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EXECUTIVE SUMMARY 

This report documents the improvements made to the Hanford Defined Waste (HDW) 
Model encompassed by Revision 5.0. New information generated since Revision 4.0 of 
the HDW Model has reduced the conservatism in some important areas. Specifically, the 
HOW Model has been u~dated to account for partitioning of tritium to cribs via 
evaporator condensates~ 4C and 1291 to the atmosphere, and 99Tc with the uranium 
product shipped off-site. The opportunity has been taken, in this revision, to incorporate 
new Oak Ridge Isotope Generation (ORIGEN2) fuel activity estimates and to improve 
chemical process models. 

The Hanford Defined Waste (HOW) Model is a spreadsheet-based engineering estimate 
of the chemical and radionuclide contents of the single-shell and double-shell tanks. The 
calculation is based on process knowledge, which includes, but is not limited to, reactor 
fuel irradiation records, separation plant dissolver charging records, separation plant and 
tank farm process flowsheets, and tank farm waste receipt and transfer records. The 
calculation is made using Microsoft® Excel 1 2002 software. 

The changes made in this revision are in three main areas: 

• Updated ORIGEN2 Fuel Activity Estimates, 
• Improved Chemical Process Simulation, and 
• General Error Correction. 

The changes to the HOW Model have reduced the estimated tank waste inventories of 
many radionuclides and, in particular, most of the key soluble radionuclides. Estimates 
of activation product inventories increased because of a more comprehensive description 
of fuel and cladding impurities. Correction of outdated half-lives reduced the inventory 
of 79Se and 126Sn. Accounting for process losses reduced the tank inventory of 3H, 14C, 
99Tc, and 129!. Table ES-1 compares the current estimate with the previous version of the 
HDWModel. 

1 Microsoft® Excel is a registered trademark of Microsoft Corporation, Redmond, Washington. 
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Table ES-l. Change in HDW Model Predicted Tank Waste Radionuclide Inventories 
(All values are reported as of January 1, 2001). (3 Sheets) 

~-~!!(.~! \~~~l1i·.~_:.::,::~l/t-~1~:11111,····~----- ,\::;·;:~:~~(1~1~,\~~li!l 
3H 4.83E+04 9.52E+03 -80% Modeling of process 

losses 
14C 4 .80£+03 8.51E+02 -82% Modeling of process 

losses 
'~i 9.34E+02 1.32E+03 +41 % Corrected material 

balance error 
8.73E+04 l.26E+OS 

4.90E+03 l .60E+04 

7.73£+02 7.70E+Ol 
wsr 5.21E+07 5.04E+07 

5.21£+07 5.04£+07 
3.63E+03 4 .64E+03 

'JJll'Nb 2.97E-03 3.66E+03 

""Tc 3.26£+04 2.51E+o4 

'""Ru 8.48E+02 l.06E+03 

1.21E+o4 5.72E+o3 

3.61E+04 1.90£+04 

l. t9E+03 3.21E+o2 
I LYT 6.30E+Ol 3.l8E+Ol 

8.39E+03 8.40£+03 
u'Cs 4.01E+07 3.92E+07 

3.79E+07 3.70E+07 
2.61E+06 3.22E+06 

1.03E+03 1.07£+03 
8.3 8E+04 9.17E+04 
5.13E+04 5.12E+04 
6.29£-02 9.14E-03 

4 

+44% 

+226% 

-90% 
-3% 
-3% 

+28% 

+23% 

-23% 

+24% 

-53% 

-47% 

-73% 
-50% 

0% 
-2% 
-2% 

+23% 

+3% 
+9% 
0% 

-85% 

Corrected material 
balance error 
Postulated l ppm '')Co 
fuel impurity. See 
Section 7.1 
Half-life change 

Corrected material 
balance error 
Corrected material 
balance error 
Modeling of process 
losses 
Corrected material 
balance error and half
life change 
Fission product yield 
change 
Fission product yield 
change 
Half-life change 
Fission product yield 
change and modeling 
of process losses 

Corrected material 
balance error 

Stopped in-growth at 
date of U separation 
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Table ES-1. Change in HOW Model Predicted Tank Waste Radionuclide Inventories 

::li[~~~~,~~~~~~ {1 i:;(il;![iii 
:;::/:i:~:;:::·:: 

3.96E-+-Ol 3.04E+o0 

Ac 1.0IE+02 4.62E+o0 

Pa 1.56E-+-02 7.09E+o0 

Th 1.81E+O0 1.41E+00 

4.36E+00 2.80E+00 

2.42E+02 7.45E+00 

9.94E+02 4.49E+02 

- u 8.50E+02 3.22E+02 

3.66E+0l 1.38E+0l 

- u 1.61E+0l 8.25E+o0 

9.06E+02 . 3.04E+o2 

l .4IE+o2 l .27E+02 

l .96E+03 1.97E+03 
4.69E+04 3.23E+04 

Pu 9.86E+o3 7.96E+o3 

Pu 1.l9E+05 l.27E+05 

- Pu 7.90E-01 7.92E-Ol 
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-95% 

-95% 

-22% 

-36% 

-97% 

-55% 

-62% 

-62% 

-49% 

-66% 

-10% 

+1% 
-31% 

-19% 

+7% 

0% 

Thorium cross-section 
chan e 
Thorium cross-section 
chan e 
DKPRO modeling of 
separations by fuel 
record 
DKPRO modeling of 
separations by fuel 
record 
Thorium cross sections 
were adjusted to known 
233U production and 
232U im urit levels 
Thorium cross sections 
were adjusted to known 
233U production and 
232U im uri levels 
Improved information 
on metal waste sluicing 
Improved information 
on metal waste sluicin 
Improved information 
on metal waste sluicin 
Improved information 
on metal waste sluicin 
Single-pass reactor 
cross-section chan e 

DKPRO modeling of 
separations by fuel 
record 
Single-pass reactor 
cross-section change 
and DK.PRO modeling 
of separations by fuel 
record 
DKPRO modeling of 
separations by foel 
record 
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Table ES-1. Change in HOW Model Predicted Tank Waste Radionuclide Inventories 
All values are re orted as of Januar 1, 2001 . 3 Sheets 

8.24E+-04 +17% In-growth due to decay 
date chan e 

- Am 9.33E+00 4.22E+-Ol +352% Incorrect entry of fuel 
activity in HDW Model 
Rev. 4.0 

Cm 7.44E• -01 7.32E+0l -2% 
Cm 8.43E--t-O0 7.74E+00 -8% 
Cm l.85E+-02 l.91E+02 +3% 

In addition to the overall changes in inventory, other improvements to the model resulted 
in redistribution of radionuclide inventories between waste streams: 

• Radionuclide inventories of the Bismuth Phosphate first cycle, second_ cycle and 
224 wastes were substantially reduced due to a better understanding of the 
Bismuth Phosphate process chemistry. 

• Imr,roved modeling of the irradiated fuel and separation plant processing resulted 
in H, 14C, 59Ni, and 63Ni, inventories being shifted from high-level waste streams 
to cladding waste streams. 

• The fraction of uranium reporting to sludge layers increased because of more 
realistic solubility modeling. 

• The inventory of 233U was decreased based on benchmarking thorium irradiation 
to production data. 

• Plutonium and uranium losses were reconciled to plant records. 

• Americium-241 to 241 Pu ratios were made consistent and reasonable, especially 
for cladding waste streams. 

• Corrections to the input quantity and disposition of lead and mercury chemicals 
were made. 

• The sa]tcake waste types were normalized to the measured saltcake densities to 
resolve a model sensitivity to water imbalances across the various evaporators. 
This resulted in reducing liquid waste concentrations to more realistic values. 
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LIST OF WASTE TYPE TERMS 

This section lists the waste type definitions used for Revision 5.0 of the HDW Model. 
Several of the waste type definitions have been updated relative to Revision 4.0 based on 
new information. 

BISMUTH PHOSPHATE PROCESS WASTE TYPES ( 1944-1956) 

Waste Type Definition 

MWl BiPO4 Metal Waste (1944-1949) 
MW2 BiPO4Metal Waste (1950-1956) 
1 Cl B iPO4 First cycle decontamination waste and coating waste ( l 944-

1949) 
1 C2 BiPO4 First cycle decontamination waste and coating waste (1950-

1956) 
2C 1 BiPO4 Second cycle decontamination waste ( 1944-1949) 
2C2 BiPO4 Second cycle decontamination waste (1950-1956) and low 

activity cell 5-6 drainage waste (June 1951-1956) 
224-1 Lanthanum fluoride process 224 Building waste ( 1944-1949) 
224-2 Lanthanum fluoride process 224 Building waste ( l 950-1956) 

URANIUM RECOVERY AND SCAVENGING WASTE TYPES (1952-1958) 

TBP 
PFeCNl 

PFeC.:--12 

TFeCN 

lCFeCN 

Tributyl phosphate process waste (1952-1958), same as UR 
Ferrocyanide sludge from TBP in-plant scavenged supernatant and 
co-disposed TBP sludge (1954-1955) 
Ferrocyanide sludge from TBP in-plant scavenged supernatant and 
co-disposed TBP sludge (1955-1958) 
Ferrocyanide sludge from supernatant scavenging in 244-CR Vault 
(1955-1958). These supernatants consisted ofTBP supernatant 
and the commingled supematants from other wastes stored in the 
same tanks 
Ferrocyanide sludge from in-plant scavenging of T-Plant IC waste 
(without coating waste) . Transferred to TY-Farm (1955-1956) 

REDUCTION AND OXIDATION (REDOX) PROCESS WASTE TYPES (1952-1966) 

Rl 
R2 
CWRl 
CWR2 

REDOX high-level waste ( 1952-1958) 
REDOX high-level waste ( 1959-1966) 
REDOX cladding waste, aluminum clad fuel (1952-1960) 
REDOX cladding waste, aluminum clad fuel (1961-1966) 
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PLUTONIUM-URANIUM EXTRACTION (PUREX) PROCESS WASTE TYPES 
( 1956-1990) 

Pl 
P2 
P2' 
P3AZI 
P3AZ2 
CWPl 
CWP2 
CWZrl 
CWZr2 
OWWl 
OWW2 
OWW3 
PLl 
PL2 
THI 
TH2 
PASF 

PUREX high-level waste (1956-1962) 
PUREX high-level waste (1963-1967) 
PUREX acid waste to B-Plant (1964-1972) 
PUREX high-level waste to AZ-101 (1983-March 13, 1986) 
PUREX high-level waste to AZ-102 (March 13, I 986 to 1990) 
PUREX cladding waste, aluminum clad fuel ( 1956-1960) 
PUREX cladding waste, aluminum clad fuel ( 1961-1972) 
PUREX (and REDOX) zirconium cladding waste, (1968-1972) 
PUREX zirconium cladding waste (1983-1989) 
PUREX organic wash waste and non-boiling waste (1956-1962) 
PUREX organic wash waste and non-boiling waste (1963-1967) 
PUREX organic wash waste ( 1968-1972) 
PUREX non~boiling waste (1968-1972) 
PUREX organic wash waste and non-boiling waste ( 1983-1988) 
Thoria process wastes (1966) 
Thoria process wastes ( 1970) 
PUREX Ammonia Scrubber Feed 

CESTTJM AND STRONTIUM RECOVERY WASTE TYPES (1961-1985) 

HS Hot Semiworks strontium purification waste (1961-1968) 

AR Water washed PUREX sludge entrained in decants of recovered 
sludge or the water washes of this sludge and the solids remaining 
after acidification ( 1967 -197 6) 

B B-Plant high-activity waste - Rare earth (RE) fission products, 
recovered current acid waste (CAW), solvent wash waste, and any 
solution containing high activity (including cask station receipts, 
cell drainage containing product spills) (1967-1972) 

BL B-Plant low-activity waste - lAW solvent extraction waste stream 
(includes complexants added for solvent extraction), the 
l CP/organic wash waste during PAS processing, and insoluble 
solids remaining after treatment of solids centrifuged from CAW 
feed (i.e., acid leached and water washed PUREX high-level waste 
[HLW] sludge). Cell drainage and Waste Encapsulation Storage 
Facility (WESF) transfers with low radionuclide content (1967-
1976) 
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SRR High-activity waste from B-Plant processing of PUREX acidified 
sludge (PAS), solids centrifuged from AR vault feed, strontium 
purification wastes after solvent extraction (SX), RE or ion 
exchange (IX) rework, and other solutions containing activity 
(including cask station receipts, cell drainage containing product 
spills, WESF returns unsuitable for rework and crude RE disposal). 
(1969-1985) 

CSR Supematants from which the cesium has been removed by ion
exchange. 241-C-801 cask station (1962-1967). B-Plant Waste 
Fractionization ( 1967-1976). 

OTHER PROCESS FACILITY WAS TES 

Z Plutonium Finishing Plant waste (1974-1988) 
DW Decontamination wastes, primarily from T Plant operations (1967-

1976) 
N N Reactor decontamination waste ( 1976-1990) 

MISCELLANEOUS WASTES 

CEM Portland cement added to tank 241-BY-105 
DE Diatomaceous earth added to six tanks (241-BX-102, 241-SX-l 13, 

241-TX-I 16, 241-TX-l l 7, 241-TY-106, and 241-U-104) 
NIT Partial neutralization feed for evaporator campaigns ( 1977-1981) 

SALTCAKES AND SALT SLURRIES 

BT-SltCk 

BYSltCk 
RSltCk 
T2S\tCk 
AlSltCk 

A2SltCk 

SlSltCk 

S2SltCk 

Saltcake from 242-B Evaporator operation (l 951-1953) and the 
242-T Evaporator operation (1951-1955). Formerly BSltCk and 
TISltCk. 
Saltcake from in-tank solidification (ITS) in BY-Farm ( 1965-1974) 
Saltcakc from self-concentration in S- and SX-Farms (1952-1966) 
Saltcake from the last 242-T Evaporator campaign (l 96S-1976) 
Saltcake from the first 242-A Evaporator campaign using 
241-A-102 feed tank (1977-1980) 
Saltcake form the second 242-Evaporator campaign using 
241-AW-102 feed tank (1981-1988) 
Saltcake from the first 242-S Evaporator campaign using 
241-S-102 feed tank (1973-1976) 
Saltcake from the second 242-S Evaporator campaign using 
241-SY-102 feed tank (l 977-1980) 
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1.0 PURPOSE 

This report documents the improvements made to the Hanford Defined Waste (HOW) 
Model encompassed by Revision 5.0. New information generated since Revision 4.0 of 
the HDW Model has reduced the conservatism in some important areas. Specifically, the 
HOW Model has been updated to account for partitioning of tritium to cribs via 
evaporator condensates, 14C and 1291 to the atmosphere, and 99Tc with the uraniwn 
product shipped off-site. The opportunity has been taken, in this revision, to incorporate 
new Oak Ridge Isotope Generation (ORIGEN2) fuel activity estimates and to improve 
chemical process models. This report resolves issues and limitation identified in a 
Best-Basis Inventory workshop (see Appendix F) and an evaluation of the HOW model, 
Hanford Defined Waste Model limitations and Improvements (Harmsen et al. 1998). 
This report also responds to an audit finding from the Best-Basis Inventory Data 
Defensibility Assessment, A-03-AMTF-TANKF ARM-002-O-10, "Ensure that potential 
short falls in the HDW update (data limitations and assumptions) are identified and 
formally documented' (Schepens 2003). 
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2.0 BACKGROUND 

The Hanford Defined Waste (HDW) Model is a spreadsheet-based engineering estimate 
of the chemical and radionuclide contents of the single-shell and double-shell tanks. The 
calculation is based on process knowledge, which includes, but is not limited to, reactor 
fuel irradiation records, separation plant dissolver charging records, separation plant and 
tank farm process flowsheets, and tank farm waste receipt and transfer records. The 
calculation is made using Microsoft® Excel 2002 software. Microsoft defines a 
Microsoft® Excel workbook as a file that contains one or more worksheets. These 
definitions will be used throughout the balance of this report for clarity. 

The first version of the HDW model to be incorporated into the BBI was Revision 3.0. 
Revision 3.0 was published in May 1996 and only tracked four radionuclides, 90Sr, mes, 
uranium, and total Pu. Revision 4.0, published in January 1997, included an expanded 
list of 46 radionuclides (Agnew et al. 1997). The HDW Model is composed of four parts: 

1. A compilation of the available and partially confirmed transaction records for all 
the tanks called the Waste Status and Transaction Record Summary (WSTRS); 

2. A derivation of estimated solid deposition over time for each tank based on 
primary additions of waste called the Tank Layer Model (TLM); 

3. A C++ algorithm, installed in a spreadsheet as a Microsoft® Excel macro, for 
estimating the effect of supernatant blending and concentration on waste 
composition and tank inventory with the Supernatant Mixing Model (SMM); and 

4. Derived compositions for about fifty Hanford Defined Wastes, each of which has 
both sludge and supernatant components, using a combination of process 
information along with transaction information. 

Figure 2-1 shows the overall structure of the HDW Model. The modeling approach for 
each of the functional workbooks is explained in detail in Agnew et al. (1997). The 
background and approach for the previous version of the HOW Model, Revision 4.0, is 
reproduced in Appendix E. Definitions for the Hanford Defined Wastes are provided in 
the "List of Waste Type Terms" found in the front ofthis document. 
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Figure 2-1. Schematic of Hanford Defined ·waste Model Strategy. 
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3.0 BEST-BASIS INVENTORY INTERFACE WITH THE HDW MODEL 

The Best-Basis Inventory (BBi) is the official database for tank waste inventory estimates 
at the U.S. Department of Energy (DOE) Hanford Site. Estimates are based on the "best" 
available information to describe in-tank waste contents. This includes sample-based 
infom1ation when available, process knowledge calculations, and waste type templates 
based on sample data, and the Hanford Defined Waste (HDW) Model waste composition 
estimates. The BBi process involves developing and maintaining waste tank inventory 
estimates comprising 24 chemical and 46 radionuclide constituents for 177 underground 
storage tanks. BBi waste composition and inventory data are used for safety analysis, 
risk assessments, and waste retrieval, treatment, and disposal planning. Frequently, 
sample data are limited or unavailable for most of the 46 radionuclides tracked by the 
BBi. The BBi is dependant upon the HDW Model to estimate these values. 

The preferred basis for the BBi is sample characterization data directly from a tank. If 
direct sample data are not available, the inventory is estimated from analytical results for 
samples from tanks that contains the same waste type according to avai lable process 
history data. When no sample data are available, the BBi uses estimates from the HDW 
Model (Field 2003). The BBI does not use individual tank inventory estimates made by 
the HDW Model but instead interfaces with waste type composition estimates calculated 
by the Hanford Defined Wastes workbook. These waste type compositions are used in 
the fonn of templates by the BBi (Higley et al. 2001). 
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4.0 SCOPE OF REVISION 

This update, Revision 5 .0, is limited to updating the HOW Model Hanford Defined 
Wastes workbook because these estimates are used directly by the BBI to quantify tank 
contents. The balance of the HDW Model components (WSTRS, TLM, SMM, and tank 
estimates) was not included in the scope of Revision 5.0 because these portions of the 
HDW Model are not directly used by the BBI. The WSTRS, TLM, and SMM 
components of the HDW Model are considered legacy calculations and are not subject to 
verification for this revision of the HDW Model. 

In addition, this revision has focused on resolving BBI user concerns regarding 
radionuclide inventories and their distribution. Little effort was spent on identifying and 
correcting problems with the chemical compositions of separation plant waste streams. 
Reviewing and updating of the chemical composition of separation plant waste streams 
was not an identified task for this revision. 

The major changes made in this revision are in three major areas with nine items within 
these areas . These changes are described in the following sections: 

• Updated Fuel Activity Estimates (Items 1-4), 
• Improved Chemical Process Simulation (items 5-8), and 
• General Error Correction (Item 9). 

4.1 UPDATED FUEL ACTIVITY ESTIMATES 

Fuel activity estimates used in Revision 4.0 of the HDW Model were based on nuclear 
physics data dating from the 1980' s and early l 990' s. Fuel activity records estimated by 
the Oak Ridge Isotope Generation (ORIGEN2) reactor simulation code were updated to 
provide the best available information. 

Item I: An update of neutron capture cross sections for actinides and important 
activation products. 

The ORIGEN2 cross sections for N Reactor fuel that were used in generating the 1996 
DKPRO2 analysis included errors in the treatment of capture to ground and excited states 
of the daughter nuclides. This primarily affected 243 Arn capture to produce 244Cm. This 
was changed in the 1996 ORIGEN2 analysis (Watrous and Wootan 1997) by changing 
the 243 Am cross section in the library. These errors were corrected with the release in 
1997 of a revised ORIGEN2 cross section library. This cross section set is the current 
library in certified version ofORIGEN2 Version S.2 and was used in the current analysis. 

Previous updating of the ORIGEN2 cross sections library had been limited to N Reactor 
cross sections. Separate cross sections for single pass reactors had not been generated. 

2 DKPRO is a computer code used for radioactive decay and processing calculations (Watrous ct al. 2002). 
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Prior analysis in 1996 used N Reactor cross sections with the 238 U capture cross sections 
adjusted to match the total single pass reactor Pu production. · 

Models for K5E enriched and K5N natural cored fuel were selected to represent all single 
pass reactor fuel. Approximately 50 percent of single pass reactor production was in 
K reactors. The MONTEBURNS code was selected to generate cross sections as a 
function of geometry, composition, operating conditions, and bum-up for a single pass 
reactor cross section library. 

Item 2: Update of half-lives and specific activities of BBi radionuclides. 

The ORIGEN2 decay library contains the half lives and decay branching ratios used by 
both the ORIGEN2 and DKPRO to calculate the changes in inventory by decay both 
within and after the reactor. DKPRO calculates the radionuclide activities in a batch of 
fuel by interpolation on the ORIGEN2 generated inventory files as a function of fuel type 
and fuel exposure. The ORIGEN2 decay library in common use had not been updated 
since before 1980. More recent values of half-lives and branching ratios can be found in 
Evaluated Nuclear Data Files (ENDF/8-6), (England and Ryder 1994) evaluation files 
and other published references such as the Nuclide and Isotopes, Fifteenth Edition Chart 
of the Nuclides (Parrington et al. 1996). The approach taken to update the ORIGEN2 
half-lives and branching ratios was to substitute the ORIGEN-S library (Hermann et al. 
1998) which had been updated with ENDF/B-6 values and then update the half-lives of 
the 46 key BBI radionuclides to Nuclide and Isotopes, Fifteenth Edition Chart of the 
Nuclides (Parrington et al. J 996). 

Item 3: Update of fission product yield values. 

The ORIGEN2 cross section library includes fission product yields for eight fissionable 
isotopes {232Th, 233U, 235U, 238U, 239Pu, 241 Pu, 245Cm, and 249Cf). The ORIGEN2 fission 
product yields in common use had not been updated since before 1980. More recent 
fission product yield values were available in ENDF/B-6 evaluation files (England and 
Ryder 1994). The ORIGEN2 fission product yields for all fission products were replaced 
with the ENDF/B-6 independent fission product yields corresponding to eight fissionable 
nuclides. 

Item 4: A more detailed and comprehensive description of fuel and cladding impurities. 

The prior OR1GEN2 simulation based the fuel activity estimates on four different fuel 
element compositions, aluminum clad single pass natural uranium, aluminum clad single 
pass enriched uranium, Zircaloy clad N Reactor MK-IV (0.94% enriched uranium), and 
Zircaloy clad N Reactor MK-IA (1. 1% enriched uranium). 

For the current set of ORIGEN2 simulations, an expanded set of time dependant fuel 
element compositions were developed. These changes included modeling three different 
aluminum claddings that accounted for a change in 1954 from a bronze dip to a lead dip 
fabrication process and a subsequent change from 1245 aluminum to X-8001 aluminum 
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(Kupfer et al. l 999). Different uranium compositions were used for single pass fuel and 
N Reactor fuel. Time-dependant information on the nitrogen and 236U content of the fuel 
was also modeled. 

A detailed discussion of the deficiencies in the previous ORIGEN2 libraries can be found 
in letter FDNW-RJP-98-028 (see Appendix C). Previous ORIGEN2 irradiated fuel 
simulations have applied the N Reactor radionuclide cross-section library to calculate 
source terms for the older single-pass reactors. Heeb ( 1991) discusses the limitations of 
this approach. An expanded discussion of the basis for and the results of the updated 
ORIGEN2 fuel activity estimates can be found in Activity of Fuel Batches Processed 
Through Hanford Separation Plants, 1944 Through 1989 (Watrous et al. 2002). A 
discussion of the modeling approach used to implement these changes is provided in 
Sections 5.1 and 5.2. 

4.2 IMPROVED CHEMICAL PROCESS SIMULATION 

Other refinements dealt with modeling assumptions and simplifications that could either 
be eliminated or improved by changing how the HDW model received and manipulated 
the radionuclide source input. 

Item 5: Separation of the fuel and cladding radionuclides into discrete components. 

In the previous version of the HDW Model (Revision 4.0), the activity of the irradiated 
fuel was first decayed to January I, 1994, and summed by multi-year campaign before 
calculating the separation of U, Pu, Np, and Th. This methodology caused problems in 
the estimation of daughter isotopes as well as in estimating losses of U and Pu by the 
separation plants. For Revision 5.0 of the HDW Model, these problems were solved by 
using a series of intermediate calculations. These intermediate calculations first 
separated the fuel into a cladding component and a uranium core component; second, 
decayed the separate components to the separation plant date indicated by fuel 
reprocessing records; third, calculated the amount of U, Pu, Np, and Th recovered and 
lost at the date of separation; and fourth, decayed the results to January 1, 2001. Between 
1944 and 1972, the separation plant fuel reprocessing records are summarized by month. 
Records after 1972 are available in greater detail. Use of this procedure eliminated many 
of the simplifying assumptions inherent in the HDW Model. These intermediate 
calculations were carried out with the DKPRO code, version 3.1 (Watrous et al. 2002). 
The January 1, 2001 decay date was selected for consistency with the BBi decay index 
date. Additional discussion of the operations performed by DKPRO is found in 
Section 5.1. 

Item 6: Incorporation of various documented process losses. 

Revision 4.0 of the HOW Model (conservatively) neglects to model the loss of 3H with 
p,lant process condensates and only crudely modeled tank farm evaporator condensates, 
4C to the atmosphere, 1291 to the atmosphere and solid waste, and 99Tc with the uranium 
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product. Revision 5.0 incorporates modeling assumptions to account for these losses. 
Section 5.2 discusses how these losses were incorporated in the HDW Model. 

Item 7: Improvements to chemical process models. 

Users of the HDW Model were concerned by inaccuracies in the modeling of the 
Bismuth Phosphate process. As a result of this concern, new process split factors were 
developed for the Bismuth Phosphate plants from process flowsheets and laboratory 
simulation of the process. In addition, process split factors for the PUREX plants were 
updated to a documented source. Other improvements to the chemical process models 
included clarifying the various 90Sr and 137Cs extraction processes, and splitting the last 
PUREX production run into two distinct high-level waste streams. These changes are 
discussed in Section 5.4. 

Item 8: Redefining selected physical and chemical assumptions used in describing the 
waste stream compositions. 

Review of the Hanford Defined Wastes workbook identified several modeling 
assumptions in error with respect to solubility of individual radionuclides. In addition, 
during the workshop concerns were expressed regarding the validity of data used to 
derive the initial HOW Model solubility factors in October 1994. The method used by 
Agnew and Watkins (1994) to calculate solubility factors is basically to compute the 
mean of the top 25% of the available liquid concentrations for each analyte (75% 
trimmed mean). This methodology assumes that the top 25% of rank ordered data 
represents saturation for the analyte. The data set used by Agnew and Watkins was 
obtained from the May 1963 to October 1993 time period. For Revision 5.0, no attempt 
was made to alter the basic computation methodology. However, the data set on which 
the solubility factors are based was updated to newer analytical data (post-1989) that 
have improved analytical methods and Quality Assurance protocols. In addition, the data 
set was screened for outliers and the data for highly complexed wastes (Total Organic 
Carbon, liquid greater than 30 g/L) were evaluated separately to provide waste type 
specific estimates (Appendix C, interoffice memorandum 7G300-02-NWK-037). 
Additional changes to specific analytes and waste streams were made as needed to 
represent the results observed in tank farms. Further detail on the application of 
individual solubilities can be found in Section 5.3 and Appendix D. 

4.3 GENERAL ERROR CORRECTION 

Item 9: Correct obvious cell reference and formula errors. 

During review of the Hanford Defined Wastes workbook, several modeling errors were 
identified. These errors included cell reference errors, and simple math and logic errors. 
These errors and the corrections made are summarized in Appendix B. 
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5.0 CHANGES MADE TO THE HANFORD DEFINED WASTE MODEL 

Because of the complexity of some of the changes deemed necessary, some of the 
functions embedded in the HDW Model Hanford Defined Wastes workbook were 
determined to be more effectively carried out pre-HOW Model processing by other 
modeling codes or worksheets. Revision 4.0 of the HDW Model was developed using 
Microsoft® Excel 1997 as the software platfonn. Revision 5.0 of the HOW Model is 
calculated with Microsoft® Excel 2002 software. 

5.1 FUEL ACTIVITY RECORDS 

The primary radionuclide input to the HDW Model consists of a file of "pre-decayed and 
extracted" isotopic inventories (Fuel Activity Records) generated using the ORIGEN2 
and DKPRO codes (Watrous et al. 2002). The DK.PRO code solves the general problem 
of modeling complex nuclear·waste streams using ORIGEN2 production files. The 
ORIGEN2 code is used to calculate initial radionuclide inventories as a function of fuel 
type, fuel bum-up, and reactor type, with subsequent decay and processing calculated by 
the DK.PRO code. The most recent ORIGEN2 output includes all of the new technical 
information described in Section 4 .1 , Items 1-4. 

Previous input for the HOW Model (Rev. 4.0) was generated with ORIGEN2 and 
DK.PRO assuming no processing of the fuel, no removal of product constituents, and no 
splitting between fuel separations waste and cladding waste. The DK.PRO code primarily 
performed the functions of interpolation and decay on the ORIGEN2 inventory files . The 
splitting between fuel separations and cladding waste streams and product recovery was 
performed in the HOW Yiodel Hanford Defined Wastes workbook. This configuration 
contributed to problems with second order decay and loss of detail in the calculation of 
product recovery and in the splitting of the cladding waste stream from other process 
wastes. 

For Revision 5.0 of the HDW Model, the DK.PRO code was used to calculate the splitting 
of fuel separation and cladding waste streams and product recovery (Item 5 in 
Section 4.2). Input to the DK.PRO code includes an archive file of separations processing 
records by fuel batch, a file of processing directives, a file of summary directives, and a 
set of ORIGEN2 inventory files representing unprocessed radionuclide inventories. The 
processing directives input to DKPRO are used to control the removal or splitting of the 
waste streams. Each fuel batch record contains data on fuel type, fuel tonnage, exposure, 
separations, reactor discharge date, separations date, and product recovery factors. For 
each fuel batch record DKPRO calculates the radionuclide activities in that batch of fuel 
by interpolation on the ORJGEN2 generated inventory files as a function of fuel type and 
fuel exposure (MWD/MTU) and then performs decay calculations and whatever 
processing instructions provided in the process directives file or the fuel records file. 
Output from the DKPRO code are two files (one for cladding waste and one for 
separations waste) of approximately 1300 Fuel Activity Records of pre-decayed 
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radionuclide values, each record representing the inventory associated with a batch of 
fuel processed by month (or shorter period) through individual separations plants, 
dee a yed to the reference decay date of January 1, 2001. 

Figures 5-1 and 5-2 illustrate the data flow schematics described in this section. An 
expanded discussion of ORIGEN2 and DKPRO codes can be found in Activity of Fuel 
Batches Processed Through Hanford Separation Plants, 1944 through 1989 
(Watrous et al. 2002). 
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Figure 5-1. Preparation of Separate Core and Clad ORIGEN2 Files for Input to DKPRO. 
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Figure 5-2. DKPRO Processing to Create Separate Cladding Waste and Separation Waste Inventories. 
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5.2 FUEL ACTIVITY DATA LOADING WORKSHEET 

In general the HDW Model splits separation plant waste types into two to four campaigns 
per separation plant that generally lasted 4 to 6 years in length. For Revision 4.0 of the 
HDW Model, the DKPRO results were sorted by date and separations plant, summed by 
separation plant campaign, and then entered into the HDW Model Hanford Defined 
Wastes workbook. 

For Revision 5.0, the conservative assumption that all of the radionuclides in the fuel, 
except for plutonium and uranium, remained in the tank farm system, is being relaxed 
(Section 4.2, Item 6). Several radionuclides (3H, 14C, 99Tc, and 1291) have chemical 
properties or processing histories that allowed them to escape or be removed from the 
waste. This reduction in source term is accomplished by acknowledging the 
behavior/property and explicitly reducing the initial source term prior to processing 
through the HDW model (Appendix C, interoffice memos 7G300-02-NWK-023, 
7G300-02-NWK-030, 7G300-03-NWK-001, and 7G300-02-NWK~034). 

A new interface worksheet to effect these changes named the Input to HDW worksheet 
was created. This new worksheet sorted the DKPRO results by date and separations 
plant and separately summed the cladding waste data and separations waste data by plant 
campaign. In addition, loss of tritium to the soil from in-plant waste concentration, 
atmospheric losses of 14C and 1291 during from fuel dissolution, and 99Tc loss with the 
uranium product were incorporated in this worksheet. This worksheet was also used to 
correct an overly conservative ORIGEN2 estimated tritium inventory for aluminum 
cladding waste to an inventory consistent with sample data (Appendix C, 
7G300-03-NWK-012). Figure 5-3 show the data flow schematic for the Input to HDW 
worksheet. A printout of the Input to HDW worksheet is provided in Appendix D 
Supporting Information. 
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5.3 SOLUBILITY WORKUP WORKBOOK AND HANFORD DEFINED 
WASTES WORKBOOK SOLUBILITIES WORKSHEET 

For Revision 4.0 of the HDW Model, waste stream constituent solubility limits were 
calculated by computing the mean of the top 25% of the avajlable liquid concentrations 
for each analyte (Agnew and Watkins 1994). A single solubility limit was calculated for 
each analyte and was applied to all waste steams. This calculation was completed outside 
of the HDW Model. 

In Revision 5.0 of the HDW Model, more contemporary data were extracted from the 
Tank Waste Information Network System (TWINS) database (CH2M HILL 2002) and 
used to describe the solubility of the tank waste streams (Appendix C, interoffice 
memorandum 7G300-02-NWK-037). Instead of assuming single-point solubility for all 
waste streams for an analyte over a broad variety of conditions, a means to provide 
different, more appropriate solubility descriptions for each waste stream were developed 
(Section 4.2, Item 8). 

For Revision 5.0, a new Solubility Workup workbook was developed and a new 
Solubilities worksheet was added to the Hanford Defined Wastes workbook. These 
changes were made to improve data traceability and to implement waste stream specific 
solubility factors . 

The Solubility Workup workbook is used to convert solubility limits expressed as ion 
concentrations into molar solubility limits for the chemical compounds assumed by the 
HDW Model to be present in the waste. In addition, the workbook also .calculates waste 
stream specific solubility limits for those waste streams that are complexed by organic 
species or that require compensation for the decay of short half-life radionuclides 
subsequent to solids layer formation. 

The Solubility Workup workbook interfaces with the Hanford Defined Wastes workbook 
through the Solubilities worksheet. Within the Solubilities worksheet, the solubility 
limits calculated by the Solubility Workup workbook can modified on a waste stream 
specific basis. 

For Revision 5.0, the uranium solubility limit applied to metal waste was increased by a 

factor of 30 to allow for the complexing of uranium with carbonate. Revised solubility 
definitions in the HOW Rev. 5.0 for 90Sr and 137Cs in ferrocyanide waste streams 
(PFeCNl, PFeCN2, TFeCN, and I CFeCN) were based on laboratory results for the 
ferrocyanide scavenging process (Sloat 1955a, Sloat 1955b, and Michelson 1957). The 
solubility of CaCO3 was increased for the DW, N, and PASF waste streams to reflect the 
fact that these are very dilute, non-separations waste streams as opposed to the other 
HDW waste streams, which are of high ionic strength. The "solids fraction precipitated" 
for the P3AZ1 and P3AZ2 streams were adjusted to reflect tank farm surveillance 
information regarding the presence of solids and the unique conditions in tanks 
241-AZ-101 and 241-AZ-l 02. These tanks are significantly wanner in temperature than 
other double-shell or single-shell tanks; the fraction of the sulfate precipitated varies 
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(11 .3% for AZ-101 and 2.68% for AZ-102); the sodium concentration is relatively low 
(Na < 5 M); and the nitrate ion concentration is also low which precludes the formation 
of a nitrate-sulfate double salt. Additional details on waste stream specific solubility are 
provided in Appendix D. 

A macro-driven subroutine within the Hanford Defined Wastes workbook applies the 
waste stream specific solubility factors from the Solubilities worksheet to the appropriate 
waste stream. Figure 5-4 shows the data flow schematic for the Solubility Workup 
workbook and the Solubilities worksheet. Printouts of the Solubilities worksheet and 
Solubility Workup workbook are provided in Appendix D. 
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Figure 5-4. Solubility Workup Workbook and Solubilities Worksheet Schematic. 
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5.4 HANFORD DEFINED WASTES WORKBOOK 

The functions of the Hanford Defined Wastes workbook are not significantly changed by 
this update to Revision 5.0. The Hanford Defined Wastes workbook is used to estimate 
the chemical and radionuclide concentrations for each of the HDW Model waste types. 
Each waste type consists of a supernatant composition and a sludge or saltcake 
composition. The sludge and saltcake compositions include both a precipitated solids 
component and an interstitial liquid component. 

Figure 5-5 shows the data flow schematic for the Hanford Defined Wastes workbook 
hdwR2.X worksheet. 
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Figure 5-5. Schematic of the Hanford Defined Wastes Workbook bdwR2.X Worksheet. 
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5.4.1 hdwRl.X Worksheet 

The hdwR2.X worksheet calculates the composition for each plant waste stream using 
information from process flowsheets and other plant records. Chemical compositions of 
waste streams are primarily defined by process flowsheets. Radionuclide concentrations 
of waste streams are calculated from the radionuclide inventory for the irradiated fuel 
processed each separations plant and a set of radionuclide partition factors specific to the 
process. The radionuclide inventories are copied from the Input to HDW worksheet and 
the radionuclide partition factors are embedded in the hdwR2.X worksheet. 

Formation of sludge and saltcake is estimated by application of waste stream specific 
solubility limits from the Solubilities worksheet (Section 5.3) to each of the plant waste 
streams. A macro-driven subroutine within the Hanford Defined Wastes workbook 
calculates the fraction of a plant waste stream that precipitates as sludge or saltcake and 
enters them into the hdwR2.X worksheet. Measured saltcake densities reported by the 
BBi were used to benchmark saltcake densities values and correct water balance in the 
hdwR2.X worksheet. 

In addition to estimating the composition of the wastes discharged from the Bismuth 
Phosphate, REDOX and PUREX irradiated fuel-plutonium production process facilities, 
the hdwR2.X worksheet also simulates re-processing of the waste streams from these 
facilities by the Tributyl phosphate (TBP) Plant (uranium recovery), Hot Semiworks, and 
B-Plant ( cesium and strontium recovery), and various tank farm evaporators (tank waste 
concentration). The feed streams for these second tier processes are calculated from the 
waste streams discharged from the Bismuth Phosphate, REDOX, and PUREX process 
facilities. 

Numerous changes were made to the hdwR2.X workbook that involved waste stream 
definition, improvements to chemical process models (Item 7, Section 4.2), incorporation 
of updated solubility data, and correction of cell reference and formula errors (Item 9, 
Section 4.3). A printout of the hdwR2.X workbook is provided in Appendix A. A record 
of the changes made to the hdwR2.X workbook for Revision 5.0 of the HDW Model is 
provided in Appendix B. 

5.4.2 Changes to Waste Stream Definitions 

Revision 5.0 includes a number of changes to the waste stream definitions used by the 
hdwR2.X worksheet. In Revision 4.0, the 224 waste stream did not account for wastes 
generated prior to 1952. For Revision 5.0, the 224 waste type was redefined as 224-1 and 
224-2 to account for these earlier wastes. The 224-1 waste was generated from 1944 
through 1949, and 224-2 waste covers the 1950 through 1956 time period. Initially, 224 
waste was disposed of in 20-ft diameter unlined concrete settling tanks, 241-B-361 and 
241-T-361. When these tanks were filled to capacity, the 224 waste was routed to the 
24 l-B-200 and 24 l-T-200 series tanks beginning in October 1946 (Greager 1946 and 
Lauder 1946). 
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The BSltCk and TlSltCk waste types were combined into a single waste type B/TlSltCk. 
This change was made to facilitate development of a saltcake composition with a high 
total organic carbon content. Combination of the BSltCk and Tl SltCk was necessary to 
open space in the Hanford Defined Wastes workbook without reworking the SMM model 
itself. Separation of saltcakes complexed by organic chemicals from other saltcakes 
would allow the inventory of tanks containing these wastes to be more concisely 
estimated. Development of a separate organic saltcake stream was not completed. This 
would have required renaming numerous waste transfer records within the WSTRS 
database, which was well beyond the scope of the update. 

In Revision 4 .0, several of the saltcake models (S lSltCk, S2S ltCk, Al SltCk, and 
A2SltCk) were incomplete, and saltcake inventories were predicted by the Supernatant 
Mixing Model (SMM). This was a change from Revision 3 where all of the saltcakes 
were modeled, due to improved predictions within the tanks from individual predictions 
from the SMM. However, the SMM does not provide the separate liquid and solid phase 
data needed by the BBI. Phase-speci fie saltcake (S 1 SltCk, S2S ltCk, etc.) models were 
completed for Revision 5.0. 

The P3 waste stream (PUREX high-level waste 1983-1989) was split into P3AZ1 
(PUREX high-level waste to tank 241 -AZ-101, 1983 through March 13, 1986), and 
P3AZ2 (PUREX high-level waste to tank 241-AZ-102, March 13, 1986 through 1990). 
This change was made to more accurately model these two high-activity tanks. Most of 
the aluminum sent to tank 24 l-AZ-102 precipitated because of low hydroxide 
concentration, and the PUREX usage of ferrous sulfamate was higher during filling of 
this tank due to neptunium recovery operations. 

5.4.3 Improvements to Chemical Process Models 

The most significant changes in this area were a re-evaluation of the Bismuth Phosphate 
process and PUREX process split factors (Section 4.1, Item 7). The hdwR2.X worksheet 
uses process split factors to distribute radionuclides in the fuel to the various waste 
streams produced by the separations plants. 

Revision 4.0 the HOW model used a simple 0.889/0.1/0.0l/0.001 split to distribute the 
radionuclides to the MW, IC, 2C, and 224 waste streams. This distribution is believed to 
be based on a statement in the Hanford Works Technical Manual Part C (GE 1944) 
which states that approximately 90% of the fission products went with the metal waste, 
and about 10% with the first cycle waste, second cycle and 224 waste. This statement is 
accurate for the fission products with half-lives of less than 65 days which dominated the 
waste activity during operation of the Bismuth Phosphate processes. However, for the 
radionuclides of interest to the BBI, this statement is not accurate. A new set of Bismuth 
Phosphate process split factors was developed based on a review of process flowsheets, 
plant test data, and a laboratory simulation of the plutonium product extraction step 
(Appendix C, interoffice memorandum 7G300-02-NWK-024). These new process split 
factors substantially reduced the activity estimated for the l C, 2C, and 224 waste streams. 
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Several errors were corrected pertaining to the calculation of the TBP, PFeCNl, PFeCN2, 
TFeCN, and lCFeCN streams. In Revision 4.0, the radioactivity of the TBP, PFeCNl , 
and PFeCN2 were based on the total fuel activity charged to the BiPO4 process. For 
Revision 5.0, the TBP, PFeCNl, and PFeCN2 streams were linked to the BiPO4 process 
metal waste activity to more accurately simulate metal waste sluicing. Previously, the 
activity of the TFeCN waste stream was based on the activity of the TBP waste sent to 
tank farms . For Revision 5.0, the TFeCN activity was based on the activity of the 
supematants scavenged in 244-CR Vault. These supematants consisted of TBP 
supernatant and the commingled supematants from other wastes stored in the same tanks. 
This change more correctly aligns the calculations with actual the 244-CR Vault in-farm 
scavenging process. The activity of the lCFeCN in Revision 4.0 of the model was 
calculated from the activity of the first cycle waste with cladding waste. For 
Revision 5.0, the activity of the ICFeCN waste stream is based on the activity of the first 
cycle waste only, because when implemented in T-Plant, cladding waste was segregated 
and disposed separately from the first cycle waste scavenging process (Coppinger and 
Smith 1954). 

Several errors in the representation of the Hot Semiworks and the B-Plant Waste 
Fractionization were identified in Revision 4.0 of the HDW Mode\. Mercury is now 
included in the waste stream descriptions for these processes. Several organic species, 
incorrectly assigned to the SRR waste, were added to the BL waste. These errors were 
corrected for Revision 5.0, and the corrections made are discussed in Appendix B, 
Change Record for Revision 5.0. Additional discussion on modeling of the 
Hot Semiworks waste streams is provided in Section 7.2.21 . 

The process split factors used in Revision 4.0 of the HDW model over-simplify the 
PUREX process by routing 100% of the fission products to the high-level waste stream, 
0% of the fission products to low-level wastes, and 0.4% to the cladding waste. New 
process split factors were developed for the PUREX process based on a review of process 
flowsheets and other documents (Appendix C, interoffice memorandum 
7G300-03-NWK-0l l). 

5.4.4 Waste Stream Specific Solubilities 

New solubility factors generated by the Solubility Workup workbook were incorporated 
into the Hanford Defined Wastes workbook (Section 4.2, Item 8, and Section 5.3). For 
Revision 5.0, the Hanford Defined Wastes workbook was modified to allow waste stream 
specific solubility factors to be used rather than the global solubility factors used for all 
waste streams in Revision 4.0. This feature allows the use of specific solubility limits for 
those waste streams that are complexed by organic species or that require compensation 
for the decay of short half-life radionuclides subsequent to solids layer formation. This 
feature also allows scavenging processes to be more accurately modeled. Waste stream 
specific exceptions to the general solubility limits are discussed in Section 5.3. 
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5.4.5 Celt Reference and Formula Errors 

During checking of the spreadsheet, many errors relating to cell references, incorrect 
formulas, and macros were identified and corrected (Item 9, Section 4.3). Specific details 
of these changes are listed in Appendix B. 

5.5 CHECKING OF THE HDW MODEL 

Checking of the model was limited to the Hanford Defined Wastes workbook which 
includes the Input to HDW worksheet, the Solubilities worksheet, and the hdwR2.X 
worksheet. The WSTRS, TLM, and SMM components of the model are considered 
legacy calculations and are not subject to verification for this revision of the HDW 
Model. Appendix G summarizes the methods used to check the HDW Model. 
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6.0 RESULT OF CHANGES TO THE HDW MODEL 

The changes made to the HDW Model have reduced the estimated tank waste inventories 
of many radionuclides and, in particular, most of the key soluble ~adionuclides. 
Estimates of activation product inventories have increased due to a more comprehensive 
description of fuel and cladding impurities. Correction of outdated halHives reduced the 
inventory of 79Se and 126Sn. Accounting for process losses reduced the tank inventory of 
3H, 14C, 99Tc, and 129!. Table 6-1 compares the current ORIGEN2 prediction of the fuel 
activity (Watrous et al. 2002) with the ORIGEN2 prediction used for the previous version 
of the HDW Model (Watrous and Wootan 1997). Table 6-2 compares the current HOW 
Model tank inventory estimate with that from the previous version of the HDW Model. 

Revised Li im urit 
4.90E+3 -20% Fuel impurity history 

chan e 
l.18E+03 l.33E+3 +l2% 
1.1 lE+OS 1.27E+OS +15% 
5.29E+03 1.61E+04 +204% Postulated 1 ppm Co fuel 

im urit . See Section 7 .1 
1.00£+03 7.90E+Ol -92% Half-life chan e 
8.80E+07 8.79E+07 0% 
8.80£+07 8.79E+07 0% 
4.74E+03 4.72E+03 0% 
3.86E+03 3.73E+03 -3% 
3.31E+04 3.43£+04 +3% 
9.26E+02 l .06E+03 +14% 
1.61E+04 5.79E+03 -64% Fission product yield 

chan e 
3.81E+o4 l.90E+04 -50% Fission product yield 

chan e 
Sn 1.53E+OJ 3.29E+02 -79% Half-life chan e 
I 6.41E+Ol 4.94E+Ol -23% Fission product yield 

chan e 
8.45E+03 8.56E+03 +1% 

Cs 1.02£+08 1.04E+08 +2% 
9.67E+07 9.83E+07 +2% 
3.35E+06 3.30E+06 -2% 
1.32E+o3 1.07E+03 -19% 
9.89E+04 9.l9E+o4 -7% 
6.03E+04 5.14E+04 -15% 
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Table 6-1. Comparison of 1997 and 2002 ORIGEN2 Fuel Activity Estimates 

6.67E+Ol 5.97E+Ol 
1.25E+02 5.llE+OO 

l.91E+o2 8.21E+OO 

2.91E+ol 2.66E+Ol 
6.88E+ol 6.08E+ol 
2.82E+03 l.43E+o2 

l.17E+04 8.41E+03 

3.56E+04 . 3.55E+04 
l.47E+03 1.47£+03 
l.17E+03 l.02E+03 
3.29E+04 3.29E+04 
2.76E+02 2.44E+02 
l.23E+05 l.13E+05 
3.72E+06 3.84E+o6 
6.78E+05 8.77E+o5 

7.12E+06 7.84E+o6 
4.25E+01 5.25E+o1 

8.85E+o5 9.98E+05 
4.19E+ol 4.22E+Ol 
l.06E+02 7.33E+Ol 

l.16E+Ol 7.74E+OO 

2.40E+02 1.92E+02 

+48% 

-10% 
-96% 

-96% 

-9% 
-12% 
-95% 

-28% 

0% 
0% 

-13% 
0% 

-12% 
-8% 
+3% 
+29% 

-10% 
+24% 

+13% 
+1% 
-31% 

-33% 

-20% . 

In-growth increase from 
change in reference decay 
date 

Thorium cross-section 
chan e 
Thorium cross-section 
chan e 

Thorium cross sections 
were adjusted to known 
233U production and 232U 
im urity levels. 
Thorium cross sections 
were adjusted to known 
233U productiori and 232U 
im urity levels. 

Single-pass reactor cross
section chan e 

Single-pass reactor cross
section chan e 

Single-pass reactor cross
section chan re 
Single-pass reactor cross
section chan e 
Single-pass reactor cross
section change 

Note: 
(a) The tritium estimate shown in this table has been adjusted from the 0RlGEN2 estimate to 

reconcile the tritium content of aluminum fuel cladding with cladding waste sample data . 
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Table 6-2. Change in HDW Model Predicted Tank Waste Radionuclide Inventories 
(All values are reported as of January 1, 2001). (3 Sheets) 

14C 4.80E+03 8.51E+02 -82% Modeling of process 
losses 

~ ' 
1, 

00Co 

IJ l"'Ba 

226Ra 

9.34E+02 

8.73E+04 

4.90E+03 

7.73E+02 
S.21E+07 
5.21E+07 
3.63E+03 

2.97E+03 

3.26E+04 

8.48E+02 

l.21E+04 

3.61E+04 

1.19£+03 
6.30E+0l 

8.39E+03 
4.01E+07 
3.79E+07 
2.61E+06 

l.03E+03 
8.38E+04 
5.13E+04 
6.29E-02 

l.32E+-03 

1.26E+05 

l.60E+04 

7.70E+0l 
5.04E+07 
5.04E+07 
4.64E+03 

3.66E+-03 

. 2.SIE+-04 

l.06E+03 

5.72E+-03 

l .90E+-04 

3.21£+-02 
3.18E+ol 

8.40E+03 
3.92E+07 
3.70E+07 
3.22E+06 

1.07£+03 
9. l 7E+04 
5.l2E+04 
9.14E-03 
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+44% 

+226% 

-90% 
-3% 
-3% 

+28% 

+23%, 

-23% 

+24% 

-53% 

-47% 

-73% 
-50% 

0% 
-2% 
-2% 

+23% 

+3% 
+9% 
0% 

-85% 

Corrected material 
balance error 
Corrected material 
balance error 
Postulated 1 ppm ~"'Co 
fue l impurity. See 
Section 7.1 
Half-life change 

Corrected material 
balance error 
Corrected material 
balance error 
Modeling of process 
losses 
Corrected material 
balance error and half
life change 
Fission product yield 
change 
Fission product yield 
chanla!e 
Half-life change 
Fission product yield 
change and modeling of 
process losses 

Corrected material 
balance error 

Stopped in-growth at 
date ofU separation 
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Table 6-2. Change in HDW Model Predicted Tank Waste Radionuclide Inventories 
(All values are reported as of January 1, 2001). (3 Sheets) 

m Ra 3.96E+ol 3.04E+0O -92% 

u'Ac l.0lE+02 4 .62E+00 -95% 

l.56E+02 7 .09E+00 -95% 

u,,, ,, 
1.81E+00 1.41E+00 -22% 

4.36E+0O 2.80E+0O -36% 

2.42E+02 7.45E+o0 -97% 

9.94E+02 4.49E+02 -55% 

" ~u 8.50E+02 3.22E+02 -62% 

LJ)u 3.66E+0l l.38E+0l -62% 

LJ()u l.6I E+0l 8.25E+00 -49% 

LJ~u 9.06E+02 3.04E+02 -66% 

LJ /Np l.41E+02 l .27E+o2 -10% 

zJsPu l.96E+03 I .97E+o3 +1% 
'"'Pu 4.69E+04 3.23E+04 -31 % 

'""Pu 9.86E+03 7.96E+03 -19% 

l.19E+05 1.27E+05 +7% 

7.90E-0l 7.92E-01 0% 
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Am 7.07E+04 8.24E+04 + 17% In-growth due to decay 
date chan e 

Am 9.33E+00 

Cm 7.44E+0l 
Cm 8.43E+O0 
Cm 1.85E+02 

4 .22E+ol 

7.32E+0l 
7.74E+o0 
I.91E+o2 

+352% Lncorrect entry of fuel 
activity in HDW Model 
Rev. 4.0 

-2% 
-8% 
+3%, 

In addition to the overall changes in the tank waste inventory, other changes to the model 
resulted in redistribution of radionuclide inventories between waste streams: 

• Radionuclide inventories of the Bismuth Phosphate first cycle, second cycle, and 
224 wastes were substantially reduced due to a better understanding of the 
Bismuth Phosphate process chemistry. 

• Improved modeling of the irradiated fuel and separation plant head-end 
processing resulted in 3H, 14C, 59Ni, and 63Ni inventories being shifted from high
level waste streams to cladding waste streams. 

• The fraction of uranium reporting to sludge layers increased because of more 
realistic solubility modeling. 

• The inventory of 233U was decreased based on benchmarking thorium irradiation 
to production data. 

• Plutonium and uranium losses were reconciled to plant records. 

• Americium-241 to 241 Pu ratios were made consistent and reasonable, especially 
for cladding waste streams. 

• Corrections of the input quantities and disposition of lead and mercury chemicals 
were made. 

• The saltcake waste types were normalized to the measured saltcake densities to 
resolve a model sensitivity to water imbalances across the various evaporators. 
This resulted in reducing liquid waste concentrations to more realistic values. 
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7.0 LIMITATIONS OF THE HANFORD DEFINED WASTE MODEL 

The Best-Basis Inventory Data Defensibility Assessment included audit finding 
A-03-AMTF-TANKFARM-002-O-10, "Ensure that potential shortfalls in the HDW 
update (data limitations and assumptions) are identified and documented," 
(Schepens 2003). 

Additionally, Section 5.6.3.1 of the Recommendation 93-5 Implementation Plan lists 
milestones for addressing Defense Nuclear Facility Safety Board concerns regarding tank 
characterization and safety. Milestone 5.6.3.1.i includes a requirement to issue a report 
addressing " Updates to the Tank Contents Model or Define Limitations to the Model." A 
report in response to this milestone was issued in 1998 by Harmsen et al. Section 7. l 
reviews the findings of the Harmsen et al. (1998) study and the corrective action taken in 
Revision 5.0 of the HDW Model. Limitations of the HDW Model identified subsequent 
to the Harmsen et al. (1998) report are discussed in Section 7.2. 

7.1 HD\\' MODEL LIMITATIONS AND IMPROVEMENTS REPORT 

Harmsen et al. (1998) identified limitations and simplifications used in the HDW model, 
as well numerous modeling assumptions used for undefined or vaguely defined processes 
that affected both global inventory estimates and individual tank inventory estimates. 
These limitations and the changes made in Revision 5.0 of the HDW Model are 
summarized in Tables 7-1 and 7-2, 

Table 7-1. Limitations Affecting Global Inventory Estimates. (2 Sheets) 

}i?li~lt, tfopl:fl~lmt!G~Qbli:,l~e-tjrit-li stbi~dn i:::, i:::i:••;Fjffl).);'\{Moil•t!:bijbtovemehtl:t.-!ltijtiiJ~n)$~1)~::•i:;•·· 
Many of the ORIGEN2 modeling parameters have not ORIGEN2 nuclear data libraries were updated to 
been updated since before 1980 ENDF/8-6 (England and Ryder 1994). Half-lives 

and specific activities were updated to the I 5 tii 

Edition of the Chart of the Nuclides (Parrington et al. 
1996). 

Improve modeling of single-pass reactors 

Improve fuel impurity history 
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Single-pass reactor specific cross section data was 
developed for the ORIGEN2 libraries using the 
MONTEBURNS code (Watrous et al. 2002). 
Additional fuel composition data were incorporated 
into the ORIGEN2 calculations (Watrous et al. 
2002). 
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Table 7-1. Limitations Affecting Global Inventory Estimates. (2 Sheets) 

:'.; ,Liml~t~jf Affec~b'Ji ~ Wbalilnvjatorf i$thnates · . -uow Modetlmniovem;ij-.t.:t.~r:Rel.'l,t~•:sm1k){: 
The inventory of activation products (1~C, 60Co, )"Ni, Three activation products, 3H, 14C, and 60Co retain a 
63Ni, etc.) is uncertain due to poorly characterized high degree of uncertainty regarding their overall 
impurity levels. production amount. Tritium is formed from 

activation of lithium impurities and 14C is formed 
from activation of nitrogen impurities. 
Measurements of the lithium and nitrogen content of 
aluminum cladding are not available. The lithium 
and nitrogen content of the aluminum cladding was 
indirectly inferred from tank sample data. The 
absence of data on 59Co impurities in the fuel was not 
resolved, and a nominal amount ( 1 ppm) was 
included for future scaling if impurity data becomes 
available. 

Losses of radionuclides CH, 14C, wTc, and IL'JI) to Assumptions to estimate the loss of 3H, •~c, wTc, and 
atmosphere, process condensate, and product streams 1291 were developed and implemented in Revision 5.0 
are (conservatively) ne~lected. of the HDW Mode1. 
Adding decay correction calculations to the model for This problem was corrected by re-configuration of 
233Uand 238Pu. the DKPRO code. 
The U, Pu, and Np decay daughters are significantly This problem was corrected by re-configuration of 
over predicted as a result of the HDW Model the DKPRO code to calculate the decay up to the 
performing process separations after the decay to separation date, compute the separation, and decay 
January 1, 1994, rather than before at the time of fuel the remaining U, Pu, and Np to January l , 200 l . 
separation. 
Adding a new radionuclide to the model - activation Nominal amounts ( 1 ppm) of chlorine and cobalt 
product 36Cl. were added to the fuel compositions in ORIGEN2 

calculations to allow tracking and scaling of 
activation products 36Cl and 60Co if information on 
actual impurity levels for these elements in the fuel is 
developed. 36CI is not currently tracked by the HOW 
Model or the BBL 

Correcting the apparent error in the model's prediction This problem was corrected by re-configuration of 
(under prediction) of 243 Am. the DK.PRO code to calculate the cladding and 

separation inventories separately. (Incorrect values 
for 243 Am were entered into the HDW Model 
Rev. 4.0.) 

For the extracted product elements (U, Pu, Th, and The global product extraction factors were replaced 
Np) the model has used loss factors containing with monthly (or shorter) fuel batch specific 
uncertainties which cannot be characterized. extraction factors. These factors are based on 

accountability records. 
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Table 7-2. Limitations Affecting Individual Tank Estimates. 

Updating the model with improved solubility 
parameters 

Updating the model with improved 
radionuclide split factors 

Updating the model with adjusted solids 
carryover factors for cascaded tanks. 
Waste Transaction Database (WSTRS) Errors -
Approximately 40% of the WSTRS 
transactions have not been verified. Waste 
transactions that have occurred since January 1, 
1994 are not included in the WSTRS database. 
Waste Averaging - Averaging of fuel batch 
activity over several years introduces 
uncertainty because over several years of fuel 
exposures were increased significantly and 
separation plant flowsheets were improved to 
significantly reduce the volume of waste 
generated per MIU. The error occurs because 
the HOW Model assumes a constant average 
waste type for the period. 
Verification/updating model tank layering 
profiles (TLM model) based on core sample 
profiles from tanks that have been core 
sampled. 

Modifying the HDW model to generate tank 
specific estimates that more closely matc.h 
sample results for key radionuclides. 

New solubility factors were derived using 
newer analytical data (post-1989) from the 
Tank Characterization database that have 
improved analytical methods and Quality 
Assurance protocols. These solubility 
descriptions provide more appropriate chemical 
concentrations for the various waste streams. 
New radionuclide split factors were developed 
for the Bismuth Phosphate process and the 
PUREX process 
No changes were made to the model 

Update of the WSTRS file was beyond the 
scope of this update (Revision 5.0) of the HDW 
Model. 

Averaging of fuel batch activity and separation 
plant flowsheet was not changed by 
Revision 5.0. 
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Updating of the tank layer model (TLM) to 
match core sample profiles is outside the scope 
of this revision. The BBi protocols allow for 
the core profile tank layer assessments in 
calculation of BBi tank specific estimates 
(Field 2003) 
The BBi does not utilize HDW model tank 
specific estimates. Model features such as the 
SMM and TLM that contribute to tank specific 
estimates have not been modified. In addition, 
matching model results to tank-specific sample 
results is not useful without understanding and 
quantifying the uncertainties inherent in both 
data sets, and having a metric that can 
legitimately quantify these comparisons. 
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7.2 THE LIMITATIONS OF THE HANFORD DEFINED WASTE MODEL 

This section discusses HOW Model limitations and uncertainties that were not identified 
by Harmsen et al. ( 1998). 1n general, the HOW Model tends to over simplify the actual 
behavior of waste in the tanks. Many of the limitations discussed in the following 
paragraphs relate to tank chemistry and operation phenomena that are beyond the 
capabilities of the HOW Mode]. 

7.2.1 Return of 99Tc with Recycled Uranium 

Fuel activity estimates by ORIGEN2 did not consider the return of 99Tc with recycled 
uranium. Recycled uranium contained about 3 ppm 99Tc (Appendix C, interoffice 
memorandum 7G300-03-NWK-001). The recycle of 99Tc was considered in estimating 
the amount of 99Tc shipped off-site with recovered uranium but the activation of the 
recycled 99Tc to 100Tc and subsequent decay to stable 100Ru was not modeled by 
ORIGEN2. 

7.2.2 Estimation of Radium Content of Irradiated Fuel 

226Ra is formed by deca~' from 238U and is naturally present in uranium ore. 228Ra is 
formed by decay from 2 2Th and is naturally present in thorium. Assumptions used by 
ORIGEN2 underestimate the radium inventory in the irradiated fuel and tank waste. 
ORIGEN2 modeling of the reactor fuel assumed that uranium and thorium targets were 
free of radium at the time of irradiation. The quantity of 226Ra initially present as an 
impurity in the uranium metal is not known. The radium content of the fuel is a function 
of the radium content of uranium at the time it was separated by an enrichment plant or 
by a smelting process plus the in-growth of radium that has occurred since the metal 
refining date. The lead time between enrichment/smelting and irradiation is unknown. 
The radium impurity content of enriched uranium and natural uranium (from the smelter) 
are likely to be different. During fuel fabrication, natural uranium was often blended 
with enriched uranium. The true 228Ra content of thorium is unknown for similar 
reasons. 

7.2.3 PRTR and Shippingport Fuel Records 

The fuel record files used in ORIGEN2/DKPRO modeling do not include the fuel activity 
for 6 MTU of Plutonium Recycle Test Reactor (PRTR) fuel and 11 MTU of Shippingport 
fuel used in reprocessing demonstrations at the Hanford Site. However, these fuel 
inventories account for less than 0.02% of the total irradiated uranium reprocessed at the 
Hanford Site and are not believed to practically impact the overall tank farm inventories. 

7.2.4 New Waste Streams 

The 224 waste stream did not account for waste generated prior to 1952. For 
Revision 5.0, the 224 waste type was redefined as 224-1 and 224-2 to account for these 
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earlier wastes. The P3 waste stream was split into a P3AZ1 and P3AZ2 streams to more 
accurately estimate the radionuclide concentrations of the 241-AZ-101 and 241-AZ- 102 
tanks . These tanks are of particular interest because of their high fission product 
inventories. Development of a separate organic saltcake stream to more accurately 
estimate the composition of saltcakes with a high total organic carbon content was 
considered, but was not completed. This would have required renaming numerous waste 
transfer records within the WSTRS database. 

7.2.5 Chemical Composition of Waste Streams 

Significant errors with respect to modeling the lead and mercury constituents of 
separation plant waste streams were corrected for Revision 5.0. However, as noted in 
Section 4.0, review and update of the chemical constituents of separation plant waste 
streams was not an identified task for this revision. Several of the waste stream chemical 
compositions do not readily reconcile with flowsheets documents or other records. For 
example, the HDW Model indicates that the aluminum in the cladding waste streams 
varied from 20 to 49 kg Al/MTU fuel. However, fuel fabrication drawings indicate that 
the variation in aluminum based on the fuel element design was only 30 to 44 kg 
Al/MTU fuel. 

7.2.6 Solubility 

The methodology of Agnew and Watkins (1994) was employed to determine solubility 
limits for each species. This methodology assumes that the top 25% of rank-ordered tank 

. waste liquid sample data represents saturationJor the analyte. This assumption is not 
always valid because (1) tank waste solutions may not be saturated in the analyte of 
interest, and (2) saturation is affected by the presence of other species in solution, 
sometimes quite strongly. Additionally, changes in chemical equilibrium conditions as a 
function of time and subsequent waste management operations (e.g. , evaporation, CO2 

absorption, radiolysis, etc.) can also impact the data interpretation and application in the 
HDWModel. 

The chemical calcium and strontium levels from untreated raw water used by the 
Bismuth Phosphate process facilities and/or impurities in essential chemicals were 
apparently sufficient to cause the precipitation of strontium sulfate from the dissolved 
metal solutions during the extraction step as evidenced by high 90Sr and chemical 
strontium levels in samples taken from first-cycle sludge. The HDW Model does not 
fully account for this lack of water demineralization in early processing. 

7.2.7 pH Control and Criteria 

During the initial years of tank fann operation, the waste pH was not controlled to the 
same criteria that are in place today. Schneider (1951) states that the Bismuth Phosphate 
process wastes, with the exception of the alkaline coating waste were buffered to a pH of 
7. The uranium recovery process manual (GE 195 la) reports that wastes were 
neutralized to a pH of greater that 9.5. The desired pH for in-farm ferrocyanide 
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scavenging was 9.5 but in practice ranged from 8.4 to 12.2 (Sloat 1955b). Abrams 
(1956) states that for in-plant scavenging, the desired pH was 9.0, but in practice ranged 
from 8.0 to 10.0. REDOX wastes were adjusted to a pH of 13; the specification was 
based on keeping the large quantities of aluminum salts present in the neutralized wastes 
in soluble form (GE, 1951 b ). The current minimum allowed hydroxide concentration is 
0.01 M, (pH~ 12) [Fowler 2002]; however, the hydroxide concentration is frequently 
much higher. Therefore, solubility limits derived from current tank waste conditions may 
not accurately reflect the conditions under which sludges were formed during the early 
years at the Hanford Site. The HOW Model does not account for the variation in pH over 
time. 

7.2.8 Sludge/Saltcake Void Fraction 

The sludge/saltcake void fraction determines the amount of interstHial liquid within each 
waste sludge or saltcake and, therefore, concentrations of specific chemicals and 
radionuclides. The void fraction is calculated from the specific volume of the species 
precipitated, and the settled volume percent solids. Volume percent solids is the ratio of 
the accumulated sludge (or saltcake) volume divided by the volume of waste discharged 
to the tanks. In general, there are significant uncertainties in the volumes of accumulated 
sludge ( or saltcake ), in the volumes of wastes discharged to the tanks, and in 
identification of the precipitated chemical compounds. These factors result in an 
uncertainty that is in addition to the uncertainty in the solubility. 

7.2.9 Solids Entrainment 

The HDW Model does not account for solids entrainment that may have occurred during 
· supernatant transfers. This limitation is most evident in reconciling saltcake samples 
with model results. Many saltcake samples exhibit relatively high concentrations of 
insoluble metals such as iron, manganese, and transuranic waste. The presence of these 
species in saltcake samples is partially attributed to entrained solids could also be from 
degrading complexants which would allow chelated metals to precipitate with time. 

7.2.10 Degradation of Organic Chemicals 

Organic chemicals were used as complexants and solvents during processing of the 
wastes. Waste chemistry and radiation have caused many of these chemicals to degrade. 
Strong complexants degrade to weaker complexants (i.e., oxalate) causing complexed 
species to come out of solution; thus, the presence of some analytes attributed to 
entrainment could be the result of complexant destruction. The HDW Model does not 
account for organic degradation. 

7.2.l 1 Ferrocyanide Degradation 

Over time some of the nickel ferrocyanide used to scavenge cesium from waste solutions 
has degraded, which may release cesium back into solution (Lilga et al. 1996). 
Fcrrocyanide degradation is not accounted for by the HDW Model. Specifically the 
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HOW Model predictions are unreliable because the NiFe(CNk is assumed to be 
completely insoluble and stable. This is contrary to known behavior cited by Lilga et al. 
(1996). 

7.2.12 Radiolysis of Nitrate 

The HDW model includes equations to estimate the radiolysis of nitrate to nitrite to 
ammonia as a function of the time-dependant integrated radiation dose. The 
methodology is described in the HDW model Rev. 4.0 documentation (Agnew et al. 
1997). However, the radionuclides considered include only 90Sr and 137Cs, ignoring 
short-lived radionuclides such as 144Ce, I06Ru, etc. that could have initially contributed 
substantially to the total radiation dose. The conversion of nitrate to nitrite ion is 
referenced to controlled experiments; however, the conversion of nitrite to ammonia is 
based loosely on ammonia data from one Hanford Site tank (241-SY-101 ). Additionally, 
this model does not include volatilization of ammonia. Thus, the model erroneously 
predicts that all of the ammonia produced within a waste is retained. It is known that 
ammonia is evolved from basic tank waste solutions as evidenced by fugitive ammonia 
emissions for Hanford Site tank wastes and ammonium nitrate deposits on tank 
ventilation filters (particulate formed from gaseous ammonia and NOx). The predicted 
HDW model ammonia concentrations are unreliable and should be used with extreme 
caution. 

7 .2.13 Carbon Dioxide Absorption 

Tank waste when exposed to air absorbs CO2 which reacts with NaOH to form Na2CO3 
and H2O. This reaction reduces the pH of the waste which can change the solubility of 
the waste constituents. Although CO2 absorption occurs in all tanks, the process was 
accelerated in the atmospheric pressure evaporators and in tanks with air-lift circulators. 
Carbon dioxide absorption is not modeled by the HOW Model. This phenomenon can 
affect aluminum chemistry. 

7.2.14 Aluminum Chemistry 

Aluminum is present in the tank waste in multiple chemical compounds that include 
sodium aluminate, aluminum hydroxide, and cancrinite. The solubility of aluminum is 
pH sensitive, and the reaction kinetics can be slow. In addition, multiple forms of 
aluminum hydroxide can be precipitated from a saturated sodium aluminate solution 
(Meacham 2003). These forms have varying solubility, and physical/chemical properties. 
Small changes in hydroxide concentration can cause aluminum to precipitate. These 
changes can be caused by CO2 absorption or by mixing with other wastes. The most 
prevalent form of precipitated aluminum hydroxide in the tanks is thought to be gibbsite. 
Although gibbsite precipitation can be reversed by increasing the hydroxide content of 
the waste ( a matter of a few hours at l 00°C), exposure of gibbsite to temperatures 
common in the boiling waste tanks transforms gibbsite to boehmite, which takes 
considerably longer digest times to dissolve. Boehmite is not readily re-dissolved in 
hydroxide. The complexities of aluminum chemistry are not accounted for by the HDW 
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Model, but are often observed in tank waste samples. Additionally, the slow depletion of 
hydroxide and mixing of liquid wastes make it difficult to ascertain where aluminum 
precipitates, resulting in considerable uncertainties in the saltcake aluminum 
concentrations. Numerous other species are also known to be present (dawsonitc, 
boehmite, amorphous, etc.). 

7.2.15 Chromium Chemistry 

Chromium is generally found in only two oxidation states in the waste, Cr+3 which is 
insoluble in the sludge and Ct6 or chromate (CrO4 +

2
) which is highly soluble in 

supernatant and interstitial liquid. Lambert and Meacham (2003) determined from 
examination of wash-leach data that Ct6 could be reduced to Cr+3 by radiolytically 
produced hydrogen gas. Evaporator concentrates were apparently exposed to strongly 
reducing conditions caused by hydrogen generated by radiolysis of water and organic 
chemicals in the waste. This phenomenon is only important to waste retrieval, when 
saltcakes are re-dissolved, and this feature is neglected by the HOW Model. 

7.2.16 Self-Concentration of Wastes 

The HDW Model does not specifically simulate the self-concentration of boiling waste 
tanks or the redeployment of small plant evaporators to concentrate tank wastes. In 
August 1953, condensates from S-Farm were diverted to cribs rather than refluxed to the 
tanks. This practice of self-concentration was used in conjunction with the boiling waste 
tanks in S, SX, A, and AX Farms (Anderson 1990). The REDOX D-12 waste 
concentrator was used from January 1970 to March 1972 to evaporate 11.6 million 
gallons of customer and tank waste. A steam coil in tank 241-A,X- lO 1 was used to boil 
off approximately 1.8 million gallons of PUREX organic wash waste in 1967 
(Uebelacker 1967). The HDW Model accounts for this boil-off in the saltcake models 
and not in conjunction with the affected waste type. The HDW Model waste streams, 
with the exception of saltcakes, represent wastes in unconcentrated form. This approach 
could skew the liquid-solid distribution of chemical and radionuclide species in the 
self-boiling waste streams. 

7.2.17 Evaporator Feed Tanks 

The HDW Model assumes that the saltcake composition of an evaporator feed tank to be 
identical to the saltcake found in the corresponding evaporator receiver tanks. Sample 
data indicates that for those feed tanks with an identifiable layer of saltcake, the saltcake 
composition of evaporator feed tanks are noticeably different from the saltcake 
composition of the corresponding receiver tanks. Specifically, tank 241-TX-l 18 was the 
feed tank for the T2SltCk campaign; tank 24 l-S-l 02 was the feed tank for the S 1 SltCk 
campaign; and tanks 241-BY-101, 241-BY-102, and 241-BY-112 were equipped with 
in-tank heaters for the B YSltCk campaign. These tanks usually exhibit higher PO4 

concentrations than the corresponding saltcake receiver tanks. In addition, the evaporator 
feed tanks contain higher concentrations of insoluble metals from collection of entrained 
solids. 
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7.2.18 Averaging of Band Tl Saltcake 

For Revision 5.0 of the HOW Model, Band Tl saltcake waste streams were combined to 
facilitate development of a separate a saltcake with a high organic content. This change 
increased the variation of the Band T saltcake compositions by a small amount. 
Although modeling of Band Tl saltcake would be improved by separate modeling, 
accurate modeling would require separation ofB- and T-Plant Bismuth Phosphate 
processes waste streams because B-Plant shut down four years before T-Plant and fuel 
irradiation was not constant during this time period. Additional discussion regarding the 
combining ofB and Tl saltcake waste streams can be found in Appendix D. 

7.2.19 Rare Earth Precipitation of PUREX Zirfl~x Waste 

The PUREX process used a rare earth precipitation process to reduce the transuranic 
{TRU) levels in the Zirflex decladding wastes from March 6, 1985 until plant shutdown. 
The DKPRO Model incorrectly applies the rare earth precipitation process to all Zircaloy 
fuel resulting in under estimation of the actinides present in ewzrl by the HDW Model. 

7.2.20 Special Isotope Processing 

In addition to the B-Plant Waste Fractionization processes used to recovery and 
I 90S d 137C . . l . . h encapsu ate .. r an s, vanous spec1a processmg campaigns were run at t e 

Hot Semiworks, PUREX, and B-Plant to recover 90Sr, 137es, 144ee, 147Pm, 99Tc, and 
241 Arn. Lead carrier precipitation was used in PUREX and B-Plant (1961-1968) to 
recover 90Sr for purification at the Hot Semi works. A total of 3.35 Mei 90S r was 
recovered by this process. During the same time period ( 1961-1968), the PUREX cask 
station and the 241-e-801 cask station were used to recover 2.07 Mei 137es (Appendix e, 
interoffice memorandum 7G240-03-BAH-001). The impact of the 144ee and 147Pm 
recovery on the tank inventory is negligible (Appendix e, interoffice memo 
7G400-03-SMM-003). Americium-241 recovery at REDOX recovered 2.7 Mei, less 
than 4% of the tank wastes 241 Am inventory (Boldt and Ritter 1969). Monthly reports 
indicate that less than 30 Ci of 99Tc was recovered for test and development purposes 
(Reas 1964a and I 964b, and Walling 1964). In general, these minor special processes are 
either incompletely modeled or are neglected by the HDW Model. All radionuclide 
values were decayed to January l, 2001 for the preceding discussion. 

7.2.21 Hot Semiworks Processes 

The initial mission for the Hot Semiworks was to pilot plant the TBP, REDOX, and 
PUREX processes. The REDOX testing involved only unirradiated uranium and resulted 
in no transfers to the underground storage tanks. The PUREX flowsheet testing inc1uded 
the dissolution and solvent extraction processing of irradiated fuel elements. Waste from 
these development tests were transferred to the 241-C-200 series tanks ( 1952-1957). The 
Hot Semiworks was modified in 1961 to demonstrate the B-Plant Fission Product 
Recovery flowsheet and to support strontium recovery. The Hot Semiworks was 
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renamed the Strontium Semiworks in 1961 and was operated until 1967 to separate 
strontium from various waste solutions. Waste from the strontium recovery mission was 
transferred to the tanks 241-C-107, 241-C-108, 241-C-109, 241-C-l l l , and 241-C-112 
where it was stored with other wastes (Johnson 2003). The HDW model erroneously 
assumed that the wastes transferred to the C-200 series tanks were produced under the 
B-Plant strontium recovery flowsheets and, therefore, predicts high lead and low uranium 
and plutonium concentrations for the residual wastes in tanks 241-C-201 through C-204 
(GE 1965). 

Prior to cesium and strontium recovery by the B-Plant Waste Fractionization process, 
cesium and strontium were recovered by a series of processes in PUREX, B-Plant, 
Hot Semiworks, and 241-C-801 cask station. In general, the PUREX plant (1961-1962) 
and then B-Plant (1963-1967) recovered a crude strontium product from the PUREX 
HL W stream using lead sulfate carrier precipitation followed by a strontium rare earth 
separation (Boldt 1964, Caudill et al. 1961). The crude strontium product was shipped to 
the Hot Semiworks facility where the strontium was purified by solvent extraction using 
di-(2-ethyl-hexyl) phosphoric acid (D2EHP A) (HAPO 1963). Cesium was recovered in 
the 241-C-80 l Cask Station. Shipping casks filled with cesium selective ion-exchange 
media were placed in the 241-C-801 cask station. Cesium-bearing supernatant from one 
241-C Farm tank was transferred through the cask to another 241-C Farm tank. Cesium 
loaded casks were shipped off site for elution. Each of these processes produced a unique 
waste stream; a strontiwn-depleted PUREX HLW, a strontium purification waste, and a 
cesiun1-depleted supernatant. For Revision 4.0, the HDW Model simplifies these three 
processes into a single waste type, HS waste. For Revision 5.0, the 241-C-801 Cask 
Station cesium recovery process was included in the B-Plant cesium recovery process 
simulation, but the strontium-depleted PUREX waste and the strontium purification 
waste were not separated. 

7.2.22 In-Farm Supernatant Scavenging 

In-Farm supernatant scavenging was used to treat IBP supernatant and other 
supernatants stored in the same tanks. The HDW Model simulates this process as the 
TFeCN waste type. The HDW Model assumes that both cesium and strontium were 
scavenged from TBP supernatant. In actual practice, three different methods were 
employed to scavenge supernatants; nickel ferrocyanide scavenging only, both nickel 
ferrocyanide and calcium phosphate scavenging, and calcium phosphate scavengi~ only. 
These processes were applied on a tank-by-tank basis depending on the 137Cs and Sr 
concentrations measured in the supernatant. This resulted in a two order of magnitude 
range in the 137Cs and 90Sr concentration of the scavenged supernatant (Sloat 1955b). 
The impact on the scavenged solids is not reported but could exhibit similar variability. 
Modeling at the detail level described by Sloat is beyond the current capability of the 
HDW Model. 
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7.2.23 Metal Waste Modeling 

During metal waste recovery operations, the general practice was to sluice with metal 
waste supernatant. When a tank was close to empty, water was often used as the final 
sluicing media (Rodenhizer 1987). The impact of sluicing with water on the metal waste 
sludge composition is not modeled, but is not thought to be a significant impact to the 
BBl because 94% of the uranium was recovered, and little metal waste remains in the 
tanks. 

7.2.24 Mass Balances 

The HDW Model does not maintain mass balances throughout the waste stream or tank 
inventory calculations. Frequently, waste stream chemical compositions are calculated 
independently rather than from the waste streams of which they are dependant. In 
addition, the method used to calculate waste volumes is independent from waste stream 
compositions. The HDW Model approximates a mass balance through a waste volume 
accountability process. This calculation method can lead to over or under estimation of 
the total site chemical inventory. Radionuclides are not subject to this problem since the 
inputs were made based on the fuel content (Curies) rather than as a concentration. 
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8.0 CONCLUSIONS 

This update of HDW Model achieved the objectives outlined in Section 4.0, Scope of 
Revision, and resolves issues identified by Hannsen et al. ( 1998) and by BBI users. 
Outdated ORIGEN2 estimates have been replaced with new fuel activit~ predictions. 
Bases for significant reductions in the tank waste estimate for 3H, 14C, 9 Tc, and 1291 were 
established. The simulation of chemical processes was improved. Documentation of the 
model was expanded. The new sludge and saltcake waste concentration estimates 
predicted by Revision 5.0 of the HOW Model are reported in Appendix A, pages A-70 
through A-79 . The new supernatant waste concentration estimates are reported in 
Appendix A, pages A-80 through A-89. Appendix G summarizes the methods used to 
check the HDW Model. 
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A.0 HANFORD DEFINED WASTES WORKBOOK 

The fo11owing pages are a printout of the hdwR2.X worksheet. Certain intermediate 
calc.ulations and blank rows have been deleted for clarity. 

Worksheet contents: 
Campaign Infom1ation 
Chemicals in [ mol/L] 
Chemicals in [Ci] 
Species Total Concentration (mol/L) 
Species Total Concentration (Ci/L) 
Predicted Sludge Species (mol/L) 
Predicted Sludge Species (Ci/L) 
Predicted Supernatant Species (mol/L) 
Predicted Supernatant Species (Ci/L) 
Predicted Solids Concentration in Layer (mol/L) 
Solids Volumes (cc/L) 
Solids Fraction Precipitated 
Predicted Sludge Concentration (µgig) 
Predicted Sludge Concentration (µCi/g) 
Predicted Supernatant Concentration (µgig) 
Predicted Supernatant Concentration (µCi/g) 
Supernatant Volumes to Evaporator (kgal) 
Radionuclide Partition Fractions 

A-3 

Page 
A-5 - A-9 
A-l0-A-14 
A-15 - A-19 
A-20 - A-24 
A-25-A-29 
A-30 - A-34 
A-35 -A-39 
A-40-A-44 
A-45 - A-49 
A-50-A-54 
A-55 -A-59 
A-60-A-69 
A-70 - A-74 
A-75 -A-79 
A-80-A-84 
A-85-A-89 
A-90-A-94 
A-95 -A-99 
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Campaign Information. (Sheet 1) 

• c~~ig~Ji'ij9t@t~~# ··· •-• ~1 >-•>: MW~>? •.•. _., •• :tQJ ... · t\';'1¢f ·? ·:•:<: •• ::o:::::::t~f ::iJ-:_ '?j ~ :>;'-:> ::2~~1 ;:: f/~ 2::;;: \~p\ '•pf~i ••·• 
st. ;da~-. 1944 1950 1944 1950 1944 1950 1944 1950 1952 1954 
en; date .- . 

.. 
1949 1956 1949 1956 1949 1956 1949 1956 1958 1955 

shorttons. fuel __ .. 3,653 4,943 3,653 4,943 3,65 3 4,943 3,653 4,943 
k~ w~~:inolif . •> . 35,574 

-·volume:factor •••- 0.65 0.37 
ki?al was~·out . : ... 15,325 20,551 11 ,767 16,531 8,962 19,689 12,964 17,543 23,090 13,179 
i!il/kiii '· ·. 4 ,195 4,158 3,221 3,344 2,453 3,983 3,549 3,549 6,608 total waste rate 

vol%solids ··••. I .20E+Ol 1.20E+Ol l.37E+Ol 1.43E+Ol 6.80E+OO 3.40E+o0 1.80E+OO 2.34E+OO 2.80E+OO 4.25E+OO 
voidh¢; . 2.70E-01 1.45E-01 5.74E-01 5.99E-Ol 4.76E-01 5.26E-Ol 7.26£-01 7.89E-Ol 4.45£-01 2.34E-01 
sunema-taiifderikitv .. 

l.JOE+OO l.lOE+OO l.13E+OO 1.13E+OO 1.lOE+OO l.07E+OO l.09E+OO l .09E+OO l.21E+OO 1.21E+OO 
SQ}ids densitf ; .••. _ •... l.80E+OO l .85E+o0 l.41E+OO l.38E+OO 1.45E+OO l.42E+OO 1.48E+OO l.39E+OO J.78E+OO 1.59E+OO ;,o 

· l-r0 3. :CCil•Joss••••· 3.98E+02 2.27E+02 ""0 
,·:·:··.··:: ""0 

·:·:··:: .. I -.residuahotals .. ... , .. '-D 

• · :1:1"3:(Cl} > ., ... :·· 
3.71E+OO 1.98E+OO 

00 
I .. 6.02E+OO l.09E+Ol 1.95E+ol l.l5E-04 2.92E-03 l.12E-07 1.85£-05 6.56E+o0 N 

V\ Ol4JCi)'•·•-· < '. < .•• :·•.--:. 1.75£-01 l.23E+OO 7 .64E-04 7.67£-02 
N 

3.59E-01 2.58E-Ol 7.94£-03 9.20£-03 2.49£-04 2.54£-01 
St"90(Ci)' ·_ 8.83E+o4 2.42E+05 l.02E+o3 1.25E+03 7.52E+o0 9.79E+OO 4.00E-02 l.38E-01 6.29E+05 2.80E+05 

;,o 
0 

-Tc'.'.99 (Ci} • • 2.20E+OO 2.68E+OO 5.77£-01 6.46E-Ol 4.24E-03 4.99£-03 2.25E-05 7.02E-05 4.00E+OO 1.21E+o0 < 

I-i29lCn · 9.72E-04 3.06E-03 2.84E-04 5.64E-03 l.88E-06 O.OOE+OO 9.98E-09 O.OOE+oO 5. 12E-03 1.55E-03 0 
..... l . 

Cs-137JCi) 4.48E+03 6.14E+03 1.18E+03 1.46E+03 8.64E+OO 1.14E+Ol 4.59E-02 1.61£-01 1.23E+04 3.61E+05 
U-TotalfCi) - 3.76E+02 5.13E+02 8.90E+OO 5.lOE+OO 7.62E-03 5.48E-03 8.90E-06 l .69E-05 l.81E+Ol 6.74E+OO 
U-Totil(b) : ' · ._.- · -- 5.54E+05 7.55E+05 l.31E+04 7.51E+03 1.12E+ol 8.06E+OO l.31E-02 2.49E-02 2.66E+04 9.91E+03 
Pu Total (Cl) ' . ·-• ... _ • ----- .. ··_ r _ .. _.-,_.-. 1.46E+OO 2.38E+Ol 7.31E+02 9.57E+02 6.55E+Ol l.38E+02 3.40E+o0 2.07£+02 4.20E+OO l.27E+OO 
Pu-Totil(k2) · < . 7.83E-02 1.39£-01 5.68E-01 4.62E-01 2.50E-01 2.70E-01 6.76E-02 l.35E-Ol l.18E-01 6.79E-02 
. .. •.-.-, .. :._·:,, .: . ·.- ... :-:.._..,.- .. 

halsolids .. ·· 1,839 2,466 1,612 2,363 609 669 234 410 647 403 
• vol% so.lids l.20E+Ol l.20E+01 l.37E+Ol l.43E+Ol 6.80E+o0 3.40E+OO 1.80E+OO 2.34E+OO 2.80E+00 4.25E+OO 
unccrtairitv . 2.60E+OO l.lOE+OO 2.00E+oO l.OOE+OO 
ba1 solids left 313 423 1,732 1,407 762 822 234 410 636 359 

531 kgal lost to B and Tl 
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•• :¢•~Pldiu I#f~~-ti~ > •. :\•:~~~Ni> ·wteN,:: :t''\J~~fr: • (:wt::~~jr "': ?::?flt·\:}\ t)t~ t ,:{• '}!'~q~::r _i::)t;fl:T!:••::+: Pl ... ;::_: ___ :::.;=:: ;:;:::-::.·: .. :\ipti • .. -· ... 
• st. <fute . -·•· · · 1955 1955 1955 1952 1959 1952 1961 1956 1963 1968 
ea .date· 1958 1958 1958 1958 1967 1960 1967 1962 1967 1976 

.· .. 
short tQ"~ fuel 1,3 11 11 ,905 9,554 13 ,660 7,799 30,236 27,016 16,449 
hal waste input , 
voi~fador ; • 0.58 0.31 

.:~taI;~te.ou~-·•·· ... _:·,· ... ··•··:, .... 20,537 11,110 3,818 25,067 10,690 2,975 1,752 26,502 9,454 1,233 
•·:~ii'\: ' ····•/ :>•.····· ·•·•·?:::.••:c.,. 2,106 1,119 218 225 877 350 75 
... ': .. --•.··:,.-.:,·'·•::. \\'.i.-_,:·\<··· ;/I(:.:-:_::, 
1.v9l%'~Uds . : ' :>-:;::··:>-·-_..:;;.,:. 4 .25E+OO 3.00E+-00 3.00E+OO 4 .50E+OO 3 .00E+OO 8. JOE+oO 2.90E+-OO 2.20E+OO 3.90E+OO 2 .20E+00 
. voidJric; . • .• .. .. 

2.29E-01 9.16E-01 8.5 lE-01 6.86E-Ol 6.40E-Ol 6.90E-Ol 7.50E-01 7.59E-01 5.47E-OI 5.56E-Ol ... 

$ . . '· .. 'f dens,ity• l.21E+OO l.l9E+OO l.06E+o0 1.26E+OO 1.25E+OO l.16E+OO 1.08£+00 1.03£+00 1.0SE+OO l.18E+OO 
.. solidf density .-·· 1.58E+OO l.32E+OO 1.40E+OO 1.72E+OO 1.79E+OO l.60E+-OO 1.46£+00 l.38E+00 1.51E+OO 1.79E+OO 
ffi=-J:ccnfosi< ·· 3.54E+02 

;1i:l 
'"0 
'"0 

1 

. re~i4ua} totals: " , -"° • H-,JlCi):•·. • ..• , 2 .36E+OO 2.44E+OO 9.35E-02 8.65E+Ol 7.65E+Ol 9.72E+Ol 4 .04E+01 4.46E-02 1.98E+OO 6.18£-02 
00 

I N 
0-. :c .14;(Cj) ;. '1:-:: . 9.16E-02 8.50E-02 1 .06E-Ol 4 .72E+OO 4.76E-Ol l.07E+OO 2.74E-01 2.81£-02 5.00E-01 5.94E-04 

N 

Sr.;;90 (Ci[ ""<( · · 3.71E+05 2.19E+04 4 .64E+03 6.lOE+-06 5.73E+06 4.16E+-02 l.62E+02 l.62E+o5 4 .73E+o6 3.07E+01 ;:o 
(l) 

Tc;~(C1) : <> .. l.44E+OO 1.12E+-OO 6.09E-02 8.30E+OI 3.85E+Ol l.96E-01 6.27E-02 8.62E-Ol 2.84E+ol 1.06E-02 < 

l~129Jtir · .···<"\._:/.:• ••:i//-, l.85E-03 2.47E-03 5.87E-04 l.33E-Ol 5.96E-02 2.76E-04 8.82E-05 5.14E-05 l.71E-03 0.00E+OO 0 
.. . , , ... ·:·. 

'Gs~U7:{Cil' ·,· i .. ..,. 'i"-:-.. "( ..... it. 4.39E+05 9.98E+04 S.77E+03 2.35E+05 l.31E+o5 4.90E+o2 1.88E+02 3.26E+03 1.22E+o5 3 .61E+Ol 
• tPfotal(Ci) .; • 

. . .... 
8.20E+OO 7.98E-03 2.40E+OO 3.78E+-Ol 5.96E+o0 6.73E+o0 4.71E+o0 6.51E-02 2.67E+OO 6.64E+Ol , .. _.,. · ... -.... ·: 

U ... TQtai '(bi) •. .. 
l.21E+04 1.17E+-01 3.53E+03 5.55£+04 7.07E+03 9 .65E+03 5.59£+03 9.57E+-01 3.83E+03 8.52E+03 

Pu;.total (Cff ··· 1.SlE+OO 1.81E+-OO 3.20E+02 4.23E+o3 1.79E+03 6 .84E+02 6.70E+02 3.96E+-01 l.36E+-03 6.83E+03 
. -.Pu~ Total (kli, l · 8 .27E-02 2.43E-02 3.90E-02 3.95E-01 6.62E-02 7.91E-02 l.67E-02 1.3 lE-03 2.66E-02 4.59E-03 

· .. ·. :-:·;-,• 
• ~galsolid!I _·· .. • · 719 156 115 1,128 321 241 51 583 369 27 
. vc,J%,$01Uk ·• .< · • 4 .25E+oo 3.00E+oo 3.00E+OO 4.SOE+OO 3.00E+OO 8.lOE+OO 2.90E+OO 2.20E+o0 3.90E+OO 2.20E+OO 
-~~trtaintv .. : 3.00E+OO 1.30E+OO l.40E+OO 5.00E-01 l.70E+-00 3.00E+OO 
k2a1·•$0lids1etf • .. 437 112 119 1,206 202 241 51 4 81 14 .. 
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Campaign Information. (Sheet 3) 

st:daif ... · 1956 1961 1965 1956 1963 1968 1974 1961 1966 1970 
eiL date:- 1960 1972 1972 1962 1967 1972 I 988 1968 1966 1970 

shqiftdns f\i.er _ •· 18, 141 54,583 1,954 30,236 

21,651 2,285 4,543 

397 1,170 150 
: ... ' .. : .. ..:,,,.<.>.• 

8.lOE+OO 2.90E+o0 l.05E+Ol .l.10E+OO 
8.22E-01 7.49E-01 8.55E-01 7.40E-01 
l.lOE+OO 1.07E+OO l.03E+o0 1.03E+OO 
1.35E+OO l.43E+o0 1.30E+OO 1.64E+o0 

li-3 (Ci):Jtjsi1. : 

residual 10~1s .. ::- · · 
H~3(Ci) : ... 1.90E+o2 2.85E+02 2.1 lE+Ol O.OOE+oO 
C:, i4.(Ci)'. · · · 1.79E+OO l.82E+OO 4.56£-01 0.00E+-00 

7.25E+02 9.13E+o2 4.16E+o3 O.OOE+OO 
3.24E-01 3.41E-Ol l.34E+OO O.OOE+oO 
3.89E-01 2.96E-01 2.09E-03 O.OOE+OO 

Cs-l37 (Ci) •·•-- · ..... -~ .::-: :·· 8.60E+02 1.07E+o3 4.59E+o3 O.OOE+OO 
8.06E+o0 1.1 IE+o2 l .66E+OO O.OOE+oO 

3.21E+04 1.93E+03 O.OOE+OO 
4.06E+03 9.63E+o2 O.OOE+-00 
l.96E-Ol 1.3 IE-02 O.OOE+oO 

•• • .... , .. c'· ,:"-

508 628 240 50 
vol%, solids ·· 8.IOE+OO 2.90E+OO l .05E+Ol l.lOE+oO 

l.40E+o0 5.00E-01 l.OOE+UO 
366 598 40 

27,016 

11,053 

409 

1.IOE+OO 
7.14E-01 
1.06E+oo 

· l .56E+o0 

O.OOE+OO 
O.OOE+OO 
O.OOE+oO 
O.OOE+OO 
O.OOE+oO 
O.OOE+OO 
O.OOE+oO 
O.OOE+oO 
O.OOE+oO 
O.OOE+OO 

122 
J. lOE+-00 

16,449 

8,094 

492 

l.lOE+-00 
7.39E-01 
l.08E+OO 
l.42E+o0 

O.OOE+OO 
O.OOE+oO 
O.OOE+OO 
O.OOE+oO 
O.OOE+oO 
O.OOE+OO 
O.OOE+OO 
O.OOE+oO 
O.OOE+oo 
O.OOE+oO 

89 
l.lOE+OO 

3,302 
1,442 to SY-102, 
1,823 to TX-118. 

37 to TX-101 

2.30E+OO 
5.23E-01 
l.18E+OO 
l.76E+o0 

O.OOE+oO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+oO 
O.OOE+oO 
O.OOE+OO 
O.OOE+OO 
4.73E+o4 
2.69E-02 

82 
2.30E+OO 

82 

191 390 

1,003 443 912 

2,319 2,338 

l.20E+00 5.80E+OO 5.80E+OO 
9.42E-Ol 8.43E-Ol 8.43E-01 
l.08E+o0 1.19£+00 1.19E+OO 
l .30E+OO l.32E+o0 l.32E+OO 

l.40E-02 2.23£-02 1.43E-Ol 
6.06E-03 9.29E-06 1.98E-05 
4.18E+o3 1.62E+04 3.80E+04 
2.34E-Ol 1.79£-01 3.80E-01 
1.40E-05 1.69£-05 3.59E-05 
9.39E+02 8.53E+02 1.95£+03 
l.66E+OO l.l IE+02 2.26E+02 
2.40E+-03 l.l6E+OI 2.37E+-01 
9.12E+-02 3.38E-Oo 7.37£-06 
4.63E-03 2.37£-10 5.17E-IO 

12 26 53 
l .20E+-OO 5.80E+o0 5.80E+o0 

12 26 53 

;;,;:, 
'"0 
'"0 

I 

'° 00 
N 
N 
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st.· ciaie. > 1967 1967 1967 1969 1962 1967 1951 1952 1965 1965 
en; <ia.te' : •· ' 1976 1972 1976 1976 1976 1976 1955 1965 1976 1974 

16,449 
7,826 801 25,638 5,737 30,230 14,213 47,414 43 ,037 

4.19 1.03 0.58 0.47 0.27 0.18 
5,796 11,536 14,425 3,355 26,371 12,438 17,630 6,748 12,714 7,637 

701 

·•··~~il:}ii~: ;:{~;··:_:~: ··\•::-.~,·•,...; :;....,L··.:'""'"\~',: ,__3-.1-oE_+_o_o--+-s-_-oo-E--o- 1--+-1.-oo_E_+_o_o __ 2_-6-oE_+o_o-+--1-.oo- E_+o_o--+-1.o- o-E-+o- o -+--7-_9-6E-+o-o--+-1-.3- o-E-+-o-1 -+--4.-3-0E-+0-,-1 _ _ 5_.4_o_E_+o- 1---1 

yoidffac/ · 8.22E-0l 4.80E-0l 6.98E-01 7.81E-01 8.88£-01 8.77E-0l 5.08E-01 8.62E-01 7.75E-01 7.08E-01 
siioe~~n:fde.ri.$itv: ;::.<-> l.07E+O0 l.02E+o0 l.09E+o0 l.15E+00 l.19E+00 l.0IE+00 l.26E+00 1.S0E+o0 1.48E+00 l.5IE+o0 
solids·dem.itv: ' : "'·::'· •·· 1.34E+00 l.74E+00 l.50E+o0 l.51E+00 l.31E+00 1.12E+00 1.70E+00 l.64E+00 l.63E+00 l.72E+00 

_. H,:J;(CiH6.ss>/i : \::<}j\/: 2.28E+o3 2 .62E+o2 2.59E+03 6.30E+03 1.25E+04 

• I 5.48E+00 6.84E-01 4.44E-0l 2.28E+O0 4.64E-01 0 .00E+00 l.31E+01 2 .13E+02 6.00E+02 8.55E+02 
00 

9.95E-0l 4 .29£-02 3.23£-02 2.07£-01 8.90E-02 0 .O0E+OO 7 .66E-01 8 .28£+00 7.90E+Ol 1.01E+02 
Si--90 (Ci): > '-· 6.75E+06 9.78E+05 1.95E+04 5.42E+06 9.47E+03 0.00E+O0 6.15E+03 9.00E+o4 8.73E+o5 5.77E+05 

· T~-99 (Ci).> 3.73E+0J 3.0SE+00 2.13E+O0 1.23E+0l 3.38E+00 0.00E+00 8.87E+00 2.88E+o2 2.32E+03 2.18E+03 
l .98E-02 l.88E-04 1.31E-04 7.53E-04 1.99E-03 0.00E+O0 1.23E-02 4.44£-01 2.54E+00 1.60£+01 

· Cs_;,137 (Cit . l.50E+05 8.67E+o2 0.00E+00 5.62E+04 3.53E+o2 0.OOE+O0 2.58E+o4 8.57E+05 4 .27E+06 l.81E+06 
UsT~13l(Ci) .::· 3.88E+00 2.79E+00 2.25E+o0 l .28E+0l l.28E-0l 0.00E+o0 4.33E+00 9 .09E-0l 7.63E+o0 3.15E+0I 

•u~totat:{h).- _:.: • 4 .72E+03 3.42E+o3 3.l5E+03 l .83E+o4 l.03E+02 0.00E+00 6.38E+03 9.75E+o2 4 . l 1E+o3 4.43E+03 
l.86E+03 7.28E+o3 2. 14E+03 9.33E+o3 5.41E+ol 0 .00E+O0 5.31E+02 3.94E+02 J.86E+03 2.50E+03 
5.45E-02 7.55£-03 3.86E-02 3.31E-02 2.30E-03 0.OOE+O0 4.60£-01 2.89E-01 l.79E+00 l.35E+00 

180 58 144 87 264 1,403 880 5,467 4,126 

3.I0E+00 5.00E-01 1.00E+00 2.60E+o0 l.0OE+o0 4.64E+00 1.lSE+0I 9 .59E+o0 

kgal solids 'left , 166 23 100 101 7 1,403 880 5,467 4,126 



·· ... :.::,:::::·;·::. 

