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6.0 APPENDICES 

A total of 16 Data Reports have been prepared to c:cmmunicate selected input 
data to 'the simulation and results. Four of these are appended to this document 
and report the estimated waste inventories. The others are supporting reparts 
and are being transnitted in a Suppl.,.nt (6.l). The ccmputer programs and 

report generators are av~11able fran BCS R1c~land, Inc. _<6.2). Figure 6.1 
presents the report titles and their appendix designators for the supplementary 
reports. All sources are shown except those reports that are being transnitted 
1n the Supplement (6.l). 

6 .1 INVENTORY REPORTS 

6.l . l Appendix A: Estimated Waste Tank Inventories - 1st Quarter, 1981 

The Estimated Waste Tank Inventories Report 1s in three secti ons: Total for 
solution and solid phases combined, Solution fo~ the solution phase, and Solid 
for the solid phase. In each section the waste inventories 1n 162 tanks, 
B-Plant, U-Plant and 00S locations are listed. The tank farms represented 
include A-. AW-, AX-. AY-, 111..-. a-. ex-. BY-. c-. s-. sx-. SY-, T-, TX-, TY-, 
and U-Farms. 8-Plant and U-Plant speci fy locations for Waste Fracticnization and 
Uranium Recovery processing respectively. Inventories for these process 

locations represent the 1111smatch in inputs and outputs. The 00S l ocation 1s a 
collective location tor releases fran the tanks to low-level waste disposal 
sites. 

The appendix can be consulted for a 11st of the 65 rad1onuc11des and 29 
stable chanicals reported. Ion charges are assuned as presented in the Phase 
Partition Model. Rad1onuc1ides c1111ounts are reported in moles and curies. Stable 
chemical amounts are shown in moles. No greater accuracy than one-significant 
di gi t 1s presuned. Many amounts are expected to change .by orders of magnitude as 
refinements are made in the simulations. 
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6.1.2 Appendix 8: Tank Farm SI.IIIIRries - 1st Quar-ter 1981 

This report parallels Appendix A in all but three respects. The locations 
are fer entire tank farms. "Farm Plants" is a collective location that includes 
B-Plant. U-Plant and OOS locations. A Farm total category is located at the end 
of each section to repor-t total simulation inventories. 

6.1.3 Appendix C: TRAC TRU Repor-t 

The TRAC TRU Report 1s in three sections. The first section tables the 
act1viti es of 12 actinides,. Sr.90 . pJ us. Y90., Bal37m pl us Csl37, total TRU. and TRU 
concentration. Values are reported for each tank, tank farm. B-Plant. U-Plant, 

00S and the total inventory. The method used to calculate TRU 1s described in 
section 6.3. The TRU concentration in C1·gm-l uses the calculated mass cf the 

waste assemblage at each waste location. Tanks with null inventories are not 
included. 

The second section orders the waste fran highest to lowest TRU 
concentration. The third secti en orders the waste from h1 ghest to l cw est TRU 
activity. 

6.1.4 Appendix 0: Transfers (er Cascades) of Waste Fran the Tank Farm System 

This appendix is prepared fran a report file that is generated during the 
Wasta Inventory Simulation. It lists th• amount of each component transferred to 
the 00S location for each transfer. Amounts are provided in moles, kgns, and 
curies. 

6.2 SUPfll.EMENTAAY REf'ORiS 

These· reports are listed by Appendix as they appear in the supplement 
C6.l). 
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6.2.1 Appendix A: Act1ve Waste Streams 

The Active Waste Streams Report is a table with 'bfo argunents: time and 
variable waste·stream symbol. Time is listed by quarter and year fran 1944 
through 1977. The titles of the _ 14 waste streams are 11sted on page one of 
Appendix B, the COF report. These .waste streams share the property that they 
vary with t1me. The table identifies waste streams by tim& according to four 
possible conditions. The first spec1f1es that a process was active and the waste 
stream had volume. The second reports that the process was active but the waste 
stream had no volume. The third indicates that the process was no_t active but 
the waste stream had vol t:1ne. The last rel ates to the Z waste stream and 
1 ndi cates that this non-process related waste stream had volume. 

6.2.2 Appendix B: COF Report 

Ths COF Report lists the concentration of each waste component in moles• 

kga1-l in each of the time-variable waste streams for each quarter of the 
s1mu1at1on. Concentrations are 11sted at the end of the report for three 
constant waste streams. These are the simulated waste· streams that are called by 
the Waste Inventory Simulation for each Add Transaction. 

6.2.3 Appendix C: OCT Report 

The OCT Report lists the amounts of each waste component in moles that are 
released fran each process during each quarter. Totals are also provided for all 
processes each quarter. The colunn titled "other" is specific for the Z waste 

stream. At the end of the report a sU111111ary is reported for all quarters fran 
1944 through 1980. The anounts listed are for the 14 time-variable waste streams 
spec1fied in Appendix B, COF Report. Not included are ccmponent amounts added to 

tanks 1n either constant wastes streams or process compoJitions that are 
embedded in the Waste Inventory Simulation. 
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6.2.4 Appendix 0: AEO Report 

The AED Report lists amounts of accounted elements and nuclides in kgs in a 
two part report: by tank fan11 and by process. A th 1 rd part of the report 11 sts 
the relative process efficiency factors that are used in the accounted nuclide 

model. 

The section that lists the elements by fana lists amounts of plutonium. 
neptuni uai- thor1 uai- and uran1 um for each of 16 tank farms and the Z waste stream 
the tank farms are 'reported in section 6.1.1. P1uton1um values are for Pu239 and 
Pu240 only: · Neptun11.m values-are fol"' Np237 losses -fran the Rettox· process since 
the 1st quarter of 1958 and the PUREX process si nee the 1st quarter of 1963. 
Values for uranit.:11 1n the accountability records have been corrected to allow 
the Ura~i um Recovery Model rather than the Accounted Nucl 1 de Model to. destri bute 
uranium losses from the Bismuth Phosphate process. Uranium burials in TX- and 
TY- farms were reduced proportionately based upon total Bismuth Phosphate 
process waste volume and waste volume for all processes. 

The section that 11sts nucl1des and elements by process is based upon the 
c:amposftion simulation. The ccmparison of the tank farm and process parts of the 
report 1s discussed fn section 5.1. 

6.2.5 Appendix E: Fitting Coefficients 

The report 11 sts coefficients used fn conversion equations that equate 
moles of nuclide produced per ton of unirradiated fuel as a function of 
exposure. Coefficients are listed for natural and enriched conventional fuels 
for 0-, C-, and !<-Reactors, and for M<L MKII; MKIV--and MKIA fuels for 

N-Reactor. The e-. 0-, m-, F-, and H-Reactors are collectively referred to as 
0-Reactors or ·Old Reactors. 

Coefficients for six non-accounted actinides are included. They are Cn245 , 
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Cm244, Cm242, Am243, Am242m, and Am241. Coeff1c1ents for Pu24l, Pu240, Pu239, 

Pu238, Np237, U238, U235 and U234 for MKI and MKII fuels are reported el sew here 

<6.3). The coefficients are used in an equation of the following fonn. 

ln(N/T) •a+ bX + cx2 + dX3 

The variables are Nin moles, Tin short tons and X in *DIT. The relationship 

is not a function of reactor power level. The tables are 1n error; they report 

Am242m as Am242. In all other reports and in the simulations, Am242m and Am242 

are entered correctly. 

Seventeen sets of coefficients are used for fission products. The nuclides 
are Sml5l, Bal37m, Bal35m, Csl37, Csl35, 1129, Sbl26m, Sbl26, Snl26, Pdl07, 

Pul06, Tc99, Nb93m, Zr-93, Y90, S1"90 and Se79. These are power dependent as 

discussed in section 3.2.3.2. The fitting equation has the form: 

N/T • a + bX + c:x2. 

The report does not list the proportionality constants used to est1mate the 
production of Ni63 and Cl4. They follow the fonn of the f1ss1on product equation 
in which a and care equal to zero. The value of bis l.667E-7 for N163 and 

l.SlOE-6 for Cl4. 

6.2.6 Appendix F: Tons of Fuel Dissolved 

The tonnage report is 1n three parts. Part one l 1sts the total amounts of 

each fuel type reported in RDATA, tfiat is discharged fran each reactor. The 2S 

fuel types are 11 sted 1n Table 6.2.6. Part .two 1,. s1m11ar to part one except 
that 1t 1dent1f1es the amounts of each fuel . that was processed 1n the BiSllluth 
Phosphate, Redox, PUREX, and Thoria processes. These are fran PDATA. Shipments 

are also listed. Part three lists the total amount of all fuel types that was 
dissolved 1n each process or shipped offsite for each month of the s1mulat1on. 
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6.2.7 Appendix G: Stable Ol•ic:als Report 

The Stable Ch•ic:als Report lists the concentration of each process 

chanic:al 1n a10les•kga1·l for each time variable waste stream for specific 

periods of time. The time interval relates to the effective period of the source 

flowsheet. 

6.2.8 Appendix H: Dec:ay2 Report 

-The Dec:ay2 Report 11 sts the Decay Tables that were used by PRECOF and 

COFGEN to simulate monthly decay. The tables list the amount of parent that 

survives and the amounts of each daughter that are produced when one mole of the 

parent decays for one month. 

6.2.9 Appendix I: Transaction Report 

The Transaction Report is produced fr-an the Transactions Data Base. It 

lists 'the Tank Identification. Time and Temperature. Status (partial). 

Transaction and Carmant (partial) Data Sets. Status Descriptions and Comment. 

elements are not included. The report is by tank, by year, and by quarter. 

Quarters are reported for a tank number if a transaction occurs. 

Rec transactions have been generated to report rece1 pts at a tank 1 oc:ati on. 

A Rec transaction is generated for each location listed 1n either a Transfer or 

Group transaction. All elements appear in the Rec transaction as they exist 1n 

the Transfer or Group transaction except Source Tank and Location el a11ents. 

These . are. of course. reversed. 

At the end of the report are canplete reccrds for the activity at the 

B-Plant and U-Plant loc:at1ons. 
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6.2.10 Appendix J: Manage Report 

The Manage Report 1s prepared fran an echo file called the Event Log that 
is produced during the Waste Inventory Simulation. It lists every requested 
transaction ana, if faithful simulation 1s not possible, the actual course of 
the s1mulat1on. The report lists all transactions in the order they were 
simulated. 

Ten different types of events are reported. The first two events mark the 
source and dest1nat1on loc:at1ons when a cascade 1s established or tenn1nated. 
The amount, waste stream and dest1 nation of each Add are reported. 

When an Add to one tank results 1n waste cascading to a second tank, one of 
two events 1s recorded, to 1dent1fy a normal er and a straight casca~. Both 
events 11 st the ef feet the cascade has on the . phase volumes of both l ocat1 ens 
and the transfer volume. The stra1gh~ cascade is a mod1f1cat1on of the normal 
cascade. It 1 s used when the f1 rst tank is ful 1 of solids. These cascade events 
also report the volumes of solution and solids 1n the first tank after the 
cascade and the volume of solid precipitated during the cascade. The sixth event 
marks a Group transaction. The source and destination locations are 1 isted. 

The last four events are used for transfers. The first 1s for a transfer of 
solution or solid volume fran a source to a single destination. The second is 
similar but is reserved for solid transfers to the B-Plant location. This is a 
transfer to 'tWO destination in which 20S of the volume is directed to a tank and 
80~ to the solid Inventory Vector at the B-P1ant .loc:at1on. The third and fourth 
transfer events are default modes of the first two in which less volume is 
avai 1 able in the source tank than 1s requested in 'the transaction. Both the 
requested and available volme, which is the volume transferred, appear in the 
event record. 
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6.2.11 Appendix K: Decay Report 

This 1"'9port is the same as the Decay2 Report described 1n section 6.2.8 
except that 1t 1s based upon a quarterly time step. 

6.2.12 Appendix L: Solubility Data Report 

The Solubility Data Report uses the solubility parameters listed in section 
2.4 .3 to calculate solubility prcduc:ts for each 10· -of temperature fran 30• to 
1.20· c. The 60 canpounds listed are evaluated and reported as log solubi11ty 
product$ in th-e concentration units- of' moles•1-l. 

The 1"'9port also lists the leg stability products for metal-canplex 
formation 1n the concentration units of moles~1-l . The table 1s dimensioned for 
22 metal 1ons against 4 l igands as discussed in sec:tfon 2.4.3. 

6.3 TRU ~LaJLATION 

Draft DOE Order 5820 C6.4) states that: 

TRU Waste is waste that is contaminated with alpha-emitting radionuclides 
with ataaic number greater than 92, hal f-11ves greater than 20 years. and 
concentrations greater than 100 nC1/g • • • 

The order further states that: 

The ingrowth of daughter products shall be consi dere<i in detenn1ni ng 
whether materials are above or below the control value ·for TRU waste. For 
emitters with alpha hal f-1 ives less than 20 years and for beta emitters. 
the concentration of the f i rst al pha-emitti ng daughter at the t1me of 
maximum acti vi ty must correspond, by calculation, to the control values for 
alpha acti vity. For example, 241Pu 1s a beta emitter wh i ch decays with a 
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14.37 year half-life to 241Am activity in the waste. By div1d1ng the 100 

nCi/g m~ximum alpha aetivity by 0.026. a control value of 3850 nCi/g (beta) 
is· obtainea for waste contaminated with only 241Pu. 

The ingrowth of daughter products and the time of their maximum aetiv1ty is 

calculated in this section for Pu240 Qn244. Am241 Pu24l. Pu238 Cm242. and 
Pu238 Am242. 

For the decay chain n1 n2 · n3 • • •• the number of atans of 2 at time t 1s 

Cl) 

For No the 1nit1a1 number of atans of Ni and O the decay constants for nuclide l 
or 2 CD• .693/T112>CReference 6.5). 

The rate of change of nuclide 2 with time is 

The 2nd der1vitive of nuclide 2 amount with time is 

Upon simpl1ficat1on, 



.-oit. <0221012>•-02t 

•-Cit• CD2'DID1>2•-D2t 

The time Ct) at which the maximum nunber of n2 nuclef exfst is 

The actfvfty of n1 at t • 0 1s 

and the activity of n2 at its maximum is 

~ • Dznz-'213.7 x lOlO cf/mole 

where m 1s the nuclide mass. 

where NzlNO 1s available from Cl) above. 

AzlAo • mzlml CDz/D2 - o1)ce-D1t - •-D2t> 
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(2) 

(3) 

(4) 



The TRU act1v1ty can then be written as the fo11ow1ng sum. 

TRU Cc1) • Np237 + Pu242 + C2.724E-2)Pu241 + Pu240 + Pu239 + Pu238 + 

Am243 + C2.048E-5)Am242 + Am241 + Cm245 + C2.644E-3)Cm244 

+ Cm243 + C4. 768E-3 )Cm242 - · 
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2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

12 
13 
14 

15 

16 
17 
18 
l9 

20 

21 

22 

23 

24 

25 

TABLE 6.2.6 

FtJa TYPES 

fuel Type 

Natural - Sol 1 d S1 ug, Low ngs 
.. 

- Solid Slug, High ngs 

- Cored S1 ug, Low ngs 

- Cored Slug, High ngs 

- I&E Slug 

- N-Reactor 

Enriched - Solid E S1 ug 

- Solid C Slug 

- Solid J Slug 

- Cored Slug 

- I&E Slug 

- N-Reactor., 94 Metal 

- N-Reactor., 125 Metal 

- N-Reactor., 210 Metal CA1 C1 ad) 

- N-Raactor, 210 Metal (Zr C, ad) 

- N-Reactor., 94 and 125 Mata 1 

- N-Reactor., 125 and 210 Metal 

- N-Raactor., llS to 125 Meta 1 

- N-Reactor., 100 to 200 Metal 

Other - Depleted Slug 

- Special Depleted Slug 

- Natural and Depleted· Slug 
•· 
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- N-Reactor, Natural and Depleted Metal 

- Thorfa 

- Chaul k Rfver Metal 
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7 .O GLOSSARY 

ACCDUNTED NUQ, IPE 1 s any one of the nucl ides of neptuni uaa. plutonium. 

thorium. or uranium that are recovered in a pl utoni 111t-rec0very process 

or the Thor1a process. The radioelesnent ainounts are taken from waste 

1 oss records. 

ACCDUNTED NUQ, IQE KlPEL 1 s the 1 ogi c that distributes tota 1 amounts of 

ac:c:ounted elements fran tank farms to quarterly amounts of acc:cunted 

nuclides in waste strNllls. It is used by COFGEN. 

ACTIVE ·wIE SJBEAM is a waste stream that has a nonzero add1 ti on 

amount in a quarter. 

lJJW is a file of the amounts of each accounted nuclide buried in 

each tank farm dur1 ng Hanford operations. It 1 s based upon reco·rds of 

the waste 1 osses of the acti n1 des for which recovery . was performed in 

pl utoni UIII recovery processes. The fi l e is used by the COFGEN pro.gram. 

~ is a transaction that di rec:ts the addition of a waste stream to a 

tank. 

Af:()UNT 1s a data el anent of the transaction data set of the TF. It 

specifies the vol um• cf waste that is relocated during a waste 

manag•ent activity • 

.S is a_ transaction type that provides for release of waste fran 

Fission-Produc:t Recovery. When it modifies an Add Transaction, it 

identifies the addition of High-Level Waste fran the c:cmbined 

PUREX-Wasta Fracti onizat1 on process to a Tank Number. When it 

modifies an Xfer Transaction. it identifies a.transfer of waste from 

the solid inventory vector of the B Tank Number to another Tank 

NU111ber. The waste that is transferred has been processed for 

Strontium Recovery- and originated as tanked sludge fran PUREX 

High-Level waste. 
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.cAS. 1 s a Transact1 on that connects or d1 sconnects two Tank Numbers for 

cascade simulation. 

CASCA.DE is a waste management concept that couples tanks together. 
Waste added to the f1 rst was permitted to overflow t9 the second and 
then to the third and 1n sane cases fran the third tank to a low-level 
d1 sposal site. 

CASCADE WDEL establishes or terminates a relat1onsh1p between to 
locat1ons. In place, it permits additions to the first location to 
overflow to the second • 

.tDE 1 s a f 11 e that conta 1 ns the waste streams used 1 n the Waste 

Inventory Simulation. It 1s prepared by the COFGEN program. 

CDFGEN is a program that performs the second part of the Composi~1on 
Simulation on a public ccmputer. 

OjARGE 1s the amount of uranium that is present in a reactor. It is 
reported in units of short tons of unirradiated uranium that were 

1 caded. 

COMPQSITION P.PDEL refers to either the 1091 c used to perform the 
Composition Simulation or to the six, specific composition models 
taken collectively. 

CDMPQSITION Sit:t,lLATION is a series of computer program executions that 
prepares simulant waste streams. It is sequentially driven by the 
PRECOF and COFGEN programs. 

CONSTANT WASTE SJREAM is any of three waste streams that have constant 
compositions throughout the simulation. 

CONVERSION KlDEL is the logic used to estimate nuclide production for 
fuel str1 ngs. It is used by PRECOF. 

(pNVENTIONAL REACTOR any one eight low pressure reactors: B-, C-, 0-, 



OR-, F-, H-, k East- and I< West-Reactors. 

DATA $EI is a repeating group of a data base that describes a 
structure for storing multiple sets of data values and serve to link 
hierarchical levels. 

l2CCtE is a reactor program used to prepare COATA for actinides that 
are not recovered by Bismuth Phosphate, Radox and PUREX processes • 
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.CWY is a series cf tables by radionuclide. The tables are used to 

simulate quarterly decay of radionucl1des by the 1RAC program. It 1s 
based upon calculations by .the ORIGEN program. 

DECAY2 is a series of tables by radionuclide. The tables are used to 
simulate monthly decay of radi onucl ides by the PRECOF and COFGEN 
pl"'Cgrams. It is based upon calculations by the ORIGEN2 program. 

DECAY ri)PfL is. a non-interactive 30.4-day decay simulation based on 
ORIGEN2. 

ELEMENT 1s a repeating group of a data base that is used to store one 
type of data value • 

.fWl 1s a Transaction Type associated with the CAS Transaction. It 
decouples two Tank Numbers and disables a cascade. 

EYA8'BAIQR f:l)PfL 1s used to simulate complexant destruction in the 
242-B or 242-T Evaporators or partial neutralization of feed to the 
242-A or 242-S Evaporator-Crystallizers. 

EYENI LOG is a f11 e that 1s prep~re<I during the Waste Inventory 
S1mul ation that repor-ts on the transactions as they are performed and 
any default conditions that were required. It 1s printed as the 
Manage Report • 

.Wis a Transfer Type associated with an Xfer Transaction thl"'Cugh 
ei ther the 242-B or 242-T Evaporator. It calls the simulation of 

,, ... 
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canplexant destruction. 

ExpQSURE is the work produced by a reactor per short ton of fuel. • It 
is given in units of fo\rlD/T. 

EXJBACT-r:EBGEB PROGRAM creates the TDF frcm the TF. 

E-fACTOR is an estimate of the relative amount of a radioelement that 
is added to a tank farm in a quarter 1n a waste stream. It is used by 
the Accounted Nuclide Model • 

.EDW is a file of fitting coefficients that are ·used by the PRECOF 
program. 

EifO KlPEL is the logic used to manage fuel strings. It is called by 
PRECOF. 

EIEP QUEUE ls any one of seven computer queues that are used to 
simulate fuel discharge ·frcm reactors and dissolution in chemical 
processes. They are used 1n the FIFO Model. 

f!SSION-ffiODUCT RECOVERY is a process that recovered of cesium or 

strontium. It 1s also referred to as Waste Fraction1zation. 