(::} 1:/'..i'i".:':t.: Y;c .? -'::i it:::; 
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.:v,oidJ'ri¢~:;:;:.;:i:;_ .• :;:;:::•:/::••\i)·'./:·,;;:: :· 
• ' ···.·•·":"··t ·:·.· :·•:;;·_ ... ./.t);/::;: 

C~f4:JCn .. :: .. ·•>;:<r :.• >:.:'./·:,;::::•·· 

·11··2· ·9· '':ir.!:I.•: •. · · · .. ·::;.·.:;:;••:;."·:·, . .-, ...... •·,.,,:.,. ' ;· ... ~- ·.· . .'1;,.;1, ... •:-,:···••.:.:-.. ::::•,:•.·,···•'::,.·:_•.:::::.: ...... . 

39,219 
0.40 

15,819 

3.61£+01 
8.28E-01 
l .56E+OO 
l.67E+OO 
3.13£+03 

5.06E+02 
1.19£+02 
1.12£+06 
3.72E+o3 
3.53E+OO 
4.55E+06 
3.88E+OO 
3.03E+03 
1.45£+03 
1.88£+00 

5,715 
l .46E+Ol 

5,715 

Campaign Information. (Sheet 5) 

2,743 
9,826 11,788 34,739 
0.82 0.58 0.30 

8,076 6,888 10,439 993 
362 

2.80£+01 1.89£+01 2.09E+Ol 4.43E+OO 
9,03£-01 8.34£-01 8.18£-01 7.28£-01 
1.58£+00 1.59£+00 l.54E+OO l.17E+OO 
1.64£+00 1.67£+00 1.65£+00 l.56£+00 
2.44E+02 7.23£+02 2.88E+03 

2.24£+02 1.25E+o2 1.66£+02 7.09E+ol 
5.35E+Ol 3.53£+01 6.71£+01 2.21E-01 
4.18E+o4 2.97E+05 1.45E-H>6 5.51E+06 
l.64E-H>3 1.02E+03 l.26E+03 3.22E+Ol 
l.61E+OO l .05E+oo l .48E+OO 2.86£-03 
2.22£+06 1.30£+06 l.63E+06 2.06£+05 
5.77£-01 2.07E+OO 3.25E+OO 7.88E+OO 
4.03E+o2 7.15E+02 2.30E+03 8.96E+03 
l.90E+02 4.01£+02 2.72E+03 2.92£+04 
7.41E-Ol 4.27£-01 7.16£-01 1.44£-02 

2,259 1,303 2,182 44 
2.30E+Ol 1.1 lE+Ol 6.28E+OO 4.43£+00 

1.00E+OO 
2,259 1,303 2,182 44 

1983 1983 
1988 1988 

1,545 4,302 4,302 

959 11,499 5,555 
621 4,192 2,025 

7.61E+OO 2.00E+OO 1.05E+Ol 
8.37£-01 8.50E-01 8.48E-01 
1.1 lE+OO 1.04E+OO l .03E+OO 
1.38£+00 1.28£+00 1.3 lE+OO 

2g 
'i:) 

I -"' 
8.44E+Ol 6.54E-01 2.97E+02 

00 
tv 

2.33£-01 4.36£-03 3.59£+00 
tv 

3.20£+06 4.54E+Ol 3.19£+03 
;;o 
~ 

3.52£+0] l.l IE-02 1.03£+01 < 

3.08£-03 1.09£-02 6.85£-02 0 

2.34£+05 5.16E+01 4.83£+04 
4.41£+00 1.78£+01 2.21£+01 
4.99E+03 2.02E+04 2.51E+04 
l.46E+04 2.03£+04 8.82E+03 
2.39£-02 6.30E-02 1.91E-01 

73 230 583 
7.6IE+OO 2.00E+OO l.05E+Ol 
l.OOE+OO 6.00E-01 2.00E+OO 

73 192 583 



• I 

0 

Chemicals in [mol/L} (Sheet 1) 

. :c'l•~-~iit;,-_~~:i::•i;:l;':' i''':':'::M.Wl,•,•:·::· :-.•:;.•:,M\V%·c;;:;i;'. ::::,::~;:,:~l(ill,,,:c::!-::;;: ;:~::U;~;:)t~;F!~~•.'i;:: '.~:::•~;;;'.::~~li:1::.;:~:::•i:: ::::~:,,:::·lel;:·,;;m;;•;: :;:j!'i~/~Ui!if,:;::;;;•:•; .;::c:;:::;:-2144::!\'·'? ::::,~:~ ,,.·' :·,,:·;Pl\'~l:._ ,·. 
BN'.03".;\":,::.: ·>/;;;;:,;:-::rr l.OOE-01 l.OOE-OI J.55E+OO l.54E+OO l.lSE+oO 7.08E-OI l.06E+o0 l.06E+o0 3.00E+-00 3.00E+OO 
NiAl020':::\:,'::'. ,,,//':i 8.20E-02 6.20E-02 

.:.~Q3l3 './ '::.•:._,:''.>.:_:j.•\:: ---t-----+----+-----+-----+----+-----t------+-----, 

3.40E-02 2.40E-02 1.48E-02 
.FefN.93)3 :-:,· ... · ... . l.60E-02 1.60£-02 I .60E-02 l.60E-02 1.60F.-02 l .60E-02 

. N!~:-.. ::••:::::: '/,,/: 3.20E-03 3.20E-03 6.SOE-03 6.50E-03 4.20£-03 5.79E-03 
B.iP04 .:. : ;.:}. , /: ?. , .. : 2.86E-04 2.86E-04 l .20E-02 l .20E-02 l.OOE-02 6.16E-03 

NaZ(!()J:.:';:':(;:;:}/::,\'i::i:? 6.00E-01 7.00E-01 l .82E-02 l .82E-02 l .82E-02 l .81E-02 
2.77E-01 2.00E-01 1.23E-Ol 

2.90E-02 2.20E-02 3.70E-02 2.28E-02 
3.IOE-02 3. lOE-02 

2.20E-01 1.36E-01 
3.25E-03 3.25E-03 4.37E-02 4.37E-02 3.00E-02 1.97E-02 

5.13£-05 l . l 7E-05 
7.06E-04 7.06E-04 9.50E-03 9.50E-03 6.53E-03 4.28E-03 
l.SOE-02 l .SOE-02 l .82E-02 l .82E-02 l .82E-02 l.81E-02 

2.84E-06 5.19E-06 6.54E-08 9.41E-08 l.35E-09 1.50E-09 

l.lOE-01 8.00E-02 

1.60E-02 l .60E-02 
6.80E-03 6.80E-03 
6.00E-03 6.00E-03 

1.82£-02 l.82E-02 
3.20E-02 3.20E-02 
l.40E-03 1.40E-03 

2.70E-01 2.70E-Ol 
2.88E-02 2.88E-02 

3.80E-03 3.80E-03 

2.26E-01 2.26E-Ol 
l .82E-02 1.82E-02 
5. lOE-03 5. lOE-03 
l.58E-l l 2.86E-l 1 

4.60E-02 4.60E-02 

3.00E-02 
l .60E-02 
3.20E-03 
1.SOE-04 

l.60E-03 
3.15E+OO 

2.00E-01 
l.30E-Ol 
8.00E-02 

9.55£-02 

1.74E-05 
I.58E-02 
t .84E-02 

2.48E-06 

l .40E-02 
l .60E-02 
3.20£-03 
l .SOE-04 

6.60E-03 
3.31E+OO 

l.84E-02 
l .30E-Ol 
1.50£-01 

3.50E-02 

7. 62£-02 

l.74E-05 
1.66E-02 
l .84E-02 

2.48E-06 

5.00E-03 



Chemicals in {mol/LJ (Sheet 2) 

.... p.t;_f <::: ... ........ 

~03: . 3.00E+-00 5.00E-01 2.80E+OO 2.SOE-t-00 8.00E-01 8.00E-01 2.80E-Ol 5.50E-01 2.70E+OO 
NaAlOl ·-· O.OOE+-00 1.13E+OO 1.13E+o0 2.00E-t-00 7.80E-OI 
AltN03)3 ,:. :. .. . .. --

l.40E-02 1.88E-03 7.SOE-03 l.30E-02 l .98E-02 7.74E-02 2.60£-02 
l .60E-02 4.00E-02 4.00E-02 l.S2E-02 l.52E-02 4.00E-02 4.00E-02 4.00E-02 
3.20E-03 2.00E-03 l.l3E-Ol l.l 3E-OI 3.04E-03 3.04E-03 8.00E-03 8.00E-03 8.00E-03 

· l.80E-04 l.40E-02 
4.00E-03 

6.60E-03 l .16E-02 l .16E-02 4.00E-01 4.00F-03 1.52E-03 1.52E-03 4.00E-03 4.00E-03 4.00E-03 
3.31E+o0 8.40E-Ol 4.IOE+oO 4.00E+OO 4.59£-01 6.99E-01 6.28E-OI 1.13E+OO 2.94E+OO 

1.70£-01 l.40E+OO 2.80E-Ol l.OOE-02 1.00E-02 1.00E-02 
l.84E-02 2.18E-02 l .85E-02 l.85E-02 1.81 E-02 l.81E-02 l.8 lE-02 l .81E-02 1.84E-02 

. Na3t04-0. ::- :·, ... UOE-01 7.06£-02 9.60E-02 
l .SOE-01 

l .47E-02 4.24E-02 3.00E-02 4.69£-02 9.21E-02 

• 3.SOE-02 3.80E-02 
I 

7.62E-02 1.93£-02 9.43E-02 9.20E-02 l.OSE-02 l.61E-02 1.44£-02 2.59£-02 6.77E-02 
6.00E-03 6.00E-03 

·L.t.N03l3 •· •·:·:·: 
1.74£-05 l.83E-05 9.21E-06 l.60E-05 2.60E-05 2.60E-05 
l.66E-02 4.20E-03 2.0SE-02 2.00E-02 2.29E-03 3.49E-03 3.14E-03 5.64E-03 1.47E-02 
l .84E-02 2.00E-02 2.00E-02 l.85E-02 l .85E-02 l.81E-02 1.81E-02 1.81 E-02 l.81E-02 l.84E-02 

KMiiO.•: -: ;;: ... i ·:: ii 5.87E-03 
4.00E-03 4.42E-07 8.61E-08 l .39E-05 5.04E-05 1.43E-07 2.47E-07 4.99E-05 l .26E-04 2. l 6E-07 

7.67E-03 4.55E-03 1.12E-04 9.44E-04 

liiaceute~ . . , .... ·- · 
~==;..;....,.:_.:-_---1--- ----l-----le------+-------l--------+- ····-· ··--- ·- --···--- -······ ·· ··- · - ------+- - ---+------i 
JildjaJate> : . 

2.SOE-03 5.00E-03 5.00E-03 



> I 

N 

Chemicals in [mol/L] (Sheet 3) 

HN'~J • 6.00E-01 6.00E-01 l.OOE-02 7.30E-02 2.20E-Ol 7.82E-01 2.40E+o0 
Na:Ai02 . l.20E• 00 7.80E-{H 5.00E-01 

FelHS04)2 
.Fe<NQ.l)3 .· . . ····· .·· 

••Naos::::ii\i''.{;f '.:f!(\ '/ii:: 
.:•:N°ffl02;.•;- .. :::.:t~,· ... :;;.•;?: ·i;(i;· 
.. :.Nil(;()).·.;; ·<·•• .. :•••.·.••·····:.·· 
·N-3P.0.4 :/•i.:•• ·:.<. 

Sr(N0.3)2•:.: .. : ··. ·. 
.pbS().4: ·.· 

l .52E-02 l.52E-02 
3.04E-03 3.04E-03 

l.52E-03 l.52E-03 
2.99E-Ol 4.99E-Ol 
7.80E-01 2.80E-OI 
l .80E-02 l.8\E-02 

2.00E-02 

l.lSE-02 

l .49E-03 2.49E-03 
l.80E-02 1.81 E-02 

1.3 lE-07 1.12E-07 
7.23E-03 5. l 7E-03 

7.00E-04 
1.52E-02 4.00E-02 4.00E-02 4.00E-02 4.00E-02 
3.04E-03 8.00E-03 8.00E-03 8.00E-03 9.40E-03 

1.00E-01 
1.52E-03 4.00E-03 4.00E-03 4.00E-03 4.00E-03 
2.49E-01 2.00E-01 3.00E-01 9.28E-01 2.53E+o0 
7.00E-03 l.OOE-02 1.00E-02 1.00E-02 l.40E-02 
1.80£-02 2.20£-01 4.00E-01 3.04£-01 2.00E-01 

l .40E-04 
l.40E-03 

7. 70E-Ol 
5. 72E-03 4.60£-03 6.90E-03 2. l 3E-02 8.91 E-02 

2.21E-01 1.00E-03 l.50E-03 4.64E-03 l .26E-02 
1.80E-02 1.80E-02 1.SOE-02 l.81E-02 l .83E-02 

J.20E-02 8.82E-04 
l .07E-06 l.06E-07 3.95E-08 7.13E-09 

7.70£-01 

8.60E-01 

3.00E-02 
4.00E-02 
8.00E-03 

4.00E-03 
2.14E+OO 
l .OOE-02 
4.90£-03 

4.92E-02 

7.55E-05 
8.87E-02 
4.90E-03 

2.04E-OS 
3.40E-03 
4.00E-02 
8.00E-02 

S. lOE-01 

2.57E+o0 2.57E-t-00 
3.40E-01 3.40E-Ol 

2.SOE-02 2.50E-02 
4.00E-02 4.00E-02 
8.00E-03 8.00E-03 

4.00E-03 4.00F.-03 
2.76E+OO 2.76E+OO 
l.OOE-02 I.OOE-02 
1.83£-02 1.83£-02 
9 .00E-02 9.00E-02 

l .20E-O 1 l .20E-0 l 
6.34E-02 6.34E-02 

2.78E-02 2.78E-02 
l .83E-02 l .83E-02 

2.SlE-06 2.79£-06 

;,: 
""C 
""C 

I 

·-0 
00 
N 
N 

~ 
< 
0 



HN.03 ·· 
NaA102 ' . 

8.30E-02 
7.00E-03 

. Fe<N03l3 .· 4.00E-02 
8.00E-03 2.00E-03 

4.00E-03 2.00E-03 
5.00E-02 5.52E-01 

1.00E-02 
1.81£-03 l .0IE-02 
2.00E-02 
2.00E-02 
8.00E-02 4.00E-02 

• I - NaF' o··•···. 
VJ Nii.CL .•···· 1.15E-03 l.27E-02 

Rji'N03.\2': .::: .. •. .. .. , . 2.58E-05 7.49E-06 
2.76E-03 
l .0IE-02 

Sr<IN03)li .. 7.02E-05 1.23£-05 
l.06E-03 
l.00E-02 

Chemicals in [mol/L] (Sheet 4) 

6.00E-01 

2.80E-0l 
l .70E-02 4. l0E-02 

4.00E-02 
2.00E-07 0.00E+o0 8.00E-03 

1.00E-02 0.O0E+o0 I 4.00F.-03 
3.00E+O0 2.71E+o0 2.00E-01 l.38E-01 
l.00E-02 1.00E-02 l.00E-02 2.40E-02 
2.70E-01 2.50E-0l 2.00E-05 l. l0E-02 
l .00E-02 

2.00E-02 
5.00E-02 8.00E-02 

6.91E-02 6.24E-02 4.60E-03 3.17E-03 

l.l lE-05 1.37E-04 
l.50E-02 l .36E-02 l.00E-03 6.90E-04 
l.04E-02 l.23E-02 2.40E-05 1.80E-02 

l.54E-05 7.77E-05 

l.S0E-02 2.50E-02 
l .SOE-01 
3.00E-01 4.00E-05 
3.00E-01 

'° oc: 
N 
N 

~ r. 
< 
0 



• I -.;:.. 

·•JifaOlt,i••::i•···•r,;:.,:.:·,;•.i:I:>: .. :: 
·IN'aNoz: ·::,;::;:/·::•,,i: ::,.;:;:.••i·.: 
:•:NJJC03 ,··.· <o> •·:••···. :•::,::,( 

.:·.N·····,.··.io1· · •. · .,.. . , ... ·:··,:•:•• ·. ,· ...• ·'·•··· 
c: .. a..:.. ••·-:,c:::., .... ,., .... ·.: .... : .... ::..,::.s··:•,,,,. ,,: 

. camoon .. ·.>···· 

O.OOE+OO 

Chemicals in [mol/L] (Sheet 5) 

2.28E+-OO l.28E+OO 
4.25£-01 2.48E-Ol 

5.62E-02 5.67E-02 
3.95E-02 6.71E-02 
l.13E-02 1.92E-02 

5.30E-03 8.96£-03 
3.1 3E+-OO 1.81E+OO 
l .59E-01 9.02E-02 
1.34E-02 7.79E-03 

8.92E-03 4.85E-03 

5. 18E-02 3.18E-02 
3.70E-02 2.16E-02 

8.05E-03 4.69E-03 
1.34£-02 7.79E-03 

2.43E-04 1.46£-04 

··•: cwzt2 ·;·. 
l .OOE-01 l.OOE-02 

4.00E-02 4.00E-02 
8.00E-03 

l.OOE-01 
4.00E-03 
2.00E-01 2.00E-01 
l.OOE-02 7.00E-03 
l.20E-Ol I .80E-02 
6.95E-02 ;:o 

""C 
""C 

I 

'° 
7.70E-Ol 

00 
N 

4.60E-03 4.60E-03 
N 

~ 
(1) 

< 
0 

l .OOE-03 2.21 E-01 
1.80E-02 l.80E-02 
6.00E-03 
l .2IE-08 2.77E-07 

7.70E-Ol 



Chemicals in [Ci] (Sheet 1) 

a~tiJ:.:1f ii '. '. 6. l 5E+-02 l.82E+03 7.36E+02 2.17E+03 6. I 5E+-02 1.82E+-03 6 . I 5E+-02 1.82E+-03 9.25E+-02 5.28E+-02 
':C~J•:(Ci\ : ·· .. : ·-· l.89E+-Ol 4. I 2E+-01 2.1 OE+-01 4.59E+-OI J.89E+Ol 4. I 2E+-Ol 1.89[+-01 4 .12E+OI 2.04F.+O l 1. I 7E+-01 
:N~59 (Cll . ' 4 .95E+OO l.08E+Ol 5.26E+-OO 1.14E+Ol 4.95F.+oo l .08HO I 4 .95E+-OO 1.08E+Ol 5.341:+-00 3.051::+-00 

. N~.(CI) ·· 4.22E+02 9.51E+-02 4.98E+02 1.09E+03 4.22E+02 9.511:+-02 4.22E+02 9.5!E+-02 4.661::+-02 2.66F+-02 
Co-4i0:(CO .. ·.. . 8.97E+-00 3.78E+Ol l.27E+Ol 5.37E+-OI 8.97c+OO 3.78E+OI 8.97E+o0 3.78E+Ol l.59E+Ol 9.07E~ 
-Se.79.{Ci) : 8.45E-Ol l.87E+OO 8.46E-OI 1.87E+-OO 8.45E-Ol 1.87E+-00 8.45E-Ol 1.87E+-OO 9.22E-0I 5.261::-01 
Sr;;90 (Cl) 6.56E+05 1.61 E+-06 6.57E+05 1.6 l E+-06 6.56E+-05 1.61 E+-06 6.56E+-05 1.61 E+06 8.50E+05 4.851::+05 
Y~!l9iCll < 6.56E+-05 1.6 l F.+-06 6.57E+05 1.61 E+-06 6.56E+-05 I 61 E+-06 6.56E+-05 1.61 E+o6 8.,0r.+05 4.85F.+o5 I-'-""'""'->..:;."--~"-'"-"'-·· '··· - --=--:--::-::--:::-:--+---:--:--:-:::-:-:----+--~:c=-..:.:...-.--....:..:.::...:...=:....::.:...._-+----'c.;,;:_;~.::.::_- i--....:..:.· ::...:...=•:....::.:...._-+-__::..:.=-:=-=---,,--....:..:..::..=,---:-,:--+-----,=""".,----!--:-:-:--::-::-:--i 
:Zt.-9,(Cl .. :.. 5.16E+-01 1.13E+-02 5.17E+-OI 1.13E+02 5 .16E+-01 l.l3E+-02 5.16E+-OI 1.13E+-02 2.48E-Ol 1.41£-01 
·N~lifa(CI} .::: .. ,. 4.65E+Ol 9.90[+-01 4.65E+-01 9.91E+-Ol 4.65E+o1 9.90E+-01 4 .651::+-0I 9.90.E+-Ol 2.19E-OI l.25[-01 
·Tc.:99:(~i}- :, :· · · .... 3 .691::+-02 8. I 8E+-02 3. 70E+02 8. I 9E+-02 3.69E+-02 8. I SE+-02 3.69E+-02 8. I 8to+-02 4 .46E+02 2.55F.+-02 
Ru,-tN:irn >· . 2 .02E--09 1.79E-07 2.02E-09 1.79E-07 2.02E-09 1.79£-07 2.02E--09 1.791::-07 2.73£-10 l.56E-10 

·:C4-U3rif,Clli'./:',.,:·.:'.' 1.99E+-OI 6.l6E+-Ol 2. l5E+-Ol 6.61F.+OI 1.99E+-Ol 6.16E+-O l 1.99E+-Ol 6.16E+-Ol 2.77E+ol J.58E+OI 
Sb,:,1;1$.lCi)' ,,,:.o.:.:c· 2.60E-01 l .loc+uU VJlE-01 2.28E+oo 2.60E-Ol 2.16E+oo 2 .60E-01 2.16.E+-OO 8.23£-01 4.70E-O l 
,,sn:;jJcHCl)"'o:!i \'i' ''>>- 3 .05E+-OO 7 .20E+OO 3.05E+-OO 7 .20.E+-00 3 .05E+-OO 7 .20E+OO 3.05E+oo 7 .20E+OO 3.48E+OO I .99E +00 
: 'M'29:1Dl,\ ,: ·::. ''' ,:,· . . 1.64.E--OI l.04E+oo 1.64E-OJ 1.04E+-OO 1.64E-Ol 1.04E+oo !.64F.-Ol 1.04.E+-OO 4.12E-01 2.35£-01 
· :C~l3,fiQ'f'i ,, '.· ·· · I.OlE-03 2.23£-02 l.OIE-03 2.23E-02 1.0IE-03 2.23£-02 1.01 E-03 2.23E-02 8.76£-03 5.00E-OJ 
'tJ.JJ'HCil--' ' :: -- : ' 7.53E+o5 l.87E+-06 7.54E+-05 1.87E+06 7.53E+o5 1.87E+-06 7.53E+05 1.87E+o6 9.86E+05 5.63E+05 

. &a-•137nilCiI•>;.:·: .: 7.1 I E+-05 1.77£+-06 7.12E+-05 1 .77E+06 7 ,II E+05 1.77E+-06 7.11 E+05 1.77E+06 9.J2E+-05 5.J2E+05 

• I 

:~l:5:1:'(.0)';:.'.;,,::._-- ;::, .. 3.79E+-04 8.14E+o4 3.79E+o4 8.15E+-04 3 79E+-04 8.14E+o4 3.79E+o4 8.14.E+-04 3.42£+-04 1.95£+-04 
Ev;J,Z(Cil :::· .; ' . 4.69E-Ol 3.89E+-OO 4.70E-01 3.89[+-00 4 .69E-Ol 3.89E+oo 4 .691::-01 3 .89E+OO l.25E+-OO 7.13[-0l 
Eua1$•(Cil,• ' ,· · 4.54E+Ol 2.86E+-02 4.55E+-OI 2.86E+-02 4.54E+ol 2.86E+-02 4 .54E+-Ol 2.86E+-02 9.49.E+-01 5.4 1.E+-O l 
Eu~i"'..fCI-}:',:· •>>:,: : 3.69E+-01 l.57E+-02 J.69E+-OI 1.57.E+-02 3.69E+Ol 1.57E+-02 3.69E+-01 l.57E+-02 5.55£+-0l 3. l 7E+ol 
.Ra•U.:,cr.:::::·i,\; ' 6.21 E-03 6.74E-03 6.21 E-03 6.75E-03 6.21£-03 6.74E-03 6.21E-03 6.74£-03 4.40E-03 2.SIE-03 
Rli,;~$:'i'Cfi ::.:s:;: /;: 2.08E-08 3.98E-08 2.0SE-08 3 98E-08 2.08£-08 3.98E-08 2.08£-08 3.98E-08 2.06E-08 1.17£-08 
Ac'-121-(Ci ;:"/ >>•:; 2.90£-02 3.23£-02 2.91 E-02 3.23E--02 2.90£-02 3.23E-02 2.90E-02 3 .23.E-02 2. l 3E-02 1.22F.-02 

·i'il-iDflCi'ii:'::..:':'::: :)' . 5.57£-02 6.60E-02 5.58E-02 6.61 E-02 5.57E-02 6.60E-02 5.57E-02 6.60E-02 I .83E-04 l .05E-04 
.. ta.;.,22,-,cr .,:i'. :<> ,; . 2.94£--06 5,63E-06 2,94E-06 5.63£-06 2.94E-06 5.63E-06 2.94E-06 5.63£-06 9.82E-07 5.6 1£-07 
. yi.;,n1,rn ;;:,:'''' . ... 2.46E-08 4.79£-08 2.46E-08 4.SOE-08 2.46E-08 4.79E-08 2 461::-08 4.79£-08 8.32£--09 4.75£-09 
,u;.:23z ((m·,•::• .·/: . . 9.50E-03 2.23E-02 9.5 I E-03 2.24E--02 9.50E-03 2 23E-02 9.50£-03 2.23£-02 1.21 E-02 6.92£-03 
-u~:233:{Cif - , · ·· 8 41 E-04 l.75E-03 8.42E-04 1.76£-03 8.4 I E-04 1.75E-03 8.41 E-04 1.75£-03 9.88E-04 5.64E-04 

: ll~ZUJC() ·· ·· l.09E+03 l.47E+-03 l.09E+-03 1.47E+-03 l.09E+-03 I .47E+-03 l.09E+-03 I .47E+-03 9.72E+o2 5.55E+o2 
U-l35 'lCil 4.90E+-01 6.49E+-O l 4.911::+-0I 6.49£+-01 4 .90E+ol 6.49£+-0I 4.90E+ol 6.49E+ol 4 .34E+Ol 2.48£+01 
U-l3'i(ti) .. 9.28E+OO l.99E+ol 9.29£+00 l .99Ei-01 9.28£+00 1.99E+OI 9.28E+OO 1.99E+Ol I.I lE+UI 6.35E+OO 
U,;.l38'(Ci) ,. · · · 1.11 E+o3 l.SOE+-03 1.11 E+-03 1.50£+03 I.I I E+-03 I.SOE+-03 1.11 E+03 l.50b+03 9.91 E+02 5.65E+02 
U-TOUl(moiif. ; . . l.39E+-07 l.88F.+-07 l.39E+-07 1.88£+-07 l.39E+07 J.88E+-07 1.39E+-07 1.88.E+-07 1.25£+07 7.1 2£+-06 
N~237(Ci): ,: . ,, 2.25£+00 5.08£+-00 2.26E+o0 5.09E+-OO 2.25E+-OO 5.08E+-OO 2.25E+-OO 5.08E+-OO 2.55E+-OO l.45E+o0 
Pa~238rcn , ... .. ·. 4.85E+OO 2.65E+OI 5.0JE+-00 2.74E+-Ol 4 .85.E+oO 2.65E+-01 4.85E+-OO 2.65E+-01 I .82E+-OO l .04E+o0 
Pa-ll~HCi'i : l.40E+o3 2.99E+-03 1.45E+-03 3.09F.+-03 J.40E+03 2.99E+-03 1.40£+-03 2.99E+o3 2.55E+o2 J.45E+02 
-..u.240.(CI) . · · · 9.46E+-Ol 3.78E+-02 9.81 E+Ol 3.92E+02 9 .46E+ol 3.78E+02 9.46E+OI 3.78E+-02 2.75E+-Ol L57E+-01 
Pu~24J '(CI) 9. ! 6E+ol 8.3 I E+o2 Q.4CJF.+OI 8.62E+-02 9 .16E+OI 8.3 !E+-02 9. I 6E+Ol 8.31E+02 5.36E+Ol 3.06E-.-Ol 
Pu-142{0) , '.:< : 4.28£-04 6.04E-03 4.44E-04 6.27E--03 4.:l8F.-04 6.04£-03 4 .28£-04 6.04.E-03 3.76[-04 2.!SE-04 
, .. ~Teufiiarf , : 2.30.E+OI 4.98E+ol 2.39E+OI 5.16[+-01 2.30E+ul 4 ,98E+-01 2.30E+OI 4.98E+OI 4 .23E+-OO 2.41E+OO 
Ani,24UC'I¥ ;_> .. , 4 .89E+ol 3.56E+02 5.0IE+-Ol 3.66E+-02 4.89E+-Ol 3.56E+-02 4.89E+OI 3.56E+o2 l.41E+-02 8.04E+OI 
-A-.WlflY 2.11 r.-03 5.521:-02 2.11 E-03 5.52E-02 2.11 E-03 5.52E-02 2 .11 E-03 5.52F.-02 l.99E-02 I. 14E-02 
Clii,2•lf0) ·· 3.70E-03 9.50£-02 3.70E-03 9.5 1E-02 3.70£-03 9.50E-02 3.70E-OJ 9.50£-02 3.43E-02 l.96E-02 
Cm-f4iHC(f · 2. I 9E-05 1.15E-03 2. I 9£-05 1.15E-03 2. l 9E-05 1.15E-03 2 . 19E-05 I.I 5E-03 4 .06E-04 2 .32E-04 
Cm-24''(0 :'. ,_ · 5, 13£-04 2.70E-02 5. I 3£-04 2.70£-02 5.13£-04 2.70£--02 5. I 3E-04 2 .70E-02 9.54E-03 5.45E-03 



Chemicals in [Ci] (Sheet 2) 

' ' ~~JI!:¢' :. 
.. 

',: P:P~i/: : i >rt~rf : ,_:: 1<:)1¢.i.~ 
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}::;)~ ::: ,, .... J'ip1 J}••:!•·::·• ., .:::·::-.'~~t . ··.:: ··:•':::'• i-2· ... ::PLF• 

.··.·.·.·:·······"".""" 
.. ...... 1.,·.i: . .';::• ·~ . ,•.' :' .... ........... 

IH(Ci} .. . 
.. ... . 

8 23E+-02 2.64E+02 3.56E+02 2.58E+-03 6.26E+03 1.70E+-03 l .84E+03 3.93E+02 4.21E+02 9.06E+-02 
c~1,:,cn .. ·· l.82E+-01 9.18E+OO 3.97E+Ol l.41E+-02 3.90E+Ol l .86E+-01 l .25E+-01 2.51E+02 1.08£+02 5.76E+-OI 
Ni.;59:(CI) .. .· .. ... 4.75E+(Xl .l .97HOO l .87E+OO 3.70F.+Ol J .80E+Ol 2.24E .. OI 9.13Et01 IJ5E+02 1.05E+02 6.53 E+Ol 

. N"3•1cn .. ··. 4.15E+02 3.70E+02 l.68E+02 3J4E+-03 3.60E+03 2.18E+03 8.74E+03 I .25E+04 1.0IE+04 6.30H03 
CO'®JCiL ·• •• · l.41E+Ol 1.261:'+0l 9.l2HOO 1.91 E+-02 5.40£+-02 I .03E+02 l .92E+02 1.23E+03 1.89E+03 2.09E+-03 
.se;.7~ JCI\. 

. .. 
8.20E-OI 3.66E-01 3. 191:!-0I 6.53F.+OO 8.42£+00 7.85E-03 6.66E-03 2.39E+O l l .9IF.+01 IJ l E+Ol ... .. 

Sr-90tch : · 7.56E+-05 7.27E+04 2.98E+05 5.93E+06 9.19E+06 7.25E+-03 7.3 8F.+-03 2.39E+07 2.16[+{)7 I .60E+07 
Y-90(CI) . .... 7.56E+05 7.28E+04 2.98E+05 5.9.1E+06 Q.19F+06 7 25E+03 7.39E+03 2.39E+07 2.16[+07 !.6 !E+07 
Zr-U(Cl) •. 2.20£-01 l.21E+Ol l.95E+Ol 3.91E+02 5.041:+02 4.70£-01 3.99E-OI l .42E+03 1.14E+OJ 7.75E+02 
N~93ijl:(t:I) .. l .95E-Ol l .08E+-0 1 168E+-Ol 3.36E+Q2 4.06E+02 4.02E-01 3.20!:'.-0I I .18E+03 8.96E+02 5.8 \E+02 
T.c~(Cil 3.97E+02 l .21E+02 J.39E+02 2.481:+03 3.15E+03 3.42E+OO 2.86E+OO 7.49E+-03 5.97E+-03 3.99E+03 
Rli406'lCh :· • 2.43E-IO 9.79£--09 9.26E-08 5.21E-06 1.50£-03 l.40E-08 l. 19E-06 3.75E-04 8. 74E-03 8.55E-02 
Cd~1t3m tCi} .. 2.46E+o l l.22E+Ol J.09E+ol 2.69E+-02 5.02E+-02 2.16E+ol 2.25E+ol I .26E+-03 1.31 E+03 I .15E+o3 
•~ilS(Ch· .. : .. ·.'· ;.·.: . 7.32E-01 3.31 E-01 6.35E-01 l .66E+ol 1.53E+02 2.13E-OI I .53E-OI l .86E+-02 5.38E+o2 l .02H03 
Sn;at.26'£0)•··.: L:·•·.••·• ,,,,: 3.0?E+-00 l.38E+OO U5E+OO 2.64E+ol 3.41 E+-0 1 3. l 7£-02 2.67£-02 9.87E+-01 7.96E+Ol 5.62E+-01 
· l•i29:(Cil •: ·· .. .. .. 

3.66£-01 2.67E-01 1.84£-01 3.97E+OO 4.88E+OO 4.82E--03 403£-03 4.46E-O ! 3.58E-01 0.00E+OO ·: .. ,.:·:··.·.: 

c,;.t3• lCff . .. 7.79E-03 2.62E-03 4.18E-03 3.701::-01 l.12E+-01 6.69£-04 7.90E-03 7.05E+OO 3.53£+-0 I 1.44£+02 
C~ll7(€1) ·.· .. ·. 8.77E+-05 2.97£+05 3.39E+05 7.0IE+o6 I 07E+07 8.55E+-03 8.59£+03 2.84E+-07 2.56E+07 l .89E+07 
aa;.;13711i(Cll 

... .. 
8.29E+05 2.81E+05 3.20E+05 6.62£+06 l .02E+07 8.08E+-03 8.1 1 E+-03 2.68E+07 2.41£+-07 l .78E+07 . ,. 

• $~15HC1 )'°:/·" ·:<·• ...... 3.04E+o4 l.48E+o4 l.51E+04 2.74E+-05 3.47E+o5 3.29E+02 2.79E+02 1.0IE+-06 8.23E+o5 5.09E+o5 
I - ; E11;;t$i,c1 .. \~ :: .. 

. . 
1.11 E+-00 5.25E-OI 2.52E-OI 2.78E+OI 9.46E+-01 3.68E-02 6.72E-02 1.51 E+-02 1.90£+02 3.26E+-02 

a-. Eu,;1M·(CJ . . 8.44E+OI 4.00E+-01 3.15E+OI l.88E+-03 6.28E+o3 2.46E+OO 4.48E+OO l.l2E+04 l .52E+04 2.34E+-04 
E~l!S(Cl)' : ··.:.·.·:. ·, :.· 4.94E+ol 2.34E+Q I 4.17£+-01 7.72E+-02 2.63E+03 l.02E+OO 2.24E+OO 5.13E+03 8.42E+03 8.61H03 
Ri~226JCll ·- 3 91£-03 ...... ·. 1.76F.-03 l .63E-03 3.75£-04 5.16E-04 l.37E-05 7.SSE-06 9.4 1 E-04 8.43E-04 I .12E-OJ 
ru.:221,c1r >:.::-:.'·· l.83E-08 8.12E-09 6.52E-09 2.llE-09 4.46E-09 l.27E-10 l.14E- 10 5.79E-09 6.891:-09 1. 14HOO 
Ac,127am •• .. 1.89E-02 8.30E-03 8.09E-03 1.61 E-03 2.14E-03 6.52E-05 3.55E-05 4.19E-03 3.90E-03 3.0I HOO 
J'!ii~llt'lCir .. ....... ,. 1.631::-04 9.1 2E-03 !.70E-02 2.39E--03 3.13E-03 l .39E-04 8.45E-05 5.97E-03 5.96E-03 4.67 E+OO 
t)i;.;?if(CI} .... ·· .. . . 8 74F.-07 7.85E-07 8.90E-07 7.91E-06 2.SOE-06 l .89E-08 l.18E-08 l .57E-05 5.11 E-06 7.03E-01 ';.'..:.:, . 

~2:(C'I) ':: .. ... ... 7.40E-09 6.63E-09 7.96E-09 2.27E-09 4.57£-09 l.55E-10 l.45E-10 5.97E-09 7.17£-09 9.0lE-01 
u.:u2•ccn .······· l .OSE-02 5.21E-06 3.88E-03 7.25£-04 4.53E-04 l .29E-04 1 .41£-04 l .06E-03 1.38£-03 3.99E+-00 

•:U7l3J'{Cl) •·• · -:.•: .. ... 8.79E-04 4.19£-07 2.89E-04 3.57£-03 I .29E-03 6.58£-06 4.78£-06 7.47£-03 2.51E-03 2.37E+02 
. ::u~m,ak:::•:.: , . .. 

8.65£+-02 4. t5E--OJ 3.89E+02 I .78E+-OI 5.94E+o0 3.41 E+-00 2.77E+OO l .55E+ol l.77E+OI l.72E+ol ::·,;,- . 

lf~Usi'Ci\ i-;· .. ..... ... 3.86£+0I 1.85E-02 1.75E+ol 7.67E-01 2.2SE-01 l.45E-01 l .05E-01 6.63£-01 7.39E-01 6.63E-01 : ....... :: .. .. 

, U~2Ji (Ci} : ,·.· 9.89E+OO 4.66E-03 3.50E+OO 3.69E-01 1.72E-OI 6.99E--02 7.78E-02 3.42E-OI 4.54E-OI 7.55E-Ol 
U-Ui:(Cl) · ' ·.· · 8.81E+02 4.23E-01 3.96E+-02 l.83E+O l 4.t5E+oo 3.33E+OO 1.931:!+oO l.59E+-O l l.73E+-OI l.16E+Ol 
u.Tobll~IIF · .... .. I.I 1E+o7 5.33E+03 4.99E+06 2.30E+05 5.23E+o4 4.l9F.+04 2.43E+o4 2.00E+05 2.18E+-05 l .46E+o5 
N~237tCll 2.27E+OO 9.87£-01 8.51E-OI 1.81E+OI 7.76E+OO 2.271:-02 l .86E-02 4.09E+-OI l.61E+Ol l.17E+-O 1 
Pu-238(Clf l .62E+OO 1.0RE+-00 2.30E+OO 4.86E+OI 7.66£+-01 6.56ETOO 7.25E+OO l .28E+o2 l.50E+o2 5.57E+02 
Pil~239tCi 2.27E+02 l .45E+o2 6J6E+02 2.56E+03 l.12E+o3 4 12F,+02 2.84E+02 5.18E+-03 3.1 2E+03 4.94E+-03 
Pil~:240 (Ci) · 2.44E+Ol l.62E+Ol 4.32E+Ol 4.97E+-02 2.62E+02 7.83E+OI 6.25E+Ol 1.04E+03 7.66E+02 1.73E+03 

'Pia-241 {Ch 4 77E+Ol 3JOE+Ol 5.57E-t01 l.73E+03 1.9%+03 2.88E+02 4.03E+-02 4.571:+{)3 6.82E+OJ 3.27H04 
Pil"-24l<CO .: •·: i .. ,..:-:;-:,.. 3.34£-04 2.34£-04 1.59E-04 1.51 E-02 1.51 F.-02 2.32E-03 2 65E-03 3.25E-02 5.54F.-02 2.95E-01 
ril-totaflbL ... .. 3.76E+-OO 2.40[+00 1.04E+Ol 4.34E+Ol l.92E+o l 6.99E+OO 4.86E+OO 8.81E+f>l 5 38E+Ol 8.76E+OI 

·Am-241:(C]l:··::•.',:>: ... l .25E+02 5.69E+Ol 2.22E+Ol 1.67E+03 3.SOE+-03 7.05E+Ol 6.45E+Ol 6.04E+-03 8.39£+03 2.07£+04 
•.Ai.243 (Ci): , • • · I .77E-U2 7.53E-03 5.431:-04 6.IOE-01 3.29E+OO 7.66£-04 1.20£-03 2.78E+OO 4.47E+OO l .98E+OI 
Cm-,241(0) : ... 3.U5E-02 I JOE-02 9.95£-04 l .02E+OO 5.95E+o0 1.31 E-03 2.20E-03 4.73E+OO 7.78E+OO 3.31[+01 
'Cm-:l~j(cii : , :. ... .. 3.61E-04 l .54E-04 4.52E-06 l .82E-02 4.61E--OI 2.41E-05 7.94E-05 9.26£-02 4.67E-OI 3.57E+o0 .. , . 

C~?.W'tCil ..... 8.49E-03 3.62E-03 l .27E-04 4.50E-01 l.02E+Ol 5.89E-04 2.16E-03 2.45E+o0 l.09E+OI 8.74E+Ol 
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,~ke!«:bfi( 
IH(CI) ' 
c.:14'.'(CI), ,, 
Nl~59(Ci): . 
Nl-63:(Ci) .·. 
CCMIO(Cij • 
s.;.19 (t.i1. · 
Sr-90(Cij · 
v~'°<Ci> . 
-~3'(0)/ , .. . 
. .N• .f.3m(Cif •··•· · 

•·. ,r,~~!!,:tclj,. 
~ ~1:@t'(O) : > . 

.. CiMl)lil(Clj · 
S1>-UU¢i}· · · · · 

. S.U~(di) 
• 1~r2,•:c(;i) ' •· . ·· 
c.,.;u,f(Ci) , ,-------c 

C•l37(Pl ·· 
. Ba-137.m' {Q)_: · . 
S,i,;.lSH(lL :····· 
Eu~lSl (Ci) 

• ·£~~1:$J(Ci),, .... ,::-:- . ... 

. Eu~1~@ ""' ' jij;;u.(¢1)' ; .· 
.Ra:.:m't@, : 
. A'c,;-21,:{Ci)•.,:>, , , 

·· P.a-23ltCO 
< Tb;?.H•{Cll),;. 
· Tli,,232'(Cl) , • ' 
<u:232 (Cl)> 
· U-233 (Cft ···• 
: U.alJ4.:(CI)'. : · 
· U-P5(Cl) . 
rI~i.36(.CI) . 
U~ila:CCih · 

. tt-To(af<mo1it .. · · · 
.N,-2.31(('.lj. · 
. r:ii;m:(Cll 
:~_;;.?Jt (0).. ' 
Pa~i .... {~I) : . ., .. ... 

Pu-241 ·(0) >·· 
. ra:~l{CJ} 

Pu.Totil;(ka) · · 
Ain;;24L(Ci) · .·· 
: Am~l4J (Cl) · 
. . Cm-l4l (Ci) · 

Cm,,143 (Ci) ;_ : 
tm-i44(a1 · 

Chemicals in [Ci] (Sheet 3) 

.,·::¢wr.t ,.: .•. 1· ··-~ t2:; ;'.::J:::,:::'.PW~•:;::,HTk~::~~i<~H;::(::::~~:.;:::_q~/:<9,~~iL<4::i:::i,:~i:m:~ivr:::!~:: ~• W:i:;r:;\m~ :rw;,:!4::::~'~;:•':~ ( •··• •:J i::i,•~:::#µ::, •• :_·•.·•·· 
3.9 1 E+03 I l.37E+-04 I U9E+03 I 3.93E+-02 I 4.2 1 E+-02 I 9.06E+02 I I l.24E+oo I 4.5IE-01 I 2.90E+o0 
3.68E+Ol I 872E+-01 I 3.00E+-01 I 2.51E+-02 I l.08E+02 I 5.76E+ol I 5.37E-0 1 I LSSE-04 I 4.00E-04 
l.45E+(l2 I 6 .3 ~F.+-02 ! !.50E+-OO I l.35E+-02 I l.05E+-02 I 6.53E+O l ! I I. I IE+-0 1 I 8.09[-03 I 1.72E-02 
l.36E+04 I 6.16E•04 I UOE+-02 I l.25E+04 I ) .01E+04 I 6.30E+03 I I l.04E+-03 I 6.89E-01 I l.50E+OO 
2.88E+o2 I l.69E+OJ I 5.R9E+OI j l.23E+03 I 1.89E+-03 j 2 .09E+03 I I 7 84E+ol I l.38E-02 I 442E-02 
1.53E-02 I 3.94E-02 I 3.90E-02 I 2.39E+OI I 1 9IE+ol I l.31E+-01 I I 6.6JE-02 I J .21E-02 I 6.82E-02 
l.49E+04 I 4.3 8E+o4 I 4.4 1 E-t-04 ! 2.39E+07 I 2.16£+07 I 1.60E+07 I I 3.71 E+-06 I 2.01 E+04 ! 4.61 F+04 
l.49E+o4 I 4.38£+04 I 4.4 1E+04 I 2.WF+-07 I 216E+o7 I l. 61 E+07 I I 3.71E+-06 2.01E+04 I 4.61E+04 
9. IOE-01 I 227E+oo I 3.68E+o0 I l.42E+-03 I l.14E+03 I 7.75E+02 I I 3.95E+OO 8.54E-01 I l.82E+OO 
7.64E-01 l .78E+OO I 2.84E+OO I l.18E+03 I 8.97E+o2 I 5.81E+o2 I I 3.21E+oo 6.69£-0 1 I l.37E+o0 
6.65E+OO I l.64E+o l I 8.83E+ol I 7.49E+03 I 5.97£+03 I J .99E+-03 I I 2.08E+OI I 3.62E+OO I 7.70[+-00 
9.04E-08 I 5.77E-05 I 1.67£-04 3.75£-04 I 8.74E-03 I 8.55£-02 I I 5.0IE-04 I 9.54E-07 I 1.98E-05 
4 .91E+Ol l.64E+02 3.SOE+OO l.26E+OJ I.J !E+-03 I 1.15E+oJ I 3 .97E+OO I l .69E+OO I 4.17E+OO 
J.07E-Ol l.72E+OO 5.23E+()() l.86E+02 5.39F.+02 l.02E+03 . .. . I J.74F.+0 1 7.57E-Ol 3.58E~ 
6.28E-02 I J.62E-01 I 1.85F.-O! I 9.87E+Ol I 7.971:+0 l I 5.62E+Ol I I 2.75E-Ol I l.05 E-Ol I 2.24E-Ol 
6.65E+OO I l.42E+o l I l.37E-OI I 2.53E+OO I 2.0JE+OO I l.39E+oo I I l.24F.-03 I 3.42F.-04 I 7.26E-04 
2 .88F.-03 I I.I IE-0 1 I 4.28E+OO I 7.05E+OO I 3.54E+OI I l.44E+-02 I I 6.59E-02 2.30E-02 I l .44E-OI 
l .77E+04 5.14E+04 I 3.02F.+05 I 2.84E+-07 I 2.56E+07 I l .89E+07 I I 8.33E+04 J .73E+04 I 3.94E+04 
l.67E+04 I 4.85E+04 I 2.SSE+-05 I 2.68E+07 I 2.42E+07 I 1.78E+07 I I 7 .87f.+04 I 1 63E+o4 I 3.72E+o4 
6.45E+02 I l.62E+03 I 1.15E+03 I l.OIE+-06 8.24E+05 I 5.09F.+05 I I 7 .46E+04 I 3.64E+-02 I 7.93E+02 
8.82E-02 I 4.19E-01 I J.67E+OO I 1.51E+02 I l.90E+02 I 3.26E+02 I I 1.5IE+Ol I l.03E-01 I 2.57E-Ol 
6.40E+oo I 3 2 1E+OI I 1. l3E+o2 I l.12E+04 I l.52E+04 I 2.34E+04 I I 1. 18F.+03 I 4.1 IE+OO I l .12E+Ol 
2.78E+oo I l.78E+Ol I t.47E+Ol I 5. IJE+-03 I 8.42E+03 I 8.6IE+-03 I I 6.26E+02 I l.47E+OO [ 4.93[+00 
2.0IE-05 I 1.88E-04 I 1.20£-05 I 9.41E-04 I 9.46E-04 I l.12E-03 I 2.76E-06 I l.03E-04 3.73E-04 
2 .15£-10 I J.45E+OO I 4. 76E- 10 I 5.79E-09 I 4.53E-Ot I l.14E+OO I l.96E- l I I 453E-01 l.1 4E+OO 
9 .78E-05 I 9.63E-02 I 7.22E.-05 I 4.19E-03 j 1.49E+OO I J .OIE+-00 I I l.25E-05 I 1.49E+OO 3.00E+OO 
2.15E-04 I l.47E-01 I 1.85E-04 I 5.97E-03 I 2.20F.+OO I 4 .67E+OO I l.84E-05 I 2.19E+OO I 4.66E+OO 
3.37E-08 I 3.24F.-Ol I 5.36E-08 I 1.57E-05 I 3.85E-Ol I 7.03E-Ol I I 3.20E-08 I 3.85E-O l I 7.03E-Ol 
2.67E- l0 I 1.48E+OO I 6.34E-10 I 5.97[-09 I 4.24E-Ol I 9.0tE-01 I I 2.03E-11 I 4 .24E-Ol [ 9.0lE-01 
2.62£-04 I J.62E+OO I lJSE-03 I l .06E-OJ I l.82E+OO I 3.99E+OO I I 6.17E-05 I l.82E+OO I 3.99£+00 
l.24E-05 I 9.68E+o l I 2.09E-05 I 7.47E-03 I ll 6E+02 ! 2.J7E+02 I I 2.60E-04 I l.16E+02 I 2.37E+02 

5.57E+oo I 1.34E+Ol I 5.60E+OO I l.55E+Ol I 1.86E+Ol I 1.72E+Ol I I 8.42E-Ol I 8.79E-Ol I 1.87F.+OO 
2.38E-Ol I 5 23E-OI I 2.59E-OI I 6.63E-Ol I 7.39£-01 I 6.63E-Ol I I 3.56E-02 I 3 . l 2E-06 I 6.63E-06 
l.27E-Ol I 3.30E-OI I 3.94E-01 I 3.42£--01 I 4.54£-01 I 7.55E-Ol ! I 2.0IE-02 I 544E-07 I 1. 16E-06 

5.72E+OO I 1.2IE+O I I 3.92E+oo i l.591:+ol I l.73E+OI j 1.16E+OI I I 8.43E-0 1 I 487E- 14 I l.03E-13 
7.20E+04 I l.52E+-05 I 4.96E+04 I 2.00E+-05 I 2.18E+05 I l.46E+05 I I l .06E+04 I 5 .23E+Ol I l.07E+02 
4 .46E-02 I l.09E-01 I 6.45E-02 I 4 .09E+O l I I .6IE+-Ol I I.I 7E+OI I I 8.78E-02 I 4.02E-07 I 8.55E-07 
l.43E+Ol I 4.45E+Ol I 6.64£+01 I l.28E+02 I i.50E+o2 I 5.57E+o2 I 5.29F.+02 I J.2JE+Ol I 6.85E-05 I I .49F.-04 
8.09E• 02 I l.84E+03 I 6.53E+02 I 5. I 8E+03 I J .12E+03 4.94E+03 I 8.26E+03 I J .79E+02 I 3.47E-09 I 7.3 8E-09 
l.69E+02 [ 4.34E+02 I 2.52E+02 I l.04E+03 I 7.66E+02 1.73[+03 I 2.06E+o3 I 8.18£+01 I 2 .39E-10 I 5.08£-1 0 
7.31[ +-02 I 3.14E+-03 I 5.1 5E+03 I 4.57E+oJ I 6.82E+03 I 3.27E+o4 I 3J 2E+o4 [ 5.00E+02 I 9.20E-10 I 2.27£-09 
5.24E-03 I 2.20E-02 I 4.87E-02 I 3.25E-02 I 5.541::-02 I 2.95E-0 1 I 2 .05E-OI I 3.84E-03 l.95E- 15 [ 4. ISE- 15 
I.J8E+Ol I 3.16E+OI I 1.17E+OI I 8.81E+Ol I 5.}8E+-OI I 876E~I I L42E+02 I 6.47E+OO I 4 .06E-09 I 8.83E-09 
l.54E+02 I 4 .53E+02 I 6.22F.+02 I 6.04E+03 I 8.39E+03 I 2 07E+-04 I 8.77E+03 I l.08E+03 I l.33E-1 0 [ 2.74[-10 
l.7IE-03 I l.2!E-02 I 6491:-02 I ~.78E+00 t 4.47E+OO I l.98E+Ol I I 5.38E-Ol I 4 .73E-16 I IO IE-15 
2.9IE-03 I l.88E-02 I 1.16E-01 I 4 .73E+OO I 7.78E+OO I 3.31F.+OJ I 625£-01 I 8.94E-l6 I 5.541::-1 6 
5.44£-05 I 9.84E-04 I 3.27E-02 I 9.26E-02 I 4.67£-01 I 3.57E+OO I I 3.34E-02 I I.SOE- I 7 I 4 11 E-1 7 
l.42E-03 I 3.05£-02 I 7.01 E-01 I 2.45E+oo I l.09E+Ol I 8.74E+O l I I 7.90£-01 I 3.91 E-16 I 9.35E-l 6 

~ 
'"O 

I -'° 00 
N 
N 

:;.:, 
~ 
< 
0 



Chemicals in (Ci] (Sheet 4) 

. ·.-• ~«it,1(!;(¥:·_::~•~J :•·-•::::.:·;.~ ·: 
:~:1;;:::'.\;i::r•: ·· ·. : ~ :~~~:a~ 
N.:5!f(O} · • ... • >· • I 2. I 8E+-OI 

· < ! >!t.:~ :: I :: ~ £1:tJ:~~J'.\;., :\ '. H: :;:r:~~~:~;::;: :::d: f;~;:;>(:$~> 
7.13E+02 I 9.16E+ol I 9.65E+Ol 
4 .47E+Ol 6.65E+QO I 8.78E+OO 

t ~WL 

5 22E+-0 1 I 2.84E+o1 ! 7.211:::+0l 
-J!'iHiHCti -. ·. I 2.06E+03 5.03£+03 I 2.69E+o3 I 6.81E+03 

Co•af(<;_i) · ·. · I 1.551:+02 1.671:+03 I 3.64E+02 I 6.73E+o2 
~7!1-(CIL, ·· ·••.·•: I 1.31F.-Ol 1.041': +O 1 I l.43E+-OO I l.69E+OO · 
S~(c:I} ·-: .. I 7 32E+06 l .28F.+07 I 8.92E+-06 I 2.35E+07 I 6.02!:+05 
Y-90•(Cl) ,· · I 7.J2E+o6 l .28E+o7 I 8.921::+06 I 2.36E+o7 
Zi:'8~;(~lf .: ·· ' I 7.80E+-OO 6.18E+02 I 8.50E+OI I l.OIE+o2 

· NM.lm(CI) / , ; i'.: I 6.33E+OO 4.63£+02 I 6.43E+Ol I 7.69E+Ol 
-T~ltij~ •• , ... , .... .:.':J 4 . IOE+OI 3.18£+03 I 4.39E+-02 I 5.21E+02 

::~aj:::;,:,:~. x:ci ;-~i: 6.83E-02 I 9.SJE-03 I l.15E-02 
9. 15E+02 I l.22E+-02 I 1.38E+02 

· ~l:25-<eiE:····• , .· I 3.42E+-01 8.1 OE +o2 I l.36E+-02 I 2.04E+02 
~Sn!;ll6'(CiJ •.":'c,:;•• .·· • 1 5.43E-OI 4 .48E+OI I 6.1 4E+oo I 7.23E+OO 
·M'.2'·t(!»'/•.: < i 2.45E-03 
·e•T:WtClr \• .·.•· > ·. 1 uoE-01 

1.96E-Ol I 2.69E-02 I 3.18E-02 
1.15£+02 I 1.45£+0 1 1.48£+{) 1 

C~Jlf(Ci) · -: · ... : · I l.64E+05 l.51E+07 I 2.05F.+o6 I 2.38E+06 I l.50l'~06 
~137~(Ci) .... _ •_ . :, · .. \ l .55[+05 I .42E+07 1 1.93E-+06 I 2.24E+06 

• I -
.S:at-lSI {Ci) .;: -· . •· I l.47E+05 
Eu~l$:Z.(Ci).. ··- 1 2 .97E+ol 

4.06E+05 I l.98E+05 I 4 .93£+05 
2.61E+02 I 6.23£+-0J I 1.22£+02 

00 Ea:,1$4:(tn: · ... •·· -•• ;- I 2.34E+o3 J .87E+o4 I 4.68E+-03 I 9.35E+03 
~15S{CJ.l • .. .: I l .24E+03 6.88E+03 I 2.lOE+-03 I 4.57E+03 
Rit±U~t.cif' ,.· · >.: . I 5.44£-06 6 .01 F.-04 I 8.06£-05 I 9.15£-05 
;'Ra~228(Cl) , <ii:licl :, I 3.87E-l l 8.28E-09 I 1.07£-09 I I. I 5£-09 
1Ai>221:(0l:-~-:::71?:<:::• I 2.47£-05 2.91£-03 I 3.88E-04 I 4.37E-04 
-F~Zl;t'(Cl)O:.i:;·>•:,•;_ii•: I 3.64E-05 4 .74E-03 I 6.29E-04 I 7.01 E-04 
-~U~tc»\:~l;•·y ~;;; ;; :;:H 6.31 E-08 2.84£-06 4.1 SE-07 I 5.44£-07 

:T•fJJI~1j:'.:). ·,•.:•;,.-. · ·I 4.0IE-11 8.71£-09 I l.13E-09 I l.21E-09 
·u::t,i(etl ::._: ., •· ·: •:• 1 1.22£-04 l.26E-03 I 2.79E-04 I 5.::!3£-04 
U.-233:((iJ), •: · ••. ·' , •. , 5.14£-04 4.58£-04 I 5.71E-04 I 1.60£-03 

·-u~DC:(Ctj . •,.·; ·· •. •·•···:: I l .66E+OO 4.38E+OO I 2.2 IE+OO I 5.53E+OO 
u~m·<cir · •I 1 .03E-02 1.89£-01 I 9.39£-02 I 2 .34£-01 
U~ll6(0) : --- -.-- •. I 3.97£-02 2.16£-0 1 I 6.67E-02 I 1.46£-0 1 

·•U•23i·(¢ij .. : ·• . ·• · . I l .66E+OO 
U~T.tar:(....,.bf: ·: · • .. ••: • i 2.09E+o4 

3.30£+00 I 2.08E+OO I 5.40E+OO 
4 .17£+04 I 2.62F.+04 I 6.80E+04 

NP:,:U7(CIJ ·.· ; I l .73E-OI 9.37E+OO I 1.35E+OO I l .69E+OO 
Pli:_•~tt1F . I 2.44E+OI 2.79E+o2 I 5.93E+OI I l.08E+o2 

. Pli~239''(CI) :··· •· ···: · I 7 .47E-'-02 2 .47E+o3 I l.06E+03 I 2 .55E+o3 I l.14E-05 
•ru~~(o.r-· ···.: • ·I l.61E+02 8.65E+o2 I 2 69E+02 I 5.92£+02 
· 'Pii~UHd> · · ::· · : ·• '•••: I 9 .87E+o2 i.64E+04 I 3.031:+03 l 5.01£+03 
-Pil;;U21C1)·'..:· ·:· · .:.:•· •. •··1 7.59E-03 1.48£-01 I 2.60£-02 I 4.12E-02 
Pll~Total:(ka);~,-.: - , .. ,j l .28E+OI 4.39E+-OI I l .82E+OI I 4 .38E+Ol 
Aja:;Ul<Ci) . <>-I 2.13E+o3 1.66E+04 I 4.20£+03 I 8.45£+03 
Am-W:(Ci) · · · · ·. I I .06E+OO 1.59F.+O! I 3.04£+00 I 5. l 7E+-OO 
Cm-24l(Cl) • , I I 23E+OO 2 .65£+01 I 4.54E+OO I 7 .OlE+OO 

· Cm.143 (Ci) . : . : - I 6.60E-02 2.85£+00 I 4.23[-01 I 5.55E-Ol 
Cin,:.Uf(CI) · .. I I .56E+OO 6.99E+Ol I l.03E+O l I l.34E+Ol 

:•if~¢.f :1•:t•.:::i~,t~::C>:l:i ,: .. ~~•·; 
3 1 IE+-02 l .86E+03 l.63E+03 
I .82E+OI 7.24E+OI 2.14E+02 
4.51E+OO 3. l3E+01 2.59E+o2 
4.64E+02 2.97E+03 2.481:+-04 
2. IOE+Ol 4.02E+02 1.56E+03 
7.00E-01 6.78E+o0 l.91E+Ol 
l.46E+05 l .45E+05 9.41 E+05 
I .46F.+o5 1.4.W.+M 9.41 F.+o5 

6 .48F.+01 4.05E+02 1.14E+03 
5.77E+ol 3.33£+02 9.23E+02 
2.l 1E+02 2 .52E+03 6.28£+03 
4.56£-08 8.07E-04 2.23E-03 
2.36E+Ol 3.7SE+o2 l.2 1E+03 
6.49E-OI 8.00E+OI 3.01£+02 
2.63E+OO 2.75E+Ol 7.87£+01 
2.92£-01 3.88£+00 6.89E+OO 
5.16£-03 5.68£+00 1.40£+01 
6.13£+05 7.49E+06 l.16E+07 
S.79E+OS 7.07E+06 l.09E+-07 
3.22[+04 l.46E+o5 3.60E+OS 
l .09E+OO 2.47E+ol 6.72£+01 
8.34£+01 l .67E+o3 4 .94E+03 
4.88F.+OJ 6.981:+02 2.26£+03 
3.41E-03 4.04E-04 2.57F.-03 
1.55£-08 I .60E-02 3.05E-01 
1.53£-02 1.97£-03 1.59£-02 
4.75E-02 3.03£-02 8.49E-01 
2.79E-06 4.59£-05 7.36£-04 
2.3SF.-08 1.64£-04 2.66E-03 
3.64£-05 5.12[-03 9.25E-02 
2.91£-06 3.03£-01 5.52£+00 
2.71E+o0 6.45E-Ol l .82E+OO 
l.21E-OI 2.61E-02 7.55E-02 
3 . l 8E-02 l .62E-02 4.24E-02 
2 .76E+OO 5.55E-OI l .65E+OO 
3.48E+04 6.99£+03 2.08£+04 
1.79£+00 l .OOE+ol 2.34£+01 
5.43£+00 I .06E+o l 2.77E+OI 
7.14£+02 2.73E+o2 7.67[• -02 
8.091:+0 l 5.80E+ol 1.61 E+02 
l .63E+02 J .30E+02 1.32E+03 
I. l 7E-03 2.66E-03 1.06£-02 
1.19£+04 4.66£+03 1.31 £+()4 

9.91E+OI 3.74E+02 1.43E+03 
1.31£-02 2.06£-01 7.79E-Ol 
2.25E-02 5.72E-01 l.39E+OO 
2.66E-04 2.4 1£-02 5.3 1 E-02 
6.25£-03 5.49E-Ol l .2RE+OO 

il.Y:~.1«;~ ·: ··' 
l .88E+03 
2.2JE+02 
6.47E+02 
6.20E+04 
2.4 IE+03 
l.51E+01 
6. IOF.+05 
6.1 Of+-05 
8.97E+-02 
7.22E+-02 
4.80E+03 
l.64E-03 
I.I 2E+03 
2.51£+02 
6.29E+Ol 
1.98£+01 
4 .61E+OO 
4 .00E+06 
3.77E+06 
2.68E+o5 
5.28F.+0 1 
3.98E+03 
1.91 E+-03 
1.72£-03 
2.08£+00 
3.15£-02 
5.74E+OO 
4.09£-03 
I .56E-02 
4.99£-01 
3.02[+0) 
l .97£+00 
7.33E-02 
5.0IE-02 
1.62£;:+00 
2.04E+04 
J.60E+01 
3.06E+01 
7.75E+02 
l .86E+-02 
1.75E+03 
1421-:-02 
1.33E+04 
l .73E+03 
6.9lf:-OI 
9.14E-OI 
3.20£-02 
7.96E-Ot 
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Chemicals in [Ci] (Sheet 5) 
. . . .. 

.. ~i~~¢•f · 
l.59E+03 8.62E+02 7.69E+02 9.35E+02 2.20E+03 I JJE+03 3.53E+03 3.28E+03 
3.75£+02 2.06E+o2 2. I 7E+02 2 .71E+02 6.97E+OO 3 73E+oo l .07E+OI 3.97E+OI 

.· Nl-59:fCil · l .35E+02 2.98E+O I 8 68r.+<JI 595E+OI 2.1 IE+Ol l.14E+OI 3.25E+Ol 8.17E-OI 
l.28E+04 2 .85E+o3 8.28E+03 5.68E+03 2.04E+03 1.IIE+o3 3.15E+03 7.84E+Ol 

.:C~(d). ·· , .. 2.081::+03 8.14E+02 9.32£+02 l . lOE+03 4 .38E-t-03 3.07E+o3 7.45E+03 2 .65E-r02 
3.54E+OI 1.921:::+0I l.94E+Ol 2.171:::+0I 3.34E+OO l .85E+OO 5.18E+oo 2.IOE-02 

Si'-90'{Ci) ·· 1.21£+06 9.64E+o4 3.50F.+05 l .53E+06 5.52E+06 3.21E+06 8.73£+06 3.53£+04 
l .2 1E+06 9.64E+04 3.50E+05 1.53£+06 5.52£+06 3.21 F.+06 8.731::.+06 3.53£+04 

Zr~l(()l :i:.· ·•.··\'••••·•·1:•· 2. l lE+03 l.15E-i-03 l.15E+03 l .29E+03 2.02E+02 I. I 2E+02 3.14F.+02 1.99£+00 
NMlmCi) ;•.···· l.72E+03 9JOE+02 9.3JE+02 1.04£+03 1.14E+02 5.93E+Ol l.73E+02 l .lOE+OO 

l.17E+04 6.32E+03 6.27E+03 7.IOE+03 9.86E+02 5.46E+02 l.53E+03 l .14E+02 
•Rli-106 c:n" : : .. · ..... , .• 3.921::-03 1.72E-03 l .57E-03 l .78E+OO 3.45E+02 7061::+02 \ .05E+03 4.25E+OO 
'Qi;;Jl3iia: (Ci) • · 2.19E+03 l .20E+o3 l .29E+03 l .28E+03 6.03E+02 3.46E+02 9.49E+02 3.96E+OO 

>Sb:-1.25 (Cll . ·· · ·· ··· 5.36E+o2 1.51 E+02 l .78E+02 4.08E+02 8.91E+03 7.99£+03 1.691::,+04 l .66E+02 
1.47E+o2 7 .94E+OI 8.04F.+Ol 8.99Ei01 l .49E+Ol 8.09E+OO 2.30E+Ol 9.30E-02 
l.1 IE+Ol 6.20E+-OO 6.46E+-OO 8.34E+OO 8.76E-02 4.77E-02 7.67E-Ol 7.57E-Ol 
1.57E+ol 9 .72E+OO l.27E+Ol 3.97E+02 4.09E+OJ 3.85E+03 7.93E+OJ 4 .26E+02 

-::C~l31fCif·: ·. . ...... ··· 1.43E+o7 856E+o6 7.99£+06 9.141::+06 6.31E+06 3.62£+06 9.94E+06 5.33E+05 
I .35E+o7 809E+o6 7.55E+06 8.63E+06 5.96E+06 3.42E+06 9.38E+06 5.04E+05 

• 5.92E+o5 1.49E+05 l .66E+05 2.29£+05 l .33E+05 7.58E+04 2.09E+05 8.45£+02 
I - l .08E+o2 2.74E+Ol 3.40E+Ol 5.48E+Ol l .83E+02 9.32E+Ol 2.76£+02 1.12£+(){) 

-,D : £1i~iShCll .:· .. ,.: .: .. i,::.·. 7.95£+03 2.01E+03 2.54E+03 4.15E+03 2.15E+04 1.18£+04 3.33E+04 l.35E+02 
E1H55(CI · · ... . ... 3.62E+03 9.17E+02 l .18E+03 l .94E+03 1.46£+04 l.09E+04 2.55E+04 ! .03E+02 

lu~l26'C .. · .:. :.: .: 2.77E-03 l .75E-03 l .64E-03 ] .861::-03 2.99£-04 l.51E-04 4.50E-04 8.4 1E-06 
3.61E-O l 2 .20E-Ol 7.73E-OI 7.56E-0 1 l .70E-08 I.OOE-08 2.70E-08 6.55£-10 
l .69E-02 I .06E-02 1.01 E--02 1.091:-02 l .48E-03 7.79E-04 2.26E-03 4.04E-05 
8.71E-OI 5.58E-Ol 2.38E+OO 2.40E+OO 3.29E-03 l.91E-03 5.20E-03 l.72E-04 

•-T)j,:219 CCI> = ··· ·· • •·· 8.58E-04 5.26E-04 8.69E-04 9.1 9E-04 l .97E-06 l.OOE-06 2.97E-06 4.53E-08 

'T~ll1'fCfl i-: '• .. · .. • :• .. •· :• ... 2 .94£-03 1.83E-03 3.15£-03 332£-03 l .93E-08 1.17£-08 3.lOE-08 l .09E-09 
3.93E-02 1.28E-02 4.84E-02 3.30E-02 4.26£-03 2.07E-03 6.33£-03 2 34E-03 
2.36E+OO 7 .67E-OI 2.9\E+OO l .97E+OO l .37E-03 6.40E-04 2 .0IE-03 2.86E-05 
l .50E+OO 3 .88E-OI 5.0SE-01 l .39E+OO 1.23E+Ol 6 .90E+OO 1.92E+Ol l .24E+Ol 
6.25E-02 1.62£-02 2.06£--02 5.SOE-02 4.59E-Ol 2.75£-01 7.34E-01 4.75E-Ol 

:,U~236' ICil<'· · ... . .... : ·' .. 3.71E-02 9.40E-03 l.33E--02 9 .41E-02 l .17E+OO 6.SIE-01 J.85E+OO J.20E+OO 
l.41E+OO 3 .62E-01 4.57£-01 l .09E+OO 8.45E+OO 4.75E+OO 1.J2E+Ol 8.54E~OO 
l .77E+o4 4.56E+03 5.76E+03 1.37E+04 l .07E+05 6.00E+04 l.67E+05 J.08E+05 

·. Nu;;zj7 rch ' ··· · · 4 .20E+ol l .59E+-01 1.57E+OI I.SOE+OI l.95E+Ol l.06E+OI 3.0lE+OI 1.22£-01 
2.52E+OI 6.37E+-OO 9.SOE+OO 4 .21E+Ol 4.99E+02 2.51 E+02 7.51E+02 1.0IE+02 

. P.li~23t;(Cl)' •.•: .. -. · · 7.01E+02 1.77E+02 2.26E+02 5.68E+02 4.72E+03 2 .53E+03 7.25E+03 J.OOE+03 

h.~240JCIL ..... . l .53E+o2 3.SIE+Ol 5.24E+ol 1.47£+02 l.35E+03 6.911:+02 2.04E+03 2.82£+02 

. P~-24i.'tcn •·. · 1.13E+o3 2.91E+02 4.71£+02 2.99E+03 4.04E+04 2.01 E+04 6.05E+04 8.35E+03 
9.35E-03 2.38£-03 3.91 E--03 l .56E-02 I .75E-01 8.31 E-02 2.58E-Ol 3.55E-02 
1.20E+04 3.03E+03 3.88E+03 9.83E+-03 8.24E+ol 4.40E+ol l.26E+02 l.74E+ol 
l .84E+03 2.45E+02 5.SOF.+-02 1.86£+03 2.42E+04 l .57E+04 3.98E+04 4.441:::+02 

,AmiW'(Ci) · · · .. ·· ... I.I I E+OO 1.42E-01 3.401:-01 l .22E+oo 7.57E+oo 3.SOE+OO I.I !E+Ol 4.45£-02 
2.27E+o0 7 .45E-Ol 8.08E-OI 8.68E-Ol l.40E+Ol o.38E+OO 2.04E+Ol 8.20E--02 
7.99£-02 2.68£-02 3.23E-02 5.07E-02 2 .17E+OO 9.ISE-01 3.081::+00 I .25E-02 
l .95E+OO 6.531:::-01 7.91 E-01 l.25E+OO 5.63E+ol 2.27E+Ol 7.90E+OI 3. l 9E-OI 



• I 
N 
0 

Species Total Concentration (mol/L). (Sheet 1) 

Na 2.32E+OO 2.52E+OO 3.08£+00 3.03E+OO 2.27E+OO 1.47E+OO 1.69E+OO 1.69E+OO 4.20E+OO 
O.OOE+OO O.OOE+OO 8.20E-02 6.20E-02 O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO U.OOE+OO 

Fe 1.60£-02 l.60E-02 5.00E-02 5.00E-02 4.00E-02 3.08E-02 1.60E-02 l.60E-02 4.60E-02 
Cr 3.20E-03 3.20E-03 6.SOE-03 6.SOE-03 4.20E-03 5.79E-03 6.80E-03 6.80E-03 3.20E-03 
'Bi 2.86E-04 2.86E-04 l.20E-02 l.20E-02 I .OOE-02 6.16E-03 6.00E-03 6.00E-03 l.80E-04 t-;;-'.,....,.;.,~,.,..,.-'-,,,,--,,...,.....;,+------+-----+-----+---..:..;c..--'--l- ..:.......:...:....c....-'---+---_.:.,_-+--;..._---,.,,.--+----'---:-:-~-=----+------+-t,a . 3.80E-03 3 80F.-0.1 
,He: · ••·• ·· .. · O.OOE+OO 5.13E-05 O.OOE+OO 1. l 7E-05 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 
::ZffllOH\2.' ':•:/ :''.:; O.OOE+OO O.OOE+OO 3.20E-04 3.20E-04 O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 
: .. ar i ' ........ .. ... . .... O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO 
.NJ : · ·· ·· l .60E-03 I .60E-03 l .60E-03 ! .60E-03 l .60E-03 l .60E-03 l .60E-03 l .60E-03 
Sr, > 2.84E-06 5.19E-06 6.54E-OS 9.4iE-OS i.35E-09 l.50E-09 l.58E-l 1 2.86E-l l 
Mn ' . O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 5. IOE-03 5. IOE-03 
Ca , . . · · l.80E-02 l.80E-02 l.82E-02 1.82E-02 1.S2E-02 1.81 E-02 1.82£-02 l.82E-02 
K 7.06E-04 7.06E-04 9.50E-03 9.SOE-03 6.53E-03 4.28E-03 2.31 E-01 2.31 E-01 

J~.oir : · ....... ·· -· 
NOl · 
C03 .. ·· 

SO& ..... .. 
Si03 ... 
F. 
Cl ............ ······· 

C6H501 · .. 
t:litA ,· ········ 

·JIEDTA /··· 
... 

.. .. 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 

l.20E+Ol l.20E+Ol l.37E+Ol l .43E+OI 6.SOE+OO 3.40E+OO 1.80E+OO 2.34E+OO 
2.70E-01 l .45E-01 5.74E-Ol 5.99E-Ol 4.76E-OI 5.26E-01 7.26E-01 7.89E-01 

l .49E+OO 1.50E+OO 4.93E-Ol 4.2JE-01 l.49E-Ol l .56E-01 l.51E-Ol 1.51 E-01 
I .85E-0I I .85E-OI l .64E+OO l .63E+OO l.24E+OO 7.97E-01 l .38E+OO I .38E+00 

O.OOE+OO O.OOE+OO 5.80E-02 4.40E-02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
6.00E-01 7.00E-01 l .82E-02 1.82E-02 I .82E-02 1.81 E-02 l .82E-02 1.82E-02 
l .80E-Ol l .SOE-01 2.89E-Ol 2.89E-01 2. IOE-01 l .29E-Ol 3.80E-02 3.80E-02 
2.12E-Ol 2.12E-01 6.96E-02 6.96E-02 4.96E-02 3.12E-02 3.00E--03 3.00E-03 
4.00E-03 4.00E-03 6.00E-02 5.30E-02 3.70E-02 2.28E-02 O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO l .86E-Ol 1.86E-OI 2.20E-Ol l .36E-01 2.70E-01 2.70E-Ol 
3.25E-03 3.25E-03 4.37E-02 4.37E-02 3.00E-02 I .97E-02 2.88E-02 2.88E-02 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 
O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.(>0E+OO O.OOE+OO O.OOE+OO 

l .74E-05 
0.00E+OO 
O.OOE+OO 
l .60E-03 
2.48E-06 
0.00E+OO 
l .84E-02 
l .58E-02 
0.00E+OO 

2.80E+OO 
4.45E-Ol 

1.43E-O I 
3. JOE+OO 
O.OOE+OO 
2.00E-01 
l.30E-Ol 
1.42£-01 
O.OOE+OO 
O.OOE+OO 
9.55E-02 
0.00E+OO 
0.00E+OO 
0.00E+OO 

0.00E+OO 

4.21 E+OO 
O.OOE+OO 
3.00E-02 
3.20E-03 
l .80E-04 

l.74E-05 
O.OOE+OO 
O.OOE+OO 
6.60E-03 
2.48E-06 
O.OOE+OO 
1.84E-02 
l .66E-02 

O.OOE+OO 

4.25E+OO 
2.34E-01 

1.09E-01 
3. JOE+OO 
O.OOE+OO 
l .84E-02 
1.30E-01 
1.85E-01 
3.50E-02 
2. IOE-01 
7.62E-02 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 

1---"-'i,x=al=•'-'-te.a..·· ~· ----~-,-,f---0._00_E::.,+_OO_-+-_o_:_._:_OO'--'E::..+....;.OO_:__ _ ... 9.:_00_E_+_oo___ ~O:..:..;.O:..:::O.:::E __ +00~--1-__::0.:..;:.0:.::.0E:::..+_;o:..:;:0_1--:.::.o·:..::.OO.:..;E=-+...::;00~-+---"4_:.::.60.:..:E=--.:..:02:...,_+-_4..:..:.•.::.;60:..::E:....·0:..=2;..._+-_;;o..;.:.o:..::o.::.E_+O::.cO_+--__;,o_;;.O_:_OE __ +_co__;,o--, 
OBP. : ; ·· · 3.04E-05 
butaool 3.04E-os 

NH3. · O.OOE+OO 0.00E+OO 1. IOE-01 8.00E-02 O.OOE+OO O.OOE+OO U.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 
Ft!(CN)~ > O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 5.00E-03 

"° 00 
N 
N 

~ 
< 
0 



• I 
N 

...... ... 

.. ;•:· spede.tJnW!r•~·:•• ··••: ;f:F~~ ··· 

Al O.OOE-..00 
Fe ' 3.00E-02 
Cr 3.20E-03 

l.80E-04 
Lit 

I. 74E-05 
O.OOE+OO 

Pb ·.·.··.•·· . O.!)OE+OO 
NI 6.60E-03 
sr ·. •· 4.00E-03 

{Mn •O: . .i ..•• , •••.. ,._..;.·,-.· > .C O.OOE+OO 
.ca: . . .. l .84E-02 

l.66E-02 
O.OOE+OO 

4.25E+OO 
· vold:tru/ " • ·· · · · ·.·· · 2.29E-Ol 

Species Total Concentration (mol/L) (Sheet 2) 

3.61E+OO l.39E+OO 5.50E+OO 5.46E+OO 3.97E+OO l.8lE+oO 7.90E-Ol l.39E+OO 
I. l OE-02 0.-00E+OO l.13E+OO I. 13E+OO 2 !JOE+OO 7.80E-O I O.OOE+!Xl O.OOE+OO 
! .69E-03 1.88£-03 4.75£-02 5.30£-02 J.52E-02 l.52E-02 5.98£-02 l. l 7E-Ol 
4.59E-03 2.00E-03 1.13 E-0 I l. l 3E-O l 3.04E-03 3.04£-03 8.00E-03 8.00E-03 
2.55E-04 l.40E-02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO 
1.30£-06 
7.77£-05 
6.61E-06 
l .3 IE-02 
4.41E-07 
O.OOE+OO 
2.34E-02 
l .48E-02 

-l .42E-03 

3.00E+OO 
9. 16E-Ol 

l.83E-05 
4.00E-03 
O.OOE+OO 
1.16£-02 
8.61 E-08 
O.OOE+OO 
2.00E-02 
4.20E-03 
O.OOE+OO 

3.00E+OO 
8.SlE-01 

9.21E-06 
0.00E+OO 
O.OOE+OO 
4.00E-03 
l.39E-05 
5.87£-03 
l.85E-02 
2.64E-02 
G.OOE+OO 

4.50E+OO 
6.86E-Ol 

l .60E-05 
O.OOE+OO 
0.00E+OO 
4.00E-03 
5.04£-05 
0.00E+OO 
l .85E-02 
2.00E-02 
O.OQE ... QO 

3.00Et-00 
6.40E-OI 

O.OOE+OO 
O.OOE+OO 
7.67E-03 
l .52E-03 
l .43E-07 
O.OOE+oO 
l.81E-02 
2.29E-03 
0.00E+OO 

8. IOE+OO 
6.90E-OI 

O.OOE+OO 
0.00E+OO 
4.55E-03 
l .52E-03 
2.47E-07 
O.OOE+OO 
l.8 IE-02 
3.49E-03 
O.OOE+oO 

2.90E+OO 
7.50E-Ol 

2.60£-05 
O.OOE+oO 
l.12E-04 
4.00E-03 
4.99E-05 
O.OOE+OO 
l.81E-02 
3.14E-03 
O.OOE+OO 

2.20E+OO 
7.59E-Ol 

2.60E-05 
O.OOE+OO 
9.44E-04 
4.00E-03 
1.26E-04 
O.OOE+OO 
1.81E-02 
5.64E-03 
O.OOE+OO 

3.90E+o0 
5.47E-Ol 

3.35E+OO 
O.OOE+OO 
6.60E-02 
8.00E-03 
O. OOE+OO 

U.OOE+OO 
O.OOE+OO 
0.00E+OO 
4.00E-03 
2.16E-07 
O.OOE+OO 
1.84E-02 
l .47E-02 
O.OOE+OO 

2.20E+OO 
5.56E-OI 

on• .. <· ';': l.09E-01 9.78E-02 l.41E-Ol 6.31E+OO 6.47E+OO 7.69E+OO 3.05E+OO 3.64E-Ol 5.46E-OI 3.39E-01 
N03 •, '· • ·· 3. llE+OO 2.67E+OO 5.44E-Ol 2.98E+OO 2.68E+o0 8.84E-Ol 8.85E-Ol 4.39E-Ol 7.12E-Ol 2.87E+OO 
N02 ·· . . O.OOE+OO l.22E-Ol l.70E-Ol O.OOE+OO 0.00E+OO l.40E+OO 2.80E-Ol l.OOE-02 l.OOE-02 I.OOE-02 
C03 l.84E-02 l.20E-01 2.18E-02 1.85E-02 1.85E-02 l.81E-02 1.SIE-02 l.81E-02 l.81E-02 l.84E-02 
P04 . .. .. 1.30E-01 6.28E-02 8.46£-02 0.00E+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO 9.60E-02 
SOC , · · · 1.85£-01 1. l SE-01 2.14E-02 l.90E-02 3.00E-02 9.'19E-03 6.07£-03 4.37£-02 l.60E-01 5.60E-02 
•.s,o3> . ... .. . 3.50E-02 5.09E-03 3.80E-02 l.47E-02 4.24E-02 3.00E-02 O.OOE+OO 4.69E-02 9.21 E-02 O.OOE+OO 
F . ::: · 2. IOE-01 9.16E-02 2.28E-OI O.OOE+oO O.OOE+oo O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Cl :-' · · 7.62E-02 8. l 9E-02 1.93E-02 9.43E-02 9.20E-02 l.05E-02 1.61 E-02 1.44E-02 2.59E-02 6. 77E-02 
C6li507 ·. · 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

t-·;;;;,ED=T.;:,;A:,:c·~.-.....,.......;...;..;.,;.;..;;....;;...+-_.:;.;o . ..;;.oo:..:E:..+..::.0.::..0--1_0.::..:·.::..:00:..:E:..:.+..::.00:::...._-1-....:0:.::.0:..:0:.:::E~+00:::..::....--1-_.::0.:.::·0:.:.0::::_E+o.:...::.::O~'---..::.O.:..::·OO..;;.E=.+:...:00:..:.:_--4--......;;.0.:.:.00.::..:E::..+o~o-+_-'-O . ..;..OO.;..;;E;;...+o--'-'--o--+_o_._oo-'E;_+..;..OO.;....._-+---o_.o_o_E_+_OO_ +-_o_.o_o_E_+o_o-1 
HEDTA . ... . .. .. O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+O:> O.OOE+OO O.OOE+oO O.OOE+oO O.OOE+OO O.OOE+OO 

O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+oO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 
acetate ·· O.OOE+OO 
na,i.ie ··· ······· O.OOE+OO O.OOE+oO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
l>BP. 1.83E-05 
butaliol ... ,·· l.83E-05 

NEU . . . .: _ O.OOE+OO 2.61 E-02 O.OOE+OO 0.00E+oO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO . 
Fe<CM6:-:-:'.:" :. ·. 2.50E-03 5.00E-03 5.00E-03 O.OOE+OO O.OOE+OO O.OOE+<XJ O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 



Species Total Concentration (mol/L) (Sheet 3) 

Na ... ···. ' ·.,·· 2J6E+OO l .61E+00 l.07E+o0 6.63E-01 l.12E+00 l .58E+OO 3.54E+OO 2.21E+OO 3.61E+00 3.61E+00 
I 20E+()(J 7.80E-01 0.00E+O0 0.00E+00 0.00E+o0 O 00E+OO 5.00E-01 0.OOE+OO 3.40E-01 3.40E-0l 

Fe ··. I .52E-02 l.52E-02 l .52E-02 4.00E-02 4.00E-02 4.00E-02 4.07E-02 7.00E-02 6.50E-02 6.S0E-02 
.. Ct 3.04E-03 3.04E-03 3.04E-03 8.00E-03 8.00E-03 8.00E-03 I 9.40E-03 8.00E-03 8.0()E-03 8 00E-03 

0.00E+00 0.00E+0O 0.00E+00 0.00E+00 0.00E+o0 0.OOE+OO 0.00E+00 0.OOE+00 0.00E+o0 0.OOE+00 

Hi •-· 0.00E+00 0.00E+OO 0.0OE+0O 0.00E+OO 0.00E+O0 0.OOE+OO 0.00E -t-00 7.55E-05 0.00E+00 0.00E+00 
Z'ro(Om2 · 0.00E+00 0.00E+OO I.OOE-01 0.OOE+OO 0.00E+00 0.OOE+OO 0.00E+00 0.OOE+00 0.00E+OO 0.00E+00 
Pb .. ·•· 7.23E-03 5. I 7E-03 0.OOE+OO 0.OOE+OO 0.00E+o0 0.OOE+OO 0.OOE+00 3.40E-03 0.OOE+OO 0.00E+00 
NI I .52E-03 l.52E-03 l .52E-03 4.00E-03 4.00E-03 4.00E-03 4.00E-03 4.00E-03 4.00E-03 4.00E-03 
;Sr •·· 1.31 E-07 l .12E-07 1.07£-06 I .06E-07 · 3.95E-08 7.13E-09 2.04E-05 2.SIE-06 2.79E-06 
· .. I\fiL-:.·· 0.00E+oo 0.OOE+00 0.OOE+OO 0.OOE+OO 1.20E-02 8.82E-04 0.OOE+O0 0.00E+00 0.OOE+00 0.OOE+00 

1.80E-02 1.81 E-02 I .80E-02 l.S0E-02 l .80E-02 I .81E-02 l.83E-02 4.90E-03 1.83E-02 l.83E-02 
·: 1(·'·• .. l.49E-03 2.49E-03 2.21 E-01 l.00E-03 l .35E-02 5.52E-03 I .26E-02 8.87E-02 2.78E-02 2.78E-02 
baJan~ •· · ·· 0.00E+00 0.00E+00 0.00E+OO 0.OOE+OO 0.00E+00 O.OOE+OO O.OOE+o0 1.51 E-04 0.00E+o0 0.00E+00 

\i~l%:sol.uls . . .. .. . .. .. 8. lOE+00 2.90E+O0 l.05E+ol l.l0E+OO I. !OE+O0 l.l0E+OO 2.30E+OO l .20E+OO 5.80E+00 5.80E+00 

> 
' 

8.22E-Ol 7.49E-0I 8.55E-0l 7.40E-0I 7.14E-0l 7.39E-0l 5.23E-01 9.42E-0I 8.43E-0l 8.43E-0I 
::sntties, :.>.::<-:--.. ·:"; 

N 
N 4.53E+00 3.04E+00 6.85E-0I 2.04E-0l J.92E-0I l.87E-0l 2.16E+OO 3.47E-01 I .56E+OO 1.56£-,.Q0 

NOl · 6.83E-0l 6.84E-01 3.13E-0l 2.30E-0l 3.78E-0i 9.43E-01 2.57E+OO l.08E+00 2.75E+00 2.75E+OO 
7.S0E-01 2.80£-01 7.00E-03 l .00E-02 1.00E-02 I.OOE-02 l .40E-02 l .00E-02 I.00E-02 l .00E-02 

do3 • I .80E-02 1. 81 E-02 l.80E-02 2.20E-0I 4.00E-01 3.04E-0l 2.00E-01 4.90E-03 I .83E-02 l .83E-02 
0.00E+OO 0.OOE+OO 0.00E+00 0.00E+00 0.00E+o0 0.OOE+00 1.40E-04 0.OOE+00 9.00E-02 9 OOE-02 

$04 ' ... 8.75E-03 6.69E-03 l.52E-03 4.00E-03 4.00E-03 4.00E-03 6.80E-03 6.74E-02 5.40E-02 5.40E-02 
Sr()3< ·:· 2.00E-02 0.OOE+OO 0.00E+00 0.00E+O0 0.00E+O0 0.00E+00 0.00E+OO 0.OOE+00 0.00E+00 0.00E+00 

.·F ,·· .. 0.00E+OO 0.OOE+OO 7.70E-0l 0.00E+O0 0.00E+O0 0.00E+00 0.00E+OO 0.00E+00 l.20E-0J l.20E-01 
>CJ .. ·-:: :_..: .. ·: .. ;_.,;,::· ~·· · 6.87E-03 I.ISE-02 5.72E-03 4.6QE.Q3 6.90£-03 2.13E-02 8.91E-02 4.92E-02 6.34E-02 6.34E-02 

0.00E+00 0.00E+O0 0.OOE+0O 0.00E+O0 0.00E+00 0.OOE+00 0.00E+00 4.00E-02 0.00E+00 0.00E+00 
0.00E+00 0.00E+O0 0.OOE+0O 0.00E+O0 0.00E+00 0.00E+00 0.00E+00 8.00E-02 0.00E+00 0.00E+00 

.]IEDt.A ·: · ··· 0.00E+00 0.00E+O0 0.00E+0O 0.00E+00 0.OOE+00 0.OOE+00 0.00E+OO 0.00E+O0 0.00E+00 0.00E+00 

elvcolate 0.OOE+00 0.00E+O0 0.00E+OO 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.00E+OO 0.00E+00 
acetate 5.J0E-0 1 
oxalate 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+OO 0.00E+OO 0.OOE+00 
DBP 6.06£-02 2.23E-02 l.85£-02 0.00E+OO 3.93E-03 3.89E-03 

6.06E-02 2.23E-02 l.85E-02 0.00E+OO 3.93E-03 3.89E-03 

'NH3 . . . . . . .... .. .. . 0.00E+00 0.OOE+OO 7.70E-01 0.OOE+OO O.OOE+00 0.00E+00 0.OOE+O0 0.00E+OO 0.OOE+00 0.00E+0O 
Fe(CN)6~ ·· 0.00E+00 0.OOE+OO 0.00E+00 0.OOE+00 Q_QOE+00 0.00E+00 0.00E+O0 0.00E+00 0.OOE+00 0.00E+00 



• I 
N 
vJ 

. · s~~if! mollt > 
:Na : 
Al 
Fe 
Cr 
Bf 

·:La. .: 
Ht•< 

,:zTO(OHi:2 ..... 
Pb? ·-· . . , .. 

Nf.:; · .. 
:· .. ··· 

-Sr'> ...... ······ ... 
. Mn .. ...... 

:- ea : ... . . . .. 
: ..... 

•JC. :.: .. '-:::<:• .. -- .. .-•. 
.:hiiluce .·· .. 

· densltv .:•.::. 
YOI¾ :scilicis• :: .• 
volclfrac. : .... .. . .. 

s~es -•· 
·oli '\·,-;•. . ;.:' .1.-:·': :·' 
N'03 : :'.:'.!.:":·.:::-;:·?. .. ,. 

NOi: · .. 
:.·· 

c:03 ·:•: ;:::;.\·;: ... 
. .. 

:p()jii:: :: :: 
SOL ' 
Sfo3 •·•···. 

. F .· 
-Cl 

... . ' . . . .. .. ~ 
... 

·· C6itro'1<··· 
. ED1\.V •· .. 
iiEX>t~ ... ... 

.. .. ... . .. . . · .... , .. ··:-•.!•' 

m~t~ .. . . . 

: :acetate .·· 
. oxalat~ . 
DBP 

·· butanol .·· 

NR3 '· .. 
Fe<CNl6•-· ...... 

:.: ·.· ._ .... ),J:t••.· . ;<< :::::.,r i:::: .. 
. ... 

. .. ... 

1.50E+OO 6.77E-0I 
2.34E-02 8.30E-02 
4.22E-02 7.00E-03 
I. 70E-02 2.00E-03 
2.03E-06 0.00E+00 

2.58£-05 7.49E-06 
4.07E-08 0.00E+00 
2.24E-04 l.06E-03 
6.0SE-03 2.00E-03 
7.02E-05 l.23E-05 
1.77E-04 0.OOE+00 
6. 11 E-03 1.01 E-02 
7.65E-03 2.76E-03 
4.86£-05 1.50£-05 

3. I0E+00 5.00E-01 
8.22E-0I 4.80£-01 

3.16E-0 I 5.29E-01 
5.00E-01 2.72£-01 
2.73£-01 l.OOE-02 
1.43E-01 1.01 E-02 
2.23£-02 0.OOE+00 
7.39E-02 1.71 E-02 
8.72E-02 4.00E-02 
4.40£-04 0.00E+00 
1.90£-02 I .27E-02 
0.00£+00 1.00E-02 
0.OOE+OO 0.00E+00 
0.OOE+OO 0.00E+00 

0.OOE+O0 0.00E+00 

0.OOE+00 0.00E+0O 

1.02E-02 0.00E+00 
0.OOE+00 0.00E+00 

Species Total Concentration (moVL) (Sheet 4) 
.. •i:/, :-:. ·., ··.···Sl{i'(·.: .. ... :<qgar:• ... ·. ,·· .• ·•:jw -::_· .. : ~<;k-:. :· :,1$ff.¢k · :risit(;k ::-:::.:. • :;j1&$iid? .. 
3.75E+00 3.48E+OO 4.16E+-O0 1.95E-0l 5.59E+OO 1.12E+-01 l.18E+0l l.33E+0I 
2.80E-0I 0.OOE+OO 3.84E-01 0.OOE+OO 1.28£-02 I .87E+00 1.27E+00 2.37£+00 
1.70£-02 4. I0E-02 4.60E-03 4.00E-02 1.32£-02 4. I0E-03 9.87E-03 1.65E-02 
2.00E-07 0.00E+OO 3.17£-02 8.00E-03 8.7\E-03 i.07E-0I 6.28E-02 5.\5E-02 
0.00E+OO 0.OOE+OO 5.08E-06 0.00E+OO 2.97E-03 2.73E-07 2.68£-04 I .37E-04 

0.00E+OO 0.00E+00 0.00E+00 9.74E-14 I .49E-09 
I .I IE-05 1.37E-04 2.77£-06 O.OOb+OO 3.94E-06 3. J 7E-06 3.66E-06 2.85£-06 
0.OOE+OO 0.OOE+OO 1.60£-06 0.00E+OO 2.72£-04 8.78£-08 1.49E-04 5.12£-05 
0.0OE+OO 0.OOE+OO 4.90£-04 0.00E+OO 0.OOE+00 I .07E-04 6.73E-04 2.85E-03 
l .0OE-02 0.OOE+OO 4.31 E-03 4.00E-03 2.84£-03 3.88E-03 7.93£-03 1.03£-02 
1.54£-05 7.77E-05 1.28£-06 5.58E-07 l.25£-06 4.2\E-06 l .49E-05 
0.00E+OO 0.OOE+00 3.24E-04 0.00E+O0 0.OOE+OO 6.56E-04 4.84E-04 6.92E-04 
1.04£-02 l.23E-02 8.81E-03 l.80E-02 9.43£-03 7.95E-03 l.76E-02 2.23E-02 
1.50£-02 1.36E-02 2.0SE-02 6.90E-04 2.09E-02 4.75E-02 5.97E-02 5.43E-02 
2.22E-05 2.74£-04 l.02E-03 0.OOE+00 0.00E+OO 5.32£-05 4.77E-04 8.30E-04 

I.OOE+00 2.60E+00 I.00E+00 l.OOE+OO 7.96E+00 l .30E+0l 4.30E+0I 5.40E+0I 
6.98£-01 7.8IE-0I 8.88E-01 8.77£-01 5.08£-01 8.62E-0l 7.75E-01 7.08E-0I 

l.15E+00 2. I0E+00 2.54E+00 l.70£-01 2.64£-01 l.l0E+OI 7.07E+00 l.06E+0l 
8.76E-0l 6.38£-01 1.25E+O0 1.57£-01 3.83E+O0 3.74£+00 5.24E+00 5.77£+00 
1.00E-02 l .00E-02 8.59E-0l 2.40£-02 1.78£-01 2.llE+OO l .62E+00 2.l3E+00 
2.70£-01 2.S0E-01 l.89E-0J I. I0E-02 l.65E-0I 2.72E-02 3.62E-01 4.63E-01 
I.00E-02 0.00E+O0 6.46E-03 0.00E+00 I .66E-0I 5.08E-04 5.69£-02 5.25E-02 
4.40E-02 l.02E-0I 9.40E-02 4.00E-03 1.62E-0I 5.l6E-02 l.83£-01 l.99E-0l 
5.00E-02 8.00E-02 t.S0E-02 0.00E+00 l.89E-02 2.13E-02 2.20E-02 2.28E-02 
0.00E+OO 0.O0E+OO l .64E-03 O.O0E+OO l.86E-OI 1.SOE-04 1.14E-0I 8.93E-02 
6.91£-02 6.24E-02 7.02£-02 3.17E-03 1.13E-0l 1.86E-0I 2.13£-01 l.79E-0l 
I.S0E-02 0.00E+OO 2.75£-02 0.00E+OO 0.00E+00 l .59E-03 1.53£-02 3.09E-02 
I .50E-0I 0.00E+OO 3.51 E-03 0.OOE+OO 0.00E+O0 l.71 E-03 3.03£-02 2.40£-02 
3.00E-01 0.00E+OO 7.06E-03 0.OOE+OO 0.00E+O0 3.41 E-03 6.03E-02 3.17£-02 

0.00E+00 0.00E+00 0.OOE+OO 0.00E+OO 0.OOE+00 
3.00E-01 0.OOE+OO 7.02E-03 0.00E+OO 0.00E+00 3.41 E-03 6.02E-02 3.16E-02 

0.00E+OO 3.37E-05 9,76£-04 5.20E-02 
0.00E+00 0,00£+00 0.00E-+00 0.00E+00 0.OOE+OO 0.00E+00 4.87£-10 7.45£-06 

3.04E-05 J .47£-02 2.26£-05 1.23E-03 t. 22E-02 3. I0E-02 
3.04E-05 1.47£-02 2.26E-05 1.23£-03 1.22£-02 3. I0E-02 

0.00E+00 0.OOE+00 0.OOE+00 0.OOE+O0 0.OOE-,.Q0 
O.OOE+O0 0.OOE+00 2.46E-02 0.00E+O0 8.95E-02 4.05£-02 l.07E-01 4.51£-02 
0.00E+O0 0.OOE+00 0.00E+00 0.00E+O0 0.00E+O0 0.OOE+OO 0.00E+00 0.00E+OO 



Species Total Concentration (mol/L) (Sheet 5) 
-· 1

: :J~is'j~Vi( '•> : :•• :s1s1t0tt -- :.: ••$~~'>? --••:::?:~i~~):\j {+!~~~):;:: )~;:)',~~i(}(' / 1~•:::~~z://:: ?irtfi?j~('i:':•--::.: ;,!:tW:zn. 1 
.................. , . 

N.-. . : ; •::: :._·:;.:. ----•</ < l.35E+0I l.34E+-Ol I .38E+-OI 1.31E+0l 3.86E+-O0 2.25E+OO 6.71 E-01 l.02E+00 
Al :. 1.77£+00 l .8!E+00 l .78E+00 l .45E+00 4.25E-01 2.48E-0I 0.00E+00 0.00E+00 
'Fe '•·.·:-_: 8.00E-03 2.23E-03 5.33E-03 l .36E-02 9.57E-02 1.24E-01 4.00E-02 4.00E-02 
Cr 8.64£-02 6.14E-02 6.04E-02 5.33E-02 l.13E-02 l .92E-02 8.00E-03 O.OOE+00 
n1 :·._. l .44E-04 2.16E-04 I .87E-04 I .56E-04 O.OOE+00 0.00E+00 0.00E+OO 0.OOE+OO 

. La 9.02E-09 8.53E-09 6.57E-09 4.87E-09 
lie .. 3.43c-06 I .82E-06 2.57E-06 2.08E-06 0.00E+OO 0.00E+-00 0.OOE+00 0.00E t00 
Zn){(iil)t. 7.56E-05 l .16E-04 9.13E-05 2.03E-04 0.00E+OO 0.OOE+00 0.00E+00 1.00E-01 

-Pb<<· 7.49E-04 7.94E-04 8.65E-04 5.53E-04 0.00E+oo 0.OOE+OO 0.OOE+-00 0.00E+00 
------Nt :·'.)<\':-:-·_-. 6.04E-03 2.13E-03 3.86E-03 8.88£-03 5.30E-03 8.96E-03 4.00E-03 0.00E+OO 
_-;s., :,:----; .......... ... .. 

4.32E-06 6.75E-07 3.24E-06 8.17E-06 2.43E-04 l .46E-04 l.21E-08 2.77E-07 .... 
;:Mit: ;i::t: / "'_.' ':. 8.38E-04 6.48E-04 6.25E-04 9.43E-04 0.OOE+-00 0.00E+00 6.00E-03 0.UOJ;:;+00 
:Cit :>:--:; ----;·'•·_.i':-,.--:·•: 1.17E-02 4.36E-03 7.29E-03 I.84E-02 l.34E-02 7.79E-03 l .S0E-02 1.80E-02 
'K':. 7.17E-02 8.05E-02 8.1 IE-02 1.72E-0I 8.0SE-03 4.69E-03 7.00E-03 2.2 1E-0I 
balance ' 9.26E-04 9.34E-04 I. 14E-03 8.3 lE-04 -4.85E-04 -2.92E-04 -2.42E-08 -5.55E-07 ';:i:::l dtn.ltv :·:·.• -- -0 
_vo1•/410Udt , 3.61E+0l 2.80E+0I l.89E+0I 2.09E+0l 4.43E+OO 7.61E+OO 2.00E+00 l.05E+0l -0 

I 

> 
. vo1c1 rm.' • - 8.28E-0I 9.03E-01 8.34E-01 8.18E-0l 7.28E-01 8.37E-0I 8.S0E-01 8.48E-0I '° ~es--,:- 9.73E-0I 00 

I N N .,: 01t., :-•:-:; 1.02E+0I l .04E+0l I .OOE+-01 8.05E+00 2.60E+OO l .58E+OO 1.77E-01 6.21 E-01 N 
~ 

NU3 .-- .><:.··. --- 4.54E+OO 3.93E+0O 3.85E+00 3.87E+00 2.43E+00 l .50E+00 2.57£-01 3.87E-0I ';:i:::l 
•N02 • 2.28E+OO 2.45E+00 2.63E+-O0 2.05E+00 1.59E-0I 9.02E-02 l .OOE-02 7.00E-03 (I) 

:0:: 
C()a : .. 3.72E-01 4.24E-01 5.68E-01 6.73E-01 l .34E-02 7.79E-03 I .20E-0l l .80E-02 0 ;'lo4.:.-;.,.-.- '::,;:; --•,.j __ -· 4.48E-02 5.71E-02 6.l lE-02 1.25E-01 0.00E+-00 0.00E+-00 6.95E-02 0.OOE+00 
SCM::,> :; , <:--: ':;,; :_, l.57E-0I l.37E-0 I l.68E-0I l .25E-01 1.27E-0I 1.27£-01 4.00E-03 0.OOE+00 
, SIP3' '.>: ': ;; ><: 2. lSE-02 I. I 9E-02 I .58E-02 9.87E-03 0.OOE+OO 0.OOE+OO 0.00E+-00 0.00E+00 
.. , -.::·•·· :--.-·---+--:c:,; .-::-.--• )?\-.. 6.21E-02 9.22E-02 9.15E-02 l.92E-0l 5.18E-02 3.18E-02 0.00E+OO 7.70E-01 
•-er:.,-·, 2.52E-01 2.83E-01 2.82E-01 2.68E-0l 3.70E-02 2.16E-02 4.60E-03 4.60E-03 
:c,HS01 2.91 E-02 2.94E-02 3.76E-02 3.41 E-02 0.00E+OO 0.00E+00 0.OOE+00 0.00E+OO 
-- tOTA_; .. --·- 4.72E-02 4.95£-02 6.05E-02 1.14E-01 0.00E+OO 0.O0E+00 0.OOE+00 0.OOE+00 
HEDTA :··· --·:.:r,· 9.28E-02 9.76E-02 l.13E-0l 2.23E-0l 0.00E+-00 0.00E+00 0.00E+-00 0.OOE+00 

0.00E+00 O.00E+OO 0.00E+O0 0.OOE+00 
i!lvc .. late ' •• 9.28E-02 9.76E-02 1.13E-01 2.23E-01 0.00E+00 0.00E+O0 0.00E+00 0.00E+-00 
acetate : 5.29E-03 4.62E-03 2.46E-02 l .60E-02 0.00E+-00 0.OOE+OO 0.00E+OO 0.00E+00 
.i)iiwe 4.51 E-05 4.26E-05 3.28E-05 2.43E-05 0.00E+00 0.OOE+OO 0.00E+OO 0.00E+OO 
'DBP' -' - 1.65E-02 1.79E-02 2.67E-02 2.22E-02 3.41 E-03 
:hutanot l.65E-02 l.79E-02 2.67£-02 2.22E-02 3.41E-03 
1--;:,:::----:: :;::-- .- <: : .; ._. _ _._. .. _.. 

0.OOE+00 0.OOE+00 0.OOE+OO 0.OOE+OO :·.-:-:.---·-.-: :-
Nll3'>0:':•:·,' 8.06E-02 l .04E-0l 8.92E-02 4.17E-0I 0.OOE+OO 0.00E+-00 0.00E+-00 7.70E-01 
Fe(CN)~ 0.OOE+00 0.00E+0O 0.00E+OO 0.OOE+00 0.00E+00 0.00E+00 0.00E+OO 0.00E+OO 



• I 
N 
Vl 

Species Total Concentration (Ci/L) (Sheet 1) 

H•HCI/.L)> -- - - ----- - l.06E-05 2J 2E-05 2.74E-06 5.75£-06 8.05E- I I !.75E-09 l .73E-13 1.50E- l 1 6.03E-06 6.03E-06 
:C•HiCVl,) • :>· 2.90E-07 4 .71E-07 8.97E-08 7.63E-08 5.57F.-09 5.53 E-09 3.85E-10 6.21£-10 2.34E-07 2 .34E-07 
.Ni-:59 tC1/L 7 .58E-08 I .23E-07 1.81 E-0R 2.5 IE-OR l.46E-09 1.44E-09 I.OJ E-10 l.62E- I O 6.11 E-08 6. I I E-08 
Ni-63tCi/lA - ., .·. 6.46E-06 J.09E-05 2.65E-06 3.47E-06 l.24E-07 1.28E-07 8.60E-09 l.43E-08 5.33E-06 5.331::-06 
CO',Ci&JCI/L) - l.37E-07 4 .32E--07 1.0SE-07 3.00E-07 2.641::-09 5.08£-09 1.83E-10 5.701..:-10 l.82E-07 l. 82E-07 

~~(et/LF ·-··--·· l.29E-08 2 .14E-08 - 1.92£-09 2.SIE-09 2.49E-10 2.SIE-10 1.72E-ll 2.82E-ll l.06E-08 J.06E-08 
Sr4(Cf/L} -- -- l.l l E-02 2.03E-02 2.56E-04 3.69E-04 5.28E-06 5.89E-06 6.19E-08 l.12E-07 9.73E-03 9.73E-03 

t--'·.,,,¥""'~-=:--:"{Cl/I..,:.~· ~;)':c-.·"'"'··: ~·- -~·· ~ .. .,...,..4--_c._:l..:..I 1:..:E:..-0:..:2:__-+---=2;.;.:.0"'-3=-E-0_::_::_2 _+-_=.:2·,:;;56:::E:..' -04::..:....-1--...:3:...6::..::9~E::.:-0:.::4_-+-___::5.:::.2:.::.8E:::.· ·..::0.:;;6 -+-___::5:.::.8.:.;9E:::.·•..::06::'..---+-..::6. I 9E-08 1.12£-07 9 .7 3 E-03 9. 7 3 E-03 
Z,~J(Ci/L):: ' - . ':. 3.SJE-09 5.72E-09 1.04£-06 l.34E-06 1.52£-07 l.51E-07 o.'O0E+OO 0.00E+oo 2.83E-09 2.831'-09 
M,..9)iff(¢i;Lf ••· 3.16F.-09 5.0IF.-09 9.36E-07 l.18E-06 l.36E-07 l.32E-07 0.00E+oo 0.00E+-00 2 .511'-09 2.51E-09 

·-1:~99 (CULL - · .. > ___ , .... < 6.26£-06 l .03E-05 l.44E-07 l.91E-07 2.98E-09 3.00E-09 3.49E-l 1 5.70E-l l 3.68E-06 3.68E-06 
:Ra•lGl{(Cl/t,) .' l.37E-19 9.0SE- 18 4.07E-17 l.24E-15 4 .74E-18 1.92E-16 8.20E-19 5.38E-1 7 3.J2E-18 3.12E-18 
'Clf-':Ulin(CIILL . 3.05£-07 704E-07 8.02E-08 1.52£-07 5.86£-09 8.27E-09 4.05F.-10 9.28E-I0 3.17E-07 3.17 F.-07 
. ~ll! ICI/Ll' ' - 3.99E-09 2.47E-08 1.2RE-09 4 .38E-09 7.671::-11 2.90£-10 5.30E-l 2 3.26E-il 9.4l E-09 9.41E-09 
Sn,;ll6(CI/L) . .. 4.67E-08 8.23E-08 6.91E-09 9.78E-09 8.98E-10 9.66E-IO 6.21E-1 I 1.08E-I0 3.98E-08 3 98E-08 
Ml9lCl/L) .. 2.77£-09 l. 1 SE-08 7.11 E-11 l.67E-09 !.32E-l 2 0 .OOE+OO l.54E-14 0.00E+o0 4 .71 E-09 4.71 E-09 
-C..i34td/t) .. > l.72E- 11 2.R2E-10 3.95E- 13 5.1 JE-12 8-15E-15 8.ISE-14 9.55E-1 7 1.56E-15 l.00E-10 l.OOE-10 ~ 

~:·~c..:·-:u~1:•:~~Cf/L~-: ~.:r·~:·:····::::::==~L~28~E~·-0~2~=~==~2:.3~7;E~-0:2:=:==~2-~94~E:--:o4~==~==4~.3~2~E~.-0~4==~==~6~.0~6:E-~0:6::::=~6~.8~6:E-~~~==;==~7~.l~1:E~-0~8==~==~1~-3~1:E=-0~7==~~==1~.1~3!E=-0~2==:===l=.l~3E~•-:o2~=~'? 
:S..1"af(CI/Ll - :· l.21E-02 2.24E-02 2.78E-04 4.0SE-04 5.73E-06 6 .48E-06 6.7 \ E-08 l .23E-07 107E-02 l.07E-02 

·.s..;t5t•C11L) ' ·•• -.. ···· 4.90E-04 7.85E-04 1.60£-04 2 .00E-04 5.23E-05 5.12E-05 1.2\E-05 1.921::-05 3.91E-04 3.91E-04 '° 
~-E~-u:·-~;.is~1~.c~C11L~-;- s;:·~···=::::::~::6~.to1~Et-ot9~=~==131.11s;E-0j~s ::t::~1.199~E~·-;09~==~=~1t.~1 o~Ej-o~s::~==~<ij.4~s:E-11~0:::::~2j.4~5E~--0~~9 :=1::~1~.4j9!E-j1to==~::j9~.1js~Ej-1~0::~:=j1~.4~3~E~-o~s=:::::1 =..4~3E;-~os~:~ E 
-• E11-154CCi/L):: 5.88E-07 2.75E-06 1.92E-07 7.66E-07 6.28E-08 1.80E-07 1.45E-08 6 .72E-08 J.09E-06 l.09E-06 

1--·•·=Eu;:,·· ~~•s::'=_5~(H:IC~:lllie•f-): ..;....;...;....;.;,_;_+-4:'-'_:._77:..::E::.::-0:'...:7_+--::1,'.;.5~1.::.E-06=-+-___'._;1.C,::56~E::.:.-:::..07:,__+__:3::.::,4::;8::!;E:::-0~7 _ __,_....::5.:.::-0c:.9.::.E-0..::.::,8 _+-__.:,9.:.::,8~7E.::.-0..::.::.8 _+----!I-'-'. l~7.::.E~-0:.'.'..8_-+---=3:..:.:·6::..::9~Ec...:-0:.:;!8_+__:6~.3:..::6:.:::Ec...:-0:..:.7_-+---':-6'7.37'.6E=-· --=-07:---i ~ 
r-o-Ra::,·-..,,·. ~~22~6.,..(.,.a•CI/L,._.- .;;;· •.._)- ....,• ' ..,...---+--9'-'.::.51:..:E=---.:...:1 1'-----+-----'7--'. 7...:.0.:::E-...:l..:..1 --1--......:..:1.c..:.4.:...:l E::.•.:...:l l'---+----'8:...2::..:6:..::E:...;· 1:..::2:...__,..___:1.:..::.8:.::.3::..E•...:.l=.2 _+-----..:.9.:.::.0.::;5:::.E-...:.l.:;;3 -+-----=l..:.:.2:..:.7.:::E...:· 1_::_3_-+-__:l:..:.c·0:.:2c::Ec..;-1c::3_--+----=5:..:.c.0:..:3,::E_-l_l_+----':-5--::.0--::3 Ec:-·-71 -:-1 ----1 < 

Ra~llit(CI/L) ;> . 3 .19E-16 4.54E-16 4 .71E-17 5 .36E-17 6.14E-1R 5.34£-18 4.24E-19 5.99E-19 2.35[-16 2.35E-1 6 o 
I-: A;;.cc.;;..~~22""1:.c.("=1a:c:i/L.:;:,'!--~-'--~+--'4::.:_,.:.._5:..:E=--- .:...:l0:__-+-_3c:,:. 7:.:.:7=-E-...:1.::;0 _+-_4.:.:.c.:...20.:...:/::.:..:-.:..1 1'---+---'2:..'.:.):C.:_O'...'..:E:...;-l:..:l_...,.___::1~.5-=6.:...:f.-...:.l.:.:.I --l-----.:'.7:..::.8...:.9E:::._...:.l ~2 -+--..:5~.3::..:8.::.E-=-1-'-2--+---=4:..:.c.4:..:2.:::f.c..;-lc,;2_--+-__:2:.:.:.4:..:4.=Ec..;-1'-=o-+---=-2-=:_4.;,,4E=---=-1 o-'----1 

Pa~23l(Ci/L ... 3 .78E-12 3.35F.-12 8.731:-10 5.47E-l0 3.27E-10 1.77E-10 1.13E-10 9.92E-l l 2 .l 0E- 12 2.l 0E- 12 
T~ffl(CI/L ·- · L52E- l4 2.1 7E-14 3.24E-14 3.72E-14 1.21E-14 1.06E-14 4 .20E-15 5.94E-15 l.12E-l 4 11 2E-14 
'T•232-,C"i/L l.27E- 16 !.85F.-16 2.71 E-16 3.14E-16 !.02E-16 9.01 E-17 3.52E-17 5.06E-l 7 9.52E-l 7 9 52£-17 
.U0l32':(Ciltj" l.63E- 10 2.86F.-10 8.901:::-13 l.35E-12 2.26E-14 2.42E-14 5.81E-17 l.0IE-16 1.39£-12 l .39E- 12 
u;_:33t(;t/L)' : < l.45E- 11 2 .251'-l I 7.88E-14 l.02E-13 2.00E-15 1.90E-15 5.14E-18 7 .92F.-18 l.13E-13 l.13E-l3 
U.134'(C1i'Lf < . -. . .. l.87E-05 l.88E-05 9.86E-08 7.45E-08 2.58E-09 1.59E-09 6.65E-12 6 .621::-12 l.1 IE-07 l.1 lE-07 
U~l35[Cl/Lt: 8.43E-07 8.31E-07 4.45E-09 3.28E-09 1.17E-I0 7.02E-11 3.00E- 13 2.93E-13 4.96£-09 4.96E-09 
U-%3Ci '(Cl/J'.A . : · · l.60E-07 2.55E-07 842E-10 1.1 IE-09 2.2 1E-l l 2.15E-l 1 5.67f.-14 8.99E- 14 l.27E-09 l.27E-09 

-U.:238 (CI/L l.90E-05 1 .92E-05 1.00E-07 7.61 E-08 2.63E-09 1.62E-09 6 .76E-l 2 6.76E-l2 l.l 3E-07 I. l 3E-07 
'tJ~Ti>ial'lMl . 2 .39E-01 2 .41 E-01 1.26£-03 9.59E-04 3.31 E-05 2.04E-05 8.51 E-08 8.51E-08 l.43E-03 l.43E-03 
Nf>i2J7(Cl/L) 3.SJE-08 5.94E-08 3.27E-09 439£-09 L21E-09 l.24E-09 4.ISE-10 6.96£-10 2.92E-08 2.92E-0R 

· Pu~238iOIL) ·· l.27E-08 5. l 7E-08 6 .22£-08 2 .22E-07 2. l 7E-08 540E-08 1.60E-08 6 .46E-08 2.08E-0R 2.08E-08 
Pli-239{Ci/L -· 3.67E-~ 5.83E-06 1.80E-05 2. IBE-05 6.28E-06 609E-06 4 .63E-06 7.28E-06 2.92E-06 2 92E-06 
Pii~~{Cli'L 2 48E-07 7.39E-07 1.21 E-~ 3.09E-06 4 .24E-07 7 .72E-07 3 I 2E-07 9.23[-07 3. I 4E-07 3. l4E-07 
Pil-l41{CI/L 2.40[-0'! l.62E-06 l.18E-06 7 13E-06 4 .l 0E-07 1.69£-06 3.02E-07 2.03£-06 6.13E-07 6.13E-07 
P'ii~Ul(CitL l.12E-12 1.ISE-11 5.49E-12 5.40E-ll l.92E-12 J.23E-11 1.41E-12 !.47E-11 4.30E-12 4.30E-1 2 

6.03E-05 9.731:::-05 2.951:::-04 3.651:::-04 !.03E-04 l .02E-04 7.60E-05 1.21 E-04 4.84£-05 4.84E-05 
7.66F.-07 4.17E-06 9.S0E-08 4.90E-07 2.62E-08 8.71E-08 9.05E-09 4.88F.-08 l.61E-06 l.61E-06 

: Alii:-243 (CI/L) •. 3.3 I E-1 l 6.45E- 10 3.06E-12 5.64E- l I I.IJE-12 1.3SE-11 3.91E-13 7 .55E-12 2.28E-10 2.28E-10 
5.80E-1 l 

Cm-.24l CllLl .. - 3.43E-13 
l. l lE-09 5.37E-12 9.7lf-11 1.99E-l2 2.32E- l l 6.85E-13 l.30E-ll 3 .921:-10 392E-10 
1.34E-ll 3.17E-14 l. !SE-12 • 1.17E-14 2.SOE-13 4.0SE-15 I.57E-13 4.65E.:U- 4.65E-12 

8.04E-12 3.15E-IO 7.44F.- l 3 2 .77E- l l 2.75E-13 6.58E-12 9.S0E-14 3.69E-12 l.09E-10 l.09E-10 



> I 
N 
0\ 

. H-3 mi/LY ... 

Co4iO tCIIU · · •· . . 
Se-79 (CIIL) · · 
Sr-90 (CI/Ll 

· :Cd~ll3m CCI/LY·::.;.: • 
'St,..;l-lSlCilU • ··· · 

. Ca,;J34'<CillX . .. . ·· 
Ci-\t37'-CCI/L)• . · · · 
Bi.tJ1miriifa:: ...... · 

.Eu;.1SHCI/L) : ...•.... ·, · . 

Ta..UUCI/LL · · · 
Th-232 (Ci/L) ·. . · 
u~n2 (Ci/IA · .. 
U-233 (CI/Ll 
U·UC(CI/L) : ·· · · · 

. :U~Totaf{Ml; <•.· . .. 
······ 

Pu-238.(CI/L) i ·.·· ... 
Pil-239 (Ci/L) / : ... 

r.TotaHiilL\ : .·.; ·· 

Am.;l43CO/Ll ... ·. 
Cm:-142(-Ci/U . ·· 
cm;l4HCliL) .:.:•. •· 
.Cm-244 cCJil.) • .. ·.• 

6.03E-06 6.28E-06 
2.34E-07 2.18E-07 
6.11 E--08 9.451:-08 
5.33E-06 8.81 E--06 
l.82E-07 3.00E-07 
I .06E-08 8.701::-09 
9.731:-03 l.73E-03 
9.731::-03 l.73E-03 
2.83[-09 2.88E-07 
2 .SIE-09 2.561::-07 
3.68[-06 2 .89E-06 
3.12E-18 2 .33E-1 6 
3.17E-07 2 .91E-07 
9.41E-09 7 .87F.-()9 
3.98E-08 3.28E-08 
4.71E-09 6.34E-09 
l.OOE-10 6.24E-11 
l.13E-02 7.07E-03 
l.07E-02 6.68E-03 
3.91E-04 3.52E-04 
l.43E-08 I .25E-08 
l.09E-06 9.51 E-07 
6.36E-07 5.56E-07 
5.03[-11 4.18E-l 1 
2.35E-16 l.93E-16 
2.44E-IO !.97E- JO 
2. IOE-12 2.17E-l0 
l.12E-14 1.87E-14 
9.52E-l7 1.58E-16 
139[- 12 l .24E-13 
1.13£-13 9 .97E-15 
1.I IE-07 9 .87E-09 
4 .96E-09 4 .41E-IO 
l .27E-09 I.I IE-10 
1.1 JE-07 1.01 E-08 
I .43E-03 1.27[-04 
2.92E--08 2.35E-08 
2.08E-08 2.58E-08 
2.92£-06 3.44E-06 
3.14£-07 3.84E-07 
6.13E-07 7.84E-07 
4.30E-12 5.57E-12 
4.84E-05 5.72E-05 
1.61 E-06 I .35E-06 
2.28E- JO l.79E-10 
3.921::-10 3 .09E-10 
4.65E-l 2 3 .66[- 12 
J.09E-I0 8.60£-11 

Species Total Concentration (Ci/L) (Sheet 2) 

2.43E-07 2.72E-05 
2.74E-07 l .49E-06 
129E-08 3 90E-07 
l.16E-06 3.52E-05 
6.3 I E-08 2.0IE-06 
2 .21E-09 6.89E-08 
3J7E-04 6.25E-02 
3.38E-04 6.25E-02 
l .21E-06 4 .12[-06 
l .04E-06 3.54[-06 
l .58E-07 2.61E-05 
5.74E- 15 5.49E-14 
7.55E-08 2.83[-06 
4.39[-09 1.751;-()'/ 
7.97E-09 2 .79E-07 
1.53E-09 4 .18E-08 
4.75E-12 3.90E-09 
3.84E-04 7.39E-02 
3 .63E-04 6.98E-02 
l .96E-04 2.89E-03 
3.27E-09 2.93E-07 
4 .091::-07 l.98E-05 
5.41 E-07 8.14E-06 
l.13E-l l 3.95E-12 
4 .51E-17 2.22E-l 7 
3.56E-1 l l.70E- l 1 
8.22E-10 2.52E-l 1 
3.021:-14 8.34E-14 
2.70E-16 2J9E-17 
8.67E-13 765E-12 
6.46£-14 3.76E-l 1 
8.70E-08 l .88E-07 
3.92E-09 8.09E-09 
7.82[-IO 3.89E-09 
8.85[-08 l .92E-07 
lllE-03 2.42E-03 
3 74E-09 l .90E-07 
8.51 E-08 5.12E-07 
2.35E-05 2.70E-05 
1.60E-06 5.24E-06 
2.061'.-06 l .82E-05 
5.88E-12 159E-10 
3.86E-04 4 .58E-04 
9.76E-08 l.76E-05 
2.39E-12 6.43E-09 
4.38E-12 - 1.07[-08 
1.99E-14 1.92[-10 
5.59E-JJ 4.74E-09 

1.55E-04 
9.64E-07 
9.39E-07 
8.89E-05 
1.33E-05 
2.08E-07 
2.27E-01 
2.27E-01 
1.24E-05 
l.OOE-05 
7.SOE-05 
3.70E- I I 
I .24E-05 
3.78E-06 
842E-07 
1.21E-07 
2.77E-07 
2.66E-01 
2.51E-OI 
8.57E-03 
2.34E-06 
l .55E-04 
6.50E-05 
1.28E-11 
l.l OE- 16 
5.29E-l l 
7.72E-l I 
6 .92E-14 
1.l3E-16 
1. l2E-1 I 
3.18£-1 I 
1.47[-07 
5.56£-09 
4.24£-09 
l .02E-07 
l .29E-03 
l .92E-07 
l .89E-06 
2 77E-05 
6.47E-06 
4.91E-05 
3.74E-10 
4.75E-04 
9.40E-05 
8.13E-08 
1.47E-07 
l.14E-08 
2.51E-07 

151E-04 
I 65E-06 
l.99E-06 
l.94E-04 
9.13E-06 
6.97E-10 
6.44E-04 
6.44£-04 
4.t 1f-0s 
3.57E-08 
3.04F.-07 
l.24E-15 
1.92E-06 
l .89E-08 
2.82E-09 
4.28[-10 
5.94E-1 I 
7.60E-04 
7.17E-04 
2.92E-05 
3.27E-09 
2. ISE-07 
9.05E-08 
l.22E-12 
l.12E-17 
5. 79E-12 
l .23E-11 
I .68E-15 
138E-17 
l.14E-1 I 
5.85£- 13 
3 OJE-07 
l.29E-08 
6.21E-09 
2.96E-07 
3 72E-03 
2.0IE-09 
5.82E-07 
3 .66E-05 
6.95E-06 
2.56[-05 
2.06E-IO 
6.21E-04 
6.26£-06 
6.81.E-11 
ll7E-10 
2.14E-12 
5.23E-1 l 

PLl .. 
2.78E-04 3.86F.-06 1.16E-05 2.0SE-06 
1.89E-06 2 .43F.-06 2.93E-06 2.00E-08 
1.38E-05 l 34E-06 2.94E-06 4.20F.-09 
l.32E-03 1.25E-04 2.83E-04 4.05E-07 
2.89E-05 l.23E-05 528E-05 l.35E-07 
l .OOE-09 2 38E-07 5.33E-07 8.40E-10 
l.l lE-03 2.JSE-01 6.04E-01 1.031::-03 
l .1 lE-03 238[-0! 6.04E-01 I .03E-03 
6 .02E-08 1.42E-05 3.17E-05 4.98[-08 
4 .82E-08 I .18E-05 2.50[-05 3 73[-08 
4.32E-07 7.46[-05 l .67E-04 3.56F.-07 
l.80E-13 3.74E-12 2.44[-10 5.SOE-12 
3.39E-06 1.25E-05 3.67E-05 7.38£-08 
2.3 1 E-08 l .85E-06 l .SOE-05 6.54F-08 
4.02E-09 9 .R4E-07 2.22E-06 3.6IE-09 
6.0SE-10 4.45E-09 l.OOE-08 O.OOE+oO 
l .19E-09 7.03[-08 9.87E-07 9.27E-09 
l.30E-03 2.83E-Ol 7.14E-01 l 2 ] t-:-OJ 
I .22E-03 2.67E-Ol 6.74E-01 l.15E-03 
4 .21E-05 l .OlE-02 2.JOE-02 3.27[-05 

1.0IE-08 1.50E-06 5.JOE-06 2 10[-08 
6.76E-07 l .12E-04 4.25E-04 1.51 E-06 
3.38E-07 5.11 E-05 2.35E-04 5.53[-07 
1.I BE-12 9.38E-12 2.35E-l 1 7.23£-14 
1.71 E-17 5.77F.-17 l.93E-16 7.31 E-1 1 
5.36E-12 4. J8E-1 I l.09E-JO l.93E-JO 
1.27E-11 5.95E-l 1 I .66E-10 3.00E-10 
1.78[- 15 1.56E-13 l.43[- 13 4.52E-l 1 
2.19E-17 5.95E-17 2.00E- 16 5.79E- 11 
2.12E-ll 3.78E- 12 IJ8E-l 1 4.IOE-07 
7.20E-13 2.66£-11 2.SOE-11 2.43[-05 
4.171:.-07 5.51 E-08 I .77E-07 1.77[-06 
l .58E-08 2.36E-09 7.37E-09 6 .80[ -08 
1.17E-08 l.22E-09 4 .53E-09 7 .75E-08 
2.91E-07 5.65£-08 l.72E-07 I 191'.-06 
3.67E-03 7.1 IE-04 2.1 7E-03 1.501::-02 
2.81E-09 4 .08E-07 4.49E-07 7.54E-10 
1.09E-06 8.00E-07 2.63E-06 4 .0IE-05 
4 .28E-05 3.23E-05 5.46E-05 3.55E-04 
9.42E-06 6.SOE-06 1.34E-05 l .24E-04 
6.0SE-05 2.85E-05 l .19E-04 2.35[-03 
3.99E-IO 2.0JE-10 9.69E-10 2.12[-08 
7.32E-04 5.SOE-04 9.41E-04 6.30[-03 
9.73E-06 6.02E-05 2.341:.-04 l .33E-06 
1.SOE-10 2.77E-08 1.25E-07 l .27E-09 
3.32[-10 4.71E-08 2.17E-07 2.13£-09 
1.20E-II 9.23E-10 1.30E-08 2.29E-IO 
3.26E-10 2.44E-08 3.06E-07 5.62E-09 



• I 
N 
-.J 

Species Total Concentration (Ci/L) (Sheet 3) 

H~3 (CI/L) ".:• ::; 0 I 64E-04 1.67E-04 1.60E--04 2.98E-07 1.31 E-07 6.86E-08 O.OOE-+-00 3.27E-07 2.69E-07 8.41 E-07 
C-1:HCIIL)- ···· -··· l.55E-06 l.06E-06 3.46E-06 4.IBE-07 7.38E-08 5.07E-08 O.OOE+-00 l.42E-07 l.12E-10 l.16E-10 
Ni'-591Cf/L) .. : h. lOFA>b ; 7.79['-06 J.74E-07 2.86E-09 9.18E-W l.39E-10 D.OOE+OO 2.92E-06 4.821:-09 4.98E-09 
Nl--63 (CI/L) · . . 5 71 E-04 I 7 .51 E-04 1.51 E-05 2.66E-07 8 84E-08 1.34E-08 O.OOE+OO 2 75E-04 4 .11 E-07 4.33[-07 
CCHO (Ci/L) 1.21 E-05 I 2.06E-05 6.81 E-06 2.61 E-08 U,SE-08 4.44E-09 0 OOE+OO 2.06E-05 8.22E-09 l28E-08 
Se:-79(CIIL) ·. 643E- JO 4.SOE-10 4.51E-09 5.07E-10 l.67E-IO 2.77E-l I OOOE-+-00 l.7SE-08 1.911-: -08 1971-:-08 

r--~Sr'-.~9;;;0~(~,C:'=I/L:":,,___) __ ---:--t--67'.~28::-:E':-. -0;;..4;..__li--...:5;..::.3:-':5c::E-:-0:...:4_-+--::5:..:.. l70E::,:..·..::.03=----l--::..:5.::..07:..:E::....·04::....:....--1f-.--l:..::.8~9~E...:-04::....:____._...::3c:...·4:..:0.=E...::-0~5--+-__.::0~.0;.::0::.:.E-+-0-=0;_-+--=9--'-. 7c..::6..:::E...:-0:-=2_--+-__:l..c:.2:..:.0.:..:.E·-=072_-t--:-l ..:.J.:..3 E'->-:c-02c---i 
Y-90(CIIL) 6.28E-04 5.35E-04 5. lOE-03 5.08E-04 1.89E-04 3.41 E-05 O.OOE+OO 9.77E-02 1.ZUE-02 1.JJE-02 

r-;:Z,--,r"9~J=--::-:,atL=·-::_':-)-.-_ --,---t---=-3 .~s-=-=3E=---=-os::---+-2=-_=-'77=-=E=--o'--=s--+--':4-'-'_2--=-5==-E-0~7-+-_;__3..:..0.:.c2f.=-:--=-os::---+-9-:--. .;:_92:....:F.=-_.o-=-9;_-+-· l.64E-09 O.OOE-+-00 l.04E-06 5 .091:-07 5.26t-07 

Nt>-93nHCliL\- .. 3.21E-08 2.17E-08 3.28E-07 2.51E-08 7.82E-09 1.23E-09 O.OOE+OO 845E-07 3.99E-07 3.96E-07 
J~99 <evil 2 .80E-07 2.00E-07 l.02E-05 2.21 E-07 7.23E-08 l.1 SE-08 O.OOE-+-00 5.47E-06 2. I 6E-06 2.23E-06 
'~Hk[(Ci/L) · · ·· · ··· 3.80E-15 7.04E-13 l.93E-11 7.96E-15 7.62E-14 l.81E-13 0.00E+OO J.32E-10 5.69E-13 5.74E-12 
Cct-H31iHCIILL-: ·_. 2.07£-06 2.01 E-06 4.391::-07 . 2.67F.-08 1.15£-08 2 .44E-09 O.OOE+OO J.05E-06 1.01 F.-06 l .21F.-06 
S~l2$(:Ci/L)> ·· · 4.50E-09 2.IOE-08 6.04E-07 J_y41:,,..Q9 4.?0E--09 2.l6E--09 O.OOE+-00 4.57E-IX, 4.5lE-07 1.041::-06 
'S11~126'i'ciftl : ,:' ., 2.65E-09 l .98E-09 2.14E-08 2. IOE-09 6.95E-10 1.19E-10 O.OOF.+oO 7.25£-08 6.27E-08 6.48E-08 
j;;tl9'fd/t):'//; : 2.80E-07 J.74E-07 1.59£-08 1.47E-07 4 .85E-08 4 .54E-08 O.OOE+OO 3.27E-10 2.04E-10 2.IOE-10 
:C.-.tl:4'.CCW-Ll : ·--- ... l.21E-10 1.358-09 4.94E-07 1.50E-10 3.09F.-10 3.06E-10 O.OOE+OO l.74E-08 l.37F.-08 4.18E-08 
C:~131 CCilL) : -.' 7.44E-04 6.27E-04 3.49E-02 6 .02£-04 2.231:-04 4 .0 I E-05 O.OOE+OO 2. I 9E-02 l.03E-02 l.l 4E-02 
S.131in {Cl/Lf . 7.03E-04 5.92E-04 3.29[-02 5.68£-04 2. I I E-04 3.78£-05 O.OOE+OO 2.07E-02 9.73F.-03 l.08E-02 
_SiJ>il!HCi/L\ . . . ... .. 2.7 1E-05 1.98E-05 l.33E-04 2.15E-05 7.19E-06 1.08E-06 O.OOE-+-00 l.97E-02 2.17[-04 2.30E-04 
E11-t51(CllLL 3.71 E-09 5.l lE-09 l.93E-07 3.20[-09 l.66E-09 6.92E-10 O.OOE-+-00 3.971:-06 6.l 5E-08 7.44E-08 
:Eu~1S4JCi/Ll: - 2 .69E-07 3.92E-07 UIE-05 2.38E-07 1.33E-07 4 .97E-08 0.00E-+-00 3.12E-04 2 .45E-06 3.25[-06 
Eia,,15S:(Cl/Ll ;· -· ·- 1.17E-07 2. l 7E-07 l.70E-06 1.09E-07 7 .34E-08 I .83E-08 O.OOE+OO l.65E-04 8.75E-07 1.43E-06 

· Ac~ffl:(QllJ - 4.12E-12 l.18E-09 8.34E-l2 8.90E-14 l.JOE-11 6.38E-12 0.00E-+-00 3.29E-12 8.86E-07 8.70E-07 
.Pa-.2:ltiCIJL) • . 9.06E-12 1.SOE-09 2.14E-l 1 1.27£-13 l.92E-11 9.90E-l2 O.OOE-+-00 4 .86E-12 l.31E-06 1.35£-06 
Tli•l29:EClit) ~ :.. l.42E-15 3.95E-09 6.19E-15 3.32£-16 3.36E-12 1.49E-12 O.OOE-+-00 8.42E-15 2.30[-07 2.04[-07 
'Th-13:itCI/Ll , l. l 2E-17 1.80E-08 7.33E-17 1.27E-19 3.70E-12 I .91 E-12 O.OOE-+-00 5.351:-18 2 .53E-07 2.61 E-07 
U-tlt(Ci/L) • l!OE-11 1.97E-08 l.59E-10 3.97E-l 1 2.80E-08 2 14E-08 O.OOE-+-00 l.63E-1 l 1.09E-06 116[-06 
tJ.;.ZJJ(CI/L) -· · · ··· 5.21E-13 1.18E-06 2.42E-12 2.79E-10 1.78E-06 1.27F.-06 0.00E+OO 6 .86F.-l l 6.92E-05 6 85E-05 
U.234(CI/Lj ·· .. .. .. 2.35E-07 1.64E-07 6 48E-07 5.79E-07 2 .85E-07 9.22E-08 O.OOE+OO 2.22E-07 5.24E-07 5.41 E-07 
0-235 (Ci/IA 1.00E-08 6.38E-09 3.00E-08 2.48E-08 I.J4E-08 3 55F.-09 O.OOE-+-00 9.38E-09 l.86E- l 2 l.92E-12 
-0-236 lCI/Jj · 5.35E-09 4 .03E-09 4.55E-08 1.28E·08 6 98E-09 4 .04E-09 O.OOE+oO 5.30E-09 3 .24F.-I 3 3.35E-13 
U,DS(Ciii) 2.41E-07 1.47E-07 4.53E-07 5.94E-07 2.66E-07 6 . l9E-08 O.OOE-+-00 2.22E--07 2.901:-20 .lOOf' -20 
0-T~ (M) 3.03E-03 1.85E-03 5.73E-03 7.48E-03 3.35E-03 7.82E-04 0 OOE-+-00 2.79E-03 3.IZE-05 3.09[-05 
Np,;2J7'tC1/L). l.88E-09 U3E-09 7.46E-09 8.69E-10 l.40E-10 2.49E-11 0.00E-+-00 2.3 I E-08 2.40E-l3 2.48E-13 
Pu-238(Cl/Ll ·. · · · 6.00E-07 5.42E-07 7.68E-06 2.79E-06 l.34E-06 6 .91E--07 423E--05 3.25E-06 4 .09E-1 l 4.32E-1 l 
Pii.;.239 lCllLl · J .40E-05 2.25E-05 7 .55F.-05 1.13E-04 2.79E-05 6.12E-06 6.6 I E-04 9 97E-05 2.07E-15 2.14E-15 
:,u~l40(CI/L)' 7.09E-06 5.30E-06 2.92E-05 2.27E-05 6.85E-06 2.14E-06 1.65E-04 2 .15E-05 l.42E-16 1.47[-16 
l>ii~'241 (Cl{I.) 3 OSE-05 3.SJE-05 5.96E-04 9.93E-05 6.09E-05 4 .05E-05 2.66E-03 1 .32E-04 5.48£-16 6.57E- l 6 

r.::,-=::u~:::,24,:,:2:±_,,~c='.IIL='· .~)- .'""· , ,...,....._...., __ -'-'--_ .- . +-~2 .'='27:1 E=-----=-1 o::.._-+-2:;:..:_::.:69:;.;:E;--1:..;0;_-+-_:5,.:.:_6:..:;3.:,:E...;;-09~-+---::7.:..::.0.;8::::.E-..:::1-=:--0-+--.......::.4..:::.9.:.:5E::..·---=-l o::.._-+---c:'3 _':-66':':E-:--. _-:..:1 o::.._-t----=-l."c64.:C,E::---0-':'8::.._-+- 1.0 l E-09 I.I 7E-2 l l .20[-21 

P.u-Totat,.JL\ ; . . 5.SOE-04 3.86E-04 l.35E-03 1.92E-03 4.81!::-04 J.09E-04 1.14£-02 l.70E-03 2 .42F.-12 2.56E-12 
_iun;;z.(FfCI/LY.> · · 6.49E-06 5.52E-06 7.19E-05 1.28E-07 7.32E-OS. 4.40E-08 7 .02E-04 2.84E-04 7.93E-17 7.92£-17 
.Am,;%_,f3•fnlf · 7.22E-11 1.471::-10 7.50£-09 5.89E-!l 3.90E-lf 4.2lE-1 1 O.OOE+OO 1.42E-07 2.82F.-22 2.92E-22 
Cnf;24%_(Ci/L . . .. 1.221-:- IO 2.30[-10 l.34E-08 I .OOE-10 6.79E-11 7.02E-l I O.OOE+OO 1.65E-07 5.33E-22 I .60E-22 
Ci.243 (OIL) 2.29E-12 1.20E-11 3.78E-09 1.97£-12 4.07E-12 7.57E-l 2 O.OOE+OO 8.BIE-09 l.07E-23 l.19E-23 
Cm'U4 tcui:J : . ·· . . 5.97E-1 l 3.72E-I O 8.1 OE-08 5.21 E-11 9 55E-l l l .85E-10 O.OOE-+-00 2.0SE-07 2.33£-22 2.71 E-22 
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Species Total Concentration (Ci/L) (Sheet 4) 

H~J(Ci/L)Y' l.05E-05 l.63E-05 l.68E-06 7.60£-06 1.97£-05 4.66£-06 7.27£-05 3.38E-05 6.51 F.-05 
C-14 lCJ/L) :' ,.,, l.92E-06 l.02F.-06 l.22E-07 6.91 E-07 3.78£-06 2.73E-07 2.83E-06 4.45E-06 7.66E-06 

t:-:~::,:-1-59~- ~(~
1C.ilL~'· ,,..;)..,·.-·. ,...' .,,-,-+---:-l-=.8...,.,4E=-·~06-:-----+---:l...:.2;..:.0.c:.F.•....:c0.c..6 _ -+-_5::..;..2::.:0:.;..:E...:·0:..;..7_--+-_::..;5.=68:..:E:...-06:..::..;.._1---......:...l...:.:.66::.:E::..A;;.:.;X):..__-+-- --+--'6"". 7c..::5=E-=-0=8- -+_...:.l:.=.2=2E=--0=6=---+-...::5.:..:.3..::.8=-E·..::.06=---+- 2 24E-05 

Ni~ (Ci/L) · :, l.74E-04 l.l SE-04 4 93E-05 5J6E-04 1.58£-04 6 95E-06 l.l 6E-04 5. I 5E-04 2. I 4E-03 
~ (Ci/Lf .. .. . . l.85E-05 3.83E-05 6.66E-06 5.30E-05 2.72-E-05 3.14E-07 1.57E-05 3.24E-05 8.34E-05 
$e,;79:(CIIL}: < 2.301-:-07 2.38E-07 2.62E-08 l.33E-07 4.SOE-07 l.05E-O!I 2.65E-07 3.96E-07 5 24E-07 
Si"!,O (CI/.Lf 3.35E-01 5.!16E-02 7.35E-02 3.71 F.-01 6 03E-03 2 19E-03 5.68E-03 1.95E-02 2.11 E-02 
~~"9JCi/Ll . 3J 5E-01 5 86E-02 7.35E-02 3.71 E-01 6 03E-03 2.19F.-03 5.68E-03 t.96E-02 2.11 E-02 J 
IZr~l(Ci/L) '· l.37E-05 l.42E-05 l.56E-06 7.93E-06 2.68E-05 9.72E-07 1.59E-05 2.37E-05 3.IOE-05 
Nb-93ill CCI/LL 1.11 E-05 l.06E-05 I.I 8E-06 6.06E-06 2. I 6E-05 8.65£--07 IJOE-05 1.92E-05 2.SOE-05 
rI'c;;99 (CJ/L). :_ : 7.20E--05 7 .29E--05 8.04E-06 4.1 OE--05 l.43E-04 3. 15E-06 9.85E-05 1.31 E-04 l.66E-04 
Ru~J06·t~) . 5.74E-ll l .57F.-09 l.75E-10 9.07E-10 4.05E-11 6.83E-16 3.16E-II 4.63E-ll 5.68E- II 
Cd-113m:(CJiLf ·. 1.40F-05 2. IOE-05 2.24E-06 1.09E--05 2.SOE-05 3.53E-07 1.47E-05 2.52E-05 3.88E-05 
Sti41M{ci/Ll : :a:;, ' 4.21 E-06 I .86E-05 2.48E-06 1.61 E-05 6.62E-06 9.73E-09 3.13E-06 6.25E-06 8.6 7F.-06 
S~114''i'Ci/:L) , "" 9.54E-07 l.03E-06 l . l 2E-07 5.69E-07 l.!17E-06 3.94£-08 i.OSE-06 1.64E-06 2. I SE-06 
;ttt:(CIIL) ;:i:;;< i'' ' 3.82E-08 4.49E-09 4.93E-l0 2.51 E-09 8.47E-08 4.37E-09 l.52E-07 1.43E-07 6.83E-07 
c'~13,ffd/tf' ,· ,,: 2.42E-07 l.58E-07 O.OOE+-00 1.16E-06 1 .22E-08 7.74E- l l 2.22E-07 2.92E-07 l.59E-07 
Cs431(-CIIL)< .. 2.90E-Ol 2.07E-02 O.OOE+OO l.!17E-01 1.50£-02 9.18E-03 2.93E-01 2.40E-O l 138E-01 
Bi;;:U7iitlci:I.Li ' ' 2.74E-01 l.96E-02 0.00E+OO 1.77£-01 l.42E-02 8.67E-03 2.77F.-01 2.27E-01 1.3 I E-01 
~~:i51'(ciitf C'- I. I IE-02 9.31E-03 3.63E-03 3.SBE-02 9.l2E-03 4.83E-04 5.72E-03 7.47E-03 9 29E-03 
E-ii~i51iCJ/L) '. - 2.09E-06 5.97E-06 l. 14E-06 9.59E-06 1.691::-06 l.64E-08 9.68£-07 1.40F.-06 l.83E-06 
EV::JS4JO/IS ':, :· · · 1.62E-04 4.29E-04 8.57E--05 7.36E-04 I .26E-04 l .25E-06 6.52E-05 1.03E--04 1.38E-04 

R--lia:<CIILF 5.841:-10 l.90E-16 l.97E-17 9.07E-17 9.75E-10 2.32E-16 6.26E-10 6.35E-09 7.l9E-08 
~c~2U)CiJ.L),::., 6.54E-ll 6.66E-11 7.IIE-12 3.44E-11 1.24£-10 2.29E-10 7.71E-11 3.3 1£-10 l.09E-09 
Pa~ll.1-: alt):' - IJ7E-10 l.09E-1 0 l.15E-l l 5.52E-IJ 3.36E-10 7.J2E-10 l.l9E-09 1.76E-08 l.98E-07 
rr.;.229:{Ci/L): · ,. • · 3.87E-12 6.49E-14 7.651::- 15 4.28E-14 5.42E-l2 4.19£-14 l.80E-12 1.53E-11 1.41 E- 10 
rn.;;132;(ai'Lj'.': · · 9.87E-l2 1.99E-16 2.07F.- 17 9.52£-17 I.SJE-1 1 3.53E-16 6.42E-12 5.52E-11 5.40E-10 
U .. 232'i'CliL) ' .. 5.53E-10 288E-11 5.l lE-12 4.12E-1 I 5.85F.-10 5.45E-13 2.00E-10 1.92£-09 l.73E-08 
u .. m ,,cut'k>. 3.39E-08 l.OSE-11 1.05E-l1 l.26E-10 3.61E-08 4.35E-14 1.19E-08 l.15£-07 l.04E-06 
tt~U.HCI/LF. ,.·. 8.80E-08 I.OOE-07 4.0SE--08 4.36E-07 2.48E-08 4.06E-08 2.53E-08 3.79E-08 6.82E-08 
U•l3!iCI/L)\: :.:: - 3.71 E-09 4.34E-09 1.72E-09 1.85£-08 l.04E-09 1.81 E-09 1.02F.-09 1.57F.-09 2.53F.-09 
U-236((:i;IAi /.; :·· 2.11 E-09 4.94E-09 l .22E-09 1.15E-08 6.73E-10 4.76E-10 6.33E-10 8 81 F.-1 0 1.73£-09 
U~13il:iCllt\ 8.77E-08 7 .56E-08 3.SOE-08 4.25E-07 2.32E-08 O.OOE+OC 4. l 4E-08 2.17E-08 3.44E-08 5.59E-08 
U~TotillM\ . .. I.IOE-03 9.55E-04 4.79E-04 5.36E-03 2.93E-04 5.21E-04 2.74E-04 4.33E-04 7.04E-04 
~o-237 (C-a/L) ,. 2.96E-07 2. l 5E-07 2.46E-08 1.33E-07 5.95E-07 2.69E-08 3.93E-07 4.86E-07 5 54[-07 
Pii;,23UCI/Ll l.33E-06 6.39E-06 l.09E-06 8.51 E-06 4.86E-07 8. I 4E-08 4. I 7E-07 5.75F.-07 1.061:-06 
Pu-239 ·(C1il.) · 3.99F.-05 5.66E-05 I .93E-05 2.01 E-04 l .14E-05 l .07E-05 l .07E--05 I 59E-05 2.68E-05 
Pu-240. CI/L) 8.67E-06 l.98£-05 4.94E-06 4.66E-05 2.63E--06 1.21 E-06 2.27E-06 3.34E-06 6.42E-06 
11u~UflC:iltl 5.49E-05 3.75E-04 5.55E-05 3.94E-04 2.19E-05 2.44£-06 1.291:-05 2.74E-05 605E-05 
i>u~l<l?:{QIL)': · · 425F.-10 338E-09 4.77E-JO J .24E-09 l.81E-IO 1.761:-11 l.04E-10 2.20E- IO 490E-10 
IPiii'touf:rttiL.1 .. >: 6.SlE-04 l.OOE-03 3.34E-04 3.45E-03 1.95£-04 O.OOE+oO l.78E-04 l.82E-04 2.72E-04 4.61 E-04 
lA'iii-24icCI/I.X l.02E-04 3.BOE-04 7.69E-05 6.65E-04 1.35E-05 I .49E-06 1.47£-05 2.98E-05 5.99£-05 
l,,\'ffl'o~'(Q/l;f '· · 5.07E-08 3.63E-07 5.57E-08 4.07E-07 7.S8E-09 l.96E-IU 8.06E-09 l.62E-08 2.J9E-08 
Cm-?41CO/LL ·,.. 7.68£-08 6.06£-07 8.32E-08 5.52E-07 4.09E-08 3.38£-10 2.24E-08 2.90E-08 3.l6E-08 
tm-243(CI/Ll :: 3.53E-09 6.54E-08 7.74E-09 4.37E-08 l.24E-09 3.98E-l2 9.43£-10 1.IOE-09 1.1 IE-09 
ICm-244lC!/t) 8.43E-08 l.60E-06 I 89E-07 1.06£-06 3.IIE-08 9.36E-11 2.15E-08 2.67E-08 2.75E-08 



Species Total Concentration (Ci/L) (Sheet 5) 

:::::~='.;.: •~ ··¢of:~;. :?:~i·:f· •··:/siSffa:••:·•ii:]_:;:;·:/~ ;i:=+f :i?i~~c~/ii;ii:¥::;i:p~~~>!Uq;;;.;;i/i:;,i;'.~i;1';:!;i~ij:C/'i!~;;r~j~ ;r/'J:/hi'.)::i~F.~:i.;;:~>·JHg?ni!iwif.i.••i··;·•;• 
;; . .ff,;3(($'t;); : ,/ ·~: ~ · :: '.'; j 2.65[-05 I 2.82E-05 I :i.95E-05 ! 2.37E-05 I 5.78E-04 I 3.60E-04 I l.06E-06 I l.56[-04 
:C.:Jiti(Ci/1;) ·:.· · ' ';J 6.26E-06 6.74F.-06 I 8.31 E-06 I 6.85E-06 I I.SOF.-06 I 9.97E-07 I 7 .O)E-09 I l.89E-06 
Nl-59.(Cll:L) , · ,_: .·. ,, ] 2.25E-06 9.75E-07 I · 3.3 3E-06 ! - . l.51E-06 I 5.60E-06 I 3.14E-06 I 2.72E-10 I 3.S!!E-08 
Nr~To'v,y ' I 2.14E-04 I 9.31 E-os I 3 1 sE-04 I t.44E-04 I 5.42E-04 I 3.07E-04 I 2.64E-o8 I 3.73E-o6 
Co.-60(C:ilL) · . ' . • ... . I 34RE-05 2.66E-05 I 3.57E-05 I 2.7iE-05 I l .16E-03 I 8.45E-04 I 6.25E-08 l.26E-05 
§e;.'79(C.14,.)' ···, ; ' I S.92E-07 6.28E-07 I 7.43E-07 I 5.48E-07 J 8.87E-07 I -5 .09E-07 J 4.35E- ll 9.97E-10 

· s.-.'.9o (cl/i.) · 1 2.02E-02 1 1 15E-o3 r l.34E-02 1 3.81E-02 1 1.41£+00 1 ii. ssE-01 1 1J 2E-05 r 1.68E-0J 
:Y-90:"Ci/L .;. ;; · 2 021:-02 3.1 SE-03 1.34£-02 3.87£-02 l.47E+OO I 8.85E-01 7.32E-05 1.681::-03 
.Zr~J.lCIILL< 3.53E-05 3.75E-05 4.43E-05 3.26E-05 5.37E-05 3.09E-05 2.63E-09 9.481:-08 
-,N~fQ!Li>· ·.· >•I 2.S6E-Os I 3.04E-Os I 3.S7E-05 I 2.63E-05 I 3.02£-05 I 1.63E-o; I 1.45E-09 I 5.23E-Os 

195E-04 2.07E-04 2.40E-04 l.80E-04 2.62E-04 I .SOE-04 l.78E-08 5.43E-06 
6.55E-l l 5.63E-11 6.03E-I I 4.51 E-08 9.17E-05 l.94E-04 8.8 I E-09 2.021:-07 

l-'-::".;::;,.::.::.::;.:;,;,.,c==;;..:,..;:..;:.;.~-+-.....;3::.;;.6::.:6:.::E:..;·0:..::5_-l-_.:::3·:::.9:.:I E::..-0::.:5::.._-+- 4.93E-OS 3.24E-05 l .60E-04 9.52E-05 7.96E-09 I .88E-07 
8.95E-06 4.93E-06 6.!!41::-06 1.0JE-05 I 2.37E-03 I 2.20E-03 l.42E-07 1 7.88E-06 

Sii:llci(Ci/L)/ >>: ,, ' I 2.45E-06 I 2.60E-06 I 3.09E-06 I 2.281:-06 I 3.97F.-06 J 223E-06 I l.93F.-10 I 4.43E-09 
:'i~i29i(C'f/L) • >·· I l.85E-07 I 2.03E-07 I 2.48E-07 I 2~1 I E-07 I 2.33E-08 I 1.31 E-08 I l.76E-08 I 3.60E-08 
c~u• tc'ilLl'. , .. : ::: ~~ . I 2.62E-01 I 3.1sE-01 I 4.8sE-01 I 1.01 E-05 I 1.09E-03 I 1.06E-03 I 6.65E-08 I 2.oJE-05 
Ci:-137(CI/L} . · ' I 2.38E-OI I 280E-01 I 3.071:-01 I 2.)IE-01 I l.68E+OO I 9.981:-01 I 8.33E-05 I 2.541:-02 

:11a;.H7a(tQ4L ~L::.. .. 1 _ 2.2sE-01 I 2.6sE-01 I 2.89E-0 1 I 2.19E-01 I l.59E+OO I 9.42£-01 I 1 &1E-0s I 2.40E-02 

• S.•t:5f{(',ii;Y::' ~ / j 9.89E-03 j 4.86E-03 I 6.35E-03 I 5.80E-03 I 3.55E-02 I 2.09E-02 I l .75E-06 I 4.02E-05 

' N 
'D 

J:~1~z-tcil.Lr < r J .s 1 E-06 1 s.97F.-01 1 uoE-06 1 u91:-06 1 4.s6E-05 , 2.s1r.-05 1 2.31 E-09 1 5 3oE-os 
.:£ . .. 1~:{CliLJ;),.:;, .: ;;:;,;· I l.33E-04 I 6.58E-05 I 9.74E-05 I l.05E-04 I 5.71 E-03 j 3.25[-03 I 2.79E-07 I 6.40E-06 
-U...'l5SlClitF '7~:;;; .. :,: :: ·1 6.04E-05 I 3.00E-05 I 4.54E-05 I 4.90E-05 I 3.87E-03 I 3.01 E-03 I 2.14E-07 I 4.9QE-06 
;,Ba~226:I¢iit,} :: ; ' ;;. a, ;f > .< I 4.63£ -11 I 5.72E-ll I 6.28E-11 I 4.70E-l l I 7.95E-II I 4.16E-11 I 3.77E-15 I 400E-13 
/.~l#tCiitf>.;;:;;:.> ~:::,1 6.02E-09 l 1.21E-09- I 2.96E-08 I 1.91E-08 l 4.53E-ts I - 2.16E-1s I 2.21£-19 I J .12E-11 
:~fiuc-tltrx=~ I 2.82E-10 I 3.48E-10 I 3.88E-10 I 2.75E-10 I 3.93E- 10 I 2.14E-10 I l.89E-14 I 1.921::-12 
;t•~HCllEF > :•' l l.45E-08 I l.82F..-08 I 9.1 IE-08 I 6.07E-08 I 8.75E-10 I 5.25E-10 I 4.36E-14 I 8.171::-12 
Th-~(Cl/L). ;·•,,/, I l.43E- ll I l.72E-ll I 3.33E-11 I 2.33E-11 I 5.23E- 13 I 2.76E-13 I 2.49E-17 I 2.16E-15 

·t11~~i(Ciil;j .<>,~·•j _ 4.91E-11 I 6.00E-11 I l.21E-10 I 8.41E- l l I 5.13E- 15 I 3.24E-15 I 2.60E-19 I 5.20E-17 
0~~2 ·aliTi:: 6.56E-10 4.18E-10 1.86E-09 s .34E-10 4.04E- to 2.04E-10 9.35E-11 1.1 1F.-10 
u;.~Hei/L) = 3.95E-08 2.51 E-08 l. 12E-07 4.98£-08 l.30E- 10 6.29E-1 l 2.96£-11 l 36E-12 

. U~ffi{CiltS: ·· .· l 2.SOE-08 I l.27E-08 I l.95E-08 I 3.52E-08 I l.16E-06 I 6.78E-07 I 2.83E-07 I 5.88E-07 
.uµ~1c11u, . I I.Q4E-09 I sJOE-10 I 7.88E-IO I l.39E-09 I 4.36E-08 I 2.10E-08 I 1.08E-08 I 2.26E-os 
·u,;.2J6:tCiiiJ. -;~):::::: . ::; c. I ~· 6. l 9E-10 I 3.08E-JO l s . 12F-10 I 2.38E-09 I 1.11 E-07 I 6.70E-08 I 2.73E-08 I 5.69E-08 
U~{Ci/lJ) : . ... :: .. ) .. ,: · ·I 2.35E-08 I I. l8E-08 I l.75E-08 / 2.75E--08 I 8.03E-07 / 4.67E-07 / l. 95E-07 l 4.06f.-07 
U~T-otai(M};;;:. ::;' ' : I 2.96E-04 I l.49E-04 I 2.21E-04 I 3.47E-04 I 1.0IE-02 I 5.90E-03 I 2.46E-03 I 5.13E-03 
N~231{Cllth I 7.02E-07 I 5.20E-07 I 6.01 E-07 I 3.81 E-07 I 5. I 9E-06 J 2.92[-06 I 2.52E-10 I 5.79F.-09 
Pu~23S(Cfl.L): .~;..;: ," .. •; I 4.21E-07 I 2.0SE-07 I 3.64E-07 I l.07E-06 I 8.32E-05 J 4.33E-05 I 6.45£-06 I 4.83F.-06 

. PUJP9•(QIU':"' :• 1 l.17E-05 I 5.81E-06 I 8.67E-06 I 1.44E-05 I 7.86£-04 I 4.36E-04 I 6.23E-05 I 4.75E-05 
-F.il~W~): . ' > ~'.J- 2.55E-06 I USE-06 I 2.01 E-06 I 3.73E-06 I 2.25E-04 I l.19f-04 I l.76[-05 I l.34E-05 
'N--=-241·· CilL l.89E-05 9.531:-06 I.RI E-05 7.57E-05 6.73E-03 I 3.47E-03 5.20E-04 I 3.971:-04 
Pii~24l'(GJ.'J, < l.56E-10 7.SOE-11 l.50E-10 3.95E- IO 2.9 1E-08 l.43E-08 2.21E-09 . l.69E-09 
N~Touf~> ; • . 1 2.ooE-04 1 9.92E-o5 1 J.49E-04 1 2.49E-04 1 1•311:-02 1 7.59E-o3 1 1.09E-03 1 s .3oE-04 
A~i4i(QIJ;f: < I 3.08E-05 I 8.0lE-06 I 2.1 IE-05 I 4.70E-05 I 6.42E-03 I 4.32E-03 I 3.34E-07 I 2.] IE-05 
Am;W :-(Ci/U' .. ... f l.86E-08 I 4.66£-09 I IJOE-08 I 3.08E-08 I 2.0 I E-06 I 9.64E-07 I 9.29E-11 2.1 I E-09 
:cin:;m:C-111.. .. . .... ·.. 3.78£-08 2.44E-08 3. lOE-08 2}0E-08 3.73E-06 1.76£-06 J.7 1E-10 3.90E-09 
:C~l,tl' CLiL ' :. 1.33£-09 8.77E-10 l.24E-09 1.28E-09 5.771:-07 2.52E-07 2.59E-11 5.93E- l0 
Cri..:Ut"(CI/L) ~~~ 3.25£-08 2.14E-08 3.03E-08 3.17E-08 I.SOE-OS 6.24E-06 6.62F.-10 l.52E-08 

~ 
'"C 
'"C 

I 

'° 00 
N 
N 

~ 
< 
0 



• I 
v.l 
0 

Na· •· ;:;:<i :\./,. '?: 5.26E+OO 6.60E+OO 
Al ·• . ' ....... />, ::, 0.OOE+OO 0.00E+OO 
feltotafl ·., ·., ·· ·· ··· l.20E-0I l.20E-OI 
Cr. 9.47E-04 5. l 8E-04 

..... 
Bi · · ·· ·· 8.46E-05 4.63E-05 
·u- . · · 0.00£+00 0.00E+O0 

i-:•::::-H~e·. ~,,...,...-,;--,.......,.;.-",-;--f--o-'-'.-=-OO=-=E=--+...:.0..:..0 -+_4:..:..c. I SE-04 
ZrOfOH)? ...... , , O.O0E+0O 0.00E+00 
'Pb· : .. : ·· · · ··· . . .. . 0.O0E+00 0.0OE+O0 

.. Si,. . .. . . . .:;:.,::. ' :: ,:, . ... . I .90E-05 3.86£-05 
Mu · ... • .... / ·.:/:,::/ O.O0E+0O O OOE+00 
:C• ::•;. :: .... ,. ::· ... >: :: : ii':> l .23E-Ol I .23E-OI 

balance ....... :: : > ·' 0.O0E+OO O.OOE+OO 
deiisltv • l.80E+0O l.85E+OO 
'vot% :soUdi'.• ·· l .20E+0l l .20E+0l 
void,Jm; · ·· 2. 10E-01 1.45E-01 
wt.•Jii·mo · .. 4.38E+0l 4.14E+Ol 
toe wt.%c:. ·. . . . .. ~- 0.O0E+OO 0.00E+OO 
freeOff• . . . · .. . 9.77E-03 5.26£-03 
OH~ · . ' --: <:. '·' 1.21 E+0l l.23E+0I 
NO~: ·· ··· . •· _,. . . .. 3.34£-02 l.4IE-02 

:Nol;, .. · /::;;; ::·/· 2.13E-02 l.58E-02 
J.'!0~ :> '/ ... !X< "1 • ' ;' 3.97£-0 I I .08E+o0 
:~ · ..... ,:·'•''>:': __ :. 9.83£-01 9.83£-0] 
_-5(}4;;;. ·: :·:\/'.:> -: 8.55£-01 8.55£-01 

F~ . · · -· · 0.OOE+00 0.OOE+0O 
Cl- . 9.61£-04 5.26E-04 

•· C6H507 . , -:;':· •· .. . ........ 0.OOE+0O 

'EDTA~ . . . . O.O0E+0O 
HEDTA.:.. • ·.· · · . . O.O0E+0O 

.... 
-·-·· .. - ,. 

e1vcoia~- ... , .··. ··-· 0.00E+OO 0.00E+O0 
0.00E+OO O.00E+o0 
O.0OE+O0 0.00E+00 
O.00E+00 0.00E+00 

;·birtauoi·.::·. · ·,: .. >:·.:, <;-::_;: :, O.OOE+o0 0.OOE+OO 

Predicted Sludge Species (mol/L) (Sheet 1) 

6.77E+00 
5.99E-Ol 
3.53E-01 
3.96E-03 
8.47E-02 
0.00E+OO 
0.00E+00 
4.80E-04 
0.OOE+O0 
9.76E-04 
3.99£-08 
0.OOE+00 
1.09E-0l 
5.79E-03 
O.O0E+0O 
1.4IE+OO 
1.37E+0l 
5.74E-01 
6.36E+Ol 
O.00E+OO 
5.80£-02 
2.96£+00 
9.98E-0l 
4.02£-02 
I .09E-0 I 
l.66E+o0 
4.25£-02 
3.72E-01 
l.l3E-01 
2.67£-02 
O.O0E+O0 
0.00E+00 
0.00E+O0 

0.OOE+O0 
0.OOE+0O 
O.OOE+0O 
O.O0E+OO 
0.00E+OO 

6.49E+o0 7.51E+0O 6.l8E+OO 5.72E+o0 4.79E+OO 9.69E+00 9.73E+o0 
4.34£-01 0.O0E+0O 0.O0E+OO 0.OOE+0O 0.00E+00 0.0OE+o0 0.00E+OO 
3.39E-01 5.63E-0l 8.52E-01 7.84E-0I 6.06E-0I 1.58E+00 7.BIE-01 I 

4.13E-03 2.07E-03 3.lOE-03 4.96E-03 5.39E-03 l.45E-03 7.72E-04 
8.12E-02 1.41E-01 l.68E-01 3.07E-0l 2.38E-0l 8.13E-05 4J4E-05 
0.OOE+OO 0.OOE+OO 0.OOE+o0 2. I0E-01 l.63E-0I 0.O0E+00 0.00E+OO 
7.22E-05 0.OOE+00 0.OOE+00 0.00E+00 0.00E+00 5.67E-04 3.74E-04 
4.73E-04 0.OOE+00 0.OOE+00 0.OOE+oO 0.00E+0U 0.0OE+00 0.OOE+O0 
0.00E+00 0.00E+O0 0.00E+OO 0.00E+00 0.00E+O0 0.00E+OO 0.00E+0O 
l.02E-03 7.90E-04 8.56E-04 l.l 7E-03 1.27E-03 7.23E-04 l.46E-0 I 
5.98£-08 6.66E-l0 8.04E-IO 1.15E-1 I 2.27E-l 1 6.67£-05 5.27E-05 
0.OOE+-00 0.O0E+u0 0.0OE+OO 2.52£-01 l.95E-OI 0.0OE+O0 0.00E+00 
I .OSE-01 2. l6E-Ol 4.26E-01 8.02E-0l 6.20E-01 5.26E-0l 3.48E-0I 
6.04E-03 3.22E-03 2.29E-03 l.69E-0I 1.83E-0I 7.11 E-03 4.00E-03 
0.OOE+OO 0.OOE+OO 0.OOE+0O O.OOE+o0 0.0OE+O0 0.OOE+OO O.00E+OO 
l.38E+OO 1.45E+00 1.42E+0O 1.48E+0O l.39£+00 1.78E+OO l.59E+00 

--- -+---- --+-- -----1 
1.43E+Ol 6.80E+00 3.40E+00 1.80E+00 2.34E+00 2.80E+O0 4.25E+00 
5.99E-01 4.76£-01 5.26E-01 7.26£-01 7.89£-01 4.45£-01 2.34£-01 
6.5I E+0l 6.28E+0I 6.35E+0l 5.03£+01 5.68E+Ol 5.31 E+0I 5.46£ ... 01 
0.0OE+00 O.0OE+oO 0.00E+OO 3.68£+00 3.03E+OO 1.11 E-04 5.32£-01 
5.41 E-02 1.71 E-02 3.69E-02 5.75£-02 6.24£-02 l.03E-03 l.57£-03 
2.40E+o0 l.70E+00 2.59E+O0 4.05E+o0 3.14E+0O 5.01 E+O0 2.23£+00 
l .03E+o0 6.12£-01 4.26E-OI I.0IE+00 l.l0E+00 4.83£-01 l.20E-01 
3.37E-02 5.53E-05 3.46E-05 1.21 E-06 1.96£-06 9.17E-0I 6.28£-0 1 
l.05E-OI 2. 16E-01 4.26£-01 8.02E-01 6.20E-0I 6.08E-0I 3.48£-01 
l.60E+OO 2.12E+O0 l.79E+OO 3.31E-01 2.63E-0I 2.20£+00 I .47E+0O 
4.42E-02 2.45E-02 I .67E-02 2.19E-03 2.38E-03 7.53£-01 1.55E+0O 
3.08E-OI 4.00E-01 3:71 E-01 0.0OE+0O 0.00E+oO 0.OOE+00 5.86E-0 I 
I. I 8E-01 I .09E-Ol 7.25£-02 1.97E-01 2.14E-0l O.OOE+O0 5.07E-02 
2.78£-02 l .48E-02 I .05E-02 2.I0E-02 2.28£-02 4.31 E-02 1.84£-02 
0.0OE+O0 O.0OE+OO 0.00E+0O O.OOE+OO 0.OOE+OO 0.OOE+OO 0.00E+OO 
0.OOE+o0 0.OOE+OO O.OOE+OO O.00E+OO 0.OOE+O0 0.OOE+OO 0.00E+0O 
0.00E+0O 0.OOE+O0 O.O0E+OO 0.O0E+OO O.0OE+OO 0.O0E+00 0.00E+0O 

O.OOE+OO 0.00E+00 0.0OE+00 0.00E+oO 0.00£+00 0.0OE+00 0.00E+00 
0.00E+OO 0.O0E+o0 0.00E+o0 0.OOE+00 0.OOE+OO O.0OE+OO 0.00E+O0 
0.00E+OO O.0OE+OO 0.OOE ~00 2.28£+00 l.76E+OO 0.OOE+O0 0.0OE+OO 
0.00E+O0 O.0OE+OO 0.OOE+00 O.00E+OO 0.00E+O0 1.37£-05 0.00E+0O 
0.0OE+O0 0.OOE+OO 0.OOE+OO 0.O0E~OO 0.00E+oO 1.37E-05 O.OOE+OO 

1-:N ..... __ HJ ____ :-.· _. -..,.....,..,,,.,.,._·_· _. ·.:....· !---'-8.-'-5_2E_-_0:,_· --+-4_. 9_4_E_-0..c..5--1_6.:....·.:....32...::E=-·0=2=--1---4 . ._7'-'9 E;;;..· -...... 02=---1--.;.;2c....4;..;;.3.;::._E-l...c.l___,i--.:....l......_64_E_-~l l=--+---'-l-'-. 5 ...... 1 E;c...·-'-14_-+-_4_.2_1_E_-1_4___,f---.:....l..:....30'--E_-0_2_+--_7_J_0E_· -_0_3 ---1 
· Fe(CNl6-.- . · . . I. 18£-0 I 



Predicted Sludge Species (mol/L) (Sheet 2) 

Na .. .. 9.59E+OO 3.63E+OO 3.37E+OO 4.02E+-OO 5.62E+-OO 6.67E+OO l .37E+0() 3.86E+OO 6.78E+-OO 5.39E+OO 
Al - ·· ·· O.OOE+OO 3.SOE-02 O.OOE+OO 7. l l E+OO ; .53E+OO 9.47E+-OO 5.85E+OO O.OOE+-00 O.OOEi 00 O.OOE+OO 
F e<tota.l l : . . -- 7.22E-Ol l.68E-Ol l.69E-01 1.02E+OO l.7IE+OO l.66E-OJ 4.61E-01 2.63E+OO 2.96E+OO 2.92E+OO 
er: ·. 7.SSE-04 4.22E-03 1.71 E-03 1.34E+OO 1.98E+OO 2.15E-03 2.30E-03 6.1 OE-03 4.45E-03 4.49E-03 :..ili _:, .... ·.,·. ---·.:,•· 4.27E-05 2.35E-04 4.52E-Ol O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 
La 0 Ol)E+OO O.OOF.+00 O.OOE+OO O.OOE+OO .O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
J12·•··· ...... •·.• .. /; .... :.:::·• 3.74E-04 l.i9E-06 5.58E-04 i.70E-04 4.SIE-04 O.OOE+OO O.OOE+OO I.I IE-03 6.27E-04 O.OOE+OO 
•Zr0f'.0Hl2: ·, ..... . O.OOE+oO 7.14E-05 l.24E-Ol O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+-00 6.07E-06 0.00E+OO O.OOE+-00 O.OOE+-00 8.65E-02 l.33E-01 8.SIE-05 6.46E-03 O.OOE+OO 
'Nf .. <_. ·'·· · · :-. • :::_. :/,-.-:-_':)'/: l.30E-01 4.02E-01 3.54E-01 5.02E-02 7.44E-02 l.OSE-03 I. ISE-03 1.0IE-01 5.76E-02 l.OJE-01 
Sr ._, .. ' ... .. . , 9.23E-02 l.32E-05 2.63E-06 2.96E-04 l.66E-03 1 .01 E-07 l.86E-07 2 24F.-0.1 3.23E-03 l.21E-07 

r.·: Mn-::::' .7-"", ·-',c: .·-::\·~::_-:::. :.,,.·~-::•:: . ..... =; ·,.......,c;,; .. '-'--' .:..+---'-0...:.. O-=-OE=-+-=00'-'---+--0::.... O.:.Oc..::E=-+-=-00=---1--...:.0...:..00.:.E::...+-=OO-'---+--J:..;_ . .:..:1 9-=E:....:-0:...:1_+--.::..:0 ·-=-OO=-=E=-+..:.00.;:__4---_:0.:..:, OO...:.E::.+....:OO;..;c_-+--0:..:..00.:.c..::E=-+0-=-0=--+---=-0c::.. 0.::..:0E=-+-=00~-+- -=-0=. 0-=-0 E::...+0...:...:.0--+---'o'-. OC:-,0,-::E_+o_o----! 
:ca .. ·- : : '••·· , __ .:_' · 3.48E-OI 6.58E-Ol 5.45E-Ol 3.3lE-OI 4.95E-01 l.SOE-01 4.98E-01 6.55E-Ol 3.73E-01 6.68E-01 
'._K ·. . = ••• , ·:: :.. • •• 3.92E-03 l.36E-02 3.59E-03 1.84E-02 1.29E-02 l.62E-03 2.64E-03 2.40E-03 3. 14£-03 8.26E-03 

· O.OOE+OO - l .30E-03 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
·•denntv.._, _. .•.. :, ..... · . . ::.., ;:_,:::.-:, l.58E+OO l.32E+-OO l.40E+OO l.72E+OO 1.7',E+OO 1.60E+OO 1.46E+OO 1.38E+OO l.51E+OO l.79E+OO 

• I 4.25E+OO 3.00E+-00 3.00E+OO 4.50E+OO 3.00E+-00 8. IOE+-00 2.90E+OO 2.20E+OO 3.90E+-OO 2.20E+OO 
w - 2.29E-Ol 9.16E-01 8.51 E-01 6.86E-01 6.40E-01 6.90£-01 7.50E-Ol .7.59E-01 5.47E-01 5.56E-01 

5.44E+OI 6.96E+-01 6.90E+Ol 4.08E+Ol 4.25E+-01 3.14E+Ol 5.17E+Ol 6.26E+Ol 5.36E+Ol 4.62E+OI 
2.68E-01 9. IOE-01 8.58E-01 O.OOE+OO . O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

· free:of.1.a: .. -. -- · -3 .19E-04 2.95E-02 8.59E-02 1.20E+OO 1.13E+OO 1.24E-02 1.SOE-02 l.39E-01 l.OlE-01 2.97E-02 
-ow .:·' 2.SOE+OO 6.11 E-01 1.1 SE+OO 3.09E+Ol 2.97E+Ol 3.39E+Ol 2.04E+OI 8.40E+OO 9.44E+OO 1.30E+Ol 
'NOJ;._ .. ' ·.-·:.:,.-·; l.28E-01 8.77E-Ol 4.28E-Ol 7.98E-03 8. l lE-10 6.20E-01 6.61E-01 6.48E-17 7.42E-19 l.60E+OO 

.. :·•::• .:: 6.09E-Ol l.69E+OO l.82E-01 2.06E+OO l.73E+OO 9.96E-Ol 2. I 9E-OJ 3.43E-01 4.02E-O l l.53E-02 
toJ;.;;,' .. ·•,.:' .•.::' __ ., · ,. 3.48E-Ol 7.47E-OI 5.47E-OI 3.31E-01 4.95E-01 1.SOE-01 4.98E-01 6.SSE-01 3.73E-Ol 6.68E-0 1 

;,.:_., ::·· l .47E+OO 5.77E-02 5.38E-Ol O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 1.22E+OO 
l.55E+OO l.OSE-01 l.82E-02 1.32E-02 l.94E-02 6.SOE-03 4.SSE-03 3.34E-02 1.04E+OO 3. 14E-02 

-.SiOJ.i-1 · ···· · · 5.86E-Ol 4.68E-03 9.26E-OI 1.03E-01 l.07E+OO 2.SIE-01 O.OOE+OO 1.67E+OO 2. IOE+-00 O.OOE+OO 
4.98E-02 8.41 E-02 1.95E-Ol O.OOE+OO O.WE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO 

:.Chi::.:::-,.:._._, ... ::; ,: :::,::,. :_ , ... ,:: _ .. l.80E-02 7.53E-02 l.65E-02 6.56E-02 5.'JSE-02 7.46E-03 l.21E-02 l.lOE-02 1.44E-02 3.SOE-02 
O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 

EDT:A;..:..;.. .::: :····•. O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE+OO O.OOE+OO 
'HEQTA.;;;;; O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+-00 O.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 
... . . O.OOE+OO O.OOE+OO O.OOE+-00 O.OOE+-00 O.UOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£ 100 

oiabite- ..... . O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
:oBP·_ .. · ·· .. ·::.-, .. -.- O.OOE+OO l .68E-05 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+-00 O.OOE+-00 O.OOE+OO O.OOE+OO 
·-birtaaol -·' · O.OOE+OO I .68E-05 O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO 

I 
Nii3;· .- , ·· · ...... ,.. .. 6.74E-03 7.40E-02 3.64E-04 1.69E-Ol 4.34E-Ol 5.99E-05 l .88E-05 I .49E-Ol l.34E-Ol 5.37E-07 

1.67E-01 l .67E-Ol 
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Predicted Sludge Species (mol/L) (Sheet 3) 

.. prf!fli sludge miiiiL ... 
Ns · 2. I 9E+OO 1.21 E+OO 5.26E+OO 4.92E-Ol 8.0.5E-01 l. l 7E+OO !.87E+OO 2.09E+OO 4.05E+OO 4.05E+OO 

5. l4E+VU 5.85E+UU 0.DOE+OO O.OOE+OO O.OOE+OO O.OOE+OO l.lOE+Ol O.OOE+OO 6.79E-Ol 6.79E-O J 
l.66E-OI 4.61 E-01 l.29E-01 3.47E+OO 3.47E+OO 3.47E+OO l.69E+OO l.86E+OO l.09E+OO 109E+OO 

. Cr · 2.53E-03 2.29£-03 2.64E-03 5.94£-03 5.73E-03 5.93E-03 4.97E-03 3.65E-02 6.81 E-03 6.81 E-03 
·BL.· 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 

.. 

r ·=-::Lc:-:a '.'.'". -::,-,.,-,--,--,----,,--+-- O::--._oo,..,,E_+--:OO_-+-_o_ . .,....,K::c::)F._.+_OO_+-_o_.OO_E_+(_JO:-+---'-o-'.oo_ E::..+_00:...:.,__-1-.......:...o·....:..OO.:...:E=-+-:OO--=----+---o.:... . ..:...OO:...:.E::....+_o_o--+_O;_.OO-:--:E_+O_;_O.:__+-o.ooE+_o_o_,.____o_.oo_ E+_oo _ _ _ o._oO_E_+_O_O---i 
lie::, . ........... · . .. . . ... 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 6.16E-03 O.OOE+OO O.OOE+OO 
.ZrO(oiitt ;; . :. : 0.00E+OO O.OOE+OO 9.50E-Ol O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 
;, fib:'r> ;;: ·<:;;;; :< :/ ;if 8. l OE-02 J .54E-OI O.OOE+OO 0.00E+oO O.OOE+OO O.OOE+OO O.OOE+OO J .03E-01 O.OOE+OO O.OOE+OO 
:Ni ,:i< : . '' ! ::; > . : l.27E-03 l.15E-03 l.32E-03 2.00E-01 2.00E-01 2.00E-01 9.65E-02 3.77E-03 3.93E-02 3.93E-02 
>Sr ;•:< ::'' ·: . l.10[-07 8.45E-08 5.75E-06 7.89E 08 2.83E-08 5.28E-09 O.OOE+OO 1.93E-05 3.49E-05 3.97E-05 
'M'ii > ; ·., .... · ·. ··.· ·· ; <· 0.00E+OO O.OOE+OO 0.00E+oO O.OOE+OO !.04E+OO 3.02E-02 O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 
Ca'. - ··· ·· ,·:: . ·• l.80E-OI 4.97E-OJ 1.40E-OI l.30E+OO 1.30E+OO 1.31E+OO 6.37E-OI 4.62E-03 2.55E-01 2.55E-Ol 
.k. • •· l.25E-03 l.88E-03 l.92E-Ol 7.42E-04 9.66E-03 4.09E-03 6.68E-03 8.36E-02 2.37E-02 2.37E-02 
lialtQcf . O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 1.42E-04 O.OOE+OO O.OOE+OO 
((enitlfv -> · · ·· l:35E+OO l.43E+OO l.30E+OO 1.64E+OO l.56E+OO l.42E+OO 1.76E+OO 1.30E+OO l.32E+OO 1.32£+00 
vot•/4solilh ... ,,< 8.IOE+OO 2.90E+OO l.05E+Ol 1.IOE+OO J.IOE+OO J.IOE+OO 2.30E+OO l.20E+OO 5.80E+OO 5.80E+OO 

·void~ . ... ,-< '.' . 8.22E-01 7.49E-Ol 8.55£-01 7.40E-01 7.14E-01 7.39E-Ol 5.23E-OI 9.42E-Ol 8.43E-01 8.43£-01 
•wt¾•fflO ::.:, :,: (:' 5.74E+OI 5.28E+OI 6.53E+ol 5.16E+OI 4.85E+OI 5.56E+Ol 2.9IE+OI 6.32E+Ol 6.35E+Ol 6.35E+Ol 
TOC. '.wt%c·:;<;::::> 0.00E+oO O.OOE+OO O.OOE+oO 3.96E-01 l.47E-01 l.39E-01 O.OOE+OO l.79E+OO 3.66£-02 3.63E-02 
:frttC>H- ·; ·· > ....... ..... ..·· l.54E-02 1.41 E-02 1.85E-01 3.05E-02 5.90E-03 4.68E-02 1.55E-Ol 2.47E-01 2.13E-02 2.1 3E-02 
OH,;;; .. . l.70E+Ol 2.0!E+Ol 4.68E+OO J.48E+O! 1.67E+OI l.13E+Ol 3.86E+Ol 7.34E+OO 5.67E+OO 5.67 E+OO 
NOJ-' 5.65E-OI 5.14E-OJ 2.23£-01 J.70E-OI 2.70E-01 6.98E-Ol l.36E+OO 5.65E-Ol 1.51 E+OO l.56E+OO 
N02~ 6.5SE-01 2.14E-Ol 5.49E-02 8.49E-03 7.63E-03 7.58E-03 7.40E-03 4.61 E-01 8.47E-Ol 7.94E-01 
co~ l.80E-Ol 4.97E-Ol l.40E-01 l.45E+OO l.58E+OO l.52E+OO 7.33E-Ol 4.62E-03 2.55E-0 1 2.55E-0 ) 
PO~ 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 7.40E-05 0.00E+OO 4.04E-Ol 4.04E-01 
S.Oh ·• 7.29E-03 5.05E-03 l.32E-03 ~.97E-03 2.86E-03 2.96E-03 3.60E-03 6.35 E-02 4.60E-02 4.60E-02 
SlO].:.;,, . . l.27E-Ol O.OOE-t OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 

. y.: •·•. . .. ·· 0.00E+OO 0.00E+OO 5.00E+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO !.02E-OI l.02E-01 
•Cl~ .. :,,:.:;- ., ·· .. ·, .. ,.:· 5.73E-03 8.65E-03 4.97E-03 3.42E-03 4.94E-03 l.5SE-02 4.71E-02 4.63E-02 5.40E-02 5.40E-02 
' C~$()7;;;;. .: · • .. O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 3. 77E-02 O.OOE+OO 0.00E+OO 
EJi'l'A~ •• . ·.· · • ·· >.:' " O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 7.54E-02 O.OOE+OO O.OOE+OO 
:tttoT~ ; •:, . 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 

••• i.· : •••... ,_. ·-.-:,:: . 

elycoiate- . 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 
0.00E+OO O.OOE+OO 0.00£+00 O.OOE+OO 0.00£+0D O.OOE+OO O.OOE-,.OO 4.81 E-01 O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO 

DilP: ... ·••... · .. ·•· O.OOE+OO O.OOE+OO O.OOE+OO 4.SOE-02 l.59E-02 . 1.37E-02 O.OOE+OO 0.00E+OO 3.34E-03 3.32E-03 
·huu:001 • 0.()()E+O() O.OOE+OO O.OOE+OO 4.50E-02 l .59E-02 l.37E-02 O.OOE+OO 0.00E+OO 3.34E-03 3.32E-03 

..... : · . . -·_:.;:_,·::··. 

,.Niil'. :•= · .... .. .... , ...... :., .... ::. 4.99E-05 7.75E-06 6.59E-Ol 4.22E-07 9.75E-08 l .42E-08 O.OOE+OO 3.85E-03 1.13£-02 9.89E-03 
• F.e<CN~:. ; ·.•• ·. -... 
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Predicted Sludge Species (mol/L) (Sheet 4) 

6.06E+OO l.21E+Ol 1.20E+Ol 7.97E+OO 5.18£+00 2.27E-Ol l.26E+Ol 1.30E+Ol l.35E+OI 1.51E+Ol 
7.09E-02 l.20E+OO 2.14E+OO 0.00£+00 3.42£-01 O.OOE+OO 6.SOE-03 2.63E+OO 1.09E+OO 2.89E+OO 
l.30E+OO l.03E+OO l.19E-02 l.5lE•OO 2.75E-Ol 1.65£-03 1.44E-OJ J.89E-02 2.05£-02 2.89£-02 
1.41 E-02 9.62E-04 1.40£-07 O.OOE+OO 2.81 E-02 7.03E-03 4.61 E-03 4.S5E-Ol 7.25£-02 4.82£-02 
1.68£-06 O.OOE+OO O.OOE+OO O.OOE-tOO 4.52E-06 O.OOE+OO 3.20E-02 2.39E-07 2.30E-04 l .15E-04 
O.OOE+OO O.OOF.+-00 O.OOE+OO O.OOE+OO 0.00E+oO O.OOE+OO O.OOE+OO O.OOE+_o_o __ 8_.3_6_E_-1_4_1--_31.._9{)2,_-EE=----0069---1 
7.82£-04 1.18£-03 9.51£-04 5.21 E-03 l.17E-04 0.00E+oO 3.08£-05 1.36£-05 6.37£-06 
3.36£-08 O.OOE +OO 0.00E+OO O.OOE+OO 1.43E-06 O.OOE+OO l.44E-04 7.70£-08 1.28£-04 4.31 E-05 
1.85£-04 6.77£-02 0.00E+OO 0.00E+OO 4.36£-04 O.OOE+OO O.OOE+OO 9.42E-05 6.11 E-04 4.66E-03 
J.39E-Ol 3.72£-02 7.00E-03 O.OOE+OO 2.50£-01 4.02E-OI 1.46E-02 1.76£-02 1.60£-02 1.75£-02 
2.25D-03 2.35E-03 1.08£-05 2.97E -03 7.59E-05 0.00E+OO 2.95E-07 'i .94E-06 9.07E-06 2.61 E-05 
1.46£-04 0.00E+OO 0.00E+OO O.OOE+oO 2.88E-04 O.OOE+oO 0.00E+OO 1.33£-03 4.15E-04 8.08£-04 
7.98E-02 l.27E+OO 7.25E-03 3.34£-01 5.lOE-01 9. l lE-01 7.51E-02 3.60E-02 3.59E-02 3.80E-02 
6.32£-03 l.33E-03 l.05E-02 1.06£-02 l.85E-02 6.06£-04 l.11 E-02 4.17E-02 5. !2E-02 4.57£-02 
4.01 E-05 7.21 E-06 l.56£-05 2.15£-04 9.07£-04 O.OOE+OO O.OOE+OO 4.67£-05 4.09E-04 6.98£-04 
1.34E+OO 1.74E+OO 1.50E+OO 1.51E+OO 1.31E+OO 1.12E+OO 1.70£+00 l.64E+OO l.63E+OO l.72E+OO 
3. lOE+OO 5.00E-01 1.00E+OO 2.60E+OO 1.00E+-00 1.00E+OO 7.96E+-OO 1.30E+Ol 4.30E+Ol 5.40£+01 
8.22E-01 4.80E-Ol 6.98E-01 7.81 E-01 8.88E-01 8.77£-01 5.08E-01 8.62E-01 7.75E-O l 7.08£-0J 
6.86E+OI 5.27E+Ol 5.24E+Ol 6.22E+OI 6.86E+Ol 8.69E+OI 4.30E+Oi 4.02E+OI 3.74E+01 2.74E+Ol 
0.00E+OO 1.99E-02 2.90E+OO 2.28E-04 3.28E-01 O.OOE+OO l.OIE-04 5.29E-02 7.99E-01 7.52E-01 
7.32E-02 8. 74E-02 2.99E-02 l.53E+OO 8.83E-OI 4.SOE-02 9. I 8E-02 2.91E+o0 1.65E+OO 9.06E-Ol 
4.67E+OO 8.00E+-00 6.85E+OO 7.27E+OO 3.66E+OO 8.45E-OI 6.0SE-01 1.47£+01 6.18E+OO l.26E+Ol 
1.03E-09 3.25E-l 1 4.92E-Ol 1.80E-11 l.11 E+OO l.38E-01 7.59E+OO 5.34E+OO 7.55E+OO 7.69E+OO 
6.39£-01 l.36E-Ol 1.28E-Ol 5.09E-Ol 7.64£-01 2. l lE-02 9.40£-02 l.85E+OO l.39E+-OO l.79E+OO 
1.93£-01 1.27£+00 1.89E-Ol 5.20E-OI 6.71£-01 9.0SE-01 !.58E-01 5.28E-02 3.31E-OJ 4.09E-Ol 
1.84£-02 O.OOE+OO 7.00E-03 O.OOE+OO 5.74£-03 O.OOE+OO l.06E+OO 4.45E-04 4.88E-02 4.41 E-02 
6. IIE-02 8.21E-03 3.08E-02 8.0JE-02 8.36E-02 3.15E-02 6.0IE-01 4.53£-02 2.61E-OI 2.63E-Ol 
2.48E+OO 5.90£+00 4.70E+OO 2.68E+OO 7.55E-OI O.OOE+OO l.16E-OI 9.30£-02 3.71 E-02 3.32E-02 
3.64E-04 O.OOE+OO O.OOE+OO O.OOE+OO 1.45E-03 0.00E+oO 9.84E-02 l.58E-04 9.74E-02 7.SIE-02 
1.57E-02 6.11 E-03 4.84E-02 4.90E-02 6.25E-02 2.79E-03 6.00E-02 1.63E-O I 1.83E-01 l.50E-Ol 
O.OOE+OO 4.81E-03 1.05E-02 O.OOE+OO 2.45E-02 O.OOE+OO O.OOE+OO l.39E-03 1.31E-02 2.59E-02 
O.OOE+OO O.OOE+oo 1.0SE-01 O.OOE+OO 3. 12E-03 O.OOE+OO O.OOE+OO I .SOE-03 2.60E-02 2.02E-02 
O.OOE+OO O.OOE+OO 2. I OE-01 O.OOE+OO 6.28E-03 O.OOE+OO O.OOE+oO 2.99E-03 5. l 7E-02 2.66£-02 

O.OOE+OO 0.00E+OO 
O.OOE+OO O.OOE+OO 2. IOE-01 O.OOE+OO 6.24E-03 O.OOE+oO O.OOE+OO 2.99£-03 5. l 7E-02 2.66E-02 
O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00£• 00 O.OOE+OO 0.00E+OO 2.96£-05 8.37E-04 4.37E-02 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.18E-10 6.26£-06 
0.00E+OO O.OOE+OO 0.00E+OO 2.38E-05 1.31£-02 1.19E-05 I .08E-03 l.05£-02 2.61 E-02 
0.00E+OO O.OOE+OO 0.00E+OO 2.38£-05 O.OOE+OO 1.19E-05 J .08E-03 1.05£-02 2.61 E-02 

. NHJ:· .. <::· · · , .. ,.,,: .... 2.03£-01 2.68£-02 2.58£-04 1.73E-Ol 2.19E-02 0.00E+OO 4.74E-02 3.56E-02 9.19£-02 3.79E-02 
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Predicted Sludge Species (mol/L) (Sheet 5) 

5.72E-Ol 5.21 E+OO 
O.OOE-i-00 O.OOE+OO 

-Fe<totan . :•. I.SSE-02 3.14E-03 2.0IE-02 5.SIE-02 2.12E+OO l.60E+OO 1.91 E+OO 3.65E-Ol 
/ Cf •·1'.;\ ·:/i:. .,, .. . - l.41E-Ol 7.71E-02 8.20E-02 4.53E-02 8.32E-03 1.63E-02 6.82E-03 O.OOE+OO 
: lJf·· l.27E-04 2.00E-04 1.61 E-04 l.33E-04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
La 7.96E-09 7.92E-09 5.66E-09 4.14E-09 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO :~()~\::> 6.63E-06 2.34E-06 6.66E-06 3.83E-06 O.OOE+OO O.OOE+OO 

6.67E-05 l .O?E-04 7.87E-05 l .73E-04 O.OOE+OO O.OOE+oO 
O.OOE+oO 
0.00E+OO 

O.OOE+OO 
9.SOE-0 1 

O.OOE+O<) O.OOE+OO 
:-: Ni . l.35E-02 2.91E-03 1.26E-02 3.56E-02 8.03E-02 9.56E-02 1.11 E-01 O.OOE+OO 

I.IOE-05 l.05E-06 l.4<iE-05 3.71E-05 5.47E-03 i.9iE-03 l.03E-08 2.39E-07 
1.34E-03 8.86E-04 9.25E-04 2.4 I E-03 O.OOE+OO O.OOE+OO 2.73E-01 O.OOE+OO 
2.58E-02 5.92E-03 2.24E-02 7.40E-02 2.22E-01 5.68E-02 7.17E-Ol l.40E-Ol 
6.33E-02 7.47E-02 6.98E-02 l .47E-01 5.93E-03 3.97E-03 5.97E-03 1.91 E-01 
8. l 7E-04 8.67E-04 9.82E-04 7.07E-04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
l.67E+OO l.64E+o0 1.67E+OO l.65E+OO l.56E+OO l.38E+OO l .28E+OO 1.31 E+OO 
3.61E+OI 2.80E+Ol l.89E+OI 2.09E+ol 4.43E+o0 7.61E+OO 2.00E+oO l.OSE+Ol 
8.28E-OJ 9.03E-01 8.34E-Ol 8.18E-Ol 7.28E-01 8.37E-Ol 8.50E-Ol 8.48E-01 
3.52E+Ol 3.78£+01 3.52E+Ol 3.57E+Ol 4.64£+01 5.71E+o l 6.88E+OI 6.36E+ot 
1.25 E+OO 1.41 E+OO l.59E+OO 2.68E+OO O.OOE+OO O.OOE+OO 3.27E-02 O.OOE+OO 
2.68E+o0 2.90E+OO 2.48E+OO 1.87E+OO 5. ISE-01 3.40E-01 l.90E-02 6.68E-02 
l .02E+ol l.09E+Ol l.02E+Ol 7.06E+OO 1.96E+Ol 1.49E+Ol 7.75E+o0 5.24E+OO 
6.36E+OO 5.05E+OO 5.35E+OO 5.26E+OO 6.76E-11 7.59E-03 2.19E-Ol 3.24E-Ol 
2.0IE+OO 2.28E+OO 2.27E+OO t.75E+o0 l.91E+OO 1.34E+o0 8.56E-03 l.53E-02 
3.44£-01 3.96E-OI 5.05E-OI 8.28E-Ol 2.22E-Ol 5.68E-02 8.04E-Ol 1.40E-OI 
3.96£-02 5.30E-02 5.27£-02 3.29E-OI O.OOE+OO O.OOE+OO 5.93E-02 O.OOE+OO 
2.14£-01 t.70E-O I 3.56E-OI 1.31 E-01 4.05E-Ol 1.49£-01 3.41£-03 O.OOE+OO 
4.IOE-02 l .55E-02 3.84E-02 8.40E-03 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
5.48E-02 8.56E-02 7.89E-02 l.63E-Ol 3.81E-02 2.69E-02 O.OOE+OO 5.00E+oO 
2.22E-Ol 2.63E-OI 2.43E-Ol 2.28E-OI 2.72E-02 I .83E-02 3.92E-03 3.97E-03 
2.57E-02 2.73E-02 3.24E-02 2.90E-02 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO 
4.17E-02 4.60£-02 5.21E-02 9.69E-02 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 

·. iiED.TA~ 8.20E-02 9.06E-02 9.75£-02 J.90E-Ol O.OOE+OO O.OOE+OO O.OOE+OO O.OOErOO 

8. l!JE-02 9.06£-02 9.75E-02 I .90£-01 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
: . acetate- . ; . 4.67£-03 4.29E-03 2.12£-02 l .36E-02 O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO 

3.98E-05 3.96E-05 2.83E-05 2.071:.:-05 O.OOE+oO O.OOE+OO O.OOE+OO O.OOE• 00 
l.45E-02 1.66E-02 2.30£-02 l .89E-02 O.OOE+OO O.OOE+OO 2.91 E-03 O.OOE+OO 

.b~Jilot · :. . .. . . , .. , l .45E-02 l.66E-02 2.30£-02 l.89E-02 0.00E+OO O.OOE+OO 2.91 E-03 O.OOE+OO 

7.12E-02 9.70E-02 7.68E-02 3.55E-OI 5.87E-OI 1.21 E-01 l .30E-08 6.53E-Ol 
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w 
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Predicted Sludge.Species (Ci/L) (Sheet 1) 

· .R.J·c:tCJI.LF :_ ... · · .. 3. IJE-06 3.76E-06 J.67E-06 3.66E-06 3.97E-l l 9.39E-10 
:C~J'iF(CT/Ll> 1.48£-07 7.68E-07 5.47E-08 4.85E-08 2.75E-09 2.96E-09 
NMi9 .(CI/L) .: 2.24£-08 l.99E-08 l. l OF.-08 l.591:-08 7.20E-l0 7.72E-10 
N~ '(CiiL) · l.91E-06 l.76E-06 1.62E-06 2.21E-06 6.J4E-08 682E-08 

· C~.- (CIIU 4.07£-08 l 7 .OOE-08 6.38E-08 1.90E-07 1.30E-09 2.71 E-09 
:~7.f ·.(Cl/t;,: . =:.. .,. -.· .. 3 .83E-09 3.46E-09 l . I 7E-09 l .59E-09 l .23E-10 1.34E-10 
8"-10-(Ci/L)... 7.45E-02 ! I.SlE-01 l.56E-04 2.34£-04 2.61E-06 3.15t::-06 

· y,;90_:cci/LL: .. :-.-.. · ·· 7.4iF-02 1.5IE-Ol l.56E-04 2.34E-04 2.61E-06 3.15E-06 
Zr,~.3:• cCI/L) ;;.· .. ... .. t.04E-09 9.27E-IO 1.56£-06 1.98E-06 7.48£-08 8.07£-08 
,Nb-93lif:0(CI/LL · ·· :·· 9 .341:-10 8.12E-10 l.4 1E-06 l.74E-06 6.73E-08 7.08E-08 

-·:n~:'.JCl(llr;:::::, :: J.85E-06 1.67E-06 8 .80F-08 1.2 lE-07 1.47£-09 l.60E-09 
o'Jbi~l'06jcilt)"::: ., ' 4 .06E-20 l.47E-18 2.48£-17 7.91E-16 2.34E-18 1.02£-16 
Cd•t1Jm((M..) ·. 9.0lE-08 l.14E-07 4.89E-08 9.67E-08 2.89E-09 4.42E-09 

'~U5:i(a/L)':- : ..... - l.18E-09 4.00E-09 7 .79E-10 2.78F.-09 3.78E-1 l l.55c-10 
Si,•J:26 fCi/L)· 1.38E-08 I .33F.-08 4.22£-09 621 E-09 4.CE- IO 5. I 7E-10 
.HZ9 :tClitl · 8.20E-10 l.91E-09 4.34£- 11 1.06E-09 6 .50E-13 O.OOE+OO 
Ci-{3,4· (Gi/L) . 5.08E-12 4.57E-I I 2 .41E-13 3.251:-12 4.02E-15 4.37E-14 
Ci-131 (CI/L) / 3.78£-03 3.83E-03 1.79E-04 2.74F.-04 2.99E-06 3.67E-06 
B•l37in- (Ci/L) ' 3 .57E-03 3.62E-03 1.69E-04 2.591:-04 2.83E-06 3.47E-06 
.Sin-151.'.:(Ci,II,;)- -_-: ·: .. ·· 1.45E-04 l.27E-04 9.78£--05 l.27E-04 2.58£-05 2.74E-05 
EiHS:Z-- lCL'Ll/: .;.. t.79E-09 6.07E-09 1.2 lE-09 6.96£-09 3.20E-10 1. 31 E-09 

-:Eu~l9 ':i:aiLL -· ·, t.74E-07 4.46E-07 1. l 7E--07 4.87F..-07 3. I OE-08 9.61 E-08 
Eu~'l5!- (CitlS-:: · . l.41E-07 2.45E-07 9 .52E-08 2.21 E-07 2.51E-08 5.28E-08 
Ra~l:26iJCII.Lj .: '· ·· · , 3.38E-10 l.88E-10 8.57E-12 5.25E-12 9 .03E-13 4.84E-l3 
Ra~ll-:(Ci/Ll,-' ' ... . ,. 1.13£-15 l.llE-15 2.87E-li 3.41E-17 3 .03E- 18 2.85E-l8 

'. Ac~227'(C"1/IS,: ... ' . l.l5E-09 5.06E- l0 2.56E-l I l.:i9E-1 l 7.69E-l2 4.22E- l 2 
:-:P•23I~fa/Lli-".i/:' ' ._,,... l.12E-12 5.42E-13 5 .32E-10 3.47E-10 l.62E-l0 9.45E-ll 
T~U9 :(Cf/LL •:·< : ., 4 .50£-15 3.52E-15 l.98E-14 2.36E-14 6.00E-15 5.66E-l5 
Tb•l3l .;(CI/L) 3.77£-17 2.99E-17 1.6SE-16 l.99E-16 5.02E- l 7 4.82E-17 
u~ul .(CI/L}'; : . ... l.34E-09 2.35E-09 5.92E-12 8.35E-12 l.l lE-14 129E-14 
U•.2J3(Cl/:ti,: ' .. l.19E-10 l.85E-10 5.24F.-13 6.31E-13 9.86E-16 l.OlE-15 
· U-23' :CCl/l;f ., ':-' · l.53E-04 154E-04 6 .56E-07 4.61 E-07 1.27E-09 8.48E-10 
U-235 jtl/f.f.. - 6.92F.-06 6.83E-06 2 .96E-08 2.03E-08 5.75E-11 3.75E-l I 
U-236 :(CI/.L); · · · - 1.31 E-06 2.09F.-06 5.60E-09 6.83E-09 l.09E- l l I.I 5E- I I 
-U-Dl(CJ/L) '--::: · ···.. l .56E-04 l.57E-04 6 .67£-07 4.71E-07 l.JOE-09 8.65E-10 
-U~Totai:oo<_;.;; : · · I .96E+OO 1.981:+-00 8 .40E-03 5.93E-03 l .63E-05 I .09E-05 
No;.;zJ'i:iciJl.;\ : 1.051:-0li 9.62F.-09 200E-09 2.791-:-09 5.971:-10 6.64E-10 