FITTING COEFFICIENT 1s a constant used 1n an equation to calculate the 
amount of a nuclide that was discharged frcm a reactor as a function 
of irradiation conditions. 

FUEL STRING is a 1 inear array of four elements that specifies the 
amount, exposure. discharge date. and 

discharged frcm a reactor in a month. 
. . 

FIFO logic 1n PRECOF. 

index for a fuel type that was 
They are manipulated by the 

FUEL STRING INPEX is a number fran l through · 72 that 1 denti fi_es 
i rradi ati on power. reactor and fuel type of a fuel string. 

G;-FACTOR is an estimate of the total amount of a radioelement added to 
a tank farm fran all waste streams over al 1 t1me. It 1s used by the 



Accounted Nuclide Model. 

GEtJEBAL K>QEL $ cons1 st af three mcde 1 s used each ti me step af the 
Waste Inventory Simulation. They are Decay, Volume, and Phase 
Partition • 

.GBaJf 1s a Transaction that identifies the conditions of an · 

In-Tank-Solidification campaign. 

GRQJP r:J)Qe, 1s used to.simulate In-Tank Solidification • 
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.mE 1 s the Inventory Data F11 e that 11 sts the tota 1 amount of each 
waste- C0tilponen'f'1n tl'le sor1 d "phastf and 1n the solution phase for ·each 
location at the end of the Waste Inventory Simulation. 

INVENIQRY VECTOR is a 11 near array of ccmponent amounts and volume for 
a phase at a waste storage or disposal location • 

.Isn is a file of the isotopic abundances of act1n1ces that were 
recovered 1n pl utoni U111 recovery processes for every month of the 
simulation. It is created by the PRECCF program and transferred to 
the CCFGEN program by the Transfer Tape • 

.m. 1s a waste sol id1fi c:at1on operation that heated waste 1 iquors 
in-tank to evaporate water and transferred the 1 iquors to cooler tanks 
where solids precipitated • 

.IX 1s a Transfer Type associated with a Xfer Transaction from the 
so 1 uti on 1 nventory vector of the B-Tank Number. The waste th at 1s 

transferred has been processed for Ces11a Recovery and or1 g1 nated as 
tanked supernate fr-ca either Redox or PUREX-High Level Waste • 

.KSe 1s a set af coefficients used in the Wa~e Inventory Simulation to 
calculate solub111ty product ·and metal-ccmpl ex formati on constants. 

LOCATION i s a waste storage or disposal l ocati on. The 165 locati ons 
incl ude the tanks 1n A-, '4)1-, AX-, AY-, >Z-, B-, ex-, BY-, c-, s-, 
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SX-, SY-, T-, TX-, TY- and U-Farms, the Uranium Recovery process, the 
Fission-Product Recovery process, and the 00S Location. 

~ is a Monthly Canponent Tables file that lists the amount of each 
radionuclide released fran each plutonium-recovery process during each 
month of the simulation. It consists of a table of radionuclides 
released fran each process in· each month of the simulation. . . 
Radionucl1des, not recovered in the processes, are not included. The 
f 11 e is created by the PRECOF program and transferred to the COFGEN 
program by the Transfer Tape. 

NON-ACCOUNTED NUQ,IDE is any one of the radionuclides that are not 
accounted nucl1des. 

NON-ACCOUNTED NUQ,ICf f!PPEL 1 s the 1 og1 c that pl aces Non-Accounted 
Nucl ides in the QCT and COF. It operates in PRECOF and COFGEN. · 

NORMAL CASCADE occurs when a cascade has been established and an 
addition occurs to the first tank of the cascade which contains sane 
sol ut1on. 

OLD REACTOR any of five low pressure reactors that were of s1m11ar 
design: B-, 0-, DR-, F- and H-Reactors • 

.QQS. is the out-of-systan location which 15 an aggregate of al 1 
low-level waste disposal sites. 

OBIGEN is a radionuclide generation and depletion program used to 
prepare the Decay tables. 

ORIGEN2 is a radionuclide generation and depletion program used to 
prepare the Oecay2 tables. 

OUT-Of-SYSTEM is a generalized location that is used to collectively 
refer to all low-level waste disposal sites • 

.fD.6IA is a file of irradiated fuel processing data that is called by 
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the PRECOF program. 

PHASE PABIUIQN MOQEl fs the logic that distributes components of a 
supersaturated solution between the solid and solution Inventory 
Vectors of a location. 

PLUTONIUM RECOVERY refers to the three primary recovery processes: 
Bismuth Phosphate, Redox and PUREX. 

PQWEB LEYa 1s an element of a fuel string that specifies the average 
operating power divided by the average charge of uranium for the 
reactor during irradiation. It is given in units of MW/T. 

PBECQF 1 s a program that performs the first part cf the Composition 
Simulation on a secure computer. 

PRINCIPAL WASTE SJREAM is ~he waste stream fraa a primary recovery 
process that ~onta ins the major1ty of the radionuclides. In the 
simulation, each has a non-zero quarterly volwne in the TOF when its 
precess dissolved fuel • 

.9&I is a Quarterly Canponent Tables file that lists the total amounts 
of all canponents (except some of the sodium hydroxide) that were 
added to all tanks in each quarter of the simulation fraa each 
pl utonium recovery process. · Sodium hydroxide added by the Phase 
Part1t1on Model 1s not included. The file is created by the COFGEN 
progru. 

,BgAIA is a file of fuel irradiation data. It is read by the PRECOF 
program. 

REACTOR P:fABGE is the amount of uranium that is present in a reactor. 
It is reported in the units of short tons of unirradiated uranium that 
were loaded. 

BECPYEBY r:«lPEL is the logic used to simulate additions of process 
chemical s and removal of rad1onuelides i n Uranium Recovery and 
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B.mD 1s a reactor program used to prepare CDATA for fission products. 

~ 1s a Transaction that identifies the conditions for a scavenge 
campaign. 

SCAVENGE WPEL simulates the adjustment of pH and addition of 
precipitants to a solution fo~ removal of Co60, Sr90 and Csl37. 

~ is a file of stable chanical concentrations that are contained 
in each waste stream. It is created fran process flowsheets and 
changes by f1 ow sheet. The f11 e 1s read by the COFGEN program 

.sEI is a Transaction Type associated with the Cas Transaction. It 
couples two Tank Numbers and pennits waste added to the first to 
cascade to the second • 

.SL. 1 s a Transaction Type that identifies the transfer of waste fraa a 
solids inventory vector. 

SPLITTING FACTOR is a distribution coefficient that specifies the 
relative amounts of all Non-Accounted Nuclides that were released by a 
process in a quarter were present in a waste stream • 

.fil is a file of the total amount of fuel 1n short tons that was 
dissolved in each plutonium recovery process during each month of the 
s1 mulati on. It 1 s created fran PDA TA on the secure computer and 
transferred to the COFGEN program by means of the Transfer Tape. 

STABLE 0::IEM!CAL P,PPEL, 1s the logic used to enter mnounts of process 
chem i ca 1 s to the COF and Cler. It a 1 so balances canponent charges for 
each waste stream. 

STAD)S PATA SET 1 s a repeating group of the TF that conta 1 ns data on 
volumes and aggregate waste type at the end of each quarter for each 
Tank Number. Narrative descr1pt1ons of waste management activit1es 
are also included. 
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SIBAIGHI CASCADE is a default of the normal cascade in which the first 

tank of the cascade is ful 1 of solids at the begi nn1 ng of the 

addition. 

~ is a Transfer Type that i dent1 fies the transfer of waste fran a 

solution inventory vector. 

TANK INPEX is a data el anent of the Tank :fdentifi cat1 on data set of 

the TF that specifies tank and by-product recovery pl ants by a number 

fran 1 through 171. 

TANK NUf:EER is a data element of the Tank Identification data set of 

the TF that specifies tanks by farm and tank within a fam. 

By-Product Recovery Plants are specified as B for Fission Product 

Recovery. and U for Uranium Recovery. 

.:me 1s the Tri butyl Phosphate Solvent Extraction Process or waste fran 

the process. It i s also the Transfer Type associated with a Xfer 

Transaction fran the U Tank Number. TBP waste resul ts fran Uran1 U111 

Recovery processing of sludge or supernate fran Bismuth Phosphate 

Meta 1 Waste. 

ICE 1 s the Transaction Data F11e. It lists total waste volume and 

tanperature updates and waste manag•ent transactions 1 n the order 

they are s1 mul ated by the TRAC program. The TOF 1 s prepared fran the 

TF by the Extract-Merger progr•. 

IEMEQBARY WORKING VECTOR 1 s either of two vectors that operate 

9>CIC1us1ve1y within the Oec:ay Model or the Phase Partition Model. 

TQTAL YOl,,l.JM; 1 s a data el anent of the status data set of the TF that 

1s used by the Vol 1.11118 Model. It refers to the· total volume of waste 

1n a tank at the end of a quarter. 

JBAC 1s a canputer program that drives the Waste Inventory Sfmulatfon. 

It 1s the acronym for track radioactive canponents. 

~ 

.... 
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JBAC SYSTEM is a series of canputer programs and files used to 
estimate waste inventories. It consists of TRAC, PRECOF, COFGEN, the 
files they read, and the TF. 

JRANSACJ:ION 1s a data element of the Transaction data set of the TF 
that describes the waste management activity. 

JEAN $ACTION DATA BASE is a Systan 2000 data base as described 1 n 
Chapter 4. It 1s referred to as the TF. 

TRANSACTION DATA SET is a repeating group of the TF that describes the 
source, destination, amount of each waste managanent activity and 
orders all activities 1n time. The data are arranged in a logical 
order and are compatible with the Waste Inventory Simulation. 

JBANSACJ:ION MJOELS consist of seven models of unique waste management 
operations. They are: Addition, Transfer, Evaporator, Scavenge, 
Recovery, Group, and Cascade. 

JBANSACTION ORDER is a data element of the Transaction data set of the 
TF that is used by the Extract-Merger program to order the waste 

management activities for each quarter. 

JBANSACTION TYPE is a data element of the Transaction data set of the 
TF that modifies the data in the Transaction data element of the waste 

management activity. 

JBU is the st111 of the activities of 011245, Am241, 111\243, Pu.238, Pu.239, 

Pu240 and Np237 and the maximt.111 amounts of these that will exist when 
Qn242, Cln244, Am242 and Pu241 decay. See section 6.3. 

Copyright: Intel Systems Corporation, Austin, Texas. 

II 1 s a transfer tape that 1s prepared by the PRECOF. program., 
declassified and read by the CDFGEN program. It contains the ISO, 
MCT., and SPT files. 



URAN !UM BECPYEBY is a process that recovered uranium fran the meta 1 
waste fran the Bisnuth Phosphate process. 
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VARIABLE WASJESIBEAH is any of 14 waste streams that have compositions 
that can change each quarter. 

YOl,,UM; K)QEL is the logic that adjusts the total volume at each 

location to the TDF Total Voll.llHt at the beginning of each quarter. 

WASTE SIBEAM is a 1 i st of ccmponent concentrations that are present in 

the neutralized waste fr011 plutonium recovery and plutonium finishing 

processes. The term is reserved for initial waste additions to tanks 

and has a volume concentration of unity. The component concentrations 

in a waste stream ca.n vary each quarter. Waste streams are prepared 

by the Canposition Simulation and stored in the COF file. 

WASTE TYPE is a data el anent of the status data set of the TF that 
describes the principal kind of waste fn each tank at the end of each 

quarter. 

AEEB 1s a Transaction the specified the conditions 9f a transfer of 
waste fran one tank number to another. 
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COHPON[N I HOllS LUA le! NOL[~ CllRJCS HOLES :JR JES HOlCS ClJllH ! HllLS CUA HS H0L!:5 CURIES Hlil[ 5 CUAJ[S 

PO 21 'I I• C -27 1.E-11 '.[-2',I s .c-12 2 .c -21 I. E-11 1.£-J!I 1.r-1 J 11 .c -27 2 .E -1 D 11 .c-21 J.£-11 ,.l-25 l. c-.:>11 
l'Oi.>l!i l • C -21 2.[-05 S • C -.' I J .E-05 s. c-21 J. E -0 5 i. £ -2 J l • r-!J 7 11.r-a 2.c-1s 1.c-u 9 • [-07 J.[-19 l • E-0 J 
"" 2111 I• l -21 t. L-ll 1. [-2 l 11 .c-12 2 • C-21 1.c-10 l. £ -211 11 .f-111 J.:-a 2 .[ -10 l.E-22 2.c-11 2.[-19 1.c-011 
PU2J8 -'• l -0'1 I• l •DO l • £ -o ti 1.c-01 2.c-0• 9.C-Ol I • £ - Ot 11.[-0] 2 .f -06 9 .[ -]J 11.c-01 2 .E -OJ 11.c-os l • c-D I 
PU2J9 , • C •01 J.[•02 1 • £ -o 1 I .E-0!> I .c •DI z.E•D2 2.c-11 J • f-11 2 •: -01 1.c•oo 2.c-oz l •E -DI 1.c,00 z.t•o1 

PU2'10 t. E -Cil 'le [tO I J. r -at 2 .E -011 11.c-01 2.c,01 2.c-cn 9.r-ot 6 .[ -t:,J l.E-01 5.E-011 J.£-DZ !i. E-02 ,.c•oo 
PU2'1 I I• C -o2 l. E•D2 J • C -09 1.c-ns I, .[-OJ 2.c,01 l. E - I 2 1.t-01 11 .E -OS 9 •C -DI 11.c-o, 9. C-o2 11.c-o• z.c•ol 
HA22J ~.c-12 2.E-05 s.c-12 J.t-05 J.(-12 J. E-05 1.c-111 1.r-01 2.c-12 2 .[-JS 1.r-1, 9 • E -01 ,.c-10 z.c-JJ 
.. ,as 1.£-15 9.E-09 2.C-15 2 .E-011 2 .l-15 z.E-09 s.r-n !i.£-lo 1.::-15 1.c-De •• E-16 II .[-09 'lo E-15 1.£-JI 
RA,2t, l.C-lJ "• c-11 Z. c -I 'I • .c-12 s.c-11 l .£-10 II. [- •" 1.r-111 ,.r:-u 2 •t-10 ,.c-111 2.c-11 s. c-11 1.c-ae 

; 

RUIOt l .c -:.18 "• c-01 l • £ -0 ll 5.E-Ol l.E-08 l • E-02 2.c-10 11 .r-os l .r -10 s .c -as 2.c-11 1.c-01 2.l-07 t • [-:) 2 
Sd i;, t It•£ ·09 11.c-02 I • £ -2 l 9 .c-111 11.t:-09 ,.c-.iz 2 • [-22 2.r-1s l.:: -01 J.E-:JI J.E-D9 J.E-OZ li•E-07 i•t•JO 
!UIHH 'I .c -12 11. c-u2 i • C -2 'I , .c-1'1 ,.c-12 ... c-02 2 • f -25 2.f-15 1.::-11 l.E-DI J. £-IZ J. [ -oz ~.E-10 i • C tl 0 
! l J; 1. £ ·O I i.c•oo J • C -o I 2 .c • 00 1 .[ -01 II.£ •Ol 1.c-oJ e.r-oJ 8 .E -oz 'I .E-ll 2•E-OJ 9.(-0J 2.c-D2 I • C -JI 
SH 15 I ;:,. E-112 9. E•OI S. £-Ofl 2 .c -011 2 .l-02 I• E •O 2 9.£-10 II .f.-06 2 .[ -01 1.£•:>2 2.c-02 9.£•0I J.C•DO I• C •!>'I 

~NJ;t le l ·G2 •• l-02 1.c-1,. 8 .E-1'1 1.t:-02 "• c-02 • • C-lt 2.f-15 11.f-CIZ l ,E-Jl 9.E-DS J. [ -oz 2.c,00 9 .E•30 
Sli 'ill 5 • C ·O I t,E•OJ l.f-01 2 .ct Ol 1.c-01 9.[•0J l • C -(!fl 1.r•oo l .£•Oil • •C •OIi l.f-Dl. 2.c•o2 11.l•DI s.c•Js 
1Ch .s. C •DI t.E•OI 11.C•OI 1 .t • 0 I a.c•ol 1.t•i12 2.r-01 J.[-01 9 .rt Oil 2 .c • ll 2.r-01 J • £ -Ol ,.L•PO ••E•ilO 
1H22 l ;;. [ -12 2. [-O!i I. E - I 2 J .c-os II .E-12 1. C -05 2.r-111 I .£-07 1.1:-12 2 .c-os 1.r-u II.( -01 J. l-1 O l .c-o J 
111,29 ~.c-10 9.[-09 •• [ -1 tJ 2 .[-08 s.c-10 2.[-08 9 ,'£-12 ').£-10 1.:::10 1.c-:11 1 • f-11 II .(-09 8. C-1 0 ,.c-011 

111210 ... [-(19 2. c-oe l • C-1, l .C-11 1 .c-o, J. E -08 11.r-12 2 .r-11 s .:: -lii z.c-:11 !i.[-1] 2.r-01 5.f.-07 leC-JI 
Hl 2 j I .::.c -10 '1• E-02 l • E -2 I 2 .c-u , .c-1 o 1.c-02 2.£-IJ 2.f-05 l .E -ll 2 .c -J2 2.E-11 2 .E -DJ i;.c-De i.[•lO 
IH2H ~. [ -(, 1 c;.c-01 •• [ -1 c; 2 .c - It J.E-07 2.[•00 1.c-11 II• [-OIi • .c -oa • .c-:11 1.c-01 5 • [ -02 11. [-05 z .c•a 2 
ll 207 :..[ -It 2. E-u!i 1.E-lt l .c-os •• [-16 J. C-05 J.£-18 1 • r-o 1 ,.c-11 2 •E-D5 2.c-11 9 • E -oJ ~. l-111 l .c-o l 
U2 3J 'l.l -Ot, 9.E-Ot , • E -0 b 2.c-os 1 .c-as J.[-i)5 1. £-OJ J,£-07 II eE -JI I.£ -DI 1.c-01 2 .r -o, 1.E-Dt J. c-o t 

u,n't I• E -0'1 2.c-011 l • f -0 l 2 .c-o J 2 .[-OIi J. E-UI l • E -1'1 2 .£-l)J J .E -us 5 .[-!)5 'I .E-01, 6•E-c, l • l-D2 Z • c-D 2 
U2 JS b • l tOl "• E-li2 I• C -I 0 2 .c -1 3 1.c,02 1. c-02 •• [ -(!2 2.c-os II.::• ul 2 .[-]2 s.r•o1 2 .[-OJ 2.[•0'I i .E•JO 
u21a 1 • f • c, . 9.E-01 S • C-011 2 .c-12 2 .C •UII 2.E•OO s.r•oo II .f-0'1 5 .:: t OS II .E-ll 7.£•02 5 .(-02 J.t:•Ot 2.E•J2 
YIJ(j l • t: -~'I t. C.•OJ •. r-os 2 .C•OJ 2.t-011 9.c.01 l • f-08 1.r•ou 9 .:: -o, 11 .E •OIi J.E-01 2o[ 1 DZ 1.t-02 5.C•o5 
2" 9j 1. E •uo J. £-JI J. 0. 1.c•oo 1. c-01 o. 0. 11 e: •ul 2 .Et l :I ,.c-:11 2 • E-01 l.l•Ol z.C•ll 

11; :...l -ct. o. '. t -o t 0. t.c-D!i a. 2 • [- 08 o. 2 .r: -(i6 o. ,.c-os o. J. E-o 7 J. 
Al t • C •OS o. 2.c.o~ o. I • l • 06 o. 2. r • 011 o. o. o. O• o. !.t.011 ). 
hA J.f 1 01 o. ii. c •o o C • lot.•OO a. , • r -01 0. fi .:: • Ll o. 1.E•Ol o. l.E•DO l• 
Ill l, E •O't o. l.f-ll C • 1.c.•011 o. 1.r-1s o. 2.::-u o. 1.r-111 o. t•E-IJ J. 
CZttJOJ u. l. o. o. (). o. o. o. o. o. o. ,.L•D J ) . 

AS !UHPI JON~ U!t.0 IN JHJS HOllEL - NC SIAIEO Al £NO or A[PORf 
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IAAC SUHHAAY PLPOf.J SO•WH· fl ·O51 i 
Oi/OJ/9l PA&C A·O6l 

fSllHAICD w,sn UNII 1-.V[NlOA JfS -- lOlAL I H OUIRl~R, 1911 CO .. ll ..iUCD 

Ut.N lY•I DI lANIC n-1O2 TANN n-101 l ANIC ff· I n'I l'Nll TY-105 lANII TY·ID6 JANK u-101 
COHf-ONlN I NOUS CURIE! HOLES C~lts HOL[S CUA I ES NOLF! CUP l[ S Nll[S CUAJ[S NOL[S CJIIICS NOLES CURH S 

Ct 115 01 u. o. ,.c,O11 o. 1.c,O5 o. o. o. o. o. o. o. ].[•01 J. 
CO] ,,.E•J'I o. s.c•os o. 2o[tO5 o. ,.r,01 I) • 5 .:: •()5 o. 1.r•o• o. llol•Ot J. 
CA I.£ -01 o. i. c-o• I). , .c-o• o. o. o. o. o. o. o. 6. [-05 lo 
C[ ~ .t •UI o. 1.£ 1 01 o. 1.c,OO o. 5.[-DI o. O• O• o. o. I. c-o 1 lo 
Cl !>o[ -us Oo J • c -n • Oo J.E-O5 o. 1~£-nl Do J .:: -o• Do 7o£•D• Do ••£·DI l• 

CH 't. £ •ol i)o I• £-1 J o. 2 oE ,o J o. •. r -15 Ii. o. Do Do Do lo £-II Jo 
ED IA .. 0 Oo J. Do Do o. o. Do Do o. o. Oo loE•OJ lo 
f .: o[ •.:i• o. lo[tDJ Oo Jol•OII Do lloE•cJ I) 0 Do D. Do Do 7.[•01 lo 
f[ t. c •u• Oo 1. £•DJ o. s.c•o• o. lo £-12 o. • .E ·DI Do ]o[•D2 Do ,.L•O2 lo 
Ill OJA Lo Oo 11 o £ •DO Do loE 1 O1 Oo Do 0 0 o. Oo Do Do Oo lo 

IC uo c. J.E•D2 Oo l.[•Dl Oo ,.c•oo Oo Do Do Do Do •ot•DI Oo 
LA Jo o. J. Oo Oo Oo Do Co Oo Oo Do o. lol• t• lo 
HN l: 0 Oo l • E •O 2 Oo llo[ 1 D2 o. 5.£ .. IJ o. Do Oo Oo Oo ].[•02 lo 
Nll2 2 o l tO'I o. Jo E •D II Do 5 oE •D• Oo Io£• o, Co Do Do Do Oo 1.r,O2 lo 
NO J 'I• C 1 06 o. 2~£•011 Oo 2ot:tO6 Oo Io£ •05 Oo 2 .:: • 05 Oo •oE•DJ Oo toc•o5 lo 

NA 'lo£ •uf Oo ,.c,o, o. J.£•D6 D. 1 o c •o• D. J.E •06 Oo 1.c,o, o. 10£•01 lo 
NI i:. Oo to [ •O 2 Oo 1.c•o1 Oo Oo o. Uo Oo Do Oo loE·Ol l o 
011 ,. oC •06 11. i.E•O!i Do 'loE•06 Do loC•OJ Oo J •£•OJ D• 9o[•O2 o. llo[tOl J. 
PO• to£ •a• o. 2oE•os o. , .E •o• Oo ,.c,O2 Do 2 .E • 05 o. 50£•01 o. lol 1 DI l• 
f'& Io E -09 Oo J .(-0 J Oo 1 oC•oJ Oo II of· 12 Oo 1 oi. -10 o. 10£•11 Do 3ol•OII lo 

!IOl 'lo£ •OJ Oo 2 o C •OJ Do 2oE•OJ o. Io£ •C'2 Do Oo o. 6oft!JS Oo J.E.•O2 lo 
50'1 ao c •u• Do JoE•O!i Oo lot•os Oo J.o C t(12 Do lo r • 05 D. 7.E•OJ o. "• r•o• lo 
!R u. Co l • £ -0 2 o. soc-112 o. o. Oo Do o. Oo o. J. l-O5 lo 
2110 '>.£•OJ o. lo [ -0 I o. 5oc•oJ Oo lof.-nJ Oo ·-~•l,IJ o. lo£ ·O I Oo J.E•OI lo 

. AS!UKFllOHS USLO JN lHJS "OO[l lAC SU TCO Al £No Of R[P_ORT 
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1 k AC !uHtt&Ry R[ POf;' l SO-WH-ll-051 
0•,101,11 PA6[ A-0611 

[S 1JHA1[0 .. u 1[ UNII INV[Nl:>AJES lOlAL Sl QUAAHR, 1981 

lAt-11 U-102 UNK 11-1 OJ UNII u-1oai JANK u-1cc. hNll u-1rt UNII u-101 UNII u-aoa 
COIIPONlNl HOl[S cUAJ[ S HOLES CURIE! HOLES CURIES tlOLfS CURI[~ ttlUS CURIES KOL[S CUA JCS HOLES CURI[ S 

AC22S 1.t - 15 2.a:-01 11.t:-16 5 .C-09 ].[-16 11. f-09 9.c-u 1.r-01 9.E -16 l .c -DI 2.c-15 2 .c-01 le[-U • • c-o 9 
AC 221 , • C -08 11.c-o• · I .£-1 O J .c-os 1 .£ -OJ 2.c-01 l.C-09 I .,: - 011 J.~ -lo l .[-D5 6.[-01 l. £-OJ 1.c-01 z. [ -o. 
Att21t l 1.c -ul a.c•o1 z .c-011 2 .c-o l 2.c-02 2.£•01 6 .r-01 5 .£•OD 2 •E -ll5 2 .[-l2 ,.c-oz J .[ •DI 1.c-02 I•£ •JI 
AHZ1t2 i .£ -10 1.c-01 a .r-1 J 2 .c-011 1.£-ID 2.c-oz J.£-ll t.11"-0J 2.:: -n 5 .£ -D6 J.f-l!) ,. E -02 8.[-ll Z • [-0 2 
AHZ't 2tt :.. l -U5 l. C-c, I 1. £-o & 2 .c-o .. 9.E-06 2. £ -U? J • E -Ot t • r-o J 2 •E - C.9 5.[-36 2.c-os 6. c-02 lel-06 z .c-,12 

At12'1] 11.[-0lt ... c-02 l • E -o c, 5 .c-os l .c -011 6.[-0J 5.c-os 2 .E-0 l 2 eE -(II 1 .C-D6 •• c-o, 2 • [-02 ~.[-05 •• c-o J 
Al 211 5 • l -21 2.c-oe l. £-2 l S .C-09 l • C-2 J ,.c-119 1.r-n J .£-08 1.::-:a I .£-DI 6.[-21 2.c-01 •• [-2] le[-.19 
BA 1Ht1 J.£ -ot 2.£•05 • • f-l 0 11 .c•Ol 2 .c-2 2 l • £-ll 2 • f.- 08 2.f•!IJ 2.E-15 1.c-J• 1.c-1• 1.£ -OJ I .E-09 J.£•02 
Bl Zl U 1 .[ -11 1.c-10 I .c -111 2 .E-11 ,.c-11 2.c-0, 5.[-18 1.c-10 t.E-U 2.c-11 1.c-11 • .c-1 o ,.c-11 l. C-1 O 
el 11 l s.c-1s 11. c-011 z.£-lt 2.[-05 2 .c-111 2. [ -() J I. C -1 S 1 .r-011 J~E-U I .£-05 I .c-1'1 I .C-~J 2.c-1s 2. E-D II 

81 <I 1 s.c-11 2.c-01 1.c-11 · 5 .[-09 l .£-11 11. £-OJ S.f-18 a.c-oa J.~-11 I .[ -DI ,.c-11 2 .c-01 l • £-l 11 I• C-0 9 
Bl 2111 ,.c-u 2.c-0~ l • £-2 O l .c-10 I .£-19 8.[-!U r.. r -,o t .c-10 8 .E -21 I .[-1 I 5.c-1a 5. c-oa a.c-20 I .£-10 
Cl II 1 • E -Ul 11. [t('; 1 ; • E-0 l 1 .c-01 11.c-01 l. £ •01 J. c-c2 2.r•oo 1.::-os 2 .[-DI 5.c-01 J.[•Ol t.[-02 1.c•ao 
Ctl~lt2 .. c-c1 ,.c-02 2. f -1 0 I .E -O't 2.c-01 2. [-02 1. £-09 5 .r-o J 5.(-12 If .£-Di 6.£-01 5.c-02 2.l-01 l .c-o 2 
CN21tll t • E -U6 1. E-0 l 2.c-1u 5 .c -ot I .E-2 J 2.c-11 a. r-n1 J.£-Ol J.[-1' I .£-11 J.£-ll 6.[-09 t.[-10 l. l-D 5 

Cti21t 5 1.1:-0l It. [-Ot S • E -1 l I .C-1 D I .[-25 J. c-2 i ] . [ -c, 1.r-01 7.!-11 J.£-16 1.c-111 11.c-u t.l-12 I• £-1 O 
C! US b • E •r.O a.c•oo l • E -o J 2 .c-011 ... c-u 1.£-11 S.C-(12 e .r-o 1 1 .:: -09 1 .[-09 •• [-09 ,1.[-09 J.f-JJ i • [ - JII 
C! ll 1 • • l •Ol 2.[•05 II• [ -0 l 5 .c • D l l .L-15 l • £-l I 1.c-01 2 .£•OJ 1 .c -oa 2 .[-!JII ,.c-01 I .£-DJ l • l-02 l .c •D 2 
f~"' l !i.E-H 2.c-01 1.r-1s 5.c-o~ 1.c-11 •.c-o• J.E-19 l .£-D 8 J.f:-19 1 .[ -01 6.[-19 2 .[-01 J.L-l ~ •• [-09 
rRuJ J.[-16 ,.c-o, Z. £ -11 ·2 .c-01 J.L-15 2.c-05 2.c-u 2.r-ot 2.::-11 2 .[-J1 2.£-15 2.c-os 1.c-u l. c-J 6 

h2'i !.• E •00 1.c-01 1. £ -o 'I 2 .E -o5 II .c-u 1.c-11 6. r-c2 1.r.-01 If .E-09 ,.c-11 ,.c-01 2 .[-09 2•L-Dl If .[-05 
NIIUH J. c -ult 1.c•oo J • f -0 t I .c -02 ] .£-0'1 l.E•OO 2 • C-05 t .E-01 I e!: -06 11 .E-02 1.r-0, I.[ •DO 6.[-0S l. C •D D 
NHl ... [ -02 z.c•c,2 2.c-02 t .c • o l I .l-11 ... [ -1 • I • E -011 s.c-01 a.!: -01 s.c•o2 1.c-02 1. c •oz 1.c-05 l • [-0 l 
NP2H l.C •UO, 2. [-01 1. [-011 5.r-os I .C-011 1. [-J'I l. E -02 2,£-0J 9.:: -c,J 2 .[ ·DJ 2.r-01 J. c-o• 1.r-01 ,.c-011 
Nl'2l9 1.c-10 "• E-02 I• E- 1 J 5.(-0S 1.c-10 e,. £-OJ II• £-ll 2 .f.-0 l 2.::-111 I .[ -l6 J.£-1 D 2. c-02 J.L-11 •• [-!) J 

P£ 211 1 • £ -Ult ·. I• C-0 J ". [ -o t II .[-O!i 11 .c-011 5.£-0] 1.c-os ! • f-Ott l.E-o• • • [-;)5 J. c-o, J .£ -OJ ... [-05 5.[-011 
PA2H 'I• E -UI 2.c-01 lel-ll S.£-05 1 .c-11 l. E-o, 5.[-l!J 2.r-03 J.!:-n 2 .[-D 1 6. C-ll 1. r-o• 11.E-ll Zo[-JII 
PAn'IN 1.c-10 11. t: •O l 1.c-11 2 .[•DO l .c -09 2.c.02 6. r -11 9 .r•oc 9.£-12 J.f•JD 1.£-JJ l •£•CZ l.L-1D Z • £ •o l 
Pil 1u9 ,.L-11 2 • E-0 II ;.r-111 5 .[-09 , .c-11 "· c-o9 1.c-11 1 .r-o a l .:: -11 I .c -:U 2.r-11 2. E-OI s. E-l I ,.c-a, 
Pb210 ~ • E -111. 1.c-10 l • E -1 !i 2 .[-11 ,.c-111 2 • [-09 1.r-1s 1.r-10 9 •i -•• l .c-11 5.£-111 I .£-ID ,.c ... 15 l • C-l 0 

Ph• l l lie C -lit 11. c-011 J.(-1!) I .£-OS J.E-lJ 2 • E -OJ 2.c-111 1 .r-o" 2. -15 I .[-D!i 2.E-lJ I• £-DJ J.[-111 2 • c-o If 
Pil ~ I It ,.C-19 2. c-a;s 1.r-2c. I .c- IO I .t:-1 I a. c-oa I• £-20 f , E-1 O l • -.co I .£-11 1.£-H s. c -o; 1.c-1, I .f-1 D 
PUliJJ J • E • uo 2el-OJ s.. c-o .. 3.£-DS 2 .c - u 1.c-11 II• [ .-02 2 .[-) J 2. -09 1.c-10 9.c-01 s. c-o, 1. t:-o J 1. [-;) S 
P0 , 10 J.C-lt J.E-lD 2.c-11 2 .[ -1 l 2 .c -1 S l • £-09 1.r-16 I • £- J 0 2. -11 I • £ -1 I 9.£-U • .r-1 a 2.c-u l • C-1 D 
PO 21 l 1.£-21 2.[-0(! 2. £ -2 1 S .£-09 2 .c -21 II• E -09 11.c-21 1 • f.-0& ... -21 J .[ -DI I. £-2 J 2 .[-01 2. [-2 J ,.E-09 

A!!UHPJ IONS USlO IN THH HOll[l UC SlAJCOAl [t.D Of A[ POAT 
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lAAC SU"hAln ALPOli f sa, - 11" - 11 - qn 
OS /tJJ Ill PA& [ A• Q6!, 

(S JINAI [D VAS ft JANK UIVCNJOAJCS TOIAL I ST OUAAlEA 1 1911 CONfJ'tUED 

T At.K U·l!12 JAt.K U· I tJl JANK u-10• TANK U•IO'i UNI\ U-106 UN11 u-101 TANK u - aoa 
LOHPOtllN 1 HOLt:S CUAJ[S HOL[ S CllAJES ~OLES CUA JES HOLES CURIES Hll[S CUA HS HOLES CUAlES HOLCS :UAI[ S 

P02l 'I le E ·2t 2.c-0, 2 • E ·2 J l •E • I 0 1.c-2s I. E·U!I 1.c-h 1. £-Io 1.c:-21 9 .E-ll ,.c-21» , • r -o, J.l - Zt I • t ·O 9 
1•0 215 le[-20 "• c-011 l • l -2 l 2.c-os l.C-19 2.E-OJ 2 • C -20 I .r-011 2 .:: -21 l •E ·J 5 2.r-1, I .[-OJ ].L- 20 l • E- 0 II 
P0218 1. E - 20 2.c-0• l • E -2 l 1 .c-1 o 1 •E•J9 8. E-Oi I. r-20 f .~ - I 0 1.:: -21 a.E-ll ,.c-u 5.[-09 I• E-2 O S • E ·I 0 
PU2JII "·[ -os 1.l-02 I• c-oc, l.E-02 11.c-os I• E-Ol Z. E- 06 1.r-02 1. c: - u, ,. .c-JJ 11.c-:,s 2 • E ·DI 1. c - 011 II oC·D I 
f'U2J9 , .c ·&JI lol 1 00 1 • E ·O l 1 .c-01 1.c,00 2.c,01 J. E-oz 5.£-01 11 . l-LJ s.c-:n ,.c-01 9 o[ •D:J 1.c•oo l • E •o I 

PU,110 1 •£-OJ 'lo l•ol J • E ·O'I 2.c-02 • .c-02 ,.c,o:, 1. r -o• " .r-02 8 .E •OS 5 .c -) J 1.r-02 z.c•oo 1. c- 0 2 II • E•JO 
PU ,'I l S. l · OS 2.£•00 II• ( •Dt: 1 .c-o I ·J.(•QII 2.c•o1 •. r-nt I .f.-01 'I . ::- 01 1,(-Jl ,.c - o, I. E •DI l . E- DJ 1 • E •:JI 
RA22 l J.(-11 "• c-011 I• C -1 l 1 .E-05 .I .E-10 2 • E-OJ I •E·II I •£•011 Io!: -12 J.C-J5 ,.c ... 11 I• E-OJ I• l-11 ,.c . 011 
Aa225 ,.c-as 2.c-oa ••c·H 5.E-09 5.(-16 ... [-i)i 1.£ - 15 1 . F- 08 1 .E - as I .E-D1 J.c - u 2 .[ - 09 s . c-u " . c-o• 
AAiH u.E-12 2.c-0• • .c-1 J I .t- 10 11.c-11 I.E-09 J.c - 12 t.r - 10 J.!:-IJ I oC · ll 2.c-11 5 .[-09 ••E - 12 I• E-10 

11u 10 t , .c-01 J.E-il2 l • c ·I 0 ,.c-os 2.c-0• l,E•OJ 6 • E • 09 2 . r-01 a. :: -u 5 .c .) 1 ,.c-01 I .E-Ol 2.c- 0, ••c·JI 
!Ii 12t Jo[ · Ol J.E•OD l 0£-09 2 .c-02 1.c-01 1.E•OJ 2 o!: • 08 2 .r - 01 J. E- ll , .c-JJ 2.£ - :>1 2.c,01 l. (-D8 lo[-ill 
Sil 12t H J. E · lo 1.c•on 1.c-12 2 .c-02 Io( •10 l•E•Ol 1.c - 11 2.r- 01 J .E- JJ J.E-JJ 2.c-1J 2.E•DD 11. C·I I , • E-0 I 
Hl9 1t.E - 01 2.E•OO • • [ •05 J .[-0'1 J.[-11 2.c-u II• E · OJ 2.c- 02 2 . [ -1 0 I . E-09 1 . r-01 ,.c - o, la E·Olf I• E·D 11 
SH IS I 'i • E ·ul llo (tOl 9 • £-0 l J 0 E • OJ , .c-01 ... c,os I•£ •01 II.£• 02 5.:'.-c,J 2 a[• :I I ,.c-01 1.c•oJ lol • OI • ol •O 2 

SNJH 11. E · 01 1.c,00 5 • ( -0 l z.c-02 ".c-01 loE•DD 1.r-02 z.c - 01 2 .E -OJ , . c-:n s.c-01 2.c•oo l•l- DI J . c - a 1 
SA'ill C. .l •DO a.c•o11 I• C •DO f, .c •O'I 2.c,01 2.c•os 1.c,00 1.r.011 I .E - 01 I .c - :,J 6.£•DiJ 1 • E •tll lioE•OO l • E •a 5 
,cu 'I• E •DI loE•OI • .(-OJ I .E-02 2 .c-u J. c-as 5. £ -o I a.c-01 l •t -01 5 .[ - DI 1.c-01 I• [ ·DI ,.c-02 J . c-o 2 
l11'2l c,,E - 11 "· [•ill! 2 •£·I 2 1.c-os 2.c - 10 2.t-oJ 2 . r. - 11 I • t • O II 2 .E- U I .c - D5 J.C-IJ J. E-Dl 2.c-1 1 1 . c-011 
lHU9 ... C -10 2.c-01 1 • [·ID 5.E-09 9 •E -II 11.c-o, 2.r-10 1.£-08 2 .t - ID I.E-JI 5.[-J) 2 • E-01 , .c-1 1 1.[ - 09 

IH2l0 11.l ·01 11. c·Ol S • ( ... 09 2 .c-01 11.c-01 2. c-o, J. C - 08 I . s: - o 1 II .E -: U9 2 0 C • DI J.E-or , .c-c, 11.c-ile z. c - :J l 
,~2J1 , • ( ·OB z. [tOI) •• (-10 1.c-02 ,.c-01 1.c•o!J J. r- l't ".r-o 1 5.! - 10 . 6 .c - !12 II .[ - !)I 5 .£ tOJ t.E - D9 1 • E-0 I 
1112J'I 11. E -06 •· c•o 1 J •E ·O l 2 o[ 1 00 J •l · 05 2.c,02 2 • C - 06 ,.r,oo J. E- tl J . E•ilD 2.c-os 1.c•oz lo[• Ot z .c•oa 
ll2o7 1.c -n 11. c-011 , • c-1, I ,E ·D5 ,.c-n 2.c-oJ J. [- 15 1 .r-o• J. E- U I . c - o5 Jo[ - 1" I• E-OJ 11 . E-15 l . E- o 11. 
uzn lo E -U6 8.[-C,6 i • E -o J 2 0 E-Of: 1.c - 01 2.c - 0, 1.r - r, 7 .C-Dt J .c - o• Io[ •!)6 ,.r-a. I •E ·05 1.c- ot S • c-o 6 

u2 l'I .' • [ •OJ l.E-OJ I • C ·Olt 2 .E-oll l .E - 02 I .E-OZ '. c - o• 9of•0'1 9.[-05 1.c-011J ,.c - oJ I .C-02 I• [ • DJ I . E-J J 
u2 35 'I• C •OJ 2.c•oo l • E •O 2 I ol •02 I . c ,o• 1.c,00 1.r,02 II .£-o l I• E • oz ,.c - 12 lo[ • DI 5 . [•0J 1.c• oJ 1 • c-o I u, 311 :.,oE •OS •• E•O I l.E•O'I 2 •t•DO z.c•o• 2.c•o2 1 •. c•os 1.s:•01 2 . :: , 011 1 , (t:ID 2. r • o• 1 .E •oz 2. l•D 5 z.E•JI 
l'iU ". r -01 a.c,011 I • E -DJ 5 .c • 0'1 ••E • OJ 2oE•OS 2 • £ -0'1 I .r.,011 l.E - 11 I .E-DJ 2.E-OJ 1 • £ •OIi 2. c-0 1 I • E •a 5 
lllU l • l •UI J. E • DO I .c-o I I oE ·DI 11.c,01 9 0 l•OJ 2.E•DO ".r-o 1 2 •!: ·DI 5.[-]2 s.c•ol J.£•01 9.L • OD z.c•Jo 

Ali J.[-:)6 u. 1 • E -0 9 o. 11.c-22 o . a .r-oa o. .. . - IS o • ,.c-11 D• l.C -09 lo 
Al l • E •D6 o. i • £ •O;. 0. O• o. , .c,oJ o. I• • oz o. 2.E•DJ o. 2ot • D5 ) . 
&A 1. E •OD o. 2.c,00 o. 2.E•OO o . J .t •Q) n • 5 . •OD o. 1.c,01 o. s .c•oo J . 
BJ 'I.£ - ll o. l•E · IJ o. 1.c - u o. 2 . t - lJ o. 2 . · IJ o. II• E- 1 J O• 11 . E-111 !I . 
c,11101 b • E •02 o. J. c-o t C • O• o . 1 • £ o DI o. 2. - 011 o . 1.E-!11 o. o . lo 