<Pii~:z3$ iC'ilL"I , 3.76E-09 · 9.301:-08 3 .39E-07 1.241::-06 6.92F.-08 2.78E-07 
pg;.l39 (Ct/L):'. . .. - l.09E-06 l.OSE-05 9 .81 E-05 1.21 E-04 2.00E-05 3. 14E-05 
Pii~l.40A'.Cl/L) · .. 7.34E-08 l.33E-06 6 .62E-06 I .72E-05 1.35E-06 3.98E-06 
Pu".241 ·.'f'.CJ/Ll 7.1 OE-08 2.921-:-06 6.4 ! E-06 3.97F.-05 lJ 1 F-06 8.73E-06 
b-24::'{('i/L) 3.32E-l3 2.12E-11 2.99f.-ll 3.0lE-10 6 .IOE-12 6.35E-ll 
;,.~-rora1,.:ttl · 1.1sF.-0s 1.15E-04 , 61 F.-03 2.03E-03 3.28E,o4 5.23£-04 
A ... 241 (CI/Ll . . 2.27E-07 6.75E-07 5.98F.-08 3. 12F.-07 t.29E-08 4.66E-08 
Aiii;;UJ- (CIIL\ 9.801:-12 l.04F.-10 1.87E-12 3.59E-11 S.59E-13 7.20E- l2 
Cin:;IDACI/L} , · l.72E-ll i.SOE-10 3 .27E-12 6 .17E-l l 9.80£-13 l.24E-tl 
c.m,:243 (Clli..Y ,:,~. :.; I.OIE-13 2.17E-12 1.93E-14 7 50E- 13 5.79E-15 l.50E-13 
C,,j.:U, _'(CI/L) .' ... 2 .J8E-l2 5.IOf.- 11 4 .54E-lJ l .76E-! 1 l .36E-13 J .52E-l2 

1.26£-13 
2.81£- 10 
7.36E-l 1 
6.27E-09 
1.33£-10 
l.26E-l I 
4.52E-08 
4.52E-08 
0.00F.+-00 
O.OOE+-00 
2.54E-11 
5.99F.-19 
2.96£-10 
3.87[-12 
4.53E- I I 
1.13E-14 
6.97£-17 
5.l9E-08 
4.90E-08 
8.80E-06 
l.09E- 10 
l .06E-08 
8.57E-09 
9.24E-14 
3.IOE-19 
J .93E-12 
8.27E-1 1 
3.07E-15 
2.57E-17 
4.24E-17 
3.75E-18 
4.85E-12 
2.19E-13 
4. 141::-14 
4.93E-12 
6.21E-08 
3.05E-10 
1.17£-08 
3.381:-06 
2.28E-07 
2.21 F.-07 
1.031:-12 
5.55E-05 
6.61E-09 
2.861:-13 
5.00E-13 
2.96E-l5 
6.94E-14 

l .19E-11 
4.92E-l0 
l .28E-10 
1.lJE-08 
4.521:-10 
2.23E-l I 
8.88E-08 
8.88E-08 
O.OOE+OO 
0.00E+OO 
4.52E-ll 
4.26E-17 
7.36E-10 
2.58E-l i 
8 .59F.-1 I 
O.OOE+OO 
1.23E-15 
l .03E-07 
9.77E-08 
l.52E-05 
7.25E-10 
5.33E-08 
2.93E-08 
8.05E-l4 
4.75E-19 
3.SOE-12 
7.86E-l 1 
4.71E-15 
4.0lE-17 
8.00E-17 
6.28E-18 
5.25E-12 
2.32E-13 
7.13E-14 
5.36E-12 
6.74E-08 
5.52E-10 
8.37E-07 
9.44E-05 
I .20E-05 
2.63[-05 
t.91E- 10 
l .57E-03 
3.87E-08 
5.98£-12 
l.03E-l l 
l.24E-13 
2.93E-l2 

2.72£-06 
l .06E-07 
2.76[-08 
2.4lE-06 
8.21[-08 
4.76E-09 
2.61E-Ol 
2.6lE-01 
1.281:-09 
I.I 3F.-09 
l.66E-06 
l.4IE-18 
l .43E-07 
4.25F.-09 
I .ROE-OR 
2.13E-09 
4.53E-ll 
5.lOE-03 
4.81E-03 
l .77E-04 
6.45E-09 
4.90E-07 
2.871::-07 
2.27E-l l 
l.06E-16 
1.lOE-10 
9.471::-13 
5.0BE-15 
4.30E-17 
4.52E-11 
3 .68E-12 
3.62E-06 
1.621:-07 
4.14E-08 
3.69E-06 
4.65E-02 
1.321:-08 
9 .40E-09 
I .32E-06 
I.42E-07 

2.77F.-07 --- -· 
t.94E- l 2 
2. l SE-05 
7.27E-07 
1.03£-10 
1.77[- IO 
2.lOE-12 
4.93E- l t 

1.46£-06 
5.64E-08 
1.34E-06 
1. l?E-04 
4.39E-08 
2.SSE-09 
2.06E-Ol 
2.061:-0 1 
6.84E-l0 
6.05E- l0 
8.87E-07 
7.53E-19 
7.65E-08 
2.27 f: -09 
9.6lE-09 
l.14E-09 
2.36E-09 
2.65E-OI 
2.5IE-01 
9.44E-OS 
3.45£-09 
2.62E-07 
l .53E-07 
1.211::-11 
5.68E-17 
5.88E-ll 
5.06£-13 
2.71E-15 
2.30F.-17 
2.98r.-1 I 
2.43E-12 
2.39£--06 
1.07£-07 

2.43E-06 
J .06E-02 
7.04E-09 
5.02£-09 
7.04[-07 
7.S9E-08 
l.48E-07 
1.04E-12 
1.17E-05 
3.891::-07 
5.49r. -11 
9.47E-l l 
l.1 2E-12 
2.64E-ll 

'-0 
00 
N 
N 

~ 
< 
0 



Predicted Sludge Species (Ci/L) (Sheet 2) 

;.B,3 .(CVL);':'\.:: ;': :·• l .43E-06 5.77E-06 2.08E-07 l.90E-05 I.OOE-04 1.07E-04 2. JOE--04 2.95E-06 6.46E-06 l.17E-06 
C:"'l•/ (0/t;) ':': :,;:· : '.. 5.54E--08 2 OIE-07 2.35E-07 l.03E-06 6.23E-07 1.17E-06 l.43E-06 l.86F.-06 1.63E-06 l.12E-08 
Ni-:59 :(CI/L) l.20E-06 2 91 E-06 ~.93E-07 4.89E--06 1.75E-05 1.41 E-06 1.041:-05 3.39E-05 4.23E-05 1.0<iE-07 

· NNl:(Ct/L) • J.05E-04 2.71 E-04 3.53E-05 4.41 E--04 1.65E-03 l.37E--04 9.96E-04 3. 1 SE-OJ 4.08E-OJ I .02E-05 
. C~• (Cf/Lr- 4.31 E-08 I 2.76E-07 5.40E-08 1.40£-06 8.63E-06 6.46E-06 1.93E-04 9.361-:-06 7.64£-04 7.55E-08 
s,;;79 (Clllif 2.50E-09 7.99E-09 1.89E-09 4 79£-08 l.35E~7 4.93E-IO 7.58E-IO l.82E-07 2.97E-07 4.7 IE- 10 
Sh-90tCI/L\ -: 2.241:-01 5.lBE-02 1.03E·02 l.34E-t-OO 7.49E+OO 4.56E-04 8.41£.:--04 1.071::+01 1.54£+01 5.79F.-04 

·Y~;((:iJL).'· 2.241:-01 I 5.1 BE-02 1.03£-02 l.34E+OO 7.49E+OO 4.56E-04 8.41 E-04 l.07E+OI J.54E+-0 1 5.791'-04 
1-_--u~~.,,.,).,..,<""'tc'=". :vt""·.:f,,-:),..:-: .,..: .,..:_-,_ .-c . ..,.,,.-,-.,+---6.-72.,...E----10--,-- 2-.6-5-E--0-7--+-- 3-.7.:.C4E::...-0..;..5;;...._-+-- 2-.8-7-E--0"""6:....--+--8'-.-'-'os..;;;F:....•0..;..6;;...._-+--2-.9:....:5£-08--+--'-4-.5-4E.;;_-..;..08-'---1---l . .;.c08...;;.E __ -0-5--+---l .-77-E--0-5--+--2.-7'....;JE-,.-'-o~--~ 

N'WJm: (~V 5.94E-IO 2.35£-07 3.22£-05 2.47E-06 6.48E-06 2.53E-08 3.64E-08 8.99E-06 1.39E-05 2. lOE-08 
T~'.(~1,$)"• : 8.71E-07 265E-06 USE--07 l.87E-05 5.04E-OS 2.ISE--07 3.26E-07 5.69E-OS 9.28E-OS 2.00E-07 

-' Ri~l~{Ci/(; ... ·· . 7.40E-19 2.14E-16 4.91E-15 3.82E-14 2.39£-11 8.79E-16 1.36£-13 2.85E-12 5.00E-09 3.08£-12 
C4-''U:3aflCfiL>: > 7.51 E--08 2.67£-07 6.45£--08 l.97E-06 8.02E--06 l.36E-06 2.56£-06 9.56£--06 2.04E-05 4. I 4E-08 

'Sb.,,t2$i:(Citiii<>< .c::·'.':.:c 2 23E--09 7.23E-09 3.75E-09 1.22E-07 1.'JJl::.-0-' i.34E-08 i.74E-08 1.4i E-06 1.70E-04 3.67 E-08 
. Sil;-il&.'.{Ci/L\"::: ····· · ·· 9.44£-09 3.0lE-08 6.SIE-09 l.94E-07 5.44E-07 1.99E-09 3.03E-09 7.SOE-07 l.24E-06 2.031-:-09 
.l•-'i9; lC--'1/L'F .. . .. 1.l2E-09 5.83E-09 1.30E-09 2.91 E-08 7.79E-08 3.03E- 10 4.59E-10 3J9E-09 5.57E-09 0.00E+OO 
Cs-134:(Ci/L)'. C: . . 2.36E-09 2 .08E-09 J.58E-l O 2. 72E-09 1.79E-07 4.20E-11 9.00E-10 5.36E-08 5.SOE-07 5.20E-09 
Cii-131:teiii;> . . 2.65E-01 2.35E-OI 1.28E-02 5.14E-02 1.72E-Ol 5.38£-04 9.78E-04 2.16E-Ol 3.97E-01 6.81E-04 
Ba-l37in ICli.LF 2.51 E-01 2.22E-OI 1.21E-02 4.86E-02 1.62E-01 5.08E-04 9.23E--04 2.04£-01 3.75E-Ol 6.43E-04 
$in-J~L(Ct/L} ... · 9.27E-05 3 23E-04 1.68E-04 2.01 E-03 l.99E-01 2.07E-05 3.18£-05 1.31 E-01 4.81 E-01 l.84E-05 
:Eu~1!% .l~\ . . 3.39E-09 l.l SE-08 2.80E-09 2.04E-07 5.441::-05 2.31 E-09 7.65E-09 l.96E-05 I .11 E-04 l.18E-08 

· ·Eu~l'54 ]CIIL' · ·· 2.57E-07 8.73E-07 3.SOE-07 I .38F.-05 3.6 1 E-03 l.54E-07 5. lOE-07 l.46E-03 8.88E-03 8.45E-07 
IEJ.~l:55 .iCI/Lj:. ; . .. . 1.51 E-07 5 .11 E-07 4.6JE-07 5 .66E_-0..;;.6_-+-_l_.5'-1_E_-0_3_-+-_6_.4_1.cc:E....:-O..c.8_+-_ 2_.S_SE_-0_7_-+_6_,.-'-65....:Ec....-04.c..·--+---4._9_1 E_·-0_3 ____ 3 ._l _OE-,--·-_07_-i 
;Rii~ll6 ·iCi/t)·. ·. • ·• 119E-ll 3.84E-11 9.63E-12 2.75E-12 8.25E-12 8.61E-13 8.93E-13 7.lSE-12 1.JlE-1 1 4.06E-14 

-: tta~lll CCli'Lt ··· ·· 5.58E-17 l.77E-16 3.86E-17 l .55E-17 7.12E-17 7.9SE-18 l .29E-17 4.40E-17 1.07E-l 6 4.IOE-11 
.Ae:-m-(Ci/L .. ··· 5.78£:- 11 l.8lE- IO 3.04E-11 1.18E- l l J.42E-1 1 4.IOE-12 4.0SE-12 J .19E-ll 6.06E-ll l.08E-10 
P.-23FlCIJ.L .. . 4.97E-IJ l.99E-10 7.02E-IO l.75E- l 1 4.99E-1 l 8.70£-12 9.62£-12 4.54E-ll 9.26E-l 1 l.68E-10 

·:Tb,;229, lCii.L ·"": .. ··· 2.66E-15 1.72£-14 2.58E-14 5.811:-:-14 4.48E-14 l.19E-15 1.35£-15 I.J9E-13 7.94E-14 2.54E-1 I 
T~23li.(CVL) : . 2.26E-1 7 J.4SE-16 2.31E-16 l.66E-17 7.30E-17 9.75E-18 1.651::-17 4.54E-17 1.l lE-16 3.25E-11 
O~ll2ACI/L"F".··••'•i.:e;:: . 2.98E-11 l.14E-13 2.56E-ll l.61E-IO 3.37F.-10 1.37E-10 7.07£-10 1.41E-10 3.33E-10 I.SSE-05 

. U~233::' (CI/L) ,. ,· •; · , 2.43E-12 9.16E-15 1.9IE-12 7.94E-10 9.56E-10 6.98E-12 2.40E-1 l 9.92E-10 6.05E-10 J.09E-03 
·u.234• {Ci/l,\'.:'.:: •. · .. ,.. 2.39E-06 9.07E-09 2.57E-06 3.96E-06 4.41 E-06 3.62E-06 1.39£-05 2.06E-06 4.27E-06 7 .97E-05 
·u~235td/Lt :.:=> l.07E-07 4.0SE-10 1.16E-07 1.71 E-07 1.67E-07 l.54E-07 5.27E-07 8.80E-08 I .78E-07 3.07E-06 
i.J~lJ6 • {Cl/L) .·:: 2.73E-08 l.02E- 10 2.31 E-08 8. 19E-08 l.28E-07 7 .42£-08 3.90E-07 4.54£-08 l.09E-07 3.49E-06 
u~m (cii't} .·· · ..... 2.43E-06 9.24E-09 2.62E-06 4.06E-06 3.08E-06 3.SJE-06 9 68E-06 2.11 E-06 4. l 7E-06 5J5E-OS 
U-To&aHML · · 3.06E-02 1.16E-04 3.30F.-02 5.1 1 E-02 3.89E-02 4.45E-02 1.22E-Ol 2.65E-02 5.25E-02 6 76E-01 
N•237 {d/ij . . . 6.9IE-09 2. I 6E-08 J .20E-09 l.J2E-07 1.24E-07 1.43E-09 2.12E-09 3.1 1 E-07 2.SOE-07 4.23E-10 
Pu-238(CIJL · .. ··· 4.93E-09 2.37E-08 2.22E-06 9.32E-06 5.l9E-05 6.27E-06 3.34E-05 3.07E-05 6.14E-05 1.80£-03 
:Pu~239.'lCl.'L).'. . · 6.91E-07 3.16E-06 6.14E-04 4.91E-04 7.59E-04 3.94E-04 l.31E-03 1.24E-03 l.28E-03 1.591:-02 
:pu~l.40 (Clitf . 7.4SE-08 3.53E-07 4. l 7E-05 9.53E-05 l.78E-04 7.48E-05 2.87E-04 2.SOE--04 3.13£:-04 5.58E-03 
Pii,%4UCI/L) l.45E-07 7 .20E-07 5.38E-05 3J I E-04 1.35E-03 2.75E-04 1.861:-03 I.I OE-03 2.79E-03 l.06E-O l 

.'.pj~~z::·tCVLL: ·: · · · · •; 1.02E-12 5.12E-12 1.53E-10 2.90E-09 1.02E-08 2.22E-09 1.221::--08 7,81 E-09 2.26E-08 9.51 E-07 

. Pu•Tlttartiiil '.h •· :. . I.I SE-05 5.25E-05 1.01 E-02 8.33E-03 UOE-02 6.68E-03 2.24E-02 2.11 E-02 2.20E-02 2.83E-O I 
AiiFUF (()1/Ll: : ··· •· · ·· 3.82E--07 1.24E-06 8.34E-08 2.48E-04 2.92E-03 4.43E-06 1.IOE-04 2.44E-03 S.85E-03 7.48E-07 
Ant-243-' (Cl/Ll 5.39E-ll 1.65E-10 2.04E-12 9.07E-08 2.52E-06 4.82E-11 2.04E-09 1.12E-06 3.1 lE-06 7.15E-10 
C..ZUJCI/L) · 9.30E-11 2.84E-10 3.74E-12 7.47E-09 4.54E-06 8.24E- 11 2.SIE-10 4.97E-07 5.24E-06 l .19E-09 
Cm~l43 :CC1/Li 1. lOE-12 3.36E-12 l.70E-14 J.34E-IO 3.52E-07 I.SIE-12 9.04E-12 9.73E-09 3.1 4E-07 l.29E- l0 
Cin-UHCIIL) 2.59E-l 1 7.90[- I I 4.78E-IJ JJOF.-09 7.75E-06 3.70E-l l 2.46E-10 2.58F.-07 7.37£-06 3.15[-09 

cg 
-0 

I -'° 00 
N 
N 

~ 
< 
0 



: -·.::2~:iliu1iitJ.'vi ; ;:/ ·. ··•·::€~1(' :<::~f:2: -: / .. .... 
. .. 

e;r ,c-:,,t;r:.;. . . : .·· . ... ... , . 1.37E-04 1.26E-04 
. C~U '{(Wj;j>/ .. ,:-

l .29E-06 8.03E-07 
Ni~59. (ct/L l .. · 5.09F.-06 5.881-:-06 

: Nl--63 -K"li'LJ-. ·. .... 4.76F.-04 5.67F.-04 
Co-60 (CI/Ll -- ..... .. . .... ..... 1.0 1 E-05 I.SSE-OS 

. •So.\7' • fCIILL ·: .. 5.36F.-10 3.62F.-10 
. s,.:,O•(CIJl:.f ·: 5.23E-04 4.03E-04 
Y* '•tfill.tF ' .. .'i .24F.-04 4MF.-04 
:z r-.;pJ::(Cf/lXi •: ... 3.20£-08 2.09£-08 .. -··-·.· ........ 
. -Na;;.:,JnUCl/l;) :-· · · 2.68£-08 l .64E-08 
: J'.~~( JC'A/1:\ -,: .. -·· .·· 

, ... 2.34£-07 1.51£-07 
llii~t- '(CllJ.) .. ·· . : '.. :·. :: · .. 3. I 7E-15 5.3 1£-13 
Cd~l 131rdCI/L) .. -· ....•. 1.72£-06 1.51£-06 ....... 

·sa,.;125:,(ai.Ll:: :::. . ... .... . ' 3.751::-09 I .58E-08 
Sg;.126 ~y· · 2.21 E-09 I.SOE-09 

: l"-I-l9.·'(C"aJU) i·;:·.:·:;.::,:;;;-'::···· 2.8 IE-07 l.3 IE-07 
· ts..134\ (CliLE ·:_·: l.O! E-10 l .02E-09 
.:tii:..tjt (Clit): : ,; .• ... .. 6.21E-04 4.73[-04 .. .... . .. 
i~t37-izt rcllli..)•;··::, ' .:~,. 5.86E-04 4.46£-04 

-;S•t~Ct(;'i$.\): i :_::\!/:•: 2.26E-05 l .49E-05 
:Ku~JS2. (C'&t.t) :·--: ... 3.IOE-09 3.85E-09 
:£u;.1~i<eii.t'r >: : ·.•.;• .. 

2.25E-07 2.95E-07 
EU:-155::fCI/Ll .... : .. 9.77E-08 1.63£-07 
Ri"226 (CI/L) 

.. ..... 
7.05£:- 13 l.73E-l2 

:Ra,;221 JCi/Li .. 7.54E-18 l.33E-08 
> Ac,227, lc'lifa · · 3.43E-12 I 2.85£:-08 
· Pa-131-.(CI/L)· ......... 7.56E-12 1.36£-09 
Tb~?29. :(CIILr -· . . l.l 8E-15 I .35E-07 
Tl,:,232-JCVL) : ·•:. -·-· 9.37E-1 8 6. I 4E--07 
u;,:232J C11Ll: · l.3IE-10 6.34E-07 
· u~233:.fci(i;S . ····· 6.18E- 12 3.80E--05 
u;m w 1iL) .. -... · 2.78E-06 5.27E-06 
·11,-23$::,t·cl/Lt:·:-:"· . . .. 

l .19E-07 :? .OSE-07 
U.-136·>,cut:j:;.; .. . . 6.35E-08 I .30E-07 .. .. 

:u.~~ '((Wt r .:: .:.: .::-.. :. -: · 2.86E-06 4.73F.-06 
:-(T.,:.Toru·,Mt '\·:> ·_•·::> .. 3.60E-02 5.96F.-02 .. .. 

Ni•.-2.'i'F lC:l/t) : ·,. l .57E-09 I.OOE-09 
.Pui-238 (Cl:(L) . ;,_ .. 6.39E-06 l .46r.-05 
.pg.239 :(CifL) .. :: · .. 3.63E-04 6.0SE-04 
. -Pu~i«l ; (Oil,) .• ' 

. . 
7.56E-05 I .43E-04 

.-..-i.t:t' lO/Ll 3.28E-04 I .OJE-03 
pg:242 : (CJIL} • ·. 2.3 SE-09 7 25E-09 

· Pa•fcital(R/L) , 6.1 !!F.-03 l .04E-02 
Am-24t · (CI/L) : .::.::·:-·: ... .. .. 5.41 E-06 4.17E-06 
'Am-243 'lei/LY .. ... 

602E- 1 l I.I lE-10 
Cii.242 JCIIL) ;. :·-

.. :.• .. l.02E-1 0 l .73E- IO 
.c~ :%43 -tel/Lt .. l.9 IE- 12 9.06E-12 
Ci..%44 :lel/L) : : .... 4.98£- 11 2.80F.- IO ..... ···-· 

Predicted Sludge Species (Ci/L) (Sheet 3) 

-'::,i:;WYt: 
.. ................... 

/~~ti :,,:\. :~: .; )~Jii)i ;·· •::i:i/Q~(:;:::; -::,-=~; . , ··:::; .:.• 

1.39E-04 2.21£-07 9.39E-08 5.08E-08 
3 .0IE-06 3.lOE-07 5.28E-08 3.76E-08 
1.51 E-07 I .43E-07 4.581::-()8 6.<J IE-O'l 
I .3 IE-05 l.33E-05 4.41F.-Q6 6.67E-07 
5.92E-06 1.94£-0!l 1. I 8E-08 J .29E-09 
3.92E-09 3.76£-10 l. 19F.- IO 2.0SE-11 
2.751:-02 3.77E-04 1.351:-04 2.52E-05 
2.7:iE-02 J .77E-04 1.35£-04 2.52E-05 
4.04£-06 2.24£-08 7.lOE-09 1.22E-09 
3.12E-06 1.86£-08 5.60F.-0() 9.13E-10 
8.87E-06 l .64E--07 5.18E-08 8.71 E-09 
I .67E-11 5.91£-15 5.46E-14 l.34E-13 
3.82E-07 l.98E--08 8.21 E-09 1.81 E-09 
5.25E--07 2.93E-09 3.37E-09 1.60£-09 
l .85E--08 I .56E-09 4 98[- 10 8.84E-11 
l.38E-08 1.09E-07 3.47E-08 3.36E-08 
4.30E-07 1.11£-10 2.21E-1 0 2.27 E-10 
3.03E-02 4.47E-04 l .60E-04 2.97E-05 
2.86E-02 4.22£-04 1.5 1 E-04 2.80E-05 
l. lSE-04 l .59E-05 5.15£-06 8.00E-07 
1.68£-07 2.38F.--09 l .19E-09 5.13E-10 
l.14E-05 I .77E-07 9.SOE-08 3 68E-08 
1.481::-06 8.08£-08 5.26E-08 l .35E-08 
1.2 1E-12 1.48E-14 5.9 IE-15 1.77£- 15 
4.78£- 17 9. l 2E-20 2 83E-12 1.79£-1 2 
7.25E- 12 6.6 1E-14 9301::-12 4.72E-12 
l .86E- l 1 9.41E-14 l.37E-l1 7.33E-12 
5.38E-15 2.47E- 16 2.41E- l2 I.I IE-1 2 
6.37E-17 9.40E-20 2.651::- 12 I .42£-12 
I .49E-09 3.54£-09 2.45E-06 l .62E-06 
2.25E-1 I 2.49E-08 l .56E-04 9.62E-05 
6.05F.-06 5.17E-05 2.50E-05 7.00E-06 
2.80E-07 2.21E-06 9.93E-07 2.69E--07 
4.25E-07 1.141::.-06 6.IOE-07 3.07E-07 
4.23E-06 5.31E-05 2.32E-05 4.70E-06 
5.35E-02 6.68E-OI 2.92E-01 5.94E-02 
6.48E-09 6.45E-1 0 I.OOE-10 1.84E-1 l 
6.89F.-05 2.42E-04 I .OOE-04 I .32F.-05 
6.781::-04 9.78£-03 2.09E-03 1.17E-04 
2.62E-04 I .97E-03 5.l lE-04 4.IOE-05 
5.JSE-03 8.62E-03 4.55E-03 7.76E-04 
5.061::-08 6.15E-08 3.70E-08 · 7.00E-09 
1.21 E-02 I .66E-O I 3.59E-02 2.081:.-03 
6.28E-04 9.52E-08 5.24E-08 3.26E-08 
6.55E-08 4.38E-l 1 2.79E-I I 3.12£-11 
1.01 E-07 7.45E-11 4.86E- l 1 5.201::-11 
2.84E-08 1.46£ -1 2 2.92E-12 5.61£-12 
6.0SE-07 3.86£- 11 6.84E:-l l 1.37£-10 

: :: lt!i~li:(?ll:Jil:ii.ii:1 
.. .. ;;;:['ijs/," 

.. 
. .... 

..•. ··• .. ·::;.".:•, ... -,:·:::·,-· :·:•···· 

O.OOE+oo 3.08£-07 
O.OOE+oo 1.33E-07 
O.OOE+OO 2.75E-06 
O.OOE+OO 2.59E-04 
O.OOE+OO 1.95E-05 
O.OOE+oo 1.65E-08 
0.00E+OO 9.20E-02 
0.00E+oO 9.20E-02 
O.OOE+oO 9.8 IE-07 
O.OOE+oO 7.96£-07 
OOOE+oO 5.16E-06 
O.OOE+oO 7.66E-09 
O.OOE+OO 9.86E-07 
O.OOE+oO 4.31E--06 
O.OOE+oO 6.83E-08 
0.00E+oO 3.08E-10 
O.OOE+oO 1.64[-08 
O.OOE+oo 2.07£-02 
OOOE+OO 1.95[-02 
O.OOE+oo 1.85£-02 
O.OOE+OO 3.74E-06 
O.OOE+oo 2.94E-04 
O.OOE+oo 1.56£-04 
0.00E+oo 6.84£-13 
0.00E+oo 4.87E-1 8 
O.OOE+oo 3. lOE-12 
0.00E+oo 4.58E-12 
O.OOE+OO 7.93E-l 5 
O.OOE+OO 5.04E-18 
O.OOE+oo l .29E-09 
0.00E.+00 5.45E-09 
0.00E+OO l .76E-05 
O.OOE+oo 7.45E-07 
O.OOE+oO 4.21£-07 
O.OOE+oO I .76E-05 
O.OOE+oO 2.22E-01 
O.OOE+oO 2.18E-08 
1.831::--03 2.55£-04 
2.85£-02 7.82£-03 
7.13E-03 1 69E-03 
1. I 5F.-01 l.03E-02 
7.09£-07 7.94E-08 
4.91 £ -01 l.34E-01 
3.02£-02 2.67E-04 
O.OOE+DO l .34E-07 
0.00E+oO I 25E-05 
0.00E+oo 6.67E-07 
O.OOE+OO 1.58£-05 

. .. :m1 ,·-.. :·: .. ........ 

2.29£-07 
9.56E-11 
4.74E-08 
4.04E:..06 
7.00E-09 
1.63£-08 
l.67E-O I 
l.67E-0 1 
4.34£-07 
3.40E-07 
1.84E-06 
4.84f.- 13 
8.56E-07 
:i .84c--0·1 
5.34E-08 
1.73£-10 
1.17£-08 
8.77£-03 
8.28£-03 
l .85E-04 
5.24E-08 
2.09E-06 
7.45E-07 
5.49E-I I 
2.4 1 E-07 
l .53E-05 
1.I IE-06 
3.96E-06 
4.36£-06 
1.75E-05 
I.I I E-03 
8.44E-06 
2.99F.-1 l 
5.22£-12 
4.67£-19 
5.02E-04 
2.04E-13 
3.48E-11 
l.76E-15 
1.21E-16 
4.67E-16 
9.92E-22 
2.06E- 12 
6.75£-1 7 
2.40E-22 
4.54E-22 
9.12£-24 
1.99£-22 

f.·I':-·:- t iiii;, _· .. _·. 
7.16E-07 
9.87E-11 
4.90[-08 
4.26E-06 
1.09£-08 
1.68£-08 
l.90E-01 
1.90E-01 
4.48£-07 
3.37E-07 
1.90£-06 
4.89E-12 
1.03£-06 
8.83E-07 
5.5 IE-08 
1.79£-10 
3.56E-08 
9.72E-03 
9.18E-03 
l.96E-04 
6.33E-08 
2.77E-06 
l .21E-06 
8.58E-1 0 
2.61 E-06 
I .50E-05 
1.15[-06 
3.51 E-06 
4.50E-06 
l .86E-05 
l. I OF.-03 
8.71 E-06 
3.09E-1 I 
5.39E- 12 
4.82E-19 
497E-04 
2. 11 E-1 3 
3.68E-l l 
1.82E- l 5 
l .25E-16 
5.59E-16 
l.02E-2 1 
2.18E-1 2 
6.74E-1 7 
2.48E-22 
l.37E-22 
I.O IE-23 
2.3 1£-22 
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Predicted Sludge Species (Ci/L) (Sheet 4) 

'•• ~,~~ .. ····· ~ :i: . : ::if}:< ."r!· Clli:i'• ·•••·•••:::r~ :;;••·:·•·· t;.· ~- .:: ·•::'.Jnwt; . ... ; .•• : ;~§~~C.i(:::; :;:;•••IJ§#tk:::; /1"~'.¢,k , < ~y~1¢k . .. ., :.·:·. ···:,:·:·r·.· :··· .. ': •' '. • •:: •:, •.: •,:• ~• :: l:': • ...... 

H-3 (Cl'/L) ..... 8.72E-06 7.86E-06 l. 17E-06 5.96[-06 l.75E-05 O.OOE+-00 2.47E-06 6.38E-05 2.90E-05 5.48[-05 
· C-liHCi/Lf i. ·· 1 58E-06 4 .93E-07 8.53E-08 5.43E-07 3.36E-06 O.OOE+-00 1.44E-07 2.49E-06 3 82E-06 6.44E-06 
Ni-SJ (C1/L) ., ., 4 20E-05 2.22E-05 3.641::-07 4.46E-06 9.63E -05 O.OOE+OO 3.48E-07 5.56[-06 l .09E-05 3.80[-05 
Nl13 :(CI/L) ...... 3.98[-03 2 . l4E-03 3.45[-05 4 .21E-04 9.15E-03 0.00E+OO J.58E-05 5.27E-04 l .04E-03 3 .65E-03 
C~-•(CI/L) .· .. l.5JE-05 2.89F. -03 4.66[-06 l.14E-03 3.44E-04 O.OOE+OO l .66E-07 1.38E-05 4 .J6E-05 134[-04 
~79 -(Ci/L) :.: . l .90E-07 l.l 5E-07 l.83E-08 l .OSE-07 4 .00E-07 O.OOE+OO 555E-09 2.33E-07 3 .40E-07 4.40E-07 
St~9.0 (Ci/L) I .07E+-01 1.1 2[+0 I 5.l4E-02 l.42E+O I J .57E-0 1 O.OOE+-00 l . 16E-03 2.70£-02 4.22E-02 3.?0E-02 
Y-96 (Ci/L) 1.07E+-01 l.l 2E+OJ 5.14E-02 1.42E+-0 I 3.58£-0 1 O.OOE+OO l .16E-03 2 .70E-02 4.22[-02 3.70E-02 
.Zr-'9.3: (Cl/IA :·•·· I . I 3[-05 6 .81E-06 1.09E-06 6 .22E-06 2.38[-05 0.00E+-00 5. 14£-07 1.39E-05 2.03E-05 2.61 E-05 

. NM3m:iCI/L) ·.· 9. l 6E-06 5. 1 lE-06 8.24[-07 4.76E-06 1.92E-05 0.00E+-00 4 .57£-07 1.14E-05 I .65E-05 2. IOF.-05 
,T~~·'(Cl,LV ::_:_, ::-: .. .. 5.94E-05 3.51 E-05 5.63E-06 3 .22E-05 l .28E-04 O.OOE+-00 l .67E-06 8.64E-05 l.!2E-04 1.40£-04 .. 
Rii':,;ftl {Cl/t) / .. 2.54[ - l0 3.03£-07 l .34E-08 3.30E-08 360E-ll 0 .00E+-00 3 .61E-l 6 2 .77 E- l 1 3.98£- 1 I 1.05E-10 

. ca.,;u3nf <CllLl ••··· ·· 1.!5[-05 l .0 1 E-05 1.571:-06 8.53E-06 2.49E-05 0.00E+-00 1.87E-07 1.29£-05 2.16E-05 3.26E-05 

. ·St,.lli,'tct/1';\ ·:.' . ._ ..... 
3.48£-06 I .97E-03 l .74E-06 2.9 1E-04 5.8Yl:.-06 O.OOE+OO 5. lSE-09 2.75E-06 5.37E--06 l.58E-05 

'Sa,;f2'; :{CUL) • ' . 7.88E-07 4 .94E-07 7 .87E-08 4.47E-07 l .66E-06 O.OOE+-00 2 .09E-08 9.45E-07 l .40E-06 l .83E-06 
l~i~.'t€i/t) I:</ > >• .. 3.16E-08 2. 16E-09 3.45E-10 1.97£-09 7.53E-08 0 .00E+-00 2 .31E-09 l.33E-07 I .23E-07 1.03E-06 

cs-ii" ICWLl •·•• .... 
2.00E-07 7.62E-08 0 .00E+oO 9.15£-07 l .08E-08 O.OOE+OO 4 .09E- 1 l 1.95E-07 2.SOE-07 1.34£ -07 

Ct-13l(cvtf• ; • · . . .. 2.39£-01 9.96E-03 O.OOE+OO l .47£-01 I .33E-02 O.OOE+-00 4 .86E-03 2.57E-01 2.06E-Ol l 16E-Ol 
·:..,tJtm::rew.J.,•j: .- : 2.26E-O l 94 1E-OJ O.OOE+-00 1.39£-01 l .26E-02 O.OOE+-00 4 .59E-03 2.43E-01 1.95E-Ol l. lOE-01 

• ' l.,.) 

:S~ J~f<~t .,_. ·. ···· 
1 84E-O l L5 1E+-OO 2.54E-03 J .33E+o0 3.28E-01 O.OOE+-00 2.55E-04 l.56E-02 9.SOE-03 l .66E-02 ,.:.,,····. 

Eii,15~:(C-ii.L) \ . ·•· 
.... .. 

3 45E-05 9.68£-04 7.99E-07 3 29E-04 6.0BE-05 0.00E+OO 8.66E-09 2.64E-06 l.78E-06 3.261:-06 
00 ·' Eu~t$4·.1Cii.tl C . ........ 2.68£-03 6.96E-02 5.99E-05 2.53E-02 4.53E-03 0.00E+-00 6.61 E-07 l.78E-04 1.30E-04 2.46£-04 

;Eii~1S5 i<CIIL)':;;,_ ·:,•: ,. · l .38F.-03 2.55E-02 2.69E-05 J .2JE-02 2.09E-03 O.OOE+-00 3.87E-07 7.47E-05 5.96E-05 l.l 8E-04 
:Raam ; lCllLl : ·;, :: .. , ... 8 .l9E- 12 6.62E-12 l.03E-12 5 .65E- 12 l .86E-1 1 O.OOF.+00 2.70E-11 1J9E-l l 4 .59E-l l 5.74E-11 
Ra~221 (CII.L) · .. 4 .83E-1 0 9. l 3E-17 I .38E-17 7 .12E- l 7 8.67E- 10 0 .00F.+-00 l.23E-1 6 5.49E-10 5 .45E-09 6 .93E-08 
'A~2i7<(d/L) > 5.40E- 1 l 3.20E-l 1 4 .97E-12 2.70£-11 l.!OE- 10 O.OOE+OO l.2 JF.- 10 6.76£-11 2.92E- IO 1.7 1 [ -09 
Pa-Uf, (et/LI · .. l.l4E- 10 5.22E- l 1 8 .06F.- 12 4.34£-1 l 2.99E- IO O.OOE+OO 3 .77E-1 0 1.04E-09 LS l E-08 l .67E-07 
•T• ffl•. CCI/Ll : ·• 3 .20E-1 2 3.13E- l4 5.35E-15 J .36E-1 4 4 .82E- 12 0.00E+-00 2.22[-14 l .58E- 12 1.3 1 E-11 . 2 . l 2F.- IO 
•T~.232 · (CilLl · · 8 .16E- 12 9.59£-17 1.45£-17 7 .47E-17 1.34E-1 l O.OOE+-00 l.87[-1 6 5.631:- 12 4 .74E- J l 8.09E-10 

U-~2 <CiiU · I .58E-08 4.97F.-09 3.73E-10 1.55E-09 3.27E-08 O.OOE+oO 5.281:-12 9.0 IE-10 3.70E-09 2.92E-08 
u.133 :(Cv.L). :· .. 9 .68E-07 l .8 1 F.-09 7 .65[-10 4.73E-09 2 .02E-06 O.OOE+oO 4.21E- 13 5.33E-08 2.21[-07 1.77E-06 

. Ua234·••(CI/Lr • .·. 2.52E-06 l.74 E-05 2.96[-06 1.64E-05 l .39E-06 O.OOE+oO 3.93£-07 1.!4E-07 7.30E-08 l.!SF.-07 
: ua235 ·lCli'I.l ,. · 1.06E-07 7.49£-07 1.26£-07 6 .93E-07 5 .79E-08 O.OOE+oO 1.751:-08 4.59F.-09 3.02E-09 4.29E-09 

U-236, (CVLL ·· 6.04E-08 8.5JE-07 8 .92[-08 4.32E-07 3.76[-08 O.OOE+-00 4 .61E-09 2.85E-09 l .70E-09 2.94E-09 
U,..2J8lC.ii'.Lf,:::, 2.SOE-06 l .J l E-05 2.78£-06 •I .60E-05 1.30£--06 O. OOE+OO 4.00E-07 9.76E-08 6.6JE-08 9.46£-08 
~to&ai:iMi; . · .- . .:,· 3. l5E-02 l .65E-O l 3.SOE-02 2.0l E-01 l .64E-02 O.OOE+-00 5 .04E-03 l.23E-03 8.35E-04 l . l9E-03 

~::::~{;? .. 
2.45E-07 l .03E-07 l.72E-08 I .05E-07 1.31E-05 O.OOE+-00 1.42E-08 3.44E-07 509£-07 6.26J-:--07 

3.77E-05 J. l 7E-03 7.58E-05 3. I 9E-04 2.72E-05 O.OOE+OO 5.64E-07 l .87E-06 I .09E-06 1.79E-06 
Pr;;.239'(QiLf .. · . I . l 3E-OJ I .04E-02 l JSE-03 7.54E-03 6.371:-04 0 .00E+-00 7.4 1E-05 4.80E-05 3.03E-05 4 .53E-05 
Pu;m (Ci/IS .· .... 2.45E-04 3 62E-03 3 .45E-04 l.75E--03 1.47E-04 O.OOE+OO !!.39E-06 l .02E-05 6.36E-06 l .09E-05 
Pu~UI (Ci/L). ·• l .55E-03 6 .85E-02 3 .88E-03 l .48E--02 1.231:--03 O.OOE+-00 1.69E-05 5.82E-05 5.22E-05 l .02E-04 

Pu'-%41. lCI/L) ·••· ·. · l .20E-08 6 .18E-07 3.33E-08 I .22E-07 1.0 1 E-08 0 .00E+-00 l .22E-10 4.69E-10 4 .1 9E-10 8.29E- 10 
Pij~Total (KIU , · l .93E-02 l .84E-Ol 2 33E-02 l.29F.-01 l .09E-02 O.OOE+-00 1.23£-03 8.20E-04 5 17£ -04 7.79E-04 
Affi;.14J •' (Cl/Ll ., . .-:- ... 3.07E-03 7.46£-02 5.38E-05 2.53E-02 6.80E-04 O.OOE+oO 7 .86E-07 6 .75E-05 6 .03E-05 1.0 SE-04 
Afua2U (Cli'L) l.53F.-06 7.13£-05 3.90E-08 I .55E-05 3.83£-0.7 O.OOE-t-00 l.04E- 10 3.71E-08 3.28[-08 4.20E-08 
C:mi-l-42: ;'tCIJU . 1.93E-06 I .20E-04 7.48E-06 2.0!!E-05 l .59E-06 O.OOE+OO l.79E- l0 3.84[-08 3.97E-08 3.98E-08 

. c;n;.2•l ' (Ci/Lf .. 
8.87£-08 I 29E-05 6.96E-07 1.65[-06 4.83E-08 O.OOE+OO 2.1 IE- 12 1.62E-09 1.51 E-09 l.39E-09 .... :.::-

Cna144 '(CIJLl •·•, 2.12E-06 3.16E-04 1.70E-05 3.99£-05 l .20E-06 O.OOE+OO 4.95E-11 3 .69E-08 3 .66E-08 3.46£-08 



Predicted Sludge Species (Ci/L) (Sheet 5) 

l}}~~~)!'.f! {i:t{~~if\: :n'::Jn:1~~~~·/;in:: )/1:r;;;dfi~f:) ! :~:;j:!?!)~ f)> )\!i(¢W~~j! .'.. : 
2.54E-05 2.0lE-05 4.25E-04 3.05E-04 9 .00E-07 l .35E-04 
7. l 6F.-06 8.l 2E-06 I .33E-06 8.45E-07 5.99E-09 l .63E-06 

.N.{-$9::fCIILl- 5.03E-06 IJ3E-06 l .09E-05 6.041::-06 8.49F.-05 3.35E-05 7.53E-09 3.35£-08 

. ~ ~ja,L):,.: · 4. 79E-04 1.27E-04 l .04E-03 5.76E-04 8.20E-03 3.27E-03 7.31 E-07 3.2IE-06 
. CIHiC) ·(CI/LI • •' 5.39E-05 3J4f-i-(J5 8.611-:-05 4.181-:-05 2.58E-02 l .08E-02 5.JJE-08 l .09£-05 
Se,.79 :(CI/L) - -- . 5.22E-07 5.83E-07 6.40E-07 4.66E-07 6.54E-07 4.3 IE-07 3.711:-11 8.59[- IO 
Sr-90(CI/L) . 5. 16E-02 4.88E-03 6.03E-02 l.76E-01 3.31F.+Ol J.l6E+-Ol 6.24E-05 l .45[-03 

6.03E-02 l.76E-Ol 3.3 I E+-01 l.16E+Ol 6.241::-05 l .45E-03 
3.8 1£ -05 2.77E-05 3.95E-05 2.62E-05 2.25E-09 9.0IE-07 
3.08E-05 2.24[-05 2.22E-05 l.3SE-05 l .24E-09 4.97E-07 
2.07E-04 l.53E-04 I .93E-04 1.27E-04 l .52E-08 4.69E-06 

•iRii4'06( (CIILY>:= >' {,t :::.:-_: 9.11 E-1 1 6.97E-l l l.OOE-10 2.15E-07 7.47E-04 l .65E-04 . 4 .38E-07 1.92E-06 
s:ca.:Hlnii{CI/Lf ','::'. :: 3.23E-05 3.63E-05 7.62E-05 2.75E-05 2.69E-03 7.29£-04 6.79E-09 I .62E-07 

.:~mitaJL·t:•~: ... ,. · ... l .89E-05 4.58E-06 5.89E-06 l.63E-05 3.89E-02 l .54E-02 1.2 1 E-07 6.80E-(){i 
2.66E-06 l .94E-06 2.93E-06 1.89£-06 165E-10 3.82E-09 
2.13E-07 I .SOE--07 l .72E-08 ll lE-08 1.50E-08 3.lOE-08 :,:; 
4.21 E-07 8.55E-06 8.00E-04 8.98E-04 5.67E-08 1.75E-05 "'O 
2.64E-Ol l.97E-OI l .24E+DO 8.45E-Ol 7. I IE-05 2. I 9E-02 '7:) 

2.49E-01 l .86E-OI l.l 7£+-00 7 .98E-O! 6.71E-05 2.07E-02 
I ...... 

1.08E-02 l .07E-02 7.23E-Ol 2 .28E-Ol l .50E-06 3.47E-05 "' 00 

'Wt$J :{Ctil;r, 2.82E-04 6.1 I F.-05 
2.21 E-06 2.55E-06 9.90E-04 2.!llE-04 J.97E-09 4.57E-08 N 
1.65E-04 l.93E-04 l.l6E-OI 3.56E-02 2.38£-07 5.52E-06 

N 

'E:li~l~: (OIL) ·: I .28E-04 2.78E-05 
•::a.~126:,iCt/L):<.: • ·. :;: .} : ·-.:••.. 4.09E-1 I 5.3 I E-11 

7.69E-05 9 .0lE-05 7.89£-02 3.29E-02 l .82E-07 4.22E-06 ;,:, 
6.63E-1 l 4.00E- 11 4.57E-10 3.521:-11 3.22E-1 5 3.45E-13 

(") 

< 
· f{a+228-(CI/Ll: ' · ' 5.32E-09 6.70E-09 
· A6.ll'7ilCULY --·-.· ... ., ·, .,., 2.49E-IO 3.23E-IO 

3.l3E-08 1.63E-08 2.60E-14 2.34E-15 l.93E- 19 2.69E-17 
0 

5.09E-10 2.34E-10 1.11 E-09 t.82E-IO 1.6 lE-14 l.66E- 12 
:P~.231 tCfmi '. . ;-; , ,,., ·, 1.28E-08 1.69E-08 7 .85E-08 5. 16E-08 6 .44E-10 4.45E-10 3.72£- 14 7 OSE-12 

2.87E-l 1 l.98E- l 1 3.85E-13 2.34£-13 2.1 2E-17 l.86E- 15 
l.04E-10 7.15E-l l 3.78E-15 2.74£-15 2.22E-19 4.48[- 17 

•'(F13~'.;'(CIILf: ' -: l .30E-09 5.55E-l 0 5.12E-09 2.81E-09 9.0!E-09 2.62£--09 4.43E-09 l.04E-09 
'U.~'233i:(CIILY•i -':.-:: -:.;: -<I.-''· :: , 7 .86E-OR 3.33E-08 3.081:-07 I .67E-07 2.89£-09 8. IOE-10 1.4 IE-09 l.27E-l 1 

5.371::-08 l .1 8E-07 2.59E-05 8.73E-06 1.34£-05 5.48E-06 
U~l35 • (Cit(S 2.0SF.-09 7.0JE-10 2.l7E-09 4.68E-09 9.73E-07 3 .48E-07 5.14E-07 2.lOE-07 

1.41 E-09 8.02E-09 2.47F.-06 8.62E-07 l .30E-06 5.29£-07 
4.83E-08 9.27E-08 l.79E-05 6.0IE-06 9.25E-06 3.78E-06 
6.09E-04 1.17£-03 2.26E-Ol 7.59E-02 l.l 7E-OI 4.77E-02 

-No-13:7 ={Cl,'L)::·• .;: , ... . I . l I E-06 6.51 E-07 l. I 7E-06 3.24E-07 l .07E-04 3.26E-05 2.15E-10 4.99E-09 
'J"il'.-238 · (ci/L): •• '. 8.43E-07 2.76E-07 t.02E-06 3.69E-06 l .87E-03 5.63E-04 2.97E-04 4.17E-05 
-•Pu-239i(Ci/L\ ,. ·' 2.34E-05 7.69F.-06 2.42E-05 4.98E-05 l .76E-02 5.671:--03 2 .87E-03 4.I OE-04 
, p'ij.:.~:: celi.L); . - · 5.lOE-06 l.65E-06 5.61E-06 I .29E-05 5.05E-03 l .55E-03 8. IOE-04 l .l6E-04 

5.04£-05 2.62E-G4 1.51E-Ol 4.51E-02 2.40E-02 3.43E-O~--
4.18£-10 l .37E-09 6.52E-07 l .86E-07 l .02E-07 l .46F.-08 

: N~Tuhtfllrlic'\::: .·. -···,·· ... · 4.01 E-04 1.31 E-04 4.ISE-04 8.63E-04 3 OSE--01 9.87E-02 5 .0IE-02 7.16E-03 
8.26E-05 1.99£-04 1.45E-Ol 5.67E--02 2.RSE-07 l.44E-04 
5.llE-08 UIE-07 4.54E-05 I .27E--05 7.92E-l 1 l.44E-08 
7.98E-08 5.47E-08 8.41E-05 2.30E--05 l .46E-10 3.36E-09 

C~2-:43i<Clll.l 2.30E-09 I.I 1£-09 3. I SE-09 3.20E-09 l .30E-05 3 30E-06 2.21 E-11 5.l lE- 10 
Coi-iZ+U:CIILl > . 5.61E-08 2.69£-08 7.S0E-08 7.90E-08 3.38£-04 8.18E-05 5.65E-10 l.3 IE-08 



> I 

~ 
0 

Predicted Supernatant Species (moVL) (Sheet l) 

t~a . .. ··· 1.91 E+OO 1.91 E+OO 2.49E+OO 2.45E+OO l.89E+OO l.30E+OO l.62E+OO l.62E+o0 4.04E+OO 3.95E+OO 
0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 
l.87E-03 l.87E-03 l.88E-03 l.88E-03 1.88£-03 l.88E-03 1.88E-03 1.88E-03 l.88E-03 l.88E-03 

'Cr ··· ·· ··· · 3.51 E-03 3.57E-03 6.90E-03 6.90£-03 4.36£-03 5.88£-03 6.83E-03 6.83E-03 3.25E-03 3.31 E-03 
:81 3.13£-04 3.19E-04 4.59E-04 4.59E-04 4.59E-04 4.59E-04 4.60E-04 4.60E-04 l.83E-04 l.86E-04 

O.OOE+OO O.OOE+oO O.OOE+oO O.OOE+llO U.UOE+OO O.OOE+OO l.OOE-06 1.00E-06 O.OOE+OO O.OOE+OO 
He • . O.OOE+OO l.62E-06 O.OOE+OO l .62E-06 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO l.62E-06 1.62£-06 
1i ., .;.. .: ' . . .... O.OOE+OO 0.00E+OO 2.95E-04 2.95£-04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+UU 
:Pb • · ·• O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 

.,_ 
i-,;:,.,.,N~F.;-' ~-· · ·~··-·· .,_···-'··· ....,··· ._ .. ,--____ I_. 7_5 E_-_0_3 -----1-l_. 7_8_E-_0_3 --+--1_. 7_0_E_-0_3 l. 70E-03 l.66E-03 1.63 E-03 1.61 E-03 1.6 I E-03 l.63E-03 l.82E-03 

$r ,, ., , , : ;-'." 6.33E-07 6.33E-07 6.95E-08 9.98E-08 l.40E-09 l.53E-09 l.59E-11 2.87E-l I 6.33E-07 2.55.t:.:-o·, 
.. Mil · : 0 ;i: ';•<)::; O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO U.OOE+OO O.OOE+OO 5.56E-04 5.56E-04 O.OOE+OO O.OOE+OO 
ca :-:- :;: .. - 3.75E-03 3.75E-03 3.75E-03 3.75E-03 3.75E-03 3.75E-03 3.75E-03 3.75£-03 3.75E-03 3.75E-03 
K .,. . . . .· .. /~ 7. 74E-04 7.87E-04 1.01 E-02 1.01 E-02 6. 77E-03 4.35E-03 2.32E-Ol 2.32E-Ol 1.60£-02 1.71 E-02 
baluce.; \ ••::•:• t:·"· O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO 
IUjj[ty '. ' i:/:;:· >>.. I.IOE+oO l.lOE+OO l.13E+OO l.13E+OO I.IOE+oO l.07E+OO l.09E+OO l.09E+OO l.21E+o0 1.218+00 
:vo_i~/4~cis> : . J.20E+OI l.20E+Ol l.37E+OI 1.43£+01 6.80E+OO 3.40E+OO l.80E+OO 2.34E+OO 2.80£+00 4.25E+OO 
·i•vo1dtra: '':t:i: .··• 2.70E-Ol 1.45E-Ol 5.74£-01 5.99£-01 4.76£-01 5.26E-Ol 7.26E-Ol 7.89E-OI 4.45 E-01 2.34E-0 1 
•wt%B10. :::::. · · 8.96E+01 8.96£+0I 8.29E+OI 8.32E+OI 8.70E+OI 9.lOE+OI 8.68E+ol 8.68E+Ol 7.36E+OI 7.37E+OJ 
·toc:ltt'~%(r >: ' O.OOE+OO 0.00E+OO 0.00£+00 O.OOE+OO O.OOE+OO 0.00E+OO 1.1 OE-02 I. I OE-02 3.661;:-04 O.OOE+OO 
soeides :: . · · .'.; .. excludes hydroxide bound to Al 

<ou.-· . · ·· · . . · 3.62£-02 3.62E-02 1.01 E-01 9.03E-02 3.59£-02 7.02£-02 7.91 E-02 7.91 E-02 2.31E-03 6.71 £-03 
NQ~ >· ,' .//::> l .86E-OI l.83E-01 l .74E+OO l.73E+OO 1.29E+o0 8.lOE-01 l .39E+OO l .39E+OO 2.99E+OO 3.19£+00 

2.30E-02 6.69E-02 5.27E-02 7.87E-05 4.30E-05 9.65£-07 1.39£-06 l.62E-01 l.25E-02 
CO~· ;>•:· 6.24E-Ol 6.27£-01 3.75E-03 3.75£-03 3.75£-03 3.75E-03 3. 75E-03 3.75E-03 I.88E-O I 3.75E-03 

7.06E-02 7.06E-02 7.06E-02 7.07E-02 7.06£-02 3.26E-02 3.26E-02 7.06E-02 7.06E-02 
1.24E-01 7.39E-02 7.38E-02 5.14E-02 3.17£-02 3.0IE-03 3.0lE-03 l .24E-Ol 1.24E-OI 

sio~ .. •··"" :·,: •, 4.38E-o3 4.46E-03 1.05E-02 I.OSE-02 l .OSE-02 I .05E-02 0.00E+OO O.OOE+OO O.OOE+oO l.05E-02 
O.OOE+OO 1.98£-01 1.97£-01 2.28E-Ol 1.38£-01 2.7 I E-01 2.71E-01 O.OOE+OO 2. l 7E-OI 

.O- ::,•··· 3.56E-03 3.62E-03 4.64E-02 4.64E-02 3.12E-02 2.00E-02 2.89E-02 2.89£-02 9 .70£-02 7.87E-02 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 

Enr.;,......;.; . : ··· · o.ooE+oo O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
HEDTA- · O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE +OO 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+oO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE·t OO O.OOE+OO O.OOE+OO O. OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 
0.00£+00 O.OOE+OO 0.00E+OO 0.00E+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 5.00E-03 5.00E-03 O.OOE+OO O.OOE+OO 

.i)BP . · · ·· ······· · ·,. O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 3.08£-05 O.OOE+OO 
biatanor • · •· ). : .. : . • . O.OOE t-00 O.OOE+OO 0.00E+oO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 3.08E-05 0.00£+00 

O.OOE+OO 0.00E+OO O.OOE+oO O.OOE+OO 0.00E+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
7. I 8E-05 l.37E-04 l.l7E-01 8.49£-02 2.40E-10 l.12E-10 3.24E-14 6.69E-14 4.08E-04 2.42E-06 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+oO 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 



Predicted Supernatant Species (rnol/L) (Sheet 2) 

... •prd,·su·~'olli ... /. ·Pt~Ni :: :., : ::~ T.f.~ ;:: :: ,:/1~t~N•i:;~:i:y:,~~;~;;'.i~~:~~:(i<: :::rt:;[!ii:!~ '\:)! ;:(~f:jL+ !)'.';~~'.~~~ !~< ::>:,;:;~;:tf,;:{':/: '.;:: ;;t~ ::;;{': :._ ·r,t ,t.,< • 
Na .. 3.95E+OO 3.60E+OO 1.32E+OO 5.57E+o0 5.45E+OO 3.73E+o0 1.83E+OO 7.21E-OI 1.17E+o0 3.31E+OO 
,\l(Offi4~ ·-•: ::: .. O.OOE+OO l.02E-02 O.OOE+OO 8.48E-OI 9.94E-01 l.34E+OO 6.29E-Ol O.OOE+OO O.OOE+oO O.OOE+OO 
Fe . l.88E-03 l.69E-03 1.87E-03 !.87E-03 1.87£-03 1.88E-03 1.88£-03 1.88E-03 l.88E-03 1.88£-03 
Cr 3.31 E-03 4.60E-03 2.0 I E-03 5.54E-02 5.54£-02 3.12£-03 3.06E-03 8.04E-03 8. 14E-03 8.08E-03 
Bi I .86E-04 2.56E-04 4.59E-04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 
La . O.OOE+OO O.OOE+OO 0.00E+OO 0.00F.+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 

,,,."9 :··i .. ·-':: i.::/: ii>: l .62E-06 l .30E-06 1.62£-06 ! .62E-06 1.62£-06 O.OOE+OO O.OOE+OO 1.62£-06 1.62E-06 O.OOE+OO 
:ir / />{::<'.i . 0.00E+OO 7.79E-05 2.95£-04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO 0.00E+OO O.OOE+OO 

;'~b " ,,:; ;;: ; : ;,:::;. ;::; O.OOE+OO 6.63£-06 O.OOE+OO O.OOE+OO O.OOE+OO 7.20£-04 7.20E-04 l.12E-04 7.20E-04 0.00E+OO 
Nf :,::.,; ::;: Y:• ,,:, · 1.82£-03 l.82E-03 1.82£-03 1.82£-03 1.82£-03 1.56£-03 I .53E-03 1.82£-03 1.82E-03 !.82E-03 
:St· .. / .·•· · · · · · 8.19£-05 4.65E-08 7.43E-09 5.50E-07 5.SOE-07 1.46£-07 2.49E-07 5. l 9E-07 5. I 9E-07 2.18E-07 
M111 ·_: . .. . . .• O.OOE+OO O.OOE+OO O.OOE+OO 5.55E-04 0.00E+oo O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 

..... 
. ;Cii .. 3.75£-03 3.76E-03 3.75£-03 3.75£-03 3.75E-03 3.75E-03 3.75£-03 3.75E-03 3.75£-03 3.75£-03 
K ... l.71E-02 l.48E-02 4.22E-03 2.67E-02 2.02E-02 2.35£-03 3.52£-03 3.16E-03 5.74£-03 1.49£-02 
balance O.OOE+OO -1.42E-03 O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
:Oeiwtv • ·•·· ' · 1.21 E+OO 1.19E+OO 1.06E+OO 1.26E+OO 1.25E+OO 1.16E+OO 1.08E+OO l.03E+OO 1.05E+OO I. I 8E+OO 
voi~iiisollds·: · . 4.25E+OO 3.00E+OO 3.00E+OO 4.50E+OO 3.00E+OO 8. IOE+OO 2.90E+OO 2.20E+OO 3.90E+OO 2.20E+OO 
~cildfn~ : .. ~.: ··· - 2.29E-OI 9. 16E-OI 8.SIE-01 6.86E-Ol 6.40E-Oi 6.90E-OI 7.50E-OI 7.59E-OI 5.47E-01 5.56E-01 

.. wt.%1UO . 737E+OJ 7.60E+OI 9.17E+ol 7.0lE+OI 7.15E+Ol 7.50E+Ol 8.62E+Ol 9.53E+Ol 9.24E+Ol 7.68E+OI 
TOC'Wt:"/.C i ' ?i a • O.OOE+OO 9.55E-04 J.76E-08 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
s~es: .. :·/I r ·a::i:: 
:oH,;.·?: .·:·· ,.-. :_-_· -1.39£-03 3.21E-02 l.OIE-01 l .76E+o0 l .77E+oO 1.80E-02 2.00E-02 1.84E-O I 1.85E-Ol 5.35E-02 

3.21E+OO 2.67E+OO 5.47£-01 2.25E+OO I .30E+OO 9.02E-01 8.86£-01 1.75£-01 l.20E-Ol 2.89E+OO 
NQ:t.; ;.:_ ·.: .. ,:: " .. .... .. 2.39E-03 l .24E-OI l.71 E-01 7.69E-OI 1.41 E+OO l .44E+OO 2.88£-01 2.77E-Ol 6.15E-OI 2.13E-02 

--~ _:-:.'''"'" ', 3.75£-03 1.01 E-0 I 5.51£-03 3.75E-03 3.75E-03 3.75£-03 3.75E-03 3.75£-03 3.75E-03 3.75E-03 
·:p~ ·' . -.· :- 7.07E-02 6.30E-02 7.06£-02 O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 7.06E-02 

1.24E-OI l.15E-OI 2.14E-02 1.93£-02 3.03E-02 9.43£-03 6.12£-03 4.40£-02 l.24E-Ol 5.66E-02 
--SiOJ- · · 1.05£-02 5.IOE-03 l.05E-02 l.05E-02 I .05E-02 I .05E-02 O.OOE+OO l.OSE-02 l.05E-02 O.OOE+OO 
F~:. .. 2.17£-01 9.ISE-02 2.29E-OI O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

-'.c~·: ...... . 7.87E-02 8.21E-02 1.94£-02 9.57E-02 9.30E-02 1.08£-02 l .62E-02 l.45E-02 2.64£-02 6.84E-02 
C6llS07~ :-• 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+oO 0.00E+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO 
EDTA~ : -· O.OOE+OO U.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+oO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 0.00£+00 0.00£+00 O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 

21vci>late- .· .. O.OOE+OO O.OOE-t-00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO 

oxalate- . O.OOE+OO 0.00E+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 
-DBP i O.OOE+OO l.83E-05 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO 
· tnrtauol - O.OOE+OO 1.83£-05 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE-,.OO O.OOE+OO O.OOE+OO O.OOE 100 O.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
. NH3 · ., .... 8.85E-08 2.61E-02 4.32E-07 9.57E-03 3.67£-02 1.87£-04 4.45E-05 8.43E-03 3.08E-02 3.05E-06 

0.00E+OO O.OOE+OO U.OOE+OO 0.(JOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO 



Predicted Supernatant Species (mol/L) (Sheet 3) 

2.38E+OO l.62E+OO 5.79E-01 6.64E-OI 1.13E+OO 1.58E+o0 3.58E+OO 2.22E+OO 3.58E+OO 3.58E+OO 
: M'PJl)4-. .: . : ... 8.52E-Ol 6.29E-OI O.OOE+OU O.OOE+OO O.OOE+OO O.OOE+OO 2.53E-01 O.OOE+OO 3.19E-O I 3.19E-Ol 

l.88E-03 l.88E-03 1.88E-03 1.88E-03 l.88E-0} l.88E-03 l.88E-03 4.82E-02 l.88E-03 l.88E-03 
·· er 3.0SE-03 3.06E-03 3.09E-03 8.02E-03 8.0JE-03 8.02E-03 9.SOE-03 7.65E-03 8.07E-03 8.07E-03 
·131 · O.OOE+OO O.OOE-..00 O.OOE+oO O.OOE+o0 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
La ... · · O.OOE+OO O.OOF.+00 O.OOE+{JO O.OOE+oO O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OO E+OO 
.lie .: . .' •· ... ,.. . 0.00E+OO 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO l .62E-06 O.OOE+OO O.OOE+OO 
Zr. .. :·, .. ··, ..... : .. :... O.OOE+OO 0.00E+OO 2.95£-04 O.OOE+OO O.OOE+oO O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO 0.00E+OO 
]'~ : • '········:: 

0
• • ' 7.20E-04 7.20E-04 O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO 2.19E-03 O.OOE+oO O.OOE+OO 

>Ni:· ;-/ . . ,.;.· , l.54E-03 1.53E-03 1.54E-03 1.82E-03 1.82E-03 1.82E-03 1.82E-03 4.00E-03 1.82E-03 l.82E-03 
Sr . . . ,.,. " l.33E-07 l.13E-07 5. I 9E-07 l.07E-07 3.97E-08 7. ! SE-09 O.OOE+oO 2.05E-05 5.19F.-07 5. I 9E-07 
Mn :·>.> ; ... > 0:0 O.OOE+OO O.OOE+oo O.OOE+OO 0.00E+OO 5.56E-04 5.56E-04 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 

'· Ca: ::.::>•'. >:'<:, ::_': 3.75E-03 3.75E-03 3.75E-03 3.75E-03 3.75E-03 3.75E-03 3.75E-03 4.90E-03 3.75E-03 3.75£-03 t,-,":~,...,,..,,....,...,.,....:.--+_..:;c.;.;..:;;..:::....;:.::.....-+---=..:.c..::.=-=-=---+-......;;.;.;..:;_;::....::c::...__4-....:;.;.=-:::c...::.::_-1----=..;.;=..=.::..-1-
K . . . . .. .. .... l.52E-03 2.51 E-03 2.25E-OI 1.00E-03 l.35E-02 5.54E-03 1.28E-02 8.88E-02 2.80E-02 2.SOE-02 
bJlance · · · · • 0.00E+OO O.OOE+OO O.OOE+oo O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 1.51 E-04 O.OOE+OO O.OOE+OO 

. densitv - ·· ··· I. IOE+OO l.07E+OO 1.03E+OO l.03E+o0 l.06E+OO 1.08E+OO l.18E-.-OO l.08E+OO l.19E+OO l.19E+OO 

. V:o~sollds° ' . ·· · · 8.1 OE+OO 2.90E+OO l .05E+01 1.1 OE+OO 1.1 OE+OO 1.1 OE+OO 2.30E+OO l .20E+OO · 5.80E+OO 5.80£+00 
'v.oidf:rac. : 8.22E-OI 7.49E-01 8.55E-Ol 7.40E-01 7. l4E-01 7.39E-01 5.23E-Ol 9.42E-Ol 8.43E-01 8.43£-01 
·wt:'/4820 ,: ... ; .. :· 8.30E+Ol 8.77E+01 9.39E+Ol 9.41E+Ol 9.23E+Ol 8.88E+01 7.65E+01 8.22E+O l 7.53E+01 7.53E+OI 
>TOC:w.£%C O.OOE+OO O.OOE+OO O.OOE+OO 8.47£-01 3.04£-01 2.47E-Ol 0.00E+OO 2.29E+OO 4.81 E-02 4.78E-02 

1.88E-02 1.88£-02 2. l6E-Ol 4. l lE-02 8.27E-03 6.33E-02 2.97£-01 2.62E-01 2.52E-02 2.52E-02 
6.90E-Ol 6.87£-01 2.94E-Ol 2.30£-01 3.78E-OI 9.45E-01 2.60E+OO 7.98E-OI 2.70E+OO 2.71 E+OO 
7.95£-01 2.84E-01 3.l 1E-02 l .09E-02 l .04E-02 1.02£-02 1.42£-02 2.91E-01 9.30£-02 8.35£-02 

eo3;;;.-:-·•···;'·: , .... 3.75E-03 3.75E-03 3.75E-03 2.06E-01 3.87E-Ol 2.91 E-01 1.87E-OI 4.90E-03 3.75E-03 3.75E-03 
O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO 1.42E-04 O.OOE+OO 7.07E-02 7.07E-02 
8.87E-03 6.74E-03 1.54E-03 4.01E-03 4.01 E-03 4.01 E-03 6.88E-03 6.74E-02 5.45E-02 5.45£-02 
l.05E-02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 2.74E-01 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 1.21 E-01 l.21E-OI 

CJ. .. . . .... 6.97£-03 l.16E-02 5.81E-03 4.6\E-03 6.92E-03 2.14E-02 9.01E-02 4.92E-02 6.40£-02 6.40E-02 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.00E-02 O.OOE+OO O.OOE+OO 

ED.TA;..:;,; :·' O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 8.01E-02 O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 
0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE t OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

affliit~ -:-~- -··-·-· -· O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO U.OOE+OO O.OOE+OO 5.IOE-01 O.OOE+OO O.OOE+OO 
·:_oxiiia~ ',. O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO O.OOE+OO 6.08E-02 2.23E-02 l .86E-02 O.OOE+OO O.OOE+OO 3.96E-03 3.93£-03 
O.OOE+-00 O.OOE+OO O.OOE+OO 6.08E-02 2.23E-02 l .86E-02 O.OOE+OO O.OOE+OO 3.96E-03 3.93E-03 
O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.UOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE 100 

--N83.. .. .. ···· ·· 9. IOE-05 l.85E-05 7.82E-Ol 1.0IE-06 2.65E-07 3.52E-08 O.OOE+OO 3.61 E-03 1.27E-04 I.OOE-04 
Fe<CN)~: •. :. · · · O.OOE+OO O.OOE+OO 0.00E+oO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 

'° 00 
N 
ts.) 
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Predicted Supernatant Species (moVL) (Sheet 4) 

Na. . ·· l.35E+OO 6.20E-Ol 3.67E+-OO 3.36E+OO 4. I 5E+OO 1.95E-Ol 4.93E+OO 1.09E+O I l.06E+Ol I.I l E+Ol 
Al(O.ID4,. .. 2. 19E-02 7.74E-02 2.61 E-01 U.OOE+OO 3.85E-Ol O.OOE+OO l.34E-02 l.75E+OO l.40E+OO l.75E• 00 
Fe ... . l.88E-03 l.88E-03 1.71 E-02 1.87E-03 t.88£-03 1.88E-03 1.87E-03 1.87E-03 l.88E-03 l.88E-03 

l.71E-02 2.0IE-03 2.0IE-07 0.00E+OO 3.17E-02 8.0IE-03 9.06E-03 5.54E-02 5.54E-02 5.54E-02 
si' -::·: .' .. 2.05E-06 O.OOE+OO O.OOE+-00 O.OOE+OO 5.09E-06 O.OOE+OO 4.59E-04 2.78E-07 2.97E-04 l.62E-04 

:·L,a -;":;···· O.OOE+OO O.OOE+OO O OOE+-00 O.OOF.+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+-00 l.08E-13 l.77E-.Q2___ 
,Hi '.:: ..... ·. 1.62£-06 l.62E-06 l.62E-06 1.62£-06 1.62E-06 O.OOE+OO 1.62£-06 l.62E-06 l.62E-06 1.62E-06 
:zr ··· .. 4.09E-08 O.OOE+OO 0.00E+OO O.OOE+OO 1.61 E-06 O.OOE+OO 2.83E-04 8.94E-08 J.65E-04 6.08E-05 

·-:Jl'b' :, : :-: . .·:.:: ... 2.26E-04 7.20E-04 O.OOE+OO O.OOE+OO 4.90E-04 O.OOE+OO O.OOE+OO l .09E-04 7.20E-04 7.20E-04 
NI .' 1.82£-03 l.82E-03 l.OOE-02 0.00E+OO 1.82£-03 1.82E-03 l.82E-03 l.82E-03 l.82E-03 l.82E-03 
St .. 5. I 9E-07 5.19[-07 l.54E-05 5. I 9E-07 5.27E-07 O.OOE+OO 5.8 ! E-07 5.45£-07 5.34E-07 1.75E-06 
Mil ··· ·· ·· ' . l.78E-04 O.OOE+-00 O.OOE+OO O.OOE+-00 3.24E-04 O.OOE+OO O.OOE+OO 5.55E-04 5.36E-04 5.56E-04 

i,;-: __ C.K.,,;-·· ""-· ___ ·..,..._ : .,..., __ _..;.;..· .. -'-. .;;;.···__;+-3
7
'-_· -':-'7

6
5
9

...:::EE'--'.·o0=-=-3
3
-+---=--'3 .-'-'75:..:E=--0;;.;:3-+---'-1...:..04.;.;:E:....-0.:;.::2:.....+---=-3 ·:..:.:75::.:E=--0::.:3~---=-3 ·..:..7::.:5 E=-·.::.:03:---1---=8.:.:.. 9..;.;9 E=-•..:..03::.......,.....-----.:::.3:.:.:. 7..:..5=-E-....::c0=--3 __ 3. 7 5 E-03 3. 7 5 E-03 3. 75E-03 

2.77E-03 l.5 lE-02 l.36E-02 2.0SE-02 6.91 E-04 2.18E-02 4.84E-02 6.61E-02 6.45E-02 
baliiace •.>-: · 4.89E-05 l.50E-05 2.23E-05 2.75E-04 l.02E-03 O.OOE+OO 0.00E+-00 5.41£-05 5.28E-04 9.86E-04 

::dtiisfty ··;:,: .. :<>.: l.07E+OO 1.02E+o0 l.09E+OO !.15£+-00 1.l9E+o0 1.0IE+-00 J.26E+OO 1.50E+OO 1.48E+0O l.5JE+OO 
vol%'.sollds. .: > · 3.1 OE+OO 5.00E-01 l.OOE+OO 2.60E+-OO l.OOE+OO J.OOE+-00 7.96E+OO l.30E+OJ 4.30E+O I 5.40E+Ol 
vojdfnic; : 8.22£-01 4.80E-OI 6.98E-01 7.81E-Ol E.88E-OI 8.77E-OI 5.08E-OI 8.62£-01 7.75E-OI 7.08E-01 
wt,¾JliO.' · .. 9.11 E+Ol 9.58E+Ol 6.97E+Ol 8.61E+-01 7.62E+-01 9.83E-i-Ol 6.96E+Ol 5.19E+Ol 4.99E+OI 4.62E+O I 
'10Cwt;%C> O.OOE+OO 7.05E-02 5.71E+OO 3.84E-04 4.66E-Ol O.OOE+OO 2.69E-04 6.73E-02 I. 13E+OO l.21E+OO 

excludes hydroxide bound to Al 
•(jj:..':·: : . 8.91E-02 l .82E-Ol 4.29E-02 l .96E+o0 9.94E-Ol 5.13E-02 1.81 E-01 3.38E+OO 2.13E+OO l.28E +-OO 

3.00E-01 2.60E-Ol 7.72E-OI 4.68E-01 1.25E+OO 1.57E-01 3.50E+OO 3.50E+OO 3.50E+OO 3.50E+OO 
NO:Z.. ' ..... 4.78E-Ol 2.22E-02 l.17E-OI 1.84E-OI 8.60E-OI 2.40E-02 1.85£-01 2.15E+OO l .79E+OO 2.53E+OO 
CO~, ·, 1.41E-OI 3.75E-03 2.71E-01 2.43E-Ol l.84E-Ol I .97E-03 l .66E-OI 2.33£-02 3.85E-OI 5.27E-OI 

2.24E-02 O.OOE+OO I .OOE-02 O.OOE+OO 6.46E-03 0.00E+OO 7.06E-02 5. l?E-04 6.30E-02 6.23E-02 
7.43E-02 I .71 E-02 4.41E-02 l.03E-OI 9.41 E-02 4.00E-03 l.24E-01 5.26E-02 l.24E-OI I .24E-01 

. sio.3-. ·. :- : 1.0SE-02 I .05E-02 3.00E-03 1.05E-02 1.05£-02 0.00E+OO 1.05£-02 l.05E-02 1.05£-02 J.05E-02 
4.43E-04 O.OOE+OO O.OOE+OO O.OOE+OO l .64E-03 O.OOE+OO l.94E-Ol 1.84£-04 l .26E-01 1.06E-01 

(:1-, :,:•'• .... 1.91 E-02 l.27E-02 6.93E--02 6.27E-02 7.03E-02 3. ISE-03 1. ISE-01 l.90E-Ol 2.36E-01 2.12E-OI 
·c,H507~. '':·.• 0.00E+OO I .OOE-02 l.50E-02 O.OOE+OO 2.76E-02 0.00E+oO O.OOE+OO l .62E-03 l.69E-02 3.66E-02 

O.OOE+OO O.OOE+OO l.50E-01 O.OOE+OO 3.51 E-03 O.OOE+OO O.OOE+OO l.74E-03 3.35E-02 2.85E-02 
· iiEDTA;;..;; ·' ... O.OOE+OO O.OOE+OO 3.0lE-01 O.OOE+OO 7.07E-03 O.OOE+OO O.OOE+OO 3.48E-03 6.67E-02 3.76E-02 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+-00 O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE• 00 
idv~te;. · .. 0.00E+OO O.OOE+OO 3.0lE-01 O.OOE+OO 7.03E-03 O.OOE+OO O.OOE+OO 3.47E-03 6.67E-02 3.76E-02 

0.00E+OO O.OOE+oO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 3.43E-05 l.08E-03 6. ISE-02 
oxalat~ .· . . O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 5.39E-10 8.84E-06 
·DJP.•:· .......... . O.OOE+OO O.OOE+OO O.OOE+oO 3.05E-05 l .48E-02 O.OOE+OO 2.35£-05 l.26E-03 l.35E-02 3.68E-02 
·butaiJol . : .. O.OOE+OO O.OOE+OO U.OOE+OO 3.05£-05 l .48E-02 0.00E+OO 2.35E-05 I .26E-03 l .35E-02 3.68E-02 

,:·:, . ..:·•:::·: .- .-_·· .. · O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE,00 
J.77E-02 3.71£-05 6.55E-04 2.36E-03 2.46E-02 0.00E+OO 9.32E-02 4.13£-02 l.19E-Ol 5.35E-02 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 

;;:Q .,, .,, 
I -'° 00 

N 
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;;:Q 
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0 



Predicted Supernatant Species (mol/L) (Sheet 5) 

~• : . . .. l.29E+01 1.31 E+0I 1.35E+0I l.28E+0I 3.88E+OO 2.27E+OO 6.73E-0l 5.25E-0I 
4_l(OID4:,.. ·_ . . .. l.75E+00 l.75E+00 l.75E+0O l.51E +-OO 2.75E-0I 1.76E-02 0.00E+00 0.00E+00 

· Fe. . . . . . l.88E-03 l.87E-03 l.87E-03 1.88£-03 1.88£-03 1.87E-03 1.88E-03 1.88E-03 
>er -,:... 5.54£-02 5.54E-02 5.54£-02 5.54E-02 l .14E-02 l .94E-02 8.02£-03 0.00E+00 
Bl •: -· 1.54£-04 2.22E-04 I .93E-04 1.63£-04 0.00E+OO 0.OOE+00 0.00E+00 0.00E+OO 
Lll · :. ··· :,: 9.62£-09 8.77E-09 6.78£-09 5.06E-09 0.OOE+OO 0.OOE+00 0.OOE+OO 0.OOE+00 

.Hi ;>;;. ;= ... '. " ... 1.62£-06 l .62E-06 l .62E-06 I .62E-06 0.OOE+O0 0.OOE+00 O.OOE+OO 0.00E+00 
Zr/:·:::: >(i":i::'. :.:':- 8.06E-05 l.19E-04 9.43E-05 2.11 E-04 0.OOE+00 0.00E+OO 0.00E+00 2.95£-04 

.::pJ; ..... ;•::\-',';:\/;; 7.20E-04 7.20E-04 7.20E-04 5.75E-04 0.OOE+OO 0.00E+OO 0.00E+O0 0.00E+00 
Nf: L'~;-°'f .:;~l;'//, 1.82E-03 1.82E-03 l .82E-03 I .82E-03 1.82£-03 1.82£-03 1.82E-03 0.OOE+OO 

''.'Sf.t'·•'f2'::; 5.29E-07 5.3lE-07 5.99£-07 5.23E-07 4. I0E-07 4.09£-07 l.21E-08 2.82E-07 
·iM'i(: :,.;:. .. ,<< 5.56E-04 5.55E-04 5.55E-04 5.56E-04 0.00E+OO 0.OOE+o0 5.56E-04 0.00E+00 
::C::i> ::/,i:, ~/:i}: 3.75E-03 3.75£-03 3.75£-03 3.75E-03 3.75E-03 3.75E-03 3.75E-03 3.75E-03 
K i >>)\:;:::. 7.64E-02 8.27E-02 8.37E-02 1.79E-01 8. l5E-03 4.75E-03 7.02£-03 2.25E-0I 
:b'alaiitt . ,,,. , , 9.87£-04 9.60E-04 I. ISE-03 8.64£-04 0.OOE+00 0.00E+OO 0.00E+00 O.OOE+OO 

:.deiisiti(::,;:,;:.. ::< 1.56£+00 1.58E+OO l.59E+O0 l.54E+o0 1.17£+00 1.11 E+00 l.04E+OO l.03E+00 
-'v.:ol%:Hltds=/f::., 3.61E+01 2.80E+0l 1.89E+0I '.W9E+OI 4.43£+00 7.61 E+00 2.00E+OO 1.05£+01 
:~cf~'::(•:>•• 8.28£-01 9.03E-0l 8.34E-0I 8.18E-0I 7.28E-0l 8.37£-01 8.S0E-01 8.48£-01 

.; ,i,,t~/4'.mo;,)?::;:: 4.42£+01 4.36£+0) 4.15E+0I 3.93E+0l 7.78E+Ol 8.54E+0l 9.54E+0I 9.37E+0I 
/ t.ocwt!li/a'Q' ::•: 1.61 E+00 l.62E+OO l.99E+OO 3 .50E+OO - - -+--O-.OO-E_+o_o---11--0-.00-E+_00_-+-_4 __ 7-5 E---02- -0-.0,-:0-,,-E_+_00-1 

:;:soeda: '::'':·?{\\:; '·.·· excludes hydroxide bound to Al 
;,(j~ : :,•:/; :: 3.23E+o0 3.21E+00 2.97E+OO 2.28E+00 7.12E-OI 4.06E-0l 2.23E-02 7.87E-02 
NQ3a; i ... '···; 3.50E+O0 3.50E+OO 3.50£+00 3.50E+00 7.92E-01 1.03£+00 2.58E-01 3.87£-01 .. 
N02::: ·· - · ·•·.- 2.43£+00 2.52E+OO 2.72E+OO 2.13E+O0 l.83E+OO 5.78£-01 1.01 E-02 1.31E-02 .. 
coJ:.... : · 3.88£-01 4.35E-0l 5.82£-01 6.26E-01 3.75E-03 3.75E-03 I.06E-01 3.75E-03 
PQ4--: · · 4.78£-02 5.87E-02 6.3 I E-02 7.06£-02 0.00E+OO 0.OOE+00 6.97E-02 0.00E+00 
~ .. , _ !.24E-0l l.24E-01 l.24E-0l 1.24E-01 1.14£-01 I .25E-01 4.01 E-03 0.OOE+OO 
SIO~ : < .,,.·· 1.05£-02 l.05E-02 1.05£-02 1.03E-02 0.00E+00 0.00E+OO 0.00E+00 0.00E+OO 
-:f~' ,' 6.62E-02 9.47E-02 9.45E-02 2.00E-01 5.24£-02 3.22£-02 0.00E+00 2.74£-01 
:ck :.·:. . . 2.68E-0l 2.91E-01 2.91£-01 2.79E-01 3.75E-02 2.19£-02 4.61E-03 4.67E-03 
C6.ll507/ ;i,i:/;; 3. l0E-02 3.02E-02 3.88£-02 3.54E-02 0.OOE+00 0.00E+00 0.OOE+OO 0.00E+O0 
:EDTA~: ::-:,.: . 5.04E-02 5.09E-02 6.24£-02 1.ISE-01 0.OOE+OO 0.00E+O0 0.00E+00 0.00E+OO 
itti)',f~·-:.••::•· 9.90£-02 1.00E-01 1.17E-0l 2.32£-01 0.00E+OO 0.OOE+OO 0.00E+00 0.OOE+OO 
':i/ f:=:=·:'•:::•.:,.;>-, ..• _:/i" 0.00E+00 0.00E+OO 0.OOE+OO 0.OOE+O0 0.00E+OO 0.00E+OO 0.00E+00 0.OOE+00 
·Plv~late;;· :;~.<~;,: 9.90£-02 I .00E-01 I .17E-0l :!.32E-01 0.00E+-00 0.00E+OO 0.00E+OO 0.00E+00 
:acetaW , ::,:•>< 5.64E-03 4.75E-03 2.54E-02 1.66E-02 0.OOE+O0 0.00E+OO 0.OOE+OO 0.O0E+O0 
.osaia~ :.· / :•·•:.. 4.81E-05 4.38E-05 3.39E-05 2.53E-05 0.00E+00 0.00E+00 0.OOE+OO 0.00E+00 
:DID';}:::, :i::., ·. _::,:•\ I. 76E-02 l.84E-02 2.75E-02 2.31 E-02 0.OOE+OO 0.OOE+O0 3.42E-03 0.OOE+OO 
.:i,ui.001 ~ ·· ... , 1.16£-02 1.s4E-02 2.15£-02 2.31 E-02 0.00E+OO 0.OOE+00 3.42E-03 0.OOE+OO 
: : . ·: -::, • c. .. /. 0.OOE+OO 0.00E+00 0.00E+OO o.00E+00 0.00E+OO 0.OOE+OO 0.00E+00 0.00E+00 
;Nm·, "' · 8.59£-02 l.07E-01 9.21£-02 4.34E-0I 6.45E-02 8.48E-03 2.12E-08 7.82E-0l 
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Predicted Supernatant Species (Ci/L) (Sheet 1) 

.C:.\:-.,ni~i/ci1£;:_~,,:;~:•1;·;:::_.~i,)y( ;;·:_:,1.•·;;:,:: ~+ :·:·::.J: • .. \::.J~t.;:c\.;;:.J.::::i21ezy ;,1<,;;;:~~~!:i:<;·;·,::b;,:·•;~,:;i~-•:;: .. ·J<>~;;;~w.~::~·~:;;.+:;;;,h: j~7 ~:: :: .•• f':~•.:.•~P. <J .. -:'ii.~C 
:•H;;;J.:(Cii'L)< ;.:;;,;;it.,;:;:.;-1 l.16E-O; I 2.59E-05 I 2.91E-06 I 6. IOE-06- -1- 8.35E-ll I !.78E-09 I l.73E-13 
C~I.J~)"" :"···· · ... ,·.· 1 3.09E-07 I 4.J IE-07 I 9.53E-08 I 8.09E-08 I 5.78E-09 I 5.62E-09 I 3.87E-IO 
Ni;.5-.(CI/Lf:.: - I 8.31E-08 I l.37E-07 I l.92E-08 I 2.66E-08 I l.5IE-09 i J.47E-09 I I.OIE-IU 
Ni:;o-(0/L) · .. I 7.08E-06 I I .21E-05 I 2.81 E-06 I 3.68E-06 ·I 1.29E-07 I UOE-07 ! 8.64E-09 
Ci>-iO(CitL} · I l.51E-07 I · 4.82[-07 I I.1 lE-07 I 3.181::-07 I 2.74E-09 I ; , l6E-09 I l.84E-10 
Se-7!>(ct/L) · ·I l.42E-08 I 2.38E-08 I 2.03E-09 I 2.66E-09 I 2 .. 58E- IO I 2.55E- IO I l.73E-l 1 
Si'~90.(CI/L) I 2 .481:-03 I 2.48E-03 I 2.72E-04 I 3.91£-04 i 5.48E-06 I 5.99E-06 i 6.22E-08 
:V~:(CilJ;) : · . · I 2 .48E-03 2.48E-03 I 2.721:-04 i 3.91 E-04 I 5.4lSE-06 I 5.99E-06 I 6.22E-08 
li..:.93"(CIIL)' ·< · · I 3.84E-09 I 6.37E-09 I 9.57E-07 I 1.23£-06 I 1.57E-07 I 1.53E-07 I OOOE+oO 
. N"h.'93m(a/Lfi .··· ·:· I 3.461:-09 I 5.59E-09 I 8.62E-07 I l .09E-06 I 1.4 1 E-07 i I .34E-07 I 0.00E+OO 
Te:-99(CI.IL) .I 6.86E-06 I l.15E-05 I l.53E-07 I 2.02E-07 I 3.09E-09 I 3.05E-09 I 3.50E-1 l 
>Rtj;JOJ((CVL'):/ \,:-;;:: /:I l.50E-19 I l.OIE-17 I 4.32E-17 I l.32E-15 I 4.92E-18 I 1.95[-16 I 8.24E-19 
C4~U3ni(CiiLJ'. • ;::.: .. ,I 3.J4f:-07 I 7.85£-07 I 8.52E-08 I l.61E-07 I 6.07E 09 I 8.41£-09 I 4 .07E- IO 
~i;g~:<';i.~:::-:.: : '"I 4 .37E-09 I 2.75£-08 I l.36E-09 I 4.64E-09 I 7.95£-11 I 2.95E- IO I 5.33E-12 
•Siliil2':(qJL),:::;-:.;.••,:···:y., I 5 .l2F.-08 I 9.17£-08 I 7.34E-09 I l.04E-08 I 9.32E-10 I 9.82E-JO I 6.24E-11 
14i29'(€f/l;'f••i• ,; ::.,,.: I 3.04£-09 I l.31F.-08 I 7.55E-ll I l.77E-09 I l.37E-l2 I 0 .00E+oO I l.55E-14 
C•134'(CI/L)> i<I l.88E-I I I 3.14E-10 I 4.20£- 13 I 5.42F.-12 I 8.45E-15 I 8.31E-14 I 9.60E-17 

. CS-:tJ•t(Clffi) >: "c: ' > ~:. ·I l.40E-02 I 2.64E-02 I 3.12E-04 I 4 .58E-04 I 629E-06 I 6.98E-06 I 7.14E-08 
Ba-U7iil1_CIIL):' . ..... ::.·:- ·1 l.32E-02 I 2.49E-02 I 2.95E-04 I 4 .32E-04 I 5.94E-06 I 6.59E-06 I 6.74E-OB 

5.37£-04 8.75E-04 l.70E-04 2.12F.-04 5 .43E-05 5.21E-05 l.21F.-05 
6.65E-09 4.l 8E-08 2. 11 E-09 l.16E-08 6 .72E-10 2.49E-09 l.50E-10 

Eii~iM_l_ctiM': · '. · I 6.44E-07 I 3.07£-06 I 2.04E-07 I 8. I 2E-07 I . 6.51 E-08 I J.83E-07 I l .45E-08 
Eu0lS~'(C11L)- : "c~l ~ 5.22E-07 I l.69E-06 I J.66E-07 I 3.69E-07 I 5.28[-08 I !.OOE-07 I 1 .1 8E-08 
Ra~l26:(CIIL}>' I 6.20E-11 I 6.20E-ll I J.49E-ll I 8.76E-12 I !.90E-12 I 9.19E-13 I l.27E-13 
R.ffl'(CIJL} :•·· ·. · ... I 2.08E-16 I 3.66£-16 I 5.00E-17 I 5.69E-17 I 6.36E-18 I 5.42£- 18 I 4.26E-19 
A~2?1{0/L): :-': ·· ... ,, J 3.60E-IO I 3.60E-IO I 4.46E-l 1 I 2.65E-11 I 1.621:-1 1 I 8.02£-12 I 5.41E-12 
.f'a•2Jt:1¢ilt,1, :.,.,1It::-d 4 .15£-12 I 3.73E-12 I 9 .27E-w I 5.SOE-10 I HOE-10 I 1.soE-10 I t.14E-10 
-l'll+.m,,C!I.C,}<<:•/ > 1 1.61E-14 1 2.42£-14 1 3.44E- 14 1 3.94E-14 1 1.26E-l 4 1 1 .08E-14 1 4 .22E- 1s 
:n.;;u2©41-"U:•' I l.40E-16 2.06E-16 I 2.88E- l6 I 3.33E-16 I J.05E-16 I 9.16E-17 I 3.53E-17 
U.23:Z(Ci/L);>. /· : .I 2.73E-12 I 4.74E-12 I 9 .18E-14 I l.84E-13 I 2.34E-14 I 2.46E-14 I 5.83E-17 
U-lll(CJ/Lf:' ...I 2.41E-13 I 3.72E-l3 I 8.13£-15 I l.39E-14 I 2.07E-15 I l.93E-15 I 5.17E-18 
lJ~ll4<CIILY , ---~ I 3.12E-07 I 3.1 lE-07 I 1.021::-08 I l.OlE-08 I 2.68E-09 I 1.61£-09 I 6.68£- 12 
U-~S~C:ilLj . I 1.41[-08 I l.38E-08 I 4 .59E-10 I 4.46E-10 j 1.21[- 10 I 7.13[- l 1 I 3.0IE-13 
U•236 CI/L . 2.671:-09 4.23E-09 8.69E-1 1 l.50E-10 2.29E-11 2.19F.-ll 5.70E-14 
U-lli;(CI/L) ·• 3.17E-07 3.18£-07 1.03£-08 l.03E-08 2.72E-09 l.64E-09 6.79E-12 
U-Totaf M 4.00E-03 4.00E-03 1.JOE-04 1.30E-04 3.43E-05 2.07E-05 8.55E-08 
Np.l;37;(Ci/L) 3.87E-08 6.62E-08 3 .47E-09 4.65E-09 I .251:-09 1 1.26E-09 4.20E-10 

· Pu-238,{CllL) · · . ' · I l.39E-08 I 4.61 E-08 I l .83E-08 I 5.27E-08 I 1.83E-08 I 4.61 E-08 I 1.6 l F.-08 
Pia-239 (OIL) .. . · ·.. · I 4 .0JE-06 I 5.20E-06 I 5.28E-06 / 5. l 8E-()6 / 5.28E-06 i 5.20E-06 / 4.65E-06 
Pli.-140-jCI/L) • : : I _ ~.]2E-07 6.59E-07 3 .56E-07 7.34E-07 3.56£-07 ' 6 .59E-07 3.14E-07 
Pli.,Uf(CI/L)· .:,: . · .. ,· ··· 2.63E-07 1 .45E-06 3.45E-07 l .69E-06 I 3.45E-07 1.45£-06 3.04E-07 
P.ii-242{C"J/L) -- 'I l.23E-12 I l.05E-l 1 I l.61E-12 I 1.28E-1 l I 1.61E-12 I l.05E-l l I l.42E-12 
t>ii0Te.OO(&'Y/ : :L •/1 H 6.61E-05 I 8.67E-05 I 8.67E-05 I 8.67E-05 I 8.67E-05 I 8.67E-05 I 7.63E-05 
A.;241{0/L);;,.· :. ·_:,: ;1 8.39E-07 I 4.64E-06 I l.04E-07 j 5.20E-07 I 2.72E-08 I 8.85E-08 I 9. IOE-09 
Ai.243-TCVL) - cl 3.63E-11 I 7.18E-10 I 3 .25E-12 I 5.98E-11 I l.lBE-12 I 1.37E-ll I 3.93E-13 
Cmil4Z~{gi'f.l_::· •:' •.: :1 6.36[-ll I l.24E-09 I 5 .70E-12 I l.OJE-10 I 2.06E- 12 I 2.36F.- 1 I I 6.89E-13 
C~2(3-(.a/L___L :; ,.; ·:.::~•>I 3.76E-13 I l.49E-11 I 3.37E-14 I l.25!::-12 I J.22E-14 I 2.85E-13 I 4.07E-15 
Ciii-"24"~(Ci1L} I 8.81E-12 I 3.51E-10 I 7.90E-13 I 2.94E-11 2 .85E-13 I 6.69E-12 I 9.55E-l4 

1.51 E-11 
6.24E-10 
1.63[- IO 
1.44[-08 
5.72E-10 
2.83E- l l 
I .13E-07 
1.13[-07 
O.OOE+oo 
O.OOE+OO 
5.73E-l l 
5.40E-17 
9 .33E-l0 
3.27E-1 l 
1.09E-IO 
O.OOE+oo 
l.56E-15 
l .31E-07 
1.24E-07 
l .93E-05 
9.19E-10 
6 .75£-08 
3.7IE-08 
l.02E-13 
6.02E-19 
4.44E-l2 
9.97E-1 1 
5.97£-1 5 
5.08E-17 
l .OlE-16 
7 .96E-18 
6.65E-12 
2.95E-13 
9.04E-14 
6.79£-12 
8.55E-08 
7.00E-10 
4.61E-08 
5.20E-06 
6.59£-07 
1.451:-06 
l.05E- ll 
8.67E-05 
4 .90F.-08 
7 59F.-l 2 
l.31E-l I 
l.58E-13 
3.71E-12 

6. 13E-06 
2.37E-07 
6.20f.-08 
5.42E-06 
I .85E-07 
l .07E-08 
2.48E-03 
2.48E-03 
2.881:-09 
2.55E-09 
3.73E-06 
3.17E-18 
3.'-?.F.-07 
9.56E-09 
4 .04E-08 
4.79E-09 
J.02E-l 0 
1.15E-02 
l .08E-02 
3.97E-04 
l .45E-08 
l.lOE-06 
6.46E-07 
5.l lE-11 
2.39E- l 6 
2.48E-l 0 
2 .13[- 12 
1.14£-14 
9.67E-l7 
l .27E-13 
1.03E-14 
l .02E-08 
4.53E-10 
1.16[- 10 
1.03[-08 
l .30E-04 
2.96[-08 
2.l lE-08 
2.96E-06 
3.19E-07 
6.23E-07 
4 .37E-12 
4 .91 E-05 
1.64£-06 
2.31E-10 
3.98E-10 
4.72F.-l 2 
l.l lE-10 

6.23E-06 
2.42E-07 
4.09E-09 
3.57[-07 
l .88[-07 
1.09£-08 
1.00[ -03 
1.00[-0J 
2.93[-09 
2.59E-09 
3.80£-06 
3.23F.-l 8 
3.27E-07 
9.73E-09 
4.12E-08 
4.87E-09 
8.33E-14 
9.37E-06 
8.85£-06 
4.04E-04 
l .48E-08 
1.12E-O<, 
6.57E-07 
5.20E-1 I 
2.43 E-16 
2.52E-10 
2.171:-12 
l. 16E-14 
9.84£-17 
1.27E-13 
l.03 E-14 
l.02E-08 
4.53E- l0 
I. l 6E-10 
l .OJ E-08 . --

IJOE-04 
3.01 E-08 
2.151:-08 
3.0 JE-06 
3.25[-07 
6J4E-07 
4.45E-12 
5.00F.-05 
l .67E-06 
2.35E-10 
4.05E-10 
4.SOE-12 
ll JE-10 
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Predicted Supernatant Species (Ci/L) (Sheet 2) 
___ ;; '.p'iJ ,·· 

H~J 'fCIIL) .: ' 6.24E-06 6.29E-06 2.44E-07 2.76E-05 1.56E-04 J.54E-04 2.BOE-04 3.89F.-06 1.18E-05 2.lOE-06 
c~u,c11u ., 2.42E-07 2.19E-07 2.76E-07 l.5IE-06 9.74E-07 l.69E-06 l.90E-06 2.44E-06 2.98E-06 2.02E-08 
Nl-59 (Cl/L}, · ·· l.05F.-08 7 .46E-O'.J l.l 5E-09 I. 77F.-07 4.28E-07 2.04E-06 139F.-05 6. l 2E-07 l.34l'-06 1.91 E-09 
Nl1.J(ClliX · 9.15F.-07 6.96E-07 104F.-07 i.60F.-05 4.05E-05 t.99E-04 1.33F.-03 5 70E-05 1.29E-04 1.84E-07 
C~:(CIJL): },::;.. l.88E-07 3.01 E-07 6.34E-08 2.04E-06 l.35E-05 9.37E-06 2.40E-05 1.23E-05 2.401:-05 1.36£--07 
Sfi.19:iCl/L).:.:C::.: l.09E-08 8.72E-09 2.22E-09 6.98E-08 2. 1 Of-07 7. 15E-10 1.01 E-09 2.39E-07 5.43E-07 8.48E-10 
Sr~90.(Cl/L). ·· l.99E-04 l.82E-04 2.91 E-05 2.48E-03 2.48E-03 6.61 E-04 1.12E-03 2.48F.-03 2.48E-03 1.04E-03 
V~90:i£C-J/LL·· l.99E-04 1.82[-04 2.9 I 1:-05 2.48£-03 2.48E-03 6.6 ! E-04 I. I 2E-03 2.48E-03 2.48E--03 l .04E-03 
zr_;.9!:(Cl/tl·"i ,-::: 2.93E-09 2.89F.-07 8.89E-08 4. l 8E-06 1 .26E-05 4.28E-08 6.06E-08 l .43E-05 3.23E-05 5.03E-08 
Nl•.-!lJm:KI/L);·. :· 2.59E-09 2.57E-07 7.66E-08 3.59E-06 . 1.0lE-05 3.66E-08 4.86E-08 1.18E-05 2.55E-05 3.77E-08 
Tc-99".'(CI/LY -;- ' 3.80E-06 2.90E-06 l.59E-07 2.65E-05 7 .88E-05 3.1 1 E-07 4.35E-07 7.SOE-05 1.701::-04 3.60E-07 
Ru~lliHCIILL ·· 3.23E-18 2.33E-16 5.77E-15 5.57E-14 3.74E-11 1.27E-15 l.81E-13 3.76E-12 5.1 lE-1 1 5.55E-12 

~C-:-:.d-:-~l"-13;:...m,..;..· ' .._t1Ci;..;.· ill:-":"-·) -1·· _....;.3..c.2c.c8.;;;.E--'0.,...7_-+----=2=--.9c-=2.:::E....;;-0..::.7_-+----'7..;.:.5...:.8.::.E·...:.0.:..8 _+-......:;2...:.8_7F..::.,-06..::.· ..::.· -+----'1 ;.:;·2:..:.c:51'..::.:·....;.05:..._-+- -=-1 :..:..97.:..:E:._-0.::.;6:...._-+--.::.:3 . ...:.42::..:E=---06::..:...._1--___:_:l..=.;26:.:E=---0::..:5__;-+--::..:3 . .:..:73:..::E=--·0::..:5_-+-_ 7.46E-08 
Sb.ll5"(CilL) .. : ·· 9.73E-09 7.89£-09 4.41E-09 1.78E-07 3.30F.-06 I .94E-08 2.33E--08 1.86E-06 8.741:-06 6.60E-08 
Sii4't2ti•(Ci/L) . · · 4. I 2E-08 3.29E--08 8.00E-09 2.83E-07 8.51 E-07 2.89E-09 4.05E-09 9.89E-07 2.26E-06 3.65E-09 
•-.l~ .i«;:iti,}.:· · ' 4.87E-09 6.36E-09 !.53E-09 4 24E-08 I .22E-07 4.39£-10 6.12£-10 4.47E-09 1.02£-08 O.OOE+OO 
c.,;J3.4Jeui;.f '::, 833E-14 8.27E-l4 3.05E-l5 3.96E-09 2.SOE-07 6.09E-11 I.ZOE-09 7.06E-08 l.OIE-06 9.36£-09 
C.i.J31.:(CIIL):> 9.38E-06 9.38E-06 2.47E-07 7.50E-02 2.69£-01 7.79£-04 1.30E-03 2.84E-01 7.27E-OI 1.2JE-03 
Ba~l$7ill:lC:IILY 8.85E-06 8.86E-06 2.33E-07 7.08E-02 2.54£-01 7.36E-04 J.23E-03 2.68£-01 6.86E-01 l.l 6E-03 
Siij;;J:SHC'litf i : 4.04E-04 3.53E-04 l .97E-04 2.93F.-03 2.67E-03 3.00E-05 4.24E-05 7.35E-03 4.42E-03 3JOE-05 
Eu~lSI'CCii'tf· ·· l.48E-08 J.25E-08 3.29E-09 2.97E-07 7.2!lE-07 3.36E-09 1.02E-08 1.1 OE-06 1.02£-06 2. l 2E-08 
.Eu~JS,f(Cti'Lr::·_:. l.12E-06 9.53E-07 4. I 1 F.-07 2.0 I E-05 4.83E-05 2.24E--07 6.81 E--07 8 .16E-05 8. 161::-05 l.52E-06 
Eil~l$5',tQ'L}'·.:1,_: 6.571::-07 5.58E-07 5.44E-07 8.25E--06 2.02E-05 9.29E-08 3.41 E-07 3.731::-05 4.52E--05 5.59E-07 
Ra-226"'(-ClitL :: 5.20E-1I 4.19E-11 1.13E-ll 4.0IE-12 1.29E- l l J.2.~E-12 J. 19E-12 9.43E-1 2 2.40E-l l 7.30[-14 
Ra~218·.(CVLF·- 2.431::-16 l.94E- l6 4.54E-17 2.25E-17 I.I lE-16 1.15E-17 l.72E- 17 5.SOF.- 17 1.96E-16 7.38E- l l 
Ai-:227,«ll[;\-'. ::- 2.52E-10 l.98E-l0 3.58E- l I l.72E-l l 5.35E-11 . 5 .94E-l2 5.40F.-12 4.20E-11 l.l lE- 10 1.95E- IO 
Pa-l31ia(Gll;) ,:;: .. 2.17E-12 2.17E-10 8.25F.-10 2.55E-l l 7.SIE-11 1.26E-11 l.28E-ll 5.98£-11 l .69E-10 3.03E-10 
Tli~l1;,i.Cl11~). , .. ;; 1.16[-14 1.87E-14 3.0JE-14 M.46E- l 4 7 .00£-14 J.72E-15 l.80E-15 1.57E-l 3 1.45£-13 4.57E-1 l 
Tli~23:•cCf1LL-' 9.84E-17 l.58E-16 2.71E-16 2.42E-17 l . l4E-l6 1.4IE-17 2.20E-l7 5.98f.-17 2.04£-16 5.85E-ll 
0--23l(Cl/l,)-,._,: l.27E-l3 l.24E-13 l.OIE-13 4.l lE-13 l.13E-12 4.0IE-13 7.54E- 13 6.91E-13 8.26E- 13 3.56E-09 
U~l3J,(C'litf ·(':· !.03E-l4 9.99E-15 7.55E-15 2.02E-12 3.20E-12 2.0SE-14 2.56E-14 4.86E-12 l.50E-12 2.1 IE-07 
u;:234'(C:VIS ;· 1.02E-08 9 90E-09 l.02E-08 l.O I E-08 l.48E-08 1.0(\E-08 1.48£-08 1.0 I E-08 1.06£-08 l.54E-08 
[J;.235:tctlLl -/: .· 4.53E-IO 4.42E-IO 4.58E-10 4.35E-10 5.60E-10 4.51E-10 5.62E-IO 4.32E-10 4.42E-10 5.91E- 10 
U~236:tcilL\-:,·:.:: 1. 161:- 10 l.llE-10 9.14E-11 2.09E-10 4.27E- IO 2. l7E-IO 4.l7E-IO 2.23E-1 0 2.72E- 10 6.73E- 10 
u:.23UCl7iA-'·:·•:. !.04E-08 1.01 E-08 1.0JE-08 1.03E-08 1.03E-08 1.04E-08 J.03E-08 1.03E--08 l.03E-08 1.03E-08 
U~TiitallMI I: 1.30£-04 l.27E-04 I .30E-04 lJOE-04 J.30E-04 l.30E-04 IJOE-04 l.30E-04 l.30E-04 IJOE-04 
Nii,13.'flCllt) :. 3.02E-08 2.35E-08 3.76E-09 1.93E-07 1.94E-07 2.07E-09 2.83E-09 4.IOE-07 4.57E-07 7.6IE-10 
Pu-238 (Ci/L). 2. I SE-08 2.591::--08 1.91 E-08 9.69E-08 3.45E-07 8.13E-08 l.29E-07 J.26E-07 2.42E-07 5.52F.-07 
Pa-239. (CI/L) . 3.01 E-06 3.45E-06 5.28E-06 5.1 OE--06 5.0SE-06 5.11 E-06 5.07F.-06 5.1 OE-06 5.0JE-06 4.89E-06 
Pu-24CHC.li'Ll J .25E-07 3.85E-07 3.59E-07 9.91 E-07 1.I SE-06 9 .7 1 E-07 1.11 E-06 l.02F.-06 l.23E-06 1.71 E-06 
Pii~.UJ:ICl/l;):,:: 6.34E-07 7.86E-07 4.63E-07 3.45E-06 8.95E-06 3.57£-06 7.20E-06 4.49E-06 l.lOE-05 3.23f.-05 
PLi~l42lCI/L) .:_:: 4.45F.-12 5.58E-12 l.32E-12 3.0lE-11 6.SIE-i I 2.88£-11 4.73E-11 3.20E-11 8.931:-11 2.92E- 10 
Pa~l'otiUiiL) > 5.00E-05 5.73E-05 8.67F.-05 8.66F.-05 8.66E-05 8.67E-05 8.67£-05 8.67E-05 8.67E-05 8.67f.-05 
~141'.(Cl/L) : l.67E-06 1.36E-06 9.SOE-08 6.73E-06 6 73E-06 6.42E-06 6.73E-06 6.73E-06 6.731:-06 1.35E-06 
A~243 (-CI/L), 2.35E- 10 1.80E-IO 2.40E-12 2.46E-09 5.82£-09 6.98E-1 l l.25E-10 3.09E--09 3.59E-09 1.2%-09 
C•14lCCIIL·l-:·: 4.05E-10 3.09E-10 4.40E-l2 1.09E-08 1.12E.-08 · J.20E-10 3.35E-10 3.70E-08 l.37E-08 2.151:-09 
C•li43"(CI/L):i·. 4.SOE-12 3.67E-12 2.00E-14 ! .95E-10 8.71 E-10 2.20E- 12 l.21E-1 l 7.2SE-10 8.19£-10 2.32£-10 
d.,.,:l,M'(Ci/L):· 1.13E-IO 8.62E-1 I 5.61 E-13 4.81 E--09 1.92E-08 5.37E-11 3.28E-10 l.92E-08 1.92E-08 5.68E-09 

0 



Predicted Supernatant Species (Ci/L) (Sheet 3) 

11~3 CCilL) · ... . . . . l.67E-04 1.68£-04 1.63E-04 2.991:-07 l.32E-07 6.88E-08 O.OOE+OO 3.27E-07 2.7 lE-07 8.48E--07 
(:~J,,{(CJILl·::. - :· · , ·:: :,• : 1.571:-06 1.07£-06 3.52E-06 4.19E-07 7.40E-08 5.09£-08 0.00E+OO 1.42E-07 1.131:-10 l. 17E-10 
NI..S9(CUL): .. · · o. l 9F.-06 7.R5E-Oo l.77E-07 1.31 E-09 4. I 9f'- IO 6.32E-l l O.OOE+OO 2.92E-06 2.20£-09 2.27£-09 
NL~J'fCl/L) 5.79E-04 7.57E-04 1.53£-05 1.21E-07 4.03E-08 6.09E-09 O.OOE+OO 2.75E-04 l.87E-07 l.98E-07 
0,•60{Ci/L) 1.231.:-05 2.07£-05 6.92E-06 2.621::-V8 1.66E--08 4.45E-09 O.OOE+OO 2.07E-05 8.JOf.-09 !.29f-08 
Se,;79:ldl.j.:Y: ·: 6.52E- 10 4.84E-10 4.58E-09 5.08E-10 1.67E-10 2.78E-11 O.OOE+OO 1.75E-08 1.93E-08 1.991-'-08 
r~90 (Cli'l..): 6.37E-04 5.39E-04 2.48E-OJ 5.09E-04 1.89E-04 3.41 E-05 O.OOE+OO 9.77E-02 2.48F.-03 2.48E-03 

Y~90'<Cvl,l' . 6.37F.-04 5.39E-04 2.48E-03 5.09E-04 1.89E-04 3.42F.-O~ Cl.OOF.+00 9.77£-02 2.48E-03 2.48E-03 
IZr--93(0/Jk ,. :: ; · ,; :. . . 3.89£-08 2.79£--08 1.25£-09 3.03£-08 9.95£-09 1.65£-09 O.OOE+OO 1.04£-06 5.14£-07 5.31 E-07 
Ni;.9:JmtCIILh i: •·: :-.,:/ ·:·' 3.26£--08 2. I 9E--08 9.67E-IO 2.52£-08 7.85E-09 1.24£-09 O.OOE+OO 8.46£-07 4 .03f.-07 3.9%-07 
rl~(O]fa'i ·./::: .. ; ... •.: ;. 2.84£-07 2.0lE-07 1.04£..()5 2.21E-07 7.26E-08 1.18E-08 0.00E+OO 5.48E-06 2.18E-06 2.25£-06 
Ria:fi)6.(Cii()' ·' ........ ,.:, ,· .. 3.86E-l5 7.09£-13 1.96E-11 7.98£-15 7.65£-14 1.82£-13 O.OOE+OO 4.06£-11 5.74E-13 5.79£-12 
Cd-HJin:lCJ/1:.,l"'' ......... ·. 2.1 OE-06 2.02F.-06 4.46E-07 2.68£-08 1.15E-08 2.44£-09 O.OOE+OO 1.05£-06 1.02£-06 l.22E-06 
. i:..;,.1•:isilCillA .,·: :: .:·· .. . ... 4.57E-09 2.11 E-08 6. I 4E-07 3.96E-09 4. 72E--09 2.16£-09 O.OOE+OO 4.57E-06 4.56E-07 l.05E-06 
Sn;..iM;(CL'L) :. · ·· · · · - 2.68£-09 2.ooE-O<J 2.1 1£-08 2.10£-09 6.98E-10 1.201:::-10 o.00E+00 7.26E-OR 6.33E-OR 6.53E-08 
l;.l29:(CI/L) . •: 2.80£-07 1.75£-07 !.6 1E-08 l.47E-07 4.87E-08 4.55£-08 O.OOE...00 3.27£-10 2.06E-10 2.12E-10 
Ca-134iCl/LL · l.23E-IO I .36E-09 5.02E-07 J.50E-JO 3. 1 OE-10 J .07E-10 O.OOE+OO I 74E-Ok l.39E-08 4.221-'-08 
iea-lJHCIIL) . 7 .55E-04 6.31 E-04 3.54E-02 6.04£-04 2.24E-04 4.02E-05 0.00E+OO 2.20F.-02 l.04E-02 1.15£-02 

• I 

Ra~l37.m<Ci/Ll"1.:· ., . •· • 7.13E-04 5.96E-04 3.35E-02 5.701:-04 2.1 IE-04 3.79E-05 O.OOE+-00 2.07£-02 9.82E-03 l.09E-02 
~i5fi(ciil!.} : .. : ; ... :'· ,·, 2.75E-05 l.99E-05 1.351:-04 2.lSE-05 7.21E-06 1.08£-06 0.00F.+00 1.97£-02 2.l9E-04 2.32E-04 

.,l:S. 
-..J 1Eii~t52'(01LL , · ··, ·· 3.77£--09 5.14E-09 1.96E-07 3.2 IE-09 1.66£-09 6.94E-10 O.OOE+OO 3.97E-06 6.21 E-08 7.51 E-08 

~:,19leJiLF •· .... '· ·· 2.73E-07 3.95E--07 1.33£-05 2.39E-07 l.33£-07 4.99E-08 O.OOE+OO 3.12E-04 2.47£-06 3.28E-06 
~u;.;·$${C:UJ;-) · :.•':.).;_--.:,·,::· :,-: :: l. 19E-07 2. I 8E-07 1.73E-06 1 .09E-07 7.37£-08 1.83E-08 O.OOE+-00 l.65E-04 8.83E-07 1.44E-06 
~ll61cil.L\::~.,: .. i~•:;-::::, .. 8.58£-13 2.3 lE-12 1.41 F.-12 2.00E-14 8.28£-15 2.39E-15 O.OOE+-00 7.26£- 13 6.20E-l I 6.20£-11 
llti;22itCIIL): > :.:::;-:<;- 9.18E-18 1.78£-08 5.58E- 17 1.23E-19 3.96£-12 2.42E-12 O.OOE+-00 5.17£-18 2.72£-07 l.89E-07 
Ac-217:iditi :.,_-·.;: :.: •: :. ·,;,:,: 4. lSE-12 3.60E-JO 8.47E-12 8.93E-14 1.30E-J I 6.40E-12 0.00E+OO 3.29E-12 3.60E-IO 3.60E-10 
Pa,,-2Ji.(CJ/L).'\ .. 9.20E-12 1.81 E-09 2.lSE-11 1.27£-13 1.92E-1 l 9.93E-12 O.OOE+OO 4.86E-12 l.32E--06 l.36E-06 
Th,;229:it:lt'L) _. .;: 1.44E-15 4.89E-11 6.29E-15 3.33E-16 3.37E-12 1.50£-12 O.OOE+OO 8.42E-15 2.03£-10 1.74£-10 
Tb;,231:(CJIL)· : . 1.14£-17 2.23E-10 7.45E- 17 l.27E-19 3.71E-12 1.92£-12 O.OOE+OO 5.35E-18 2.23E- 10 2.23E-10 
U,l32(Ci/Ll : 4.74E-13 l .39E-09 3.62E-12 6.91E-13 1.091:--09 3.56E-09 O.OOE+oO 7.58E-13 7.64E--08 8.13E-08 
j~23f(CitLf .. . .. . . 2.24f.-14 8.30E-08 5.49E-14 4.86E-12 6.94E-08 2.llE-07 O.OOE+OO 3.20E-12 4.87E-06 4.82E-06 

IU~2l4tCl!Lk .... ·· I.OlE-08 1.15E-08 1.47E-08 I .OIE-08 I.IIE-08 1.54E-08 O.OOE+OO 1.03E-08 3.69E-08 3.SlE-08 
~-23$'(Ci/L) · ··· 4.30E-10 4.48E-10 6.82E-IO 4.32E-10 4.42£-10 5.91£-10 0.00E+OO 4.37E-10 1.31E- 13 1.35£-13 
ll•ZU'ICVU :. . . . 2.30E-IO 2.83E-10 1.03E-09 2.23E- l0 2.72E-l0 6.73E-10 O.OOE+OO 2.47E-10 2.28E-1 4 2.J6E-14 
U~2Jl.lCIIJA · ·· ,. · - l.03E-08 l.03E-08 J.03E-08 1.031::-08 1.03E-08 l 03£-08 O.OOE+OO l.03E-08 2.04E-2 1 2.11 E-21 
1:J-Totiil·lMh ·::. · ·· ':::,;. •: · l.30E"04 l.30E-04 1.30E-04 l.30E-04 1.30E-04 1.30E-04 O.OOE+OO l.30E-04 2.19£-06 2.17E-06 
Ni.;.i371c111x .. ..... ... 1.91E-09 1.341-'-09 7.58E-09 8.71[-10 1.41£-10 2.49E-1I O.OOE+OO 2JIE-08 2.42E-l3 2.SOE-13 
P'ia~%3i (Cll,Ll 8.97E-08 1.22E-07 4.92F.-07 1.26E-07 2.42£-07 5 52E-07 3.22F.-07 1.95E-07 4. l 2E-l l 4.36£-11 
Pu~llt Ccilt) ; . : 5.09E-06 5.05E-06 4.84F.-06 5.1 OE-06 5 03E-06 4.89E-06 5.04F.-06 5.97E-06 2.09E-15 2.16E- l5 
U:.~{Ci/L) ·. 1.061-'-06 I. l 9F.-06 1.87F-06 1.02E-06 I .23E-06 1.71 E-06 1.26E-06 l.29E-06 l.44F.-16 1.481-:-16 

Pua14:f<Cii'L) 4.60£--06 8.61E-06 3.82[-05 4.491-:-06 l.10E-05 3.23E-05 2.03E-05 7.88£-06 5.54E-16 6.63E-16 
Pli~242 (0/L) 3.30E-l l 6.05E-l l 3.61 E-10 3.20E-11 8.93E- l I 2.92£-10 1.251:::-10 6.06E-11 l.l!!E-21 1.2 IE-2 1 
PU:~Tiital(.JU :: . . : . .-: · ·· . . 8.67E-05 8.67E-05 8.67f.-05 8.67E-05 8.671:-05 8.67£-05 8.67E-05 I .02E-04 2.44E-12 2.58E-l 2 
Am.UJ:'{0/L) . · 6.58F.-06 5.56F.-06 6.73E-06 1.29F.-07 7.35E-08 4.41 E-O!l 6.73E-Q6 2.84£-04 8.00E-17 8.00E-17 
,\lll'-243:'(Ci/L) : · · 7.32[- ll l.48E- IO 7.02E-JO 5.91E-ll 3.9IE-II 4.22E-11 O.OOE+OO l.42t.-07 2.85E-22 2.94E-22 
Cm-:Nl °<CilL} i · . . l.24E-10 2.32E-l O 3. l SE--09 1.0 l E-10 6.R l E-11 7 .04E-1 l O.OOE+OO l.52E-08 5.38E-22 l .62E-22 
Cm-2lC3°(atL) 2.32E-12 l.21E-11 8.95£-10 l.97E-12 4.09£-12 7.60£-12 O.OOE+OO 8.13£-10 1.0SE-23 l.20E-23 
c·m.™ (Cfity; . ' ··:·::•: : ·:· 6 .06£-11 3.74[-l O 1.92E-08 5.22£-11 9.58E-11 1.86E-I O O.OOE+OO l.92E-08 2.35E-22 2.73£-22 
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Predicted Supernatant Species (Ci/L) (Sheet 4) 

.·K~·(CVLh . . l.06E-05 l.64E-05 I .68E-06 7.64E-06 l.97E-05 O.OOE+oo 4.85E-06 7.4\E-05 J .74E-05 7.73E--05 
: C.-t4cCiitr.: :':'i.,. ·" · l.93E-06 1.031::-06 I .22£-07 6.95E-07 3.78E--06 O.OOE+OO 2 .84E-07 2.89E-06 4 .92E-06 9.09E-06 
:· N~!f(ct/l.) · · · 5.51 E-07 109F.-06 5.21 E-07 5.71 E-06 7.02E-07 0.00E+oo 4.33E-08 5.751-'-07 1.24E-06 3.96E-06 
Ni.:JJCI/L) 5 21 E-05 I 05E-04 4 .94E-05 5.39E-04 6 .ci7E-05 O.OOE+oo 4.461:--06 5.45E-05 I. I 9E-04 3.80E-04 
.C~lCVL) . l .86E-05 2.40E-05 6.69E-06 2.40E-05 2.40E-05 O.OOE+OO 3.27E--07 1.601::-05 240E-05 2.40E-05 
S.-79(CI/L) .• 2.31 E-07 2.39E-07 2.63E-08 I .34E-07 4.50E-07 O.OOE+OO l .09E--08 2.70E-07 4.38E-07 6.22E-07 
.Sr;.gGJCl/L) • · - 2.48E-03 2.48E-03 7.37E-02 2.48E-03 2.48E-03 O.OOE+oO 2.28E-03 2 .48E-03 2.48E-03 2.48E-03 
y;:,,oJCih,) . . .. . . . 2.481.:-03 I 2.481:-03 7.37E-02 2.48E-03 2.48[-03 O.OOE+oo 2.28E-03 2.48E-03 2.48E-03 2.48E-03 
,Z.r,.9.HC0.:.) .. . . l.38E-05 1.42E-05 l.56E-06 7 .97E-06 2.68£-05 O.OOE+oo 1.01 E-06 l.62F.-05 2.62E-05 3 68E-05 
Nt,;.~.;Jdi/t) · · . . 1.11 E-05 106E-05 1.18£-06 6.09E-06 2. 17E-05 O.OOE+OO 9.00E-07 1.33E-05 2. l 2E-05 2.96E-OS 

. . Tc,J.19.(Clitl: ,:_. · ...... ,. 7.24E-05 7.31 E-05 8.06£-06 4.13E-05 l.44E-04 0 .00E+OO 3.281:-06 !.OOE-04 1.45£ -04 1.971:-04 
Jlii4'06•((:liJ,;)o:··~:-•<";-:f· 5.IIE-1 1 5.llE-1 1 4.06E -ll 5. l lE-11 4 .05E-1 1 0.00E+oO 7. IIE-16 3.22E- l l 5 . IIE-11 3.37E-14 
: Cd~U3iii::CCii'LL .... .. 1.41 E-05 2.1 OE-OS 2.25E-06 J.09E-05 2.80E-05 O.OOE+oO 3.68E-07 1.SOE-05 2.79E-05 4.60E-05 
:_Sf•.tl~i(Oi(.\: . .. .. . 4.24[-06 8 .741:.-06 2.49E-06 8.74E-06 6.63E--OC. ll .OllE+oll l.ll\E-08 3.19£-06 6.92£-06 2.82E-ll7 
.:S.;1::zii&Li >:/:::,: . . 9.59E-07 1.03E--06 1.13£-07 5.721-:-07 l.87F.-06 O.OOF+-00 4 .1 OE-08 l . I OE-06 l .SI E-06 2.5RE-06 
:·a;Ji;icif.Ll• ;:::>::.<' 3.84£-08 4.50E-09 4.95E-10 2.52E-09 8 48£-08 O.OOE+OO 4 .55E-09 l.55E-07 l.SBE-07 2.80E-07 

:_:'C-.tM'lCMii)i:"'· . .->_<"i:<.-' 2.43E-07 l .59E-07 O.OOE+OO I. 17F.-06 l .22E-08 0 .00£+00 8.0SE- l 1 2 .26E-07 3.23E-07 1.89£-07 
'Cj;J'J'rfCI/L)' ;_ . . 2.91 E-01 2.08£-02 O.OOE+OO i.88E-Ol l.50E-02 O.OOE+oo 9.56E-03 2.99E-Ol 2 .66E-Ol 1.64£-01 

.:Ba;;U7iii·{Ci/L) ,:·: · .. 2.75E-Ol l.96F.-02 O.OOE+oO 1.78r.-Ol l.42E-02 O.OOE+oo 9.03E-03 2.82E-O l 2 .5!E-Ol l.55£-01 
...... ~in,,-". =· J .... 31-:, ... ic_v~LA..__•··~·;_: --+--·:....5·..:...6 1:..;::E:....-0_3 ___ 1 _;_. 7-'-'7E:::...-0..:..:3:...._4-__:3;._;'64'-"-E-0...;;.;;..3 -+-- 4...:.·=...:30c...cE:...;-0:.;c3_ 4-_.c..5 . ..:...9 c.cl E:....· ·Oc..;;3 _ ____ 0:...;.0;..;;0.;;;;.E+o....;;_;;0 ___ 5_.0_2_E-04 ____ 4_.2..:...3E_-0_3 ____ 5_.9_5_E-0_3 ___ 7_.2_8_E_·04_--i 

·E1H52-lCi/l:X ·· . - . ·.. l.05E-06 l. 14E-06 I .14E-06 l.06E--06 I. IOE-06 O.OOE+oO J.70E-08 7.l 7E-07 1.1 1 E-06 l.43E-07 
Ea4S4JCliLL 8. I 6E-05 8. l 6E-05 8.59E-05 8.16£-05 8. I 6E-05 0 .00E+oO l.30E--06 4.83£-05 8. l 6E-05 l.08E-05 
:Eu-1$5lCI/L.l : : . . . 4 .20E-05 3.00E-05 3.85E-05 3.99E-05 3.77E-05 O.OOE+OO 7.621:.-07 2.02E-05 3.73 F.-05 5.181-:-06 

-B.i~ll6'(CiiLi·:·:~- ·· - .. 9.97F.-12 l.38E-1 1 l .48E-12 7.24E-12 2.lOE- 11 0.00E+OO 5.32E- l l 1.61 E- l l 5.92E-l l 6.20 E- l l 
.ila~228,(Ql-l.).;:: ... .. S.88E-10 i.90E-16 !.97E-17 9.12E-17 9.77F-10 0.00E+oo 241 E-l6 6.37E- l0 7.03E-09 7.49E-08 
.Ac:•217-lC"l{Lt · · ·•· 6.57£-1 l 6 .67E- l l 7.13E-12 3.46t-l l 1.24E-10 0.00E+oO 2.39E- IO 7.85E- l l 3 .60E- 10 3.60E-10 
;Pa-?JHCI/L·f :, ··• .. ·:.:' : 1.38E-10 1.09E-10 J.15E-ll 5.55£-11 3.36E- 10 O.OOE+oO 7.41E-10 l.21E-09 l.95£ -08 2.36E-07 
'i'Ji..2l9:-(Cl/L) :>- .:-:: .. 3.89E- 12 6.5IE-14 7.67£-15 4.31E-l4 5.42F.-l2 O.OOE+oO 4.36E-14 1.83£-12 l.69£-11 5.84£- 11 
T~ZJi(CIILL:• . ', .... :. : 9.93E-l 2 2.00E-16 2.07£- 17 9.57E- 17 1.51 E- 11 0 .00E+oO 3.67E- l 6 6.53£-12 6. 11 E-1 1 2.23E-10 
·u,.:3%,(Ci/L)·:•·:.·-': 6.53E-ll , 3.92E· l 2 1.J9E-l2 I.OOE-12 2.60E-JO 0 .00E+OO l.36E-13 9.54£-11 5.78E-l0 3.19E-09 

.:lJ,.lJ);lCI/Ll.'.••::.: ·. . . 4.00E-09 1.43E-l 2 2.85£-12 3.06E- l 2 1.61 E-08 O.OOE+OO l.09£-14 5.64£-09 3.45E-08 1.93 E-07 
:U-1341(:li'LF•·• ··· :· : ·. .. !.04E-08 l.37E-08 l. lOE--08 l.06E-08 l.lOE.-08 O.OOE+OO l.O l E-08 J.20E-08 1.14£-08 l.26E-08 
,U-235:tCiif.f; '·. ··· · ·· 4.38E-10 5.91E-IO 4 .68E-IO 4.49E-10 4 .6JE-10 O.OOE+oo 4.52£-1 0 4 .86E-10 4.72E-l0 4 .69£-10 
U.~ll61CIIL) -· 2.50E-10 6.73E-10 3.32£-10 2.SOE-10 2.99E-10 O.OOE+oO l.l9E-1 0 3.0IE- 10 2.6SE-IO 321E- IO 
u~DJ{Gll,). .. :_, · ·· \.03E-08 l.03F.-08 I .03£-08 1.03£-08 l.03E--OS 0.OOE+OO l.03E-08 l.03E--08 l.ll3E-08 1.03£-08 

.,iJ~T.W·(M) :."· .: · .. . . U OE-04 l.30E-04 UOE-04 l.JOE-04 l.30E-04 O.OOE+oO J.JOE-04 l.30E-04 l.30E-04 l.30E-04 
Ni,-;237:(Ci/L) •· 2.98E-07 2.15E-07 2.47E-08 1.34£-07 4 .69E--07 O.OOE+OO 2.80E-08 4.00E-07 4.69E-07 4.69E-07 
Pii~t.11:'iCI/Ll :. : · 1.70E-07 5.521::-07 3.3 I E-07 2. l 4E-07 2.16£-07 O.OOE+OO 3.97E-08 l.98E-07 l.84E-07 l.99£-07 
Pu~D9(G'L) ·. S.07E-06 4 89E-06 5.90E-06 5.05E-06 5.05F.-06 O.OOE+oo 5.22E-06 5.08£-06 5.0SE-06 5.04E-06 
Pii~~(QIL) • ·. l.lOE-06 l.71E-06 I.SlE-06 1.17£-06 l.17E-06 0 .00E+OO 5.91E-07 l.08E-06 1.071:-06 l.21£--06 
:pu:241:'CCli'E) · ... 6 99E-06 3 '31'-05 I 69E-05 9 92E-06 9.75£-06 O.OOE+oo l.l 9F..-06 6. l .SE-06 8.75F.-06 I . I 4E-OS 

.... _. Pu,;;-.- .,u-"--2-... :<t'li'.L ..... "'"·: .,...; l~:_.-: -:--<-,. :--- - +-- 5-:4- 1-E--1-1 - - - · · - 2:~2E-1 o - ·+ - --=-1.:.:;:4..;.;5£=-. .::.:1 o=---+---'8:..:.c: ,:..:6:.=E....::-1:.::.1 - +--s'-'.o.:...:2:..:E:....:-1:..::1-+----=-o:..:..oo.::..:Ec:...+o....::..::..o _ +---=-s -c.5-':c7 Ec':--_..:...12:...._-+_4;:.:__ 9.:...:6:.,:E,...-1:....:.1_+----=-1 _..,..o3":-'E=-· -.:...;1 1:...._-+----::9,...,_2:--::-3=-E--'-1..:...1 --; 

'Pii"~Titti'tili:\ .-: : . .... ,. 8.67£.05 8.67E-05 1.02£-04 8.67£-05 8.671:-05 O.OOE+oO 8.67E-05 8.66E-OS 8.67E-05 8.67E-05 

::::::,.:~~;' ; : 6.73£-06 6.73E-06 7.71E-05 6.73E-06 6.73E-06 0.00E+OO 1.551:-06 6.731:-06 6.73£-06 6.73E-06 
3.35F.-09 6 .43E-09 5.59F.-08 4. l2E-09 3.79[.()9 O.OOE+oO 2.04E-10 3.70E-09 3.66£-09 2.69[-09 

Cm.:14i(Clll..L ·· l.75E-08 7.26E-09 8.46E-09 lOOE-08 2.531:-08 C.OOE+oO 3.52E-l0 2.00E-08 2.081:-08 2.21 E-08 
Cm:.%A3'(CI/L) · .... .. 8.03E-10 7.84F.-IO 7.88E-IO 7.94E-10 7.70£-10 O.OOE+OO 4.15E-12 8.42E-10 7.94E-10 7.721:-10 
Cm-i44 (CilLl . l .92E-08 1.92E-08 !.92E-08 1.92E-08 l.92E-08 O.OOE+OO 9.74£-11 l.92E-08 l.92E-08 1.92£-08 
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·_c1;til:(CilLL ~ic, :. •; -> :1 6.67E-06 
'N~'(dlt) -::" ·· ··· ·· · · .. · · I 6.78F.-07 
r{i-§HCi/L} :: · .. ··._ · > 1 6.46E-05 
C~·ICi/L) :-: · · · . I 2.40E-05 
Se+19.tciiL} :' ., · ·. • · · • •·• ·I 6J 1 E-07 
S~~s{CVL) . " · ' ·. · '..... I 2.481:-03 

· .v.9.0 COLJ.> •{ · I 2.48E-03 
•~f(.~'.f i> i .·< I 3.76E-05 

3.05F.-05 
2.0BE-04 
5.llE- 11 

:,.Ccf.;:ft~(aiL}/ ' :.: I 391E-05 

-· ~i~ · •· I 3.30E-06 
;S•ll6'(Cilt.) : • •• l 2.61 F.-06 
. Mtt.(Cl7.U: ._··· .. ·. ·• J 1.97£-07 
Csi:fj4(Clii:.J ,.· · I 2.79E-07 

<Ca,137{dit)i'. I 2.54E-OI 
::&,4'31111(Q/tk ; \ •:1 2.40E-01 
.Sm;'tSl{CIJL[ :: :·-': · < I 3.60E-03 
·oosi(Ci.iLf-•. < \ 6.58E-07 
E11•J54(CI/Ll .: •·: ' I 4.83E-05 

: £~1/Lf'o • •, c ,'"7• I 2.20E-05 

ti;l26(Cl/L);; < I 4.94E- l l 

~~''(ci/1.;F I 6.42E-09 
. A~227(Ci/L) ._: 3.0IE-10 
<Pa;;:Of(Ci{L}. · I t.55E-08 . ~z:~t~r · · 1 ~:;;~~:: 
:u:;ID'(Q/1.l) · · · ·· ·· · ·· . •·• I 2.89E-IO 
;U;.ZJi(Cl/LJ · ··· ···. I l.74E-08 
.:u;.ll4(CUL) , •··· ' I I. IOE-08 
ti,;~ (CK.J I 4.60E- I 0 
tr,:;236~_)/ I 2.73E-JO 

. U~Ul~!t.t)i .:. . ! 1 .03E--OS 
•-U~ToJ~f(Mj ' • "·· :' :·: ... :.:,,:· .. , .. ! l JOE-04 
'. Np,,.ffl•'(di.fa · . :<:• I 4.69E-07 
iu:llS'(CiiLF < I I .82E-07 

· :Pii~Z391Cf/L). . · ·· .. ··: . I 5.07E-06 
'Pu;;UO (~) . I I. I OE-06 

·'-Pu-241:(CilL) .·· ... • I 8. l 7E-06 
· f'.8~142 (CIIL) . · . ·•· : . l 6.77E-I I 
tv~tolalWL) : I 8.67£-os 
~Ul(Ci/L} . I 6.73E-06 
:AJ.-243 (ciltL .. ...... . I 4 06E-09 

.,cm:.;U2(CIIL} · I 2.23E-08 
c.:z.tJ{Ci/Lf ·• I 7.87E-IO 
6.14{[0/Ll -· < < ' I l.92E-08 

Predicted Supernatant Species (Ci/L) (Sheet 5) 

-s~r,sj,.:: 
· ... . : :::::· .••:::~~¥.i:;:: :J:~:i :~~~trl:~t:::F:F::•:~~:~;~:;;: :· :::t•:;>;~~; 
2.90E-05 3.04E-05 2.46E-05 5.85E-04 3.65E-04 
6.93E-06 8 .58E-06 6.52E-06 I .82E-06 1.0IE-06 
8J6E-07 1.57E-06 3.1 Oc-07 l .93E-06 6.39E-07 
7.98E-05 1.SOE-04 2.95E-05 l.86E-04 6.24E-05 
2.40E-05 2.40E-05 2.40E-05 2.40E-05 2.40E-05 
6.45E-07 7.67F.-07 5.701::-07 8 .98E-07 5.ISE-07 
248E-03 2 .48£-03 2.48E-OJ 2.48E-O] 2.48E-03 
2.48E-03 2 .48E-03 2.48E-03 2.48E-03 2.48E-03 
3.85E-05 4 .57E-05 3.39E-05 5.43E-05 3.13E-05 
3.l3E-05 3.69E-05 2.73E-05 3.06[-05 1.65E-05 
2.13E-04 2.48E-04 I .87E-04 2.65E-04 J.52E-04 
5.I IE- I I 5. I IE-I 1 5.11 E-1 I 6.13E-05 I .97E-04 
4.02E-05 4.30E-05. 3.37E-05 4.30E-05 4 .30£-05 
5.07E-06 7.06E-06 8.75E-06 6.78E-04 i.i iE-03 
2.67F.-06 3.18F.-06 2 .37f'-06 4.02E-06 2 .26E-06 
2.08E-07 2.56£-07 2.19E-07 2.36E--08 J .33E-08 
3.27E-07 5 .04E-07 l .05E--05 l.lOE-03 1.07E-03 
2.88E-OI 3 .16E-Ol 2.41E-01 · 1.70E+OO J .OIE+OO 
2.72E-OI 2.99E-01 2.27E-OI 1.6 I E+-00 9.54E-OI 
4.99E-03 5.32E-03 4.51E-03 3.60E-03 3.77E-03 
9.2 \E-07 \.09E-06 l .OBE-06 4 .92E-06 4.64E-06 
6.76E-05 8 16£-05 8.17E-05 5.79E-04 5.88£-04 
3.08E-05 3 .SOE-05 3 82E-05 3 .93E-04 5.44E-04 
5.87E-l l 6 .20E-l l 4 .89E- ! 1 620E- l l 4.21E- l l 
7 41 E-09 2.93E-08 l .99E-08 3.53£- 15 2.79E-15 
3.58E-10 3.60E-IO 2.86E- IO 3.60E-10 2.17E-10 
l .88E-08 9.41 E-08 6 .3 1 E-08 8.85£-10 5.32E-JO 
I .77E- l 1 3.44E-I I 2.42E-1 I 5.29E-13 2.80E-l3 
6.16£-1 1 J.25E-JO 8.74E- l 1 5.19E-15 3.28E- 15 
3.65E-10 J.JOE-09 3.13E-10 5.20F.-12 4.50E-12 
2.19E-08 6.59E-08 l .87E-08 167E-l2 l .39E- 12 
I.I I E-08 J . l 5E-08 1.32E-08 1.SOE-08 J .50E-08 
4 .63£-10 4.65E-10 5.22E-10 5.6IE-IO 5.96E-10 
2.69E-IO 3.02E-IO 8.94[-10 l.43E-09 l .48E-09 
\ .03E-08 \ .03E-0II 1.03E-08 1.03E-08 l .03E-08 
I JOE-04 J .30E-04 l .30E-04 l .30E-04 l .30E-04 
4.69E-07 4.69E-07 3.96E-07 4 .69E-07 4.69E-07 
J.82E-07 2.12E-07 3.71E-07 5.25E-07 4.94E-07 
5.0BE-06 5.05E-06 5.01 F.-06 4 .96E-06 4 .98E-06 
1.09£-06 1.17E-06 ! .30E-06 l.42E-06 J .36E-06 
8.33[-06 l .05E-05 2 .64E-05 4.25E-05 3.96E-05 
6.82[-ll 8.72E-1 1 1.37E-10 I .84E-IO 1.64E-10 
8.67E-05 8.67E-05 8.67E-05 8.67E-05 8.67E-05 
6.73E-06 6.73E-06 6 .73E-06 6.73E-06 6.73E-06 
3.9IE-09 4.16E-09 4.4IE-09 2.1 lE-09 l .50E-09 
2.l9E-08 J.96E-08 l.33E-08 4.79E-09 5.40E-09 
7.89E-10 7.83£-10 7.78E-10 7.40E-10 7.75E-10 
l .92E-08 1.92£-08 l .92E-08 J .92E--08 1.92E-08 

. : ··-Pti : • -r •>_,: cw.iii · 
l .06E-06 J .59E-04 
7.0SE-09 J.92E-06 
1.24E-10 3 95f.-08 
1.20E-08 3.79E-06 
6.26E-08 l .28E-05 
4.36E-11 1.01 E-09 
7 .34F.-05 1.70F.-03 
7 .34E-05 t.7 IE-03 
2.64E-09 2.79E-JO 
I .45E-09 J.54E-JO 
I .79E-08 5.52E-06 
5. llE-11 5. l lE-1 1 
7 .98E-09 t.91E-07 
J .42E-07 8.0iE-06 
J.94E- l0 4 .50E-09 
l .77E-08 3.66E-08 
6.67E-08 2 .06£-05 
8.36E-05 2 .58E-02 
7.89E-05 2.43E-02 
1.76£-06 4 .09E-05 
2.32E-O<.l 5.39E--O!I 
2 .80E-07 6.SOE-06 
2.14E-07 4.98E-06 
3.78E-15 4.06£-13 
2.27E-19 3.17E-1 7 
I .90E-14 J .95E-1 2 
4.37£-14 8.30E- 12 
2 .50E-17 2. l9E- 15 
2.61E- l 9 5.28E- l 7 
4.95E- l 2 2.83E-12 
l.57E-I 2 3 .46E- l4 
l .50E-08 1.49E-08 
5.74E-10 5.74E- JO 
l .45E-09 l .45E-09 
l .03E-08 1.03E-08 
I .JOE-04 l .30E-04 
2.53E-10 5.88E-09 
5. 14E-07 5.04[-07 
4.97E-06 4.97[-06 
1.401:-06 l .40E-06 
4.15E-05 4 .1 5E-05 
l.77E-IO t.77E- 10 
8.67£-05 8 .67E-05 
3.35E-07 6.73E-06 
9.3IE-I I 6 .74E-10 
l.72E- l 0 3.961-:-09 
2.59E-l l 6.02E-10 
6.64E-10 J .54E-08 

~ 
'"O 

I ...... 

'° 00 
N 
N 

;,::, 
(1) 

< 
0 



> I 
Vl 
0 

Predicted Solids Concentration in Layer (mol/L) (Sheet l) 

Na;N03 ····· ····· .y .. ·, ··· O.OOE+OO O.OOE+OO O.OOE+OO 
NaNOi .. . . . .. .... O.OOE+OO O.OOE+OO O.OOE+OO 
N'iiCi :': . . O.OOE+OO O.OOE+OO O.OOE+OO 

.;.N•F:·:: ' :,,. "-· .. .. . . .. . . O.OOE+OO O.OOE+OO O.OOE+oO 
_.';::S.,:.:-;,,-;:; •. •;;;;iH;;:;;•r, ... ~t'-' __ .. :'.'."", ..... ,-:-: .. ~:.· ,,:-'"': ··.· ~ ... ,,·: .. :::. .. :.::7:' :~::,i·:<.r 1;--.8n::9::;:E;--;-0~5:---t~3.-;;--85;;E:;--0~57 --;:0.00E+o0 
.: ... ,: .. ·. . : .·,:,:: :: :::· .:·., ...... •.·. : :;_._ 

iN.-2€03i1,alO ; /:::::::)::,;., l.07E-Ol 8.64£-01 O.OOE+oO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+oO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+-00 
O.OOE+OO 
O.OOE+OO 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+oO 

O.OOE+OO 
O.OOE+oO 
O.OOE+OO 
O.OOE+-00 
6.64E-05 
O.OOE+OO 

0.00E+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE"'OO 
5.26£-05 
O.OOE+OO 

:N.a3.P04J:01120 : ;.;::>:-:/: O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+oO 2. l 7E+OO O.OOE+OO 
.NLi:PQ4iJ:llf2(,l,':-><::;:>: 9.64E-Ol 9.73E-Ol l.54E+OO l.47E+o0 1.94E+OO l.59E+OO O.OOE+oO O.OOE+OO l.45E IOO 
·:NalSOf:_/\''_::·•i/:'•:i ::.\: O.OOE+oO O.OOE+oO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+oO O.OOEt-00 O.OOE+OO O.OOE+OO O.OOE+OO 
NilSG.iAOWQ ,:;::\>' :\ 8.21E-01 8.37E-01 O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 6.98E-Ol l.52E+OO :,::, 
N~Sl()3 '.';:,: :<:' :: O.OOE+OO O.OOE+oO 3.66E-Ol 3.0lE-01 3.95E-Ol 3.65E-01 O.OOE+OO O.OOE+OO O.OOE+OO 5.84E-Ol ::g 
J:AiiOJ;J.ii.iO'.Vl /:: /: O.OOE+OO O.OOE+OO 5.99E-Ol 4.34£-01 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO ..!.. 
NiA.IOZ~>::);;i·'.:; :;:::;:::~:,<~;:;:: O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO ~ 
~~i(iji):::,, ·"': :<:. <:.(:, 1.19£-01 1.19£-01 3.52E-Ol 3.37£-01 5.62£-01 8.51E-Ol 7.83E-Ol 6.05£-01 l.58E+OO 6.63E-01 ~ 
.(jijOii)J.:;; ,'. :.;:;_;:J:;'/:':\:i:I;: O.OOE+OO O.OOE+-00 O.OOE+-00 O.OOE+-00 0.00E+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO :,::, 
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Na4'E'OtA.·• .. . -._- .·: :·: := . .-:.-. :: O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO 
Cac.ot6il2o .. .. .. . 2.08E+ol 5.81E+Ol 1.60E+Ol l.53E+02 1.53E+o2 1.54E+02 7.46E+OI O.OOE+OO 2.96E+ol 2.96E+Ol .. . . - .. ..... ... . 

· ~uQ)ij2 • .. ·, O.OOE+oO O.OOE+OO O.OOE+OO 5.04E+OO 5.04E+OO 5.04E+OO 2.43E+OO O.OOE+OO 9.60E-01 9.60E-01 
ZrO(Oil\2-\ .. ······ · O.OOE+OO O.OOE+OO 4.65£+01 O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO 
. .Na·2NiFe<cMti6ii20 .. O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO .. .. .. 

... r·.·:• .. .. -· 
uo2:,ou>it6mo . : • · · 5.27E+OO 8.75E-t-OO 7.85E+OO 9.83E+OI 4.30E+ol 8.72E+o0 O.OOE+OO 3.27E+ol 7.36E-02 7.29E-02 



• I 
Vl 
00 

Solids Volumes (cc/L) (Sheet 4) 

N'~03. 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 2.18E+02 
NaNOf /.·· 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Nlt:CL ·. . O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 

t-N-.. aE-,: -_i.-;_ --,--__ ---"-__ '-"-, .. ,-'-'-,··. -'--'---.. -. --0.-00-E_+O_O ___ o __ o-oE_+_O_O--+--O-.O-O-E-+0-0-+-0-.0-0-E-+O- O--+-O- .-OO-E_+_00---1--0.00E+OO 
O.OOE+OO 
O.OOE+OO 

Srf0ifll'..' ·: ·· ·· ·· · ·· 7.54E-02 7.89E-02 O.OOE+OO 9.96E-02 2.53E-03 O.OOE+oo O.OOE+oO 
N-.2C03~7lll0 >:: .. : ,;. O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
.Nal'(;03~1~1UO : ·. < > · O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+oO O.OOE+-00 
-N.a3P04~101Ii0i.::O:::\ ·>: :· O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 
'.NaJP0.•~U8t0 .::. :· ->>, O.OOE+OO O.OOE+oo O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

1.34E+02 
O.OOE+OO 

:N-1504: ·:·-;;:_; :·.. .• . .... O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+oo O.OOE+oO O.OOE+OO 
NaiS04;1ou10 :-o,,. O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+-00 O.OOE+oO 6.16E+OO l.18E+02 
NWJ03>:: :,·>:>•: .. , ., l.26E+o2 3.00E+-02 2.39E+o2 l.36E+o2 3.79E+Ol O.OOE+oO 5.64E+OO 

:A.JJOJJ.Bi()':. > ,: < -~: l.71E+OO 3.75E+Ol 6.32E+o l O.OOE+-00 O.OOE+OO O.OOE+OO O.OOE+OO 
,Na,ijQ.):i:\-c::. a :> .,:,,· ·. 0.00E+OO O.OOE+oO O.OOE+OO O.OOE+oo O.OOE+oo O.OOE+oO O.OOE+-00 
:,f'.eOCO.Jb , ') ··./. )' ": >:- : 3.82E+Ol 3.02£+01 O.OOE+oO 4.43E+Ol 8.03£+00 O.OOE+-00 4 .21E+-OO 
Ct(0..8l3 : ' · · · ·· · ·· 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Mii02-:::·.<; :' · · ·· O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+-00 
}litQ4:<: ... · · .. .. ··-· .. 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oo O.OOE+OO l.53E+OO 
:Pb<OID2,·t}\:':'< ·: ... O.OOE+OO 2.71E+OO O.OOE+OO O.OOE+OO O.OOE+oO 0.00E+o0 0.00E+o0 
:1,a%0;J: < .: ;.-<,: : ,... 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+oO O.OOE+OO 
]Ii!O '\>/ ,)f./>' :, ':C::" l .52E-02 2.29E-02 l.85E-02 l .02E-Ol 2.26E-03 O.OOE+-00 5.85E-04 
iNalcitsB.20)':;:. : :. ··· · ··· ·· O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO 
:NaAc~te.:·:.''.·<. :/.:': :,/ r.:- O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oo 
'NilObla.t~ :;/ :~ :,: .. i :;: 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE+OO 
N~lQJ>l':A::::<\ , _: __ :,:; ::.: .... ,.. 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+-00 O.OOE+-00 O.OOE+oo 
Na4ED.TA\:.:;:o;. :"::;:·.;:. ,: 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

:pa<;-0-~() :: .. ';,:;. 9.02E+OO l.49E+02 O.OOE+-00 3.89E+Ol 5.96E+Ol l.06E+o2 8.6IE+o0 
N.Uom2.·-.. '. .. 3.50E+o0 9.22E-Ol O.OOE+OO O.OOE+OO 6.3 lE+OO l.02E+o1 3.49E-01 
ZrQtOH\2 0.00E+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO 
Na2NiFe(CNl6.6HlO 0.00E+OO O.OOE+-00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

:UOl(OHlZ~6.il10-. · 4.62E+OO 2.43E+Ol 5.14E+OO 2.96E+Ol 2.39E+OO O.OOE+OO 7.32£-01 

8.73E+Ol 1.82E+02 l.96E+02 
O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE-1-00 O.OOE-t-00 
O.OOE+OO O.OOE+OO O.OOE+OO 
l.84E-04 2.91E-04 8.33E-04 

O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+oO O.OOE+OO O.OOE+OO 
O.OOE+-00 O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO 3.63E+Ol 3.86E+Ol 
4.27E+OO l.47E+OO 1.31£+00 
O.OOE+OO O.OOE+OO O.OOE+OO 
3.40E+ol O.OOE+OO 5.02E+Ol 
5.09E-Ol 5.59£-01 8.lOE-01 
8.05E+OO 5.85E-01 l.76E-Ol 
2.17E-02 O.OOE+OO l.06E-02 
O.OOE+OO O.OOE+oo O.OOE+OO 
0.00£+00 2.l5E-03 1.67£-01 
O.OOE+oO O.OOE+OO O.OOE+OO 
2.37E-04 9.98E-05 5.38E-05 
O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE f00 O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO 
3.85E+OO 3.87E+OO 4. l6E+OO 
4.08£-01 3.71E-Ol 4.12E-01 
O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO 

l.65E-Ol 1.08E-Ol l .62E-Ol 



.c~s9lids ·-• 
NaN03 

.. SrlOID2 : ••··•••···-·_:·> ,,, ,, ... _., .•• , ........ , ..... -.,-. . >>"· ....... 

Na3P04.10H20. · ::. . ..... 

.. ... _,:,: \.''· •-·•·:·: .. 

l.30E+o2 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
3.55E-04 
O.OOE+OO 
O.OOE+oO 
O.OOE+OO 
O.OOE+oO 
O.OOE+OO 
2.46E+Ol 
l.64E+OO 
O.OOE+OO 
l.03E+Ol 
5.0SE-01 
l.89E+OO 
2.24E-02 
O.OOE+OO 
8.24E-03 
O.OOE+OO 
l .03E-04 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
2.66E+OO 
3.05E-Ol 
O.OOE+OO 
O.OOE+OO 

7.07E-02 

Solids Volumes (cc/L) (Sheet S) 

7.08E+Ol 
O.OOE+OO 
O.OOE+OO 
O.OOE+oO 
J.90E-05 
O.OOE+OO 
O.OOE+OO 
O.OOE+oO 
O.OOE+OO 
O.OOE+OO 
l.29E+Ol 
3.06E-Ol 

. O.OOE+OO 
1.18E+Ol 
4.24E-02 
5.35E-Ol 
9.83E-03 
O.OOE+oO 
l .35E-02 
O.OOE+oO 
1.72£-05 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
2.97E-01 
3.21E-02 
O.OOE+OO 
O.OOE+OO 

l.18E-02 

9.15E+Ol 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
4.72E-04 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+oO 
O.OOE+oO 
5.57E+Ol 
l.50E+OO 
O.OOE+OO 
l.30E+Ol 
5.47E-Ol 
7.07E-Ol 
l .18E-02 
O.OOE+OO 
3.58E-02 
O.OOE+OO 
l.04E-04 
O.OOE+OO 
O.OOE+OO. 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
2.27E+OO 
2.81E-01 
O.OOE+OO 
O.OOE+OO 

7.36E-02 

9.00E+Ol 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
l .23E-03 
3.77E+Ol 
O.OOE+OO 
3.68E+ol 
O.OOE+oO 
O.OOE+oO 
6.44E+OO 
O.OOE+oO 
O.OOE+OO 
O.OOE+OO 
l.66E+OO 
O.OOE+OO 
4.99E-02 
O.OOE+OO 
O.OOE+OO 
0.00E+OO 
4.88E-05 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
8.33E+OO 
8.66E-01 
O.OOE+OO 
O.OOE+OO 

l.56E-Ol 

O.OOE+oO 
O.OOE+oO 
O.OOE+OO 
O.OOE+oO 
J.83E-Ol 
O.OOE+oO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
7.09E+Ol 
O.OOE+OO 
l.l 1E+02 
O.OOE+OO 
6.23E+ol 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+oO 
O.OOE+OO 
2.57E+ol 
2.0lE+OO 
O.OOE+OO 
O.OOE+oO 

3.32E+Ol 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
6.42E-02 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
9.60E+OO 
O.OOE+OO 
9.77E+Ol 
O.OOE+OO 
4.71E+Ol 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
6.31E+OO 
2.39E+OO 
O.OOE+OO 
O.OOE+OO 

l.12E+Ol 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+-00 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
5.61E+Ol 
O.OOE+OO 
6.96E+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
8.39E+Ol 
2.77E+OO 
O.OOE+OO 
O.OOE+OO 

l.72E+Ol 

O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
7.83E+Ol 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE• OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
J.07E+Ol 
O.OOE+oO 
O.OOE+oO 
O.OOE+OO 
O.OOE+OO 
O.OOE+oO 
O.OOE+OO 
O.OOE+OO 
O.OOE+oO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
l.60E+Ol 
O.OOE+OO 
4.65E+Ol 
O.OOE+OO 

7.0lE+OO 

;,:, 
"ti 
"ti 

I 



Solids Fraction Precipitated (Sheet 1) 

..... !t~¢/ pr.¢c~ ~li4,s ;: : . ;~ t :., '• :MW.t i .. -•::i\1.tY\ .:,;;:J~ ;: .·.' i}i'.~i i ; :::/1¢.f ".! :: :;:::.:i~;t? ; :.:.··.:,:;U4;f: ' : '' :~ i.iJ> ··· n~Nr ·· . . 

NaNOJ : O.00E+00 O.DOE+DD 0.00E+00 0.00E+O0 0.00E+00 0.00E+00 0.00E+O0 0.00E+OO 0.00E+00 0.00E+O0 
N~02 · 0.00E+00 0.00E+O0 
NaCL 
:Nil::• 0.00E+o0 0.00E+00 0.00E+OO 0.00E+O0 0.00E+00 0.00E+00 0.00E+00 
·sr(OID2 .. 7.97E-01 8.90E-0l 0.00E+o0 0.00E+00 0.OOE+oo 0.00E+O0 0.0OE+00 0.0OE+O0 7.49E-01 9.0lE-01 
· N. a2C.03/:' .::••:•:-i•• 2.68E-02 l .79E-0l 0.00E+o0 0.00E+00 0.00E+oo 0.00E+O0 0.0OE+O0 0.00E+00 0.00E+00 0.00E+O0 

: •·· ;c·:·.,::: 
" 

.. 
:. <::/::)>;,'<i'/,,:/ < .. 

,'Na3P04'.:='<·<\!~::t't:•t:/',· 6.43E-0l 6.49E-01 7.60E-01 7.60E-01 6.60E-01 4.38E-0l 0.00E+00 0.00E+00 4.66E-0l 4.75E-0l 
l;'>>}H'<:.'; ··•;c,;.,,:·•··•·;:.:,:;c:::,·;·;. 

Nal$04 :·:::·:•:: :;::;;:·_::?•: 4.66E-01 4.75£-01 0.00E+00 0.00E+00 0.00E+O0 0.00E+o0 0.00E+O0 0.00E+O0 1.38£-01 3.50£-01 ;::o 
'"O 

. NaiSi03•: : · · 0.0OE+00 0.00E+O0 8.35£-01 8.13E-01 7.25E-0l 5.45E-0l 7.09E-0I '"'O 
I 

Alt().33Bl:O 
... .. 

6.00E-01 6.00E-01 l.00E+o0 l.00E+00 3.00E-01 6.00E-01 8.00E-01 8.00E-01 7.00E-02 7.00E-02 .:.;· ........ ······. 

'° • -NaAIOl ? 0.00E+00 0.00E+00 00 
I N 

°' :.FeOlOID.: •. :.: , ·•.•: 8.93E-0l 8.95E-0l 9.65E-0l 9.65E-0l 9.55£-01 9.40E-0l 8.83E-0l 8.83E-0l 9.60E-0l 9.40E-Ol N 
0 

Cr(OB)J: ••:•• 0.00E+00 0.00E+00 0.00E+O0 0.00E+00 0.00E+O0 0.00E+00 0.00E+00 0.00E+00 0.00E-t-00 0.00E+00 ~ 
:Mu:01.\:· ...... .-::-::;:.;:f:"-;' 8.92E-0l 8.92E-0l < 

BfPO•./: :T: 0.00E+00 0.00E+00 9.64E-01 9.64E-01 9.56£-01 9.27E-0l 9.24E-0l 9.24E-01 0.00E+00 0.00E+00 0 

.. PblOBll · •:·.:/;:.:;c·:;. .. / :. : 

.wo1 ; :':.-:::: ,, .,:: ...... •:T,· l.00E+00 l .00E+O0 
l&o.•, . \:::,.:·_::.: . />.;; 9.72£-01 8.70E-01 9.09E-0l 9.I0E-01 
Nill~~(>'::< ' .,.: 

·Na~Aeetau>:•·:::::r: .:.::.>:<: 
: Na:t :(>u)aie ... ·:.'.,•::?.: 8.92£-01 8.92E-0l 
'J\i'aJBmTA\ · .;,::t<:••·•, .-;..,.,-:. 
N•4EDTA/:t:.<:::t '"<:.·•· 
CaC()l.61120 . > . 8.I0E-01 8. 13£-01 8.06E-01 8.06E-0l 8.0lE-01 7.96E-0 l 7.94E-0 l 7.94E-01 7.99E-01 8.03£-01 
NiCOHl2' " · ·•'-•· ··.>:•· . '. . : .. · .... a .. : ... ..... : •. ,, ..... ,. . ·' 0.00E+o0 0.00E+00 O.00E+o0 0.00E+00 0.00E+00 0.00E+OO 0.00E+00 0.00E+00 0.00E+O0 7.33E-01 
Zr0{0ID2J,.:<• , •.>:O';:.~ ... l.33E-01 l .32E-01 
-Na2NiFeCCNl6.61llO· l.00E-i O0 1.00E+00 l.00E+o0 l.00E+O0 l.00E+O0 1.00E+O0 l .00E+00 l.00E+O0 1.00E+-00 l.00E+O0 



Solids Fraction Precipitated (Sheet 2) 
.. f rac: pt~/solicls ; ·•. ·. . :fFeCN,..• ··•· .lP:FtQi • . ·-:.:J~;l ,. · .. 

.. 
. . : :¢Will: < ·-··cwtu1

•··_.·· ·•·- iP( 
.. 

1:~1,1 · > I . ~F~N2 ·-.•·:, IU 
.. .·_ p2 . . . 

NaNOl -· 0.00E+OO O.OOE+oO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+oO O.OOE+OO ! 
.NaNO~ ; .. · O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO 
Na.Cr .. •· 
NaF: \';:•·· O.OOE+OO O.OOE I 00 O.OOE+oO 
'Sr<Ollil< • ·•,;•, ··\? ;• .\ 9.80E-01 8.95E-Ol 9.14E-Ol 9.61£-01 9.89E-01 O.OOE+OO O.OOE+OO 9.90£-01 9.96E-01 O.OOE+OO 

NliC03 /•· ·.:.:: O.OOE+oO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

4.75£-01 O.OOE+oO l.1 2E-02 2.71E-01 

:::0 NalSOif 3.50E-Ol O.OOE+oO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.37E-01 O.OOE+OO ""O 
• Na2Si031: . -• · 7.09£-01 O.OOE+OO 7.24E-01 2.94£-01 7.54E-01 6.57E-01 7.77£ -01 8.88£-01 -i:; 

I 

: AiID33lUOi 7.00E-02 7.00E-02 7.00E-02 2.60E-01 l.30E-Ol 2.00E-01 2.00E-01 7.00E-02 7.00E-02 3.00E-01 -• '° NaAl02/ •••:«,•\:·•_:,::;< O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO l .46E-01 O.OOE+OO 00 
I N 
0\ -FeOlol:ti •.•. ·;:.•;,; ,:.· .Yi•- 9.40£-01 O.OOE+OO 9.61E-Ol 9.69£-01 9.84£-01 9.72£-01 N 4.76£-03 9.65£-01 8.80E-01 8.78E-01 

: tnwi3\ . • .:<· O.OOE+OO O.OOE+OO O.OOE+OO 5. 17E-01 5.15E-01 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO ;;o 
~ 

· MiiOl .. >. \ •· 9.07E-01 < 
BiP0.4 ·. O.OOE+oO O.OOE+OO 9.67£-01 0 

•Pb(-OH)2 . O.OOE+OO 9.08E-01 8.43£-01 O.OOE+OO 2.51£-01 O.OOE+OO 
:ta20:r · 
HeO 9.lOE-01 O.OOE+OO 9.12£-01 8.27£-01 9.00E-01 9.38£-01 9.39E-01 

•· NalcitSlllO :;. ··• : . 
:NaAcetate :< . : ;- • :: • >:•i• 

Nti'l Os:a~t~ · •·: .< 
N~TA ' _· \:iJ·: 
Nt4EMA'i > :: -::::,:_-,·. 
C:aC03:6H20: •• .: . 8.03E-Ol 8.40E-01 8.13£-01 8.00E-01 7.99E-01 7.97E-01 7.94£-01 7.94£-01 7.97£-01 7.98£-01 
Ni(Oinf :••···. 7 .33£-01 8.62£-01 8.44£-01 5.51£-01 5.49E-01 O.OOE+OO O.OOE+OO 5.47£-01 5.52E-01 5.49£-01 
ZrQ(OID.2 .,· · O.OOE+OO 9.27E-Ol 
Na2NiFe(CN)6.6H2(f · 1.00E+OO I .OOE+OO l .OOE+QO l.OOE+OO 1.00E+OO l .OOE+OO l.OOE+oO 1.00E+OO l .OOE+OO l .OOE+OO 



Solids Fractfon Precipitated (Sheet 3) 

era~. prec. s~lid's . ,: · 
.. 

CW.Pi ... cwzr# >-• )twwi _ -· oww2:· ·:·:ow.wt •-·- ·•'.:_:)1$; :.· :'i' .taf .. 
1.~ CwP:Z. . · . . . ,._ :z 

NaN03 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00F.+00 O.OOE+OO O.OOE+OO 0.00E+oO O.OOE+OO O.OOE+OO 
,NaNOZ · O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+oO 0.00E+OO O.OOE+OO O.OOE+OO 
·N•CI 
·NiiF. .. :: ........ 6.50E-01 O.OOE+OO O.OOE+OO 
·$rl0lhf :: .=,·.-·:\:o·:<:<':·' .. ·::/ __ ,, O.OOE+OO O.OOE+oO 5.21E-01 O.OOE+OO O.OOE+oO O.OOE+oO O.OOE+OO O.OOE+oO 7.95E-01 8.16E-Ol 
'N~jCQ3/ i :<<:•I\::·:< ~ "':. O.OOE+OO 0.00E+oO O.OOE+OO O.OOE+oO 0.00E+oO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO 
: ·••:·:•:; ,::::: ':/:-:;•·•·:•.:::• ;:::>\,:\•-::/ 

':.·::,••:•::i_·:,,-,,,.,:, ;:·::.·•:://:'II+·::'::•· 
:N~·.:·,,,_t:~•••: ·/"2'<:':;::;;);, O.OOE+OO 2.22E-01 2.22£-01 

. :-: : ::_:._':,:::·:•:-.:::••-ii::·=::::··':::·: 
JiialSO',t .=.. , ,/· O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+oO O.OOE+oO O.OOE+OO O.OOE+OO :;i::, 

'"C 
· NdSi()l\.·:c,, •· :·::· '."::.t<'. 4.81E-Ol '"C 

I 

. Al:ZOBIDO: : >. .. ··-·-. -:-· .. ··· -~- 3.00E-01 2.00E-01 O.OOE+OO O.OOE+oO 0.00E+OO O.OOE+OO 5.00E-01 1.00E-01 7.00E-02 7.00E-02 -> '° ·· Nooo2.?· '"-.:>':' ·:::-: ·,;•?/: O.OOE+OO O.OOE+oO O.OOE+oO O.OOE+oO O.OOE+OO 00 
I N 
°' . FeOiO.IJl · -.:· ··• : ·,: : . , . , :· .. ' , 8.78E-01 8.78E-01 8.78E-01 9.53E-Ol 9.53E-Ol 9.53E-01 9.54E-01 3.12E-Ol 9.71E-01 9.71E-01 N N 

: CdOlti.f:/ ;_:. . .:;;.. i. :· :: ·.;.:; : O.OOE+OO O.OOE+OO O.OOE+DO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.40E-02 O.OOE+OO O.OOE+OO :,::, 
n Moot>··.,. ·,o::: ... :<./0

: 9.54E-01 3.72E-Ol < 
:.uw.0¥ • ;, :<<:: :_ ,.; <?·.:·:+:- 0 

:PbCOll'il!. · : /: :::/ :J/: >+ 9.02E-Ol 8.62E-01 3.55E-Ol 
-•Lt203 ·:{// :- :;.:::•>?:. :: 
-•mo - ... 9.79E-Ol 
: N:a3.clt~SB'10 .. ' . 
. · Na,AC.e,-~ -:< 
N_idiOuiau• ·:-.>,/:: :·-·· 

. Na3HEDT:-':::--: •~ < , 
'Na4El>T.( ',.:, 
caco3~,a20< , --: 7.95E-Ol 7.94E-Ol 7.95E-01 7.92E-01 7.93E-O l 7.93E-01 7.97E-01 O.bOE+oO 7.97E-Ol 7.97E-01 
Nkomt-:: .. -:> '. • ·, O.OOE+OO 0.00E+oO O.OOE+oO 5.45£-01 5.45E-01 5.45E-01 5.49£-01 O.OOE+OO 5.48£-01 5.48E-Ol 
·.U.U(u.n1l ' : 9.97E-Ol 
. Na2NiFe<CM6;6H20 . 1.00E+OO 1.00£+00 1.00E+oO l.OOE+OO l.OOE+OO 1.00E+OO l.OOE+OO 1.00E+OO l.OOE+OO 1.00E+OO 



Solids Fraction Precipitated (Sheet 4) 

.• .Jfa¢;pt:~:_$qJfij$ .. :· AJ't :: -:: ij _;: .. ·· . <u.t::: .... :· '.; ~mt ·•· ··:· :¢~ >: >· :ow •.; .. · 'i'$.T~lt()f : <>~1j¢k :'' 'tlS.itCk : :Jy$.lt~ • 
.NjNOJ ··. O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO l.21E-Ol 8. IOE-02 3.97E-Ol 4.88E-Ol 
NaN02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
NaCl 
NaF ·· O.OOE tOO O.OOE+OO O.OOE+OO O.OOE+oO O.OOF.+00 O.OOE+OO 
Sr.(OID2 ·.• ·· · · · 9.93E-Ol 9.58E-01 O.OOE+oO 9.93E-Ol 5.89E-01 O.OOE+OO O.OOE+OO 5.71E-01 8.85E-Ol 9.01£-01 

· Na2C03 • •· ··· :·•:< .:·.······ O.OOE+OO O.OOE+OO O.OOE+tlO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

.. -:: ·~: . . ..... ;; ; .. : ;_ ·.;::.: ·. : .. ··.-. . 

. Na3P04·=• \I < .::::· ... O.OOE+OO O.OOE+OO 
1-.-... -· .. ·,·.·--.· .... -.-.. ,.-,--·;'.,:'.\:··,'--•·:·"'":::"-_.,.:---<"'".-;:, .. ;-•. ""'· . ,;,,. :.:;.,..._:::+: --=-c..:....:.::~-=--1---- --1--::.:..::..;=-=-...::..::....-1-__ __ - -

O.OOE+OO 5.86E-01 O.OOE+OO O.OOE+OO O.OOE+OO 

'NalS-04<'"/: :•:--\:, -': ••::::.:-::-:;: .•. :: .• ........ ' ' ' ......... •,•··. ., :•,•·. ·,·i· .... . O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.65E-Ol O.OOE+OO 3.88E-Ol 4.76E-01 
8.80E-01 7.37E-01 9.40E-Ol 8.69£-01 4.14E-01 4.66E-01 5.14E-01 5.67E-Ol 6.lOE-01 
7.00E-02 7.00E-02 7.00E-02 7.00E-02 O.OOE+OO 7.00E-02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO 7.83E-02 O.OOE+OO 3.77E-Ol 
9.56E-Ol 7.33E-Ol O.OOE+OO 9.55E-Ol 5.93E-Ol 9.53E-Ol 8.63E-01 5.51E-Ol 8.28E-01 9.04E-Ol 

. Cl'(OID3 · . .. ·· · ·· ·'.. ~ O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.94E-Ol 2.03E-Ol 9.36E-02 
-MnO:Z : .;_ :: . Y>·•• · · O.OOE+OO O.OOE+oo 1.69£-01 O.OOE+OO 3.24E-Ol 
BIP04 · . . : ·· ·· : : O.OOE+OO O.OOE+OO 8.51E-01 O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO 3.19E-Ol O.OOE+OO O.OOE+oO 3.41E-02 7.87E-Ol 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

-mo ~:.··:• ····•:i:/;•}•''·•: ::•.:··<<:·.·. 9.38E-Ol 7.85£-01 8.55E-01 9.88E-Ol 4.17E-01 6.06£-01 5.00E-01 6.0lE-01 5.22£-01 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
NaJHEii-tA• ·: .·. •· >> : .... · 
Na4El>l'A : 

·-·- ---+----------+-- --- +---- --+-- ----+- - ---1 

caco:t6H20 · 3.89E-01 6.28E-Ol O.OOE+OO 6.97E-OI 5.75E-Ol 5.0lE-01 6.18E-01 5.37£-01 8.07E-01 8.58£-01 
·Nii0Hl2•·•:. 7.02E-Ol 9.08E-02 O.OOE+OO 5.77£-01 5.45E-01 3.84E-Ol 5.39E-Ol 7.92£-01 8.51E-Ol 
ZrO(din2 ·. O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
N•2NiFe(CN)6;6H20 · l .OOE+OO l .OOE+OO 1.00E+OO l.OOE+OO l.OOE+OO 1.00E+OO l.OOE+OO l.OOE+OO l.OOE t-00 l.OOE+OO 

'-0 
00 
N 
N 



Solids Fraction Precipitated (Sheet 5) 

!a".ac~ pr~c~ $0l~d5 : ·•·. S)Siitk --•·s~~•t$fo '-••· •·-·••Aisii¢.1c•·-••·· .. •·•~$Ii$4'/ ·L jj~ :.y;fj~ ..... :· ::.; ;)>t2.i .••.. :c:wzr.2: .. . .... . .. . ..... 

:NaN03 - 2.76E-Ol l.34E-Ol l.20E-Ol l .29E-01 O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO 
<NaN02 ,· O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO 
•Nacr· . 
. N.a:F • O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+oO 6.SOE-01 
.Srlom:z • ')> .7 ;<;;;';; :··· 8.85£-01 2.35E-01 8.21£-01 9.38£-01 9.98E-01 9.97E-01 O.OOE+OO O.OOE+OO 
N•lCO.:l .:.~ '.::\::; •<'.:: .~.:.:, ,; · O.OOE+oO O.OOE+OO O.OOE+oO 8.5 lE-02 O.OOE+oO O.OOE+oO O.OOE+oO O.OOE+OO 

... .. 

... . , : : . .c:::/.•'\<:' 
N;(Jl>Of ., O.OOE+OO O.OOE+-00 O.OOE+oO 4.55E-01 O.OOE+OO 

-.. - :.•; __ , .. : i·-
.... ,,. ... 

·N.a1so, • • . ::.:•·:-L· • .. 2.58E-01 l.19E-01 2.85E-Ol 4.88E-02 l.13E-Ol 2.61£-02 O.OOE+oO :,:, 
. . . .. .. . : --- . ·-: . ""O 
.N~Si03 -. 5.41E-01 l.4 lE-01 3.54E-01 O.OOE+OO 8.87£-01 8.88£-01 ""O 

I 

• ;AJ103•3ii20:· ... •(•·· ... ,. O.OOE+oO O.OOE+-00 O.OOE+OO O.OOE+OO 3.60E-Ol 9.30E-01 3.00E-01 O.OOE+OO '° ·NaAIQ2 ><:: :: <::: .. :•.:,:: 6.93E-02 6.00E-02 4.56E-02 O.OOE+oo O.OOE+OO O.OOE+oO 00 
I N 
°' <:FeQiom•. • .... : . < .::.; .. _; ·: :: • • .. 7.SOE-01 l.8 IE-01 6.59E-Ol 8.68E-Ol 9.85E-01 9.54E-Ol N ~ .. 9.81E-Ol 9.53E-Ol 

·:crmw<. :.::-.:::;' : .~;,·: .• ..-.::= •. :..:. 3.99E-01 l.23E-01 l.12E-01 O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+oO :::0 
~ 

••:MJi02?.i .-::· .•.•. ;;• · '-?·::; '\\( ·-•·-·: 3. 78E-Ol l.66E-Ol 1.40£-01 4.33E-01 9.0SE-01 < 
'BiPD.4:. ·, .. --=~- .. :-: O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO 0 .... ... .. . 

·P.biOID2 ·;.:_,.;;;:_,.,: \ , .. \/· 9.89E-02 l.19E-Ol l.94E-Ol O.OOE+oO 
;t;a20;J<•·' ;-.;.;- • •: :\-· .. O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO 
.n~ ·•-••--•••-•- <•.··••·.·.::·:-.;:; .a: 5.57E-01 l.36E-01 3.91E-01 2.5 lE-01 
.Naldtsm.oL: 
Nai.uetate .. -: : : : >>•>,:.:_. -· 

; N~f1.'.0.Silate•i:l•::::.•:t.;_. ·: . O.OOE+oO O.OOE+oO O.OOE+oO O.OOE+OO 
•• NalQ))TA:·:<::••··/ <--::i: 1;, •: 

: N:a:fED.T.A.itf-;: .<< -) i.' << i• i 
• CaC01~6'.H20 ..... 6.99E-Ol l.63E-Ol 5.02E-Ol 8.04E-Ol 7.23E-Ol 5.25E-Ol 7.92E-Ol 7.95E-01 
Ni(t)IDl 7.17E-01 1.66E-01 5.42E-Ol 8.02E-01 6.60E-01 7.99E-Ol 5.45E-01 
Zrocom2 :_ : O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO 9.97E-Ol ... 

Na2NiFet:LNJ6~6HlO. ·. · l.OOE+OO J.OOE+oO l .OOE+OO l.OOE+OO l .OOE+OO l.OOE+oO l .OOE+OO l.OOE+OO 



• I 

°' VI 

.- . .IQ::.:: 

. .N!,;,59., 

-Sii,:79 .··· 

: .Y~9o 

.. '.Si;,.tlS : 

· Cs,;134 · 

'· · :e.;1J1m.:, ,.· · · 
·, S·m--'J5b : 

·:.:r~m .. ,..:.-·· 

U;.234.· 

.;(1.238; .. :: 

.•,: h-T•tal : 
-:. Am-.241 : :' 

2.68E-02 1.79[-01 
O.OOE+oO O.OOE+oO 
0.00F.+00 O.OOE+oO 
0.001-:+00 O.OOE+oO 
O.OOF.+-00 O.OOE+oO 
7.97E-Ol 8.90E-01 
7.97E-Ol 8.90E-01 
0.00[+00 O.OOE+oO 
O.OOF.+00 O.OOE+oO 

O.OOE+oo O.OOE+oO 
O.OOE+OO 0.00E+oO 
0.00E+OO O.OOF.+oO 
0.00E+oo O.OOE+OO 
0.00E+OO O.OOE+-00 

O.OOE+OO O.OOE+-00 
O.OOE+OO O.OOE+-00 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
4.06[-01 2.78E-Ol 
4.06F.-OI 2.78E-OI 
2.79E-Ol l.44[-01 
0.00E+oo 0.00E+OO 
O.OOE+oo 0.00E+oo 
O.OOE+oO O.OOE+oO 
9.851::-01 9.85[-01 
9.85E-Ol 9.85E-01 
9.851:-01 9.85E-Ol 
9.85E-Ol 9.85E-OI 
9.85E-Ol 9.85E-01 
9.851::-01 9.85E-Ol 
9.85E-Ol 9.85E-Ol 
O.OOE+oo 0.00E+OO 
O.OOE+oo 2.00E-01 
0.00E+OO 2.00E-01 
O.OOE+OO 2.00E-01 
O.OOE.+00 2.00E-01 
O.OOE+OO 2.00E-01 
O.OOF.+oO 2.00E-01 
O.OOE+oO O.OOE+OO 
0.00E+oO O.OOE+oO 
0.00E+oO 0.00E+oO 
O.OOE+oO O.OOE+oO 
0.00F.+00 O.OOE+oO 

Solids Fraction Precipitated (Sheet 6) 

O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+oO 0.00E+oo 
O.OOE+OO O.OOE+oo 0.00E+oO O.OOE+oO 0.00E+OO 0.00[+00 0.00E+oO 9.35E-Ol 
0.00E+OO 0.00[+00 0.00[+00 0.00[+00 O.OOE+OO 0.001::+00 0.00E+OO 9.J5E-01 
O.OOF.+00 0.00E+-00 O.OOE+oO O.OOE+OO O.OOE+oo O.OOE+oO O.OOE+OO 0.00E+OO 
OOOF.+oo O.OOE+-00 0.001::+oo O.OOE+OO O.OOE+oo 0.00E+OO O.OOE+OO 0.00E+OO 
OOOE+OO O.OOE+-00 0.001:+oo 0.00E+OO 0.00E+oo O.OOE+OO 7.49E-Ol 9.0IE-0 1 
O.OOE+oO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+oO O.OOE+OO 7.49£-01 9.0 l E-01 
1.33[-01 l.32E-OI 0.00E+OO 0.00E+-00 0.00E+OO O.OOE+OO 0.00E+oO O.OOE+-00 
IJJE-01 l .32E-OI 0 .OOE +oo O.OOF.+oO O.OOE+oO O.OOE+OO O.OOHOO OOOE+oO 

0.00E+-00 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+oo O.OOE+-00 O.OOE+OO O.OOE+OO 
O.OOE+oO O.OOE+OO 0.00E+OO O.OOE+OO U.00.t+oO O.OOE+-00 0.00E+OO O.OOE+OO 
O.OOE+oO O.OOE+OO 0.00[100 O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+oO OOOF+OO 
O.OOE+OO O.OOE+OO O.OOE+oO 0.00F.+00 0.00E+oo O.OOE+oO O.OOE+oO 0.001::+oo 
O.OOE+oO O.OOE+OO OOOE+oO O.OOE+oO O.OOE+OO 0.00E+oO 0.00E+oO 

9.99E-O ! 
9.991:-01 
9.99E-Ol 

O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+oO O.OOE+OO O.OOE+oO O.OOE+oO O.OOE+OO 
O.OOE+oO O.OOE+oO O.OOE+{)O O.OOE+-00 0.00E+OO O.OOE+-00 0.00E+oO 0.00E+OO 
O.OOE+oo O.OOE+-00 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+oO 0.00E+oO O.OOE+OO 
O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+oO 0.00E+OO O.OOE+-00 0.00E+oO O.OOE+OO 
O.OOE+OO 0.00E+oO 0.00E+OO O.OOE+-00 O.OOE+oo O.OOE+-00 0.00E+oo O.OOE+OO 
0.00E+OO O.OOE+oO O.OOE+OO O.OOE+-00 O.OOE+oO O.OOF.+00 O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE+oo O.OOE+-00 0.00E+OO 
O.OOE+oo O.OOE+oo O.OOE+oO O.OOE+OO O.OOE+QO O.OOE+-00 O.OOE+oO 0.00E+OO 
OOOE+oO O.OOE+OO O.OOE+oO O.OOF.+-00 O.OOE+OO O.OOE+oO 0.00E+OO O.OOE+OO 
O.OOE+OO O.OOF.+00 O.OOE+OO 0.00E+oO O.OOE+OO O.OOE+-00 O.OOE+OO OOOE+OO 
9.03£-01 8.72£-01 O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+-00 9.lOE-01 9.12E-01 
9.03E-01 8.72[-01 O.OOE+OO O.OOE+OO O.OOE+OO 0.00£+00 9.lOE-01 9.12E-Ol 
9.03E-01 8.72E-01 0.00E+OO O.OOE+oO O.OOE+OO O.OOE+OO 9.IOE-01 9.12E-01 
9.03E-OI 8.72E-Ol O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO 9.lOE-01 9.12E-01 
9.03E-01 8.72E-01 O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 9.lOE-01 9.12E-01 
9.03E-Ol 8.72E-Ol 0.00E+oo 0.00E+OO 0.00E+oO O.OOE+-00 9.lOE-01 9. l2E-Ol 
9.03E-Ol 8.72E-Ol O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+oO 9.IOE-01 9.12£-01 
O.OOE+OO O.OOE+-00 0.00HOO 0.00E+oo O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 
7.24E-Ol 7.76E-Ol l.89E-Ol l .60E-OI O.OOE+OO 2.90E-01 O.OOE+oo O.OOE+oO 
7.24E-Ol 7.76E-Ol 1.89£-01 1.60£-01 O.OOE+OO 2.90£-01 O.OOE+oO 0.00E+-00 
7.24E-01 7.76E-Ol l .89E-Ol 1.60E-Ol O.OOE+OO 2.90E-OI O.OOE+oO U.OOE+OO 
7.24£-01 7.76E-Ol I 89[-01 l.60F.-Ol O.OOE+OO 2.90E-01 O.OOE+OO O.OOE+OO 
7.24E-Ol 7.76E-Ol l.89E-Ol l .60E-Ol O.OOE+oO 2.90E-OI O.OOE+OO 0.00E+OO 
7.24E-01 7.76[-0I l.89E-01 l.60E-Ol 0.00E+OO 2.90E-01 O.OOE+oo 0.00[+00 

O.OOE+OO O.OOE+oo O.OOE+OO O.OOE+OO O.OOEtOO O.OOE+OO O.OOE-+-00 0.001:+00 
O.OOE+-00 O.OOE+OO O.OOE+OO O.OOE+oO 0.00E+OO O.OOE+OO 0.00E+OO 0.00E+OO 
O.OOE+oo O.OOE+oO O.OOE+oo O.OOE+-00 O.ODE+OO O.OOE+OO 0.00E+oO O.OOE+OO 
O.OOE• -00 OOOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+oO 0.00E+OO 
0.00£+00 O.OOE+OO O.OOE• -00 O.OOE+oO 0.00E+OO O.OOE+OO 0.00F.+00 O.OOE+OO 



> I 

°' °' 

.. 'li•3', · ...... _.·.:; 

Nj;.:59 .. :<··· 

.. ·Co-6(J .· ,. 

· . .Srs90 · . . : . 

.T~ .·: 

·• Cd-H3pi :. · 
·. ISb-:125 . . . .. 

.. :•cs-131:: -· .. 
·· B11~137.m •·• 
s_in;.ui, .. 

.- Eia~JS4 :··· 

.·· Eil~i55 , ' • 

Ac;.227,, .,;· ' ' . 
·.J• .... 231 .:: .. ;;• ·· · · 

:.Tll~229.<·.: : • .:· 
·:.Tfi;.;.232 :. •>· .. 

o;.m,:.: ........ . 
·• U-134 ··· 

.. U.236 > '' 

. 'Pit,;l,M· :· 

Pll-241 .... 

> PF.Tittal,• . ·,; ·. 

• Atn:-243 '. • . . . 

C0.:243 ·· 
·. Ca>-2# ···: 

O.OOE+OO OOOE+-00 0.00E+-00 
8.34E-Ol 9.21E-Ol 9.1 IE-01 
8.34E-01 9.21E-Ol 9.1 IE-01 
O.OOE+-00 O.OOE+-00 O.OOE+OO 
O.OOE+-00 0.00E+-00 O.OOE+OO 
9.80E-01 8.95E-01 9.14E-Ol 
9.80E-01 8.95E-01 9.14E-OI 
0.00E+OO O.OOE+-00 9.27E-OI 
O.OOE+-00 0.00E+OO 9.27E-Ol 

O.OOE+-00 O.OOF.+00 O.OOE+OO 
O.OOE+-00 O.OOE+OO O,OOE+oo 
O.OOE+-00 O.OOE+OO O.OOE+-00 
O.OOE+OO O.OOE+OO 0.00E+OO 
O.OOE+OO 0.00E+OO O.OOE+oo 
9.99E-Ol 9.99E-OI 9.99E-01 
9.99E-Ol 9.99E-01 9.99E-01 
9.99E-01 9.99E-OI 9.99E-Ol 
O.OOE+-00 0.00E+-00 O.OOE+-00 
O.OOE+oo O.OOF.+00 O.OOE+-00 
O.OOE+oo O.OOE+-00 0.00E+-00 
O.OOE+OO O.OOE+-00 O.OOE+-00 
O.OOE+oo 0.00E+oo 0.00E+-00 
O.OOE+-00 O.OOE+OO O.OOE+-00 
0.00E+-00 0.00E+-00 O.OOE+-00 
O.OOE+oo 0.00E+-00 0.00E+-00 
O.OOE+-00 0.00E+-00 O.OOE+-00 
O.OOE+oo 0.00E+OO O.OOE+OO 
9.12E-01 0.00E+-00 8.84E-01 
9.l2E-Ol 0.00E+-00 8.84E-01 
9.12E-01 O.OOE+-00 8.84E-01 
CJ .121'.-0I O.OOE+-00 8.84£-01 
9.12E-01 O.OOE+oO 8.84E-OI 
9. I 2E-01 O.OOE+oO 8.84F.-01 
9.12E-Ol O.OOE+OO 8.84E-01 
O.OOE+OO O.OOE+OO O.OOE+oO 
O.OOE+OO O.OOE+-00 7.77E-01 
OOOE+OO O.OOE+OO 7.77f:--Ol 
0.00F.+-00 O.OOE+OO 7.771::-01 
O.OOE+OO 0.00E+-00 7.77E-OI 
O.OOE+OO 0.00E+-00 7.77£-01 
0.00E+OO 0.00E+-00 7.77£-01 
0.00E+oo O.OOE+-00 O.OOE+OO 
O.OOE+oo O.OOE+oO O.OOE+-00 
0.00E+oo 0.00E+-00 0.00E+OO 
O.OOE+oo O.OOE+-00 O.OOE+-00 
0.00F.+-00 0.00.E+OO 0.00E+-00 

Solids Fraction Precipitated (Sheet 7) 

O.OOE+-00 O.OOE+-00 0.00E+oo 
5. 51E-01 5.49E-Ol 0.00E+oo 
5.5 1E-01 5.49E-OI 0.00E+oo 
OOOE+OO O.OOE-t-00 O.OOE+oO 
O.OOE+-00 O.OOE+OO O.OOE+-00 
9.6IE-Ol 9.89F-01 O.OOE+-00 
9.61E-01 9.89E-OI O.OOE+-00 
O.OOE+-00 0.00E+oo 0 OOE+-00 
O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+oo O.OOE+-00 O.OOE+OO 
OOOE+oo 0.00t+oU 0.00E+OO 
0.00E+oo 1 J6E-01 O.OOE+oo 
0.00E+oo O.OOE+OO O.OOE+oo 
O.OOE+oo O.OOE+-00 O.OOE+-00 

O.OOF.+-00 6.92E-01 0.00E+OO 
O.OOE+oO 6.92E-O l O.OOE+oo 
0.00E+-00 6.92E-01 O.OOE+oo 
O.OOE+-00 6.92E-01 O.OOE+-00 
O.OOE+-00 O.OOE+oo O.OOE+OO 
O.OOE+-00 O.OOE+oo O.OOE+-00 
O.OOE+-00 0.00E+-00 0.00E+oo 
O.OOE+-00 O.OOE+-00 O.OOE+-00 
0.00E+-00 O.OOE+-00 O.OOE+-00 
O.OOE+oo O.OOE+oO 0.00E+oO 
9.47E-O l 9.00E-01 9.66E-OI 
9.47E-01 9.00E-01 9.66£-01 
9.47E-01 9.00E-01 9.66E-Ol 
9.47E-01 9.00E-01 9.66E-01 
9.47£-01 9.00E-01 966E-01 
9.47E-OI 9.00E-01 9.66E-01 
9.47£-01 9.00E-01 9.66E-01 
O.OOE+-00 O.OOE+-00 0.00E+oO 
8.IJE-01 8.20E-OI 8.64E-01 
8.JJE-01 8.20E--OI 8.64E-OJ 
8.13E-Ol 8.20E-OI 8.64E-Ol 
8.13E-01 8.20E-Ol 8.64E-Ol 
8.13E-Ol 8.20E-0I 8.64E-0 1 
8.l3E-01 8.20E-Ol 8.64£-01 
6.23E-OI 9.29[-01 0.00E+-00 
6.23E-01 9.29F.-Ol O.OOE+OO 
0.00E+OO 9.24£-01 O.OOE+-00 
OOOE+-00 9.24E-01 O.OOE+-00 
O.OOE+-00 9.24E-OI O.OOE+OO 

0.00E+OO O.OOE+-00 
0.00E+-00 5.47E-Ol 
O.OOE+OO 5.47E-01 
l.75E-01 O.OOE+-00 

O.OOE+oo O.OOE+OO 
O.OOE+-00 9.90E-0 1 
O.OOE+-00 9.90E-01 
O.OOE+-00 O.OOE+-00 
0.00E+OO O.OOE+-00 

O.OOE+oo O.OOE+-00 
O.OOE+oo 0.00E+-00 
O.OOE+-00 O.OOE+OO 
0.00E+oo 0.00E+-00 
O.OOE+-00 O.OOE+-00 

0.00[+00 2.74E-Ol 
O.OOE+oo 2.74E-01 
O.OOE+oo 2.74E-Ol 
0.00E+oo 2.74E-01 
O.OOE+-00 O.OOE+-00 
O.OOE+OO O.OOE+-00 
O.OOE+-00 0.00E+-00 
O.OOE+-00 O.OOE+-00 
O.OOE+-00 O.OOE+-00 
O.OOE+oO 0.00E+-00 
9.65F.-OI 8.1 SE-01 
9.65E-01 8.ISE-01 
9.65E-Ol 8.ISE-01 
9.65E-Ol 8.l!!E-01 
9.65E-01 8.18E-OI 
9.65E-01 8.ISE-01 
9.65E-Ol 8.ISE-01 
0.00E+OO O.OOE+OO 
8.83E-01 8.43E-01 
8.8JE-Ol 8.43E-01 
8.83E-Ol 8.43E-01 
8.83E-01 8.43E-OI 
8.83£-01 8.43E-OI 
8.83E-01 8.43£-01 
3.13E-OI 8.89E-01 
3.13E-Ol 8.89£-01 
O.OOE+-00 2.19E-01 
0.00E+-00 2.19£-01 
OOOE+-00 2.19f-0I 

0.00E+OO 
5.52E-Ol 
5.52E-01 
5.54E-01 
O.OOE+-00 
9.96E-Ol 
9.96E-0 I 
O.OOE+OO 
0.00E+-00 

7.94E-OI 
O.GOE+OO 
4.29F.-OI 
0.00E+-00 
O.OOE+-00 

8.l lE-01 
8.I IE-0 1 
8.l lE-01 
8.l lE-01 
O.OOE+oo 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+oO 
9.41E-Ol 
9.41E-Ol 
9.41E-01 
9.41£-01 
9.41E-01 
9.4 I E-01 
9.41E-OI 
0.00E+oo 
9.09E-01 
9.09E-01 
9.09E-01 
9.09E-OI 
9.09E-Ol 
9.09E-Ol 
9 72E-Ol 
9.72E-01 
9.38E-01 
9.38E-OI 
9.38E-Ol 

0.00E+-00 
5.49E-0 1 
5.49E-01 
O.OOE+OO 
O.OOE+-00 
0.00E+OO 
O.OOE+OO 
O.OOE+oo 
O.OOE+OU 

O.OOE+-00 
0.00[ t-00 
O.OOE+OO 
O.OOE+-00 

O.OOE+OO 
O.OOE+-00 
O.OOE+OO 
O.OOF.+00 
O.OOE+-00 
O.OOE+OO 
OOOE+OO 
O.OOE+oo 
O.OOE+-00 
O.OOE+OO 
9.91F.-01 
9.91 E-01 
9.9lE-01 
9.91 E-01 
9.91E-Ol 
9.91E-01 
9.91 E-01 
O.OOE+-00 
9.86E-OI 
9.86E-01 
9.861::-01 
9.86E-01 
9.86E-OI 
9.86E-01 
OOOF+{Xl 
O.OOE+OO 
0.00E+-00 
O.OOE+oO 
O.OOE+OO 

cg 
-0 
I -'° 00 

N 
N 



Solids Fraction Precipitated (Sheet 8) 

fi:iai P.~;~li~ ':' :_·. j ;w.~i • . :; c.\.VPl /: .. ::~~1:::; .·.·••<jJwW(t::: f~~ t:t·• 
... 

/'.QW).¥3/i " i::::J\~(~\}%: :.::::tt~ ;\:::!\ •: }~( > .· (,:/, :>;T-Jii :·· .. . . 

.. .... .::, .,. .. ,. ... .. . -.~-: ., .. 
·. -ll~J.: _:_.,: ... 
c~u :: .. 0.00Et-00 O.OOE+-00 O.OOE+-00 O.OOE+OO 0.00E+-00 O.OOE+-00 O.OOE+OO O.OOE+-00 O.OOE+-00 0.00E+oO .. 

0 .00 E +00 5.48E-Ol Ni,,59 ,. ..... .. O.OOE+-00 O.OOE+-00 5-45E-01 5.45E-Ol S.45E-Ol 5.49£-01 0.00E+OO 5.48E-01 
Ni.3 :: O.OOE+OO O.OOEIOO O.OOE+OO 5.45E-O l 5.45E-Ol 5.45£-01 5.49E-01 O.OOE+OO 5.48E-01 5.481:'.-0l 

-c~ .... O.OOE+oo OOOE+oO O.OOE+-00 O.OOE+-00 0.00E+oo O.OOE+-00 O.OOE+oO O.OOE+-00 0.00E+OO ~,,.· O.OOF.+oo OOOE+oO O.OOE+-00 O.OOE+-00 O.OOE+-00 0.00E+-00 O.OOE+-00 0.00E+-00 0.00E+-00 
·. Sr~, ·-··· O.OOE+-00 0.00E+-00 5.21 E-01 O.OOE+OO O.OOE+OO O.OOE+-00 O.OOE+-00 7.95E-O I 8.16E-01 ·-·· ... 
"y~;;-::·:.. ····· 0.00E+-00 O.OOE+OO 5.211:-01 O.OOE+-00 O.OOE+oO 0.00E+-00 0.00E+oO O.OOE+-00 7.951:-0 1 8. J 6E-01 ... 

z.r.93· 
... 

O.OOE+-00 0.00E+OO 9.97E-01 O.OOE+oO OOOE+oo O.OOE+OO 0.00E+OO O.OOE+-00 0.00E+-00 O.OOE+-00 
~9'"1.1 

.. 
O.OOF.+00 O.OOE+OO 9.97E-01 O.OOE+-00 O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+-00 O.OOE+oo 

. -Tc--99 <. 
Rti.:l(ki'--, ·. : : .. O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+-00 0.00E+-00 O.OOE+OO 6.93E-OI 0.00E+-00 0.00E+-00 

:- -C~:U)m,.;. .- ... .: 0.00E+-00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+w O.OOE+-00 O.OOE+-00 0.00E+OO 0.00E+-00 
-·~fl!:.:·::::·:: O.OOE+-00 O.OOE-1 00 0.00[ 100 O.OOE+OO O.OOE+OO 0.00E+oo O.OOE+OO O.OOE+OO 0.00E+OO 
: :Sii~JU :"·:::· -·: ;:. O.OOE+-00 O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE+oo O.OOE+-00 O.OOE+OO O.OOE+-00 0.00E+OO 

l,ii9\ >.:· .. ·: ... l.47[-02 O.OOE+oo 0 .00F.+oo 0.00E+oo O.OOE+-00 O.OOE+-00 0.00E+OO O.OOE+-00 0.00E+-00 
Q;;)l!{ '. : .. ·,··· 

• Cs-1-) 7.".:: . ..;+.: 
; ea:tn.ni\<i:;-
<Sm:..Jsi'.' .. :::'.:':::. :: O.OOE+-00 O.OOE+-00 O.OOE+-00 O.OOE+-00 O.OOE+-00 O.OOE+OO O.OOE+-00 O.OOE+-00 O.OOE+OO O.OOE+OO 
::•Eli'"l5Z:0:·:·":,.:.•;:· · O.OOE+-00 O.OOE+-00 O.OOE+-00 O.OOE+-00 O.OOE+-00 0.00E+OO 0.00E+OO O.OOr.+-00 O.OOE+OO O.OOE+OO 
: Eu.;..154":: ·::::--· 0.00E+OO O.OOE+-00 O.OOE+-00 O.OOE+-00 O.OOE+oO 0.00E+OO 0.00E+-00 O.OOE+OO O.OOE+-00 
:·Eu~l!l5 ;; .. :.,.··· 0 OOE+-00 O.OOF.+-00 O.OOE+-00 O.OOF.+00 OOOE+OO O.OOE+oo O.OOE+OO 0.00E+-00 0.00E+-00 0.00r.+00 
. Ra-22CI .. O.OOE+-00 O.OOE+-00 O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE+-00 O.OOE+-00 2.41£-03 4.32£-01 C 

.. Ra~ll8 . 0.00E+-00 0.00E+-00 O.OOE+OO O.OOE+OO O.OOF.+00 O.OOE+-00 O.OOE+OO 0.00E+-00 2.41E-03 4.32E-O I 
: At--2J7.· O.OOE+-00 6.96E-OI O.OOE+-00 0.00E+-00 O.OOE+oo O.OOE+-00 O.OOE+oO 1.00E+-00 I.OOE+-00 
. .,_;;231, O.OOE+-00 O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE+oo O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO 
.T~l :29 ·. .. 0.00E+-00 9.88E-O l O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE+-00 O.OOE+-00 0.00E+OO 9.99F.-01 9.99E-Ol 
Th~i , .. O.OOE+-00 9.SSE-01 O.OOE+DO O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE+-00 9.99E-01 .9.99E-Ol 

. V,232: .... 9.58E-OI 9.30E-O l 9.78E-O l 9.83£-01 9.6IE-01 8.34E-O l 0 OOE+oO 9.53E-Ol 9.30£-01 9.30E-O l 
;_iJ~zjJ _: 9.58!:-0l 9.30f-Ol 9.78.E-0 1 9.83E-01 9.61E-Ol 8.34E-O l O.OOE+OO 9.53E-O l 9.30E-01 9.30E-Ol 
- u~2.34: 9.SSE-01 9.30E-Ol 9.78E-Ol 9.83E-O l 9.6lf:-Ol 8.34E-01 O.OOE+OO 9.53E-01 9.30E-Ol 9.30E-OI 

0~235: · -:· .. . , . 9.58F.-Ol 9.30E-Ol 9.78E-0 1 9.83E-01 9.61E-01 8.34£-01 O.OOE+oo 9.53E-01 9.30E-01 9.30E-01 
. .'·.U,1136':- ·'• .• :: / .. 9.58E-0I 9.30E-01 9.78E-0 1 9.83 E-01 9.61E-Ol 8.34E-01 0.00E+OO 9.53£--01 9.30E-01 9JOE-01 

°"231r ·: 
.. 

9.58E-01 9.30£-01 9.78E-01 9.83E-01 9.61E-01 8.34E-O l O.OOE+oo 9.53E-OI 9.30E-OI 9JOE-01 .:::,:. 

· ~T• tal i> .. 
. ···· 9.58E-01 9.30E-OI 9.78E-0 1 9.83E-OI 9.61E-OI 8.34E-Ol 9.53E-OI 9.30£-0 1 9.30E-OI 

Nn--117'. O.OOE+-00 O.OOE+-00 O.OOE+OO O.OOE+-00 O.OOE+oo O.OOE+-00 O.OOE+OO O.OOE+-00 O.OOE+-00 
J!'li~l38-- 8.53E-01 7.77E-OI 9J7E-01 9.55E-01 8.20E-01 2.04E-Ol 9.92E-01 9.40£-01 O.OOE+-00 O.OOE+OO 

·pa~239 -:·, 8.53F.-01 7.77[-01 9.37E-01 9.55E-O l R.20E-OJ 2.04E-Ol 9.92E-01 9.40£-01 O.OOE+OO 0.00bOO 
Pu-240 ... · 8.53E-01 7.77E-01 9J7E-O I 9.55£-01 8.20£-0 1 2.04E-01 9.92£-01 9.40E-01 O.OOE+OO 0.00E+-00 
Pu~%41 8.53E-OI 7.77E--O I 9.371:-01 9.55£-01 8.20E-01 2.04£-01 9.92E-01 9.40£-01 O.OOE+OO O.OOE+oO 
Pa-242 . . -.. : . . 8.53£-01 7.77E-O I 9.37E-Ol 9.55E-O l 8.20E-0 1 2.04E--OI 9.92E-01 9.40£--01 0.00E+OO 0.00E+OO 

. : Pli--T.otaJ;- : 8.53E-Ol 7.77E-Ol 9J7E-01 9.55E--Ol 8.20E-Ol 2.04E-01 9.92E-OI 9.40E-O I O.OOF.+oO O.OOE+OO 
: AJJ>"~l . · .. ., O.OOE+OO O.OOE+OO 9.081:-01 O.OOE+-00 O.OOE+OO O.OOE+-00 9.9! E-OI O.OOE+OO O.OOE+OO O.OOE+OO 
: Aia-licj ... ... 

O.OOE+-00 0.00r.+00 9.0SF.--01 O.OOE+OO -0 .00E+OO O.OOE+OO 9.91£-01 O.OOE+-00 O.OOE+OO 0.00E+-00 
: Cm-,,142.: ... 

:· .. ,·.:-.- O.OOE+-00 O.OOE+OO 7.67E--01 O.OOE+-00 O.OOE+oo O.OOE+OO O.OOE+-00 9.0SE-01 O.OOE+OO O.OOE+OO 
Ci.:.243•"': :;·::.:. O.OOE+-00 O.OOE+OO 7.67E-0 1 0.00E+-00 O.OOE+oo O.OOE+OO O.OOE+OO ~.08E-01 O.OOE+-00 O.OOE+OO 
:c ... 1« :: .. ·:·. 0.00E+-00 0.00f: tOO 7.67E-O I O.OOE+OO O.OOE+OO O.OOE+-00 CJ .08E-O I O.OOE+-00 0.00E+OO 



Solids Fraction Precipitated (Sheet 9) 

,r,~-1).f~~• .••: Y: ~ '!iJ:'. ·e:•fi/j'f ::.•::• ·:e: "::~ :i}! .:>:i//~~ ;r: •\\tX~lf ?.> Ji/i!i'ij\\fi (::':; :Y::.t.~t :i: • f!fi!~il¢ki : <tifiji~¢k • 1, sts~c:1.t: .. 
•.· ]f-3•< :·· 

~~14 0.00E+oO 0.00E+OO O.OOF.+-00 0.00E+OO O.OOE+OO OOOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOf+(JO 
. Nf;,;s9 7.02E-OI I 9.08E-02 O.OOE+OO 0.00E+oO 5.77E-01 5.45r.-01 3.84E-Ol 5.39E-Oi 7.92E-01 8.51 E-01 

Ni1l 7.02E-OI 9.08E-02 0.00£+00 O.OOE+oO 5.77E-Ol 5.451-: -01 J .84E-OI 5.39£-01 7.92E-Ol 8.5 I F.-01 
· cHO ·.· O.OOE+oO I 3.75E-O! 0.00E-t-00 5.501:-01 l. I 9E-Ol OOOE+OO O.OOE+OO 3J2E-OI 7.57F.-Ol 

Si;.19 . .. O.OOE+OO O.OOf.+00 O.OOE+OO O.OOE+OO O.OOE+oo OOOE+OO O.OOE+OO OOOE+OO O.OOE+OO 
Sr.,,9.0 9.93E--01 9 58E-0 1 O.OOE+-00 9.93E-OI 5.89E-OI OOOE+OO 5.71E-OI 8.85E-01 9.0 IE-01 
.\ \ 9.0: 9.93E-01 9.58E-Ol O.OOE+OO 9.93E-UI 5.89E-Ol 0.00E+oO O.OOE+oO 5.71E-Ol 8.85E-01 9.0lE-01 
.z"-9:r O.OOE+OO O.OOE+OO OOOE+OO 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+oO O.OOE+OO O.OOE+oO O.OOE+oO 
· ,.Nt,;.93m · · O.OOE+OO OOOE+OO 0.00F.+00 O.OOE+OO 0.00E+OO O.OOE+oO 0.00E+OO O.OOE+oO OOOE+oO 0.00E• OO 
-t ~ ;?.:< 

····• ltu'~t06/•·· 1.1 4E-01 9.67E-01 7.68E-OI 9.44E-01 0.00E+OO O.OOE+OO O.OOE+OO l .76E-03 9.99E-01 
.:i ca~tt31ii : ,·.: · O.OOE+OO 0.00[ : 00 0 OOE+-00 0.00E+OO 0. 00 E +{)() 0.00E+OO 0.00F.+00 O.OOE+oO O.OOE+oO 

··•::-':si;:..125 ••~.•·. O.OOE+OO 5.30E-01 0.00E+-00 4.59E-01 O.OOE+OO 0.00E+oO 0.00E+OO O.OOE+oO 9.73E-01 
-•::s. tu,; O.OOE+oO O.OOE+OO 0.001:.+00 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO 0.00F.+00 O.OOE+oo 
.. ··. :t~i:29'• /. ' O.OOE+OO 0.00E+OO 0.00E+OO 0.00E+oO OOOF.+00 O.OOE+OO O.OOE+oO O.OOE+OO 6.55E-01 ~ ' . £'»;;[34 ' . 