AS !U"PII OIH US CD IN THIS f1llDEL UE SlAIEO AT U:O OF A[POAl 



·, 

i 

HIOd]II JO C'tJ U O]IJIS ]In 1]0011 SIHI NI OlSn SNOIJdWnss, 

·c oofl•t •o CDt1•9 ·o ZIJ-., ·o oa•1•1 ·o ID•J•z ·o o o• i-, ·o oo, J • r 011z • I: •o •o 60-1•1 •o u-.6 •O loJ-l • Z ·o •o • 0 tl-)07. •o (0-1 • L ,is 
·c 10,1·1 •o IO•J•I •o •a• ·6 ·o [I.I. J. [ ·o OO•J•z •o '1 O• l • fl •o 'iiJ• 1.' ltOS 
·c IO•J•Z •o so-1°6 •o 6'->-•z ·o zo•J•z ·o 90•]•1 •o 10,1•1 •o •o• 1•r (0 IS 

•c 60-]•[ •o 10-l•z •o 01-]• l • D SO-J-9 •o 110-3•( ·o O I-3 • f •o t,0-1"( lld 
·c 00•1·• ·o •O•l"S ·o SO• J• l ·o (UtJ•I •o so,1•1 •o "O• J • l •o SO• J •? t,Od 
•c;· SOtJ•t •o (Ot3°6 •o (Ot l" I ·o t,Ot J • I •o (Ot]•I •o ( 0• J" f •o 110• J • I Ho 
•r •r:, ·o ZO•J•( •o ID• l • I ·o ZO-l • l •o ·o •o Z D-l •, ·o 10-J•c; IN 
•r LO•l"I •o ,0,1•9 •o SIJ• ~• 6 • (J s·o,-' • s •o LO•J•f ·o <;Qt]•( •o 90• 1•,;; YN 

·r 90t]
0

6 •o zo-1·1 ·o zo-1· ( ·o •0•1•s ·o (0-]• Z •Q r Ot 1" Ii ·o 90• 1 •r, (ON 
•o (Ot]•f •o (O-J•( •o 10-]• 9 •o (J•J•L ·o ·o ·o ZO•l•~ ·o S!h J•r C:ON 
·c O1-1•z •o 90-1°9 •o to-,•s •o (0 • J • I ·o ·o ·o f O• l • I ·o ro. 1 •, ~, .. . (: I l-J •? •o Cl·l"l ·o •o •o U-l'( •o ·o ·o [ z-J. ' •o ZI-Pit Yl 
•c ,0-1·1 •o S0-J•t, •o 60• l• L ·o IO•J•Z •o •o ·o 9 0-l • l ·o [Ot l • l )I 

•c •o •o S0-3 • I •o 90-l• I •u •o •o ·o •o •r •o ZO• J • I J Ill lit 
•c •o •o 10-3 • • .• o co.::• 1 • 0 [OtJ•Z ·o • Ii •o f O• J • I •o (O• J •r JJ 
•C 0Qt]•9 •o •o-J•z •o l'--:.·• ·o ZO•J•z •o •o ·o 00t1" Z •o •o• l .,. J 
•c •o •o ,0-1•1 •o 90-]• t, • 0 ZO• i • I •o •o ·o 90•]•[ •o (0•].' Yl O] 
•c 91-1•1 •o (1-]•t •o 1z-1•z •o s1-1•1 ·o •o •o "0-1"' ·o 110-]" I IIJ 

• li "'] •o (I·]•( •o U-J•( •o 90-1•z •O ·o ·o r1-1•z •o S'l-J • ! lJ 
• C (0-]•t •o ao-1•, ·o •z-::· z •o 10-3•5 ·o •o •o r 0-1 • r •0 ZO• l • I ]J 

•[ •o •o ll-J•s •O fl-:• 9 •o SO-l • I ·o •o ·o ~ 1-1"' •o (IJ-l • r YJ 
•c SOtJ

0
9 •o 90•3"5 •o ,o. ::· s •o SO• l • t, •o 90•]•9 • 'l •0•1·• ·o 90• 1· :-( OJ 

·c •o •o •D-J"t •o u-1•6 ·o Zol•1•11 ·o ·o ·o so-1•~ •o II!>• J • I to ;•1 n 

S JUIOJ ;now S]ltlOJ S ]lOW SllllOJ SllCW ;ltc1n J »JlOW 5 JI IIOJ illOW illllflJ i]lOII ill II OJ 511011 I NJNOdlfOl 
•01-n IINH LOP·fl IINJI Ul-0 IINU 5'11-fl llNJl 1,01-n llNYl rn l•fl 11rn1 zot-n ll'Ul 

OJnNUNOJ 116-1 • 11::1 t1 ,no H 
' 

1uo1 --SJIIIOtNJllti( llNYl us," IJllWWllSJ 

no-, ]9J.f f If LOI 61 
lSD•ll-WII-IJi ltfOdlll AIIWWMn,; JYIH 

-... " 



.. 7 
JAAC !IIHHARY ALPORI !o-11N-T1-os1 

O'ilOJIU PAGC A·PU 

E51 JHA JED IIAS lE 1UUI Jttv[lflDAIES JOJIL !l 0UlAl[ll 1 1911 

U~II U-109 JANII u-110 UNII U-111 HNII U-112 HNII U-Zfll UNII u-202 l ANII u-201 
COHPONCN I NOLCS CURIES NOLES CUIIJ(S NOLES cUAl[S HOL[S CUAJ[ S Hll,.LS CUA HS NOLES CUR JCS NOUS CURIE: S 

acas 2.c-1s 1.c-01 1.c-1s 1 .c-oe 2.c-n J.c-o, I •E ·15 2.r-oe I .E-16 2 .c-o• 2.c-11 2 .C-09 2.t-16 Z • [ -0 9 
AC22 l J • E -ot 2.c-os a .c-09 1 .c-o• 11.c-ot ,.c-os 2 • E -(19 z.E-05 6 .c: -II I .C-06 ,.c-11 Io [ •GI ,.c-11 l. c-o 6 

. AH2111 s.c -o• "'• E-0 I I • c-o I 9 .c • 0 I 2 .c-01 2.c•o2 ,.r-O"I t.r-oa 2 .c -u, 1 .t-JII 2.r-01 2 .t-011 2. c-o l z. c-o"' 
AH2'12 J.t. -12 •• c-011 1.C.lo • .c-02 2.t-09 .J.t-01 1.c-11 6 • £-0 "I 2.E-IS J.[-J1 z.r-lS J.c-01 2.c-1s s. c-a, 
AH2'12H l. E -OJ , .. c-011 I oC·OS a .c-02 l .c.-011 l. C-U l 2.c-01 ,.r-011 1 .: -IJ J .[-:, 1 1.c-ll J.[-01 I• E-1 O s. [ -o' 

AH2'1 l ... c -06 2. [-011 5 .c-o 11 1.c-02 J .C-0.l I• E-01 loE-06 2.c-011 z.E-09 t .c-oe 2.c-0, I .C-OJ 2.E-09 l .c-o 1 
AT21l i. C -Zl J.c-oe I .c-2 l I .C-01 ,.c-21 3.E-08 5 • C -2 l 2.c-01 6.:;-:i' 2 .[-!19 6.[-2' 2 .c -('9 t.c-2• z. c-a, 

I BAIJJN l. E -OJ 2.c•o• 1 • E ·o l 1 ol • OJ t.E-36 ,.c•o• 2.c-0, 1.c.os 2 • E -oJ 1.E•J11 2.c-0, z.E•DI 2.c-01 Z •E•J'I 
812111 •• [ -11 "'• E-1 I ~. c-11 I .C-1 D 2.c-11 ,.c-11 6.[-19 2 .f-11 e.::-22 Z .t-l 11 ,.c-zz 2.c-J11 s.c-z2 l • E-1 ii 
8121 l l.E-lt 2.c-05 l •£-I 5 1 .c-011 ,.c-u ,.c-os J.E-16 ' J.£-05 1.c-11 I .[-36 I .c-11 I .t-Ofl I• E·I J I• C-0 l . 

I Ill 11 l 1.c-11 lo [•Ill • .c-11 1.c-01 I .c-11 s .c-ua s.c-11 Z.E-08 s.c-u 2.c-n 5.[-19 2 • [-09 s. [-19 z.c-ot 
8121 It ~ • C -20 2.c-10 I• E-2 0 I .[-10 s.c-zo J.[-10 1 • £ -21 ,.r-11 1 .:-ZS 9 .C -Ill 1.c-u 1.c-as I• C-Z l l • E-1 l 
Cl "I I of ·Ill 6.C • OO l .£-0 2 I .c • 00 loE•OO ,.r•o1 1.r-01 2 .c•O l l •:: -oz z.t•)O 11.c-02 2 oE •O!I "'· c-02 Z oE ti.JO 
CH2't2 I• C -10 s.c-011 I o[•OI 1.c-02 J .c-o, 2.c-01 6.E-lo 5 .r-011 J.E-U 1.c-a, ,.c-11 l .[ -01 'lo L-1 l l .c-o J 
CH2'1 "I ;; • C -OJ J. C-0 l II o[ •O I I .C-011 ... c-os 9.[-01 l.[-OJ 5.c-01 s.c-01 1 .c-01 s.r-01 1. c-os s.c-01 I .c-o J 

CH2115 uE-09 J.c-oe ,.c-10 2 .c-01 ,.c-01 11.c-os 2 • [-('9 , .• c-01 5.E-10 2 .[-JI 5.E-ll 2.c-01 5.l-10 z. c-o. 
CSIJ5 11. f -Ol 1.c-01 z.c-01 1 .c-02 l.C•DO •• E-pl 6 •£•OD , .r-o 1 6 .::-01 loE•ll 1.c-01 I• C ·OI 1.c-01 1.c-01 
CS ll 1 ;; .c •DO 2. E •OIi J. f-0 I I .E•OJ 1.c•oo 9. E •OIi loC•OI 1.£ • 05 , .c, 00 2 .E•JII 1.C•!JJ 2.c•c• loC•DO l • E•il'I 
fN 221 ,.c -11 1. c-01 II. [-19 I .c-01 1.c-19 1.c-01 5.[-19 2 .c-011 5 o: ~2D 2 .c-n s.c-n 2 .c-o, s.c-20 l .E-D 9 
ran1 11.c-11 1.c-01 z.c-u 2 .c-o, l oE-16 ,.c-o, 11.r.-11 11.c-01 2.r-u 1 .c -DI 2.c-11 2 o[ •DI i.c-111 l • E-D I 

JI 211 ... c -01 9oE•Ol I• E-0 I J.[-0) ,.c.•oo 2.c-01 2.£•00 5.E-02 J.£-01 6 .(-1)) J.£-01 6.£-DJ l.E-01 fl.[-:) J 
NB'iJ" 't • E -06 I• f •O I , 5 ,E-0"1 I .c • 0 I 2 .c-o• ,.c•u:, 6 • E-Of: 2.r-01 2 .:: -o, •• c-:u 2.c-0, 6 .E-OJ 2.c-01 6 • C-D l 
Nltl I .E -02 t.C•OI 5 .c-o l 2 .c • 01 z.c-01 9.E•DZ 9. c-02 11.r•o2 I •t ·llZ 'I .c t!J I I. £-OZ 'I .c •01 1.c-02 II. C •O I 
NP2Jl I• C ·01 2.c-02 s. c-02 • .c-01 1.E•OO 2. f-01 I• £-DI I .£-O I 9 .[ -oz 2 .c-:,2 1.c-01 z.c-u 1.c-01 l • C ·O 2 
N .. 239 J.l-lZ 2. c-011 s.c-10 1.c-02 2.c-01 I• £-DI ].f'-12 2.r-011 2 •E - 15 ,.c-01 2.c-as ,.c-u 2.c-1s 11.E-011 

PA2ll "· C -06 9.c-05 i .r-os 5 .c-011 2.c-os 2. c-o, • .c -(16 5.£-05 2 .:: -o, 2 .c-P6 2.c-oJ 2·.c-0, 2.c-01 Z.C-06 
PA2Jl "I .c -09 2. c-02 z. [ -o 'i 9 .[-OJ s .c-01 2.c:-01 1.r-01 1.c-01 l .E -o, 2.c-az 1.c-oa 2 • c-oz J.f-09 l. C ·J 2 
PA2JIIN 11.c-11 ••C•OO z.c-10 l .E • 0 I 1.c-11 11.E•O!J s.c-12 1.c-01 l 0£ -JII 5 .c-Zl 11,£-H 6 • (-23 fl• C-l'I 6 • C-2 J 
P112C9 1.c -11 J.[-OI z .c-1 J 1 .c-oa 1.c-11 l. E-0 I 2.c-11 2.r-01 lot ·II 2 .c-Jt z.c-11 2.c-01 2.l-11 Z • E ·J 9 
PD2l0 z.E-15 1.c-11 j.[-15 I .E- ID 1.c-1 s s. c-11 ,.r-u 2 .,:-11 I .[-II 2 .c-111 1.c-11 2.c-n 1.c-11 Z.f-1'1 

Pli21 I 5.l-15 2.E-05 s. c-1,. I .[-011 1.c-111 ,. [-05 5.£'-15 ].£-05 2. -16 I .c -J6 2.c-1, •• c-o, 2. l-16 I •C•J6 
PB 21 "I l. E -20 2.c-10 I• £-1 9 9 .c- IO 11 .c-20 l.E-ll 9 • C -21 1.r-11 I• -2] , .c-n 1.£-Zl I .[-IJ 1. c-Z J 1.c-11 
PO 101 ~ • C -01 I• f ·02 I .c-o 2 5.C-Ol ,.c.oo "· c-01 1. C •OD 1.r-02 2. •Ol 1.E-JJ z.c-01 I .£-OZ 2.c-01 1.c-02 
P0210 J.E -11 1.c-11 I .c-16 I .[ - I 0 6 .c-11 s.c-11 2. r-11 1.r.-11 2. -20 z .c-111 2.E-23 z.E-JII 2.l-20 z .c-1 • 
P021 J I• E -Zf: 1.c-01 5 • C -21 I .E-01 1.E-26 J. [ -o, 1 of. •11 2.f'-08 1. -21 2 .[-] 9 I.E-29 2 .c-o, ll.l-211 Z.C-J9 

a5SU"PIIONS USlO It,; lHIS HODEL lAE S 1A J[ D Al Et.D OF AEPORI 



--
.. I 

1RAC SIJHHARY AlP0llf Sli-llH-ll-051 
011/UJ/lll PA6[ A-OU 

ESHHUE0 IIASlC UNK 1"1VEHlOAJES -- lOUI. I Sf OJA ATE A 1 1911 C0Nll-.UE0 

l HK U-109 JANK u-110 .. UIIK u-111 o 1111 u - 112 UNk U-201 l lNIC u-202 UNII U-Z0J 
C0Hl'0NlN l H0l[S CURIES HOLE~ CURIES HOLES CUN IE 5 H0lfS CUAJE ! HllCS CURIES KOLB CURIES H0lCS CUA IE S 

P021 1, ... E -21 l.l-10 lof-H I .E -09 5 .t.-2 J ... c-10 I • £ -2 l II• E-11 2 .£ -10 1.c-1, 2.£-JJ I .£-IJ 2.c-10 I • E-1 J 
P0215 ... E ·21 2.c-os l • E-2 0 I .E-0'1 1.c-20 1 • c-os ". c-21 ,.r - os 2.t-2z J.E-ill 2.c-12 I .C-06 ,.c-12 I. C-06 
P02a 8 J.[-21 2.c-10 I•£ -2 0 , .c-1 o S • E -21 J.[-1) J.E-21 ,.r.-11 2 -~ -, .. 9.C-111 2.c-211 1 .c-n 2. E-l 'I 1.c-1, 
PU 2311 ... [ ·05 2.c-01 ; • E ..:o,. 2 .c • 00 'I .[-05 2. E-0 I 2 • E -05 I .£-02 , .~ -01 J.C-DJ J.C-DJ J.(-0J loE•Dl J. [-J] 
PUzJ? I• E-02 2 • E-0 I lo[•0I 2 .c • 02 J.l-0I lo E•ill 11.c-02 1.r.00 11.::-12 I .c -I 0 9.E-12 I• E-1 J ~. E-12 1.c-10 

PU2'10 ... c ·0'1 2. c-o 2 I• t·0 I 'I .c • 0 I J.E-u2 ,z.c•oo ... c-o, 2.r-01 I .E -01 'I .E-!ll I .E -DI 'I .E -o, e.c-011 I .E-06 
PU2'1 I , • E ·06 2.c-01 l • E -0 2 'I .E • 02 a .c - 011 2.E•0I a.r.-os 2.£•00 6.C:-lJ J.f-0I 6.£-IJ 2 .(-01 t.. C-1 J 2.E - 01 
AA 22 l 2.c-12 2.c-os 1.c-11 I .c-011 6•£-12 6.[-05 2.(-12 2.£-05 9.E-n 1.C-JI 1.c-1s 1 .c-o~ loE·I l I• c-o t 
RA225 1.£ ·15 lo f·0 II l. E-15 1.c-01 'I .c • I 5 . J.E-u9 2.(-15 · 2 .r.-oe 2.c-u 2 .[-Jt 2.(-11 2 .r-o, 2.c-u , • (-0 9 
AA22t 1.c-12 2.c-10 • .c-1 2 9 0 £- IO I .L-12 l.E-13 J.[-1) 1.r-11 ... ::-u , .c-111 ... [-16 1.(-IJ 'lol•lt I• E ·I l 

• 
NUI0t i.c-10 J.(-05 I•£ -.o 1 1.c-02 'I.E-01 1.c-01 5.c-10 2.r-011 2.E-12 6 .C-JJ z.c-12 t.£-01 2.c-12 6 • C-il l 
Sb 12t J.( -09 1.c-02 S • c - o 1 J .c • no 2.c-01 2o£•00 1.c-r., J.E-02 I .E-21 1.c-111 1.c-21 1 .c-n 1.c-u 1. £-I 'I 
S&IHH J.E-12 Jo[•U2 J.(-10 J .c • 00 2.c-10 2.E•0D J.[-12 ,.r-02 I .C:-211 loE•l'I 1.c-u 1.c-n •• [-2" I• E-1 'I 
Sc 19 J. E ·02 2.c-01 I.£ -o 2 s .c-02 1 .c-01 ••E•0l 2.£-01 · ,.c-01 2 .:: -02 I .c -DI 2.c-02 I• £-01 ,.E-02 I• f-ll I 
Sit I!. I I. E -02 s.£•01 I • C •00 II .c •OJ s.c-01 2.c•oJ ,.c-01 ,.r•ol 9 .[ -C.9 11.c-os 1.c-01 II .£-05 a. E-01 •• c-os 

SNIH ii .C · OJ 1. c-02 t ~E -0 I J.[•00 s.c - 01 2oC•0l J.£-0J J.f-0.c 'I.E-15 l .£-1 '1 "• C-15 1 .c-n "• C-l 5 I .c-111 
!R 9) I•£ •Ul lof•0S ••£•01 5.£•0S 2.C•0I 2. C •OS J • E -0 I 'I .r•0J 2 .[-C,J 2 .c •JI 2.c-01. 2 .( •0I 2.c-01 l • C •a I 
lC99 ::..E •OD t.E•00 lof•0U 2.E•00 1.E•0J l•E•Ul 2.C•OI J.£•01 2 .c: • Qi> 'I .[•30 2.C•DJ 'I of •OD 2.C•00 I• C •0 0 
mu 1 J.[-12 2.c-os 2.c-11 I .c-011 , .c-12 6. c-os ,.c-12 2 .c-ns 1.c-n I .£-D6 2. £-IS 1. c-o• 2.c-1, I • E-0 6 
ht229 t.[-10 J.(-01! J.[-1..i I .[-0I 1.c-10 J.[-09 II• [-10 2.c-01 ... c:-11 2 .£-39 ".c-11 2 .c-c, 11.c-11 1.c-u9 

ltt 210 I• l ·08 6.c-01 ~.[-011 2.E-0J I .[-UI 6.[-09 J • £ -09 1.r-01 5.~-n 2 .c -11 s.c-12 2.c-11 s.c-12 l • C-1 I 
lll2ll .i • L ·09 2 • l ·0 I ii. c-o s I .c • 00 2 .[-09 2.E-ul 1.c-10 1.r-02 2 .[ - 2, 2 .c-11 2.c-21 2.c-11 2.[-2t l • E-1 I 
f112]" I• E -06 6.[•00 i • [ -0 t l .c • 0 I 1.c-0, 11.E•0J 1.r-01 1.r-01 I .[-29 5 .c -2 J 1.£-29 6.[-23 1. [-2 9 •• [-?l 
fl 20 J 6.l-U 2.r-os I.£ -I 5 I .£-011 2.c-15 J.[-(15 6 • [-16 J .r-os · J.[-lJ 1.c-06 J.£-11 I•£ -f!6 J.L-17 1.c-iu 
l.12 H 1 • [ -06 2.[-05 •. r -ot 9 .c-ot 1.c-os 1. [-J5 1 • £ -(16 2 .c-os I .E -OJ 2 .E-36 1.r-01 2 .[-Of 1.c-01 , • c-o t 

U2 l'I J. [ ·Olf s. [-0'1 1.r-oJ 2.c-01 J • [-011 s. [-00 s. £-(15 1.r-os 1.E -OJ 2 .c-:n 2.c-01 2 .c-01 2.c-p1 2.c-01 
U2 JS !>. C •02 2.c-01 l •£•OJ I .c • 00 II.[ •02 2. [-01 1.t•0I 1.r-02 II .E-1S 2.c-111 s.c-15 2.(-11 5.E-15 l • C-11 
U2 lll 1. c •o• 6.[•U0 s.c.os l of• Ol 6.E•D'I 5.f•0l 9 • E •OJ ••f-01 loE-19 5 .[ -2 J J.[-19 6.(-2) 7.£-19 '. [-2) 
Y'ilC lo(. ·01 I.E•US I • £ -o 2 Sol•0S If .[-OJ 2.E•u5 11. r-os 'I .r • 0 l S .E -ol 2 .£ • 0 I s.c-o, 2. E •DI s.c-01 l • £ •0 I 
ZR SJ 1. £ -u I 2. l-0 I 3.£•01 2.E•0I 6.t•DD I• E •0'.> 1 • £ -: l' I 2.r-01 o. o. o. o. Ci. ). 