"-r;j 
:t..:J~7 I 

• · ': Ba~U7ni';· :· 
'° Sai151 4.99£-01 S IOE-01 O.OOE+oO 8.90£-01 3.53E-01 O.OOE+OO O.OOE+oO 2.73E-01 2.8\E-01 9.34£-01 00 

I N 

°' •·. -Eu~l51 4.99E-0 I 8.l OE-01 O.OOE+oO 8.90E-Ol 3.53E-01 0. 00 E 4-()() 0.00E+OO 2.73£-01 2.8 1E-Ol 9.34E-OI N 00 
Eii:l.154 ::· 4.99E-01 8.lOE-01 O.OOE+oO 8.90£-01 3.53E-OI 0.00E+OO 2.73E-0 1 2.81 E-01 9J4E-Ol ~ 

• ~ ~155 ·. 4.99E-OI 8. 1 OE--01 O.OOE+oO 8.90E--O I 3.53E-OI O.OOE+oO O.OOE+oO 2.73£--0 1 2.81 E-Ol 9J4E-O I ~ 

: .. Rjj~ O.OOE+OO O.OOE+oo O.OOE+oO OOOE+oO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+oO 1.22E-Ol <! 

·••• aa~m 0.00E+OO OOOE+OO 0.00E+oO 0.00E+oO O.OOE+oO 0.00F.+oO 0.00E+OO O.OOE+OO O.OOE+oO 1.22E-OI 0 

·. A:6 %21. O.OOE+OO 0.00E+oO O.OOE+OO 0.00E+oO O.OOE+oO 0.00E4-()() O.OOE+OO 1.66£-02 7.22E-01 
.. Pli~lll O.OOE+OO O.OOE+oo O.OOE+oo 0.00E+oO O.OOE+oO O.OOE+oo O.OOE+OO 0.00E+oO O.OOF.+oO 

.. "ttt;.m·.:··· 0.00E+OO O.OOE+oO O.OOE+OO 0.00E+OO 0.00E+oO 0.00E+OO O.OOE+oO O.OOF.+00 O.OOE+OO 6.52E-01 
n.;.23:z.: ... O.OOE+OO 0 .00E+OO 0.00E+OO O.OOE+oO O.OOE+OO 0.00E+oO 0.00E+oO O.OOE+OO 6.52E-OI 
u~132 8.83E-Ol 8.64E-01 7.29E-OI 9.76E-01 5.55E-OI O.OOE+OO. 7.60E-01 5.33E-01 7.28E-01 8 44E-O I 

.. u~.m .. ·. 8.83E-O l 8.64E-O l 7 29E-01 9.76E-01 5.SSE-01 O.OOE+OO 7.60E-OI 5.33E-OI 7.28E-01 8.44E-0 1 
~ 13'4· .. 883E-OI 8.64E-01 7 .29E-OI 9.76E-01 5.SSE-01 O.OOE+OO 7.60F.-Ol 5.33E-Ol 7 .28f.-O I 8.44E-OI 

.. u~m ·.-·· 8.83E-01 8.64E-01 7.29E-01 9.76E-Ol 5 55E-Ol O.OOE+OO 7.60E-01 5.33E-01 7.28E-01 8.44E-OI 
:' ~ 236 ••.' :· .:' '·:·::-·;::: ,-:··· 8.8JE-Ol 8.64E-O J 7.29E-OI 9.76E-01 5.55F.-OI 0.00E+DO 7.60E-01 5.33E-Ol 7.28E-Ol 8.44E-O I 
. l:J.;.238 8.83E--0 I 8.64E--Ol 7.29E-Ol 9.76E-OI 5.551::-0 1 O.OOE+oO 7.60E-Ol 5.33E-01 7.28E-OI 8.44E-O I · 

0-Total .. ·• 8.83E-01 8.64E-01 7.29E-O l 9.76E-OI 5.55E-01 7.60E-0 1 5.33E-01 7.28E-01 8.44£-01 
· Ni,;.137 .... ....... ..... O.OOE+oO O.OOE+OO OOOE+oO OOOE+oO 2.12E-OI 0.00E+oO O.OOE+oO l .28E-Ol 2.86E-Ol . ' 

... 
.. -Pu~2311· • 8.73E-O I 9.14E-O ! 6.96E-Ol 9.75E-O l 5.56E-Ol O.OOE+oO 5.31E-O I 5.33E-01 7.12E-O I 8.41E-01 

Pli-lJ!h ·• 8.73£ -0 1 9. 14E-O l 6.96E-Ol 9.75E-01 5.56E-01 O.OOE+OO 5.31E-Ol 5.33f-Ol 7.12E-OI 8.41E-O I 
Pv'~240 · 8.73E-01 9.14E-01 6.96E-01 9.75E-0 1 5.56E-01 O.OOE+OO 5.3 IE--01 5.33E-01 7.l 2E-Ol 8.4 1E-O l 
~241' · 8.73E--O I 9.14E-01 6.96E-OI 9.75E--O I 5.56E-01 0.00E+oO 5.J IE-01 5.33E-Ol 7.12E-Ol 8.4 1E-Ol 

.. . h ~l4% ' 8. 73E--01 9. l 4E-O l 6.96E-OJ 9.75E-Ol 5.56E-OJ 0.00E+oO 5.3 IE-01 5.33E-01 7.12F.-Ol 8.4)[-01 
. '§ TNI ': 8.73E-0 I 9.14E-O I 6.96E-01 9.75E-0I 5.56E-Ol 5.3 IE-01 5.33£-01 7.12E-01 8.41E-01 
. . Afu.;.:Ul ; 9.34E-01 9.82E-01 0.00E+oO 9.90E-01 5.00E-01 O.OOE+oO 5.49£-0 1 7.96E-Ol 9.05E-01 

Airi-243·• . .. 9.34E-01 9.82E-01 0.00E+oO 9.90E-01 5.00E-01 O.OOE+OO O.OOF.+oO 5.49E-OI 7.96£-01 9.051:-0 1 
Cm:;l41 7.74E-Ol 9.88E-01 8.99£-01 9.82E-O I 3.82E-01 O.OOE+OO O.OOE+OO I .24E-Ol 3.50£-01 4.12£-01 
Cin-243;· 7.74E-OI 9.88£-01 8.99E-O I 9.82E-OI 3.821::-01 O.OOE+OO 0. 00 E 4-()() l .24E-Ol 3.50E--01 4.12E-OI 

' . Onil.44 ' 7.74E-01 9.88E-Ol 8.99E-0 1 9.82E-Ol 3.82E-Ol 0.00E+oo l .24E-Ol 3.SOE-01 4.12£-01 
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O.OOE+oo 
7.17E-01 
7.17E-01 
3.53E-Ol 
O.OOE-,-()() 
8.85E-Ol 
8.85E-Dl 
OOOE+OO 
O.OOE+OO 

2.6'}E-Ol 
O.OOE-t-00 
6.54E-Ol 
O.OOE+OO 
O.OOE+oo 

6.59E-OI 
6.59E-01 
6.59E-01 
6.59E--Ol 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
O.OOE+-00 
5.87E--OI 
5.87F.--OI 
5.87E-Ol 
5.87[-0! 
5.87E-OI 
5.87E--01 
5.87E-OI 
3.73E-01 
5.94E-Ol 
5.94E-OI 
5.94E-Ol 
5.94E-Ol 
5.94E-OI 
5.94E-OI 
7.95E-01 
7.95E-01 
4.47E--01 
4.47E-OI 
4.47E--01 

Solids Fraction Precipitated (Sheet 10) 

--~~~:,; :,:f:i:•;;d:;~~~:%::d>!'.~::ij!~~ri: ii~::t :1:;:;\:!i~~;:'W:;~;iJ;/l;:/!;~~ J.:;):::::rn~Wi·~!i::!P!<:::C!J/Y;:•civzr2·:•; 
0.00E+-00 O.OOE+oO 8.51E--02 O.OOE+OO O.OOE+-00 O.OOE+-00 O.OOE+-00 
l.66E-Ol 5.42[-01 8.02E-O I 6.60E-OI 7.99L-Ol 5.45E-OI O.OOE+OO 
1.66[-0l 5.42E-Ol 8.02E-OI 660E-Ol 7.99[-0l 5.45E-01 0.00[+00 
l .24E-Ol 3.50E-01 l.67E-Ol 9.80[-0l 9.72E-Ol O.OOE+-00 O.OOE+OO 
O.OOE+oO 0.00[+-00 O.OOE+OO 0.00[+00 O.OOE+OO OOOE-.-00 0.00[+-00 
2.35[-01 8.21E-OI 9.38£-01 9.98E-01 9.<J7E-Ol 0.00E+OO 0.00[400 
2.JSE-01 8.211:-01 9.J8E-Ol 9.98E-Oi 9.9iE-OI 0.00E+OO O.OOE 100 
O.OOE+oO O.OOE+-00 O.OOE+OO O.OOE+OO O.OOE+oO 0.00E+-00 9.97E-01 
0 OOE+-00 0.00E+-00 O.OOE+OO 0.00E+-00 O.OOE+-00 0.00F+-00 9.97E-01 

1.17[-01 1.80E-OI 9.99E-01 3.39E-OI O.OOE+-00 9.94£-01 l.OOE+-00 
O.OOE+-00 l.54E Ol O.OOE+OO 7.35E-O! 5.54E-01 (l .(ll)F+oO O.OOE+-00 
O.OOE+-00 O.OOE+OO I .85E--01 7. I 7E-OI 5.02E-Ol O.OOE+OO 0.00[+00 -
O.OOE+-00 O.OOE+OO 0.00E+-00 O.OOE+OO O.OOE+OO O.OOE+-00 O.OOE+OO 
O.OOE+-00 O.OOE+-00 O.OOE+-00 O.OOE+OO 0.00E+OO O.OOE+-00 O.OOE+OO 

0.00[+00 l.89E-OI 2.51E-Ol 9.00E-01 8.22E--OI 0.00E+OO O.OOE+-00 
0.00E+OO 1.89E-01 2.SIE-Ol 9.00[-01 8.22E--Ol O.OOE+OO 0.00E+OO 
O.OOE+-00 l.89E-01 2.51[-01 9.00E-01 8.22E-OI O.OOE+-00 O.OOE+-00 
0.00E+-00 1.89E-01 2.51E-Ol 9.00E--01 8.22E-Ol O.OOE+oO O.OOE+-00 
O.OOE+oO 4.37E-02 O.O(lf+-00 2.29E-OI O.OOE+-00 O.OOE+-00 O.OOE+oO 
O.OOE+-00 4.37E-02 O.OOE+-00 2.29E-Ol 0.00E+-00 O.OOE+OO O.OOE+-00 
O.OOE+-00 l.02E-Ol O.OOE+-00 9.56E-02 O.OOE+-00 O.OOE+OO O.OOE+-00 
0.00E+-00 O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+-00 O.OOE+-00 O.OOE+OO 
O.OOE+-00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+-00 0.00E+-00 O.OOE+OO 
O.OOE+-00 0.00E+OO O.OOE+-00 0.00E+OO 0.00E+-00 O.OOE+OO 0.00[+00 
!.50E-01 4.29E-Ol 6.39E-Ol 9.87E-OI 9.78E-OI 9.47E-01 9.75[-01 
l.50E-OI 4.29E-Ol 6.39E-Ol 9.87F.-OI 9.78E-Ol 9.47E--01 9.75[-01 
1.50[-01 4.29E-Ol 6.39E-OI 9.87E-01 9.78E-01 9.47[-01 9.75E-01 
1.SOE-01 4.29E-Ol 6.39E-01 9.87[--0l 9.78E-OI 9.47E-Ol 9.75E--OI 
I.SOE-01 4.29E-01 6.39E-01 9.87E--OI 9.78E-Ol 9.47E--01 9.75E--01 ·-
l.50E-OI 4.29E-OI 6.39E-01 9.87E-01 9.78E-OI 9.47E-01 9.75E-01 
I.SOE-01 4.29E-Ol 6.39E-01 9.87E-OI 9.78E-01 9.47E-Ol 9.75E-Ol 
l.22E-01 2.44E--01 O.OOE+OO 9.1 I E-01 8.41E-OI O.OOE+OO 0.00[+00 
I .49E--01 4.36E-01 6.65E-01 9.94E-Ol 9.89£-01 9.20E-01 R.97E-01 
I .49E-O l 4.36E-OI 6.65F.-OI 9.94E-Ol 9.89E-OI 9.20E-01 8.97E-Ol 
1.491:-01 4.36E-01 6.65E-01 9.94E-Ol 9.89[-01 9.20E--01 8.971:-01 
l.49E-Ol 4.36E-OI 6.65E-01 9.94[-0J 9.89E-Ol 9.lOE-01 8.971::-0l 

1.49F.-OI 4.36E-01 6.65E--01 9.94E-OJ 9.89E-Ol 9.20E-OI 8.97E-OI 
I .49E-01 4.36E--Ol 6.65E-Ol 9.94[-0I 9.89E-01 9.20E-Ol 8.97E-01 
l .83E-01 6.91E-OI 8.62E-Ol 9.99E-Ol 9.98f.-01 0 .OOE +-00 6.86E-01 
J.83E-01 6.91E-01 8.62E-Ol 9.99[-0I 9 98E-01 0.00[+00 6.86E-01 
l .26E-01 3.87E-01 4.17E-OI 9.99E-OI 9.97E-OI O.OOE+-00 0.00E+OO 
l.26E-OI 3.87E-01 4.17E-01 9.99E-01 9.97E-Ol O.OOE+oO O.OOE+OO 
1.26E-OI 3.87E--01 4.17E-01 9.99E-01 9.97E-01 O.OOE+-00 O.OOE+OO 

:,;:, 
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I -\0 
oe 
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N 

:,;:, 
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0 



• I 
-..J 
C 

'. ~fii!i;sMia:'(Wti : }; 
•Na·, < ·· •· .. ·: ., : ·• •·:.; .. ~.:,-h 
Al :· .::·: ' .. :~·:· .. ,::--. .-.:·'· i ->>·: .. :::·:· 
Pe 
Cr ..... 

. Bi 
La '. .. ·· 

.il2 .·· 

.ZrOtOH)l : .. · . 
'Ph ::··· , ...... ··•··I?./:·'." 
NJ .: .. .. · ......... :.:··;. 

Sr . ···.·.··•.••.·.: 
--~it _.·.·:··· . · .. : . ... :: . 

Ca -
K 
balance .:·.·. <•>•.J > •. ·· 
density .: ·: · ··· · · · • • · < .. . . 
v()l°/ai'~11ds·. · · ' . 

. votd tn:t · : · · · · · · 
<~L%Hl0 :;_,- ___ 
. TOCwt.:0/eC :" · · · 
·-rree;Oe• · •::-·.: ....... .-: .. · 
oli~ ··· ... : .· 

·•N~ ·-·.,.:._;.:•:.••:•-··· 
•N02- · · .. ,.,'-:";·.(.• .. ·• .. : .. 
·co3,:;,;, .. ·• ·: .. · '-i--<.> •· •: ·:•·•· 
;P~ :.· ,• .· .. 

·-s~ ·-·· •.; .. -.:.·· ·.• .... 
·Si03,;,- . ··! 
·F- ·•·. .. ........ : ... ::;_:•·,:·' .... 

. Cl-'. :: •· .· :,•:::••.,·.:::·. 

. Ct»HS07~·:,' i: ·:. ·,·;.•· :: : .. 

ED'fA~ - . > >·· ·<: , 
HEi>tA .... · ·· 

. elvcohitc-
acetate~ 
oxalate-
DBP .: · 
bilianol . 

.. . 

NHJ .. 

NiFe<CN)6;.; ._ .... '. 

. :· l\6vf" e: ?>::itwfi> ................. 

6.73E+04 8. 19E+04 
O.OOE+OO O.OOE+OO 
3.71E+03 3.61E+03 
2.74E+OI l.45E+OI 
9.84E+OO 5.23£+00 
O.OOE+OO 0.()()E+OO 
O.OOE+OO 4. 50E+Ol 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
l.55E+OI 8.21 E+oO 
9.27E-OI l .82E+OO 
0.00E+oO 0.00E+OO 
2.73E+03 2.65E+03 
4.54E+OO 2.41E+OO 
I.OOE+02 1.00E+02 
l .80E+OO 1.85E+OO 
1.20E+OI l.20E+ol 
2.70E-01 1.45E-OI 
4.38E+01 4.14E+OI 
O.OOE+-00 O.OOE+OO 
9.24E+Ol 4.82E+O I 
l.15E+05 l.12E+05 
l.15E+03 4.72E+02 
5.44E+02 3.93£+02 
l.32E+04 3.49E+04 
5.19E+04 5.04E+04 
4.57£+04 4.43E+04 
1.85E+OI 9.82E+OO 
0 OOE+oO O.OOE+OO 
l.89E+Ol 1.0IE+OI 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 
0.00E+OO 0.00E+OO 
O.OOE+OO O.OOE+OO 
O.OOE+OO I 0.00E+OO 
0.00E+OO ! O.OOE+OO 
O.OOE+OO O.OOE+OO 
0.00E+OO 0.00£+00 
O.OOE+OO O.OOE+OO 
8.05E-OI 4.54E-OI 
O.OOE+OO O.OOE+OO 

Predicted Sludge Concentration (,ig/g) (Sheet 1) 

)?<;(¢kt· :::·:::::::::1.~t::i? ?tt::j¢._t Tt•··• . :f~~t{:!f{ m••:W:l~f /ii: 
I.II E+05 1.08E+o5 l .19E+05 9.97E+04 8.86E+04 
1.15E+04 8.45E+o3 0.00E+OO 0.00E+OO O.OOE+OO 
l.40E+04 1.37E+04 2.17E+04 3.34E+04 2.9SE+04 
l.47E+02 l .55E+02 7.46E+OI 1.13E+02 l .74E+02 
l.26E+04 !.23E+04 2.04£+04 2.47E+04 4.33 E+04 
0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO l.97E+04 
O.OOE+OO 1.05E+OI O.OOE+OO O.OOE+OO O.OOE+OO 
3.12E+O I 3. 12E+OI O.OOE+oO O.OOE+oO 0.00E+oO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
4.07E+OI 4.31E+OI 3.21 E+ol 3.53E+OI 4.62E+o l 
2.49£-03 3.79E-03 4.04E-05 4.95E-05 6.SIE-07 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 9.34E+03 
3.12E+03 3.04E+03 5.98E+03 l.20E+04 2.17E+04 
l.61E+02 1.71 E+02 8.72E+OI 6.29E+OI 4.45E+03 
1.00E+02 1.00E+02 I.OOE+02 I.OOE+02 1.00E+02 
1.41 E+OO I .38E+OO l .45E+OO l .42E+OO I .48E+OO 
1.37E+OI 1.43E+OI 6.80E+OO 3.40E+OO l.80E+OO 
5.74E-OI 5.99E-01 4.76E-01 5.26E-OI 7.26£-01 
6.36E+OI 6.51E+OI 6.28E+OI 6.35E+OI 5.03E+OI 
0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 3.68E+OO 
7.0IE+02 6.65E+02 2.0IE+02 4.41 E+02 6.58E+02 
3.58E+04 2.95E+04 2.00E+04 3.09E+04 4.63E+04 
4.40E+04 4.63E+04 2.63E+o4 J.86E+04 4.22E+04 
1.31 E+03 l.12E+03 l.76E+o0 l.12E+o0 3.75E-02 
4.67E+03 4.55E+03 8.95E+03 l .80E+04 3.24E+04 
l .12E+05 I.IOE+05 l.39E+05 l.20E+05 2.12E+04 
2.90£+03 3.07E+03 l.63E+03 l.12E+03 1.42E+02 
7.42£+03 6.24E+03 7.77£+03 7.32E+03 O.OOE+OO 
l.53E+o3 J.62E+03 1.43E+03 9.67E+02 2.52£+03 
6.71E+02 7. I IE+02 3.64E+02 2.62E+02 5.0IE+02 
O.OOE+OO O.OOE+oo 0.00E+OO 0.00E+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 
O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 
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Predicted Sludge Concentration (µgig) (Sheet 2) 
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Predicted Sludge Concentration (µgig) (Sheet 3) 
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O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
4.38E-03 1.06E-03 1.70£-04 O.OOE+OO 5.04E+OI I .45E+02 l.28E~02 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

'° 00 
N 
N 



• I 

-..J w 

Predicted Sludge Concentration (µgig) (Sheet 4) 

·.:Na ·····- ......... .-:·:··:··: ,.:·::a l.04E+05 l.59E+05 I.83E+05 1.22E+05 9. IOE+04 4.67E+03 1.70E+05 l.82E+o5 1.90E+05 2.02E+05 
·Ar .. -==· .... I .43E+03 I .85E+04 3.84E+04 0.00E+OO · 7.04E+03 O.OOE+OO I .08E+02 4.32E+04 I .80E+04 4.54E+04 
Fe 5.42E+04 3.29E+04 4.42E+02 5.58E+04 1.17E+04 8.21 E+OI .4.73E+03 6.44E+02 7.00E+02 9.37E+02 
Cr 5.46E+02 2.87E+OI 4.84E-03 O.OOE+OO I. 12E+03 3.26E+02 1.41 E +-02 1.44E+04 2.31 E+03 l.46E+03 
Bi . . 2.62E-OI O.OOE+OO O.OOE+OO O.OOE+OO 7.22E-OI O.OOE+-00 3.93E+03 3.04E-02 2.95E+Ol l.39E+OI 
La "· ., ' ... ,. . 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+-00 O.OOE+oO O.OOE+OO 7.12E-09 I.OlE-04 

·Hr,:, .~ ......... : : . ... . I. I 7E+02 l.35E+02 1.27E+02 6.93E+02 1.80E+OI O.OOE+oO 3.64E+o0 l.66E+OO 7.83E-OI 4.55£-01 r-=~==,_..,...,,.,_..,...,...,.,.,,.,---,,;-- -c--c--c:--'-=- ·-·l--..:.._::_c..=..--=..::.-4 _ _ :..;.::_;-=-~-+--=c.:..::....::-=--==--1-__:_;.;;.:.;::_;:....;_-1---=.cc::..::.:::........::..;:_-+--=..:c.::....:..:::........:....:.._-+--=..:..::..::..:::........:....:.._-+----'-'..::..:::...;::......:.._+--'---'------i 
Zr()({)Qj2 . "· .... ' .. . ,. 2.29E-03 O.OOE+OO O.OOE+OO 0.00E+OO 9.94E-02 O.OOE+OO 7.73E+o0 4.28E-03 7.14E+o0 2.28E+oU 
'Pb ,. ::.· . '' . ' ' ". 2.86E+OI 8.04E+03 O.OOE+OO O.OOE+OO 6.89E+-01 0.00E+OO O.OOE+OO 1.19E+OI 7.77E+Ol 5.61 E+02 
:N°i: ··,, , ,: ; ; .. :.:\ ;> 6.09E+03 l.25E+03 2.73E+02 O.OOE+OO 1.12E+04 2.1 IE+04 5.06E+02 6.30E+02 5.77E+02 5.98E+02 

.. St ., .......... . 
:Mn·: .-·'·'. ·····•:: 

.. ·.··· ····'/.:,: 
·:·.·.··.·: .. 

'baiance- ··· 

OH.; .. · · 

N02.; ... .. ... ... . ..... 

:·~ : 

~ .. 
SiO~:· ··· .. . .. ' 

Cl-: --

HEDtA;,:.;t :· . .. ···:·•:'":.· ··· 
·· ··: .:··::.: ; ... ... 

.. ·-::· .. :-:.;:;:·.· 

acetate-

DBP 
butanoJ--. 

NHJ. ..... ·· 

l.47E+02 l.18E+02 6.27E-OI I. 72E+02 5.08E+-OO 0.00E+OO 1.52£-02 3. l 7E-OI 4.87E-01 1.33E+OO 
., .99F.+OO O.OOF.+00 O.OOE+OO O.OOE+OO 1.21 E+ol 0.00E+OO O.OOE+OO 4.45E+Ol l.40E+OI _ 2.58E+Ol. __ 
2.39 E +03 2. 91 E +04 . .:...:l..:...;9 3:..::E=-+-=0=-2--+-'8:..:.. 8::...7-=E=-+-=-03=---+--=lc.:.::. 5:..;:6~E~+04.::....:_-+-__;:;3.:.=.2:.:.6.::.E+_04:...:_-1-___:.].:..;,, 7_;_7:::.E+_0:.:;3_+-..:.8_;. 7..:.8E:::.+....;0:.:.2;__1--..:.8 ':.:.8..:.cl E..:.+_o...c.2---1_8_;.-'-86_E_+_o2--1 
l.84E+02 2.98E+OI 2.73E+02 2.76E+02 5.53£+02 2.12E+OI 2.55E+02 9.92E+02 l.23E+03 1.04E+oJ 
1.01 E+02 l.02E+o2 l.02E+02 1.02E+02 1.02E+02 1.00E+02 1.00E+02 l .06E+02 t.03E+02 l.03E+02 
l.34E+OO 1.74E+OO l.SOE+OO 1.51 E+OO 1.31 E+OO 1. l 2E+OO 1.70E+OO l.64E+OO l.63E+OO l.72E+OO 
3. lOE+OO 5.00E-01 l.OOE+OO 2.60E+OO 1.00E+OO. 1.00E+OO 7.96E+OO l.30E+Ol 4.30E+OI 5.40E+OI 
8.22E-OI 4.80E-OI 6.98£-01 7.81E-OI 8.88E-0I 8.77E-OI 5.08E-01 8.62E-Ol 7.75E-Ol 7.0SE-01 
6.86E+OI 5.27E+OI 5.24E+OI 6.22Et01 6.86E+OI 8.69E+OI 4.30E+OI 4.02E+OI 3.74E+OI 2.74E+O I 
O.OOE+OO 1.99E-02 2.90E+OO 2.28E-04 3.28E-01 Q.OOE+OO 1.0 I E-04 5.29E-02 7.99E-01 7.52E-OI 
9.28E+o2 8.51 E+02 3.38E+02 i.73E+04 1.15E+04 6.84E+o2 9.18E+02 3.02E+04 1.72E+04 8.95E+03 
5.92E+04 7.80E+04 7.74E+04 8.20E+04 4.76E+04 1.28E+04 6.06E+03 l.53E+05 6.44E+04 l.25E+05 
4.77E-05 l.16E-06 2.03E+04 7.41£-07 · 5.27E+04 7.62E+03 2.77E+05 2.02E+05 2.87E+05 2.77E+05 
2.19E+04 3.58E+03 3.91 E+03 1.55E+04 2.69E+04 8.66E+02 2.54E+03 5.19E+04 3.91 E+04 4.80E+04 
8.62E+03 4.36E+04 7.54E+03 2.07E+04 3.07E-t-04 4.85E+04 5.57E+03 l.93E+03 l.22E+04 l.43E+04 
l.30E+03 O.OOE+OO 4.42E+02 O.OOE+OO 4.16E+02 0.00E+OO 5.91E+04 2.58E+OI 2.84E+03 2.44E+03 
4.38E+03 4.52E+02 l .97E+03 5. IOE+03 6. !4E+03 2.70E+03 3.40E+04 2.65E+03 l.54E-+04 l.47E+04 
5.21 E+04 9.50E+04 8.78E+04 5.00E+04 1.62E+04 O.OOE+OO 1.92E+03 l.59E+03 6.39E+02 5.42E+02 
5.16E+OO O.OOE+OO O.OOE+OO O.OOE+OO 2. llE+Ol O.OOE+OO l.lOE+03 l.83E+OO l.13E+03 8.29E+02 
4.15E+02 J.24E+02 l.14E+03 l.15E+03 1.69E+03 8.82E+0l 1.25E+03 3.52E+03 3.97E+03 3.1 0E+03 
0.00E+OO 5.2IE+02 l.32E+03 O.OOE+OO 3.54E+03 O.OOE+OO O.OOE+OO l.60E+02 l.52E+03 2.85E+03 
O.OOE+OO 0.00E+OO 2.01 E+04 0.00E+OO 6.87E+02 O.OOE+OO 0.00E+OO 2.63E+02 4.59E+03 3.38E+03 
O.OOE+OO 0.00E+OO 3.82E+04 0.00E+OO 1.31E+03 O.OOE+OO 0.00E+OO 5.00E+02 8.69E+03 4.25E+03 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 1.05E+04 O.OOE+OO 3.58E+02 O.OOE+OO O.OOE+OO 1.37E+02 2.38E+03 l.16E+03 
O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE 100 O.OOE+OO O.OOE+OO l.06E+OO 3.03E+Ol l.50E+03 
U.OOE+OU U.OUE+OU O.OOE-t-00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.25E-05 3.21 E-01 
O.OOE+OO O.OOE+OO O.OOE+OO 3.32E+OO 2.1 OE+03 O.OOE+OO l.48E+OO l.39E+02 l.35E+03 3. I 9E+03 
0.00E+OO O.OOE+OO O.OOE+OO l.17E+OO O.OOE+OO O.OOE+OO 5.21£-01 4.89E+OI 4.76E+02 l.12E+03 
O.OOE+OO O.OOE+OO O.OOE-+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO 
2.57E+03 2.61 E..-02 2.9 I E+oO l.95E+03 2.84E+02 0.00E+OO 4. 74E 102 3.68E+02 9.58E+02 3. 75E+02 
0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+oO 0.00E+OO 0.00E+OO 

"° 00 
N 
N 

::c 
(1) 

< 
0 



Predicted Sludge Concentration (µgig) (Sheet 5) 
= --==··········~··········.,,,,.,,·· ..,,. .,.,.,..,.,.,,. .,.,.,...,.,.. .......---,. . ..,...,....,.., ... ..,.,..,....,.. .... ~. ~~-----~ . . .. 
::;;a:: M4$btdged@i#::·u~,: • :· :;; $.f:$,t~k ·J >fs,~~r::>:: ::~:::::~1~\: :·; :;@§~t:::::::: ,;';'.:>~~~~ •::::: iV:Y,$.~::: >: :;g::>p~ \ :: :•: :::>).~zi~ : < . 
'Ni• . · •· ··• · · : • .:.-. ;,; '.: 2.02E+05 2.00E+05 2.03E+05 l.99E+05 5.IOE+04 3.32E+04 1.03E+04 9.17E+04 
At_ . •:.:.:; 2.88£+04 3.24E+04 3.06E+04 2.02E+04 6.3 I E+04 5.97E+04 O.OOE+OO O.OOE+OO 
Fe. 6.28£+02 l.07E+02 6.76E+02 l.97E+03 7.58E+04 6.51E+04 8.32£+04 l.56E+04 
Cr · · 4.39E+03 2.45E+03 2.56E+03 l.43E+03 2.77E+02 6.15E+02 2.77E+02 O.OOE+OO 
.Jll •· l.59E+Ol 2.55E+OI 2.02E+OI l.69E+OI O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
.La: 6.61 E-04 6.71E-04 4.72E-04 3.50E-04 O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO 
He ; 7.94E-Ol 2.87E-OI 8.02E-OI 4.66E-01 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

>pt;- · •• ·• --;; :;-: ;' ; :; 9.91 E+OI 1.25E+02 l.85E+02 5.92E+01 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 
'NLi: : . ..:;. ... :, .. ,,•• ;:.:;. 4.74E+02 1.04E+02 4.44E+02 l.27E+03 3.02E+03 4.08E+03 5.07E+03 O.OOE+OO 
.Sf/.:\':><:.::;:•.•:<:: 5.76E-01 5.59E-02 7.66E-OI l.97E+OO 3.07E+02 l.22E+02 7.06E-04 1.60£-02 
(Mn :··•· •·::•• ·<·• <:,•, 4 . .19E+OI 2.97E+OI 3.05E+OI 8.04E+Ol O.OOE+OO O.OOE+OO l.17E+04 O.OOE+OO 

'baluc.C ::.///: :' :, ::_:s;: -·- 1.05E+02 l.05E+02 l.05E+02 l.04E+02 I.OJ E+02 9.94E+Ol l.OOE+02 l.OOE+02 

i.Y.oictfnic. 0:. •·•; 8.28E-OI 9.03E-OI 8.34E-01 8.18E-Ol 7.28E-Ol 8.37E-Ol 8.50E-Ol 8.48£-01 
:'wt¾Jtl() > · 3.52E+Ol 3.78£+01 3.52E+Ol 3.57E+OI 4.64E+OI 5.71E+OI 6.88E+OI 6.36E+Ol 
TOC'wti¾C l.25E+OO 1.41 E+OO 1.59E+OO 2.68E+OO O.OOE+OO O.OOE+OO 3.27E-02 O.OO E+OO 

(J"te;Oll~ •· < ··; ' : •·• · 2.72E+04 3.00E+04 2.53£+04 l.93E+04 5.64E+03 4.20E+03 2.52E+02 8.68E+02 
.(jft~ : >-<.:::< / 1.04£+05 1.13E+05 l.04E+05 7.29E+04 2.13E+05 J.85E+05 l.03E+05 6.8 1E+04 

F~ · · 6.22E+02 9.92E+02 9.00E+02 l.89E+03 4.64E+02 3.72E+02 O.OOE+OO 7.26E+04 
Cl- 4.70E+03 5.68E+03 5.17E+03 4.91E+03 6.18E+02 4.7JE+02 l.09E+02 l.07E+02 
:cm,o, .. < >); ; .•. > 2.90E+03 3. I SE+03 3.68E+03 3.33E+03 O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 
' Ei>TA :,:<.: •:·• ••··•·· .; 7.17E+03 8.08E+03 9.0IE+03 l.70E+04 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
3.67E+03 4.15E+03 4.39E+OJ 8.64E+03 0.00E+OO O.OOE+OO 0.00E+OO 0.00E+OO 
l.65E+02 1.55E+02 7.51 E+02 4.87E t 02 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 
2.09E+OO 2. IJE+OO l.50E+OO I.I IE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 
1.82E+OJ 2. I 3E+OJ 2.90E+03 2.41 E+03 O.OOE+OO O.OOE+OO 4.77E+02 0.00E+OO 
6.43E+02 7.53E+02 1.02E+03 8.50E+02 O.OOE+OO O.OOE+OO I .68E+02 O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

'NIIJ :· ...... 7.22E+-02 I.OJ E+03 7.84£.,..02 3.67E+OJ 6.39E+03 l.50E+03 l.73E-04 8.49E+OJ 
O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 



• I 
-...l 
V1 

:c..-60/ (1lCi/ii} ... ~.:. : ... : .. ::.: .. 

.. Zr..,93/ (uCik ·· ·· -· ._ .. 

:~~t!J6'Ji4Cihl\'\:'. ::'. .. · 
(i~J;Qaif " ' ., ·. : .' . ....... . 

::Sni;.'JSf:i.i:ni ·· ','"'',:::':;:';;;;?:i',.i: 
·;,Eia~J!lll' ... · .. ,,";,,, ,. 

· Eil~l~Si(ii£J/2 :: .. /:'.': i::,:: ';;:;,':' 

.:Jh.221f::~:. ·;~ • . , ·. 
: ~m::.,i'i(;~ar \ ,:'·:· --/: 
'b-llFliiCiliff :.:,,.'::',;,.:·: :.::•.::,:i 

P.u~~(ILCl/2) ..... -. ·. . .. 

Pu-24l;ci1Ci/2F · ........... ·. 

= .. :,: .. <,.MWt.:·:. 
J.74E-03 
8.24E-05 
1.25E-05 
l .06E-03 
2.26E-05 
2.13E-06 
4 .14E+OJ 
4.15E+01 
5.77E-07 
5.19E-07 
l .03E-03 
2.26E-J 7 
5.01 E-05 
6.56E-07 
7.69E-06 
4.56E--07 
2.82E-09 
2 . IOE+OO 
l .98E+o0 
8.06E-02 
9.98E-07 
9.67E-05 
7.84F.-05 
l .88E-07 
6 .31E- 13 
6.42E-07 
623E-10 
2.SOE- 12 
2.IOE-14 
7.45E-07 
6.60E-08 
8.53E-02 
3.85E-03 
7.28£-04 
R.68E-02 
2.60E-t-05 
5.RlE-06 
2 .09E-06 
6 .05E-04 
4.08E-05 
3 95E-05 
l .85E-10 
9.92E-03 
I .26E-04 
5.45E-09 
9.54F.-09 
5.64E-11 
1.32[-09 

;.: /:'t;Mw.l:/ : :; 

2.03E-03 
4 .14E-04 
108E-05 
9.SOE-04 
3.78E-05 
l .87E-06 

8.161::+01 
8.16E+Ol 
5.00E-07 
4.38E-07 
9.04E-04 
7.94E-16 
6. l6E-05 
2.16E-06 
7.19E-06 
1.03£-06 
2.47E-08 
2.07E+OO 
1.951:+oO 
6.86E-02 
3.28E-06 
2.41 E-04 
l .32E-04 
I.OJ E-07 
5.97E-l 3 
2.73E-07 
2.92E-10 
I .90E-12 
l .62E-14 
1.27£-06 
9.96E-08 
832E-02 
3.68E-03 
I .l 3F.-03 
8.50f-:-02 
2 .55£+05 
5.20F.-06 
5 02E-05 
5 .66E-03 
7.IRE-04 
I .58E-03 
I .I 5E-08 
9.44£-02 
3.64E-04 
5.64E-08 
9.?0E-08 
1.17£-09 
2.75£-08 

Predicted Sludge Concentration (µCi/g) (Sheet 1) 
,:;;; ~;: ;:;',.HICL i ;_;r::· :i:''.:IH=:'i'f¢2;:+:;::: · ::::/;treJYh<? ·':"':::J:za:::::;::~:: : )i?\lU.t }/):c ,;yT'lW:~i:fi :,.:::: .,//~BP<:: :,'."'"PF.teN:t '··-.:: 

l .19E-03 2.64E-03 2.75E-08 6.59E-07 8.49E-11 8.53E-09 I .53E-03 9.1 4E-04 

3.89E-05 3.50E-05 1.90E-06 2.08E-06 l.90E-07 3.53E-07 5.94E-05 3.54E-05 
7.85F-06 1.15F.-05 4.98E-07 5.43E-07 4 .96E-08 9.21E-08 I .55E-05 8.44E-04 

I. I SE-03 1.59[-03 4.25E-05 4.79E-05 4.23E-06 8.14E-06 I .35E-03 7.38E~oz"° 

4.53E-05 I JSE-04 9.03E-07 1.91 E-06 8.99E-08 3.24E-07 4 .62E-05 2.76E-05 
8.31 E-07 1. l SE-06 8.51 r.-08 9.43E-08 8.47E-09 1.60E-08 2.68E-06 1.601:-06 
l .l lE-01 1.691:-01 I .80E-03 2.21E-03 3.05E-05 6.37E-05 l.47E+02 I JOE+02 
1.I I E-01 I .69E-Ol J.80f-:-03 2 .21 E-03 3.05E-05 6.37E-05 l .47E+02 I J OE+02 
I.I I E-03 I .43E-03 5.18E-05 5 .67E-05 O.OOE+OO 0.00E+OO 7.20[-07 4.30E-07 
9.99E-04 l .26E-03 4 .66E-05 4.97E-05 0.00E+OO O.OOE+oO 6.36E-07 3.ROE-07 
6.26E-05 8.76E-05 I .02E-06 l .13E-06 I .72E-08 3.24£:-08 9.341:-04 5.57E-04 
l .76E- l4 5.71 E-13 I .62E-15 7.20E-14 4 .03E-16 3.06E- 14 7.93E- l6 4.73£-16 
3.48E-05 6.99E-05 2.00E-06 3. l lE-06 1.99F.-07 5.27E-07 8.05E-05 4.SOE-05 
5.53E-07 2.01 E-06 2 67. F-OR 1.09E-07 2 .61E-09 l .85E-08 2.39E-06 1.43 1:.-06 
3.00E-06 4 .49E-06 3.07£ --07 3.63E-07 3.06E-08 6. l 6E--08 1.0lE-05 ~ 4 E-06 
3.0SE-08 7.65E-07 4.SOE-10 0.00E+oo 7.59E-12 0 .00E+{)O l .20E-06 7.ISE-07 

1.71 E-10 2.34E-09 2.78E-1 2 3.07E-l 1 4 .70E-14 8.84E-13 2.55E-08 l .48E-06 ;,:::, 
l .28E-Ol l.98E-01 2.07E-03 2.58E-03 3.50E-05 7.42E-05 2 .87E+OO !.67E+02 ""C 
l .20E-01 J.87E-Ol l .96E-03 2.43E--03 3.30E-05 7.011::-05 2 .71E+oo l .57E+02 ""C 

I 

6.95E-02 9.18E-02 J.79E-02 J .92E-02 5.93E-03 1.09E-02 9.94E-02 5.93£:-02 '° 8.61E-07 5.03E-06 2.21 E-07 9.19E-07 7.35E-08 5.20E-07 3.63E-06 2.17E-06 00 

!! .34E-05 3.52E-04 2.l4E-05 6 .75E-05 7.12E-06 3.82E-05 2.76E-04 l .65 E-04 
N 
N 

6.76F.-05 1.60£-04 1.74E-05 3.71E-05 5.77E-06 2. lOE-05 l.61E-04 9.641::-05 ;,:::, 
6.09E-09 3.79E-09 6 .25E- 10 3.40E- IO 6.22E- 11 5.77E-1 l 1.28£-08 7.63 E-09 (t) 

2.04E-l4 2.46E-14 2 .lOE-15 2.00E-1 5 2.09E-16 3.40E-16 5.9RE-14 3.57F-14 < 
J .82 E-08 1. I 5F.-08 5.32f.-09 2.96E-09 2.65E-09 2.51 E-09 6.19£:-08 J .70E-08 0 

3.78F.-07 2.SIE-07 l.12E-07 6.64E-08 5.57E-08 5.64E-08 5.3 3E- l 0 3. ISE-10 
1.41 E- 1 l i .71E-1 l 4.15f-12 3.98E-12 2.07E-12 3.38E-12 2.86E-l 2 l .70f-:- 12 
I. I SE-1 3 1.44£:-13 3.47E-14 3.39E-14 1.73E-14 2.87E-l4 2 .42E-l4 1.44E-14 

4.21E-09 6.03E-09 7.71[-12 9.0SE-12 2 .86E- 14 5.74E- 14 2.54E-08 I .871-;-08 

3.72E- IO 4.56E- l0 6.82E- 13 7.13E-13 2.53E-15 4.50E-15 2.07E-09 l .52E-09 
4 .66F.-{J4 3.33E-04 8.82E-07 5.96E-07 3.27E-09 3.76E-09 2.04E-03 I .50E-03 

2.1 OE--05 l .47E-OS 3.98E-08 2.64[-08 1.48E-10 l .67E-10 9.09E-05 6.70F.-05 
3.98[-06 4.94E-06 7.53E-09 R 09E-09 2 .79E-l 1 5.1 IE-I I 2.33E-05 l.72E-05 

4.74E-04 3.40E-04 8.97E-C7 6.08£:-07 3.33E-09 3.84£-09 2 08E-03 l.5 3E-03 

I .42E+03 l.02E+03 2 .69E+OO l .82E+oo 9.97E-03 l.1 SE-02 6.22E+03 4.581:+{)3 

l .42E-06 2.02E-06 4 .13E-07 4.67E-07 2.05E-07 3.96E-07 7.41E-06 4.421:-06 
2.4JF.-04 8.93E-04 4 .79E-05 l .95E-04 7.88E-06 6 .00E-04 5.29E-06 3.15E-06 

6.97E-02 8.78E-02 l .38F.-02 2.20r.-02 2.28E-03 6.77E-02 7 .41 F.-04 4.42E-04 

4.71E-03 1.241::-02 9 .341::-04 2.79E-03 J.54E-04 R.58E-03 7.98E-05 4.76E-05 
4.55E-03 2.87E-02 9.03E-04 6.14E-03 l .49E-04 l .88E-02 I .56E-04 9.29E-05 

2.13E-08 2.17E-07 4.22E-09 4.461:.-08 6.951:-10 l .37E-07 l .09E-09 6.52[- lO 

1.14f.+-OO / .47H-OO 2.27E--01 3.68£--01 J .74E-02 1. IJE-tOO J.23E-02 7.33E-03 
4 .25E-05 2.25£-04 8.95E-06 3.27[-05 4.45E-06 2.77E-05 4 .09E-04 2.44E-04 

J .33E-09 2.59E-08 3.87E-10 5.06£-09 1.93E-10 4.29E-09 5.78E-08 3.451:.-08 

2.33£-09 4 .46E-08 li.7RE-1 0 8.71E-09 3.37£-10 7.39E-09 9.96£-08 5.95E-08 

I .38E-l J 5.42E-10 4 .0IE-12 I .05E-10 1.99[- 12 8.93E-11 1.18£-09 7.041::-10 

3.23E-10 1.27F.-08 9.40E-11 2.47E-09 4.67£-11 2.IOE-09 2.77£-08 l.66E-08 



• I 
-..J 
0\ 

·Hr3 liaCi/ir'\ .: ·· ·· · · ···· 9.06E-04 
C-H l li:Cilol .. 

:. N'i-59 . (liCVtz't , , 

:~19:•luCI/ ,_;_ .. :.'. 

:Zi:~9.3::tiiCIJ ~:~:;·.-·· ··· - ... _-..... ... :~ 
·Nt,:;93m: 11.i:io -iiir) ,, .. , , ,. , 

·· Cd~fi.lm' (Jt.Ci/1) · .. . ·•., 
, ~ 12! 6iCVEJ"' ' .. 

c;:.,134_; tu.C11e:> · ·.· ... 
;c.,.:111·1•.et11l ·.;--::._:: .. .... · · 
:ea;.j37.Di -,~i/1?)':':,: •':: . 

rii~129: ,iier · · · · 
.. :Tii,.132 li C . ii i ·: .. · .·. ·., '. 

· U.:23S:(iiCih!)' ·: . . . ··· 

· Pu~Z44) Ju.Ci/tr) .. · 
.Pu~24J. l11C"a/2) ... 

'Aiii~U.1' (itCl/iffc ·· ·::··.'.<:'.: 

£._;.;lj&:z '(1&Cllirf > ·· .. 

3.51£-05 
7.61£-04 
6.65E-02 
2.73E-05 
I .59E-06 
l .42E+o2 
1.42£+02 
4.26E-07 
3.76E-07 
5.52£-04 
4.69£-16 
4.76E--05 
!.41E--06 
5.98F.--06 
7.08£-07 
J .49E--06 
l .68E+02 
l .59E+o2 
5.88E-02 
2.ISE--06 
l.63£-04 
9.55E--05 
7.56E-09 
3.54E-14 
3.66E-08 
3.151-:-10 
l .69E-12 
1.431:-14 
1.89[-08 
1.54£-09 
l .51 E-03 
6.76E-05 
1.73£-05 
1.54E-03 
4.62E+03 
4.38£-06 
3. I 3E-06 
4.38E-04 
4.72E-05 
9.21E-U5 
6.46E-10 
7.27£-03 
2.42£-04 
3.42[-08 
5.89E-08 
6.98E-l 0 
l .64E-08 

Predicted Sludge Concentration (µCi/g) (Sheet 2) 

4.37E-03 I .48E-04 I. I OE-02 5.59E-02 6.65E-02 1.44E-Ol 2. 14£--03 4.26E-03 6.52£-04 

2.06E-Ol 2.53E-02 2.57E-OJ 9.25E-Ol 8.561:-02 6.83E--01 2.29E+OO 2.69E+OO 5.70E-03 
2.09E-04 3.86E-05 8.14E-04 4.83E-03 4.03E-03 J.32F.-01 680E-03 5.04~-0 1 4.22£-05 
6.05E-06 l.JSE-06 2.79E-05 7.53E--05 3.08£--07 5.201:'--07 l.32E-04 1.961::--04 2.63E-07 
3.92E+o l 7.37E+o0 7.78E+02 4.19£+03 2.84£-01 5.77f.-0 ! 7.79E+OJ l.02r:+04 3.24£-01 
J .92E+o l 7.38£+00 7.79E+02 4.l 9E+OJ 2.85F.-OI 5.77E-DI 7. 79F.+OJ J.02c+o4 3.24E-01 

2 .0 I E-04 2 .6 7E-02 1.6 7E-03 +--::-4.-':-50::-:E::-·..,.03~-l----'l:....8:..,4,-cE-:-0:--:5,---t--......::.3;..;;. l.=.2E"---0~5 -t--7-:-e·::.;86:.::E:...· 0:.::3_ -+---::1--:. lc:c7~E--=0-=-2-+--::-J.-,-5o:::· f-'
7
:-0

7
5::---i 

1.78F.-04 2.30£-02 1.44£-03 3.63£-03 1.581:-05 2.50£-05 <i .53E-03 9.2012--03 1.17E-05 
2.01 E-03 9.67£-05 1.06£-02 2.82£--02 1.34£-04 2.24E-04 4. 14E-02 6. I 21::-02 1.12£-04 
1.62£-13 3.5 lE-12 2.23F.-1 1 1.34E-08 5.49£-13 9.32E-1 l 2.07E--09 3.30~-06 J.72£-09 
2 .02£-04 4 .62E--05 l.l 5E-03 4.49_E_·-0--,3_-,----'8_.4...c.7_E_-04_ -+_.;:...l.:...76.:.cEc.... --0-'-3'---+--6_. 9;..:5.::E.....c-0:...3--+-_1 _.3_5 i:-:_:-_0_2 _ _ _ 2_ . ..,...32-:--::E::--0.,.,5~ 
5.48£-06 2.69£-06 7. ! OE-05 1.08£-02 8.35£-06 l.20E-05 l.03E-U3 1.1 21:-01 2.0SE-05 
2.281:-05 4.87£-06 l.l3£-04 3.0SE--04 1.24£-0G 2.08E-06 5.46[ -04 8.171:-04 I lW-06 
4.42£-06 9.33£-07 1.70£-05 4.36£-05 I.89E-07 J .l5E-07 2.47£-06 3.68E-06 O.OOf..+00 
1.57E-06 I.I 3£-07 l.58E--06 l.OOE-04 2 62£--08 6. l 7E-07 3.90E-05 3.63f:-04 2.91 E-06 
1.78E+-02 9.1/iE+OO 3.00E+O I 9.6I E+Ol 3.36£-01 6.7 l E-01 l.57E+-02 2.62E+o2 3.81£-01 
1.68E+o2 8.65£+00 2.83E+O l 9.07£+0 1 3.17E-O l 6.34E-01 l.48E+o2 2.481-:+-02 3.60£-01 
2.45E-01 1.20£--01 1.l 7E+OO l.l 2E+o2 1.29£-02 2. l SF.-02 9.54E+-0 1 3. l 7F.+o2 l.03E-02 
8.69E-06 2.00E-06 l.19E-04 3.04£-02 1.45£-06 5.25E-06 l .42E-02 7.321::-02 6.58E-06 
6.62E-04 2.50E-04 8.03E-03 2.02E+o0 9.63£-05 3.50E-04 l.06E+oo 5 86E+o0 4.73E-04 
3.87£-04 3.31E-04 3.30E-03 8.46£--01 4.00E-05 1.75E-04 4.83£-0 1 3.24E+UO l.74E-04 
2.91 E-08 6.89£-09 l.60c-09 4.62E-09 5.38E-10 6.13£-10 5.20E-09 8.65€-09 2.27E- 1 ! 
1.34£-13 2.76E-1 4 9.0IE-15 3.98E-14 4.97£-15 8.87£- 15 3.20£- 14 7.08E.-1 4 2.29E-08 
1.37£-07 2.18£-08 6.88£-09 1.91 E--08 2.56£-09 2.78£-09 2.32E-08 4.00E-08 6.06£-08 
1.5 1 E-07 5.02E-07 l.02E-08 2.79E--08 5.43£-09 6.60E-09 3.30£-08 6. l 2E-08 9.41 E-08 
l.30E-11 l.84E-11 3.38E- l 1 2.50F.-l l 7.41E-13 9.24E- l 3 8.65£-11 5.24t-l l l.42E-08 
1. lOE-13 l.65E- l3 9.68£-15 4.09E-14 6.09E- 15 1.13£-14 3.JOE-14 7.J6t- l4 l .82E-08 
8.62E-11 1..83£-08 9.39E-08 l.S8E-07 8.53£-08 4.85E-07 l.02E-07 2.20E-07 1.03£-02 
6.94[-12 l.37E-09 4.62E-07 5.35£-07 4.36£-09 1.65E-08 7.21 E-07 3.991:-07 6.12£-01 
6.87£-06 l.84E-03 2.31 E-03 2.47£-03 2.26E-03 9.53E-03 1.SOE-03 2.82c-03 4.45£-02 
3.07£-07 8.29E-05 9.93£-05 9.35E-05 9.60E-05 3.62E-04 o.40E-05 l.l8E-04 1.71 E-03 
7.71£-08 l.65E-05 4.77E-05 7.l4E-05 4.63£-05 2.68E-04 3.30E-05 7.23E-05 1.95£-03 
7.00E-06 I .87E-03 2.36E-03 1.72£-03 2.20£-03 6.64E-03 1.53£-03 2.75'E--03 2.99£-02 
2.IOE+O I 5.61E+OJ 7.08E+OJ 5. l8E+D3 6.61E+oJ l.99E+o4 4.59E+o3 8.24E+o3 8.99E+04 
1.63£ -05 2.29E-06 7.71£-05 6.94£-05 8.90£-07 J.46F.-06 2.26E-04 1.651::-04 2.3 6£-07 
1.80E-05 l.59E-03 5.43E-03 2.90E-02 3.91 E-03 2.29F.-02 2.23F.-02 4.051:-02 1.0 1 E+-00 
2.40£-03 4.39E-01 2.86E-0 1 4.24E-O I 2.46£-01 8.97£-01 9.04E-Ol 8.431::-01 8.91 E+OO 
2.68E-04 2.98E-02 5.55E-02 9.94E-02 4.67E-02 l.97E-01 1.82E-01 2.071:; -0 l 3.12E+-00 
5.4oE-04 3.85E-02 1.931:::-0 J 7.53E-Ol l.72E-Ol 1.27E+o0 7.96£-01 l .84t+OO 5.90E+Dl 
3.88E-09 I.IOE-07 1.69£-06 5.73E-06 1.39E-06 8.36£-06 S.67E-06 l.50E-05 5.32E-04 
3.98E-02 7.20E+OO 4.85£+00 7.29E+-00 4. l 7E+OO l.53E+O I l.54E+Ol l.45E+o l l.58E+02 
9.42E-04 5.97E-05 1 .45E-01 1.63E+o0 2.76E-03 7.55£-02 l.77E+OO 3.86E+oo 4.!8f.-04 
1.25£-07 l.46£-09 5.28E-05 J.41E-03 3.0 l E-OS l.40E-06 8.14£-04 2.06E-03 4.00E-07 
2.l SE-07 2.68E-09 4.35£-06 2.541:-03 5.15E-08 l.72E-07 3.61 E-04 3.46E-03 6.67£-07 
2.55r.-09 l.22E- I I 7.79E-08 1.97E-04 9.46E-10 6.20E-09 7.071:-06 2.07E-04 7.20E-08 
5.991:-08 3.42£-1 O l.92£-06 4.33E-03 2.3 I E-08 1.69E-07 l.87E-04 4.86E-03 l.76£-06 
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Predicted Sludge Concentration (µ,Ci/g) (Sheet 3) 

H-3;,,ti&Clnrf :.:, .: •.. I.OIE-01 8.81E-02 1.07E-Ol 1.35E-04 6.0JE-05 3.57E-05 O.OOE+oO 2.37E-04 l.74E-04 5.44E-04 
· C~t4.'Jilfi/i.i;;.,. \, .... 9.56E-04 5.62E-04 2.32E-03 1.90E-04 3.38E-05 2.64E-05 O.OOE+oO l.03E-04 7.27E-08 7.50E-08 
N~9. tii.ci/o 3.76E-03 4.12E-03 1. l6E-04 8.73E-05 2.93E-05 4.86E-06 O.OOE+oO 2.I IE-03 3.61E-05 3.72E-05 
·N~-(aCi11,1_-·· ..... 3.52E-Ol 3.97E-Ol 1.01 E-02 8. l 2E-03 2.82£-03 4.68E-04 O.OOE+oO 1.99£-01 3.07£-03 3.24E-03 
Co.-60 (l&Cl/j:ff, 7.46E-03 1.09E-02 4.56E-03 1. I 9E-05 7.56E-06 2.31 E-06 0.00E+oO I.SOE-02 5.32E-06 8.28£-06 
&e,79.: lu.l'i/o\ · 3.96E-07 2.54£-07 3.02E-06 2.30E-07 7 .64£-08 i .44£-08 0.00E+vO l .27E-05 1.24£-05 1.28E-05 
Sr:.90(.ic.llii:) · .. 3.87£-01 283£-01 2.12E+O l 2.30E-Ol 8.65£-02 1.77£-02 O.OOE+OO 7.08E+OI 1.27E+o2 l.44E+02 
\'~90 (i&Ci/li:l: . : · 3.87£-01 2.83E-01 2.12£+01 2.30E-01 8.65£-02 1.77E-02 O.OOE+oO 7.08E+OI l.27E+02 l.44E+02 
~93 •(iiCIIP\. · ' .· 2 .3 6E-05 l.46E-05 - - ---=3=-_'-=11--=E--0.:..3:__-4-__;:l_;.3c.;c7..=E....;-0--'.5---l----=-4-'.5.C..4E=---'-06=-. - -+----'--8 .-'--55-=E=--0.:..7=---+----=o'-".oo'-=--=E-+OOC...C....--1--7-'.5--=--5=-E-'--'-04 . 3 .30E-04 .. -1--3-.4-0-E--04---< 

~~3.iiFti&Cili!l , : ,:. . " . 1.98£-05 1.15£-05 2.40E-03 1. l 4E-05 3.58£-06 6.4 1 E-07 0.00E+OO 6.13£-04 2.58£-04 2.56E-04 
.'f~:(1&(:;Wb-::,•:::; ::........ l.73E-04 1.06E-04 6.83£-03 1.00E-04 3.31£-05 6.12£-06 O.OOE+OO 3.97E-03 l.40E-03 l.44E-03 
a»;:(~Juditii ; ' · · . _ 2.34E-12 3.72E-10 1.29E-08 3.61 F.-12 3.49F.-l 1 9.44E-1 l O OOE+OO 5.90£-06 3.68E-10 3.72E-09 

· CibUl,ns: tnCi/2) ·· .... l.27E-03 1.06£-03 2.94E-04 1.21F.-05 5.25E-06 l.27E-06 0.00E+oo 7.59£-04 6.51E-04 7.82£-04 
:S1>;W:'iiiri12l . 2.77E-06 1.1 i E-05 4.04£-04 1.79£-06 2.16£-06 1. 12£ -06 O.OOE+OO 3.3 I E-03 2.92£-04 6.71 E-04 
S~126 (J&C:iili} ' . . . . 1.63E-06 1.05F.-06 1.43£-05 9.50£-07 3.19£-07 6.21 E-08 0.00E+oO 5.26£-05 4.06£-05 4.19£-05 
M2!H-ii:C't/o\.:. 2.08E-04 9. I 7E-05 1.06£-05 6.67£-05 2.22£-05 2.36E-05 0.00E+oO 2.37E-07 l.32E-07 l.36E-07 
CS-:ilii:tli.C.iltl : 7.47E-08 7. 13E-07 3.3 I E-04 6.79£-08 1.4 lE-07 1.59E-07 O.OOE tOO 1.26E-05 8.89£-06 2.71 E-05 
C~137fl1Cihof; 4.59E-Ol 3.31E-Ot 2.34HOI 2.73F.-OI I 02E-01 2.08E-02 O.OOE+OO l.59E+ol 6.67E+<Xl 7.39E+OO 
·ea-137:m (i&O/tz). 4.33E-O I 3.13E-OI 2.21 E+o I 2.58E-O I 9.65E-02 t.97E-02 0.00E+OO l.50E+O l 6.30E+OO 6.98E+OO 
Sm-151 .'liil"ihrl . ... .... 1 .67E-02 1.04£-02 8.88E-02 9.74E-03 3.29E-03 5.62E-04 0.00E+oO l.43E+o l I .41 E-0 1 l.49E-O l 
fl1.H52JuCl/2k · 2.291::-06 2.70E-06 l.29E-04 t.45E-06 7.591:-07 3.60E-07 0.00E+oO 2.88£-03 3.98E-05 4.SIE-05 

. E1HS4i(uCi/e\ l.66E-04 2.07£-04 8.76E-03 1.08£-04 6.08E-05 2.59E-05 0.00E+OO 2.26E-Ol l.59E-03 2. lOE-03 
Eu-I~~ (1&Ci'1ff -'. ·· 7.22E-05 1.14£-04 1.14E-03 4.94£-05 3.36E-05 9.50£-06 O.OOE+OO l.20E-O l 5.67E-04 9.241-:-04 
Ra-116 (JiCi/a) ·· .· ·· 5.21E- l0 1.21E-09 9.31E-10 9.06E-12 3.78E-12 l.24E-12 O.OOE+OO 5.26[- 10 4.17E-08 652E-07 
Ka~m -. ,-n:e.u.,y :,.:·: 5.58E-15 9.35E-06 3.68E-14 5.57E-17 1.S l F.-09 1.26E-09 O.OOE+OO 3.75[-15 J.83E-04 l.99E-03 

. Ac:,127 ' luQ/2) ... . . . 2.54E-09 I .99E-05 5.58E-09 4.04E-I I 5.95E-09 3.32E-09 O.OOE+OO 2.39£-09 l . 16F.-02 1. 14E-02 
pij~lll(i&--Ci"/.zJ ........ _ ... 5.59£-09 9.49E-v7 l.43E-08 5.75£-11 8.78£-09 5.1 SE-09 O.OOE+OO 3.52£-09 8.46E-04 8.74£-04 
Tbcll9':;J1LC'iie\ ' 8.75£-13 9.43E-05 4 .14E- 12 1.51E-13 l.54£-09 7.77E-10 O.OOE+OO 6.lOE-12 3.0IE-03 267E-03 
T&:,;232::(u.CU~\ : '· 6.92£-15 4.30E-04 4 .91E-14 5.75E-17 1.69E-09 9.95E-10 0.00E+OO 3.88£-15 3.31£-03 3.42E-03 
'U~232 : 11.Ci/o ·· . . . 9.66£-08 4.44E-04 1.15E-06 2.17E-06 1.57E-03 l.14E-03 O.OOE+oO 9.95E-07 l.33E-02 1.41 E-02 
U-lJ:f.,1i.ci1o· 4.57£-09 2.66E-02 l .74E-08 I .52E-05 9.97E-02 6.75E-02 0.00E+-00 4.20E-06 8.47E-01 8J9E-Ol 
:u.-234 ::Cii.Glii' ·· · ·· · ·.. 2.06E-03 3.69E-03 4.66E-03 3.16£-02 1.60£-02 4.92E-03 O.OOE+oO 1.36£-02 6.42E-03 6.63E-03 
U-235'-f ~I/ii') 8.78E-05 1.44£-04 2.16E-04 1.35E-03 6.35E-04 1.891:-04 O.OOE+oO 5.73£-04 2.28E-08 2.35E-08 
U.236 (iiCl.'2"}"·: · · 4.69E-05 9.07£-05 3.27E-04 6.98£-04 3.90E-04 2.15£-04 O.OOE+oO 3.24E-04 3.97E-09 4.lOE-09 
li~238 (u.p(o\ . . · 2.l lE-03 3.31E-03 3.26E-03 3.24E-02 1.49[--02 3.30E-03 O.OOE+OO 1.36£-02 3.55£-16 3.67[-16 
U-TiWiflili:;ji,\ I, : . . 6.33E+o3 9.93E+o3 9 80E+o3 9.71 E+o4 4.45E+o4 9.93E+o3 O.OOE+OO 4.07E+04 9.08E+ol 9.00E+ol 
No-237-·-luO/it) ·• . 1.16£-06 7.02E-07 4.99£-06 3.94£-07 6.42E-08 l.29E-08 O.OOE+OO 1.68£-05 I.SSE-JO 1.60£-10 
Pia•238•iaCi/2) 4.73£-03 1.02E-02 5.31 E-02 l.48E-01 6.42E-02 9 30E-03 1.04£+00 l.96E-Ol 2.64E-08 2.80£-08 
Pu·239(iaCi/li) 2.68£-01 4.241:::-01 5.22E-01 5.98E+o0 I .33E+o0 8.24E-02 1.62E+OI 6.02E+OO 1.341-:- 12 l.3RE-12 

-~-2~:liiCi/2)' · · · 5.58E-02 1.00E-01 2.02E-OI l.20E+OO 3.27E-01 2.88E-02 4.06E+o0 I.30E+OO 9.22£- 14 9.52E-14 
Pa-241 luCife)'·' 2.42E-OI 7.23E-01 4.12E+OO 5.27E+OO 1 ~.91E+o0 , 5.45E-01 6.54E+Ol 7.951::+00 3.55E-1 3 4.25E-13 
1"11-2.42· 'l-1&Ci/1H l.74E-06 5.08F.-06 3.90E-05 3 76E-05 2.37E-05 4.92E-06 4.04E-04 6.llE-05 7.54E-19 7 .78E- l 9 
Pu-eTotal {~) .·' . 4.57E+o0 7.28E+o0 9.36E+o0 l.02E+02 2.30E+tl 1.46E+OO 2.79E+o2 1.03[+02 1.571:-09 I.66E-09 
:Am-%4F(J&CI!.) , . 4.00E-03 2.92E-03 4.84E-01 5.81 E-05 3.35E-05 2.29E-05 l.72E+ol 2.06E-OI 5.13E-14 5.13E- l4 
Am-243 :tu.Clhrl .. 4.45E-08 7.77E-08 5.05E-05 2.67E-08 1.79E-08 2.19E-08 O.OOE+oO 1.03£-04 1.83£-l 9 l. 89E-l 9 
Cm-242 ·(11Ci/2) 7.54E-08 l.2 IE-07 i.i6E-05 4.55£-08 3.11 E-08 3.65£-08 O.OOEi-00 9.59E-03 3.45[- l 9 I .04E- I 9 
C.m-243 (uClh,l 1.41 E-09 6.35E-09 2. l 8E-05 8.92E-10 1.87E-09 3.94E-09 0.00E+OO 5. I 3E-04 6.94E-2 I 7.70E-21 
Cm;244luCile} 3.68£-08 1.96E-07 4.69E-04 2J6E-08 4 .38E-08 9.65£-08 0.00E+oO 1.21E-02 l.51E-19 1.75£-19 
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00 

Predicted Sludge Concentration (µCi/g) (Sheet 4) 

ff;J •. (iiCih) ,. 6.SOE-03 4.SOE-03 7.80E-04 3.96E-03 l.34E-02 O.OOE+OO 1.45E-03 3 .89E-02 
:C-J'4\ (11Cl/li)-: · ;,, __ ;, . .. : ·· I. I SE-03 2.83E-04 5.67E-05 3.60E-04 2.57E-03 0.00E+OO R.49E-05 1.51 E-03 
Ni.;~9 ii&Ci/ti:) ' 3.1 JE-02 1.27£-02 2.42E-04 2.96E-03 7.35F.-02 O.OOE+OO 2.0SE-04 3.39E-03 

.:Ni:.63:.:<ttG/til · :.- , ··· · . .... .. 2.971::+00 l.23E+OO 2.29E-02 2.79E-01 6.99E+OO 0.00E+OO 2.11 E-02 3.21 E-0 I 
--Cb10 :(aCifi!F ·· ·· · ·· · ·· ·· · l.14E-02 l.66E+OO 3. IOE-03 7.56F.-OI 2.63£-01 0 .00E+OO 9.78E-05 8.42E-03 
Se-79:. (li-Cilar.,:: · · · · · ... ,,. .. l.42E-04 6.56F.-05 l.22E-05 6.94E-05 3.06£-04 O.OOE+OO 3.27E-06 l.42E-04 

:sr:-90:0iClii!J :· 8.0lE+OJ 6.44E+03 3.42E+OI 9.40£+03 2.73E+02 0 .00F.+00 6.RlE-01 1.65E+OI 
. Y~!.f.4L(iiC-a/e-}: : ·. 8.0IE+03 6.44E+03 3.42E+ol 9.40£+03 2.73E+o2 0 .00E+OO 6.81E-OI 1.65E+OI .zr~f.J;, (1!-GVRlc-c;:··_.-:.,...:- -:-,-;-:_ -::_ -. ·..:..;· -. _+--s=-.4-:-:3:-::E:--:-0:-::3- +--=3.-90-=E:...· -0.:.:3:..._+-....:;_7...;.;.2:.:5E:...-..:..04"---+----'-4:..;.. l.:.:3E::..-0..:.3;:__-+-___::l.;.;..8..:..2::..E-0...:.::.2 -+-...:O...:.OO~E+~00--+-___;_3.:.::.03.:..:F.::...-04c:....:...._f--....:8.:..::.4-=-8~E...:-Oc:.3 _ 

Nl•.93iit(uct/irt · .·.: ·< ·, 6.83E-03 2.93E-03 5.48E-04 3.15£-03 l.47E-02 O.OOE+OO 2.69£-04 6.97E-03 
:T-c-99.' (iiLW\ , ;_: · · ·· 4.43E-02 2.01 E-02 3.74E-03 2.14£-02 9.74£-02 O.OOE+OO 9.82E-04 5.26E-02 
ilii;f(ki!'(ilClie\ ':' . ' ' . . l.89E-07 1.74£-04 8 93E-06 2.19F.-05 2.75E-08 O.OOE+OO 2. JJE-13 J.69E-08 
-Cd~UJl'lf'(ii.Ci/atf · '. 8.61£-03 5.78E-03 l.04E-03 5.66£-03 l.90E-02 O.OOE+OO l.lOE-04 7.85E-03 
$1>,f'.lS-(iLCilii• C 2.60£-03 l. Ut+OU I. I !lt-03 1.93t-01 4.!lOt-0., 0.00E+OO 3.03£-06 1.67£-03 
Sa,,126 tli.Ci/e)'._ .: · .·. ·' 5.88E-04 2.83£-04 5.23E-05 2.96E-04 i .27E-03 O.OOF.+00 1.23£-05 5.75£-04 
:J:;.i:%9/ lu.Ci/tio\',c:' ··':· .. 2.36E-05 1.24E-06 2.29E-07 1.31 E-06 5.75E-05 O.OOE+OO 1.36£-06 8.12E-05 
::Ci"l34·'l\icyi!i:::;:., i;:-: ·· .. . . l.49E-04 4.37£-05 O.OOE+OO 6.071:-04 8.26E-06 0.00E+OO 2.41£-08 I .1 9E-04 
c;.;137:l·dCihtl -":•:" ·· ···· l.79E+02 5.71E+OO O.OOE+OO 9.751:+01 1.02E+OI O.OOE+OO 2.86E+OO 1.57E+02 
Ba•l37.mlii.€i/2-i: .. . J.69E+02 5.39E+OO 0.00E+OO 9.20E+O I 9.6 I E+OO O.OOE+OO 2.70E+OO J.48E+02 
:S&~Sr.tii.Ci/e\·; .: ' :::<> J.37E+02 8.65E+02 l.69F.+00 8.83E+02 2.50E+02 O.OOE+OO l.50E-Ol 9.52E+o0 
E11~15:z<taCilr\_ . . 2 .57E-02 5.55E-OI 5.31 E-04 2. l 8E-01 4.64E--02 O.OOE+OO 5.09[-06 1.6 1 E-03 
Eu-15-4-:tU:Ci'2\ .. 2.00E+OO 3.99E+01 3.981:'-02 1.67E+01 3.46F.+OO O.OOE+OO 3.89E-04 l .09E-01 

. Eia-JSS =(itCii'iif• .. l.03E+OO l.46E+01 l.79E-02 8.19E+<l0 1.60£+00 0 .00£+00 2.28F.-04 4.55£-02 
Ra~l2' (aG/l!l - -· . . 6.11 E-09 3.!!0E-09 6.86E-IO 3.75E-09 1.42E-08 0 .00£+00 I .59E-08 8.46E-09 
'Ra~.228: l&Ciltt)- ·-: 3.60E-07 5.23E-14 9.15E-15 4.72E-14 6.63E-07 0 .00£+00 7.21£-14 3.35E-07 
· Ac-227 l~i{ 4.03£-08 !.84E-08 3 .3 I E-09 1.79E-08 8.44F.-08 0 OOE+OO 7.14E-08 4.12E-08 
·pj;;.231 ·faah\,: . . : .· ' 8.47E-08 2.99£-08 5.36£-09 2.88£-08 2.28E-07 0 .00E+OO 2.22E-07 6.34E-07 

· Tll,,ffl,·lii:CUiiL::•::•·.- .. 2.39£-09 l.79E-11 356E-12 2.23E-11 3.68E-09 O.OOE+OO 1.JOF.-1 1 9.60E-10 
T~lJ2:'iaCliir\ · · 6.08£-09 5.50F.-14 9.61F.-15 4.96E-14 l.02E-08 O.OOE+OO !.IOE-13 3.43E-09 

· U~lll::·ii'iCi/ih .: :-.. ··· · ·· ·' · 118E-05 2.851:-06 2.48E-07 l.03E-06 2.50£-05 O.OOE+OO 3.11 E-09 5.49£-07 
,u-m.::tat";l/o):':·:::: . .. ... . 7.22E-04 1.041:.-06 5.0SE-07 3 14E-06 l.54E-03 O.OOE+OO 2.48E-IO 3.25[-05 
~1]4:, fiiC-ihrl:;,.:;c,, .. ··. .. . l.88E-03 9.95£-03 1.97£-03 1.09£-02 1.06£-03 O.OOE+OO 2.31 E-04 6 .92£-05 

.. U..-23~f;tur.tio1 ;:,,; .. , ··· _.,,.,, ... ·.. 7.91 E-05 4JOE-04 8.35E-05 4.60E-04 4.42E-05 O.OOE+OO 1.0JE-05 2.80£-06 u~"' .[a"Cihi!L : : . ·. ... . 4.5 lE-05 4.89E-04 5.93E-05 2.87E-04 2.87E-05 O.OOE+OO 2.71 E-06 1 .73E-06 
U.0231 lllCi/1ff , :·: · · l.87E-OJ 7.49E-03 1.85E-03 l.06E-02 9 .93£-04 0 .00E+OO 2.36£-04 5 .95£-05 

. u.TotaJlu/9\ ; - .. .. 5.60[+03 2.25E+04 5.54£+03 3.18£+04 2.98£+03 0 .00E+OO 7.06E+02 1.78E+02 
Nrj;.237 :iii~\:: .:.. J.83E-04 5.92E-05 1.15E-05 6.94£-05 9 .97E-03 0 .00E+OO 8.36£-06 2.1 OE-04 
Pu,2J8 •.1ii.Ciliil 2.81 E-02 6.70£-01 5.04£-02 2.12£-01 2.08E-02 O.OOE+OO 3.32£-04 I. I 4E-03 
'Pu~239ti1Ci/ir\": 8.41E-01 5.93£+00 8.97£-01 5.00E+OO 4.87E-OI 0.00E+oO 4.36F.-02 2.93E-02 
:pu~:z-4&-(i&Ci/RJ · . . l.83F.-01 2.0SF.+00 2.29E-OI I. 16F.+OO 1.13E-01 O.OOE+OO 4.94£-03 6.22E-03 
Pu-:Ul -(liCl/i)--.. : . . . .. .. 116E+OO 3.931-:+0 I 2.58£+00 9.81 E+OO 9.39£-01 0.00E+OO 9.93E-03 · 3.54E-02 
:P-u~:242 (JI.Ci I) ·:·· ·· ·· 8.96E-06 3.54E-04 2.21 E-05 8.07E-05 7. 73E-06 O.OOE+OO 7. I 6F.-08 2.86£-07 
-Pli,T4>talJli2 .\ .... l.44E+OI 1.05E+02 1.55E+OI 8.58E+OI 8.35E+OO O.OOE+OO 7.24E-OI 4.99£-01 
··A'm-!ULl-.rni-\ .;.; ·. ' - 2.29E+OO 4.28E+OI 3.58E-02 i.68E+01 5.19E-01 O.OOE+OO 4.63E-04 4 .llE-02 
. -~~:- iireiio:1 1-:; ·. . l.14F.-03 4.09E-02 2.59E-05 l.03E-02 2.93£-04 O.OOE+OO 6 .11 E-08 2.26£-05 
C•UliiiCU.t - 1.44£-03 6.86E-02 4.97£-03 1.38E-02 l.2 IE-03 0 .00E+OO 105E-Oi 2.34E-05 
Cm,l'(J. (li:CllitL 6.62E-05 7.40E-03 4.63E-04 , 1.09E-03 3.69E-05 0.00E+OO 1.24E-09 9 .87£-07 
C•24.J;fil(;jf2Y .· 1.58£-03 1.81 l.:-01 1.13£-02 2.65E-02 9.20E-04 0.00E+OO 2.91 E-08 2.25E-05 

1.78E-02 3. 18£-02 
2.34E-03 3.74E-03 
6.67E-03 2.21E-02 
6.39E-Ol 2.12E+OO 
2.67E-02 7.79E-02 
2.08E-04 2.56E-04 
2.59£+01 2. I 5E+Ol 
2.59£+0 '-I --1--2._l '-5E_+O_l ___, 
I .24E-02 1.52£-02 
1.01 E-02 l.22F.-02 
6.87F.-02 8.12E-02 
2.44E-08 6.1 I E-08 
l.33E-02 I. 90E-02 
3.29£-03 9.i 9E-03 
8.61 E-04 1.06E-03 
7.53E-05 5.97E-04 
I .53E-04 7.80E-05 
1.26E+02 6 .761:+0I 
l . l 9E+02 6.38£+0 I 
5 .82[+00 9.64E+OO 
1.09[-03 1.90[-03 
7.99E-02 1.43[-01 
3.651:-02 6.861-:-02 
2.81 E-08 3.34E-0!! 
3.341:-06 4.03 1::-05 
I .79E-07 9.95[-07 
9.28E-06 9.70E-05 
8.05£-09 I .23E-07 
2.901:::-08 4.70£-07 
2.27£-06 l.70E-05 
1.35£-04 I .03E-03 
4.47E-05 6.71 E-05 
I .85F.-06 2.50£-06 
1.04£-06 1.71 E-06 
4.06E-05 5.50£-05 
1.22E+02 I .65£+02 
3.12[-04 3.64£-04 
6. 71 E-04 1.04£-03 
1.86£-02 2.641:-02 
3.90E-03 6.31 E-03 
320E-02 5~5E-02 
2.57E-07 4.82f.-07 
3.17£-01 4.53E-01 
3.70£-02 6.12F-02 
2.01 E-05 2.44F.-05 
2.44[-05 2.31 E-05 
9.27E-07 8.09E-07 
2.24E-05 2.01 E-05 
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Predicted Sludle Concentration foCi/e:) (Sheet 51 
.. :s1st«:i 

. :·· · ·:·• . ' ! ' ' :.• : . . , 

I .40E-02 
3.30£-03 
3.00E-03 
2.86£-01 
3.22E-02 
3.121::-04 
3.08E+Ol 
3.08h01 
l.86E-02 
1.51 E-02 
l.03E-OI 
5.44£-08 
1.93£-02 
l. I 3E-02 
1.29£-03 
9 .75£-05 
1.38£-04 
I .26F.+02 
l.19F.+02 
1.26E+Ol 
2.30E-03 
l .69E-OI 
7.67£-02 
2.44£-08 
3. I 8£-06 
l .49E-07 
7.67E-06 
7.55E-09 
2.59E-08 
7.79E-07 
4 69E-05 
2.97£-05 
l.24E-06 
7.36E-07 
2.79E-05 
8.36E+Ol 
6.65£-04 
5.04£-04 
l .40E-02 
305£-03 
2.25E-02 
l 87E-07 
2.39£-01 
4.38F.-02 
2.64E-05 
3.90£-05 
I .37E-06 
3.35E-05 

... ·····•·•···· .... .. . . .. ., ............... ... ·······" ·' ····-··· ··-···· ........ . , ... ·. -- ~ . . .. , . 

?\/~~i!:r ~i~~~i : •tu~s.~;t':: i \:}~!~~} 1 ···· •:,: ~ : • ·•• 

I .60E-02 
3 82E-O} 
8.14E-04 
7.78E-02 
2.04£-02 
3.56[-04 
2 98E+OO 
2 98E+OO 
2.12£-02 
l.72F.-02 
1.J 7£-01 
4.25£-08 
2.22£-02 
2.79E-03 
I .47E-03 
l .15E-04 
l .80E-04 
1.59[+02 
I .SOE+-02 
2.75E+OO 
5.08£-04 
3.73E-02 
1.70E-02 
3.24E-08 
4.09E-06 
l.97E-07 
1.03£-05 
9.75E-09 
3.40E-08 
3.38E-07 
2.03F.-05 
I .03E-05 
4.29E-07 
2.49E-07 
9.59£-06 
2.87E+ol 
3.97E-04 
l .68E-04 
4.69E-03 
l.OIE-03 
7.70E-03 
6.30£-08 
8.0lE-02 
6.90E-03 
4.01 £-()(, 
l.88E-05 
6.75E-07 
l .64E-05 

l .53E-02 
4.30E-03 
6.52E-03 
6.22E-01 
5.17£-02 
3.85[-04 
3 62E+<H 
3.62E+Ol 
2.29E-02 
I .85E-02 
J.24E-OI 
6.0IE-08 
4.57E-02 
J.54E-03 
l.60E-03 
l .28E-04 
2.53£-04 
l .59E+o2 
l .50F.+-02 
6.47E+OO 
1.33£-03 
9 .92E-02 
462£-02 
3.98£-08 
l 88£-05 
3.06E-07 
4.71£-05 
l .72E-08 
6 .25E-08 
3.0SE-06 
I .85E-04 
3.23E-05 
1.3 1£-06 
8.47E-07 
2.90£-05 
8.71E+OI 
7.0lE-04 
6.!0E-04 

l .22E-02 
4.93E-03 
3.67£-03 
3.50E-Ol 
2.54£-02 
2.83E-04 
l .07E+o2 
l .07E+02 
I .69E-02 
I .36E-02 
9.28E-02 
l .31E-04 
l .67E-02 
9.91 E-03 
1.18E-03 
l.09E-04 
5.20E-03 
l .20E-t02 
l.1 3F.+02 
6.48E+OO 
l .55E-03 
l .17E-01 
5 .48E-02 
2.43E-08 
9.89E-06 
1.42£-07 
3.14E-05 
l.20E-08 
4.35£-08 
l.7!E-06 
I .02E-04 
7.19E-05 
2.84E-06 
4.87E-06 
5.63£-05 
l.69E+02 
l .97E-04 
2.24E-03 

l.45E-02 3 .0JE-02 
3.37£-03 7.86E-03 
3.0JE-02 t .59E-01 
2.51E-G7 i 8.31E-07 
2.49E-OI 5.24E-01 
4.Q6F.-02 l.21E-OI 
3.07F-05 7.?4F.-05 
4.79E-05 3.33£-05 
1.91 E-06 1.94£-06 
4 .69£-05 4.80E-05 

2.72E-01 
8.49E-04 
5.43E-02 
5.25E+OO 
l .65E+Ol 
4.l 9E-04 
2.12E+04 
2. l2E+04 
2.53£-02 
I .42E-02 
1.24[-01 
4.78E-01 
l.72E+OO 
2.49E+OI 
1.87£-03 
I.JOE-OS 
5. I 2E-Ot 
7.92E+02 
7.48E+o2 
4.63E+02 
6.34E-O I 
7.46E+o1 
5.06E+O I 
2.93E-07 
l.67E-l 1 
7. llE-07 
4. t2F.-07 
2.46£-10 
2.42E-12 
5.77£-06 
1.85E-06 
l .66E-02 
623E-04 
1.58£-03 
1.J SE-02 
3 .44E+04 
6.85E-02 
1.19E+OO 
1.UE+O l 
3 24E+OO 
9.67E+OI 
4. l BE-04 
1.97£+02 
9.27E+Ol 
2.91E-02 
5.39E-02 
8.32E-03 
2.16E-Ol 

2.22E-OI 
6.14E-04 
2.44[-02 
2.38E+OO 
7.86E+OO 
3.14E-04 
8.43E+03 
8.43E+03 
i .90[-02 
I .OIE-02 
9.27E-02 
J .20E-OI 
5.30£-01 
1.12E+Ol 
1.37E-03 
8.lOE-06 
653E-01 
6.15E+02 
5.80E+02 
l .66E+02 
2.04E-Ot 
2 .59E+Ol 
2.39E+OI 
2.56E-08 
1.70E- 12 
1.321:-07 
3.24E-07 
I .70E- IO 
1.99£-12 
1.91£-06 
5.89£-07 
6.35E-03 
2.53£-04 
6.27E-04 
4.37£-03 
1.31E+o4 
2.37£-02 
4.09£-0 1 
4. l 2E+OO 
I. I 3E+OO 
3.28E-t0 I 
l .35E-04 
7 .1 8E+-Ol 
4.12F.+OI 
920E-03 
I .67E-02 
2.40£-03 
5.95E-02 

7.03£-04 
4.68E-06 
5.88£-06 
5.70£-04 
4.16E-05 
2.90E-08 
4 .87£-02 
4 .88E-02 
I .75E-06 
9.65E-07 
I .19E-05 
3.42E-04 
5.30E-06 
9 .44E-05 
I .29E-07 
1.17£-05 
4.43E-05 
5.55E-02 
5 24E-02 
1.l 7E-03 
l.54E-06 
l .86E-04 
t .42E-04 
2.51E-12 
1.51 E-16 
l.26E- l 1 
2.90E- l l 
l.66E- 14 
1.73£-16 
3.46E-06 
l. lOE-06 
1.05£-02 
4.0!E-04 
1.0IE-03 
7.22E-03 
2.17E+o4 
l.68E-07 
2.32E-Ot 
2-24E+o0 
6.32E-01 
I .87E+-OI 
7.97E-OS 
3.91 E+O l 
2.22£-04 
6.18E-08 
l. 14E-07 
l.72E-08 
4.41£-07 

l.03E-01 
1.24£-03 
2.56E-05 
2.46[-03 
8.30E-03 
6.57E-07 
1.1 IE+OO 
l. llE+-00 
6.89[-04 
3.80E-04 
3.58E-03 
1.47E-03 
1.24E-04 
5.20E 03 
2.92£-06 
2.37E-05 
l.34E-02 
l .67E+O l 
l.58E+O l 
2.65F.-02 
3.50E-05 
4.22E-03 
3 231:-03 
2.64E-10 
2.05E- 14 
l .27E-09 
5.39E-09 
l .42E-l 2 
3 .43£-1 4 
7 .92£-07 
9 .69£-09 
4.191:-03 
1.61£-04 
4.05£-04 
2.891:-03 
8.69£+03 
3.81£-06 
3.19£-02 
3 141:-01 
8 .85E-02 
2.62E-t00 
I. l 2E-05 
5.48E+OO 
I. lOE-01 
l!OE-05 
2.57F.-06 
3.91 E-07 
I OOE-05 
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Predicted Supernatant Concentration (µ.gig) (Sheet 1) 

Na · • •· 3.98E+04 3.99E+04 5.07E+04 5.00E+04 3.96E+04 2.81E+04 3.40E+04 3.40E+04 7.66E+04 
. Al O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO 

Fe 9.50E+OI 9.50E+OI 9.28E+OI 9.29E+OI 9.55E+OI 9.82E+OI 9.59E+OI 9.59E+OI 8.64E+Ol 
Cr l.66E+02 l.68E+02 3. I 8E+02 3. l 8E+02 2.07E+02 2.87E+o2 3.25E+02 3.25E+02 l.39E+02 
Bi 5.95E+OI 6.04E+Ol 8.SJE+OI 8.52E+Ol 8.76E+OI 9.00E+ol 8.79E+Ol 8.79E+OI 3.JSE+OI 
La O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 1.27E-01 l.27E-OI O.OOE+OO 
I& · O.OOE+oo 2.94E-OI O.OOE+OO 2.88E-01 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.67E-Ol 
Zr O.OOE+OO O.OOE+OO 2.38E+OI 2.38E+OI O.OOE+OO 0.00E+oO 0.00E+OO O.OOE+OO O.OOE+OO 

· Pb ·; :> '.( : ;:.: O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO. 0.00E+oO O.OOE+OO O.OOE+OO O.OOE+oO 
Nl .. , : :: >: ', 9.35E+Ol 9.50E+OI 8.84E+OI 8.84E+ol 8.88E+OI 8.95E+OI 8.64E+OI 8.64E+ol 7.87E+OI 
Sr: , . :: .. 5.03E-02 5.03E-02 5.39E-03 7.76E-03 1.12E-04 1.26£-04 l.27E-06 2.30E-06 4.57E-02 

~"M~·~n_\ ~::::_:: ~: ... ~ .. •~:;'~::" .. ~ .. ·~::~·:~· t--~o~.o~o~E+_OO:....:;__-+-o~.O~O=E_+~OO:,--+-~o~.O~O~E~+~OO=-+-~o~.O~O~E~+o~o:,.._-+--O~.OO~E~+~OO-,---i-_0~,~00~E~+o_;;_,:_o--l.--~2.~7~9E~+~O~l_+--~2~-7~9~E+_O~l_ +--=c_0.00E+OO 
.Ca·::a••· ': '; ' ;:\/ : l.36E+02 1.36E+02 l.33E+02 l.33E+o2 1.37E+02 1.41 E+o2 I .38E+02 1.38E+02 1.24E+02 
: K . :, :: i.:: ::;;;,;,< : 2.75E+Ol 2.79E+Ol 3.49E+02 3.50E+o2 2.41E+02 l.59E+o2 8.32E+03 8.32E+03 5. l6E+02 
balaaaiS::O:' ? > .· I .OOE+02 I .OOE+o2 l .00E+02 l .OOE+02 I .OOE+02 I .OOE+02 l .OOE+o2 1.00E+02 I .OOE+02 
density / ·: ~: : l.lOE+OO I.IOE+oO 1.13E+OO 1.13E+o0 1. IOE+OO l.07E+OO l.09E+o0 1.09E+OO 1.21 E+OO 
;$'ol4¼sollds. > . . .. . l.20E+Ol l.20E+Ol l.37E+Ol l.43E+OI 6.80E+OO 3.40E+OO l.80E+o0 2.34£+00 2.80E+OO 
·void·Jtai. · •, · 2.70E-01 1.45E-Ol 5.74£-01 5.99E-OI 4.76E-Q; 5.26£-01 7.26£-01 7.89E-OI 4.45E-01 
wto/oH20<; .. .. 8.96E+OI 8.96E+OI 8.29E+Ol 8.32E+Ol 8.70E+OI 9. IOE+Ol 8.68E+ol 8.68E+OI 7.36E+Ol 
TOCwt1ti~c · .· ,., O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO 0.00E+oO I. I OE-02 I. I OE-02 3.66E-04 

.OH: ... 5.58E+o2 5.58E+02 l .52E+03 1.36£+03 5.57E+o2 l.12E+03 l.23E+03 l .23E+03 3.24E+ol 
·:N03 .. 1.05£+04 1.03E+04 9.56E+04 9.50E+04 7.27E+04 4.7lE+04 7.88E+04 7.88E+04 . l .53E+05 
N•l ···· ·· ·· 6.94E+02 9.59E+02 2.73E+03 2.15E+03 3.30E+OO l .86E+OO 4.06E-02 5.84E-02 6.16E+03 
co1::·· ··· 3.40E+04 3.41E+04 2.00£+02 2.00E+02 2.05E+02 2. l lE+o2 2.06E+02 2.06E+02 9.31 E+03 
P04 • 6.09E+03 6.08E+03 5.94E+03 5.95E+03 6.12E+03 6.29E+03 2.83E+03 2.83E+03 5.53E+03 

l .08E+04 l .08E+04 6.29E+03 6.29E+03 4.51 E+03 2.85E+o3 2.65E+02 2.65E+02 9.82E+03 
Si 1. l2E+02 l. 14E+02 2.62E+02 2.63E+02 2.70E+o2 2.78E+o2 O.OOE+OO O.OOE+OO O.OOE+OO 

.. F .. O.OOE+OO O.OOE+oO 3.33E+03 3.33E+03 3.95E+o3 2.45E+03 4.72£+03 4.72E+03 O.OOE+OO 
.Cl , l.14E+o2 l.16E+02 l.46E+03 l.46E+03 l.OIE+03 6.6SE+02 9.37E+02 9.37E+02 2.83E+03 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO 0.00E+OO 0.00E+OO 
EDTA ·•····· O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
HEDTA O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 

0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+oO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO U.OOE+OO 
U.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+oO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO 4.03E+02 4.03E+02 O.OOE+OO 

DBP. , ... O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 5.34E+OO 
:butuo1 .. . • O.OOE+OO O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO l.88E+OO 

O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO 0-.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 
:NW I.I IEtOO 2.12E+OO 1.76£+03 1.28E t03 3.72£-06 1.78£-06 5.03£-1 0 l .04£-09 5.72E+OO 
. NlFe<CN\6- :: · · .·· O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO 0.00E+OO . O.OOE+OO O.OOE+OO O.OOE+OO 

7.52E+04 
O.OOE+OO 
8.67E+OI I 

1.42£+02 
3.22E+Ol 
O.OOE+OO 
2.69E-Ol 
O.OOb-00 
O.OOE+OO 
8.87E+ol 
1.85E-02 

0.00E+OO 
J.24E+02 
5.54E+02 
l.OOE+02 
!.21E+OO 
4.25E+OO 
2.34E-Ol 
7.3 7E+Ol 
O.OOE+OO 

9.45E+oi 
l.64E+05 
4.76E+02 
1.86E+02 
5.56E+03 
9.86E+03 
2.45E+02 
3.42E+03 
2.31E+03 
D.DOE+OD 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
0.00E+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
3.4lE-02 
O.OOE+OO 

~ 
'"lj 

I -'° 00 
N 
N 
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0 
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Predicted Supernatant Concentration (µgig) (Sheet 2) 

• l'i(a· ·· 7.52E+04 6.96E+04 2.86£+04 1.01 E+05 1.00E+05 7.39E+04 3.88E+04 1.61 E+04 2.56E+04 6.47E+04 
:Al :•_/ J ... . , . ·· ·· O.OOE+OO 2.32E+02 O.OOE+OO 1.81 E+04 2. l 5E+04 3. I 2E+04 l.57E+04 O.OOE+oO 0.00E+OO O.OOE+OO 
Fe · ·· .. : : · · 8.67E+ol 7.94E+OI 9.85E+Ol 8.28E+OI 8.38E+Ol 9.03-E+ol 9.67E+OI l.OlE+02 9.94E+Ol 8.91 E+Ol 

. Cr· l.42E+02 2.01 E+02 9.83E+O I 2.28E+03 2.31 E+03 1.40E+o2 1.47E+02 4.05E+02 4.02E+02 3.57E+02 
·Bi : 3.22E+OI 4.SOE+OI 9.03E+Ol O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 
L'a: O.OOE+OO O.OOE+OO 0.0•E+OO 0.00E+OO 0.00E t-00 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+-00 O.OOE+OO 
Hi 2.69E-Ol 2.l9E-Ol 3.05E-OI 2.SGE-01 2.GOE-01 ' O.OOE+OO O.OOE+OO 3.14E-Ol 3.0SE-01 0.QOE-,-00 .. . f-...::..:..:::..::..::__::_::....__+-_::..;.~:_::_::___+-....:..;..:_:.,::......::...c=---+---:-,-------:------j 
Zr . . . . O.OOE+OO 5.98E+OO 2.53E+OI 0.00E+OO O.OOE+OO O.OOE+oO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO 
Pb . O.OOE+OO l. l6E+OO O.OOE+OO O.OOE+OO O.OOE+OO 1.29E+02 1.38E+02 2.25E+Ol l.42E+02 O.OOE+OO 
Ni: 8.86£+01 9.01 E+Ol 1.01 E+02 8.46E+Ol 8.57E+OI 7.89E+OI 8.30E+Ol l.04E+02 l.02E+02 9. IOE+Ot 
~s,-... · ·· - .. 5.94£+00 3.43E-03 6. I 2E-04 3.81 E-02 3.86E-02 I. 1 l E-02 2.01 E-02 4.41 E-02 4.32E-02 l.63E-02 
.Mn .• · ' .: . . . O.OOE+OO O.OOE+OO O.OOE+OO 2.41E+Ol OOOF.+00 O.OOF.+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
r: ::::C:-:-a _:_-,_ . .,.., .. , ..,. .. _,.,.-- ~· : -:"' .. · "" .. ..,;;· '-:-+----:l-=.2::...;4:..::E'-+..:.;02::;__-+-___;_;l..::;.27.:..:E::...;+_::0.::;.2---1_..:.:l....:..4 .:..:1 E=--+-=0.::.2---1_.:..;l....:..l 9::...:E::...;+-=0.::;.2---11--..:.:l.:=20.:..;E=-+-=0:..::2_ l-----,:1 .30E +02 I . 39 E +o2 I .46E+o2 1 .43 E+02 I . 28 E +02 
:.'JC< ·· ·· ,,, ·,.:): 5.54E+02 4.88E+{l2 l.55E+02 8.27E+02 6.33E+02 7.93E+Ol 1.27E+02 l.20E+02 2.13E+02 4.94E+02 
.balance .; : , :: .. : • 1.00E+02 l.OOE+02 l.OOE+02 9.91 E+Ol 9.S?E+Ol 9.63E+Ol 9.82E+ol l.OOE+02 l.OOE+o2 1.00E+02 
:llen$itv.\: . :, : 1.21£+00 1.19E+o0 l.06E+OO 1.26E+OO 1.25E-t-00 l.16E+OO l.08E+OO l.03E+OO l.05E+OO J.18E+OO 
;:v~~•/•:SijU~ ;;,_:, ::.;, 4.25E+OO 3.00E+oO 3.00E+OO 4.50E+o0 3.00E+OO 8. IOE+OO 2.90E+OO 2.20E+OO 3.90E+OO 2.20E+OO 

• :voiiffrac;, ·> 2.29E-OI 9.16E-Ol 8.51E-O I 6.86E-OI 6.40£-01 6.90£-01 7.50£-01 7.59£-01 5.47E-01 5.56E-01 
I 

00 wt.¾dl20 :•: • · ·.· 7.37E+OI 7.60£+01 9.17£+01 7.0IE+Ol 7.15E+Ol 7.50£-t-01 8.62E+OI 9.53E+01 9.24E+Ol 7.68E+OJ - TO(f wt¾C :< -: · . O.OOE+OO 9.SSE-04 I. 76E-08 O.OOE+OO O.OOE+oO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
"siied~: . .... :.;:,·. ::· 
off• . .. -·-·-. -l.96E+OI 4.60E+o2 l.61E+03 2.36£+04 2.41E+04 2.63E+o2 3.14E+02 3.03E+o3 2.98E+03 7.73E+02 
N03' - ··· · · · l.65E+05 l .39E+o5 3.19E+04 I.IOE+o5 6.45E+04 4.82£+04 5.07E+04 l .05E+04 7.06E+-03 1.52E+05 

9.12E+Ol 4.8tE+o3 7.39£+03 2.80E+04 5.18E+04 5.7JE+04 J.22E+04 l.23E+04 2.69E+04 8.33E+02 
COJ '· , 1.86£+02 5.IOE+o3 3.11 E+02 l.78E+02 l.80E+02 1.94E+o2 2.08E+02 2.l8E+02 2. l4E+02 l.91E+02 
i,POif - . : '::.'··· · _:i. i: :_ , 5.56E+03 5.04E+o3 6JIE+03 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO O.OOE+OO 5.70E+03 

9.86E+03 9.29E+03 l .94E+03 1.46£+03 2.33E+03 7.80E+02 5.42E+o2 4.09E+03 l.13E+04 4.62£+03 
:,S(:· ·: ;:_.: .. . . ......... ,. , .. .. 2.45E+02 l.21E+o2 2.78£+02 2.34£+02 2.37E+02 2.55E+02 ·O.OOE+oO 2.87£+02 2.81E+02 O.OOE+OO 

3.42E+03 l.47Et03 4.09E+03 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO 
·: CJ . ·::: . ...... . .. ·., -· 2.31E+03 2.45E+o3 6.47E+02 2.68E+03 2.64E+03 3.30£+02 5.30E+-02 4.99£+02 8.88E+02 2.06E+03 
_'C6H507 :· ·· .. O.OOE+OO O.OOE+oO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO OOOE+OO O.OOE+OO O.OOE-+ 00 
·El>TA · 0.00E+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 
HEDTA -· O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO 
NTA O.OOE+oO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 
elvcolate · O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 

. acetate-··: O.OOE-t-00 O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 
~.i•te:·, O.OOE+OO 0.00E+OO O.OOE-t-00 O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE -+ 00 O.OOE+OU 

0.00E+OO 3.24E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
·butanol O.OOE+OO l.14E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

O.OOE+OO 0.00E;-OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
NHJ : .. . l .25E-03 3. 74E+02 6.91E-03 1.29£+02 5.00E+-02 2.74E;-OO 6.98£-01 l .39Et02 4.96E+02 4.40£-02 

· NiFe<CN~ :' .... · ' O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+oO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 

\0 
00 
N 
N 
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< 
0 
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Predicted Supernatant Concentration (µgig) (Sheet 3) 
... . . . . ... , . . ... '.. . . .. ,.... ......... . . '' .. . 