A6 t • [ ·0l u. l • £ -01 0. I .[-06 o. 'I• [ •Ct o. s. -01 o. 5.£-0J o. 5.(-07 l. 
AL ;. • C •uS o. l • l •0 t. o. 6.t•as o. I•£• llt 0 ·. 2. •05 o. 1.c•os o. lo L•0 S ). 
llA I• l •LI I o. ~ • t •o u o. J .C•DI o. 1.r•0I o. I• •OJ O• l.C•OJ o. lol•D0 l. 
111 !..E - ll o. 1 • £ •0 'I o. J.C•0l o. 11.£•02 o. ). -Ill o. 11.c-111 o. 'lo l-1 'I lo 
C21t]0J Lo o. J. Cl • ,. • t: •uz o. o. o. o. o. o. o. o. o. 

AS!UHrJJ0~S USL0 IN lHIS "OOH UC 5UHU Al [ Ill Of A[POAJ 

'T•;•. · · 



' " ~ 
1 AAC suHHAlly A[POFI SJ1• 11i, - u -on 

CII 101/ Ill ,-~[ a-au 

UllHUCD WUif UNK 1O[ .. T0AIES -- l0fal I 5T QUAAH.A I 1911 coNTJ •wco 

Ut.K U·l:U UhK U-11D TANK u-111 T ANII U· l 12 HNK U·20I T ANIC . u-202 TANK U-Z0l 
c0HP0N[N T H01[S <.UAIES NOL[ S CJRl[S NOLES CUR HS HOLES CUlll[S NlLES CUA J[ S N0LtS CUR J[S HOL[S CUAH S 

ctHSO 1 le o. l• o. • .c •ult o. o. o. o. o. o. o. o. l• 
co 3 2 .l •OS o. ,l. o. loc•os 0o o . 0o 0o o. 0, 0o 0o l o 
ca l,o u. J. 0o J.E-011 o. 0, 0, 0o 0o Do 0o Do ]. 
CE Io t ·01 o. S • E ·o I 0o loE•0l 0o 'loCt02 · o. 6 0E • 0:J o. 1oE•DJ 0o 10 a:•oo ]. 
Cl 20 l -111 0o ]. 0o ".c-os o. 0• o. 0o o. Do 0o o. lo 

CR t O [ - •" o. ... c,os 0o ••c•o• 0o 5 o C •.ol 0o 9oE•1" o. loE•IJ o. lo l·l J J • 
LO IA J 0 o. J. o. 1.c•o2 o. o. Co o. o. 0o o. o. J. 
r 5.[•CJJ o. 1.£•02 D• 1.c•os o. J. C • 05 o . 5 .~ •OJ o. ,.t•0J Do t • (t OJ l• 
H 

''" o. l •£•OS o. J.c•o• o. 20£•01 0o o. Do o. o. c. J. 
HC OTA Lo o. J. o. t.[•iJ2 o. o. c. o. o. o. o. c. J. 

IC u. o. J. o. ,.c•oJ o. o. o. o. o. Do o. o. J. 
LA l;o o. J. o. 2.c-12 o. o . Do o. J. o. o. Do lo 
Hh .. 0 o. :, . Do s.c,02 0o o. c. o. o. o. 0o o. J. 
N0Z ... c •o• 0o I•£ •0 'I 0• z .c •os o. J.c,os 0, l • !: • o5 o. lot•0S o. lo t•D5 J. 
N0l I.[ •D6 o. 6•~•05 o. lo£ 1 01 o. 2.c•o1 D• 2or•c• o. Zot,o• o. z.t•ot ). 

tlA I oE •U6 o. •.£•OS o. l•t•D1 o. 2.£•01 o. 2 .E • 06 o. 2.E•0• Do 2.t•oe. J. 
NI l • o. ). o. l.E•02 o. o. o. o. o. o. o. o. J. 
OH .- .E •0l o. leC•0t 0• 1.c•os o. I• t t0'I 0o 2. E • DI 0o 2.c,01 o. 2• £•01 J. 
POii t. c •o• o. 1 • C •0 'I o. 9e[ 1 0't o. s.t•os o. 1 .E • CiJ o. 1.r,01 o. a . c • o J ). 
Pb 'lo[ ·In o. z .c-o 9 o. 1.c-oJ o. I• E-10 o . le E·H o. )0£-II o. l.[-11 lo 

s101 ~ .c tJ] o. Z. E t0 l o. I .c t0lt o. e..£•0'1 o. J •E •OJ o. 110£•01 o. " • C•0 J J. 
so,. Jo C •Clll 0, I• E •o ii D• I .f •OIi 0o Io C • 05 0, II .E •oJ 0o s.E•0J o. 5.[•0] ]. 
SA Jo o. J. o. I •E ·PI D, o. O• o. 0o o. o. Co ). 
lNO ._ o C •C.0 o. z.c•o• ·o. 2.E•0l o. JO [. (12 o • 2 .E -OJ 0o 2oE·0l 0o 2.c-01 ). 

. 
ASSUHPI IONS UH0 JN THIS H0Dt:l AA[ S UTE0 AT ft.0 Of Rf POAT 



"' 
.. "" 

IRAC !UHHU'f AlPOH Sll-11N-T1-O57 
Clr,IOlHJ f'A&[ A-O1O 

HJJHalfO •AS Tf uo JNVl::NloAIES 10JAL H OUUHA 1 1911 

U~K U-2011 UNK IIPL aNJ UNK llPLA Nl JAM< 0-0-! 
COHf-ONEN I NOlES CIIAICS HOLES CURIES HOU! CURIES NOlf.S CURI[ S 

AC22S s.i:-11 6.E-IO S. [-15 ti •E-O1 J.E-25 J.E-17 2.r-n 2.c-O1 
AC22 J i.E · II J. [-0 J ; • E-O9 9.E-O5 I .c - U 2.c-n 6 • E -08 1 .r-o J 
Ah211 I t • E -c;II 5. ,c-os 1.£•00 9.£•02 J.[-111 6.c-11 ti.[ - (13 J.r•oo 
AH2'12 :..£ - U ,.c-oe it• [ - 09 2 .c. 00 ,.c-22 •• [-lJ 2.c-11 11 .f-O J 
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f •·. 0, J, o. il, o. o. o. 
H .... o, J, £•OS o. i). O, o. o. IICOU L, o. J • l •O 'I o. o. U• o. o. 

IC tJ. o. l, o. o. o. o. . o. 
LA L o o. J, c. o. o. o. o. 
HN J, o. l,EtO'I o. i). o. 0, o. 
NO 2 .:. . o • l, o. !J. o. o. o. NO l 't .E •05 o. I,£ •O 6 o. o. o. o. o. 

NA 'f,t: •OS o. 1,E •IJS o. o. o. o. 0 •• NI .... o. z.r•o• o. D, o. o. o. 
Otl i • [ •DO o. fl,[tOi o. o. o. 0, o. 
PO'I 2.E.01 0, 1,Et02 o. o. i), o. I) • 
Pu ~- u, ••E•D~ o. O, o. o. o. 
5)0J J• o. J. o. o. o. o. o. H,t j. E -o I o. S, £ •D 2 o. O, o. o. o. SA l • o. :, . o. u. u. o. o. 
1110 'I, L ·loS o. l,E•Oi o. o. o. o. o. 
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IRAC suHHANy ALPOAl 

09101/U 

A 5 S U H P l I O N ! 

I• fllC f'[klOO OF lH[ UHULH(O,I JI 191111 lHAOUUt 191100 

2s. O[CAY IS OASEO UPUN '"£ OAl&lN Col.IE. 

l• IUDIONUCLIIJE CONcENlAHIONS IN WASll !lAUtlS AA( UHD UPON Alto-co-us fOA NP 1Di.lAl'1& NP A£-
COV[AYI, Pu, ANO U, AND ON UACfOA ACCORD! fOP ALL OlHCAS. NUCllllES AN£ PAAIJlJ)NCD ICll/EEN 
PU AlCOV[Al PlA"IS IA![O ON R(CONoS JOA FDA EACH PLANl, ANU BEJwC(N ,AslL Sl~(AHS FOR EACH 
f'LANI &A!EIJ Oh fLOIISHHISo CONCEhlAAIIONS Alt£ NOAHAlllEO 10 JOJaL . •1/ASIC SlAUlf YlLUitES fOA 
EACH QUARHA. Ht fAON lHC lttOAJUH CAHPAl6U IIAS NOJ INCLUDED BCCAU!E Of JHC LOW SPlCJrlC 
ACI IVI JY Of lt12J2 1'4UI A ,uc totlPON[Nll AhO IH[ SNall ANOUNl Of JUEL lttAl Was PUCESSEO· 

II• . Jtl[ fOllOWJNG IUOJONUCL IOES ARE HANIPULU[O AS OU JONS I '41102, NPOZ, pAn2, PO o, uul, ANO 1RO 
AS OUCaflilNS AND c:tJ, ![01111 AND ICO'tAS OUANIONS. 

S. SIARtE CHCHJCIL! AA[ l"COAPJAAIED INIO IIA!l[ SIAEAH! ACCOfDIN& JO PA)CC!S fl)I/SH~ElS. 
CONC[flAAlJON! 4A[ NOl NOANllJZEO lo lolAL I/A51 E SIAEAH V)LUHE • 

•• .... ANO NO] ARC usro JO l!AUUE lti£ CHAR&[ fOA EACH i,ASJE !IAUH . 

J. ~HEN lit£ CllHP051ll0'4 Of A SCAV[Nli[ ADDITIOII I! llNICNOWN 1 lit[ ADOJlJON I! IIASEO ON DAU FOR 
SCAVENGING OJHEA lUKS IN 1-tC UK£ l ANk fU."1 • 

•• IHE ORO[R IN 1,HJCH lMANUCllONS AA[ SIHULAl[O IN A ouu,n JS HAJ[O IN JH[ JAANSACIION! fJU. 

9. loll[N ACJUAL loASl[ U:HPi.fiUUUS AA[ NOi KN011'4 1 l[NPEAalUA[S ARE AHUNEO ACCOA0IN6 JO 
Ii ~O -CD-11 l ~ • 

IOo VOLUH£S Of 1/A!IE IN[ lJNEULY AOOIJJVC. 

11. CHANl.iE 5 IN JH( JOUl 1/l!I[ IIOLUIIE IN A UNII IIHICH ARE NOi HIE flUULl or IIA51[ Nl .. AG[NENT 
IWANSACIIOliS All£ ASSUHEO 10 IE DUE To THE LAIN Oil LOSS Of IIAIEA • . 

12 • PH&H VOLUHES AA[ CALCULAlE> BA! CD UPON llfASIJA[D 101 AL VOLIJH[ AN·o A SOLIDS 
DU.SIIW Of loft 61CH•• l 0 

IJ. JIil VOLIIH[ Of WASH lUhSHUro [JUAING .... IAAN!ACllON JS IHE HINIHU't Of 1HE vDLUH[ SUTEO IN IHE 
1ll&NUC110,. OP rnr •vAILABU:. PIIA!i[ VOlUN[. 

Ill. JANKS IN A CA!Cl0£ AA£ EVALJAJ£D JWO Al l TIN£. SOLIDS lltll PA[CTPIJAlf. ARE DJSJAIBUJED 901 
fO 111( fJAH lANII l'<IO 101 I) HIE !OLUJION flU !E Of ltlC SECOND. OVCPFL OIIS 10 A CilJB JAD H lit[ 
LAU IANK IN A CA!CADE AA[ HCOAO(D BY OAJC, SOURCE l&Nllt AIID INVENUAY 1 AND UPlAIED A! A .. 
DUI Of !YSIEHLOSS 0 

so- i1H - ll - DSJ 
PA&[ A-211 

.. 



1AAC ~UttH&IIY RtP0~l 
l;; /OJ /fl 1 

ASSUtiPlloNS 

15. !OLIO IPAN~f[RS 10 IIASTE F11HtJ0NJll1l0N AH Dl!Tlll!IUIED !IDl TO HI[ ~ROClSS &'f0 201 ID UN4S 
as UN0lr.[SllO WASTE. 

at. !;ll[H "OP[ · flfAJ< ON[ 1AN:C A[CLIV[S WASI[ FAo,- ITs IN. ou•RHA, Jlfl CO'IP0lll:.NJS AA[ PUTlll0NED 
bllWHN llfl SVLID AND S0LUII0N PIIH[S 0,- [ACH JANK INDIVIQUULY. Tit[ !0tUABL[ CO'IPON[N1S UC 
l11EN DISIAJBUl[O A"0NG ALL IANKS IN lit[ GROUP 10 PA0VTDC ~QUAL SOLUTION C0NC~lf1A&Tl3NS FOR all 
C0"P0HNH AND S0LU1)0N II0LJH[S PR0POIHJoOL To JH0H B[f0!U fltf TAA1SAC1I0N0 

11. tt(OU H Tt1£At'.ALL'I' 0E!TA0YE) JN AN [VAPollAT0A THAT OP[RAJ[S AT . AlHOSPHLRIC PHS!JRE. SINCE NO 
ltaNSFCR! lllllllUGH THt 2112-B EVAPCiAAlOA IIAV£ BHN I0[Nllfl!0, THf 0[SIRUCIT0N IS JNLY SIIIUUH0 
f0R IHC 211~-l [VAPOUJORo 

••• lltlAL-LIGO,D co"Pl£1[! AH[ (DULLY S0LUBLC. 

19. \;UEN PH[Clf,JlUED, SOLIDS Sflll[ IHHCDIA1CU FROM TIIE SOLUIION PHlSC. 

20. Ott JS AD0EIJ OIIIIIN6 PHECIPIJ'TION AS NHDlD 10 HAJ!ITAl'f TH~ PH AT OR &BOVE JO.Do 

21. cu,o,u '"" COHPLU 1111H LIGANDS PRECIPITAIE ONLY 111TH Olf ., PH •o.o. 
22. HI[ SOLIIIIILITIES nf CATIONS THAI 00 NOT C0l1PlfX ARE £VALU'1[0 IN 0HDtA OF DCSCCNllN& 

Pt.ECIPllATJ0N P0lfNIUL CPttll. PIii I! THE l»AOoUcT Of Ttt[ INJJJAL CO'fCf.HJAATI0NS or UCH 1:llf 
IN THE C0HP0UtlU RAISED lO 115 ST0ICHIOH£JAIC COEFFICIENT l!ID DIVIDED By IHE KSP. 

21. Al PwECIPIIAJ(S A! HClllllJ '1 ANU &[LOW 011 C0tlC[NlAATI0NS OF, •• HOUR AtiD as NULIDHl'I Al OH 
C0ttCCN IRAI JONS aeovc 1.t HOLAA• 

2•• 11~ CONC[NIAAll0N Of l0lAl 'LAN~ ALCOHt• A~E [0UAL ABOVE Off C0NCCNT~Al)0N! )f 1.t ~OLAR. fHE 
ll!·P IS CVALUAIED AS ltlE PROlUCT Of NA ANO al TO SIHUUT[ NA~AU0IIIIIJ PlirtlPIJAI) .N, 

25, Pli[CIPltATI0N Of NAU02P0• A'fD NA~II021C0ll! 00 NOT SIGNlfJCANILY CHANSC 111£ l'flTT&l C0NCENT~lTI0N 
Of tlA ltl SJLUll0N. i.HJU: lrCJ! IS N0J VALID FOR HETAL WASH, !UB5[QU[N1 UR1NIUH ~rc0VEAY LIIIITS 
JIIE IHPACJ Of JHH aSSUIIPTJlN. 

H• A I0lll Of tJ INS0LUlll. E &:0110UN05 CAN PAECIPllATC• S0LUBILll'f PAO0UCH t0I, EICH UE LISTED llf 
AfP[NDI• c-2c AS A fUNClJ0!I or H0LAAJTY ANO l[HP[RaTU~[. 

21. A IDOL or l8 HEUU f0RH C)HPL[1£S WlfH A! HaN'f as II lli.lN[I! Jtl !TOIClll(IH[JAJC ;aA)I0S Of 111. 
111[ SIAAJlll'f C0N!TUHS AT Z0-25 Dl.GRHS C UD PH or IO.o APE AS$U11ED 10 8[ VAlll FOR all 
llHP(RAlUAlS AND aRE LJ!l[D JN APP[N0IX c-~a. 

sli-.,11-T1-os1 
J-aGc a-2111 
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I A At fAR" k[POl.l !li-llN-ll -o5J 

U~lllJ/IIJ l'A&( B-001 I ,II NII fU'I ~U"tlUIES 
I 

[S JINA 1£0 lo&S lC IA NII INY[N 131fllS I0TAL H 0UOJCP, 1911 I 
I 

f Al -" A fUI" Ail JARlt A• f lkt1 U fUH lZ fAA'I B fAA'I ' bl 

I CO"PONl .. I HQLLS CUlclf! HOUS CUAl(S NOL[ S CURIES tlOL[S CURIES 1'.1:>l[S CIIAJES NOLES CUAICS HOLE! CURIES 

IC2, 5 11.c-u 1. c-ot , • r-1 !I 2.c-01 8 .E-16 I .£-09 2.r - 15 J.[-08 1.::-1s 2 .c-01 2.r-111 2. [-(jJ l.l-111 II• c-o 1 
Aca, 't • ( -08 ,.c-011 I of -I a:, I oC-0!a ioc-ot 2oc-os II• [-09 t.£-05 2 .E -09 ".c-os 1.r-01 2 .c -OJ 2oc-01 J. c-o] 
AN2't l '- .t •oo S.E•0J lo C-o l loE•02 z .c-01 lo[ 1 02 9 • C -cl 1.r•o2 II o C -01 llo[tJ2 ,.c-01 5 • [ •02 t.c-01 ; • C •ii 2 
11:2112 ... c-01 eoc•oo Io £-0 c; 2 ol-0 l 1 ol-l D lo [-0l , .r-o, 1.r.00 J .:: -01 6 .[-J l 1.c-u s. c-01 5.[-09 1.r.00 
AH2'12H .lo[ -OJ a.c•0C I• [ •0 5 2 .r-01 •• c-os lo E-01 s. r -011 I .r •OD 2 .c-o, 6 .£-iJI 2.r-0, soc-o1 ... c:.011 1.c•ao 

'"·"] 1 • l -02 J.[ • 00 2 .£-0J 1.c-02 1.c-oJ 1, c-02 I, £-02 t .c-01 t .£ -ol J .c -0 l ,.c-oJ J .[ -01 I, C•0 l '60£-JI 
A1211 l. E -ti 1.£-06 1 • E-l l 2 .c-oa J •E -2 J I, C·Dt •. r - 2 J J.r-o• S, £ -2J 2 .c-:u 1,£-ll 2.c-01 I, l ..:2 I • .C -J l 
BAIJJH !.. [ -os J.l•0f ~ • [-0 1 1 .( • 011 5 ol-06 11.£•05 11 • £ -C6 J.r,os 2 .:; -o, z.c•Js ,.c-o• s. c •os :..c-os 1.c•at 
81210 11,l-U 2,[-10 •• [ -2 (I 2 .c- 12 2,(-18 5,£-ll J.t-11 9 ,f-10 SoE - 19 . l .c-1 I 1 .r- u J .r-oi l,l · lt J, E-09 
r11 n 1 ).[-15 t 0 £-01t ,.£-It I .£-05 J.c-u z.c-i;s ,.c-u t .r-o s ".[-16 ".c-os 2.r-111 2 .c-oJ "· c-111 J. [-J J 

II I :ii J J.[-lf 1.c-ot 6,£-11 2 .c-oa J,[-18 1.c-01 1.c-11 J.£-08 ... c-u 2 .£-DI t.£-11 J. c-o, •• [-If t .c-o 1 
Rl2111 .to[ -19 1.c-09 J. ( -21 J .r-11 9 .c-21 11. E-1 I J .• r-10 J.r-10 J .:: -20 1.c - 10 I .£-1!1 I .c-01 2.c-u , .c-oa , 
CJ 'I ;: • £ •DI 2,[•0J i .c-o 1 J .c • 01 2 .c •JO 1.r•o2 2.c•oo 1.c,02 1 ~ E • Ul 9 .[•JI s.E•Jl J. l•0l l•l •0I l,C•JZ 
C1'21f2 lol-U6 loE•0C l • £-o 1 2 .C-0 l 1.l-07 I• E-01 1.£-06 " I .£•OD lo:-Dl s.c - 01 t.E-DJ ".r -01 1.c-ot I. E-0 I 
CH21t'I l • E ·ul 2.c 1 u1 I •.f: •0 !t 2 .c-01 J.[ - 05 S. E-0l l • f -r.11 5.E•0O loE•Cill 2.C•J0 1.c-0, J .c •o:, "· [-011 lo[•iJO 

CH21f 5 LO [ -os 9.[-0'1 ~ .c-o 1 t .E-Ot s.c-o, 2 • E-0S 5 .£-(If 2 .£-Olt 2 •L -06 9 .c-J5 ].[ - 06 1. r - 011 ll.l-06 J. [-0 .. 
C! 135 1. C •02 2.E•UI z.c,oo II .f-0 I '.c •!JJ I• E •00 7.[tf!O 1.r,00 5 ,£ • 0l t.£-Jl 2,E•Jl J • [ •0l 11.c,01 ,.[•JD 
C~ ll l l. l •02 llo l•0f •. c •o i; J.E•D'I J.l•D1 'to C •OS l.C•Dl l.r•os 2 ,£ • Ul 2 .c • JS s.c,01 6o[t05 lo l•02 1.c.:u 
fll 221 l.[ -11 I• [•C;t · , • C-1 s 2 .c-01 J.[-19 I• £-01 1. r-19 J .r-oa -~£-19 2 .c -:,, 6 .c-11 2 .c-01 l.t-17 , • r-o, 
Fkz;. J !of -15 s.l-Ot z. r-1 1 2.c-01 11,[-11 J,[_-01 1.c - 16 ,.r-01 6.E-ll S.[-0l J 0 E-1S J.[ -05 5.E-15 •• [-!J 5 

1129 , .r •02 lt,l•D0 Jo£•(!() ,.c-02 8.[•00 2.c-01 2. £ .. ,. 11 .r-o 1 1 of• Ul 2 • £ -0 I S.£•01 I .c •0iJ lol•02 J.C•00 
NB9J" • .c -02 t • £ t02• ill. £-0'1 2.c.01 6 .[-OJ 2.E•02 2.r-01 S .pol 6 • E ·ll• 2 •C•!)I J.c - nJ 1 •£•Cl :;, l·0J ;.[eiJl 
tiltJ ._ ol •DO J. c •o• S • £ -o l I .[•OJ S .c -o I 2.c,01 2.c-01 9 .r.o, It .E ·0l 2 ,[t]J J.C•OJ 1.c•c• 5.l•::11! Z.E•lll 
NP2~ 1 J. C •01 !uC•Dll 1 • C-0 I I ,£-0 l 2 o[ •0!J J. E -0 I J. r • OJ s.r-01 2 .r •oo 1.c -::11 1.c , 01 2o[tCJ 3. C • 0 I ;.c,oo 
NJ-259 t.(-1)8 J.t:•D0 l.C-09 ,.c-02 I .E-09 1. £ -Lil I. [ -:Oil t .r-01 s . r -ue J .c •O l S.C-09 J .c-01 l, t.-0B 6 • E-J I 

PA2JI J.(-0'1 l.C-liJ J. t:-o t l.£-05 5 ,l-iJt s. C -05 I • ( •l'S l .c-o If ••: -06 9.[-05 s.c-o, 5 •£-DJ 1.(-0lt I• C ·'l J 
l'A2Jl I•£ -0t s.c•oo , • [ -011 1 .r-o 1 • .r-01 l. C ·0 l 1. r -l' J s. r-o 1 •. r -c:.• J.[-Jl s.c-:n 2.r•0J lo L-Jt ;.(•DO 
l'A2J'IH bo( -ll 1.r 1 u1 ~.£-18 8 .£-OJ S .c-ll 1.c - 02 5 .[-IJ ,.r-o, l •E-lJ 2 .(-32 1.r-oi 2.c,02 :..[-J9 J.[•J2 
P1<2l 9 1.c -15 1.c-ot Z • £-1 l 2 .E -!JI l .t:-11 1. c -o9 1.r -11 1.r-011 2.E-ll 2 .[-JI J.[-16 2 .c-o, "•l·lt ... (-J' 
Pll210 l • C -I 'I 2.r-10 J.E-lt 2 .c-12 J.i.-15 S,E·ll SoE•l'I t .r-1 o , .: - 16 1.c-11 2.£-IJ 2 • £ -C9 ••l· l 3 J .[-09' 

Pli21 I l • l -IJ t.t:-011 ).(-15 1.r-05 S.[-15 2. c-u; I .c-1 If t.r-05 ,. - IS ".(-JS 11.E-IJ 2 .[-DJ tol-l J 1. r-o J 
Pt' 21 'I "• £ -l 'i 2. (-09 't • r-2 I J .r-11 l • E -2D 9.E - ll ". r-2:, 1.r-10 I • -2J I .[ -13 2.[ - 19 I• [ - 09 ;: • l-18 I• E-J 8 
pt, IJ ' I• l •02 t.C•il0 2,C•0U I .c-o I 6.c,oo J. E-1U l. £ • 0l 1.r-01 •• •OJ • .[-JI J.t•iJl 2.C•0J 'J.l•0l i,E•JU 
PO 210 • • c-u 2.c-10 l o[·-111 2 .c -12 s.c-11 s.c - 11 9.£-16 9.£-ICJ I • -ll I .c-11 ].t-15 2.£ -0 9 lol•l!. J. [-J 9 
110, 1 J 'lo C -25 l • E-c.t ii • E -2 1 2.E-08 It .E-'7 1 • c-o, I• r - 26 1.r-01 60 -2 , 2 .c -oe 9 • [ - 26 2.c.-01 I• C-2 5 I• [ -01 
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IAAC FAP.N H[POl;J sL>-wH-11-os1 
o•nOJ/&J f'AGC ll-002 

lAkK fUH SUNf'41.flJ[S 

CSJINllCO WAS l£ UNk l'OCkTORICS TOT Al. I H OU AA T[ R 1 19111 CONTJ'IIUED 

f A ~ti A fAHH Aw fAliH u f AIIH AV fUH aZ ru,. 8 f AHH Bx 
C<,Nf'Ofl[N T NOL[! CU ff I£! NOL£! cunn HOLES CURIES NOL CS CURIE! HllES CUA HS HOLES CUA HS N<iLE S tURl[S 

P02J'I 3.E-2t :i • c-o 9 S • E -2 8 'I•£- II 2 .[-21 l.E-l!J s.c-21 11 .r- IO 2 .t -21 I ,E-1 D 2,[-25 2 .c-01 l.E-25 1.c-aa 
1'021 S 1.(-19 t.[-011 l. E -2 l 1,E-os 'I. l -21 2.c-os I• £-20 , .r-os t. ~ -ll 'I ,E-lS ],£-19 2 .[-0] !i,L-19 J 0 t-o l 
P02l& 2 • l -20 loE-09 > • [-2 2 1.c-11 I , E -21 9.[-11 s.r-21 . 1.r-10 2 • ~ -21 I •E -ID 2.c-11 I • C -cs ;i:.L-19 I • E-J 8 
l'U 2)8 J • C -02 I• E•02 • • c-o l 2 .[-OJ S .c -ol 2.c•o1 1.r-01 1.r.01 J .E-06 I • t -31 1,t-01 5 .£ •DI "• E-0 l l •£•DI 
f'U2J9 .)o [ •iJ2 "• t:•O J >. [ -o J 1 .E-Ot 2.c,01 J. C •02 6 • ( • ['0 ll.r•OI 2 ·=- -(jf, l.E-DS 9.E•DI ~ • [ •Ol II. L • O I 1.C•J2 

PU2'10 ;j: • C •OI lot:•.-> l I, C -0 J 5.f-05 2,E•UO 9. C •OI 11.c-01 2,t•Ol I•~ -os , .c-a. t.[•03 loE•02 l,L•OO z.c•a2 
Pll2'1 I 1 • t: -u l 2oE•OII l • f -o ._ 2 .c-os 1.c-02 2.E•tlJ 1.r-02 a .r.o, lo:.-c,J I .C-Js 1.E-DI I .c •OJ 2.c-DI s.c•JJ 
PA U. J !.oE -II t.c-011 1.c-12 1.c-os 2.c-12 2.(-05 s.c-12 t .r-o!"» l.:.-ll ".[ -JS 2,C-ll 2 .c -OJ l 0 E-10 J.[-JJ 
AA 225 1.E-ll 1. c-,H J • C -I!"» 2 .E-IJ11 J .C-15 J., E-ot 1.r-1s 1.r-oa 2.r.-15 2 ,[ -D9 1,C-1' l • C -01 s. E-1 II • .c-a 1 
IIAUt 1.c-12 2.c-G9 I .[-IJ l ,C -11 -i •l-ll ,.c-11 l,E-12 l • f-10 ".:: - IJ I .t-10 s.c-11 1 .c-oa t.c-11 l • [-0 I 

RU 10 t 1. t: -02 s. [101 z. ( -o !i 6 ,Ct 00 9.C-Ol l.E•DJ 'I.E-02 I ,ftOII 6 .[ -06 2,C•DD 1,£-DJ J.E•Ol a.c-Dt l•E•JO 
su 126 I• E · OS lo E•u2 4 • E -o J II .E • 00 •• c-o, 6.E•DI Sol ·Cl6 s.c•o1 1 ·=- -01 1 .c • J:J '. [-!16 2 .c •DI lo l-0 J J.E•lO 
!b 12f H a. c-111 lo l•02 ,.c-10 II .c • 00 6.[-09 •.t•o1 s. E -(19 s.r.01 J.t-10 J ,C •DD 2.r-0, 2.c•o1 l,l-10 J.c•oo 
Hl9 .i • l •O I Jol•OI J • C-0 I I ,£•Ou 6 oE-01 1.c•ol I•£• 00 1 ol:tOO • .r -01 s,t•oo 11.f•OJ 2 • C •Cl 1.E•OI 5 • [•DI 
SN IS I 'lol •01 •• Et OS I•£ •Oil 11.E•Ol 2.t•o1 J.[•011 1.c,01 s .c•o11 . 2 o[ •oo J .c • 0 J t.c•oo 2 o[ tO'I 2o[t00 1 • £ •!l l 

!ti 121> ... c •01 1.c•o2 1.c•oo ... c,oo Z•E•DI 6oC•OI I• f • DI s .r•ol 2. £. (i:J J.E•DD 6.E•DJ z .c •01 c; • E-D I J.c•ao 
!M'IO .t,E•u2 'lol•Ot J.f•OI l ,C tOS ,.c,02 a.t•o1 J, ( • 01 11 .E • 05 2.:.•0I J.[•JS loE•DI 11 .c •o!i S. l •DI ~-t•as 
JC 99 I• E •OJ 2. t:•Ol I • [ •O I s.c•o1 1 ,£ •JI 1 • E • oz 1.r•c,2 2 .r.02 9 • !: • 01 2 .c • H ... [t!Jl ' J.E•Ol lo l•Ol z.c•JJ 
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lll229 l • E ·011 s.c-01 2 .c -oa I .[ - OJ 1.c-0• J.c - O1 Io f-C8 t .".-O 1 s.~ -11 2 .[-Jt 1.£-!Jt Jo[ -ti e.t-O9 • • E·ci 1 

1112 lO l. C - O6 'lo E-O6 i • (-0 1 It .E-O6 , .c-O1 J. E-O1 I of · DI ... ,-01 1.::-12 It .f-11 1.c-01 ] .[ -0& lol-Ot: 5.[-]6 
1112J I l • r ·Ol 2oE•OJ I .E-O1 loE•Ol J.E-O9 llo £-01 6 • [-09 1 .r-o 1 a .E-12 2 .[-)II •• c-o 1 I • E •DI 2.c-O1 2 • E •O I 
lti2JII J. l -us •• c •02 i • E ·O5 J.[•O2 J .c-o& 2.c.O1 l 0 £-O6 2.f•Ol J.E-ll • • [-JJ s. r-os J.£•O2 'i.E-O5 s.c•J2 
IL iu l ... [ - 1, lo E-O J !I• c-l 'I ] .c-o J l.E-U 1.c - O11 1 • £ · l S • .r-os I •E -20 'I .c-l O 1.c-11 J. [-0] 1. l·l l - • [-0 J 
U2 !J J. E ·U'I lo E· Olt J. [ -o' ' .c-o .. 2.£-0lt s.c-O11 J • E -0'1 t: .r-011 2 .E -OS J .c-os J.[-O5 I .[-OS "• l-O11 ii o[•O'I 

112 3'1 ". [ -J2 J.E -u 2 l • E -0, J .c-O2 2 .C ·DJ 2.c-O1 l.r-oJ • .r-oi l .E -o, 2 .[ -06 2. E-O2 2 .r-O2 ].[-02 II o[-:,2 
u, J~ l. c •ult 2.C •iJ I l. £ •D" l .f • 0 l 2.c,os a.c-O1 1.£•01 1.c-O1 J. : - DI 2 .f-a• 2.c•o• l oE •OI 'lo l•O'I loC•ll 
U,i Jcl t..l •D6 1t . E •O:Z Jo[•Ot Jo[ t 02 2.t:•O5 2.c•o1 2. f • ns 2 .r .n 1 s.c •lil 'I ,E -OJ ri.E•D6 l • f • 02 t.L•ilt S.t:•l2 
Y9 (, J. [ -02 2.E•Ot l. l ·D l l.l•OJ S.E-O2 ].[•06 •. r -01 2 •f•Ol :, . !) • J.[-O2 l • f •01 l.l-O2 1.£•0• 
lN9l •• C t&.)2 s.c•ol J. £ •O l 1 .c • 02 SoE•O2 1.c.O2 1.r•cJ J .f•D2 o. o. 1.r.• ·O1 2 o[ •ti 2oL•O2 II .c•Jl 

Ab :>o C -ut: o. l. £ - o S o. o. o. 1 .r--O, C • 2. -o• o. loC•!>!t o. .:.c-oe J. 
Al •• E •OJ o. l • f •D 1 o. 2 .c •o1 i). 2 • f • 01 o. 9. • uJ o. l 0 E•!>S o. 1.E•OJ ). 
tlA , .c •02 o. l. £ •D, o. 2 .E •D2 o. r.. r•r.i o. ,. •tJ o. 1.r,01 Do lol•O, J. 
Bl 1.c •u!') o. 2 .( •OS n. 8 .L-11 o. I• E-11 o. •• -u o. J.[ •OJ D• l. l •OS l • 
C~H)OJ Uo c:. J. 0. D• J. o. o. o. o. o. o. (;. J. 
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IIUC rA,;N ll[f'Or/1 UJ-llt!-ll -,OSJ 
O;; 1O111.s ... ,.[ 8-0211 

IANK fA~tt SUNl'IAPJCS 

CS 11Nll CO WAST[ UNK JIIV[NTOA )[ S !OLIO! I H au•AT:P, 1911 CONTJIIUCD 

fH11 llY f ARH C FAA!! s FAAH 511 fl AH SY fl Alt ' fAAH ,. 
COHf'ONCN I NOlCS CURI[! NOL[!. cuR1n HOLES CuRJES NOUS CUflJ[S Kll[S CURIES 11Ol£S CUA JCS KOU! CUA)[ S 

Ctlt!iOJ •. 0 Oo Jo Oo Do Oo Do Oo Oo o. Do Do Oo Jo 
CO l 2 o l •OJ Oo i 0C•oL Do !ioE-02 Oo 2o[•DS Oo l of: -02 Do loE•oJ Do .toftOJ lo 
CA .!o[ •o'I Uo lo C •D l Do sol - o2 Oo l Or,• (I• Oo lo :::-02 Do 2oc-oz o. 2oE•o• lo 
Cl Lo Oo lo 0 0 Qo Oo Oo (i 0 Oo o. Do Do Co lo 
Cl. ~o Oo lo 0 0 Oo Do o •. Do Oo Oo Oo no lh Oo 

CR • 0 [ .o .. lJo 'I O l •Q't Do l oC •Dt Oo I ~£•DJ Do Qo Oo 2o£•D5 Do 'lo ltD'I lo n,u .., . i)o lo o. Do Oo Oo Co Do Do Do Oo Oo lo 
f 1 of •CC: Oo lo f •OJ l' 0 I .c •06 Do 2.c•ns Do lo C: • 05 Do 2oE•D• Do lol•Ot lo 
f[ J.f •t.iS C,o tof•oe: Oo 2 oC •D5 Oo . llo£•O5 Do 2oE•lJ2 Oo 20£•0• Oo tol•D5 Do 
H[ r, 1 A J • Oo lo o. Oo Do Oo Oo Oo Do Oo Oo lio lo 

K .i • l -os r,. lo Co :>o Oo Oo Oo Io E • 05 Do lot•o• Oo lo E•D5 lo 
lA llo[ -J• Oo loC-IJ Oo 6 o[-06 Oo Do 0. 90:-11 Do Sot•o• Oo lo c-.1 D lo 
HN ~ • l •02 Lo 1 o C •D!i Oo Do Oo Oo o~ Oo Oo lo~•D5 Oo loE•Dl l. 
NO2 ,. E •OC: Clo io[-OS Oo Oo o. Oo Do Do Do Do Do Co J 0 
t.O 3 ~ .c •o·a Oo 10£•01 .0 0 J ol •O11 Oo 5 o £ • OIi Do It oL t(jJ Do loE•DJ Oo 2oc•oe J. 

NA l. E •OB Oo Io C tiU Do lol•DI Do 5 • £ •OIi Oo II o~ •OJ o. 5oE•DJ Oo lol•DI lo 
NI 'to E •OIi C.o :i of •D'I Oo l oC •o• Oo 9of•Ol Do I of• o• Oo 5.£•02 o. \e E•Ol lo 
Olt 'i o l •o 1 Oo ioftOJ Oo loC•D1 Do lof•oa Oo Sot• o, Do Zot•o1· Oo 'lol•Dl lo 
POii 1 • £ 1 06 Oo 1 of •O !i o ·o I o[ •C.6 ilo Io [ • 06 D • 2oE•C,5 Oo 1or•o1 Do -.oc•ot _lo 
Ph Oo[ -02 ilo Io C •O 2 (i 0 1 oc-O2 Do 2 of• 01 Oo ·-~ -02 o. 10£-01 Do 'lo (-02 lo 

5 I OJ J • C •O!i Oo 2 of. -o !i Oo Do Do 5 or •r5 Do Oo Do Do o. !iol1O5 lo 
!Oft :.. t: •u6 o. l • [ •D l Do 2ot:•D2 Oo Io rt D'I o. 5 o E • u• Do sor•os Do lol•DC: lo 
SR )o l -09 llo lo Oo Oo ilo Do o. Do Oo o. Do lo lo 
lAO 'I .L •OIi Oo l of •U t Oo ~ • C • OS Oo loE•Ol Do lo!:• Ol Do 60£•0• o. Sol•o• ii 0 
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I NAC rAHN k~P0"' so-11"-ll •0SJ 

QC.,/0)/IIJ f'A6( •-025 
IANK ro11 SUHHAP.Jf.'S 

U JINA 1£0 WAST[ U!IIC 1'4VEN I0RJES - !0lll! H QUUJO, 1911 

rAr11 n FAR" II flAN Pll!HS ORN fHAL 
C0Hl'0NlN f HOLES CURIC5 H0L[ 5 CUAJ[S "OLES CURIES HOLi 5 CUAJ[S 

AC22!> :..£ -15 ,.c-01 1.c-11t 2.c-01 l.l-15 J. c-o, J.E-U It .f.-Ot 
AC22 J !,.[-10 lo[•llt J • ( -o 1 t .£-OJ 1.c-10 2 • [ -05 1. r-ot 2.£-02 
At! 2't I 'loE •U2 J. E•0I 2 • ( ·O I 1 .c tOl s.t:-02 ltoEtUI 1.c,01 I .C•Olt 
Ah2'12 1.c-11 J. E·Ol I• E -0 s 2.c-01 2 •l ·21 J.[-111 , • c-oa I oftOI 
Att 2'12H l .c -u6 ].[-0l i • C -o 5 2 .c-01 I• E-22 s.c-u 5.E-Dl 1 .c•o 1 

Al12't l , • l -CJ5 8o[•0lt I • C -DJ 1.c-02 2.c-21 a.c-u 1.c-02 l!.E•0O 
lf 21 l , • £ -22 ... c-01 I• L ·2, 2.c-01 l • C ·22 J.£-U!l I• C -10 , .r.-oe. 
bA&JJtl t .c -o, ... [t05 1. c-oc. s.c•os 0• o. J.E-0lt• .J .r.01 
Ill 21 0 Ito[ -11 i.[-11 2 .£ -1 C. 5 .£-09 2.c-11 ,.c-11 1.(-15 J. r-01 
0 l .?I I J.[-lt l.c-os r .[-I It 6.E-0l 2.c-11 2.(-06 1.c-u J.f-02 

fq 21 l 1.c-11 . ,. c-o• •·c-11 2 .c-01 ,.c-11 "• c-ut J 0£-15 ,.r-ot 
0121"' ... c-20 "'• c-1 o s.c' - 11 1.c-01 1.c-20 1. c-1 o I• E-11 I .£-0 l 
CI 'I ~. [ -i;2 lol•llO l • C •o o I .c • 02 l.E•00 ••E•0I s.c•o1 l.E•ol 
CH2't 2 J. [ -os 2.[-Ul l•C·Dl 1 .c-01 s .c-2 s .i.c-u I• f ·05 ,.r.oo 
Ch2'11t .. . u. J. o. o • J. o. o. 