' ;:prtil '$ii4¥ff ...• >mvrr:: < .. /:.' £W~'.\> ::;:~~~~;:i<:: ;::,;;'.~~f::;:.;~ :::!:j;lj~~:~Uf .:::UliQ~~;ii'.::H::;;:Lm:'i~[~:.:m:f:::!:i:~:; ~}(;;:;i:::~ :~i;~i:C ·:.:: )jij~:::i::.::, /;';<1:i~:\"> 
Na :: . ·· · <; · , · ·· 4.96E+04 3.48E+04 l.29E+04 l.48E+04 2.45E+04 3.36E+04 6.98E+04 4.71 E+04 

r-.::::;A_J._·_· ~----'-'t---:-2--:.09,-::-::-E_+04::-:---+---'1'-'. 5:...:8c::Ec_+.::..04_+-_o_.o.;..;oc_E_+_OO_+-'-'o:.:...O:...:Oc::Ec_+.::..00=---+--0=-.0.;..;0c::E:_+..:.OO.;;__ -- O.OOE+OO 5. 78E +03 O.OOE+OO 
Fe 9.SOE+O I 9. 77E+O I l.OIE+02 1.0IE+02 9.91E+OI 9.69E+OI 8.87E+Ol 2.49E+03 
Cr I .45E+02 l .49E+02 I .55E+02 4.04E+02 3.94E+02 3.86E+02 4. I 9E+02 3.68E+02 
Bf 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Lil :· O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
82 ·.c- ,,.,, 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 3.00E-01 
Zt. .. ' ".·", , ." . 0.00E+OO O.OOE+OO 2.60E+01 O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO 
:Ph i.> ... : ....... . i:.: l.35E+02 l.39E+02 0.00E+OO O.OOE+OO 0.()0E+OO O.OOE+OO O.OOE+OO 4.20E+02 
.Ni. . . ... . ... . . . 8.21 E+Ol 8.38E+Ol 8.76E+Ol 1.04E+02 I.OJ E+02 9.91E+Ol 9.06E+OI 2.17E+02 
.Sr. l.06E-02 9.22E-03 4.40E-02 9.04E-03 3.28E-03 5.80E-04 O.OOE+OO l.66E+OO 
Mn . O.OOE+OO 0.00E+OO O. OOE+OO O.OOE+OO 2.R9F.+OI 2.82E+Ol O.OOE+OO O.OOE+OO 

1-•· =C.=•'-. . _: __ ....;...;._+---'l:..;.;.3:..:6c::E'-+.:.:02::__-1-....:l..:...4:.:::0-=E'-+0::.:2:.__+--..:.1 ;_:·4::..:5 E:::.-+_:_0~2--1_.:..:.l.4_:_:6:..::E:...:.+..:::02=---1-_I :j~E::t-Q2 1.39 E +02 l. 27 E +02 l. 82 E +02 
I<' · - . . .. .. .... . . 5.37E+OI 9.16E+Ol 8.49E+03 3.80E+OJ 5.00E+02 2.00E+02 4.23E+02 3.21 E+03 

ibabi~ce ........ .... . 9.75E+OI 9.81 E+OI I.OOE+02 1.00E+02 I.OOE+02 l.OOE+02 9.95E+OI I.OOE+02 
deii$Jri' .·· ·. I.LOE+OO l.07E+OO l.03E+OO 1.03E+OO l.06E+OO 1.08E+OO 1. I 8E+OO l.08E+OO 

8. IOE+OO 2.90E+OO 1.05E+Ol 1.IOE+OO 1.IOE+OO 1.JOE+OO 2.30E+OO 1.20E+OO 
8.22E-OJ 7.49E-OI 8.55E-Ol 7.40E-01 7.14E-OI 7.39E-01 5.23E-OI 9.42E-01 

.wt%imo..... •·, 8.30E+OI 8.77E+Ol 9.39E+Ol 9.41E+OI 9.23E+Ol 8.88E+OJ 7.65E+OJ 8.22E+01 
O.OOE+OO O.OOE+OO 0.00E+OO 8.47E-OI 3.04E-01 2.47E-01 O.OOE+OO 2.29E+OO 

2.89E+02 2.98E+02 3.55E+03 6.77E+02 l .33E+-02 9.96E+02 4.28E+03 4.12E+03 
3.88E+04 3.98E+04 l .76E+04 l.38E+04 2.22E+04 5.42E+04 I .36E+05 4.58E+04 
3.32E+04 l .22E+04 l .38E+03 4.83E+02 4.53E+02 4.32E+02 5.52E+02 l .24E+04 

:COJ:.;i•··· ···.•· ...... , .. 2.04E+02 2. IOE+02 2.18E+02 l .20E+04 2.19E+04 1.61 E+04 9.53E+03 2.72E+02 
0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 1.14E+OI O.OOE+OO 

:SOi ......... ····· .. . 7.73E+02 6.04E+02 l.43E+02 3.73E+02 3.64E+02 3.56E+02 5.59E+02 5.99E+03 
SI · · 2.68E+02 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 
F 0.00E+OO O.OOE+OO 5.03E+03 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
Ct •· 2.24E+02 3.82E+02 l.99E+02 1.58E+02 2.32E+02 7.02E+02 2.70E+03 l.61E+03 

·:C6H507 , ...... . O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 7.00E+03 
EDT.A>·•··· ....... . O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.13E+04 

.·1-iQtA·· O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+-00 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+O<J O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.79E+04 

oni.e.· O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 
DBP ·· O.OOE+OO O.OOE+<JO O.OOE+OO l.24E+04 4.44E+OJ 3.6lE+03 O.OOE+OO O.OOE+OO 

. butuo1 • O.OOE+OO O.OOE+OO O.OOE+OO 4.36E+03 l .56E+03 l .27E+03 O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO 0.00.E+OO O.OOE+OO 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 

NHJ .· l.40E+OO 2.94E-Ol l.29E+04 l .66E-02 4.26E-03 5.54E-04 O.OOE+OO 5.68E-+ OI 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

6.94E+04 
7.26E+03 
8.84E+Ol 
3.54E+02 
0.00E+OO 
O.OOE+OO 
0.00E+OO 
O.OOE+OO 
0.00E+OO 
9.04E+OI 
3.84E-02 
0.00E+OO 
l.27E+02 
9.25E+02 
9.92E+01 
l.19E+OO 
5.80E+OO 
8.43E-OI 
7.53E+Ol 
4.81 E-02 

3.62E+02 
l .41E+05 
3.6IE+03 
1.90E+02 
5.67E+03 
4.42E+-03 
0.00E+OO 
l.94E+03 
l.91E+03 
O.OOE+OO 
O.OOE+OO 
0.00E+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
O.OOE+OO 
7.0JE+02 
2.48E+-02 
0.00E+OO 
J.82E+OO 
O.OOE+OO 

6.94E+04 
7.26E+03 
8.84E+Ol 
3 54E+02 
0.00E+OO 
O.OOE+OO 
0.00E+OO 
O.OOE+OO 
0.00E+-00 
9.04E+O l 
3.84E-02 
0.0DE+OO 
l .27E+02 
9.25E+02 
9.92E+OI 
l.19E+OO 
5.80E+OO 
8.43E-01 
7.53E+Ol 
4.78E-02 

3.62E+02 
1.42E+05 
3.24E+03 
l .90E+02 
5.66E+03 
4.42E+03 
0.00E+OO 
l.94E+03 
1.91 E+03 
0.00E+OO 
O.OOE+OO 
0.00E+OO 
O.OOE:: 100 
0.0<lE+OO 
0.00E+OO 
0.00E+OO 
6.97E+02 
2.46E-+ 02 
0.00£+00 
l .44E .... OO 
0.00E+-00 
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Predicted Supernatant Concentration (µ.gig) (Sheet 4) 

-Na,:, __ ,,·' ·.>.),.-:: ,, 2.91E+04 l.39E+04 7.71E+04 6.75E+04 8.0IE+04 4.45E+03 9.03E+04 l.68E+o5 l.64E+05 l.69E+05 
:Ai . · ... :' : .. ·· · :. · 5.54E+02 2.04E+03 6.44E+03 O.OOE+OO 8. 71 E+03 O.OOE+OO 2.87E+02 3. l 5E+04 2.55E+04 3.13E+04 
Fe · 9.81E+OI l.02E+02 8.70E+02 9.14E+OI 8.79E+OI l.04E+02 8.34E+OI 6.99E+OI 7.06E+ol 6.95HOI 

.. Cr 8.34E 1 02 l.02E+02 9.53E-03 0.00E+OO l.38E+o3 4. 13E+02 3.75E+02 1.92E+03 J.94E+o3 1.91 E+03 
Bi · 4.01 E-01 O.OOE+OO O.OOE+OO 0.00E+OO 8.93E-01 0.00E+OO 7.64E+OI 3.87E-02 4.18E+Ol 2.25E+OI 

:.La . . .. :.. O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO I.OJ E-08 l.63E-04 
Ile: ;: 3.04E-OI 3.17E-OI 2.96E-OI 2.83E-Ol 2.72E-OI _ 0.00E+OO 2.58E-01 2.16E-01 2.19E-OI 2.ISE-01 
Zr .. . .. ·. 3.SOE-03 O.OOE+OO 0.00E+OO O.OOE+OO 1.23E-OI 0.00E+OO 2 06E+OI 5.45E-03 I.OJ E+OI 3.68E+OO 
Pb. · · · 4.38E+Ol l.46£+02 O.OOE+OO O.OOE+OO 8.53£+0I 0.00E+OO O.OOE+OO l.51E+OI 1.00E+02 9.89E+OI 

-NL :•:•· ... I.OOE+o2 l .04E+02 5.38E+02 O.OOE+oO 8.98E+OI l.06E+02 8.52E+OI 7.14E+ol 7.21E+OI 7. IOE+Ol 
-ist{: · ::. :/y: .. ,:. 0:: '. · 4.26E-02 4.44E-02 1.24E+OO 3.97E-02 3.87E-02 0.00E+OO 4.0SE-02 3. I 9E-02 3. I SE-02 l.02E-01 
_;Mii ., .·· .. ·> :·· :·•,, ' 9. !6E+OO O.IJOE+O<J O.OOE+OO O.OOE+()() 149£+01 0.00F.+00 O.OOE 100 2.04E+OJ l.98E+OI 2.02E+OJ 
:ci :' ::.. '' l.41E+02 l.47E+02 3.81 E+02 1.31 E+o::! l.26E+02 3.57E+02 . .. _l_._2_0E_+_0_2_+---.Cl __ .00;..;._E_+_o2 _ __ 1_.0_I_E_+o_2 _ _ _ 9_.9_7_E_+_O_I ---i·-

'K 2.82E+o2 t.06E+02 5.38E+02 4.65E+02 6.84E+02 2.68E+OI 6.78E+02 1.26E+03 1.74E+03 l.67E+03 
baliu1te- ... I.OOE+02 9.99E+Ol 9.93E+OI 1.0IE+02 9.97E+OI l.OOE+o2 l.OOE+o2 9.83E+OI 9.82£+01 9.70E+O I 
delisitv l.07E+OO l.02E+OO l.09E+OO 1.1 SE+OO 1. I 9E+OO 1.01 E+OO l.26E+-OO 1.SOE+OO 1.48£+00 1.51 E+OO 
.y:o!o/ .. JOlld!i .. • . . 3.1 OE+OO 5.00E-01 I.OOE+OO 2.60E+oo I.OOE+OO I.OOE+OO 7.96E+OO 1.30E+OI 4.30E+OI 5.40E+Ol 
voidfnc;: · · .. 8.22E-OI 4.80E-OI 6.98E-OI 7.81£-01 8.88E-Ol 8.77E-OI 5.08E-01 8.62E-01 7.75E-OI 7.08E-01 
wto/e Ht() 9.11 E+OI 9.58E+OI 6.97E+OI 8.61E+OI 7.62E+OI 9.83E+OI 6.%£+01 5.19E+OI 4.99E+OI 4.62E+OI 

. T.OCwt¾(f :. ; ' - 0.00E+OO 7.0SE-02 5.71 E+OO 3.84E-04 4.66E-OI O.OOE+OO 2.69E-04 6.73E-02 l.13E+o0 1.21 E+OO 
~-slittles··•: . . . . . •··.:·. ,:_ . 
. ·oa;-· · · ·.· '• l.42E+03 3.02E+o3 6.66E+02 2.91£+04 l.42E+-04 8.64E+02 2.44E+03 3.84E+04 2.44E+04 l.44E+04 
NOJ . · . . . . . .. .. l.74E+04 l.58E+04 4.37E+04 2.53E+04 6.52E+04 9.64E+03 1.73E+05 l.45E+05 1.46£+05 l.44ET05 
l'IIJP2'•.- '>,:'. <: ' ... 2.06E+04 9.96E+o2 4.91E+03 7.39£+03 3.32E+04 l.10E+03 6.77E+03 6.60E+04 5.55E+04 7.73E+04 
Co3; ;' <c::· i /' '.·' . · 7.93E+03 2.20E+-02 l.49E+04 1.27E+04 9.29E+-03 l.l 7E+02 7.93E+03 9.34E+02 1.55E+04 2. IOE+04 
p04.: . l.99E+03 O.OOE+oO 8.71 E+02 O.OOE+OO 5. ISE+-02 0.00E+OO 5.34E+03 3.28E+OI 4.03E+03 3.92E+03 
S04;. , ·.·. .,.. . .. . 6.69E+03 l.60E+03 3.87E+03 8.60£+03 7.59E+o3 3.81 E+02 9.48E+o3 3.37E+03 8.03E+03 7.90E+03 
Si . 2.77E+02 2.89E+02 7.71E+OI 2.58E+02 2.48E+02 0.00E+OO 2.36E+o2 1.98E+02 1.99E+02 1.96E+02 

._.. . 7.88E+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.61 E+Ol O.OOE+OO 2.93E+o3 2.33E+OO l.61E+-03 l.34E+03 
·c1 6.34E+02 4.41 E+02 2.24E+o3 1.94E+03 2.09E+03 1.12E+02 3.33E+03 4.48E+03 5.63E+03 4.98E+03 
C~l{507 O.OOE+OO l.85E+03 2.60E+o3 O.OOE+OO 4.37E+03 O.OOE+OO 0.00E+OO 2.04E+02 2.15E+03 4.59E+o3 
EDTA 0.00E+OO O.OOE+OO 3.96E+04 O.OOE+OO 8.49E+02 0.00E+-00 0.00£+00 3.35£+02 6.50E+03 5.44E+03 
JiEDTA : O.OOE+OO O.OOE+OO 7.54E+04 O.OOE+OO 1.63E+03 0.00E+-00 0.00£+00 6.36E+02 l .23E+04 6.83E+03 

i--·~NT~: . A-;:-:-;' ::.,..,.: ._::_· · ----.;;-4__:0:..,_.0:...:0:..::E:...+0..:..0;;.__+-_;o_;.ooc..:...=-E +....coo::..::.....-+-......::..,o·c.:..OO.;.:E:..+..::.0.::..0--+_ 0::..:.. O:...:O:..::E:..,.,+o.::..o=---1-----=o. OOE+OO O. OOE +00 o. OOE+OO 0.00 E +00 0. 00 E+OO o. 00 E +00 
.2ivcolate O.OOE+OO O.OOE+OO 2.06E+04 O.OOE+OO . 4.42E+02 O.OOE+OO O.OOE+OO 1.74E+02 3.37£+03 1.87E+03 
·ac~te · 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO 1.35E+OO 4.30E+OI 2.42E+03 
:,•---•~ -: ·· O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE• OO 3.20E-05 5.16£-01 
DBP. O.OOE+OO O.OOE+OO 0.00E+OO 5.60E+o0 2.60E+03 0.00E+OO 3.93E+o0 1.76E+02 1.91 E+03 5. l 3E+03 

·i,utiuio.F · O,OOE+OO O.OOE+OO O.OOE+OO 1.98E+OO 9.17E+02 0.00£+00 1.39E+OO 6.22E+OI 6.75E+02 1.81E103 
0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.OOE 100 O.OOE+OO O.OOE+OO 0.D0E+OO 0.DDE+OO O.OOE+OO 

.NH3 · 2.82E-t-02 6.16E-OJ 1.02E+OI 3.51E+OI 3.51£+02 0.00E+OO l.26E+03 4.69£ 102 l.36E+03 6.03E+02 
NiFe(CN)6- O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+O:.=O_ ,__...:.o.;.:.0..::.0.::;E_+O:...:O=---..,___;O:..;_.oo:....:..::E:...+..:..OO.:___..__o.::..;._;;,()():...:E=-+_;0...:.0_,..__.::_0...:..00..:..E=-+-•;_;;O_ ....__...:.o...:..o....;..o_E+_O_O___. 



Predicted Supernatant Concentration (µ.gig) (Sheet S) 

,::·~¥i:ij:~ f ................. . :: :_:!:~~~~,:.·;; ::{:• i~imtc.~\J : ({l~ (~i L? ::>;/~~•:)\i::; -: ..... ~ ~ --'·: · t{?:it~ t/i:~~~;_= ·:·::· .. · _: S,tSJtCiL .· ... : ··-... 
-Na .:,: 

. . ·.·. 
l.89E+05 l.91E+05 1.96E+05 ... :•:-·••:;· l.91E+05 7.60E+04 4.68E+04 1.49E+04 l.17E+04 

:·Ali ':>: y::·:::·;:;::_ ·,· 3.02E+04 3.00E+04 2.97E+04 2.64E+04 6.33E+03 4.26E+02 0.00E+OO 0.00E+OO 
-:·Fe :·· 6.70E+0l 6.64E+0l 6.58E+0l 6.81E+0I 8.93E+0J 9.41E+0l 1.01 E+02 l.0IE+02 
:er :· l .84E+03 l .83E+03 l.81E+03 l.87E+03 5.07E+02 9.08E+02 4.03E+02 0.OOE+00 
in :· . ::,,, ·;:: ,:: 2.06E+0I 2.94E+0l 2.53E+0l 2.21E+0I 0.OOE+O0 0.00E+O0 0.00E+00 0.OOE+00 
ta : .. ::::.::·.:.>:::::::>·::-· 8.54E-04 7.73E-04 5.92£-04 4.57E-04 0.OOE+O0 0.OOE+O0 0.00E+00 0.OOE+00 
'Hit :". 2.07E-0l 2.06E-0l 2.04E-0l 2. I IE-01 0.OOE+00 0.00E+00 0.00E+00 0.00E-t-00 

. Zr 4.70E+OO 6.88E+OO 5.41£+00 l.25E+0J 0.00E+O0 0.OOE+OO 0.00E+O0 2.60E+O I 

. ·•Pb-., :_ .. 9.54E+0I 9.46E+0I 9.37E+0I 7.73E+0J 0.OOE+O0 0.00E+OO 0.00E+O0 0.00E+OO 
::N:r;.: .. · ,::: ... _:.-.,.::-';;,'--;'·'.., 6.84E+0J 6.79E+0I 6.73E+0I 6.96E+0I 9.12E+OI 9.61E+0I l.03E+02 0.00E+OO 
. Sr: :: _.:,:/;_:_. :;;.: 2.97E-02 2.95E-02 3.30E-02 2.98E-02 3.06E-02 3.22E-02 l.03£-03 2.39E-02 
:Mn <· ,:::::·:;•:;:,:: I 95E+0I l 94F.+0I l.92F.+0) I .98E+0I 0.00E+00 0.OOE+OO 2.95E+0I 0.00E+00 
:-:& ::; ,,::':::-:-::- :::')':ii:: ::;'. 9.61E+0J 9.54E+0I 9.45E+0l 9.77E+0I l .28E+02 l.35E+02 1.45E+02 1.46£+02 
: K+ :i.i: <> iii:>:/:/:: ·· - -- - · -. .. 

l.91E+03 2.05E+03 2.06E+03 4.55E+03 2.72E+02 1.67£+02 2.65E+02 8.50E+03 
'iiaiaii:« I ' : ; .• :·:,·· ... 

9.82£+01 9.82E+0l 9.S IE+0I 9.82£+01 9.98E+0I 1.00£+02 l .00E+02 l .00E+02 cg 
::~Jt\t:::.' :!:_.:;):// :::': C:::,:,. l.56E+OO l .58E+OO l .59E+OO l .54E+O0 l .17E+00 1.1 IE+O0 1.04£+00 l .03E+OO '"O 
: vo1i¼:soiJas::_::: ":::,::o::::.::• 3.61E+0I 2.80E+0I l.89E+0I 2.09E+0l 4.43E+OO 7.61E+00 2.00E+O0 I.0SE+0l 

I 

• ., ~oici:1nc; ; \;:/, ?:::::r•-· 8.28E-01 9.03E-01 8.34E-01 8. l 8E-0I 7.28E-0l 8.37E-0I 8.50E-0I 8.48£-01 '° 00 
I 

:wt%:iilO--: • _:/ : •·. : · 4.42E+0I 4.36E+0l 4.15E+0I 3.93E+0I 7.78E+0I 8.54£+01 9.54E+0l 9.37E+01 N 00 N ~ -•:TO~::lwtA/4t····_. ':·:·;:-: . 1.61 E+OO l .62E+OO l .99E+OO 3.50E+00 0.00E+OO 0.00E+OO 4.75E-02 0.00E+00 
;~~::·: :: : :-,:;. .:., .-::,.: ~ 

('; 

QQ:· .. ;.·. .... .- ;,. ;:·.:<::· 3.52E+04 3.46E+04 3.18£+04 2.52£+04 l.03E+04 6.20E+03 3.66E+02 1.30£+03 ~ 

<N'03:• l .39E+05 l.38E+05 l .36E+05 l.41E+05 4.18E+04 5.76E+04 1.54£+04 2.33£+04 0 

-NUt 1 : ·; ,;/.;.:"_,:·.,0::',:::: ;:,;; .. 7.13E+04 7.36E+04 7.86E+04 6.37E+04 7.18E+04 2.39£+04 4.46E+02 5.83E+02 
:ciit : :.'::::.:: ,.;'.': :.:,::z;;,: < ·· l .49E+04 l .66E+04 2.20E+04 2.44E+04 1.92£+02 2.02£+02 6. l4E+03 2.l8E+02 
PO.I :· 2.90£+03 3.54E+03 3.77E+03 4.36E+03 0.OOE+OO 0.OOE+OO 6.39E+03 0.00E+OO 
·$Q( ;.\ __ .·.- ·,.-:.--::.:.:i: ... 7.61E+03 7.55E+03 7.49E+03 7.74£+03 9.31E+03 J.08E+04 3.72E+02 0.00E+OO 
·sr ; ;-,.;::;: //_:·t I .89E+o2 l .88E+02 J.86E+02 l.87E+02 0.OOE+O0 0.00E+00 0.00E+00 0.00E+00 
:F:.: ' .'·_·.::· >~:.-:,··:<:·:_ 8.04E+02 1.14E+03 l.l3E+03 2.46£+03 8.49E+02 5.50£+02 0.00E+00 5.04E+03 

·,.Cl •i:• •·:•·: 6.08E+03 6.54E+03 6.49E+03 6.41E+03 l.13E+03 6.96E+02 I .58E+-02 1.60£+02 
;:C:~: :·· •. ::::·=?\-•:::'.-. 3.74E+03 3 63E+03 4.61E+03 4.35E+03 0.OOE+00 0.00E+O0 0.00E+00 0.OOE+00 
: mt.A,> 9.28£+03 9.30E+03 I. 13E+04 2.22E+04 0.OOE+00 0.00E+O0 0.00E+00 0.OOE+00 
· KEOTA: < ·-:: ·,·\>.: I .73E+04 l .74E+04 2.0IE+04 4.13E+04 0.00E+00 0.00E+00 0.OOE+OO 0.00E+o0 
. N!J,'A'. :•.,' 0.00E+O0 0.OOE+OO 0.00E+00 0.OOE+OO 0.00E+OO 0.OOE+OO 0.OOE+OO 0.00E+OO 
.. elvcolate . . 4.75E+03 4.77E+03 5.51E+03 l.13E+04 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 
acetate . · 2.13E+02 l .78E+02 9.42E+02 6.36E+02 0.00E+OO 0.00E+OO 0.00E+OO 0.00E+OO 

· on1aie ·• · 2.71E+00 2.45E+OO l .88E+00 l .45E+00 0.00E+OO 0.00£+00 0.00£+00 0.00E+00 
DBP< . . : .. •:-::>:.•_:,:,·_::;/: 2.36£+03 2.46E+03 3.64£+03 3. I 5E+03 0.00E+OO 0.OOE+OO 6.93E+02 0.00E+00 
:butu:oL . :::::;/>.• 8.32E+o2 8.66E+02 J .28E+03 I .I IE+03 0.00E+OO 0.OOE+00 2.44E+02 0.00£+00 

:,:·.· .. • .. :.• •:-: ,·.•:. 0.00E+00 0.00E+OO 0.00E+00 0.00E+00 0.00E+OO 0.OOE+00 0.00E+O0 0.OOE+00 :•-.:-:.--''·····.-. :•·:· 

.. Nro 9.34E+02 l .16E+03 9.84E+02 4.79E+03 9.34E+02 l.30E+02 3.48E-04 l .29E.,.04 
·. NIFe<CN\6-:;. : 0.00E+00 0.00E+OO 0.00E+00 0.00E+00 0.OOE+O0 0.00E+00 0.00E+00 0.00E+OO 



Predicted Supernatant Concentration (,u.Ci/g) (Sheet 1) 

· .· : · ·. ;;;;eit,sii t~ii-r.i: i MW:r : ii<. ··:Mw.f/y : I{'.· i;t~f/?, .. ''·.• ')f.t i .>: :i<i:::ztr> .. <::<~~ :,:::i, • ::\)ijfJJ>;; C#+t\ ·•;~~i .. ~F.~N1:··_:. 
,. H-3. (1&.Cil2L .. l .05E-02 2.35E-02 2.58£-03 5.42E-03 7.6 1E-08 1.67E-06 J.59E-10 I .38E-08 5.0SF.-03 5 16E-03 
, ••C•14'· (1fCili): 2 81 E-04 3.91E-04 8.44E-05 7.1 8E-05 5.27E-06 5.28E-06 3.54E-07 5.7 1 E-07 l .96E-04 2.00E-04 

Ni,59 '{JtCi/irl ·· 7.54E-05 l .14E-04 1.70[-05 2J6E-05 l .38E-06 l .38E-06 9.27E-08 l .49E-07 5. 11 E-05 3.39[-06 
Nt-:43 (i&Cihtv · 6.43E-03 I.IOE-02 2.49[-03 3.27E-03 I. I 8E-04 l .22E-04 7.90E-06 l .32E-05 4 .47E-03 2.96E-04 
c~ ,aeiial . ··· · · 1.J7E-04 4.37E-04 9.84E-05 2 .82E-04 2.SOE-06 4.84E-06 I .68E-07 5.24E-07 l .52E-04 1.56E-04 

.. s«,,79 Jiii'ilst l .29E-05 2.16E-05 1.80E-06 2.J6E-06 2.35E-07 2.39E-07 1.581::-08 2.59E-08 8.841:-06 9.03E-06 
Sr~90 tllCi/2)'· 2.25E+o0 2.25E+OO 2.41 E-01 3.47E-0 I 5.00E-03 5.61 E-03 5.69E-05 I .OJF.-04 2.04E+o0 8.29E-O l 

: Y-90 :t11ti/Jo 2.25E+o0 2.25E+o0 2.4 1E-OI 3.47E-01 5.00E 03 5.62E-OJ 5.69E-05 l .03E-04 2 .05E+{l0 R.29E-Ol 
•. ·~M~i~,-¢ ,, · .. 3.49E-06 5.78E-06 8.48E-04 1. IOE-03 1.43£-04 l .44E-04 O.OOE+OO O.OOE+oO 2.37E-06 2.43F.-06 ·" .. 
. Nt>-9Jlil· iill'i/K> ::·' 3.14E-06 5.07E-06 7.63E-04 9 .63E-04 l.29E-04 l .26E-04 O.OOE+OO O.OOE+oO 2.l OE-06 2. I SE-06 
, Tei-~ lilc-'.i.i .. · ' 6.23E-03 1.05£-02 1.361::-04 1.80E-04 2.81E-06 2 .86£-06 3.21E-08 5.24E-08 3.08E-03 3.l SE-03 
. ·RJi;.11)6:: fii.Clt,;,\,::- :''': ... ::.::;· l .36E-16 9.l !!E-1 5 3.83E- 14 l. 17E-12 4 .49E-15 1.83E-13 7.54E-16 4.94E-14 2.61E-15 2.67E-15 
: C~flJrii.'.iji(llk)':.:. :: 3 03E-04 7 12E-04 7 5:'iF-0.~ 1.41F.-04 5.54E-06 7.88E-06 3.72E-07 8.54£-07 2.65E-04 2.71 E-04 
· S• t2-5 'tJi.Cu2Y' ' 3.97E-06 2.SOE-05 1.20£-06 4 .12£-06 7 .25E-08 2.77E-07 4 .87E-09 2.99E-08 7.88E-06 8.06E-06 

·• Sn.126:· i lill!dt:. 4.65E-05 8.32E-05 6.50E-06 9.20E-06 8.49£-07 9.21£-07 5.71E-08 9.97E-08 3.33E-05 3.41£-05 
: 1.;;129; (1&.Cih!F ;. 2.76E-06 l .19E-05 6.69E-08 l .57E-06 J.25E-09 O.OOE+oO 1.42E-1 l O.OOE+OO 3.95E-06 4.04E-06 

~ :c S-:134 'tii.C-li'i!l .. · 1.7 1 E-08 2.85E-07 J .72E- 10 4 .B IE-09 7.7 1E-1 2 7.SOF.-1 I 8.78£-14 1.43E-12 8.40£-08 6.90E- 11 
C~ll7 (iiCl/2) '· .. : 1.27E+ol 2.39E+ol 2.77E-01 4 .06E-0 1 5.73E-03 6.54E-03 6.53E-05 1.20E-04 9.45E+o0 7.761:-03 

""t;1 
I 

• . -iia~ti:tni 'taciieL l.20E+ol 2.26£+01 2.61E-O I 3.84£-01 5.41E-OJ 6. I 8E-03 6.17E-05 l.13E-04 8.93E+o0 7.33E-03 \0 
: .Siii;;i s1d~i-t:I: 4.87E-OI 7.94E-0 1 1.51 E-0 1 I .88E-OI 4.95E-02 4.88E-02 I.I lE-02 1.76E-02 3.28E-0I 3.35E-01 00 

I N 00 · ·1:u;;i•sz ·Ji&Cft.~'i' ·:a .'. :-_ .. .,/ :"', 6.03E-06 3.79E-05 l .87E-06 1.03£-05 6 . l 3E-07 2.33£-06 l .37E-07 8.41E-07 1.201:-05 I .22E-05 N Vl 
Ei:i.iJ's.t: ·ti&C-a/vl •• ,: 5.85E--04 2.78E-03 l.81 E-04 7.21 E-04 5.94E-05 l.71F.-04 l.33E-05 6.18F.-05 9.09£-04 9.29E-04 ~ t i,.;.155 tiidit.i!) ,:> ,. 4.74E-04 l .53E-03 1.47£-04 3.27F.-04 4 .82E-05 9.4 1 E-05 l .OBE-05 3.40E-05 5.32E-04 5.44F.-04 G 

Ra-226• (~Ci/tr):.: 5.63E-08 5 62F.-08 l.16E· l0 4 .22E-08 4.31 E-08 < .. - .. •; 1.32£-08 7.78E-09 l.73E-09 8.62£-1 0 9.34E- 11 
Ra-228· {aCU.\ . ': l .89E-13 3.32E-13 4.43F.-14 5.05£-14 5.SOE-15 5.0%-15 3.90E-16 5.51E-16 l.97E-13 2.02[- l 3 0 

Ac;,lit luCili!\ : · · 3.27E-07 3.27E-07 3.95E-08 2.36E-08 1.47E 08 7.52E-09 4.95E-09 4.07E-09 2.04E-07 2.09E-07 
.· , .~u.rri&Cir.1 , : :· 3.76E-09 3.38E-09 8.21£-07 5.15E-07 3. JOE-07 l .68E-07 l.04F.-07 9.12E-08 J.76E-09 l .80E-09 

t Ji-%29' tiieiio\ l.5 1E-11 2.19[- l 1 3.05E-1 I 3.50E- l 1 1.ISE- 11 1.0 l E-1 1 3.86E-1 2 5.46E-12 9 .41£- 12 9.62E- 12 
T•:ill la.(lii!) : . l .27E- 13 l.87E-13 2.55E-13 2.95E-13 9.62E-14 8.59£- 14 3.2JE-14 4.65£- 14 7.97F.-1 4 8. ISE-14 
u~m fodlo,. : · 2.48E-09 4.30E-09 8.13E-11 1.63£-10 2 .1 3E-1 1 2.30E-11 5.34E- 14 9.28E-1 4 1.04£-10 l .OSE-10 

· tJ~W. fi&Ofal.- 2.19E-10 3.38£-10 7.20E-12 1.23£-11 1.89E-12 l.Bl E-12 4.73E-15 7.29E-15 8.51£-12 8.55E-12 
' (J~ll.4 (ii.Cw\' ; 2.83E-04 2.82E-04 9.0 IE-06 8.99E-06 2.44E-06 1.5 1E-06 6. l l E-09 6.09E-09 8.371::-06 8.41 E-06 
. ci-1)5:, ti&Ci!ol l.28E-05 1.25E-05 4 .07E-07 3.96E-07 I .lOE-07 6.69E-08 2.76E-1 0 2.70F.- 10 3.74E-07 3.75£-07 
U-23.6.Ju.Oi t)· · .. ·:·:·.··-···. 2.42E-06 3.8JE-06 7.70E-08 1.33£-07 2 .09£-08 2.05£-08 5.22E-1 l 8.27E- l 1 9.57£-08 9.62F.-08 
· lJ~a:,i'iel), \ .:,.::, ... ;.,;:•· 2.88E-04 2.88E-04 9.1 7£-06 9. I 8E-06 2.48E-06 l .54E-06 6.22£-09 6.21 E-09 8.53E-06 8.57E-06 
ti~'totiiJ:twr, .,.,.. 8.64E+o2 8.63E+o2 2.75E+o l 2.75F.+ol 7.45E+o0 4.62E+o0 l .86E-02 1.86F.-02 2 .56F.+ol 2.57E+ol 
·N~ .li&C lfil\ ' .' ;,,:./ ;", .. ,:,:··,.:-: J .51 [ -05 6.0 IE-05 3.08[-06 4 .13E-06 1. 14E-06 1.181::-06 3.84£-07 6.40E-07 2 .44E-05 2.SOE-05 
· Pu-238 -(ACli2i · " .,· 1.26£-05 4. I RE-05 1.62£-05 4 .67£-05 l .67E-05 4 .32E-05 1.47E-05 4.22E-05 1.74[-05 l.78E-05 
. h --m ·ti.id/iij . 3 .66E-03 4.72E-03 4.68E-03 4 .60E-03 4 .82E-03 4.88£-03 4.26£-03 4.76E-03 2.441:-03 2.50E-03 
Pli-240 .'fliCiiiP\,'. · 2.47[-04 5.98E-04 3. 16E-04 6.51E-04 3.251:-04 6.18E-04 2.87£-04 6 03F.-04 2.63E-04 2.69E-04 

, . p.;;.141' . iid;iii\: . : : '' :· 2J9E-04 1.31 E-03 3.06E-04 I .50E-03 3. ISE-04 I .36E-03 2.78E-04 l .32E-03 5.13[-04 5.25E-04 
Pi;;.~~Jia;CVa,} . 1. 12E-09 9.55E-09 1.43£-09 I. 141::-08 l .47E-09 9.87F.-09 U OE-09 9.6JE-09 3.601::-09 3.68E-09 
•P.11;.'l'otal iii:ili.Y: · 6 .00E-02 7.87E-02 7.68E-02 7.69E-02 7.90E-02 8.13E-02 6.991::-02 7.93E-02 4.0SE-02 4.14£-02 
Am,.2-41 {ii:Ciiel 7 .621::-04 4.21E-03 9 22E-05 4.62£-04 2.48E-05 8.30E-05 8J2E-06 4.49E-05 1.35£-03 I .38E-03 

. · Ai..143= l i&CllirY: 3 .29[-08 6.52E-07 2.88E-09 5.31E-08 l .07E-09 1.28E-08 3.60E-10 6.94E-09 1.91 E-07 l.95E-07 
,.·,Cm;.241: tu.Cilir'l .: 5.77E-08 l. 12E-06 . 5.0SE-09 9.14E-08 1.88£..(.)9 2.21 E-08 6JOE-IO 1.20E-08 J .28E-07 3.36E-07 
· ·. C.fu.:W: (Ji(:11£) :•••>· 3 .41 E- 10 1.36E-08 2.98E-1 l 1.1 1 E-09 1.1 IE-11 2.67E-l 0 3.73E- 12 J .44E-10 3.89E-09 3.98E-09 
.. Cm!:144:-Ju.C-!Ait :.::::::: 8 .00E-09 3 . I 9F.-07 7.00E-10 2.61E-08 2.60E- IO · 6.28£-09 8.74E- l 1 3.39E-09 9.15£-08 9.35f.-08 



> I 

00 
O'I 

Predicted Supernatant Concentration (µCi/g) (Sheet 2) 

'•>e.':~ffl:W.® :::t<•:f:~~~~~r-;n~:~: •• :.: 1-!~:>:1::t ;<:•*~~~ :,::;: iv: ::~+G~~tf-+h::::~h; ij::i::f~ i~t;;:;;;:::i~F! :;i::~~~:·~-~:~:1:::;1;~:~r~ )::y:i;::::;:::~i;:~:: r,~. ;;:::::~;~::w:i• ~; •:;:: :~#. ~: :··::•t -; ·-•••;:pt.··.··: 
.H.;JJJiCl!i)/ < I 5.16£-03 I 5.30E-03 I 2.29E-04 I 2.19E-02 I l.25E-0l I 1.33E-OI I 2.59E-0I I 3.77E-03 I 1.12£-02 I l .79E-03 
C44 (iiCifli) ' :.>I 2.00E-04 I 1.84E-04 I 2.59E-04 I l.19E-03 I 7 80E-04 I l.46E-03 I 1.76F.-03 I ~.37F.-03 I 2.83E-03 I l.72E-05 
Nl-S!)"11'C1Jit •· · I 8.68E-06 I 6.28E-06 I 1.09£-06 I l.40E-04 I 3.43E-04 I l.76E-03 I t.28E-02 I 5.94E-04 I l.27E-u3 I l.63E-06 
Ni.;{;3 ui.Ci/i~ I 7.58E-04 I 5.85F.-04 I 9.76£-05 I l.27E-02 I 3.24£-02 I 1.71 E-01 I 1.23E+O0 I 5.52E-02 I 122E-0l I 1.57£-04 
CC>-60 (JlCJ/g) ~l 156E-04 I 2.53£-04 I 5.97[-05 I 1.61£-03 I l.08E-02 I 807£-03 I 2.22E-02 1 · 120E-02 I 2.28E-02 I 1.16[-04 
~7!.r{J&Ci/g) · -I 9.03£-06 I 7.34E-06 I 2.081:-06 I 5.52£-05 I 169£-04 I 6. l 6E-07 I 9.34E-07 I 2.32E-04 I 5 l SE-04 I 7.21 E-07 
.sr~90(i&Ci11): -~ 1.65£-01 1 1.53E-01 1 2.74F.-02 1 I.96E+oo I t.99E+-OO I s .69E-01 1 1.04E+00 1 2.40E+00 1 2.35E+oo 1 8.S6F.-01 
X~uiCV&) .. : :- 1 1.65[-01 I l.53E-Ol I 2.74E-02 I l.96E+O0 I 1.99[+-00 I 5.69£-01 I l.04E+-OO I 2.40E+00 I 23 5£+-00 I 8.86£-01 
Zr-i93 .(~;:•:·.: <I 2.43E-06 I 2.43E-04 I 8.37£-05 I 3.30E-03 I 1.0 I E-02 I 3.69E-05 I 5.60E-05 I l.38E-02 I 3.071:-02 I 4.28[-05 
Nt;;.93i'n"(MCi/if .-1 2J4E-Q6 I 2.16E-04 I 7.2 1E-05 I 2.84E-03 I 8.12E-03 I 316£-05 I 4.49E-05 I l.15E-02 I 2.42E-02 I 3.21E-05 

• 'tc',.9!J6i,C!/1f·i>:j 3. I 5E-03 I 2.44£-03 I I.S0E-04 I 2. 1 OE-02 I 6.3 lE-02 I 2.68£-04 I 4.02E-04 I 7 .27£-02 I 1.61 F.--01 I 3.06E--04 
-~;.'i~;,(jaQ/g),>.:4 _2.67E-1S I 1.Q6E-13 I 5.43E-12 I 4.40E-11 I 3.00E-08 I l.l0E-12 I l.67£-10 I 3.641:-09 I 4.85£-08 I 4.72E-09 

2 .71 E-04 2.45£-04 7 I JF.-0~ 2.27F-01 I I.OOE--02 I 1.70£-03 3.16£-03 I 1.22£--02 3 54E-02 6.34£--05 __ 
-'-'=''-"===.-...c.=- _ 8.06E-06 6.64£-06 4.15E-06 1.40£-04 2.64E-03 1.67£-05 2.15E-05 l.S0E--03 8.29E-03 5.61E-05 

3.41E-05 2.76E-05 7.53E-06 2.24£-04 6.82E-04 2.49E-06 3.74E-06 9.58E-04 2.15E-0J 3.!0E-06 
_ 4.04£-06 5.35£-06 l.44E-06 3.36E-05 9.76£-05 3.78E-07 5.65E-07 4.33E-06 9.67E-06 0 .OOE+O0 

~{3'{:(gi/g) :; ;! 6.901:-1 1 I 6.96E-1 I I 2.87£-12 I 3.13E-06 I 2.25E-04 I 525E-08 I l.l lE-06 I 685E-05 I 9.54E-04 I 7.96E-06 
C•U7Jj&Q!i)i:'; ;;J 7.76F.-03 I 7.89£-03 I 2.32E-04 I 5.93E+OI I 2. l 5E+02 I 6.72E--OI I l.20F.+-OO I 2.75E+02 I 6.90E+o2 I 1.04E+-OO 
.:Bil4J.-7:iii :(jClli) ':.I 7.33E-03 I 7.45£--03 I 2. 19E-04 I 5.60£+01 I 2.03E+02 I 6.34E-OI I I. l 4E+-OO I 2.60E+02 I 6.51 E+02 I 9.84E-OI 
S"m,;15-J:(j&'"Cifi}:- ·1 3.3~E-0 l I 2.97E-01 I l.86E-01 I 2.32E+oo I 2.14E+oo I 2.58[-02 I 3.92£-02 I 7.13£+00 I 4.19F.+O0 I 2.81£-02 
Eu-W ::(JiClli): :: . I l.22E-05 I t.05F.-05 I 3.09£-06 I 2.35E-04 I 5.83F.-04 I 2.89E-06 I 9.42E-06 I t .06E-03 I 9.67E-04 I I.S0F.-05 
Ev.1S1,;.()Cil1h : -1 9.29E-04 I 8.02E-04 I 3.87£-04 I l.59E-02 I 3.87E-02 I l.93E-04 I 6.29E--04 I 7.91E-02 I 7.74£-02 I l.29E-03 

,~ Eu-15!:•·(jiellti•;_- :. I 5.44E-04 I 4.69E-04 I 5. I 2E-04 I 6.53£-03 I l.62E-02 I 8.00E--05 I 3.15E-04 I 3.61£-02 I 4.29£-02 I 4.75£-04 
.Rit.2?6.JjaOliL : ·) 4.31£-08 I 3.52E-08 I l.06E-08 I 3. 17E-09 J 1.03£-08 J 1.08£-09 I l.l0E-09 I 9.14E-09 I 2.27E-08 I 6.21E-l I 

,. Ra:•228' {i&CJ/&):' I 2.02E-13 I l.63E-13 I 4.27£-14 I l.78£-14 I 8.92E-14 I 9.94E-15 I l.59E-14 I 5.62E-14 I l.86E-1 3 I 6.28E-08 
Ac,ll'1i6'Ci/iF( q 2.09E-07 1 1.61£-01 1 3.37E-08 1 l.36£-08 1 4.28E-os 1 5.12E-09 1 4.99E--09 1 4.07E-08 1 1.05£.01 1 1.66£-01 

'P•lll 6'cii&) .: I l.80E-~9 I 1.83£-07 I 7.77£-07 I 2.021:-0R I 6.26£-08 I 1.09£-08 j l.18E-08 I 5.80E-08 I l.6 JE-07 I 2.58£-07 
Tb:-229 •{jlCl/iJ - I 9.62E- 12 I l.58E-11 I 2.85£- 11 I 6.69E-11 I 5.61E-11 I l.48E- 12 I l.66E-12 I l.52E-10 I 1.38£-10 I 3.88E-0R 

-T.h•ll:Z(J&Cii'rf '; • I s.1sE-14 1 u3E-l3 1 2.55£-13 1 1.92E- 14 1 9.15E-14 1 1.22E-14 , 2.04£-14 1 5.79[-14 1 l.93E-13 1 . 4.97E-os 
u-m;o,cut) .1 1.05E-10 1 1.04r.-10 1 9.53£-11 1 3.25£-10 1 9.o3E-10 1 3.45E- 10 1 6 .96£-10 1 6.10E-10 1 1.84£-10 1 3.o3E-06 
U.~2"<,iellzf;:' ,. I 8.551:-12 I 8.41E-12 I 7.I0E-12 I 1.60£-09 I 2.56E-09 I t.76E-11 I 2.36E-tl I 4.72E-09 I 1.42£-09 I l.79E-04 
U-234 '{JOCi/aJ · · I 8.41E--06 I 8.331:-06 I 9.57E--06 I 7.99E-06 I l.18E-05 I 9. 14E-06 I t.37E-05 I 9.78E-06 I 1.01 E-05 I l.3 IE-05 
U~lJ,S ,{;i&l/c):( .I 3.75[-07 I 3.72F.-07 I 4.3 l E-07 I 3.44£-07 I 4.49£--07 I 3 88E-07 I 5.19E-07 I 4.ISE-07 I 4.20£-07 I 5.03E-07 

.U4.J(i~:::., I 9.62E-08 I 9.3.;E-OB I 8.60F.-08 I 1.65£--07 I 3.42E-07 I J.87£-07 I 3.85E-07 I 2.16E-07 I 2.58E-07 I 5.72E-07 
'0:;.2J8'(J&Ci/t) ... · I 8.57E-06 I R.49E-06 I 9.73E-06 I 8. ! 8E-06 I 8.27£-06 I 8.92[-06 I 9.53£-06 I I.OOE-05 I 9.82E-06 I 8.77E-06 
u.;.Totiil <M'iE .:J 2.57E:+_()J I 2.54E+ol I 2.92E+01 I 2.45E+Ol I 2.48E+Ol I 2.67E+Ot I 2.86E+01 I 3.0IE+Ol I 2.94E+OJ I 2.64E+0t 
:Np-U-7 ,(l&CII&) •.• •I 2.50E--OS I l.98E-05 I 3.54E-06 I l.53E-04 I l.55E-04 I l.78E-06 I 2.61E-06 I 3.98E-04 I 4.33E-04 I 6.47£-07 
,u-m:6aeiln -~ .1 1.18E-0s 1 2.1sE-05 1 1.80£-05 1 1.61E--0s 1 2.11E-04 1 1.01E-05 1 1.20£-04 1 1.22£-04 1 z.3oE-04 1 4.69E-o4 
p..,.23,~l{j}< • J 2.S0E-03 I 2.90[-03 I 4.97£--03 I 4.04F.-03 I 4.04£-03 I 4.4lE-03 I 4.68E-03 I 4.94E--03 I 4.78E-03 I 4.16£-03 
Pu-lil'i_Jlilii/2l ;:-: , 2.69E-04 , J .241-:-04 1 J .3sE-04 1 7.84.1:-04 , 9.46E-04 , s .37E-04 1 1.03E-03 1 Q.93E--04 1 1.11F.-03 1 1.4s£-0J 
Pu~l41'·0a.diK} •. l 5.25E-04 I 6.6JE-04 I 4.36£-04 I 2.nE-03 I 1.11£-03 I 3.08E--03 I 6.6SE-03 I 4.JsE-03 l 1.04£-02 I 2.1sE-02 
Jiu;:2,92 (pt;liitj> I j .68E-09 I 4.70£-09 I 1.24£--09 I 2.38E-08 I 5.46F.-08 I 2.48F.--08 I 4.36E-08 I 3. l0E-08 I 8.47£-08 I 2.48E-07 
ri-ToW'biil&l '> I 4. t 4E-02 I 4.82E-02 I 8. I 6E-02 I 6.85£-02 I 6.94E-02 I 7.47E-o2 I 8.ooE-02 I 8.401:-02 I 8.23E-02 I 1 .37E-02 
~~2•t-(f&cuv I u8E-o3 1 1.14E-o3 1 9.22E-05 1 s .32E-03 1 5.39E-o3 1 s ,~3E-o3 1 621E-0J 1 6.s2E-03 1 6.39E-o3 1 1.14E-0J 
A•lUOi:cilV .": I J.95E-07 I l.SIE-07 I 2.26E-09 I l.94E-06 I 4.66E-06 I 6.02£-08 I 1.15£-07 I 3.00E-06 I 3.40E-06 I l.0<JE-06 

, c..u2;:(JLCili}:,: 1 J .36E-01 1 2.60E--01 1 4.14E-o9 1 s .61E-06 1 9.ooE-06 1 1.03E-01 1 3.091:-01 1 3.59E--05 1 uoE-0s 1 1.s3E-06 
Ciii;.'2.fl m_cil1f:I 3.98E-09 J 3.09£-09 I l.88E-l 1 I l.54E-07 J 6.98E-07 I l.89E-09 - I 1.11 E--08 I 7.02E--07 I 7.77E-07 I l.97E-07 
c.m :(iio11r. -I 9.35E-of -l 1.26E--0s 1 5.28E-10 1 3.81 E-06 1 J.54E-o5 1 4.63E--0s 1 3.oJE-01 1 1.s6E-0s 1 1.s2E-0s 1 4.s3E-06 

~ 
""Cl 
""Cl 
I -'° 00 

N 
N 

~ 
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0 



• I 
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Predicted Supernatant Concentration (µCi/g) (Sheet 3) 

H~;:(i.LCiJR)::,:;. :. l.51E-Ol l.571:::-01 J.SSE-01 2.89E-04 l.24E-04 6 .37E-05 0 .00E+-00 3.03E-04 2.29E-04 7.16E-04 
;°(:;.Jf:tuCi/iff';;".:;-:-' · l.43E-03 l.OOE-03 3.40E-03 4.06E-04 · 7 .OOE-05 4.71 E-05 O.OOE+-00 I .31 E-04 9.56E-08 9.871-:-08 
Nl-59 ' i&Ci/1 :' ... ·· 5.62E-03 7.32E-03 l .71E-04 1.26E-06 3.96E-07 5.84E-08 0.00E+OO 2.70E-03 1.86E-06 I .92E-06 

. N•..:f iill' II~ 5.25F.-O I 7.06E-O I 1.48E-02 1.J 8E-04 3.8 I E-05 5.63E-06 O.OOE+OO 2.SSE-01 1.581:::-04 1.67E-04 
Co-QI 'iLCLf l.1 IE-02 l.93E-02 6.69E-03 2.54E-05 1.56E-05 4 .12E-06 O.OOE+-00 1.9IE-02 7.00E-06 I .09E-05 
,S.-..79- JtCiJ Y · 5.91 E-07 4 .SIE-07 4.43E-06 4.92E-07 I .58E-07 2.57E-08 0.00E+OO 1.621-:-05 1.63E-05 1.68E-05 

."Sr-9~1:iuCik 5.78E-0 1 5.03E-O I 2.40E+oo 4.93E-01 1.79E-OI 3.16E-02 0.00E+OO 9.04E+-01 2.09E+OO 2.09E+OO 
Y•9.0 (J1CI/J .. .5 .781:-0 1 5.03E-01 2.40E t 00 4 .93E-OI 1.791-:-01 3. 16.E 02 O.OOE+-00 9.04E+Ol 2.09F.+oo 7..0QF.+00 
Zr-9J -;tu.Ci" r\ · :, ·· 3.53E-05 2._60E-05 I .21 F.-06 2.93E-05 9.4 1 E-06 I .52E-06 O.OOE+oo 9.64E-04 4.34E-04 4.48E-04 

· N~~ril .,..:, 1k1 .· 2.96F.-05 2.04E-05 9.35E-07 2.44E-05 7.42E-06 1.14E-06 O.OOE+oo 7.82E-04 3.40E-04 3.37E-04 
,T~-(i&CI/K}'. ;. · 2.58E-04 l.88E-04 1.00E-02 2.1 4E-04 6.86E-05 I .09E-05 O.OOE+-00 5 .07E-03 1.84E-03 l.90E-03 
:Ril"Hl6:.:f-U:CV2l;::: 3.SOE-12 6.6IE-l0 l.89E-08 7.73E-12 7.23E-l 1 1.68E-10 O.OOE+-00 3.76E-08 4 .84E-10 4 .89E-09 
Cd;lQm:fliCili!L l.90E-03 l.88E-03 4J I F.-04 2.59E-05 l .OQF.-05 2.26E-06 0.00E+oo 9.69E-04 8.57E-04 1.0JE-03 

. $~Ill;;' ~ :':;.'.. 4.14E-06 l.97E-05 5.93E-04 3.83E-06 4 .46E-06 2.00E-06 0.00E+-00 4.23E-03 3.84E-04 8.83E-04 
.SFi26;/110!1· ·. ,. 2.43E-06 l.86E-06 2. IOE-05 2.03E-06 6.59E-07 l.llE-07 O.OOE+-00 6.71E-05 5.34E-05 5.5 lE-05 
.J.:.129.'?fu:r.luil '.;'.{''.. 2.54E-04 l.63E-04 1.56E-05 1.43E-04 4 .60E-05 4 .21 E-05 O.OOE+-00 3.03E-07 l.73E-07 l .79E-07 
:c,:;134::JuCJiii "'.':. l.12E-07 l.27E-06 4.85E-04 I .45E-07 2.93E-07 2.841::-07 O.OOE+OO 1.61 E-05 1.l 7E-05 3.561::-05 
'C~Dif(ia'Cii2k :. :: 6.851':-0I 5.89E-OI 3.43E+ol 5.84E-Ol 2.12E-OI 3.72E-02 O.OOE+-00 2 .03E+OI 8.78E+-OO 9.72E+-OO 
.'8Et3.1mXill'.'tl•l 6.471:-01 5.56E-OI 3.23E+o l 5.52E-Ol 2.00E-01 3.51 E-02 O.OOE+-00 l.92E+-Ol 8.29E+o0 9 .1 8E+o0 
S•1.Sf-:fi,C"j/o\ ·: ': 2.SOE-02 l.86!: -02 JJOE-01 2.08£-02 6.81E-03 1.00E-03 O.OOE+OO l .82E+Ol ! .85E-01 l.96E--01 
:Eu;i15.nu.ciiaF , J .42E-06 4 .80E-06 I.90F.-04 3.l lE-06 l.57E-06 6 .42E-07 O.OOE+-00 3 .67E-03 5.24E-OS 6.33E-05 
::~l$.f:lli£'iitil ; .. 2.48E-04 3.68E-04 !.28E-02 2.31 F.-04 l.26E-04 4 .61E-05 O.OOE+-00 2 .89E-Ol 2.09E-03 2.77E-03 
E~l55)i&Gh!l: l.OSE-04 2.04E-04 1.67E-03 l.06E-04 6.96E-05 I.69E-05 0.00E+-00 I .53E-Ol 7.45E-04 1.22E-03 
,iu~:ll,(-Ci/ii!f=. · 7.78E-10 2. ISE-09 J.37E-09 1.94E·l l 7.83E-12 2.21E-12 O.OOE+-00 6.72E-10 5.23E-08 S.23E-08 
:Qa,218 .li. ::1/i) :: 8.32E- l 5 !.66E-05 5.40E-14 I. I 9E-16 3.75E-09 2.24E-09 O.OOE+oO 4.78E-IS 2.30E-04 l .59E-04 

·:i\e+227.:i(ii:1t..1iiH2 . 3.79E-09 3.36E-07 8. I 9E--09 8.64E-1 l 1.23E-08 5.92E-09 0.00E+OO 3.0SE-09 3.04E-07 3.04E-07 
:ra,:;2Jt tw;jjti :';: 8.341:-09 l.69E-06 2. lOE-08 1.2JE-IO l.82E-08 9.18E-09 O.OOE+-00 4.SOE-09 1.11 E-03 J. 1 SE-03 
T~:U, lild/ll i 1.31 E-12 4.56E-08 6.0SF.-12 3.23E-13 3.19E-09 l.38E-09 O.OOE+-00 7.79E-12 1.71E-07 l.47E-07 
:1'bioll.i:.Ci&rui!) · > 1.03E-14 2.08E-07 7.20E-14 J.23F.-16 3.SIE-09 1.77E-09 O.OOE+OO 4 .95E-15 188E-07 l.88E-07 
·,u;;m"itiCiltf ;,;:;+;:: 4.30E- 10 l.29E-06 3.SOE-09 6.69E-10 l.03E-06 3.29E-06 O.OOE+OO 7.0IE-10 6.45E-05 6.861:-05 
-u;;.m XuCjfv: y,:._:, 2.03E- l l 7.74E-05 5.31E-I I 4.71 E-09 6.56E-05 J.95E-04 O.OOE+-00 2.96E-09 4.llE-03 4.07E-03 
-lJ .. 1J4°Ju.ai'iL ,::>· 9.14E--06 l.08!:-05 l.42E-05 9.77E-06 l.OSE--05 1.42E-05 O.OOE+oO 9.57E-06 3.I I E-05 3.21E-05 
.,U;2JS·;:tia.ci/11\ ··· . · 3.90E-07 4. I SE-07 6.59E-07 4. I 8E-07 4 . I 8E--07 5.47E-07 O.OOF.+-00 4 .04E-07 1.lOE-10 1.14E-10 
:U;.236:,'lut'i/i!E /:-. 2.09E-07 2 .64E-07 1.00E--06 2. I 6E-07 2 .57E-07 6.22E-07 0.00E+OO 2.29E-07 1.93F.- l l l.99E-1 l 
U-238iii.ci/v) 9.39E-06 9.65E-06 9.96E-06 J.OOE-05 9.78E-06 9.54E-06 O.OOE+oO 9 .571':-06 l.72E-18 l.78E- 18 
U~ToJillfuo/;;\_ · 2 .81E+ol 2.89E+OI 3.00E+-01 3.00E+-01 2.93E+-01 2.ll7E+ul O.OOE+OO 2.87E+-OI 4.41E-OI 4.371::-01 

· Np:.237: luCi/2\:·: l.73E-06 l.25E-06 7 .33F..-06 8.44E-07 l.33E-07 2.31 E-08 O.OOE+-00 2.14E-05 2.04E-10 2.1 IE-10 
~~lJit-tii(:li'ir) .. 8.l4E-05 J.14E-04 4.76E-04 l.22E-04 2.29E-04 5.IOE-04 2.731:-04 1.80E-04 3 .48E--08 3.681-:-0R 
Pu-2391iiCi/2).. 4.61 E-03 4 .71 E-03 4 .68E-03 4 .93E-03 4 .76E-03 4.52E-03 4.27E-03 5.52E-03 l.76E-1 2 1.82F.-12 

.- r.240.,liiCi/1!') · · 9.62E-04 1.11 E-03 1.81 E-03 9.92E-04 l. I 7E-03 l.58E-03 l.07E-03 1.19[-03 1.2 1 r.-13 l.25E-IJ 
Pv-2•1 -iii:CViii ; 4 . l 7E-03 8.03E-03 3.69E-02 4.35E--03 l.04E--02 2 .99F-02 l.72F.-02 7.29E-03 4.67E-13 5.591:.- 13 

.. Pu•Z42 tlit.-iit! ., 2.99E-08 5.64E-08 3.49E-07 3. IOE-08 8.44E-08 2.70E-07 l.06E-07 5.61E-08 9.92E-19 I.02E-18 
PiisTdUt:t~la ·· 7 .86E--02 R.09E-02 8.38F.-02 8.39E-02 8.J9E-02 8.02E-02 7.34E-02 9.43E-02 2.06E-09 2.1 8E-09 
· Au...U:UiiClhr\ '· .' S.97E-03 5. l 9E-03 6.51 E-03 l.24E-04 6.94E-05 4.08E-05 5.70E-03 2.63E-01 6.75E-14 6.75E-14 
:_i\~24~'~ :./,. 6.64E-08 I .38E-07 6.79E-07 5.72E-08 3.70E-08 3.90£-08 O.OOE+OO l .31E-04 2.40E-19 2.48£-19 
:Cm-1''.H~•t , l.13E-07 2.16E-07 3.07E-06 9 .75E-08 6.44E-08 6.51£-08 O.OOE+OO 1.41 E-05 4 .54E-19 J.37E-19 
'(l_in.143 ,(11ci/2L 2.11 E-09 l.13E-08 8.66E-07 1.91 E-09 3.86E-09 7.03F.-09 0.00E+OO 7.52E-07 9.13E-2I 1.01 F.-20 

:cmi2..- '(i"iCl/it) 5.49E-08 3.49E-07 l.86E-05 5.0SE-OB -9.06E-08 l.72E-07 O.OOE+oo I .78E-05 l .99E-l9 2.31£-19 
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Predicted Supernatant Concentration (µ.Ci/g) (Sheet 4) 

. H~J)'ia0/o\ :· ; > 9.94E-03 l.60E-02 l.54E-03 6.67E-03 l.65E-02 0.00E+o0 3.86E-03 4.95E-02 2.52E-02 5.13F.-02 
C·U lii.Ci/2L l.81E-03 l.00E-03 l.12E-04 6.07E-04 3.17E-03 0.00E+00 2.26E-04 1.93E-03 3.32£-03 6.03E-03 
Nj;.S, .:CilCl/2L 5.16[-04 1.06[-03 4 76t-04 4.98E-03 5.89E-04 0.00E+o0 3.45E-05 3.84E-04 lU4E-04 2.63E-03 

<Ni-6J :(1&Cili) .. . 4.88E-02 l.03E-OI 4.52E-02 4.71E-01 5.60E-02 0.00E+o0 3.55E-03 3.64E-02 7.99E-02 2.52E-OI 
C~ lilCiM -·: I .74E-02 2.34E-02 6.11 E-03 2.09E-02 2.01 E-02 0.OOE+o0 2.60E-04 l .07E-02 I .62E-02 l .59E-02 

. . ~19 i(a0/i): .. : 2. l 7E-04 2.33E-04 2.40E-05 1.17E-04 3.78£:-04 0.00E+o0 8.69E-06 l .S0E-04 2.95E-04 4 . I 2E-04 
. Sr-91»:lw'Vil · · 2.32E+o0 2.42E+OO 6.74E+o l 2. I 6E+QO 2.081:+00 0 .00E+00 1.8 ! E+o0 1.66E+OO 1.67E+00 l.65E+OO 
: Y09.• .(jCiJm·L .. . 2.32E+o0 2.42HOO 6.74E+o l 2.17[+00 2.08E+OO 0.OOE+o0 1.81 E+0O 1.66E+o0 J 67F.+00 l.65E+OO 
·:·· Zr~),i /tll> fttl:<';·:•·' 1.29E-02 1.39E-02 1.43E-03 6.96E-03 2.25E-02 0.OOE+oO 8.0SE-04 1.08E-02 1.76E-02 2.44f.-02 
·:·. Ni•.'3iii;Oi0/it l.04E-02 l.04E-02 1.08E-03 5.32E-03 1.82E-02 0 OOE+oo 7. l 6E-04 ll.87E-03 l.43E-02 l.97E-02 
.;. T~'99A'liCllirk · ,:. 6.78E-02 7.14E-02 7.37E-03 3.60E-02 I .20E-01 0.OOE+OO 2.61E-03 6.70E-02 9 .74E-02 1.31 E-01 
::Ru~106c,:. titcth!P:. 4.79E-08 4 .99E-08 3.71E-08 4.46E-08 3.40E-08 0.00E+OO 5.66E- 13 2.15E-08 3.44E-08 2.241::-11 

1-,:-;C;,:· d;.,,··1~1~·3 ;:.;ij:..,::::(~·j,l(;.:;:/'i.;:!"ht· IIL').':+. ---;1,;.,.1~2~F-~0.;,:.2---l-_;2:.;;.0.;;..'i~F:..:.-0::.2_+-__:2:.:.;.0.::.:'i.:..:F.....:.:-0::.:.3_+-__:9.:..::.5;.::.3:::.E·.:::.03~-i---=-2.:..::·3.:::5E:::.· ·..::;02:..._-+_.:::.0:.::..00:::E=--+oo..::..::.._,..___:_2:..:,.9:::..;3E::.:·.:::.04::._-+--~9.:..:.9.:..:.9E=---0.::.:3:..._-+--.:.l.:.::.8:::8E=-.·-0.:::.:2:..._+-~3.0SE-02_ 
\•Sb:-125'.iitiiCUeL ; 3.97E-03 8.53E-03 2.28E-03 7.63E-03 5.56E-03 0.OOE+OO 8.06E-06 2. l 3E-03 4.66E-03 l.87E-04 
-: -S11;;,_tl6,Jitei/t): 8.99E-04 l.OOE-03 1.03E-04 5.00E-04 l.57E-03 0.00E+OO 3.27E-05 7.32E-04 J.22E-03 1.71E-03 

>.+J'.~:li&Cfi'.1};; > 3.60E-05 4 .39E-06 4.52E-07 2.20E-06 7.l lE-05 0.OOE+OO 3.62£-06 1.03E-04 1.07£-04 l.86E-04 
C~t:W; i'~L 2.28E-04 l.55E-04 0.00E+OO l.02E-03 l.02E-05 0.OOE+OO 6.41 E-08 1 .51 E-04 2.1 SE-04 I .26E-04 

· Cs,;1]1:•:id'iftn··> · 2.73E+02 2.03E+ol 0.00E+OO 1.641:::+02 l.26E+OI 0.OOE+oo 7.61E+oo 1.99E+o2 1.79E+02 l.09E+o2 
.ilii::])7'.m :iilll/2} 2.58E+02 1.91E+ol 0.00E+OO 1.55E+o2 1.19E+ol 0.OOE+OO 7.19E+OO 1.88E+o2 l.69E+o2 l.03E+02 
Sin,,HfliiC'it,,t :: 5.25E+OO l.73E.+O0 3.33E+OO 3 75E+0O 4.96E+oo 0 .OOE+oo 4.00E-01 2.83E+OO 4.0lE+OO 4.83E-O I 
:Ea,-t5iiliaCiliF. 9.SSE-04 l.l lE-03 1.05E-03 9.28E-04 9.20E-04 0 .OOE+OO l.36E-05 4.79F.-04 7.49E-04 9.S0E-05 

_:.E.;t~Ylii.a ltl"::., 7.65E--02 7.97E-02 7.85E-02 7.12E-02 6.85E-02 O.OOE+oo l.04E-0J 3 .22E-02 5.50E-02 7. I 6E-03 
;-: ~ ~155::(i«]iiL 3.93E-02 2.93E-02 3.52E-02 3.48E-02 3.16E-02 0.00E+oo 6.06E-04 l.35E-02 2.51E-02 3.43£-03 

.;::a.;;.22,n ~~f;::. 9.34E-09 1.35E-08 l.35E-09 6.32E-09 1.76E-08 0.00E+OO 4.23E-08 l.08E-08 3.99E-08 4 .1 IE-0S 
:;. Ra~llS-:iii4~foF ':· 5.51E-07 l.86E-13 1.S0E-14 7.96E-14 8.19E-07 0 .00E+OO 1.92E-13 4 .26£-07 4.73E-06 4.97E-05 
,:Ac;.fflH1d:'titf._::.. 6.l6E-08 6.52E-08 6.51E-09 3.02E-08 1.04E-07 0 .00E+o0 1.90E-07 5.24E-08 2.43E-07 2.39E-07 

~~23i:,;ittCl/iiL 1.29E-07 l.06E-07 1.06E-08 4.85E-08 2.82E-07 0 .00E+O0 5.90E-07 8.07E-07 1.32E-05 I .56E-04 
; thi;lJg;'liaCHii:t .> 3.65E-09 6.36E-11 7 .0 I E-12 3.76E-1 l 4 .55E-09 0 .00E+O0 3.47F.-11 l.22E-09 1.14£-08 3.87E-08 
:·.TJI-Ul : liil'iiw\ :':. 9.30£-09 l.95E- 13 1.89E- l 4 8.35E-1 4 l.27E-08 0.00E+o0 2.92E-13 4.36E-09 4. I 2E-08 I .48E-07 
-U,2Jl- ,(liCi~l: . 6.12E-08 3.83E-09 l.27E-09 8.73E- 10 2.18£-07 0.00E+o0 1.08E-10 6.37£-08 3.89E-07 2. 12E-06 
U~W.J11Cl/2).> > 3.75E-06 l.40E-09 2.60E-09 2.67E-09 l.35£-05 0 .O0E+o0 8.66E-12 3.77E-06 2.32E-05 1.28£-04 
ll~ll(,/110'2) : 9.74£-06 l.34E-05 1.01 E-05 9.25E-06 9.26E-06 0.OOE+o0 8.08E-06 8.02E-06 7.67E-06 8.36E-06 

:_ p.2JS:•i11ctii1r1',: .. 4.I0E-07 5.77E-07 4.28E-07 3.92E-07 3.87£-07 0.00E+o0 3.60E-07 3.24E-07 3.1 8E-07 3.11 E-07 
.:. U•Zl~i;o (110/llF.',;: 2.34E-07 6.57F.-07 3.03E-07 2.44E-07 2.5 lE-07 0.O0E+o0 9.47E-08 2.01 E-07 l.78E-07 2. I 3E-07 
.:: l}.J»ii.:Ciliit::' ,. 9.69E-06 I.0lE-05 9.45E-06 9.03E-06 8.68E-06 0.00E+00 8.23£-06 6 .90E-06 6 .97E-06 6.85E-06 
. ::l.1~To~t~~'':':. 2.91E+ol 3.03E+ol 2.83E+ol 2.71E+OI 2 60E+ol 0.OOE+o0 2.47E+ol 2.07E+Ol 2.09E+O l 2.06E+Ol 

:·Np;.U? :•1aCiJltl· : 2.79E-04 2. l0E-04 2.26E-05 1. l 7E-04 3.93E-04 0.OOE+00 2.23E-05 2 .67E-04 3. l 6E-04 3.11 E-04 
. .. N~231U'ul'llt1f l.59E-04 5.39E-04 3.03E-04 1.87E-04 1.81 E-04 0.00E+o0 3. I 61::-05 J.32E-04 l.24E-04 IJ2 E-04 

.h,;2J9;(1&Cltiif-. . 4.75£-03 4 .77E-03 5.39E-03 4.41 E-03 4.24£-03 0.OOE+o0 4.15E-03 3.39E-03 3.42F.-03 3.34E-03 
Pu-240 -lu.Cl/t,\ , l.0JE-03 l.671:-03 l.38E-03 1.02E-03 9.81 E-04 0.fJ0E+00 4 .7 l E-04 7.21 E-04 7. l 8F.-04 R.0 l E-04 

. Pia~l41'.'tiaCl/trt 6.55£-03 3. l 6E-02 l.55E-02 8.65E-03 8. l BE-03 0.OOE+oO 9.46E-04 4 .11 E-03 5.90E-03 7 .54E-03 
Pa~242·(•ClleL 5.07E-08 2.85E-07 1.33E-07 7.121::-08 6.73E-08 0.OOE+OO 6.82E-09 3.JIE-08 4 .741::-08 6.12E-08 

' Pu~Totailwriiiir 8.12E-02 8.46E-02 9.32E-02 7.57£-02 7.28E-02 0OOE+OO 6.90E-02 5.79E-02 5.84E-02 5.75r.-02 
Alll."241: :(iiCV1) 6.31 E-03 6.57E-03 7 .0SE-02 5.87f:-0J 5.65E-03 0.OOE+oo 1.23E-03 4.49E-03 4.53E-03 4.46E-03 

: Am,;2U:liaC"'w) · 3.14E-06 628E-06 S.llE-05 3.59E-06 3. !8E-06 0.OOE+oo 1.62£:-07 2.47E-06 2.47E-06 l.7!!E-06 
. c-241-.:fi&.Cl/e) ·· . 1.64E-05 7.09E-06 7.74E-06 8.75E-06 2.12E-0:'i 0 .00E+oo 2.S0E-07 l.33E-0S l.40E-05 l.46E-05 
-c~w:.,iiCifi)< 7.53E-07 7.65E-07 7.201:-07 6.93E-07 6.46E-07 0.O0E+oo 3.30E-09 5.62E-07 5.35E-07 5.12E-07 
:·Cm-2#. lliic'iiiio'i ' 1.80E-05 1.87F.-05 1.75E-05 1.68E-OS l.61 E-05 0.00E+O0 7.76E-08 l.28E-05 l.29E-05 l.27E-05 

'° 00 
tv 
N 



Predicted Supernatant Concentration (µ.Ci/g) (Sheet 5) 

1.8 I E-02 l.84E-02 1.91 E-02 I .60E-02 4.98E-01 3.28E-Ol 1.02E-03 1.54E-01 
4.26E-03 4.40E-03 5.J9E-OJ 4.23E-0J I .55E-03 9.07£-04 6.S0E-06 I .86E-03 

--Ni$.i:l iiC.iM :: . 4.34E-04 5.30E-04 9.89E-04 2.01 E-04 l.64E-03 5.75E-04 1.20F.-07 3.82E-05 
: . NMJ' .. i;.cl/if) . 4. l 3E-02 5.06F.-02 9.43E-02 I .92E-02 l .59F.-0 I 5.61 E-02 I. I 6E-05 3.67F.-03 

1.531::-02 l.52E-02 1.51 E-02 I .56E-02 2.05E-02 2.16E-02 6.05£--05 l.24E-02 
4.03E-04 4.09E-04 4 82E-04 3.701:-04 7 .66E-04 4.63E-04 4.21 E-08 9.81 E--07 

Sr,90:lii.Cili tL . l.59E-'-O0 l. 57E+00 1.56E+-O0 1.6 1 E+oo 2.1 I E+OO 2.23F.+-O0 7.09E-02 l.65E+00 
l.59E+OO J.57E+-O0 1.56E+-O0 1.61 E+oo 2.11 E+OO 2.23F..+oo 7.09E-02 1 65F+o0 
2.41E-02 2.44E-02 2.87E-02 2.20E-02 4.63E-02 2.SIE-02 2.55E-06 2.70E-07 
1.95E-02 l.98E-02 2.32E-02 1.78E-02 2.61E-02 l.49E-02 1.40E-06 J.49E-07 
J.33E-01 l.35E-01 J.56F.-OI 1.21E-Ol 2.26E-01 1.37E-01 1.73E-05 5.35E-03 
3.27E-08 3.24E-08 3.2JE-08 3.32E-08 5.23E-02 J.77E.-01 4.93E-08 4.95E-08 
2.S0E-02 2.551:--02 2.71E-02 2.19F.-02 3.67E-02 3.86E-02 7.70E-06 l.85E-04 
2.l lE-03 3.22£-03 4.44E-03 5.68E-03 5.78E-01 9.97E-01 1.37E-04 7.76E-03 
l.67E-03 J.69E-03 2.00E-03 1.54E-03 3.43E-03 2.03E-03 J.87E-07 4.36E-06 
l.26E-04 1.32E-04 J.6JE-04 1.43E-04 2.0lE-05 l.20E-05 1.71 E-05 3.54E-05 
l.78E-04 2.07E-04 3. I 7E-04 6.79E-03 9.37E-01 9.64E-01 6.44E-05 l .99E-02 

•·. Ci43-'rl:iil.'tlirl:·: l.62E+02 I.83E+-02 J.99E+-02 1.56E+02 l.45E+03 9.0SE+-02 8.07E-02 2.50E+-O I 

• I 

1.53E+-02 l.73E+o2 J.88E+-02 l.48E+02 I.J7E+-03 8.57E+o2 7.62E-02 2.36E+0l 
2.J0E+-00 3.l 7E+o0 3.34E+-O0 2.93E+OO 3.06E+-O0 3.39E+-O0 l.70E-03 3.96E-02 

00 

'° 4.21 E-04 5.85E-04 6.87F.-04 7 .0 I E-04 4.20E-03 4. l 7E-03 2.24E-06 5.22E-05 
3.09E-02 4.29E-02 5. I 3E-02 5.31 E-02 4.94E-01 5.28£-01 2.70E-04 6.30E-03 
l.41E·02 l.96E-02 2.39E-02 2.48E-02 3.35E-Ol 4.89£-01 2.07E-04 4.82E-03 
3.16E-08 3.73E-08 3.90E-08 3.17E-08 5.29E-08 3.78E-08 3.65E-12 3.94E-10 
4.11 E-06 4.70E-06 I.84E-05 1.29E-05 3.0 I E-12 2.51 E-12 2.20E-16 3.07E-14 
l.93E-07 2.27£-07 2.26E-07 1.86E-07 3.07E-07 I .95E-07 J.SJE-11 l.89F.-09 
9.91E-06 l.19E-05 5.91£-05 4.I0E-05 7.54E-07 4.78E-07 4.22E-1 l 8.04E-09 
9.76E-09 l. 12E-08 2.16£-08 J.57E-08 4.51E-10 2.51E-10 2.4IE-14 2.12E-12 
3.JSE-08 3.91E-08 7.84E-08 5.68£-08 4.43£-12 2.94E-12 2.52E-16 5. l lE-14 
I.RSE-07 2.32E--07 6.89E-07 2.0)E-07 4.43E-09 4.05E-09 4.78£-09 2.74E-09 
1.11 E-05 l.39E-05 4. 14E--05 1.2 IE-05 1.42E-09 l.25E-09 1.5 l E-09 3.35E-l l 
7.0JE-06 7.04E-06 ·7.22£-06 8.57E-06 l.28E-05 l.35E-05 1.44E-05 l.45E-05 
2.94E-07 2.94E-07 2.92E--07 3.39E--07 4.78E-07 5.36E-07 5.54E-07 5.56E-07 
l.74E-07 l.i0E-07 1.90E-07 5.8 I E-07 1.22E-06 l.33E-06 l.39E-06 J.40E·06 
6.61 E-06 6.56E-06 6.50E-06 6.72E-06 8.S0E-06 9.27E-06 9.96E-06 1.00E-05 
l.98E+o ! l.97E+-O l 1.95E+0l 2.02E+ol 2.64E+-Ol 2.79E+o l 2.99E+Ol 3.00E+ol 
3.00E-04 2.98E-04 2.95E-04 2.57E-04 4.00E-04 4.21E-04 2.44E-07 5.70E-06 
I. I 7E-04 I. I 6E-04 l.33E-04 2.4 1 E-04 4.48E-04 4.44E-04 4.97E-04 4 891-:-04 
3.24E-03 J .22E-03 3. I 7E-03 3.25E-03 4.23E-03 4.47[-03 4.79F.-03 4.!! I E-03 
7.06E-04 6.92E-04 7.37E-04 8.44E-04 l.2IE-03 l.22E-03 l .35F.-03 1.36[-03 
5.22E-03 5.29E-03 6.62E-03 l.7 lF.-02 3.62E-02 3.56E-02 4.01 E-02 4.02E-02 
4.331-:-08 4.33E-08 5.48E--O!! !!.93E-08 1.56E-07 I .47E-07 l.70E-07 1.71 E-07 
5.54E-02 5.501:-02 5.45E-02 5.63E-02 7.39E-02 7.79E-02 8.37E-02 8.40E-02 
4.J0f-03 4.27E-0J 4.23E-03 4.37F.-03 5.74E-03 6.05E-03 3.23E-04 6.52E-03 
2.59E-06 2.48E-06 2.61 E-06 2.87E-06 1.80£-06 l.35E-06 8.99E-08 6.53E--07 

·. ;Cm.24:Z .(aCi/i! : 1.431:-05 l.39E-05 1.23E-05 8.65E-06 4.0SE-06 4.85E-06 l.66E-07 3.84E--06 
: . Cm.UJ.:.fu:C'ilt!. •. 5.0JE-07 5.00E-07 4.92E-07 5.05E-07 6.30E-07 6.96E-07 2.S0E-08 5.83E--07 

l .23E-05 l .22E-05 1.21 E-05 l .25E-05 J .64F.-05 I. 72E-05 6.41 E-07 l .49E-05 
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Supernatant Volumes to Evaporator (kgaJ) (Sheet 1) 

: ·dtfa 
6.01 E+02 O.OOE+OO 9.05E+03 6. IOE+03 3.65E+02 2.30E+o2 O.OOE+OO 

BY ... 3.08E+OO 2.99E-OI 

.:•A1 .-:- -·- l.40E-02 1.03£-04 
·- All 

:°"2 . · i C'. :. < · O.OOE-i-00 O.OOE+OO 

<R -:, · :•,:•: <<--:<::;.: l.04E-04 S.04E-10 

1.21 E+Oi 

2.27E-01 
: .. :5tL .. '..:_:; ·': ,•::,::',: ... :;: .::_-.-.: :;\: 

::. sf,._-: 2. IOE+OO 2.96E-03 

-Al :. 4.13E-03 l.73E-03 
Al' ·_: 

·. CSR Iii· 5.28E-OI 3.71£-11 
AA-1- , , ., . · '·' .· l .29E-03 O.OOE+OO 

. ·: ::- > _· :::_: ·:::.:+:- <··· 
·· .. :·' : .. ,-::•:: ; .. .-· •·-::;:· ::::::."('.',:::-:i· 

9.18E-OI 8.88E-01 
2.05E-03 2.84E-03 
6.66£-01 5.30£-01 
9.73E-03 I .5 I E-02 

mol N02/mol N03/Ci/vr . 
. . . ::_: ._ :ZA9.~".fi)O 

.tlOE4»3 ····;·· ....... . 

. :::.: ",:._:".'::.--:::.::.: .. ·,.-.:":'.·.: .. 

gal TBP lost 
per ton fuel 

mol NH3/mol 
N02/Ci/vr . 

·comole~:;: 8.90E-0 I 
l .72E+OO 
8.92E-Ol 

9.!0E+O l 

2.08E+OO 

O.OOE+OO 

2.SIE-03 

l.2lE+02 

2.15E+OI 

7.36E+OO 

5.62£-01 

3.48E-Ol 
S.26E-OI 
9.30E+03 
I.OOE+OO 

9.97E-OI 
7.29E-05 
9.98£-01 
4.19E-05 

l.68E+OO 
2. !9E-0l 

1.28E+02 3.02E+OO 3. IOE+OI l.14E+OI 

2.58 E+OI 1.88£-02 l .38E+OO 3.27E+OO 

O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO 

1.83E-03 S.84E-04 8.34E-03 O.OOE+OO 

8.84E+02 5.90I:.-02 1.77E l 02 l .24E-03 

6.79E+OI I.IOE-01 8.14E+O l l .42E+02 

l.02E+Ol 4.65E-03 2.0IE+OO 1.09E+OI 

1.32£+00 6.S8E-03 5.95E+OI S.71E+OO 

3.97E-02 3.14E-01 8.03£+01 0.00E+OO 
2.68E-Ol 7.06E-02 1.34E+Ol O.OOE+-00 
7.22E+03 3.68E+02 5.82E+02 l.73E+02 
1.00E+OO l .OOE+OO 9.9SE-01 1.00£+00 

9.97E-01 I.OOE+OO I.OOE+OO 1.00£+00 
8.35£-05 l .47E-06 l.28E-06 1.67£-08 
9.98£-01 I.OOE+OO 1.00E+OO l .OOE+OO 
5.0IE-05 6.99E-07 6.71£-07 1.21 E-08 

l .67E+OO 1.48E+OO 1.26E+OO 1.41 E+OO 
2. 19£-01 I .96E-Ol 1.77£-0l 7.20£-02 

l.31E+04 1.72E+02 

5.00E+OO 4.45E+02 l.56E+02 

O.OOE+OO 2.38H OI 1.33£-01 

2.00E+OO 0.00E+OO O.OOE+OO 

l.76E-02 3.88E-03 

2.52E+03 2.73£+02 

O.OOE+OO 3.SOE+OI 1. 11 E+OO 

I .30E-OI l.09£-02 

O.OOE+OO 7.83E+OI 3.58E-02 

0.00£+00 9.SIE-t-01 5.68£-01 
0.00£+00 2.60E+Ol 2.42E+OO 
7.00E+OO l .62E+04 6.03 E+02 
1.00E+OO 9.95E-0 1 1.00£+00 

I.OOE+OO 9.48£-01 9.96£-01 
2.40E-08 1.27£-03 9.38E-05 
I.OOE+OO 3.64£-01 1.61E-OI 
1.89E-08 2.40E-02 4.29£-02 

1.41 E+OO 2.ISE+OO 2.0B E+OO 
7.20£-02 4.54E-01 2.69E-Ol 



Supernatant Volumes to Evaporator (kgal) (Sheet 2) 

.. _:_ ~t~k, '-Pll~(q~.; : P.~teNi> , -./rtee;~;/. : : :j '.¢.t~:;; \::::FJtj i: :::.:;: l?:.;;.:jf\X cwat ::\!¢)¥~:: 
.. 

:: !t:t,t j::; ]1 : .. : . r.tt 
:BT . 0.0OE+OO O.OOE+OO 5.73E+02 0.OOE+O0 0.00E+00 O.0OE+OO 0.O0E+00 0.00E+00 0.00E+00 0.OOE+00 

._.,- Bt: ·,: 
BY 9.74E+02 

·· -··· -----·-- - .. 
7.28E+02 8.35E+02 l.66E+02 5.77E+02 0.OOE+00 5.32E-03 3.80E+0O 4.05E-01 J .40E-0l 

~v· . . 
At -,•:.- 3.31E+OO 3.86E+O0 4.29E-03 4.81 E-01 2.55E-0l l.36E+o0 I .97E-01 l.74E+02 8.56E+0I J. 89E+OI 

•-: A:l' ., 
:·-· •• • ,:•"I·-·.·:-•·•·,·- ·:·.·1.··· .. ·:-······· .. .. .! . .. 

:.;flH'•··):l<';:'''li::>/''Y '.=:'. 0.O0E+OO 0.00E+0O 0.OOE+OO 0.O0E+OO 0.OOE+OO 0.OOE+0O O.OOE+O0 0.OOE+O0 O.00E+00 0.OOE+OO 
_:_.()ff!'.·.··•.: __ ._,.>:;:,,,, •. i:.i.:){i;:;:,:,: .•. · 
.J1;·:·•: :: __ :;'';:(:._:.:· .... ···:-:::\: I .94E-03 7. ISE-03 O.OOE+OO 7.60E+03 5.23E+03 4.40E+02 l .60E+02 3.82E-02 2.0SE-01 1.53E+00 

: .-, R•:•: . 
. ··.·n >·-··· 3.54E+OO I .23E+Q() I 80E+02 4.27F.+01 2.28E+03 I .53E+03 2.02E+03 2.13E+03 l.09E+03 9.S0E+0I 
:::.:fti;:·:•::•: 

s1 · 3.38E+OO l .24E+0l 5. l 7E-0I 8.49E+03 2.83E+02 9.77E+02 l .03E+02 2.ISE+02 I .02E+02 l.53E+02 
s:v ~ 

~ 

Sl :::•>.:: ./';');- 3.82E-02 9.50E-03 6.68E-03 J.13E+02 l .90E+00 7.64E+0I 9.67E-Ol 6.67E-0l 1.54E+OO 1.20E+00 I 

• . i_Si!L "° 00 
I ••••-Ai:: 5.54£-01 4.72E-0l 9.47£-03 5.09E-01 7.17E-0I 1.55E-01 l.39E-0I 9.45E-0l 2.84E+OO 2. 15E+OO N 
"° :.ri::· :·.· ....... N - ,:·Al,::.<.-: ·:./,: ·':, ::>>}/;:,,•:;: 

.·:. ' .• ·.:.< .,:'.'://?::':.'.:';':::.:/ -.:-:,:··•· ;::o 
(ti 

·• CSifio : >: 2.64E+OO l.47E+00 0.0OE+O0 3.32E+o3 2.28E+03 8.68E+OO 2.39E+OO 2.03E+04 5.95E+03 6.25E+02 < 
· ·AIUii ,. : . O.O0E+OO 2.61 E-02 0.O0E+O0 0.OOE+o0 0.OOE+OO 0.OOE+OO 0.O0E+OO 2.78E+03 1.16E+03 1.45E+02 0 

9.85E+02 5.95E+02 7.53E+o2 2.05E+04 7.79E+03 3.03E+03 2.29E+03 3.2SE+03 2.1 IE+03 4.40E+02 
·. ri-;su:ien ... ·. • ·. · · l .00E+OO l .O0E+00 1.00E+00 7.86E-01 6.56E-01 9.57E-0 l 9.74E-0l l.30E-01 2.48E-01 3.75E-0I 

l.88E+03 2.05E+03 3.09E+OO 2.73E+O0 9.78E+02 l.49E+03 6.23E-01 

. fru 'NOJ;;;iefi:iniii:: 9.99E-0l 9.99£-01 I.OOE+O0 7.45E-0l 4.SOE-01 9.95E-01 9.94E-01 3.97E-0l I .66E-0l 9.96E-01 
•·: fnc, N02 fifN.ii3Jn '.ju l .79E-05 l.64E-05 2.52E-06 7.03E-03 l.75E-02 I .26E-04 1.51 E-04 2.19E-02 4.22E-02 9.29E-05 

.. =rrac :No~:1ehltf i f:.>:.<,:, · l.74E-0I 3.58E-0l 9.21 E-01 5.16E-03 9.76£-10 9.96E-0l 9.95E-0I 4.87E-16 1.13E-17 9.98£-01 
lrat~'N.O.i:~ :Nilliiffif. • ;:i ,.: 4. l lE-02 2.43E-02 l.98E-03 l.l9E-Dl 3.92E-0l 8.69E-05 I.JJE-04 5.71E-0I 6.0SE-01 5.16E-05 

·.: ... ,._.:_:i-'i/.',.:,/• _, ,,;,. :.: . .=: .. ·:·,: 

·····•····· ; ' . S'.JO~Z: 
·.:· : .... ••:NJE+oo: : 

.... .:• t®Ul •· 

• su ionkstreneth 2.08E+OO 2.0IE+OO l .26E+OO 2.41 E+O0 2.40E+OO l .94E+OO l.37E , O0 9.79E-0l I.JIE+O0 l.9IE+0O 
c:ombltxabillty · ·. 2.69E-0I 3.42E-Ol l.68E-01 2.30E-02 3.4 1 E-02 1 .32E-02 9.87E-03 4.77E-02 I .28E-01 2.02E-0l 
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Supernatant Volumes to Evaporator (kgal) (Sheet 3) 

. 8t .·.;: : >< 0.00E+OO 0.00£+00 0.00£+00 0.00 E+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.DOE+OO 

O.OOE+OO 7.78E+02 4.15E+02 
. ..... - .. --+---=-----+-----+--- - - +-- - - ---1-- - - - -4-- - - - 4--- ------1--- ---1 

4.75£+03 J.68E+04 4. l4E-O l 5.05£+02 6.83E+02 4.16£+01 
BY' 
Al 5.28E+O I 2.82E+02 3.55£-02 3.03E+OI 9.34E+OI 

. Al' . 

. ·ore . . '.-.:;.::·; ·:.:.: ••' .· O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO 0.(JOE+00 

l .63E+o2 O.OOE+OO 5.27£-02 1.03£-04 

1-:·,,,,·•:c±n~· ·"'··•:,....·:•.-.·• ·;-c-:.-.. ·;',;'-::":.,:..-·····=·~;\•O:,...,•~;:.~::;.~ .•. +c,:·< ·,;,;:::>~ ·:·f--1:..:.··:..:.~4:..:.F.~,+.:.:o=-2-+--=2::::..S.::.3E=-+.:.:0:.:::3-+--=5.:.:.8:.:.9.:::E+.:.:0::.:2~,--:3:.:..:.54E+02 , 9.76E+o2 
· •·.:: t2;.:.'·•··· ''.?:/::'/'/? t:.r::;;:; ; 

··•·····. 

. ... sp.fQni~• .. 
comi:iJexabUitv • . 

1.47£+02 

6.25£-01 

9.50£+00 

2.16E+02 
I .99E+Ol 
5.09 £+03 
9.62E-01 
6.l2E+OO 

9.95£-0 1 
l .12E-04 
9.96£-0 1 
9.23E-05 

1.56£+00 
I .26E-02 

5.46£+02 

5.96E+OO 

3.18£+01 

1.20£+03 
l. 89E+02 
2.03E+04 
9.36£-01 
l.SOE+ol 

9.97£-01 
6.44E-05 
9.98E-Of 
4.82E-05 

l.29E+OO 
l.05E-02 

9.54E+OO 

4.71£-02 

8.02£-03 

0.00E+OO 
O.OOE+OO 
5.99£+02 
I.OOE+OO 
8.81E+Ol 

9.25E-01 
1.88E-03 
8.87E•Ol 
2.87E-OJ 

9.JIE-01 
5.29E-03 

5.30E+OI 

l .31E-01 

6.09E-Ol 

3.09£+03 
4.65E+02 
9.43E+02 
2.18£-01 
8.31 E-Ol 

9.96£-0l 
8.6 1E-05 
9.97E-OI 
6.37£-05 

9.76£-01 
2.71E-01 

3.06E+OI 

2.78£-01 

1.70E-Ol 

7.96£+03 
1.69£+03 
1.14E+03 
1.27E-OI 
3.85£-01 

9.99£-01 
2.45£-05 
9.99E-01 
t.75E-05 

l .26E+OO 
4.13E-Ol 

5.28E+03 

2.43E+o2 

0.00E+OO 

l .69E+02 

l .50E+03 

l.70E+02 

l.76E+OO 

2.46£+0 1 

5.42E+02 
J.53E+02 
7.38£+03 
9.14£-01 
3.30E-OJ 

J.OOE+oO 
3.41 E-06 
I.OOE+OO 
2.52E-06 

l.39E+0O 
3. 13E-OI 

l .74E-02 

O.OOE+OO 

0.00E+oO 

l .76E+03 

1.55£+01 

3.64£+01 

1.22£+03 

0.00E+OO 
0.00E+OO 
3.03E+03 
l .OOE+OO 
0.00E+OO 

I.OOE+OO 
O.OOE+OO 
l.OOE+OO 
O.OOE+OO 

J.96E+OO 
J. 95E-O I 

3.17£+0I 

O.OOE+oO 

4.46E-OI 

2.42£+0I 

l.U6t+02 

8.52E-02 

3.98£+00 

1. 19E-O I 
O.OOE+OO 
9.44E+02 
I.OOE+OO 
2.0SE+OI 

7.39E-01 
7.23E-03 
7.52E-OJ 
6.81 E-03 

l.88E+OO 
2.80E+OO 

8.06£-02 

0.00E-; 00 

5.88E-03 

1.95E+OO 

3.69E-0I 

4.44E-03 

5.28E-02 

1. IOE-02 
0.00E+OO 
4. l7E+02 
I .OOE+OO 
3.44£+00 

9.70E-OI 
7.26£-04 
6.62E-Ol 
9.84E-03 

l .98E+OO 
2.04E-01 

3.26E+OI 

O.OOE+OO 

5.12E+OO 

I .53E+02 

7.86E+OO 

3.71 E-02 

5.68E+OO 

9.63£-02 
O.OOE+OO 
8.87E+02 
I.OOE+OO 
7.32E+OO 

9.74E-01 
6.42£-04 
6 83£-0) 
9.11 E-03 

1.98E+OO 
2.04E-0 1 

'° 00 
N 
N 



Supernatant Volumes to Evaporator (kgal) (Sheet 4) 

0.00E+OO 0.00E+OO 0.00E+OO O.OOE+OO 2.89E+OO 
l .76E+04 

•· '. B\' ... · 2.20E+OJ 5.34E+02 5.92E+02 0.00E+OO 6.75E+03 3.91E+02 8.16E+02 3.54E+OO 2.40E~ 2 
7.64E+03 

7.20E+02 2.38E+02 8.70E+02 l .08E+03 l. 23E+03 2.73E+OI 2.80E+OI 4.26E+OO l.99E+OI 2.14E+03 

1--· ',-=(j""1m!'I-·._· ._· ~-..;.._;-----"---+---=-0.:...:. O-=-OE=-+-.:oo:..::_4-....::0:..:.;· O:.:O.=E_+00::.:....--1-_:0:.:..00=E:....+..::.OO::.._.J....-.::.:o ·c.:::.00:::E~+~O..::.O__.._.::O~.OO= E..:..+O=O --1--0._0_0E_+_00--'---4------'o'--'-.OO:....:....;;E;_+O..;_O.;...._+--o--'-. 00...;..E_+_o_o---+_o_. O_O_E_+O-'-O'-+--o_._OO_E_+_O_U----1 
·. Ori' 
i>R> . O.OOE+OO 2.90E+OO 6.83E+Ol 0.00E+OO 3.50E+02 3.88E-OI 1.03E-OI 2.40E+Ol 
·:·:it• .; .·_:=;:.'.::::.,:,.::-::-· 6.75E+03 
' 12 -'.·, !.25E+02 l.97E+02 2.40E+03 9 64B+-02 5.56E+03 6.0IE+03 4.81 E+03 l.06E+03 5.68E+02 t-'::-:=--.,-,---;-.,.-,..,;,,.-,',,-i--,.,.~,........-t----=-='----lf--;.c.:_;~-=-=----+---=...:...:...::......:..c__+----=.__..::......c;_:--1____.c..:...:::_c.:..:__..:...:::_-+-_::_:..:....:..::......:.~...;.-_;:..:.;:...:...::_;:_:::__+-_;_;;_.:...=....-=-=..--+--:-:::=-- -+-___.c. ·-

·':.'·n -i: .: ·. ' ·:-:. <;-:·::.'.:://.;.::/ :-:: l .27E+04 
:,'.'.SJ:/': : Y+ :,,:_;/·;\ ;:, :, ··, 4. I 8E+02 6.30E+OI 3. I 7E+03 8.56E+02 1.03E+04 l.45E+03 3. I OE+02 2.46E+03 6.30E+03 3.72E+02 

~ 
~ 

4.77E+OO 1.12E+OO 4.03E+OI 9.86E+OO 1.72E+02 2.41E+Ol 9.42E+OO 1.69E+OI 2.67E+03 6.56E+OO I 

SC) 
00 

. : ::Al:::·-:;:·;· ·. :.• :"- , .. ·.;;;::;.:·\ ... '··,~·::: 
. ·:A2•,:'::·•=····· . .. .... ~· ; :· . 

,.-·.=.= .:\ .. ::::=::=.:.=::c: __ :,:::/: 

1.lOE+OO 3.IOE+OI 5.08E+03 6.82E+Ol 4.75E+02 2.57E+03 6.98E+Ol 4.14E+OO 9.94E+02 3.70E+02 N 
N 

~ 
4.09E+03 5.36E+03 5.77E+02 5.37E+Ol 8.77E+02 5.76E+02 l .43E+02 J.81E+03 9.35E+02 l .18E+02 ~ 

ARm ··. l .58E+02 4.79E+03 l .17E+OO 4.20E+Ol 5.80E+Ol 9.60E+Ol l.84E+OI O.OOE+OO O.OOE+OO 0.00E+OO 0 

l .29E+03 l .07E+03 l .22E+04 2.98E+03 2.48E+04 l .05E+04 2.37E+04 l .03E+04 2.29E+04 l. I IE+04 
2.67E-Ol 1.21 E-01 9.60E-Ol 9.71 E-01 9.65E-01 9.46E-Ol 9.91E-OI 7.32E-01 9.26E-Ol 9.85E-OI 
4. l lE+02 3.85E+02 4.20E+02 4.94E+02 l.38E+04 O.OOE+OO 2.00E+02 l.63E+03 3.67E+03 2.58E+03 

5.97E-Ol 9.55E-Ol 8.79E-Ol 7.29E-Ol I .OOE+OO l .OOE+OO I.OOE+OO I.OOE+OO I.OOE+OO l.OOE+OO 
l .23E-02 l.09E-03 3. IOE-03 7.56E-03 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
4. lSE-09 2.60E-l0 9.14E-OI 4.93E-l l I .OOE+OO · t .OOE+OO I.OOE+OO l .OOE+OO l .OOE+OO l.OOE+OO 
3.71 E-01 4. I IE-01 2.17E-03 4.34E-OI O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 

..... : .. ': .· <··.:: .(.i/!:::,-· .. 