CH2't5 ... o. l• o. o. o. o. o. 
C! IJS Lo o. '• £ •O Ci • .c-01 o . o. 6 • E •DO · ,.r-01 
C! ll l lJO a. l.£t0I I .£ • os o. o. 1.r•DI I .r•OS 
JR 221 ,.l-18 , • t·-o• I•£ ·I II 2 .c-01 • • [-19 J. C •iJI 1.c - u ,.r-ot 
rll 22 l 1.c-11 I• E-0 J II• C -15 •• [-05 J.[ - 11 J.E-C.9 It• £-Ill l.£-011 

II 2i Uo o. l • f·06 1 .[-08 o. 0• l.£•01 2.r.00 
NUHN ... [ -us 2oE•0Q 2 .c -o l 5 .c • 01 II .£-DJ t.E•OZ 6.[-02 1 .r•0l 
Nltl l • t: -0 I 1.c•oi i • f ·0 l 1 .c •OJ 8of.t00 J. [•ill 1.E•o1 1.E•os 
NP2lJ i. E ·0't lo C·Olt 5.£-DI e .c-02 J.f-Dll s.c-os 1. £ -01 1 .r-o 1 
,.,. 2 J .. 1. E -II J. l•0lt l • £ ·011 6 .c-o, 2 .c-21 l.E-19 1.c-oa "'.c.oo 

l'A2.il 'I.[ -06 lt.£-0S l • I -0 J 2 .c-02 2.c-0, 2.c-os 6.f-0J 1.r-0, 
t>i2J3 l,l ·11 2. E-0't l • £ - 0 II I .£-02 I .c - 11 s.c-us 1. r -01 1.r-01 
Pl.2JIIH •• [ -11 l,t:•00 '.( -oc, t .C • 02 I . F.-11 ,,£•OJ z.c-r.e 1.r.01 
PD209 t.t:-11 6,[-08 l • f ·I 1: 2.£-0l "'.c - 11 1. c -'os 5.£-IS 11 .r-ot 
Pll 210 t • t: -1 S 9. E-11 S • l ·I J 5 ,£-Os ... [-15 6 • C-1 I 2.r-12 1.c-oa 

Ph 211 ~-f - 15 l.l-05 1 • £ -1 2 t .[-DJ ,. ,[-16 2. [ -06 s.c-12 l .C-02 
Pd 21 'I l • [ ·20 ... c-10 I• £-1 II J.£-011 1 .£-20 I• E-1 l 2 .r-11 lof-0l 
PIJll!J . . o. I • I •OJ 8 .(-02 o • ,J. J. I • 01 II.£• 00 
a>0210 11. l - I J 9. f- I I i.f-15 5 .[ -09 , .c-11 6.C-1 I ],£-1'1 2.r-ot 
PO 21 J '. t: -2t, t.[-08 i.. [ -2 I: 2 .c-o 1 I • L-2 6 j.t-0! 2.r-21t lt.f-06 
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JRAC rAllH t.£1•0111 
uS/01181 

JANK fAlK SUIO'APHS 

COHPONL~ J 

P02llt 
l'Oil 5 
POHi 
PU2l8 
f-U2!9 

PU,ltO 
PU21t t 
IIA.123 
II~ ,'is 
NA2;: t 

IWJ0t 
~lllH 
511 JHH 
SC J'i 
!11151 

!t.lH 
SR IIL 
1C'i9 
lit U 1 
1tt2H 

111230 
111211 
1112111 
f L 2u l 
U2 H 

112 lit u, l~ 
U2 lJ 
YIIO 
21l 9J 

AC, 

AL 
IIA 
Ill 
Ct.llJOJ 

[!,1JHAJ£0 WA!JC lANK l~V[NTORtCS --

fHH JY 
KOHS CUNI[! 

1 • C -27 
l.L - H 
1;.[-21 
:..t: -Jlt 
.! • [ •DI 

l • L •OO 
.: .L -02 
lol -11 
l.[-15 
•• c -12 

Jol -G9 
'to [ -OIi 
'1.l -II 
Lo 

J • C -o I 

I .L -01 
'lo( •OO 
I, • 
J.l-11 
l .c -09 

., • c -re 
, .c -l,9 
:i.L-Ol 
4•l -It 
--'• l -u5 

->• l -Ult 
lo [ UJ2 
'lol •Olt 
l. I: -Gl 
1 • l •UI 

1 • £ •Jt 
~.C•OI 
"• £ •Git 
j. 

s.c-ic 
11.c-ot 
II• C- I l' 
2o[tOC, 
... c•.:,2 

t.£•01 
II• E•02 
a. £-tJt 
,.c-oa 
1t.c-1c; 

I• E-Ol 
11. £-0 I 
lt.[-.,1 
o. 
I•£ •0 1 

11. i.-0 I 
s.c•o• 
o. 
I• [-OIi 
1.c-011 

J.i.-08 
lo E-0 I 
l.E•OO 
llol-Ut 
1. [-05 

So c-Otll 
I• l-O J 
l.E•OC 
t. l •litll 
1. L•oc 

o. 
.;. 
o. 
Go 
o. 

fARH U 
HOLE! CURIES 

; • r-2 !I 
ii• £-1 9 
;.c-111 
I • £ -O 'I 
z.c•o1 

I• C •oi; 
l • f -o 2 
;.C-lo 
z.r-1tt 
l•L-lt; 

l • £ -o 1, 

z.r-ot 
z. E-O 9 
l • £ -o I 
s.c,oo 

J. ( •0 (j 

I• E •o i! 
l. 
t.[-J[j 
s.c-oc; 

1 .c-01: 
l. £ -o 1 
l • C-0'1 
l • f -1 l 
I,• [ -o 5 

J.(-0;.! 
;.E•0'I 
t.r.ot 
J • C -0 2 
J.C•02 

l•l-0e; 
2.c•ot 
Jo(•OJ 
s. c •o .. 
l • 

l .E-08 
t .c-01 
l .[-08 
l .£ • 00 
l .E • 02 

t .c •DI 
t .[. oz 
t .E-03 
2 .c-o 1 
l .f-Oli 

1 •C-0 I 
2 .E • 01 
2 .c • 0 I 
c; .c-o I 
2 .c • Dlt 

I .E • O I 
I .f • 01: 
o. 
6 .E-0 l 
2.c-01 

l .C-!J6 
l .c • 0 l 
t .c • 0 ~ 
t .[-OJ 
I .c-01t 

s .c-02 
J .c • 0 I 
t .[ • 02 
I .[ • ot 
t.l•0J 

o. 
o. 
o. 
o. 
o. 

f AIIH Pt AN IS 
tlliLC ! CUA IE 5 

2.i::-27 
l • C -2 2 
2 ol -21 
S .c -Ol 
l.l.OI 

2.c.00 
I .c -o I 
2 .c-u 
II o[ -J 5 
5 •l-1 l 

I .c -02 
11 .C-06 
II.[ -09 
o. 
I .c •O I 

I .c •DI 
• • [-18 
o. 
l .C-J l 
1.i::-10 

1.c-oe 
a .c-1 o 
II .c-o 1 
S .i::-11 
2 .c -J 5 

1 • £ -011 
Z•t.•U2 
loC•Otll 
2 •L -2 I 
I .£ •O l 

o. 
I • C • Ot 
s.t:•02 
•. c - 11 
8.l•0l 

I. E-JD 
2.[-t.16 
I• C-1 0 
2.£ •UI 
So[uJl 

J. £ •Ol 
1.c•ul 
2. l-li6 
l.[-O'I 
1.c-11 

s.c•ol 
•• c •ui 
It. C •DI 
O• 
5.Elu• 

'tol•OJ 
I• C-JJ 
O• 
l. £-06 
].[-1)9 

6.[-0'1 
I• C-01 
2 • £ •O 0 
l. £ -06 
II• C -us 

J.E-JJ 
I. [-01 
2.E•Jl 
J. [-IJ 
J. E •ll2 

o. 
o. 
a. 
o. 
l. 

ASSUKPIIO~~ UHO IN 11115 110Qfl ,Ac SUJ[OAT [f,j') Of REPOAJ 

I SI QJIAHR, 1981 

fA11H TOTAL 
tlOLrS . cUlll[S 

2 • C -2• 
11 .r-u 
2 .c-u 
t.c-CJ 
2.c,01 

I • f • ri2 
11.c•oo 
2 ~ c-09 
s.c- 11 
, • r- to 

1.c-n1 
1. C-05 
I• C -Cl 
,.r•ro 
I •£•.02 

••c•r2 
,.c,01 
6 • C •02 
• • £-09 
9. c -ce 

1. c -r, 
9.£-01 
5 • C -011 
,.c-11 
1.c-01 

2. c-n1 
2.f•r,5 
1.r•c1 
I • r • (lQ 

2 • £ • O't 

II• C -0'1 
J.£•C:8 
s.r•rl 
s. c • r1 
8.ft(!J 

2.r-01 
2.r-o;t 
1.r-01 
s.r•o2 
2 .r•ott 

s.r•o1 
9oC•Ote 
2.r-02 
11 .r-ot 
1.r-01 

11 .r•o• 
a.r•o2 
a.F•o2 
1.r•oJ 
t.£•05 

5 .[ • 0, 
5 0 f•Ol 
1 .r •n 1 
:, • c-o 2 
s.r-ot 

1.r-os 
1 .r.ni 
:,.r•ol 
2.£-02 
t .r-01 

2.r-01 
J.[•02 
J.f•O:S 
s.r.01 
".r •o 1 

0• 
0. 
o. 
o. 
0. 

CONll'IIU[O 

H-WH-ll-051 
f'AGC 8-oU 
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JRAC FAAK NfPOhJ u,- vf4 - TI -os, 

11\IOJ/111 . PA6( B-021 
IAHII rAi" SUl1t'Af:Jrs 

[HJKU[O WA!lf JaHK l'O[NIOA J[ S -- !ull 05 1ST OUAAHA, 1911 CONIJNUlD 

f A !:K I Y f ANH ll f ARit Pl ANH FANt! fOJAl 
COKPONlN I KOl[S CURI[ S ltOl( ~ CUR 1£ S f'OllS CUA HS KOUS CUPJ£S 

Ct ll!iOJ u. o. lo o. o. ilo o. o. 
CO l l • [ •OIi o. l • C •o l o. , .t: •05 o. 9o[tOJ o. 
CA J • [ -01 u. ,l. o. l•l•OJ 11. e.r•o11 o. 
CL ... o. J • o. o. o. o. o. 
Cl , ... u. J. o. O o o. o. (I. 

CA ,. .[ tlJ) o. i • [ tO !", o. 1.c,011 o. I . f •rl o. 
£0 IA :.:. Do J. D• I oE•LI o. J • r , r.111 o. r '. c •0111 Oo ~ o C •OS Do Do Do II• [ •tl Co 
fl ~of •D'I Oo ZoftOS o. J.E•o5 0, loE • OJ Do 
H£D1 A l.o Oo Jo Do J.[tO'I o. 1 . r . 011 o. 
II o. .J. ·o. o. o. 1.r,05 o. 
LA .., . o. lo o. o. o. s. r ·• "" o. • 
Kl: U• o. •. r •o J Do 2 of • Dill o. Jo C • 05 D o 
ltO, ... o. lo o. O o o. 2 .r,o, Do 
NO] ', .[ •OIi o. • • C_•D J Do loE•o5 Oo 2 • £ • (!9 o. 
NA , .[ •Ot o. ,.c,o, o. lof•D5 o. 2 .c,09 (! 0 

NI •• ( t:.1] c,. I.£ •O l o. 2.c,011 o. 2 of• l -5 o. 
011 ... [ •lit c. I • C •OJ o. S of•Dt o • s . l •08 o. 
POii .!o l •OS o. I • [•Oto o. 1.c•o2 o. e. r• ol o. 
Pl lo[-.;9 u. I • f -0 l 0 • 111.E •OZ o. I • C • (15 o. 
SlliJ ... c •05 o. 1.r•os o. o. o. 2 . c,o, o. 
50'1 !: • l •:-JI u. Z o £ •O 5 o. 5o l t02 o. l of•OJ D o 
5k ~• c.. ;; . D • o. J. 9 .r-r.2 Oo 
zi; o l • l 1 011 u. J of •O II (!. 2.c,02 o. 'I • f t Ot o. 
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JAAC FAAN HfPOI.J 
0\1011,n 

TANK FAl~ SUN~A~ICS 

A ! S U H p J I O N S 

• • Ill( ..Cl.JOO Of IH[ s 'JNIILU101 J! 19'1'1 lltnollli>I •~eo. 

2s. 0iCAY IS ilAHD UPO'II THC 0~JGfl• t.:OIJC. 

l 0 1;-AUI0NUCLluC t0NCrNflUJIONS JN IIAH[ STRUt,S AH[ BAHD UPON RHO-C0-'IZ!, FOR NP tDUAllf& NP R[-
COVCAYl1 Pu, AND u, AND ON UACJOP RECORDS FOP ALL OIHcRS. NUCLJ(1[S AR[ PARIIJl3NED 8[1WECN 
PIJ RctoVLAY PLANJS !U![O ON A[Cor.os FOR f(IR EACH F'LANT, UD b[Tl/lEN ,IASTE HUAHS JOA [,ctl 
PUNT BHEU ON fL0i.SH£ElS. t0Nc[NTRAlJOttS Ari[ N0ROlllCO TO TOTAL I/UH URUH VHU'IES FOR 
EACH QIJJRTLR • Jlt rR0H JIit: JotOAJUH CAHPATGN! was N0J INcLUJ[D 8(CAIIS[ Of T11( LOIi SP[Clf)C 
ACJ JIIJ TY Of lt,232 , .. o, A lUC C0tlPON[NT I a1;0 lH[ SHALL AH0Ut.:l Of ru[L lllAT Ill! PlOCESSlo • 

... ltt[ f0t.L0IIJN6 AAOJ0NutLJD[S AA[ HANIPULllft, A! OUI0NS1 N802, NP02, PAO.;, P3 o, uo1, aND ZAD 
H 0llYCAJIUNS AND C0.S. ![011 1 AII0 lt0'I AS ollYANI0NS• 

~. ! IAbL[ Cll[hJCALS AR[ INcURP)Aal[U JNT0 IIA!1[ SlAEAHS ACC0lDING TO PR3CHS fLOVSH!:.£lSe 
CCoNC['IIIRATl0N! ARE 'tOl hORHtLJ,ED 10 JOYAL ~A!IE S1AEAH ~DLUH[. 

•• 1,A AMI NOl AA[ llSf'0 TO BAU1C[ TII[ CHARGE FOR EACH VAST[ SIA[AH. 

J. llhEN Jiff Cl,HPUSIJIO't Of A SCAVENC.E AODJJJ0N I! UNKN0ll"1 1 IH[ ADDJTT0N JS bASEO ON OAJA FOR 
HAVLHlilNG OTl'[A JA'IIIIS IN f,t[ SA"[ TANK fAl<'le 

•• Tu[ CoA0[R IN •·HICH TAAN!ACJI0N! AR[ HHUU1£D IN A ouu,n IS STAT£0 IN JH[ JAANSACTION! nu. 
9. lilH[tl ACTUAL I/ASTE J[HPlRATUUS ARE NOi IIN0~ll, 1£HPEAUUAES All[ a!!UHE0 ACCORJIN6 TO 

F.lt0-CD-1 l J;:. 

10. VOLUHES or IIA!I[ AR[ llN[AIILY A0LilflVE. 

lie CHANGES IN TH( TOTAL 1/ASJf ~0LUM[ IN A UNII IIHICH AA[ N0J fH[ liEHILT Of liaSl!: HaO6£11!:NT 
JAANSAClJOl,S IRE A!SUH[I> 10 YE OU£ 10 fHE liUN OR LOSS OF IIAHR. 

12. PIIAS[ V0LUNES aRE CAlCUUlEl BASlO Ut>ON HE.SURED lOlAL VOLUt:[ ANfl A SOLIDS 
IJ(N!ITY or 1.e 6/r." •• ,. 

I J. lit( VOllltl[ Of .. ASl[ lRAhSf[Uf0 l1Ulilll6 ANY JRAN!ACTI0'f JS fH[ HINJ'1U't or Hf[ V0LJH[ SU TED IN THC 
IRANHCTJ0N 01< lH[ AVAIUBU: PIIAS[ VOLUH[. 

I•• fAIIKS IN A CA!CADF: AA£ FVALJAH0 Tl/0 AT A TJKE. SOLIDS JIIAl PACCJPIUl[ ARE DISfRIIUl[D 901 
10 THE r&RH lANII AtfD 10, fl HIE !OLUJI0N f-HAS[ OF 111[ SECOND • OVEAH0IIS 10 A Ulb fROH Tit[ 
LAH TANK IN A CHUO[ ARE HCOAuEO IIY DATl 1 !0UACE TANK, AN0 · HOt"NlJAY 1 AND A[P3AH0 A! All 
out Of H! J[H LOS! • 

SD-11H-T1-05J 
f•A6[ 8-028 
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IAAC fARH RfPOlll 
0~I0JIIJ 

IANK fA~H !UHHlRl£S 

A !i S U h P 1, I O N S 

Hi, !OLIO JtaN5f[liS fl) IIA!H fihCIJONllAUON AJ;[ Pl!IRIIIUU:D 901 JO HIE aAOClSS lllD 2'11 10 UN,CS 
A! llhOJli[S ICIJ WASfC, 

It • wmN HOPl IIIA~ ON£ IANA A[CilVC! IIA!I[ rAo~ 115 IN A OUAAIEA, lllf CONPONlNlS AA[ PA~II I JON[O 
11£111l£N IIIL S£:LJD A'ID SOlUIJON PHAS[S or [/.CH UNA JNDIVIOUALLY . Tur !oLUIBLE CO't~O'f['U! AU 
1111:N DISIRJIIUlEO ANON& ALL uro,s IN flt[ GAOIIP 10 PROVIDE EUUAL !OlUllON CONC[,.lAHIO!IIS roA all 
COHPOll(NIS Aid• SOLUIJON IIOLJN(5 f'AOPOAIJONAl le, JHOSE acr:uc rnr 1RA'4SACJION, 

IJ, tt[DU I! ltl[RULLY DE!IAOY[l IN AN [VAPOAAlOA ltfAJ OP[AAlES Al Al140! 11111CRJC PUSSUAl, SINCE NO 
IUl~SfHS lll!;flUGII JH[ 2'12-1 [IIAPOAAJOA HAVl HEN ID£HJlfJ::o, l11E rcSIAUCIJON JS )Nlf Slt1UlllCD 
fOR IHl 2,i-l EVAPORAJOA • . 

II, HCIAL-ll6At10 COHPLEwC! ARE fOUlLY SOLUBLE, 

19. WlllN Pk£CIPIJAJC01 SOLIDS SfJllf IHHCOUJEU FRON IHE SOLUIION PIIA!E , 

20, OH JS ADU[O 01 'RIN6 PRECIPIUJJON AS NEEDED fO NUNUJ'f lHf PH Al ' OR ABOVE 10,D, 

21 • CAJloNS HUl COftPlh llllH Ll&ANDli PACCIPJTAf[ ONLY IIJlH :HU PII I D• D• 

22, 111l SOllllULIJllS Of CAIIONS JIIU 00 1.01 COtf"UI AAl CVALUAIEO IN OAP:'.R OF OCSCCNJ(N:;, 
Pi[CIPllAllON POl[NJIAl CPH&lo f'HJ JS THE PAODUCJ or IHC INIJIA l COIICENIAAllONS or [ACII l)'f 
IN HI£ COHPOUNO NAISED lO 11S SlOICHIOKEJAIC CO[fflCICNl llND DJVJOED BY lHE l!Po 

23. Al P~[CIPI IAl[S AS AlCOHll Ill ANU BELOW OH CONC[NlAAJIONS Of l,t t10LAR lhD AS NAlllCOHt, Al OH 
cu,,cc~IAAJION! ABOVE 1.t NO .. AA. 

2,. 111£ COhCENIRAllON Of lOIAL H ANU Alt0Ht, AH [QUAL ABOVE OH COIICfNJUIJONS )f 1.6 'IOlAPo lH[ 
k!P 15 [VllLUAl[D IS lHE PAO)UCl Of NA ANO Al JO S IHULAIE ~A(ALCOlll~l PRCCIPIJITJJN • 

25, PHCJPllAJION Of NAU02Pll, A10 Nl~ll02CC0Jll 00 NOT 5JGNIFICAhllY CIIANH lH[ l~llUL CONC.CNIUHON 
Of NA JN !ulUIION. WHILE T:tl! I! NOT VALl[I f0k H[IAL WASJ[ 1 5UR!EQUEN1 UAANIUK HCOVCAY llllllS 
IIIE IHPICI Of llflS ISSUHPJUN, ' 

2t. A IOUL Of tl INSOLUbl[ CO'l,ll0l114D! CAIi PA[CJPJUl[ . SOlUIIILIIY Pl!ODUCH FOR EICH AWE us,n l't 
APP[h()Jlf c-ic AS I fUHCJIOl4 Of HOURJlr ANO ICHPEIUTUU. 

21. A TOIAl OF II NEIALS fOAH ClNPL[a[S wllH A! IUNY llS , LIGANDS IN HOIClll014[UIC ~•1101 Of 111. 
111[ SIABIL llr CONHANJS Al 20-25 OiGR[[S C AND PH Of I o.u ARl AS SUH[;) JO Bl IIALI) ru All 
llKPEAUUALS AIIIJ IRf LIHCO IN Af'P[Nllll C-,1. 

! D• 11H • ll · 051 
l'AGE B- 029 
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JAAC fARH Uf.PO~J 
0910118 l 

JANK fAlK SUH~A~Jrs 

A~SUttPJJONS 

COHPOSIJJON DAil Fil[ 

JAAN!A:JJON DATA Fil[ 

lAAC lt3D£l 

JANU AAY HI J91! J 

OECE1ta£A 29 1 1912 

J A NU AA Y I 5 1 1911 l 

SU•IIH•Tf-051 
f'A&c e-010 
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I 
,,,I\C ir:u Bn·or,1· Pl• -WH r • ,;7 

Ol/11/01 f'illllf C-·001 

la,,• I HP237 f•u24l 1·,1:!40 Pu239 l''u:130 1'1• 2 4J l\• :•42 1'1•241 c.:?1s c .. 211 t:11242 S.-tYt C:sU muut mu 
Ci fi Ci Ci r. i Ci (;j r:i Ci Ci Cl Ci Cl Ci Cl/011 

I\ · 101 2,E-·04 l ,EI04 7,£102 3,EtOJ 5,EtOI 1,£ - 12 4,E. -a:;> 1,£102 5,£ - 16 7.,E-12 J,E - 12 5,[ -·06 9,E- 06 4,EI0J 8,[ - 07 
I\·· 102 4,Et00 5,E-04 3,E ··OJ 2,E-04 7,E. -·02 2,£100 ~;.E 100 .l , EfOJ 6 , E - 04 l ,E • Ol 4,EIOO 7,EI06 5 ,H06 3,Ef03 8,E - C,7 
l'l -· l03 8,£ - 01 2,E-04 l ,£ ·-Ol 7,E-05 2,E-02 9,E - 01 :?.HOO 9,ff02 3,[ - 04 7,E • OO l,£100 l,H06 l,Et06 9,[102 l , E - 06 
fl-tot 2,E-02 2,f. - 06 J,£ - 05 I ,£ ··06 5,F. - 04 5,£ - 0J I , £ - 02 5,£100 1 , E. - 06 1.1:-0 2 8,[ --03 5,EIOJ 5,E • 04 5 , El·OO J , E - 07 
1'1 - 105 5,E-01 7,E 07 1,£ --04 J,F. - 11 2,E - 03 fl ,E --00 2,1' ·· 07 2,£ ·· 04 I ,E - 06 7.[-02 2,E - 07 l,E - 07 l,£106 5,E-01 2,E-09 

l'I · I Ot, l,£-OJ 7,EfOJ 4,[10:.! 1,£103 6,1:tOI l,E - Ol O , E · OI 6,£10:.! 7 , £ ·· I 4 2,£ - 09 6,C -·Ol 6 , [ - 03 I , E - 03 J , Et03 l ,E - 05 
/'I _,. ii I ' ll 5,EfOO 2,U04 I ,Ef03 , 4,£103 l ,E 102 3,EIOO O,HOO 5,l'WJ 9,£ ··04 2,EfOl 6,(:100 O,E ·I06 7,Et06 l,Ef04 l,E- 06 

r.u·,• I tb·:!l7 f'i.1241 h.1:?10 f'1.12J9 f·,,2Jo "•;!41 11 .. 212 l'l•:111 C11 2 45 C•244 c1121:? Srf vt CsU HCIIUt mu 
1:1 Ci Ci Cl Ci Ci Ci (;i Cl CI Ci Ci C:t CJ Ci/011 

Ml · lOl 2,[··09 2,E-13 :! ,E.-1 :! l,E·· IJ J,E - 1 I 3,E - 09 4,£ - 09 6,l --06 l ,E -- 12 3,E. -·08 J,E -·09 J,E · OJ 3,E- OJ 6,E - 06 4 , E - 10 
111-1 -- 10,. I ,E ··OI 2,E ·-05 :;.£ - 05 7,E-06 2,E··-03 7,E -02 2,E ·OI 1,E 102 9,f:-06 2, E --01 2,E - 01 6 , EI05 1 , Et05 I ,EtO:! 6 , E --07 
IIW --1·· ,, r11 I ,E - 01 2,E-05 5,E-05 7,E --06 2,E-OJ 7,E ·- 02 2 .F. --01 1,£102 9,E-06 2,E - 01 2,E - 01 6,Ef05 l,Ef05 l,Ef02 6,£- 07 

lm,• I HF•2l7 r•,,211 f·•.1240 f"u239 f'u2JB 1'1•243 1\11242 1'1•24 l C11245 [11244 C11242 Sr • Yt Cstt TRUtU mu 
Ci Ci Ci Ci Ci Ci Ci Ci Ci Ci Ci Ci Ci Ct Ct/Ga 

fl)( - 101 I ,E - 10 l,E-01 1,E -·01 :?,E-05 1,E- 03 l,E-10 2,E · 10 6,E - 07 6,E - 14 2,E - 09 2,E - 10 1,E - 04 1 , E-04 I ,E --03 2,E-OB 
I\X -· I !>2 2, 1: - 14 l,E - 05 1,l-04 l,E-05 t,E - 02 2,E-1 7 l ,E - I 7 7,E - 00 2,E - 21 7,E - 17 5,E - 17 4,E- 11 4 , E- 11 l,E- 02 l,E - 07 
I\X ·- 10:S 5,E - 02 l,E-05 'J,[-05 4,E - 06 1,E ··0J l ,E-02 3,E-·02 2,LtOI 4,l.- 06 l,E-01 2,E- 02 2,[104 6.E • 04 2,EfOI J,E - 07 
I\X··- l04 2,E - 01 2,EtOJ Y,[tOI J,Et02 2,l:tOl 6,E - 02 I ,F ··OI l,ll02 2,E - 05 4 , E- 01 9,E - 0 2 2,Ef07 7 , Et05 6,Et02 4,E -·06 
I\X -·t'ar1, J,E-01 2,EIOJ Y,EtOI l,E • 02 2,EtOI 7 , E-02 I ,E-01 l ,f.102 2,E -05 5,E - 01 l ,t - 01 2,Ef07 8,Et05 6,Ef02 J,E - 06 

l :11·,• t tff·2l7 f'u:11 I h,210 1'1.1239 f't12l0 1'111:!4J 1'11124 :• 1111241 c.2 1s C11241 Ca212 Sl'fvt CsU muut mu 
Ca Ci (;j Ci Cl Cl Cl r. I Ci Cl Ci Ci Ci Cl Cl/011 

1W-· l<'I 1,E - 01 B,Ef02 2,1::tOI 8,EtOI l,Ef0I 6,£-01 I ,E IOO 7,(102 2,E - 01 4,£100 9,E - 01 7,F.105 s.uos 8,£ • 02 5,£- 06 
IIY · IO:! 9,E - 02 :5,l:' --05 J,E-04 2,E- 05 5,E - o :J 9,E-02 2 ,E · 01 l,Et-02 l,E -05 7, E--01 1,E-01 1,£105 1,Et05 1,Et02 Y,E: ··07 
l'IY ··I" a1·11 5,E ·· 01 O,lt02 2,ltOl 8,EfOI l,EfOl 6, E -01 I ,E tOO 8,[102 2,£ - 04 5.F.tOO l,EtOO O,EI05 1,,El-05 9,EI02 J,E - 06 

1·ar,• I ttr237 f•u211 1:•,,240 t ·u:!39 f'u::!38 11•2'13 11.212 1'1• 2 41 C112 15 r:11:144 ca:!12 Sr • vt est• mutu mu 
Ci Ci Ct Ci Ci Ci fi Ct t:i t:t Ci Ct Ct Cl Ci/U111 

l\l ··· IOI ·1, [ - 01 7,E-05 2,£-04 2,C -- 05 B,E - Ol 2,[·01 -I , f · 01 J,E"I02 5,[ - 05 I , EfOO 3,[-01 5,£105 3,Ef05 3,£102 1,E- 06 
/'IZ - 102 B,l - Ol l,E - 05 J,E - 04 l,E - 05 1,E ··Ol l ,f · 01 2,f. -- 01 9,ftOI 4,E - 05 ll.E-01 I ,f - 01 l , Et04 2,£104 9,EtOI 2,E - 06 
l'IZ -·F ar11 l,E - 01 B,E - 05 ,,.[ ··04 J,E ·05 1,£ ·02 J,E-01 6,E -- C.'l 4,rf02 9,£ ·05 2,Ef OO 5,C ··Ol 5,£f05 J,ll05 4,[102 l ,f - 06 

• HrlY is !ir'1'l • YYO onl!J, n..- [la lei Oft / 00/0J 
tt ,:~. ,~ C'. f;IJ7 I l•a I J7•• CC•F llalel 05/04/tU ... c: .. :!4J ar,d 1··•1242 are r.ul H"II\C co•r•m,er,lli , ar,<I al'l, r,ol I"" I •J•.led ill '·"" 1 llll colt·ulallnn, 11,r l•ale I OY/07/0J 

• 



11u,t: mu 1:u ·u111 Ult· IJlt · II · O!i 7 

(• ;v 141114 f ·a.ie C- 002 

1·,11,1< ' Hr<:!Jl r ·,~ :•41 1:•,.,:~10 1"•1239 1··0:.•Jo /\111 :•4j /\111 2 12 /\ .. :!'11 C•245 C:•2 '14 C:111 2 42 s..iv• C:st• lrllltU lr,U 

Cl (:t Cl t:t Ci t:I Ci ti Cl ti Cl (;j C l Cl t: 110• 

C• · · IOI 2,£ - 04 5,EIOJ , .no:! '6,£ ·102 J , EfOI l ,l ·O'I 5,E -- 0 •1 9,EIOI 6,£ - 17 1,E- 12 4,£ - 04 2,£105 5,£ - 08 1,£103 1,£ - 06 
l• -· 102 I ,E - 02 2,EtOI I ,1 . 100 7,[100 9,E - 01 1,£ ··03 J,[ - ()j 2,llOO 4,[ ··07 1,£- 0 2 2 , E- OJ 2, £104 6,£103 I ,El 01 1,£- 07 
lt •· lOJ I ,£ -· 01 9 ,EI02 5,f.101 :? , 1:102 J,F.100 'I ,F. -02 I ,[ .. ·Ol t ,E .02 7,l - 06 2,E·-01 O,t - 02 3 , F.10'.i J,Ef04 4,F.102 2,£- 06 
Ii - 101 5,F> o :, 3,EIOI IJ.UOl' H,£101 2 , E- 01 1,l ·· 05 4,[ · 05 J , UOO 2,E - 11 2,£ - 06 3,£ - 05 7 , EIOJ 9,EtOJ 1,Ef02 4,£- 08 
I• · 1.05 'l , E - 0 2 l , EtOt J , H•)O 2, E.IOt 7 , E- o :• ~ . E OS 2 • l' - O,t I , E'IOO 9,F - 09 5,E - 04 2 , E- 04 1 , EfOJ 9,£f04 2,£101 4 , E- 08 

,, .. 106 J,E - OJ J,E-01 9, E·-02 9,E ·OI J,E -·03 2,F - O-i 4,E. -0,t 2,E - 01 9,E -08 2,E - OJ J,E-04 1,£ • 02 2,E • OJ l,EfOO 1,£- 09 
I• - 10/ 2.1, -- 02 I ,rtO:? Y, f.l 00 '.;, ,[t,11 4,£ - 01 2,E ·· OJ 5,£ · 03 O,EIOO 2,f. - 08 l,E - Ol 4,E- OJ 7,H04 5,Ef04 7 , HOI 2,t -07 
It ·• IOH 0,f · 01 2,Ef02 I ,E IOI 4,EtOI 5,£ - 01 2.1:- 02 4 ,E -02 2,[101 1,£-05 J,E - 01 l,E - 02 5 , £104 2,[f05 8 , £101 2,£ - 07 
l:t · I09 2, 1:--0 I 2,[f02 I ,[IOI 4,UOt 6,£-01 7,E ·-02 2,E - 01 9,£101 2 ,£ --05 ~.E -- 01 l,E - 01 2,£105 7,Et04 1,E 102 7,£ - 08 
11- 110 7 ,E ·- 05 9,£102 J,flOI l ,ld02 I ,EtOI J,£ - 05 I ,[ ··GIi J ,E IOI 1,E ·- 29 5,E-25 8,£- 05 2,EIOJ 5,E-21 2,£102 2,E - 07 

ft ·· I I I '1,£-·0l :~ ,F. t 00 2 ,f ·· OI l,HOO I, E - 02 4,£ - 06 2, E --O:i 2,[ - 01 4 , £ - 14 t , £··09 t,E - 05 B,E - 15 2,E-OJ 2,EIOO 1,£- 09 
11 II :! 'l,L ··-01 ll,E - 02 2 ,E 02 I ,E --01 1,1:100 l,E - 01 2,t: - Ol 9 , EtOI 8,E - 05 2,EtOO 2,E - 01 l,Ef04 7,Ef05 1,Et02 1 , £ - 07 
,, ..:w:! 1,E ·- 04 7,Et02 4,EIOI 2,Ef02 2,EfOO J,EIOI .. J,Ef02 2,E - 05 
[I -:_>OJ l ,F. -· 05 l,El·Ot '1,EIOO 2,EIOl 2 ,E-01 J,EIOO J,EIOI J,E - 05 
, ., : .•(),j 4. E-·06 l,EfOI l,UOO ~.ctoo 5,£ - 02 9,[ -' 01 8,EfOO I ,E - 06 

11 -- r ii r .. 2,EfOO 8,£10:t .. 1.1:102 I ,EtOJ 5,£101 J,E - 01 5,E · OI 5,£102 1 , E- 04 J,EIOO 4,E-01 8,H05 1,Ef06 2,EIOJ 2,[ - 07 

Im,~ ' Hr-2 37 Pu241 1-'o,2 ,io P•,~!39 r·,~2Je ,..,::,43 to•:?12 /\ .. 2 ... c .. 245 c .. 24"' C111242 SdO C• U rnutu mu 
r. I Cl Ct Cl Ci Cl f:l ,Cl Cl Cl Ct r. t Ct Cl Cl/I.I• 

l•Y. ·- 101 2,E- 04 4,EfOJ l,Ef02 fi , Et02 l,EtOI I ,E - 04 4,£ - 04 l , EI02 J,E-04 J,H05 9,Ef02 2 , [-07 
CtX-·IC2 2,[-06 J,[ - 01 ~• .E -·02 6,£ - 01 J,E-01 l,C-05 4,[ - 05 2,[ - 01 6,E-IJ 1,E-OB J,E-05 2,£ • 05 4,E-OJ l,EfOO 9,E-10 
l•X ·· IOJ 2,E - 02 I ,E - 02 t,f - OJ 6,£ - 02 4,£-01 J , [-·02 7 , [ - 0:? ~.not 1,E- 05 2,E-01 5,E-02 6 , Ef04 4,EtOJ 4,EIOl l,E-09 
f•X - 104 6,E - 0 :J J,£102 :!,EIOt El,l:101 l,EtOO J , [ --03 I ,E ··O:! 2,[101 7,[-07 2,E- 02 8,E - OJ 5,£105 9,E • 0l 1,£102 7,E - 00 
ltX •· 10:'i 7,f - 06 1,£100 J, E ··01 2 , EtOO 1,E- 01 l,E - 04 4,[-04 7,[ - 01 9,[-15 J,E - 10 4,E - 04 4,H04 9,E-05 J.E • OO 4,E - 09 

ux -- 11>6 8,E ··OI 2,E-01 -t,E - 02 J,E - 01 4,E - 02 1,E-01 2, E - 01 7,[101 6,£ - 05 1,£100 1,E-01 l,Ef04 5 , £ • 05 7,[tOI 0,[ - 00 
[IX --107 I ,EfllO l,EfOI 4,[10!) 1,£101 I, E-01 5, [ ··05 2,t ·-04 2,f. 100 4,[ ·•·06 2,E ·· Ol 2,E - 01 3 , £104 2,Ef05 4,EtOI 6 , E·-00 
It;( •-100 2,[ - 01 l,EfOO 4,[ - 01 4 , EfOO I ,E - 02 5,E :·06 2,E: -·05 2,[ - 01 7,E - 07 4,[ -·02 2,E- 05 J,EtOJ J,Et04 5 , [ • 00 6,E-08 
ltX .. 109 J , E- 01 l,EIOO 4 ,[ ··01 4 ,EtOO J,[ -·02 1,E: ·- 04 4 , [ - 04 I ,EfO() J,E - 06 1,E- 01 J,E-04 l,Et05 2,Ef05 6,EfOO 1,E- 08 
[IX -- 1 I 0 1,£100 9,HOO ~•.[ 10() l.f IOI l,F> OI 2,E - 01 4 ,f ··l'I I ,E 102 I , E · ·04 J,EtOO J,E - 01 J,Ef04 1,Et06 2,£102 1,E- 07 

[ll( · 111 I ,[1·00 1.noo 2 , l. -- Ol 2,[10() 5,t - o:! 2,E -·OI 'I ,E -01 1,£102 1,E- 04 J,£100 J,E - 01 2,H04 1,£106 1,Et02 1 ,E - 07 

··~ 11 :! 9,E · Ol 2,[ ··00 6,£ -- 06 5,E - 10 6,E ·OJ J , [ · 00 O,E ··09 7,E - 05 2,E - 08 9,E - 04 7,E-09 J,EIOI 1 , Ef04 l,E - 02 1,E ·· IO ,,x r ;11·• 5,[100 5,EtOJ :.',EIO:! 7,Et02 2,£101 6,[ - 01 I ,£100 5,[102 J,E - 04 O,E.100 8,E- 01 I , EI 06 3,[ • 06 2,EIOJ 1,(- 07 

t !fr, ., i !i Sr9fl t Y90 01,I 1:f , Tllf (la lei 00/00 / 9] 
H t:u in C!;IJ / I l•al l:'•,. Cl•F llalel 05/01/BJ 

Ut f:111213 ar,rJ r ·,~242 al'l, 11nl. l'l':/\1: cnn,r•or,cnls, ar,d are 11ul i IIL' I ·~•lr.d in lhL• HIii ca I c•~l al inn, l(tf llalef 09/07/03 
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rntir: n1u 1·:u·urir SlH IH-·Tl - 11~1 
O.S/14/04 F'a!le C:-OOl 

ta,.•. . • Hr2J7 l"u241 1"'11:HO f't12l'I f"u2JQ ll•24l 1\11 2 1 2 t\11 :.! 11 Co,245 Co,244 Co,24 :? Srtv• C:sU muu• mu 
Ci Ci Cl Cl Cl Ci C i Ci c: i Ci Ci Ci Ci Cl C:i/(lo, 

IIY --IOI 2,£.00 4,£101 7,£ • 00 ft,EIOI 4,f···Ol J,£ - 01 5 , E-01 2,£102 2 , E- 04 4,EIOO 4,£ - 01 6 , [105 1,U06 J,Et02 1,E- 07 
BY ··- 102 2,E-01 4,£100 7,E-01 5,UOO :'i,E ·-01 J,( - 02 4 ,E -O:> 2,EtOl 2,E·-05 J,[ - 01 4,[ - 02 J , £105 l,Eto5 2, [101 J,E- 09 
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f'UJI II. [-('J 1 .c-01 ; , c-ot 1.c-0, J,[-OJ l, £-CS ),[-OJ 9,f-01 II ,£-Ot J,r-01 1, £-DJ J,E-o5 
f•A2 .S l l • I -0~ 1.r-10 l,E-D, 2 ,C-ol 11,[-Q9 1.r-02 1. c -r9 J,C-IJ s.c-rJ 2 ,c-01 • ,r -r., e,E-02 
f>A2HN lt,f-lJ ,.r-111 •. £-o" J, t -I 2 11.t-1 J S,c-Dl l,E-11 11.c-12 1.c•oo ,.c-12 l ,C-U 1 ,£ -01 
Pt,209 2. r-21 •• ,-2, l, E-12 2 ,[ -20 3, C -2 1 l,E-11 1,c-11 J, £- 2Z 1.c-12 1.c-n J, [-21 I ,E -11 
Pt-.2 I 0 1.l-19 Z ,E-20 l,E-15 1, £ -19 I, C -19 l,E-1'1 l, c -io 1 • £-2J l, £- 15 J,£-1t 2 ,f-i, 1, £ -111 

1'11211 S,1-IJ 1.r-11 J, [ -o 1 l ,[ -16 l, C -1 J 2, E-ot 2,C-11 11,£-19 1,£-0l •.r-1• 1.c-11 2 ,E -Ot 
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P02IO 2. r -21 • ,c-22 l,C-IS l ,£ ·20 2, E -21 9.!:-IS I•£ -21 2, £-11 1,E-15 1,t-2:, 2 ,r -21 1.c-111 
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1'021'1 S, I -11 I .C-JI , • r-111 J,[-JO J,[ -:u 2,!:-IJ J.c-H 8, r-JZ 2,[-1'1 J,£-J:> 1,£-ll 2.c-u 
J• CIZ 1!. S, f -2] 1 ,r-a S • l -o 1 .J,£ ·22 ,.r-21 2.!-0b 2.t-73 •• r-2, I, £-01 J.c-lZ J, E-2 J 2,E-,11 
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N-Z2!; 2.f-19 5 .c-,o l,C-Lil 2. [ -J !I II• [ -19 2,!- -1 I 1,£-19 11,£-ZJ 1,£-12 2,[-11 '1,£-19 1,E-11 
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AC225 l, E-11 J.£-19 l ,E-11 J • f. -21 2 • E -2 2 l •!-I 'I 'I• f. -111 1.r-19 ,.c-12 l,[-19 2,£-U l ,E-11 
AC221 1.r-10 2 .£-11 Z ,E-Dt J. [ -1 J 1.c-n. 5, [- 09 l, E-10 J,[-11 Z • E-06 I ,E -10 2 .£-11 2 ,E -06 
A t ,2'1 l 2 • [-06 5 ,E-OJ l • C-O l 2 ,f -o 1 5,( -o, 2,!-011 2 • f ·Ot ... [-01 1. c-oJ z. c-o• 5. r-or 2 ,[-OJ 
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