. . :.:· .. : ;: ... -.· . 

l .36E+OO 8.47E-OI 2.49E+OO l .96E+OO 2.17E+OO 5.l2E-OI 2.35E f00 3.37E+OO 3.48E+OO 3.55E+OO 
2.60E-Ol 8. lOE-02 5.84E+OO 3.45E-Ol 5.99E-Ol 5.97E-03 . 4.31 E-01 1.51 E-01 l .96E+OO 2.0lE+OO 



Supernatant Volumes to Evaporator (kgal) (Sheet 5) 

/)/ij)iijiji~ ~{ij..r,lt :/$~~~~:; :\$)~~f 1: ::iil~i~~~c:: :::::~ ~ :(:: ti~~rr: t:nt~~It l{ti~ ~:i:{i !t~f:.tt)i: 
.\•:8.J: : '. ':'/ .. .< • .. '. . ';:/ ;> 

······B¥:··:· 

·: A1 •·: ........ ::.·· 8.15E+02 3.46E+03 

-,,:.,,._":_::.:-; ' ......... > .... •_;.;;,; ;:,· .. : .. . 
. ;.'::Oi,ir,'.i: :· :.:>.,,i>-••:i .:;' ,, :; O.OOE+OO O.OOE+oO O.OOE-t-00 0.00.E+OO O.OOE+-00 O.OOE+OO 0.00E+OO O.OOE+OO 
:• ;, w •:·i?''';, :::": _.?. : / :/:c· 

.•.>n •'·. _, ... _. ,.- .... •:, _. • •/'/--., 

I .58E+04 :::.::, 
"'t:I 
""C 

6.02E+03 I 

8.08E+03 \Cl 
00 

4.6 1E+02 4.22E+02 5.36E+03 O.OOE+OO 7.65E+OO O.OOE+OO 9.83E+03 4.49E+03 Iv 
Iv 

l.04E+04 
:::.::, 
(") 

O.OOE+OO 0.00E+OO 8.02E+OI O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO < 

0.00E+OO O.OOE+OO O.OO E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0 

2.31 E+04 l 20E+04 l .22E+04 l .04E+04 7.65E+OO O.OOE+OO 9.83E+03 4.49E+03 
l. OOE+OO l .OOE+OO 9.88E-01 l.OOE+OO l .OOE+OO I.OOE+OO l .OOE+OO 
7.95E+03 4.68E+03 5.18E+03 O.OOE+OO 9.53E+02 5. l lE+02 7.66E-Ol l .04E+02 

I.OOE+OO I .OOE+OO I.OOE+OO l .OOE+OO 3.2 lE-O l 6.80E-01 I.OOE+OO 9.85E-Ol 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 2.69E-02 9.21E-03 2.IOE-06 3.67E-04 
l .OOE+OO l .OOE+OO l.OOE+OO l.OO E+OO l. l 7E- 10 8.77E-03 l .OOE+OO 9.87E-01 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 4.22E-01 J.07£-01 1.78£-06 3. l lE-04 

su. ionic stmilPtli , , • 3.82£+00 J.86E+OO 3.96E+OO 3.97E+OO 2.22E+OO l.73E+OO l.02E+OO 8.91E-01 
2.62E+OO 2.70£+00 3.32E+OO 5.38E+OO l.17E-Ol l.29E-01 2.53E-OI 3.75E-03 



Radionuclide Partition Fractions (Sheet 1) 

.. : c:::x~~:~~~~,:r,r~:_.,;,.~:~: ::.~ ·i:-~t·::<:~: ;:::~;;:::~~;:}:.:;, i~F'.;i;:::1~~::>;u;;:~: <::s::p~q::i!:;~~~~1; !;;:~:~:::i::~~~;r::H;:: :m~::!,l·/:~~~~Cii~{j~ i:::!,:/:::1::$~ 1.::i;i 'i;:: <~>(i;~~z. ~:r! i H;:::;~ ,i _··:~;.r.~@:f ·•·· 
R-J. .. ·:···· 9 .98F.-OI 9.90E-OI 1.SSE-03 9.85E-03 4.44E-06 7.17E-05 USE-OS 5.47E-07 5.701:::-01 5.70E-O I 
:C·l• . 8 89E-01 8.89E-OI 1.00E-01 1.00E-01 1.00E-02 1.00E-02 I.OOF.-03 1.00E-03 1.00E+-00 L00E+O0 
N1~59·:·· 8.89E-O l 8.89E-01 J.00E-0 1 J.00E-01 1.00E-02 1.00E-02 I. OO E-03 1.00E-03 L00E+OO I.00E+00 
-NMiJ 8.89E-01 8.89E-Ol 1.00E-0 1 J.0OE-01 1.00E-02 1.00E-02 I.OOE-03 1.00E-03 L00E+O0 I.00E+O0 
CD-(iO ·. 8.89£-01 8.89E-0 1 1.00E-01 l.OOE-01 I.OOE-02 I.00E-02 I.OOE-03 1.00E-03 I.OOE+oo I.00E+O0 
:~79 ·.. 8.89E-0l 8.89E-0I LOOE-0 1 L00E-01 1.00E-02 I.00E-02 I.00E-03 J.OOE-03 I.OOE+OO L00E+00 
Si:'-90 : 9.83E-0 1 9.83E-0 I J.64E-02 1.64E-02 2.73E-04 2.73E-04 4.63E-06 4 .63E-06 1.00 F.+00 l.00E+00 
Y~90 9.83E-0 l 9.83£-0 1 1.64E-02 1.64F.-02 2.73E-04 2.73£-04 4 .63E-06 4.63E-06 1.00E+OO l.00E+00 
'Zf':.J~l : . 3.94£-03 3.94E-03 8.96E-Ol 8.96E-0 I 9.96E-02 9.96E-02 0.OOE+O0 0.OOE+OO l.OOE+-00 I.OOE~ 
Nb;.93~ ' 3 .94E-03 3.94E-0J 8.96E-OI 8.96E-0 l 9.96E-02 9.96E-02 0.OOE+O0 0.00E+O0 l.OOE+OO I.00F.+00 

I T~':\.' 9 83E-OJ 9.83E-01 1.64E-02 l .64E-02 2.73F.-04 2.73E-04 4 .63E-06 4.63F.-06 7.20E-0 l 7.20E-01 
;:R•16' 3.94E-03 3.94E-03 8.96E-01 8.96E-0I 7.97£-02 7.97E-02 1.99£-02 J .99E-02 l .OOE+OO I 00E+O0 

1 :OMJ3m:: '.· 8.89E--Ol 8.89E-Ol 1.00E-01 1.00E-01 1.00E-02 1.00E-02 I.00E-03 1.00E-03 I.OOE+oo I.00E+00 
Si;.;U~•'::•:: :0.::: .::::c:::::< 8.891.:-01 8.891:.-01 1.001::-01 1.001:.-01 1.UUl:.-02 t.OO.t-02 I.00E-OJ 1.00E-03 1.00E-t-00 l.00E+O0 
·Sit-ll6'. · :::·::(:;' ,· 8.89E-0l 8.89E-0l !.00E-0! !.00E-01 l.0OE-02 1.00E-02 1.00E-03 1.00E-03 1.00E+OO l.00E+O0 
f-t~ > :•' 9 .83£-01 8 .S0E-01 l.64E-02 l.20E-OI 2 .73E-04 0 .00E+-00 4 .63E-06 0.OOE+-00 l.OOE+oo L00E+O0 ,;, 

· C,-.134·: 9.83E-0l 9.83E-0I l. 64E-02 l.64E-02 2.73E-04 2.73E-04 4.63E-06 4.63E-06 I.OOE+OO 1.00E+00 ~ 

. C• l31 9.83E-0 l 9.83E-01 I .64E-02 J .64E-02 2.73E-04 2.73E-04 4.63E-06 4 .63E-06 I .OOE+oo l .00E+00 '"O 
:Ba-U7in . 9.83E-0 J 9.83E-0 l 1.64E-02 1.64E-02 2.73E-04 2 .73£-04 4.63£-06 4.63E-06 I.OOE+oo l.00E+00 ,:_. • I ~l5f· 7.50E-Ol 7.50E-0I 1.88E-Ol 1.88E-Ol 4.69E-02 4 .69E-02 l.56E-02 l.56E-02 I.OOE+O0 l.00 F.+00 ~ -o ·t:u,t~l 7.50E-Ol 7.50£-01 1.88E-01 1.88E-0l 4.69E-02 4.69E-02 l.56E-02 1.56E-02 I.OOE+00 1 00E+O0 N 

v, I. Eu-1$4: 7.50E-Ol 7.50E-Ol l.88E-Ol 1.88E-OI 4 .69E-02 4.69E-02 l.56E-02 1.56£-02 I.OOE+O0 I.00E+O0 N 
. Ev.J:": .. : : ·'. , .. ·' .:'"-'·: :· 7.50E-Ol 7.50E-Ol I .88E-01 1.88£-01 4.69E-02 4.69E-02 1.56£-02 l .56E-02 I .00E+OO I .00E+o0 ;:::;:, 
:Jb-;.1lfJ •·: '··· 8 .89E-01 8.89£-01 l .OOE-01 1.00E-01 1.00E-02 1.00E-02 1.00E-03 1.00E-03 l .0OE+-00 I .OOF.+oo ~ 
Ra-~ . 8.89E-0 l 8.89£-01 I.00E-01 1.00E-01 l.OOE-02 l.00E-02 l.OOE-03 1.00E--03 l.00E+O0 I.00E+00 

0 
:Ac-217- ' 9.09E-0 1 9.09E-OJ 6 .36E-02 6J6E-02 L82E-02 1.82£-02 9.09E-03 9.09£-03 l.00E+O0 I.00E+O0 
Pa~2Jf:;: 3 .94E-03 1 3.94£-03 6 .97£-01 6.97E-OI l.99E-Ol l.99E-Ol 9.98E-02 9.98E-02 l.00E+O0 l.00E+O0 
::[Jta..?lf'.':·.·., 3.00E--01 3.00E-01 4 .90E-01 4.90£--01 1.40E-Ol l.40E-0 I 7.0lE-02 7.0IE-02 I.00E+O0 l.00E+O0 
. T.b•:zl2. 3.00E-01 3.00E-01 4 .90E-0l 4.90E-Ol l.40E-Ol l.40E--Ol 7.0IE-02 7.0lE-02 l.00E+O0 l.00E+O0 
:-·v~m°'·:' ._... 9.97E-Ol 9.97£-01 3.23E-03 3.23[-03 8.06E-05 8.06E-05 3.00E-07 3.00E-07 I.00F.-02 l.OOE-02 
. &.DJ' ·.: 9.97E-01 9.97E-0I 3.23E-03 3.23E-03 8.06E-05 8.06E-05 3.00E-07 3.00E-07 l.00E-02 I.OOE--02 
· .U•ll6 .: · 9 .97E-Ol 9.97E-0l 3.23E-03 3.23E-03 8.06E-05 8.06E-05 3.00E-07 3.00E-07 I .OOE-02 I .OOE-02 
U>235.'. . 9.97£-01 9.97F.-01 3.23E-03 3.23E-03 8.06E-05 8.061:-05 3.00E-07 3.00E-07 l.00E-02 l.OOE-02 
U~D6- . 9.97E-01 9.97E-01 3.23£--03 3.23E-03 8.06E-05 8.06£-05 3.00E-07 3.00E-07 L00E-02 I.OOE-02 
-U02311', · 9.97E-0l 9.97£-01 3.23E-03 3.23E-03 8.06E-05 8.06E-05 3.00E-07 3.00E-07 l.00E-02 l.OOF..-02 
U~ToW · 9.97E-0 l 9.97E-Ol 3.23£-03 3.23£-03 8.06E-05 8.06E-05 3.00E-07 3.00E-07 I.00E-02 I .OOE-02 
NU::.231 9.09£-01 9.09E-01 6J6E-02 6.36£-02 1.82£-02 1.82£-02 9.09E-03 9.09E-03 l.O0E+O0 1.001:+00 
P\i-238. l.52E-0 1 I .52E-0l 5.35E-Ol 5.3SE-OI l.52E-01 l.52E-01 1.62£-01 J.62E-01 l.00E+O0 l.OOE+O0 
Pu~239 · l.52E-O l l.52E-0I 5.35E-01 5.351::-01 l.52E-01 l.52E-0 1 l.62E-Ol J.62E-Ol l.0OE+O0 l.OOE+00 
Pa~?-# -· .: l.52E-Ol l.52E-0l 5.35£-01 5.35E-0l 1.52£-01 I .52E-01 1.62£-01 1.621:-01 l.00E+O0 1.00E+O0 
Pii:141 ; ·.: l.52F.-Ol l.52F.-0l 5.35E-0 l 5.JSE-01 l.52E-0l 1.52E-0l 1.62£-01 J.62E-0 1 l.00E+O0 l.OOE+00 

: :Po-:%,'42 l.52E-01 l.52E-Ol 5.35E-01 SJ5E-0 l l.52E-0l 1.52E-0 l l.62E-Ol l.62E-0l l.O0E+-00 l.OOE+OO 
Pia-TotaJ .. . ... ·. , .. . , l.52E--Ot J.52E-Ol 5.35E-0I 5.35E-0 l l.52E-0 l l.52E-0l l.62E-01 l.62E-01 l.00E+OO l.OOE-t-00 

·A&tfl · 9.09E-Ol 9.09£-01 6.36E-02 (d6E-02 I .82E-02 l .82E-02 9.09E-03 9.09£-03 l .00F.+00 l .OOE+oo 
Am-243· .· · 9.09E-OI 9.09E-OI 6.J6E-02 6.361:-02 U12E-O:: 1.82E-o:;. 9.09£-03 9.09E-03 I.OOE+oo l.OOE-rOO 
Cm-242 · 9.091::-0l 9.091::-UI b.JbE-02 6J6E--02 l .82E-02 l .82E-02 9.09E-03 9.09E-03 l .00E+oo l .OO E-i-00 

::cm-243 . 9.09E-0 J 9.09E-Ol 6.36E-02 6J6E-02 1.82E-02 1.82£-02 9.09E-0J 9 .09£-03 J.00E+OO I.OOE+OO 
·.Cm-144 : 9.09E-01 9.09£-01 6.36£-02 6.36E-02 1.82E-02 1.82E-02 9.09E-03 9 .09£-03 I.00E+oo l.OOE+OO 



Radionuclide Partition Fractions (Sheet 2) 

H•l 5.70£-01 1.00E+-00 9.85E-03 l.OOE+oo l.OOE+OO !.OOE+-00 l .OOE+-00 9.87E-01 9.87E-Ol 1.07E--02 
·· C-14 . :.,-:,·- .. I.OOE+-00 l.OOE+OO l.00£-01 1.00E+oo l.OOE+-00 1.00E+OO 1.00E+-00 9.71E--OJ 9.71£-01 1.62E-03 
-Ni-59 · l.OOE+OO I.OOE+-00 l.OOE-01 J.OOHOO 1.00E+-00 l .OOE+-00 l.OOE +OO l.OOE+-00 J.00£+00 3 OOE-04 
.NMi3"· .... · I .OOE+-00 l.OOE+-00 i.OOE-01 I.OOE+oo l.OOE+oO J.OOE+OO I.OOE+OO I.OOE+oo l.OOF.+-00 3.00E-04 
.C~ :: ., · .... ·· ··· I.OOE+-00 !.OOE+-00 1.00£-01 l.OOE+oO 1.00E+OO !.OOE+OO 1.00E+OO l.OOE+OO !.OOE+-00 3.00E-04 
s.,19:... ·· l .OOE+-00 l .OOE+-00 I .OOE-01 l .OOE+oO l .OOE+-00 1 .OOE+-00 l .OOE+-00 I .OOE+-00 l .OOE+OO 3.00E-04 
Sr.-90: l .OOE+OO l .OOE+-00 I .64E-02 l .OOE+oO l .OOE+OO l .OOE+-00 l .OOE+OO l .OOE+OO l .OOE+OO 3.00E-04 

NM-Jin · . . ., .. l.OOE+OO l.OOE+-00 8.96£-01 l.OOE1"()() 1.00E+-00 l.OOE+-00 1.00E+OO l.OOE+OO 1.00E+oO 3.00E-04 
. T~~t,> . . . . ... . . . . 7 .20E-01 l.OOE+-00 l.64E-02 l.OOE+oo I.OOE+-00 -1-,.0-0-E-+O-O--+-- l-'-.o-oE-+00--+---l.-OO.,..,E-+00-'----+---1.00-E-.+-,-OO.,.---t-- 4-.-17-J:::_-04_-1 

: Ru~HI& . .. l.OOE+OO 1.00E+OO 8.96E-01 J.OOE+oo l.OOE+-00 1.00E+-00 1.00E+-00 l.OOE+oo I.OOE+OO 3.00£-04 
. Ci•.U3m'; '· ·· I.OOE+OO l.OOE+OO l.OOE-Ol I.OOE+OO 1.00E+OO I .OOE+OO 1.00E+-00 l.OOE+oo l.OOE+OO 3 OOE-04 
.. ·Sl•.115 ·· l.OOc+OO 1.00E+oo l.OOE-U I l.OOE+oo l.OOE+OO I.OOE+oo i .OOE+OO I.GOE I 00 l.OOE+oo 3 .OOE-04 
·S•l.26.:. 1.00E+-00 l .OOE+oo l .OOE-01 I .OOE+oO I .OOE+OO I OOE+OO I .OOE+OO 1.00E+-00 1.00E+oO J.OOE-04 

. :(.;Jl.9 . : ·' ·: ;-;':<.::: .... ::: '::': J.OOE+-00 I.OOE+OO 1.20E-Ol l.OOE+OO 1.00E+OO l.OOE+OO !.OOF.+00 1.00E+-00 !.OOE+-00 O.OOE+-00 
:Cw,34 :·:.:. -:: ' . . . ..... .. , '" I.OOE+-00 J.OOE+-00 1.64£-02 1.00E+OO 1.00E+OO 1.00E+OO l.OOE+OO 1.00E+OO 1.00E+OO 3.00E-04 
.C .. 137 ' . .. . · · I .OOE+-00 1.00E+-00 1.64£-02 I .OOE+OO 1.00E+-00 1.00E+-00 l .OOE+-00 l .OOE+QO I .OOE+OO 3.00E-04 

:·ga;l37Qil .. · . . . . . . .. :· I.OOE+OO I.OOE+-00 l.64E-02 l.OOE+OO 1.00E+-00 J.OOE+-00 1.00E+-00 1.00E+OO l.OOE+OO 3.00E-04 
:~~1$(: : · · .... •• I .OOE+-00 l .OOE+-00 I .88E-Ol l .OOE+OO 1.00E+-00 1.00E+OO 1.00E+-00 1.00E+oO 1.00E+-00 3.00E-04 
Ev~tSl . ·,.. . ... 1.00E+-00 I .OOE+-00 I .88E-Ol 1.00E+OO 1.00E+-00 l .OOE+-00 ! .OOE+-00 1.00E+OO 1.00E+-00 3.00E-04 

-.Eli-[54:. . .. ·• l.OOE+-00 I.OOE+-00 l.88E-Ol l.OOE+oo 1.00E+OO l.OOE+-00 !.OOE+-00 1.00E+OO 1.00E+-00 3.00E-04 
· .E11~155 . · ·· · · . . I .OOE+-00 I.OOE+oO l.88E-Ol I.OOE+OO 1.00E+-00 1.00E+-00 1.00E+oo l.OOE+OO J.OOE+OO 3.00E-04 
: ;u;;,u6 l .OOE+-00 I.OOE+-00 I.OOE-01 l.OOE+oo l.OOE+OO I.OOE+oo !.OOE+OO 1.00F.+-00 I.OOE+-00 3.00E-04 
-lh~lll: ···. ·· 1.00E+OO 1.00E+-00 l.OOE-01 I.OOE+OO 1.00E+OO 1.00E+OO 1.00E+-00 1.00E+OO l.OOE+OO 3.00E-04 

.-Ac,217-- . _ I.OOE+OO l.OOE+-00 6.36E-02 I.OOE+OV l.OOE+oo 1.00E+oo J. OOE+OO l.OOE+OO I.OOE+oO 3.00E-04 
: Pa~13t . . . 1.00E+OO I.OOE+OO 6.97£-0 1 1.00E+OO l.OOE+oo l.OOE+OO J.OOET{)O l.OOE+OO I.OOE+-00 3.00E-04 
· '.fJi:..229<. ..... . .. ·· · l.OOE+-00 l.OOE+-00 4.90E-Ol l.OOE+OO l.OOE+OO !.OOE+OO 1.00E+o() l.OOE+oO l.OOE+-00 3.00E-04 
'fh;.232:: · ·. l.OOE+OO l.OOE+-00 4.90E-Ol I.OOE+oO 1.00E+OO l.OOE+-00 1.00E+-00 l.OOE+OO I.OOE+OO 3.00E-04 
U-232 .: I.OOE-02 l.OOE+OO 3.23E-03 i.OOE+oo l.OOE+-00 l.OOE+-00 l.OOE+OO 3.57F.-01 3.57E-Ol 4.79[-01 
:U:..::pJ. ··· ·· .. ·. '·· · I.OOE-02 l.OOE+oo 3.23£-03 l.OOE+OO 1.00E+OO J.OOE+-00 l.OOE+OO 3.57E-Ol 3.57E-01 4.79E-Ol 
:m:134: .: · · · ,.·:: · ,. I.OOE-02 l.OOE+-00 3.23£-03 1.00E+OO 1.00E+oO J.OOE+-00 1.00E+OO 3.57E-Ol 3.57E-01 4.79E-01 
·u~m .,- ; ·::·_ .. · · · ::::·0:::-' 1.00E-02 l.OOE+oo 3.23E-03 J.OOE+OO i.OOE+-00 J.OOE+OO I.OOE+oO 3.57E-Ol 3.57£-01 4.79[-01 
<U~.23f:• :·- .... :·, _ ·· · J.OOE-02 l.OOE+-00 3.23£-03 l.OOE+oo 1.00F.+00 l.OOE+OO J.OOE+-00 3.57E-Ol 3.57E-01 4.79E-01 
:U;.l.Ji:':-< · .·. . . l.OOE-02 1 .OOE+oO 3.23£-03 I.OOE+OO 1.00E+OO I.OOE+OO J.OOE+-00 3.57£-01 3.57F.-Ol 4.79E-01 
-u;.TotaL .: :-:: .. l.OOE-02 1 .OOE+-00 3.23E-03 J.OOE+oo l.OOE+OO l.OOE+-00 J.OOE+OO 3.57E-Ol 3.57E-Ol 4.79E-Ol 
N~l37 · · l .OOE+oO J .OOE+-00 6.36£-02 l .OOE+oo l .OOE+OO l .OOE+-00 l .OOE+OO l .OOE+OO l .OOE+-00 3.00E-04 
Pu~"8 . . l.OOE+-00 I.OOE+-00 5.35E-Ol l.OOE+OO l.OOE+-00 l.OOF.+-00 l.OOE+OO 6.26E-Ol 6.26£-01 3.36E-01 
h-239 · ·· I.OOE+-00 l.OOE+-00 5.35£-01 1.00E+OO l.OOE+-00 l .OOE+OO J.OOE+oo 6.26F.-01 6.26E-01 3.36E-01 
Pu-240 J.OOE+-00 l.OOE+OO 5.35E-Ol l.OOE+oo 1.00E+oO J.OOE+-00 I.OOE+-00 6.26£-01 6.26E-01 3.36E-01 
Pu0%41 . . . . .. l .OOE+OO l .OOF.+oO 5.35E-Ol l .OOE+OO l .OOE+-00 l .OOE+-00 I .OOE+-00 6.26E-Ol 6.26E-01 J.36E-01 
Pil~Ul . ·. I.OOE+-00 I.OOE+-00 5.35E-Ol l.OOE+OO 1.00E+oO l.OOE+OO 1.00E+-00 6.26E-Ol 6.26E-01 3.36E-Ol 
P11:..Toia.l l.OOE+-00 1 .OOE+OO 5.35E-Ol l.OOE+OO 1.00E+OO l.OOE+OO I OOE+-00 6.26E-Ol 6.26E-01 3.36E-Ol 
A~:241' ·· ·· . ,. ·· I .OOE+-00 1.00E+OO 6.36E-02 !.OOE+OO 1.00E..-00 l.OOE+-00 1.00E+-00 l.OOE+oo I.OOE+-00 3.00E-04 

:Am,;.UJ ·'.:: .. I.OOE+-00 1.00E+oc 6.36£--02 l.OOE+-00 l.OOE+-00 I.OOE+-00 1.00E+OO l.OOF.+00 . I.OOE+-00 3.00£:-04 
Cm-~Z- · . ·· l.OOE+OO I 1 .OUE+OU 6.36£-02 l.OOE-t-00 l.OOE+OO i.OOE+OO l.OOE+OO 1.00E+-00 l.OOE+-00 3 OOE-04 

•Cai-143 .. .. .. l.OOE+OO 1.00E+oO 6.36E-02 l.OOE+-00 l.OOF+-00 I.OOE+OO 1.00E+-00 lOOE+-00 J.OOE+-00 3.00F.-04 
Ciij;.:z.44 : . . l.OOE+oo J.OOE+oO 6.36E-02 1.00E+oO 1.00E+-00 l.OOE+OO 1.00E+-00 I.OOE+OO J.OOE+OO 3.00E-04 
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R~J •: I.OOE+oO I I.OOE+oO 1.00E+OO 1.30F.-02 1.30E-02 2.32E-03 I .OOE+OO l OOF.+00 1.00E+OO 1.00F+OO 
.IC~J,f . l.OOE+oo I.OOE+OO 1.00E+OO 2.86E-02 2.86E-02 2.70E-02 J.OOE+OO I.OOE+OO l.OOE+OO lDOE+OO 
Ni,;59 1.00E+oo I I.OOE+OO 1.00E+-00 3.65E-04 3.65E-04 6.SOE-05 1.00E+OO l.OOE+OO I.OOE+OO I OOE+OO 
Ni43 ·· I .OOE+OO I .OOE+OO 1.00E+OO 3.65E-04 3.65E-04 6.50E-05 1.00E+OO t .OOE+OO 1.00E+OO I .OOE+OO 
Co-66· I .OOF.+OD l.OOE+DO 1.00E+OO J .65E-04 3.65E-04 6.SOE-05 l.OOE+OO 1.00E+OO 1.00E+OO l.OOE+oO 
;~79. ·:: ... ··· · l .OOt+oO 1.00E+OO 1 .OOE=+-00 3.65E-04 3.65E-04 6.50E-05 1.00E+oo 1.00E+oO l .OOE+-00 l .OOE+oO 
Sr-90 I.OOE+OO l.QOE+-00 1.00E+oO 3.65F.-04 3.65E-04 6.50E-05 1.00E+-00 l.OOE-01 1.00E+OO I.OOE+OO 

r::y.,_;;;go-::-• =--·: .. :-',· . ..,,.· ·7'"':..c,.,.....;,-.c.,.,.. ·_ .•. _. +--:-I ~-00-::'E::-+O~O--t--:-'l.~00:-::E,..:+OO.::..::..· -t-_:l..:.:.OO:;;::E.;..;+-0:;..:0:__4-____::3.;::.6:.::.5~E-04..:_;...:..._+--=:3.65E-04 6.50E-05 t.OOE+oO t.OOE-0 I 1.00E+OO l.(){JE+-00 
~;F .. · · ;. · · · .: :,: : : · I .OOE+OO I .OOE+oo I .OOE+OO 3.65E-04 3·.65E--04:.._---<e---'6;..;;.5;_;0.;;;E_;-0..:.5_ -4-__.c.l ;..:..oo-"'E=-t-OO...c...;._4-___;_l...:.OO.c..E-+00--+--- 1-.ou-'·-1:-+00----,--1-=.o-o,....E +o- ~-0-

!I!~ ............ ..... :,::. 1.00E+oo I .OOE+OO l.OOE+OO 3.65E-04 3.65E-04 6.50E-05 1.00E+OO l.OOE+OO l.OOE+OO l.OOE+OO 
?J;~:;99•'.' ,. · : ; : ' ' l.OOE+OO t.OOE+OO 1.00E+OO 5.07E-04 5.07E-04 9.03E-05 1.00E+OO 1.00E+OO J.OOE+OO I.OOE+OO 
ll&'i4-06 · · 1.00E+OO I.OOE+OO I.OOE+OO 3.65E-04 3.65E-04 6.50E-05 1.00E+OO l .OOE+-00 I .OOE+OO l .OOE+OO 

l:Cd;i)Jm::: .: :·:: · •: c:·:' I.OOE+OO I.OOE+OO 1.00E+OO 3.65E-04 3.65E-04 6.50E-05 1.00E+-00 1.00E+OO !.OOE+OO I.OOE+oO 
Sb.f.25 · . ... . . ·· ·· ·· I.OOE+OO 1.00E+OO t.OOt+DU 3.65E-04 3.65E-04 6.SOE-05 l.OOE+OO l.OOE+OO l.OOE+oo ! .OOE+-0/J 

t-:""sn...,.· ·~,-,_u..,,.,·- ·· ,...· ·-------1_.00_E_+o_o_+-_1._00_E_+00__:__+--_1_.00_;_E_+o-'o'---4--__;;3.c..:.6c::.5.::.E-04...:__+-___;:_3...;..6..;..5E_-04..c..c._ 4-_(, . ..;..5(_)F_.-0_5_ ......... _ l..;...o;;.;;o_;;;E_+OO-'-'----l--"l-'.o-'-o_E+oo _ _ +----'-1.-'-00_E_+O_ O _ __, .00.,--E_+0_0:--"-1 
Ml9 : · ... . .... I.OOE+OO 1.00E+OO I.OOE+oO 1.00E+OO l.OOE+oO 1.00E+DO 1.00E+OO I.OOE+DO 1.00E+OO I.OOE+oO 

:C:>1'34 0: I.OOE+OO I.OOE+oO l.OOE+OO 3.65E-04 3.65E-04 6.50E-05 1.00E+oO 1.00E+OO 1.00E+OO l.OOE+OO 
Ci--137 : I.OOE+oo I.OOE+OO l.OOE+OO 3.65E-04 3 65E-04 6.50E-05 1.00E+OO 1.00E+oo 1.00E+OO J.OOE+OO 

°Jla•137m'. .. . . l.OOE+oo 1.00E+OO I.OOE+OO 3.65E-04 3.65E-04 6.SOE-05 1.00E+oo 1.00E+OO 1.00E+OO 1 .OOE+OO 
Sm4!1 · ::. · : :> :: :.<> I.OOE+oo I.OOE+OO I.OOE+OO 3 65E-04 3.65E-04 6.SOE-05 1.00E+OO I.OOE+oO 1.00E+OO 1.00F.+00 
Eu-1:52 . . •· I.OOE+OO I.OOE+OO 1.00E+OO 3.65E-04 3.65E-04 650E-05 1.00E+OO l.OOE+OO I.OOE+OO l.OOE+DO 
Ell"1~ :; ·· ··· ':·• <: : I.OOE+OO 1.00E+OO 1.00E+OO 3.65E-04 3.65E-04 6.50E-05 1.00E+DO I.OOE+OO I.OOE-+00 I.OOF+OO 

::·tu~l5$;:: ·· .. ; · : · · .... :>_=:· · - · l.OOC+-00 l.OOE+OO 1.00E+OO 3.65E-04 3.65E--04 6.SOE-05 1.00E+OO 1.00E+-00 I.OOE+OO 1.00F.+00 
it.~zz, ... · · ... · · . . . .. I.OOE+oO I.OOE+OO !.OOE+OO 3.65E-04 3.65E-04 6.50E-05 I.OOE+-00 I.OOE+OO l. OOE+OO 1.00E+OO 
Jta:.m • I .OOE+OO I OOE+OO l .OOE+OO 3.65E-04 3 65E-04 6.50E-05 l .OOE+-00 l .OOE+OO I .OOE+oO l .OOE·t-00 
Ac-m.. I.OOE+OO I.OOE+OO I.OOE+OO 3.65E-04 3.65[-04 6.SOE-05 I.OOE+OO l.OOE+oO I.OOE+OO I.OOE+OO 
Pa-231. I.OOE+OO I.OOE+OO 1.00£+00 3.65E-04 3.65E-04 6.SOE-05 1.00E+oO l.OOE+OO 1.00E+OO 1.00E+OO 
Ttt;.2:9 l.OOE+OO I.OOE+DO l.OOE+OO 3.65E-04 3.65E-04 6.SOE:-05 l.OOE+OO J.OOE+OO l.OOE+oo l.OOE+OO 
TJi:.l32 :. ·.. l.OOE+OO I.OOE+DO l .OOE+OO 3.65E-04 3.651::-04 6.50E-05 1.00E+OO 1.00E+OO I.OOE+OO I.OOE+OO 

·v-.1.12:·. I.OOE+OO J.OOF.+00 l.OOE+OO 6.43E-01 6.43E-Ol 1.64E-Ot t.OOE+OO 1.00E+oo I.OOE+OO I.OOE+OO 
. CJ-l3-J \: ···.·. ' ' • l.OOE+OO J.OOE+DO 1.00E+OO 6.4JE-OI 6.43E-OJ l.64E-OI t.OOE+-00 1.00E+OO J.OOE+OO l.OOE+OO 
·u,134 : ·· · · ····•: · l.OOEt-00 I.OOE+OO !.OOF.+00 6.43E-Ol 6.43E-O l t.64£-01 1.00E+OO I.OOE+OO 1.00E+OO l.OOE+OO 
·u~US-_; ::::.:..::._:_.:'. 1.00E+OO 1.00E+OO l .OOE+OO 6.43E-O l 6:431:-01 l .64E-O I l .OOE+OO l .OOE+OO 1.00E+-00 I .OOE+oO 

·:U~236: .-__ · ·. · l.OOE+oo l.OOE+OO I.OOE+OO 6.43£-01 6.43E-01 1.64E-01 1.00E+oO 1.00E+OO l.OOE+OO I.OOE+-00 
ti,~ :. I.OOE+-00 J.OOE+OO l.OOE+-00 6.43£-01 6.43t-01 1.64E·Ol I .OOE+OO 1.00E+oo 1.00E+OO l .OOE+OO 
u.r.... . .. 1.00E+OO 1.00E+OO 1.00£+00 6.43E-01 6.43£-01 l.64E-Ol I .OOE+OO l.OOE+OO 1.00E+OO l OOF.+oo 
N~.ll7 .. " t.OOE+OO l.OOE+OO I.OOE+OO 3.65E-04 3.65E-04 6.50E-05 1.00E+OO l.OOE+oO I.OOE+DO LOOE+OO 

, P.138 l .OOE+oo I.OOE+OO I.OOE+OO 3.74E-Ol 3.74E-Ol 3.SOE-02 1.00E+OO I.OOE+OO 1.00E+OO l .OOL::+00 
-Pai"-13' . ... IOOE+OO t.OOE+OO I.OOE+OO 3.74E-O l 3.74E-O l 3.80E-02 1.00E+OO 1.00E+OO l.OOE+OO 1.00E+OO 
Pu;;i,tO t.OOE+-00 I.OOE+OO 1.00E+OO 3.74E-Ol 3.74E-01 3.SOE-02 1.00E+OO JOOE+oo I.OOE+OO I.OOE+OO 
Pu~:ut . l.OOE+OO l OOE+OI) 1.00F.+00 3. 74E-01 3.74E-OI 3 80E-02 I .OOE+-00 J.OOE+OO l .OOE+OO l.OOE+OO 
Pu•l-42 ' 1.00E+OO I.OOE+OO 1.00E+OO 3.74E-01 3.74E-OI 3.80E-02 1.00E+oo I.OOE+OO J.OOE+OO I.OOE+oO 
h~'Joaal . · I.OOE+OO I.OOE+-00 J.OOE+DO J.74E-OI 3.74E-Ol 3.80E-02 I.OOE+OO /.OOE+OO 1.00E+OO I.OOE+OO 
Ain-141 .. . · ··· · · · · · · I.OOE+-00 I.OOE+OO 1.00E+OO 3.65E-04 3.65E-04 6.50£-05 1.00E+OO l.OOE+OO 1.00E+OO t.OOE+OO 
Am-:243 l.OOE+oO 1.00E+OO 1.00E+OO 3.65E-04 3.65E-04 6.50E-05 l.OOE+OO 1.00E+OO I .OOE+OO l.OOE+OO 
c.u,.;iu I.OOE+OO I .OOE+-00 i.OOE+oo 3.65E-04 3 65E-04 6.SOE-05 l.OOE+OO l.OOE+OO J.OOE+-00 100['+()0 

.Cfii;:%43 · I.OOE+OO l.OOE+OO t.OOE+OO 3.65E-04 3.65E-04 6.50E-05 1.00E+OO I.OOE+OO l.OOE+OO 1.00E+OO 
c .. 244 .· . !OOE+oo 1.00E+OO I.OOE+OO 3.65E-04 3.65£-04 6.50E-05 1.00E+OO J.OOE+OO I.OOE+OO l.OOE+OO 
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•R::.J·,:'.".' .. ·: .. :.: . .: , .. , .:, .... -. l.OOE+oO l.OOE+OO l.OOE+oO l.OOF.+oo 4.55E-O l 
:: c-14::.---- ._ ....... _ :-.-,·. l .OOE+oO \ .OOE+oo l .OOE+oO l .OOE+oO I .OOE+-00 
Ni-S9 _ l .OOE+OO ! .OOE+-00 1 OOE+OO 1.00E+OO 1.00E+OO 
NMi3 - l.OOE+OO 1.00E+oO I.OOE+oO I.OOE+OO 1.00E+-00 
C~ 1.00E-!-00 I OOE+OO I .OOE+OO l .OOE-rOO l .OOE+OO 
~1f l .OOE+oo I .OOE+oO I .OOE+OO I .OOE+OO I .OOE+-00 

_Sr~ : I .OOE+oo 2.00E-01 450E-0 1 2.00E-0 1 I .OOE+-00 
Y.-90 - l.OOE+OO 2.00E-01 450E-0 1 2.00E--01 1.00E+OO 
-~~> l.OOE+oo l.OOE+OO l.OOE+oo I.OOE+oO l.OOE+oo 

:C11-U)m : I.OOE+OO l.OOE+OO l.OOE+oo l.OOE+oo l.OOE+oo 
,Si;;;t?S.--: ~:.·:~:.:·.-::_~ •. :;:,.,..-:-·: ... ~ ·/i': _...,:_< ..,.;,/ ""':--;.-"'":·, ,---l-.O-•-E-+oo-- t---l.-OO-'E-+-0-0-'-----+---1.-00...::E:....+00..:....:..._1--_J.O-'-O-E-+O-O---+---l.-'--UU'-'l:'-+oo-'-. -. -

.$Ji!.:il6 : < : '"l' a; ... : l.OOE+OO 1.00E+OO I.OGE 100 1.00E+-00 l.OOE+-00 
'J~iz,C:. · '· . I .OOE+oo l .OOE+-00 l .OOE+oO I .OOE+OO 1.00E+OO 
<C,.iJ4 ' .. · .::, . : :• : '· :: . 1.00E+oO 6.00E-02 O.OOE+oO 1.00E+oo 3 .OOE-02 
~1)7 !.OOE+-00 6.00E-02 0.00E+oO l.OOE+oo 3.00E-02 

:'1Jjj;.U7m:-:/ .' :·'': · : .. :· ... · l .OOE+OO 6.00E-02 0.00E+oo l .OOE+-00 3.00E-02 
'iS•l!il · , .. · .. ' ' · .: ' :.:::,- l .OOE+OO 1.00E+-00 I .OOE+oo \ .OOE+-00 1.00E+oO 
tu~152, / l .OOE+OO \ .OOE+oO 1.00E+oo l .OOE+-00 I .OOE+OO 

· :Eu-154 : -: 1.00E+oo 1.00E+-00 1.00E+OO I .OOE+OO l.OOE+-00 
Eii~fS~ ··: · l .OOE+OO I .OOE+-00 I .OOE+OO 1.00£+00 I .OOE+-00 
.Ra-226·': . 1.00£+00 1.00E+-00 !.OOE+oO 1.00£+00 1.00E+oo 
:RA-221' · I.OOE+OO l.OOE+OO l.OOE+OO l.OOE+oo l.OOE+oo 
· At~n7,: ,... I.OOE+oO 1.00E+OO J.OOE+OO l.OOE+-00 l.OOE+oo 

·:T~'229-';,:' ,_::::/ii-:':"' ;:: !.OOE+OO 1.00E+OO 1.00E+oo 1.00E+-00 1.00E+-00 
'Tll-231'. ·.·, ·," ::· :, I .OOE+OO l .OOE+OO I .OOE+oo l .OOF.+00 I .OOE+OO 
U~til' ' : .· · ·. - \ ·:: I .OOE+OO l .OOE+OO I .OOE+oO 1.00E+OO I .OOE+OO 

U~234 .. 1.00E+OO !.OOE+OO l.OOE+oO l.OOF+oo l.OOE+OO 
u~m ::• I.OOE+oO l.OOE+OO 1.00E+oO I.OOE+OO l .OOE+oo 
,U~136: · I.OOE+OO l.OOF.+oo !.OOE+oO l.OOF.+00 I.OOE-tOO 
0~238 .' . .. J.OOE+OO l.OOE+OO l.OOE+OO I.OOE+oO l.OOE+<JO 
O~'f.,t:-at ·· I .OOE+oO 1.00E+oo I OOE+-00 l .OOE+OO l .OOE+oO 

· NP,:.231 : 1.00E+OO 1.00E-tOO I .OOE+OO I .00£+00 I .OOE+OO 
h~:238 I .OOE+OO l .OOE+OO I .OOE+oo I .OOE+OO I .OOE+-00 
Pu-239 I.OOE+OO 1.00E+oO !.OOF.+00 I.OOE+OO l.OOE+OO 
Pu-:UO . I.OOE+OO 1.00E+OO l.OOE+oO l.OOE+OO I.OOE-tOO 
Pv:.:241 - I .OOE+OO l .OOE+OO I .OOE+oO l .OOF.+oO I .OOE+{l0 
rv:.Ut . I OOE+oO 1.00E+OO 1.00E+oo I .OOE+OO I.OOE+OO 
h ~Totlil . ' I.OOE+OO I.OOF.+00 I .OOE+-00 1.00E+OO 1.00£-tOO 

AiQi-143 --· I .OOE+OO I .OOF.+00 I .OOE+oO I .OOE+oo l .OOE+OO 

CID-"244 · l .OOE-tOO l .OOE+oo I .OOE+OO I .OOE+oo I .OOE+oo 
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I .OOE+0O 1.00E+o0 3.65E-04 I .00E+o0 
6.26E-OI 6.26E-OI 3.74F.-01 I .00E+o0 
6.26E-Ol 6.26E-01 3.74E-0 1 1.00E+00 
6.26E-01 6.261:-01 3.74E-0I I.OOE+0O 
6.26E-0I 6.26E-Ol 3 74E-01 I.OOF.+00 
6.26E-0I 6.26E-0 1 3.74E-01 I.O0E+OO 
6.26E-01 6.26E-0J 3.74E-0I LO0E+OO 
I.O0E+o0 1.00E+o0 3.65E-04 l.O0E+o0 
I.00E+o0 1.00E+o0 3.65E-04 I.00F.+o0 
I.00E+00 l.OOE+00 3.65E-04 I.OOE+oO 
I .OOE+OO 1.00E+OO 3.65E-04 I .OOE+O0 
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B.O CHANGE RECORD FOR REVISION 5.0 

This appendix documents the changes made to the various HOW Model workbooks for 
Revision 5.0 of the HD\V Model. 

Bl.0 WORKBOOK CHANGE RECORDS 

Table 8-1 lists data sources used to construct the Solubility Workup workbook. 
Table 8-2 lists the changes made to the Hanford Defined Wastes workbook. 

Solubility Workup 
workbook 

Update dataset to 
newer data from the 
Tank 
Characterization 
Database 

Previous dataset did not 
meet BBi QC 
preference 

AppendixC, 
interoffice memo 
7G300-02-NWK-037 
and 

Solubility Workup 
workbook 

Solubility 
workbook and run5 
macro 

Incorporate 
complexed waste 
specific solubility 
data 

Developed and 
applied multi-point 
solubility waste 
stream description 

7O300-02-JGF-0 I 0 
HDW Model Rev. 4 did Appendix C, 
not include complexed interoffice memo 
waste specific solubility 7O300-02-NWK-037 
limits and 

Provides a better 
solubility description 
for individual waste 

7O300-02-JGF-0 10 
None Applicable 

Table B-2. Chan e Record for the Hanford Defined Wastes Workbook. 14 Sheets 

Input to HOW 
worksheet 

Input to HOW · 
worksheet 
Input to HDW 
worksheet, 
cells A2:V50 

Input to HOW 
worksheet, 
cells B57:L57 

Added worksheet; 
allowed for automated 
data input and revision 
of ORIGEN2-DKPRO 
estimates 
Corrected an apparent 
in ut error for 243 Am 
Incorporated new 
ORIGEN2-DKPRO 
estimates 

Model separation plant 
3H losses with process 
condensate 

Model efficiency 
improvement; previous 
revisions were done by 
hand. 

Correction of error 

Previous ORIGEN2 
results considered out-of
date. See Section 4.1 and 
5 .1 
Reduce over
conservatism of HOW 3H 
tank invento estimates 

8-3 

None Applicable 

None 

Watrous et al. (2002) 

Appendix C, interoffice memo 
7G300-02-NWK-023 . 
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Table B-2. Change Record for the Hanford Defined Wastes Workbook. (14 Sheets) 
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5 Input to HDW Correction of The ORIGEN2 3H Appendix C, interoffice memo 

worksheet, ORIGEN2 3H estimate estimate is based on the 70300-03-NWK-012 
cells M57:V57 Li impurity specification 

for aluminum cladding. 
The true Li impurity level 
is unknown. 

6 Input to HOW Model separation plant Reduce over- Appendix C, interoffice memo 
worksheet, 14C losses to conservatism of HOW 14C 70300-02-NWK-030 
cells B58:L58 atmosphere tank inventory estimates 

7 Input to HDW Model 99Tc losses with Reduce over- Appendix C, interoffice memo 
worksheet, uranium product conservatism of HDW 70300-03-NWK-001 
cells 1367:167 99T k . c tan inventory 

estimates 
8 Input to HDW Model ILYilossesto Reduce over- Appendix C, interoffice memo 

worksheet, atmosphere and solid conservatism of HDW 12'1I 7G300-02-NWK-034 
cells B72:L 72 waste tank inventory estimates 

9 Input to HOW Model flushes of i i yl Correct distribution of ,i.,I Appendix C, interoffice memo 
worksheet, from silver reactors to proper waste stream 7G300-02-NWK-034 
cells 
BJI80:BM180 

10 Input to HDW lCFeCN values patched Correct I CFeCN Appendix C, e-mail dated 
worksheet, from calculations radionuclide composition. October 9, 2003, "Material 
cells Balance Problem - I C2 and 
M165:M212 lCFeCN Wastes" and 

Watrous et al. (2002) 
1 1 · Solubilities Worksheet added to HDW Model 5 upgrade None Applicable 

worksheet . enable waste stream objective 
specific solubility 
calculations 

12 Solubilities Set CaC03 solubility for For very .dilute waste None Applicable 
worksheet, DW and N waste at streams, C03 solubility 
cells 0.009 M. increased to HDW4008 
AN29:A029 value to keep carbonate 
and 8029 concentration from going 

negative (physical 
constraint). 

13 Solubilities Reduced 90Sr solubility CaJ(P04) 2 scavenging Sloat (1955) and Appendix C, 
worksheet, cell development report e-mail dated September l 8, 
K39:N39 2003, "Review of HDW5 

Rev 232a Spreadsheets," 
e-mail dated August 22, 2003 , 
"Review of HOWS Rev 232a 
Spreadsheets." 
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Table B-2. Chan2e Record for the Hanford Defined Wastes Workbook. (14 Sheets) 
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.i 
14 Solubilities Decreased 137Cs Metal waste scavenging Appendix C, e-mail dated 

worksheet, solubility purpose; precipitate September 18, 2003, ''Review 
cells K50:N50 137Cs in FeCN wastes of HOWS Rev 232a 

Spreadsheets," e-mail dated 
August 22, 2003, "Review of 
HDW5 Rev 232a 
Spreadsheets." 

15 Solubilities Increased U solubility Describes complexing Agnew et a I. ( 1997) 
worksheet, in B,P04 metal waste to action of carbonate and 
cells C68:D68 original HDW Model phosphate in metal waste. 

Rev. 4.0 values. 
16 hdwR2.X Corrected formula Inconsistency between U Appendix C, e-mail dated 

worksheet, ceJl total and U isotopes November 17, 1997, 
Ll06 "Preliminary Findings on 

U/Pu Model Inconsistencies." 
17 hdwR2.X Corrected formula Inconsistency between Pu Appendix C, e-mail dated 

worksheet, cell total and Pu isotopes November 17, 1997, 
AF209 "Preliminary Findings on 

U/Pu Model Inconsistencies." 
18 hdwR2.X Redefined 224 waste Established that initial Seymour ( 1946) and 

worksheet, (52-56) to 224-1 (44- 224 waste sent to 361 Lauder (1946) pages 27-28, 
columns H and 49) and 224-2 (50-56). tanks. 224 waste sent to Greager ( 1946), page 87 
BN Revised waste volumes farms beginning in Oct. l, 

to match fuel history. 1946 
19 hdwR2.X Redefined CW Zr 1 as Redefined CW Zr 1 to Fuel activity records 

worksheet, 1965 to 1972. Changed include Zircaloy® clad (Watrous et al. 2002) 
column X Zr clad fuel from 977 fuel processed by 

tons to 1,954 tons REDOX 
20 hdwR2.X Redefined HS as 1961 Rev 4 of the HDW model Appendix C, interoffice memo 

worksheet, to 1968. was based on incomplete 7G400-03-SMM-003 and 
column AC records 7G240-03-BAH-00 l 

21 hdwR2.X Redefined CSR as 1962 Change made to include Appendix C, e-mail dated 
worksheet, to 1976 Cs recovery at 241 -C-80 I September 18, 2003, untitled. 
column AJ cask station 

22 hdwR2.X Combined BSltCk and Space for new waste Appendix D 
worksheet, Tl SltCk as a single stream vectors was 
column AS model. needed. 

23 hdwR2.X Redefined P3 waste Determined that P3 Appendix C, e-mail dated 
worksheet, (83-88} and P3AZ1 (82- wastes were substantially September 8, 2003, 
columns BJ 86) and P3AZ2 (86-90). different. "HDW5 03 246a DEP - -
and BM Review for P3 Waste Type," 

Lambert ( 1998a), and 
Lambert ( 1998b) 

24 hdwR2.X Changed P2 "kgal Made consistent with Appendix D, WSTRSS _ 245c 
worksheet, cell waste out" from 10,208 WSTRS values 
S9 to 9,454 kgal 

B-5 
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T bl B 2 Ch R a e - . an2e ecor or e an or e me as es or 00 . ee d ti th H ti d D fl d W t W kb k (14 Sh ts) 
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25 hdwR2.X Changed P2' "kgal CAW process records Uebelacker (1967) and e-mail 

worksheet, cell waste out" from 397 to dated January 16, 2003, 
T9 1,367 kgal "HDW Modeling P2 (prime) 

Waste Stream Volume" 
(Appendix C) 

26 hdwR2.X Changed CWP2 "kgal Reallocated CWP2 to None Applicable 
worksheet, cell waste out" front 22,286 CWZrl waste. 
W9 to21 ,65l kgal 

27 hdwR2.X Changed CWZrl "kgal Reallocated CWP2 to None Applicable 
worksheet, cell waste ouf' from 1,650 CWZrl waste. 
X9 to 2,285 kgal 

28 hdwR2.X Changed OWW2 "kgal Made consistent with None Applicable 
worksheet, cell waste out" from 10,563 WSTRS values 
29 to 11,053 kgal 

29 hdwR2.X Changed THI "kgal Reallocated TH 1 and TH2 None Applicable 
worksheet, cell waste out" from 92 7 to waste volumes. 
AD9 443 kgal 

30 hdwR2.X Changed TH2 "kgal Reallocated TH 1 and TH2 None Applicable 
worksheet, cell waste out" from 428 to waste volumes. 
AE9 912 kgal 

31 hdwR2.X Changed B "kgal waste Made consistent with Appendix D. WSTRS5_245c 
worksheet, cell out" from 10,569 to WSTRS values 
AG9 11,536 kgal 

32 hdwR2.X Changed BL "kgal Made consistent with Appendix D, WSTRS5 _ 245c 
worksheet, cell waste out" from 14,845 WSTRS values 
AH9 to 14,425 kgal 

33 hdwR2.X Changed SRR "kgal Made consistent with Appendix D, WSTRS5_245c 
worksheet, cell waste out" from 3,854 WSTRS values 
Al9 to 3,555 kgal 

34 hdwR2.X Changed CSR "kgal Made consistent with Appendix D, WSTRS5 _ 245c 
worksheet, waste in" from 2 l , 7 44 WSTRS values 
cells AJ7 and to 25,638 and "kgal 
AK9 waste out" from 25 ,325 

to 26,371 kgal 
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Table B-2. Chane:e Record for the Hanford Defined Wastes Workbook. (14 Sheets) 
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35 hdwR2.X BP733 from 8,078 to Density matching saltcake BBi density data for saltcakes 

36 

37 

worksheet, cell 30,230. values in water balance. (http://twins.pnl.gov). 
BP733:BP752 BP734 from 4,445 to 

17,630 

hdwR2.X 
worksheet, 
cells BJ6, BJ9, 
BM6, andBM9 

hdwR2.X 
worksheet, 
cells H31 and 
BN31 

BP735 from 36,602 to 
43 ,037 
BP736 from 8, 124 to 
7,637 
BP737 from 16,476 to 
11 ,788 
BP738 from 4,668 to 
6,788 
BP742 from 15,743 to 
14,213 
BP743 from 7,706 to 
6,748 
BP744 from 43,311 to 
47,414 
BP745 from I 0,828 to 
12,714 
BP746 from 43,709 to 
39,219 
BP747 from 11 ,364 to 
15,819 
BP749 from 9,105 to 
9,826 
BP750 from 3,562 to 
8,076 
BP75 l from Oto 34,739 
BP752 from 1 to 10, 
539 
New Inputs 

Changed 224 waste 
vol% solids from 3.9 to 
2.1 

Basis for P3AZ1 and Appendix C, e-mail dated 
P3AZ2 tons fuel and kgal September 8, 2003, 
out "HOWS 03 246a DEP 

Review for P3 Waste Type," 
Lambert (1998a), and 
Lambert (l 998b) 
Appendix D, WSTRS5 _ 245c, 

CONFORM WITH and Ruppert and Heid (I 954) 
PHYSICAL 
CONSTRAINTS 
lNWASTE 
VOLUMES AND 
SOLUBILITY 
BEHAVIOR. 
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Table B-2. Chan2e Record for the Hanford Defined Wastes Workbook. (14 Sheets) 

;!?~~~~;:/ 1::
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38 hdwR2.X Changed PFeCNI vol% Changed to literature Borsheim and Simpson (1991) 
worksheet, cell solids from 3.7 to 4.25 data. 
J31 

39 hdwR2.X Changed PFeCN2 vol% Changed to literature Borsheim and Simpson (1991) 
worksheet, cell solids from 3.2 to 4.25 data. 
K31 

40 hdwR2.X Changed TFeCN vol%, Changed to literature Borsheim and Simpson (1991) 
worksheet, cell solids from 1.4 to 4.3 data. 
L31 

41 hdwR2.X Changed l CFeCN vol% Changed to literature Borsheim and Simpson (1991) 
worksheet, cell solids from 4.8 to 3 data. 
M3 1 

42 hdwR2.X Changed R2 vol% Better agreement with Appendix D, WSTRS5 _ 245c 
worksheet, solids from l.3 to 3 tank farm surveillance 
cells 031 data regarding solids 

accumulation and 
physical properties in the 
solids-liquids partition. 

43 hdwR2.X Changed OWWl vol% Better agreement with Appendix D, WSTRS5 _245c 
worksheet, solids from 0.6 to 1.1 tank farm surveillance 
cells Y31 data regarding solids 

accumulation and 
physical properties in the 
solids-liquids partition. 

44 hdwR2.X Changed OWW3 vol% Better agreement with Appendix D, WSTRS5_245c 
worksheet, solids from 0 .6 to l.l tank farm surveillance 
cells AA3 1 data regarding solids 

accumulation and 
physical properties in the 
solids-liQuids partition. 

45 hdwR2.X Changed BL vol% Better agreement with Appendix D, WSTRS5 _ 245c 
worksheet, sol ids from 0.68 to 1.0 tank farm surveillance 
cells AH31 data regarding solids 

accumulation and 
physical properties in the 
solids-liquids partition. 

46 hdwR2.X Changed BT solids Conform with BBi BBi (http://twins.pnl.gov) 
worksheet, accumulation information regarding 
cells AS30 and waste volume 
AS33 accumulation 

47 hdwR2.X Changed RSltCk kgal Conform with BBI BBi (http://twins.pnl.gov) 
worksheet, solids left from 1,065 to information regarding 
cells AW33 880 waste volume 

accumulation 
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Table B-2. Chan2e Record for the Hanford Defined Wastes Workbook. (14 Sheets) 
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. , ... .. 
48 hdwR2.X Changed T2-SltCk kgal Conform with BBi BBi (http://twins.pnl.gov) 

worksheet, solids left from 5,997 to information regarding 
cells A Y33 5,467 waste volume 

accumulation 
49 hdwR2.X Changed BYSltCk kgal Conform with BBi BBi (http://twins.pnl.gov) 

worksheet, solids left from 3,978 to information regarding 
cells BA33 4,126 waste volume 

accumulation 
50 hdwR2.X Changed S 1-SltCk kgal Conform with BBi BBi (http://twins.pnl.gov) 

worksheet, solids left from 6,270 to information regarding 
cells BC33 5,715 waste volume 

accumulation 
51 hdwR2.X Changed S2-SltCk kgal Conform with BBi BBi (http://twins.pnl.gov) 

worksheet, solids left from 3,243 to information regarding 
cells BE33 2,259 waste volume 

accumulation 
52 hdwR2.X Changed A 1-SltCk kgal Conform with BBi BBi (http://twins.pnl.gov) 

worksheet, solids left from 2,125 to information regarding 
cells BG33 1,303 waste volume 

accumulation 
53 hdwR2.X Changed A2-SltCk kgal Conform with BBi BBi (http://twins.pnl.gov) 

worksheet, solids left from 895 to information regarding 
cells 8133 2,182 waste volume 

accumulation 
54 hdwR2.X Added Sr(NO3)2 Calculate total Sr based Appendix C, interoffice memo 

worksheet, equation on 90Sr and ORIGEN2 7G300-02-NWK-027 
cells fuel records 
B62:BN62 

55 hdwR2.X Added Hg to MW2, Incorrect modeling of Hg Appendix C, interoffice memo 
worksheet, deleted Hg from l C 1, usage in HDW model 6Nl 00-00-051 
cells C58, E58, revised Hg for 1 C2 and Rev. 4 
and M58 lCFeCN 

56 hdwR2.X Revised NaOH, Revised chemicals in None Applicable 
worksheet, Na2CO3, NaCl, and description to prevent 
cells O47:E47, Ca(NO3)2 content of negative hydroxide 
D49:E49, 1 Cl and l C2 streams condition and maintain 
D55 :E55 , and reasonable physical 
D60:E60 parameters using variable 

solubility 
57 hdwR2.X Increased NaOH, Revised chemicals in None Applicable 

worksheet, Na2CO3, NaCl, and description to prevent 
cells H47, H49, Ca(NO3h content of negative hydroxide 
H55, H60, 224-1 and 224-2 condition and maintain 
BM47, BM49, streams reasonable physical 
BM55, and parameters using variable 
BM60 solubility 
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Table 8-2. Chane.e Record for the Hanford Defined Wastes Workbook. (14 Sheets) 
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58 hdwR2.X Decreased BiPO4 Rev 4 value suspect Appendix C, e-mail dated 

worksheet, content ofTBP and January 13, 2003, "Bismuth 
cells 144:K44 PFeCN streams Concentration of MW, TBP, 

and PFeCN." 
59 hdwR2.X Increased NiS04 Corrosion contribution Appendix C, e-mail dated 

worksheet, concentration by .0016 October 17, 2003, "Review 
cells J46:M46 M. Comments HDW5 3 287b." 

60 hdwR2.X Added Hg data to TBP Incorrect modeling of Hg Appendix C, interoffice memo 
worksheet, and PFeCN streams usage in HOW model 6N I 00-00-051 
cells I58:K58 Rev.4 

61 hdwR2.X Revised Na2COJ of To conform ICFeCN None Applicable 
worksheet, cell 1 CF eCN stream waste stream properties to 
M49 scavenged IC I substrate 

62 hdwR2.X Added .KMnO4 usage to REDOX used KMnO4 to Appendix C, interoffice memo 
worksheet, REDOXHLW oxidize Ru 7G300-02-NWK.-028 
cells N6 l 

63 hdwR2.X Deleted Hg from Incorrect modeling of Hg Appendix C, interoffice memo 
worksheet, CWRl and CWR2 usage in HOW model 6N l 00-00-051 
cells P58 and streams Rev. 4 
Q58 

64 hdwR2.X Revised PbSO4 content Incorrect modeling of Pb Appendix C interoffice memo 
worksheet, ofCWRI , CWR2, Pl , usage in HOW model 7G300-02-NWK-036 
cells P63 :W63 P2, CWPl, and CWP2 Rev. 4 

streams. Deleted Pb 
from PLl 

65 hdwR2.X Deleted Hg from CWP I Incorrect modeling of Hg Appendix C interoffice memo 
worksheet, and CWP2 streams usage in HOW model 6N 100-00-051 
cells VS8 and Rev.4 
W58 

66 hdwR2.X Added Hg data to AR, Incorrect modeling of Hg Appendix C, interoffice memo 
worksheet, B, BL, and SRR usage in HOW model 6N I 00-00-051 
cells streams Rev.4 
AF58:Al58 

67 hdwR2.X Moved complexants Incorrect modeling Appendix C, e-mail dated 
worksheet, from SRR to BL stream assumptions April 3, 2003, "Flowsheet Info 
cells for HOW 5." 
AH65:AH68 
and AI65 :AI68 

68 hdwR2.X Revised NaOH, NaCl, Revised chemicals in None Applicable 
worksheet, KNO3 and Ca(NO3)2 description to prevent 
cells BK49, content of PL2 stream negative hydroxide 
BK55, BK59, condition and maintain 
and BK60 reasonable physical 

parameters using variable 
solubihty 
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69 hdwR2.X Deleted Pb from PL2 Incorrect modeling Appendix C interoffice memo 
worksheet, cell stream assumption in HDW 7G300-02-NWK-036 
BK63 model Rev. 4 

70 hdwR2.X Deleted Hg from Incorrect modeling of Hg Appendix C, interoffice memo 

71 

72 

73 

74 

75 

worksheet, cell CWZr2 stream usage in HDW model 6N100-00-05 l 
BL58 Rev. 4 
hdwR2.X 
worksheet, 
cells 
B72:Hl 19, 
N72:AA119, 
AD72:AE119, 
and 
BJ72:BN119 
hdwR2.X 
worksheet, 
cells 172:K 119 

hdwR2.X 
worksheet, 
cells L 72:Ll 19 

hdwR2.X 
worksheet, 
cells 
AC72:AC119, 
AF72:AFl 19, 
AH72:AH119, 
and 
Al72:AHI 19 
hdwR2.X 

Updated fuel activity 
estimates 

Linked TBP and 
PFeCN activity to MW 
sluicing 

Linked TFeCN activity 
to TBP supernatant 
activity 

Changed distribution of 
sluiced PUREX sludge 
from 2.5 % HS, 19.5% 
AR, 19.5% BL and 
58.5% SRR to 9.2% 
HS, 18.16% AR, 
18.16% BL and 54.48% 
SRR 
Corrected cell reference 

worksheet, error. 
cells 
AS72:AS 119, 
AU72:AUI 19, 
AW72:AW119, 
AY72:AY119, 
BA72:BAI 19, 
BC72:BC119, 
BE72:BE119, 
BG72:BG 119, 
and 
8172:BII 19 

Previous ORIGEN2 
results considered out-of
date. See Section 4.1 and 
5.1 

Better modeling 
description ofTBP-UR 
and FeCN waste 
streams 
Better modeling 
description ofTBP-UR 
and FeCN waste 
streams 
Reconcile with plant 
records for 90Sr 
recovery 

Cell reference error 
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Watrous et al. (2002) 

None Applicable 

None Applicable 

Appendix .C, interoffice memo 
7G400-03-SMM-003, and 
7G240-03-BAH-001 

None Applicable 
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76 hdwR2.X Equations revised to Improved model None Applicable 
~orksheet, reflect separation of description of core and 
cells cladding waste data. cladding waste 
Dl67:E214 segregation 

77 hdwR2.X Replaced liquid phase Replaced method for Orme (2003) 
worksheet, specific gravity liquid phase specific 
cells equation gravity calculation with 
B322:BN322 a validated equation 

78 hdwR2.X Revised source volumes Made consistent with Appendix D, WSTRS5_245c 
worksheet, of CSR feed. WSTRS values 
cells 
B754:BN754 

79 hdwR2.X Links to these cells These data are no None Applicable 
worksheet, have been broken longer used 
cells 
B776:BN780 

80 hdwR2.X Revised Rad. Partition Previous rad. Partition Appendix C, interoffice memo 
worksheet, Factors factors based on an 7O300-02-NWK-024 
cells incorrect understanding 
B782:H829 and of BiP04 process 
BN782:BN829 chemistry. 

81 hdwR2.X Contents of ce!Js The previous function None Applicable 
worksheet, changed to 1.0 except of these cells was 
cells as noted in following changed when the basis 
I782:M829 changes for activity in cell 

172:Ml 19 was changed 
82 hdwR2.X Tritium partition Accounts for tritium Appendix C, interoffice memo 

worksheet, fraction set to 0.57 cribbed with TBP Plant 7G300-02-NWK-023 
cells waste evaporator 
I782:K782 process condensates ' 

83 hdwR2.X Technetium partition Accounts for Tc Appendix C, interoffice memo 
worksheet, fraction set at 0.72 contamination of 7O300-03-NWK-00 1 
cells uranium product 
1792:K792 

84 hdwR2.X Uranium partition Assumes recovery of None Applicable 
worksheet, fraction set at 0.01 99% of the uranium 
cells 
1811 :K817 

85 hdwR2.X Partition fractions for The previous function Section 5.1 
worksheet, Rl, R2, CWRl and of these cells was 
cells CWR2 set to 1.0 replaced by DK.PRO 
N782:Q829 modeling 
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86 hdwR2.X Partition factors for Pl , PUREX process Appendix C, interoffice memo 

87 

88 

89 

90 

91 

92 

93 

94 

95 

worksheet, P2, OWWl, OWW2, partition factors were 7G300-03-NWK-0 11 
cells OWW3, PLl and PL2 reviewed and revised. 
R782:U829, were updated 
Y782:AA829, 
and 
BK782:BK829 
hdwR2.X 
worksheet, 
cells 
V782:X829, 
and 
BL782:BL829 
hdwR2.X 
worksheet, 
cells 
AC788:AC789, 
and 
AC798:AC799 
hdwR2.X 
worksheet, 
cells 
AD782:AE829 

hdwR2.X 
worksheet, 
cells 
AF782:AF829 
hdwR2.X 
worksheet, 
cells 
AK 798 :AK800 

hdwR2.X 
worksheet, 
cells AK782 

hdwR2.X 
worksheet, 
cells 
AS782:BI782 

hdwR2.X 
worksheet, 
cells 
B834:BN847 
hdwR2.X 
worksheet, 
cells BP309 

Partition fractions for 
CWPl , CWP2, CWZrl 
and CWZr2 set to 1.0 

HS waste. Sr losses set 
to 0.1. Cs recovery 
removed from this 
stream 

Partition fractions for 
THl and TH2 set to 1.0 

Partition fractions for · 
AR set to 1.0 

Cs partition fractions 
set to 0.03 

Calculated tritium 
partition fraction 

Calculated tritium 
partition fraction 

Ce1l values set to I .0 

Changed Mo\. Wt. from 
55.85 to 55.847 

The previous function 
of these cells was 
replaced by DKPRO 
modeling 

Sr losses were set at 
typical flowsheet 
values. Cs recover by 
241-C-801 cask station 
included in CSR model 

The previous function 
of these cells was 
rep1aced by DKPRO 
modeling 
Changed mode1ing · 
assumptions. 

Cs partition fractions 
revised based on 
historic plant 
performance 
Accounts for tritium 
cribbed by self
concentration of wastes 

Accounts for tritium 
cribbed with tank farm 
evaporator process 
condensates 
The function of these 
cells was replaced by 
DKPRO modeling 

Maintain consistency 
. between spreadsheet 
locations 
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Section 5.1 

Engineering judgment. 
Subsequent 8-Plant 
operational losses typically 
less than 5% 

Section 5.1 

None Applicable 

Typical B-Plant process losses 

Appendix C, e-mail dated 
September 11, 2003, "Review 
Comments September 4-11, 
2003 ." 
Appendix C, e-mail dated 
September 11, 2003, "Review 
Comments September 4-11 , 
2003 ." 

Section 5.1 

Appendix C, e-mail dated 
October I 7, 2003, "Review 
Comments HDW 5 _ 3 __ 287b." 
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96 hdwR2.X Changed effective Mol. Correction None Applicable 
worksheet, Wt. from 6 to 8 
cells BP328 

97 hdwR2.X Changed Mol. Wt. from Correction Appendix C, e-mail dated 
worksheet, 35.43 to 35.453 October 17, 2003, "Review 
cells BP336 Comments HDW5 3 287b." 

98 hdwR2.X Changed Mot. Wt. from Maintain consistency Appendix C, e-mail dated 
worksheet, 238 to 238.03 between spreadsheet October 17, 2003, "Review 
cells BP384 locations Comments HDW5 3 287b." --

99 hdwR2.X Changed Mol. Wt. from Correction Appendix C, e-mail dated 
worksheet, 151.99 to 103.02 October 17, 2003 , "Review 
cells BP413 Comments HDWS 3 287b." 

100 hdwR2.X Changed Mot. Wt. from Correction Appendix C, e-mail dated 
worksheet, 341 to 344 October 17, 2003 , "Review 
cells BP422 Comments HDW5 3 287b." 

10\ hdwR2.X Changed Mo\ . Wt. from Correction Appendix C, e-mail dated 
worksheet, 378 to 380 October 17, 2003, "Review 
cells BP423 Comments HDW5 3 287b." 

102 hdwR2.X Added " I 000" to Corrected equation to Appendix C, e-mail dated 
worksheet, formula match input value of kg October 17, 2003, "Review 
cells M209 Pu. Comments HDW5 - 3 ·-287b." 

103 hdwR2.X Replaced formula Corrected equation Appendix C, e-mail dated 
worksheet, October \ 7, 2003., "Review 
cells U30 Comments HDW5 3 287b." 

104 hdwR2.X Deleted "Na/12" term This term was a Appendix C, e-mail dated 
worksheet, row from formula remnant from the Rev 4 October 17, 2003, "Review 
349 tritium calculation Comments HDW5 3 287b." -

which has been 
replaced 

105 hdwR2.X Changed formula Reflect change in decay Appendix C, e-mail dated 
worksheet, row describing degradation date for ORIGEN2 run October 17, 2003, "Review 
B760:BO763 of NO2 & NO3 to NH3; Comments HOWS - 3 --287b." 

applied scalinJ?; factor 
106 hdwR2.X Linked chemical Sr to Maintain consistency in Appendix C, e-mail dated 

worksheet, 90Sr for precipitated chemical behavior September 18, 2003 , 
rows solids "Spreadsheet Checks." 
B475 :BO475 

107 hdwR2.X Linked chemical Maintain consistency in Appendix C, e-mail dated 
worksheet, Ni(OH)2 to 59Ni and chemical behavior September 18, 2003, 
rows 63Ni for precipitated "Spreadsheet Checks." 
B498 :BO498 solids except for FeCN 

wastes 
108 hdwR2.X Added " 1000" to Corrected equation to Appendix C, e-mail dated 

worksheet, cell formula match input value ofkg September 18, 2003, 
L114 Pu. "Spreadsheet Checks." 
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109 hdwR2.X Changed 239Pu specific Improved estimate of Appendix C, e-mail dated 

worksheet, activity from .061 µCi/g 239Pu and 240Pu September 18, 2003, 
cells AB 110 to .0621 µCi/g; changed content from ORIGEN2 "Spreadsheet Checks." 
and ABl 14 240Pu specific activity 

from 0.229 µCi/g to 
0.227 µCi /g 

110 hdwR2.X Changed 239Pu specific Improved estimate of Appendix C. e-mail dated 
worksheet, activity .061 µCi/g to 239Pu and 240Pu September 18, 2003, 
rows 17 and 22 .0621 µCi/g content from ORIGEN2 "Spreadsheet Checks." 

111 hdwR2.X Incorporated scaling Improved estimate of Appendix C, e-mail dated 
worksheet, factor for other Pu 239Pu and 240Pu September 18, 2003, 
cells AB 109, isotopes (.256*240Pu content from ORIGEN2 "Spreadsheet Checks." 
ABI 12 and for 238Pu; 16.1*240Pu 
AB113 for 24 lPu; 9.94E-

05*240Pu) 
112 probs Removed Not needed in new None applicable 

worksheet model 
113 trO worksheet Removed Not needed in new None applicable 

model 
114 trl worksheet Removed Not needed mnew None applicable 

model 
115 tr2 worksheet Removed Not needed in new None applicable 

model 
116 tr3 worksheet Removed Not needed in new None applicable 

model 
117 tr4 worksheet Removed Not needed in new None applicable 

model 
118 rsd4 worksheet Removed Not needed in new None applicable 

model 
119 hdwUpper Removed Not needed in new None applicable 

worksheet model 
120 hdwLower Removed Not needed in new None applicable 

model 
121 hdwRSD 's Removed Not needed in new None applicable 

model 
122 ORIGEN2 Added Raw ORIGEN2 data for None applicable 

splits other worksheets 
worksheet 

123 waste stream Added Description of waste None applicable 
descriptions streams 
worksheet 
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124 scratch Added Worksheet for None applicable 

125 

worksheet converting ORIGEN 
ordering to HOW 
ordering 

SMM Added Output worksheet from 
worksheet HDW model runs 

None applicable 

126 TLM Added Output worksheet from None applicable 
HDW model runs worksheet 

127 hdwR2.X Added short tons of fuel More complete Watrous et al. (2002) 
worksheet, to 224 waste description of waste 
cells H6, BN6 generation 

128 hdwR2.X Changed waste volumes More complete Appendix C, e-mail dated 
worksheet, and added waste rate to description of waste December 13, 2002, "Volume 
cells H9:H I 0, 224 waste generation of 224 Building Waste 10/46 
BN9:BN10 to 2/56." 

129 hdwR2.X Revised equation to Correction Appendix C, e-mail dated 
worksheet, contain kg ofresidual January 28, 2004, "HDW5 
cells AB 110 239Pu Error for Z Plant Waste." l----+---------+----------+-- -------------------·-

130 

131 

132 

133 

hdwR2.X Revised spreadsheet Improve usability and None Applicable 
worksheet, format to display consolidate analytes of 
cells Al 9:BO residual inventories interest 
28 
hdwR2.X 
worksheet 
cells 
A978:Z985 
hdwR2.X 
worksheet, 
cells 
A882:BO972 
hdwR2.X 
worksheet, 
cells 
BQ19:BV28 

Incorporated tritium 
balance calculation 

Incorporated overall 
mass balance 
calculation 

Incorporated campaign 
specific sludge remnant 
and saltcake calculation 

HDWModel5 
Objective 

HDWModel 5 
Objective 

Improve usability and 
consolidate analytes of 
interest; mass balance 
constraints 
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None Applicable 

None Applicable 
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I• .· CH2MHILL 
·, · INTEROFFICE MEMO Hanforrl Group, Inc. 

,..,, 

From: Process Development 6Nl00-00-051 
Phone: 
Date: 
Subject: 

To: 

Copies: 

376-5694 
April 27, 2000 
RECONCILIATION OF PROCESS KNOWLEDGE AND SAMPLE BASED 
MERCURY INVENTORIES OF UNDERGROUND STORAGE TANKS 

T. T. Tran 

S. L. Lambert 
D. E. Place 
K. A. Prindiville 

R2-l2 

RJ-75 
RJ-73 
RJ-75 

B. C. Simpson 
BAH/LB file 
AFC/LB file 

R2-ll 

Reference: (1) Kupfer, M. J., A. L. Boldt, K. M. Hodgson, L. W. Shelton, B. C. Simpson, 
and R. A. Watrous (LMHC); M. D. LeClair (SAIC); G. L. Borsheim (BA); R. 
T. Winward (MA); B. A. Higl~ and R. M. OI'Jlle (NHC); N. G. Coulton 
(PN1''L); S. L. Lambert and OCR. Place (Cogema); and W, W. Shulz (W2S), 

· 1999, Standard Inventories of Chemicals and Radionuclides in Han/or~ Tank 
Wastes, HNF-SD-WM-TI-740, Rev 0C, Lockheed Martin Hanford Company, 
Richland. Washington. 

(2) Simp,5on, B. C., 1998, Best-Basis Inventory Change Package for 
Reconciliation of Mercury Values, Change Package #7, letter to J. M. 
Cammann, 7Al20-98-005, dated February 26, 1998, Lockheed Martin 
Hanford Company, Richland, Washington. 

The attachment to this letter documents an update of the process knowledge and sample based 
estimates of mercury in the 200 Area underground storage tanks. Comments from the February 
9, 2000 review have been incorporated.· There are five major sections fa the attachment to this 
letter. 

. ' _; r, .. . 
Previously an estimate of 2,060 kg of mercury for the underground storage tanks was established 
by a review of process flowsheets and other documentation in the Standard Inventory Report 
(Kupfer et al., 1998). The previous strategy. for distribution of this mercury to the tanks was 
b~ on the assumption that mercury was used to catalyu the dissolution of aluminum cladding 
from the fuel in a sodium hydroxide solution (Simpson 1998). Examination of process 
flowsheets has established that this logic is incorrect The flowsheets indicate that mercury was 
added with or to the nitric acid dissolvent and would more logically have exited the various 
nuclear fuel reprocessing operations in the high•level waste streams. 

Section 1.0 of the attachment establishes the strategy for integration of tank specific process 
knowledge and sample-based mercury estimates. , The process knowledge-based global inventory 
estimate is distributed to specific tanks based on knowledge of the disposition of known mercury 
bearing waste streams. The process knowledge-derived values would be superceded by s~plc-
based values when available and appropriate.; · 

A review of the process knowledge relevant to mercury in Section 2.0 ~stablishes a revised 
global inventory estimate for mercury of 2,097 kg. This section also identifies each wastes~ 
from the various fuel reprocessing operations that would have contained mercury. 
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Section 3.0 of the study documents a revie~ of~s with sample-based mercury results that 
have been published in the Tanlc Charact~rization Database or in the Tank Characterization 
Reports. Many of the mercury results were found to be suspect or unusable due to quality 
assurance concerns. Sample results were also found to be no longer applicable due to waste 
transfers subsequent to the sampling event. Of the thirty sets of mercury data evaluate only 
samples from ten tanks survived inspection. 

In Section 4.0, the results of the process knowledge-based distribution of the global mercury 
inventory are swnmarized. Those tanks where sample data should supercede the process 
knowledge-derived values are identified. 

A set of vectors that facilitate the impleme~~tion of mercury inv~ntories in the Best Basis 
Inventory maintenance software application _are defined in Section 5.0. A table that references 
the applicable vectors for each tank is· also provided. 

B.a~r:)n1~ 
B. A. Higley, Engineer II 
Process Development 

rln 

Attachment 
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Distribution ofMercury in Tank Wastes 

A global inventory estimate of2,060 kg of mercury in the waste tanks was established by 
a review of process flowsheets and other documentation in the Standard Inventory Report 
Kupfer et al. (1998). Previously, the basis for mercury distribution to the tanks was a 
function of the cladding waste volume (Simpson 1998). This strategy was based on the · 
assumptions used by the Hanford Defined Waste Model (HDW) [Agnew et al. 1997a]. 
The HDW Model assumed that mercury was used to catalyze the dissolution of 
aluminwn cladding from the fuel in a sodium hydroxide solution. Evaluation of process 
flowsheets has established that this logic is incorrect. The flowsheets indicate that 
mercury was added with or to the nitric acid dissolvent and would have been contained in 
the high-level waste streams from the various nuclear fuel reprocessing operations. 

1.0 Summary 

The number of sample results that are available for mercury is extremely limited. Only 
ten sample-based mercury results survived inspection. Since a global inventory estimate 
derived from process knowledge is available, the proposed approach is to distribute this 
estimate on a tank-by-tank basis using knowledge of the distribution of waste in the 
tanks. The process knowledge-derived values would be superceded by sample-based 
values when available and appropriate. 

Section 2. 0 of this study documents a review of the process knowledge relevant to 
mercury and establishes a revised global inventory estimate for mercury of2,097 kg and 
establishes the basis for distribution of.mercury from various sources to specific waste 
streams. For convenience and consistency with current Best Basis Inventory (BBi) 
practices, the waste streams defined by the HDW Model (Agnew et al. 1997a) are used. 
The Tank Layer Model portion of the HDW Model provides for distribution ofthe 
mercury bearing waste streams to the tanks. 

Section 3.0 of this study documents a review of tanks with sample-based mercury results 
that have been published in the Tank Characteri?.ation Database or in the Tank 
Characterization Reports. Many of the mercury results were found to be suspect or 
unusable due to quality assunmce concerns. Sample results were also found to be no 
longer applicable due to waste transfers subsequent to the sampling event. 

Section 4.0 summarizes the results of the process knowledge-based distribution of the 
global mercury inventory and identifies tanks where sample data should supercede the 
process knowledge-derived values. 

Section 5.0 provides vectors for use in the Best Basis Inventory Maintenance Tool 
software application. Process knowledge vectors are based on the process knowledge 
assessment in Section 2.0. Sample vectors associated with the validated mercury sample 
data from Section 3.0 are identified .. A table that cross-references which vectors are 
applicable to each tank is also provided . . . 
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Sample data and the known chemistry of mercury indicates that the amount of mercury in 
the aqueous phase in negligible. Because of these characteristics, the mercury values in 
the liquid phase vectors will be set at zero to simplify liquid transfer updates of the BBL 

2. 0 Sources of Mercury. 

Mercury was used at the Hanford Site 200 Area fuel re-processing facilities as a catalyst 
to dissolve aluminum alloy fuels and to suppress iodine volatilization during fuel 
dissolution. 

The chemistry of mercury makes its presence in the aqueous phase extremely unlikely. 
Mercury halides are almost undissociated in aqueous solution. The equilibrium constants 
for common (Cr, Bf, r, cN·, and NH3) complexes of mercury are extremely high and 
range from 1016 to 1041 (Cotton and Wilkinson 1988). Because of these characteristics, 
mercury is expected to have partitioned to the sludge layers rather than to saltcake or 
aqueous phases. 

2.1 Dissolution of Al-U and Al-Pu Alloy Fuels. 

Process Knowledge - REDOX: In the initial operation of the Plutonium Recycle Test 
Reactor (PRTR), the reactor used Zircaloy clad Al-Pu fuel elements. Later PRTR fuel 
was fabricated from PuO2-UO2. Only the Al-Pu elements required the use of mercury to 
catalyze dissolution of the aluminum alloy. 

In 1963, the REDOX Plant processed four dissolver charges of Pu-Al PRTR fuel. 
Although not noted in the plant,dissolver charging records, Jenkins and Foster (1978) 
report that Zircaloy clad, Pu-Al alloy PRTR fuel was processed in February, March, and 
December of 1963. The high-level waste (HL W) receiver tanks at this time were SX-107 
and SX-108 (Agnew 1997b). PRTR fuel processed by the REDOX Plant in later years 
( 1964, 1965 and 1966) was oxide fuel and did not require a mercury catalyst. Jenkins 
and Foster (1978) indicate that REDOX processed 1. 7 tons U equivalent of PRTR in 
1963. Kupfer et al.(1998) derived an estimate of 0.018 MT mercury using the Hanson 
(1963) flowsheet. A re-evaluation of the Hanson (1963) flowsheet indicates 4.54 lbs of 
Hg(NO1)2 was added in each dissolver cut for every 260 lbs of Pu-Al alloy charged to the 
dissolver. Three dissolver cuts were made on each charge which results in a mercury 
usage of 0.055 MT for dissolution of PRTR fuel at the REDOX Plant. 

Probable Distribution to Tank Waste: The mercury would have followed the HL W 
stream (defined as R2 waste by the HDW,model). It was not determined which of the two 
HL W receiver tanks (SX-107 and -SX-108) in service in 1963, received the waste from 
processing Pu-Al alloy PRTR fuel. As an enabling assumption, the PRTR waste is 
assumed to have been split in direct proportion to the volume ofR2 waste in the SX-107 
and SX-108 tanks. Appendix C of the HDW Model Rev. 4, (Agnew 1997a) reports 24 
kgal ofR2 waste in SX-107 and 18 kgal ofR2 waste in SX-108. 

Process Knowledge - PUREX: In May 1972 the PUREX Plant ran ten dissolver charges 
of Pu-Al alloy material (McDonald 1995). The plant dissolver records indicate a total of · 
1.487 tons of PRTR. The flowsheet (Matheison 1972a and 1972b) indicates that 44 lbs · 
of Hg(NO1)i"H2O was added for every 500-550 lb of low Pu content Pu-Al alloy charged. 
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and 22 lbs ofHg(NO3) 2'H2O was added for every 200-220 lbs of high content Pu-Al alloy 
charged to the dissolver. Using averaged values, this results in an estimate of 0.082 MT 
mercury used for this purpose. 

Probable Distribution to Tank Waste: The 0.082 MT of mercury would have been 
discharged with the HLW (HDW Model P2') stream. The P2' waste was routed to either 
the tanks or to B Plant for Cs and Sr recovery. The HDW Model (Agnew 1997a) does 
not predict any accumulation of P2' waste in the tanks which means that all of the P2' 
waste was apparently routed to B Plant for Cs and Sr recovery. Mercury in the P2' waste 
stream would have ended up in the B Plant high-level and low-level (Band BL) waste 
streams. As an enabling assumption, the mercury concentration in the Band BL waste 
solids are assumed to be equal. 

2.2 Suppression ofRadioiodine Volatilization 

Mercury (II) forms a strong complex with iodine. This characteristic was used to 
. . . h l ·1· . f d' . . d" 1291 d 1311 d . th fu l m1rum1ze t e vo at1 1zation o ra 10act1ve 10 me, e.g. an , urmg e e 

dissolution processes. 

Process Knowledge - T and B Plants: Mercury usage at T and B Plants began during the 
July 1950 to December 1951 time period and was used until the plants shutdown in 1956 
and 1952, respectively. Appendix B of Kupfer et al. (1998) states that 3,683.2 MT of 
uranium metal was processed at B and/or T Plants during this time period. Mercuric 
nitrate was added to the nitric acid dissolvent to suppress iodine volatilization. Based on 
the Schneider (1951) flowsheet, .250 lbs of 0.385% Hg(NO3)2 solution was used for every 
2,200 lbs of uranium that was dissolved. Thus, approximately 1.0 MT of mercury was 
used for this purpose. Essentially, all of the mercury would have been discharged with 
the Bismuth Phosphate Process metal waste (MW) stream. Most of the MW was 
subsequently recovered from the tanks arid processed by the Tri-Butyl Phosphate 
[Uranium Recovery] process (UR waste) and by the i.t)-plant ferrocyanide precipitation 
process (PFeCN waste). 

Probable Distribution to Tank Waste: Approximately 1.0 MT of mercury is distributed 
into the MW, UR, and PFeCN streams. Appendix C of the HDW model Rev. 4, (Agnew 
1997a) reports 651 kgal MW, 525 kgal of UR, 341 kgal of PFeCNI, and 446 kgal of 
PFeCN2 waste. Despite the known success of MW sluicing, the volume of MW that 
remains in the tanks is substantially over-estimated by the HOW model. Since the MW is 
thought to have mostly been recovered from the tanks, only the UR, PFeCNI and 
PFeCN2 streams will be considered as mercury bearing wastes. PFeCN is essentially UR 
waste that was treated by in-plant ferrocyanide scavenging. The relative concentration of · 
mercury in these three streams is not known. As an enabling assumption, the 
concentration of mercury in these three streams is assumed to be equal. 

Process Knowledge - REDOX and PUREX: Until 1968, mercury was occasionally used 
at the REDOX and PUREX Plants for radioiodine suppression. Since the mercury was 
added as mercury nitrate to the nitric acid dissolvent, mercury would have left the plants 
in the HL W stream, i.e., into the Rl, R2; Pl and P2 waste streams. Allen (1976) 
estimated from essential material records that 0.96 MT of mercury was used for this 
purpose. The review by Allen is believed to have captured all of the mercury used for 
radioiodine suppression at these plants. (Processing of Al clad fuel at PUREX halted in 
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1972). Kison (1999) states that mercury additions ~re only needed for green fuel, i.e., 
fuel recently discharged from the reactor. All the Zircaloy clad fuel processed during the 
subsequent 1983-1988 campaign was aged and addition of mercury nitrate for 
radioiodince suppression was not needed. The REDOX Plant processed 19,706 MTU 
between startup in 1952 and shutdown in 1966. The PUREX Plant processed 55,888 
MTU between 1956 and 1967. 

Probable Distribution to Tank Waste: Assuming that mercury usage was proportional to 
the amount of fuel processed, of the 0.96 MT used for radioiodine suppression at the 
REDOX and PUREX Plants, 0.25 MT of mercury would have been used by the REDOX 
Plant and 0. 71 MT of mercury would have been used by the PUREX Plant. Mercury 
would have been discharged with the HL W aqueous streams. The HDW Model lists two 
HLW streams from the REDOX Plant, Rl and R2. As an enabling assumption, the 
concentration of mercury in the Rl and R2 streams is assumed to be equal. Using the 
notation of the HOW Model, only the Pl and P2 streams from the PUREX Plant were 
mercury bearing. Much of the Pl and P2 waste (pre-sluicing volume of 397 kgal per 
Agnew, 1997a, p 32) was sluiced and processed for 90S r recovery. Only 83 kgal ( or 21 % ) 
of the Pl and P2 waste remains in the tanks after sluicing. Of the original 0.71 MT of 
mercury used in PUREX, 0.15 MT (21 % ) would be in P 1 and P2 waste. Appendix C of 
the HDW Model Rev. 4, reports volumes of Pl and P2 waste as 4 and 79 kgal 
respectively. As an enabling assumption, the concentration of mercury is assumed to 
equal in these two wastes. The rest of the mercury (0.56 MT) would have followed the 
retrieved sludge through the B Plant Strontium Recovery Process and would have ended 
up in the B, BL and AR waste streams. The HOW Model reports 23 kgal ofB, 123 kgal 
of BL, and 172 kgal of AR solids. The combined volume of these three wastes is about 
equal to the volume of Pl and P2 waste that was sluiced [318 kgal vs. 314 kgal]. This 
implies that strontium recovery did not significantly change the volume of the sludge. 
The relative concentration of mercury in these three streams (B, BL, and AR) is not 
known. As an enabling assumption, the concentration of mercury in these three streams is 
assumed to be equal. · 

2.3 Tank-by-Tank Distribution of the Global Mercury Estimate. 

Based on process knowledge, sections 2.1 and 2.2 established a global mercury inventory 
of 2,097 kg. Sections 2.1 and 2.2 also identify, from assessment of process flowsheets, 
which waste streams were mercury bearing. This information was ente~ed into a 
spreadsheet that calculated the distribution of the global mercury inventory on a tank-by
tank basis using knowledge of waste layers in the tanks. For convenience and 
consistency with current Best Basis Inventory (BBI) practice, the waste streams defined 
by the Tank Layer Model portion of the HOW Model (Agnew et al. 1997a) were used. 
All the tank specific inventories calculated using this method are summarized in Table 1. 
The mercury inventories reported in Table 1 are based on the waste volumes present in 
the tanks as of January l, 1994 ( with the exception of C-106 and A Y-102 which were 
adjusted to reflect recent sludge transfers) . . 
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Table 1. Tank-by-Tank Distribution of the Global Mercury Estimate without 
Consideration of Sample Data. (ln:veritory estimates are based on January 1, 1994 sludge 

. volumes.) 
Tank No. Estimated Tank No. Estimated Tank No. Estimated 

Inventory Inventory Inventory 
(kg) (kg) (kg) 

A-101 5.29 C-110 0.00 TX-110 0.00 

A-102 0.00 C-111 0.00 TX-lll 0.00 

A-103 5.30 C-112 0.00 TX-112 0.00 

A-104 49.5 C-201 0.00 TX-113 0.00 

A-105 33.5 C-202 0.00 TX-114 0.00 
A-106 37.1 C-203 0.00 TX-115 6.10 
AX-101 17.6 C-204 0.00 TX-116 0.00 
AX-102 11.7 S-101 . . 16.6 TX-117 0.00 
AX-103 24.7 S-102 . 0.723 TX-118 0.00 
AX-104 12.4 S-103 - 1.63 TY-101 0.00 
B-101 58.3 S-104 19.S TY-102 0.00 
B-102 0.00 S-105 0.361 TY-103 46.5 
B-103 0.00 S-106 0.00 TY-104 9.91 
B-104 0.00 S-107 16.6 TY-105 120 
B-105 0.00 S-108 0.903 TY-106 0.762 
B-106 0.00 S-109 0.00 U-101 0.00 
B-107 0.00 S-110 16.l U-102 0.00 
B-108 0.00 S-111 11.9 U-103 0.00 
B-109 0.00 S-112 0.542 U-104 0.00 
B-110 5.29 SX-101 - 27.8 U-105 0.00 
B-111 45.9 SX-102 10.7 U-106 0.00 
B-112 0.00 SX-103 · 1.81 U-107 0.00 
B-201 0.00 SX-104 17.9 U-108 0.00 
B-202 0.00 SX-105 4.34 U-109 0.00 
B-203 0.00 SX-106 0.00 U-110 0.00 
B-204 0.00 SX-107 47.l U-111 2.35 
BX-101 30.3 SX-108 39.3 U-112 1.26 
BX-102 0.00 SX-109 10.8 U-201 0.00 
BX-103 0.00 SX-110 5.78 U-202 0.00 
BX-104 0-.00 SX-111 15.0 U-203 0.00 
BX-105 0.00 SX-112 12.5 U-204 0.00 
BX-106 0.00 SX-ll3 · 0.361 AN-101 0.00 
BX-107 0.00 SX-114 8.67 AN-102 0.00 
BX-108 0.00 SX-115 1.08 AN-103 4.66 
BX-109 121 T-101 0.00 AN-104 0.00 
BX-110 · 0.00 T-102 0.00 AN-105 0.00 
BX-111 0.00 T-103 0.00 AN-106 0.00 
BX-112 0.00 T-104 0;00 AN-107 0.00 
BY-101 0.00 T-105 0.00 AP-101 · 0.00 
BY-102 0.00 T-106 0.00 AP-102 0.00 
BY-103 0.00 T-107 0.00 AP-103 0.00 
BY-104 114 T-108 0.00 · AP-104 0.00 
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Table I. Tank-by-Tank Distribution of the Global Mercury Estimate without 
Consideration of Sample Data. (Inventory estimates are based on January 1, 1994 sludge 

volumes.) 
Tank No. Estimated Tank No. Estimated Tank No. Estimated 

Inventory Inventory Inventory 
(kg) (kg) (kg) 

BY-105 108 T-109 0.00 AP-105 0.00 
BY-106 74.7 T-110 0.00 AP-106 0 .00 
BY-107 70.9 T-111 0.00 AP-107 0.00 
BY-108 126 T-112 0.00 AP-108 0.00 
BY-109 0.00 T-201 0.00 AW-101 0.00 
BY-110 117 T-202 0.00 AW-102 0.00 
BY-111 0.00 T-203 0.00 AW-103 0.00 
BY-112 4.57 T-204 0.00 AW-104 0.00 
C-101 22.9 TX-101 12.6 AW-105 0.00 
C-102 12.2 TX-102 0.00 AW-106 2.33 
C-103 44.2 TX-103 0.00 AY-101 42.0 
C-104 3.53 TX-104 0.00 AY-102 353S'J 
C-105 11.4 TX-105 0.00 AZ-101 2.33 
C-106 14.l ''J TX-106 0.723 AZ-102 0.0 
C-107 0.00 TX-107 0.00 SY-101 0.0 
C-108 19.1 TX-108 3.05 SY-102 0.0 
C-109 0.00 TX-109 0.00 SY-103 0.0 
ll} Includes an adjustment for the recent transfer of sludge from tank 241-C-l 06 to tank 
241-AY-102. . 

'· 
3.0 Review of Measured Mercury Values. . 

Mercury values reported in the Tank Characterization Database (TCD) and iri the Tank 
Characterization Reports (fCR) were reviewed. Table 2 summarizes all of the mercury 
values reported in the TCD [Tank Sample Results Tables) (LMHC 1999) or in the TCRs 
as of September 1999. The table includes the average sample result, an estimate of the 
mercury inventory based on the sample result for the tank, whether or not the tank 
contains one of the mercury bearing wastes identified in Section 2.0, and other 
information pertinent to interpretation of the sample result. 
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Table 2. Review and Assessment of Sample-Based Mercury Data. 

Tank No. Mean · Mercury Probable Comment 
Concentration of inventory Mercury 

Mercury in estimated from Bearing Waste 
Sample sample (kg) · Type 

AN-102 <50 ug/L <0.2 None identified 1998 liquid data only. Tank is 90% liquid-
liq. inv. only 10% saltcake 

AN-103 <50 ug/L <0.08 BL 1998 liquid data. Tank is 44% liquid-56% 
liq. inv. only solids 

AN;.104 <20 ug/L <0.045 liq. inv. None identified 1998 supemate composite. Tank is 57% 
only liquid-43% slurry 

() 
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AN-107 <500 ug/L <1.51 liq. inv. None identified 1996 liquid data. Tank is 76% liquid-24% 
only slurry 

AP-101 <5 ug/L <0.02 None identified 1993 grab sample. Tank was 100% liquid. 
Moved to A Vf-102 Aug. 94 

AP-102 <5 ug/L <0.02 None identified 1993 grab sample. Tank is 100% liquid. 

AP-103 <1.7 ug/L <0.0062 None identified 1991 grab sample. Tank was 100% liquid . 
Moved to AW-102 May 94 

Conclusions 

•. 
' -

The sample data are inconclusive with 
respect to the total inventory of 

mercury in the tank since the tank 
solids were not sampled. 

The sample data are inconclusive with 
respect to the total inventory of 

mercury in the tank since the tank 
solids were not sampled. 

The sample data are inconc_lusive with 
respect to the total inventory of 

mercury in the tank since the tank 
solids were not sampled. 

The sample data are inconclusive with 
respect to the total inventory of 

mercury in the tank since the tank 
solids were not sampled. 

The sample data are no longer 
applicable since the tank contents were 

moved after, the samp1e was taken. 
The mercury inventory is assumed to be 

zero based on low detection limit 
results and the absence of an identified 

Hg bearing waste. 
The sample data are no longer 

applicable since the tank contents were 
moved after the sample was taken. 
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Table 2. Review and Assessment of Sample-Based Mercury Data. 
Tank No. Mean , Mercury Probable ·Comment 

Concentration of inventory Mercury 
Mercury in estimated from Bearing Waste 

Sample sample (kg) Type 
AP-105 <17.5 ug/L <0.055 None identified 1993 grab sample. Tank was 80% liquid -

0% saltcake. Pumped to AW-102 June 95 

AP-106 <2.5 ug/L <0.011 None identified 1993 grab sample. Tank was 100% liquid. 
Moved 83 kgal to A W-102 and 943 kgal 

to AP- 108 May/June 95 
AP-107 <3 ug/L <0.013 None identified 19-93 grab sample. Tank was 100% liquid. 

Moved to AW-102 Aug. 94 

AW-102 <5 ug/L 1991 evaporator feed grab sample, no longer applicable 

n AW-106 <5 ug/L <0.01 None identified 1991 grab sample. Tank was 50% liquid-
I - . ; 50% saltcakc. The tank was filled and 
~ pumped after the sample was taken. 

AY-102 pre 76,000 ug/kg 12.1 BL 1987 sludge data. Tank is 95% liquid -
C-106 5% sludge. Sample only reflects sludge 
sluicing layer. 

C".'106 11,000-165,000 18.4-142.3 AR,BL Estimated inventory sluiced from C-106 
transfer ug/kg (146.5 kgal) 
AY-102 -- 30.5-154.4 AR,BL Estimated from A Y-102 and C- I 06 data 
post C-106 
sluicing 

Conclusions 

The sample data are no longer 

. . . 

applicable since the tank contents were 
moved after the sample·was taken. 

The sample data are no longer 
applicable since the tank contents were 

moved after the sample was taken. 
The sample data are no longer 

applicable since the tank contents ~ere 
moved after the sample was taken. 

The sample result is no longer 
applicable since the tank contents were 

moved after the sample was taken. 
The sample result is no longer 

applicable since the tank contents were 
moved after the sample was taken. 

Inventory estimate incomplete without 
consideration of C-106 sludge. Sample 

results suspect due to age and 
documentation. 

Sample data are suspect due to 
irreproducibility of duplicate analysis. 

Inventory estimate is suspect due to age 
of sample results and irreproducibility 

of C-106 resu Its. 
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TankNo. 

B-110 

B-111 

B-201 

B-202 

BX-107 

C-106 
Pre-sluicing 
C-106 Post 
sluicing 
C-109 

C-110 

C-112 

Mean 
Concentration of 

Mercury in 
Sample 

1,087 ug/kg 

9,350 ug/kg 

599 ug/kg 

314 ug/kg 

S65 ug/kg 

11,000-165,000 
uglkg 

11,000-165,000 
ug/kg 

7,350 ug/kg solids 

382 ug/k.g 

4,400 ug/kg 

Table 2. Review and Assessment of Sample-Based Mercury Data. 
. Mercury Probable Comment Conclusions 

inventory Mercury 
' estimated from Bearing 

sample (kg) Waste Type . 
1.38 P2 · 89/90 core composite. Tank is 100¾ Inventory estimate is suspect due to age 

s1udge. of the sample and the lack of quality 
assurance records. 

9.93 P2 1991 core sample. Tank is 100¾ sludge. Sample results are suspect since a large 
number of estimated values are reported 

in the TCD. 
0.0822 None identified I 99 J core sample. Tank is 100¾ sludge. Sample results are suspect since a large 

number of rejected values are reported 
bytheTCD. 

0.0389 None identified 1991 core composites. Tank is 100¾ The CV AA \' 1 mercury values reported 
sludge. Possibly includes B waste. in the TCD are considered to be valid. 

1.06 None identified 1992 core samples. Tank·is 100¾ sludge. The CV AA 111 mercury values reported 
Possibly includes UR waste. in the TCD are considered to be valid. 

24.7-191.3 UR,BL,AR 1988 sample. Pre-sluicing inventory. Sample data are suspect due to 
Based on two sample results. irreproducibility of duplicate analysis. 

6.3-49.0 UR,AR Based on post sluicing sludge volume of Sample data are suspect due to 
50.5 kgal irreproducibility of duplicate analysis. 

2.125 None identified 1992 core sample. Tank is I 00¾ sludge. The CV AA 111 mercury values reported 
Liquid composite = 91 ug/kg. Solids in the TCD are considered to be valid. 

composite= 7,350 ug/kg. 
0.373 None identified 1992 core sample. Tank is 100¾ sludge. Two values reported as estimated in the 

Possibly includes UR waste. TCD were excluded from 
consideration. The accepted mercury 
concentration is based on eight values. 

2.86 None identified 1992 core sample. Tank is 100¾ sludge. The CV AA1 '> mercury values reported 
Possibly contains UR waste. in the TCD are considered to be valid. 



Table 2. Review and Assessment of Sample-Based Mercury Data. 
Tank No. Mean . Mercury Probable Comment Conclusions 

Concentration of inventory Mercury 
Mercury in estimated from Bearing 

Sample sample (kg) Waste Type 
C-201 7,000 ug/kg 0.0615 None identified Water soluble fraction of 1978 sample. Results are suspect due to the age of the 

Tank is 100% slu_dge. Possibly contains analysis and due to the lack of an acid 
MW. digested or fusion analysis of the solids. 

S-104 <126 ug/kg <0.23 Rl 1992 core sample. Tank is 100% sludge. The mercury inventory is assumed to be 
zero based on all measurements being 

below the detection limit. 
SY-101 161 ug/kg 1.04 None identified Dec 1991 core sample. TCD value. Tank is The CV AN'1 mercury values reported . 

100% DSS. TCR reports 0.161 ug/kg for in the TCD are considered to be valid. 
•. same Dec 1991 core (est. tank inv.::::. The inventory·estimate does not reflect 

0.0011 kg) recent transfers (1st Q-2000) from SY-
101 to SY -102. The inventory is based 

on the gas free waste volume 

(J established as of September 199Q 
I -0\ 

T-102 . 6,250 .ug/kg 0.8 None identified 1993 sludge core sample. Tank is 41 % Sample results are suspect since one of 
liq.-59% sludge. Possibly contains MW. the two values reportecl in the TCD is 

Sample is sludge only. estimated. 
T-104 <127 ug/kg <0.202 None identified 1992 core sample. Tank is 100% sludge. The mercury inventory is assumed to be 

Tank was saltwell pumped 96-99 zero based on all measurements being 
below the detection limit and the 
absence of an identified mercury 

bearing waste. 
T-107 134 0.133 None identified 92/93 core sample. Tanlc is 100% sludge. The CV AA''' mercury values reported 

ug/kg Possibly contains UR waste. in the TCD are considered to be valid. 
T-111 1,430 ug/kg 3.09 None identified 1991 core sample. Tank is 100% sludge. Sample results are suspect since a large 

number of estimated ·values are reported 
in the TCD and no mercury bearing 

waste was identified. 
U-110 728 ug/kg 0.748 None identified 1989 core sample-CV AA\'' results. Tank Sample results are suspect since a large 

is l 00% sludge. Possibly contains Rl number of estimated values and 
waste. detection limit values are reported in 

theTCD. 
(1) Cold Vapor Atomic Absorption Spectroscopy (CVAA) 
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Sample results were located for 30 of the underground storage tanks. Most of the 
sample-based inventory estimates were no longer applicable because of waste transfers 
subsequent to the .sampling event, or were suspect due to data quality concerns. Only ten 
of the sample based inventory estimates discussed in Table 2 were considered to be valid. 
Table 3 swrunarizes these results. 

Table 3. Estimated Mercury Inventories of Tanks with Validated Sample Results. 
Tanlc Hg Basis 
No. Inventory 

Estimate 
(kg) 

AP-102 0.0 Engineering assessment of sample and process knowledge 
B-202 0.0389 Sample based assessment 
BX-107 1.06 Sample based assessment 
C-109 2.125 Sample based assessment 
C-110 0.373 Sample based assessment 
C-112 2.86 Sample based assessment 
S-104 0.0 Engineering assessment of sample and process knowledge 
SY-101 1.04\IJ Sample based assessment 
T-104 0.0 Engineering assessment of sample and process knowledge 
T-107 0.133 Sample based assessment 
\IJ . 

The mercury inventory estunate for tank 241-SY-101 1s based on the gas free waste 
volume in the tank as of September 1999. 

4.0 Integration of the Global Inventory Based Distribution with Sample Based Inventory 
Estimates. 

The number of sample results for mercury that are available is extremely limited. Only 
ten of the thirty sample results reviewed survived inspection. Since a global inventory 
estimate, derived from process knowledge is available, the tanlc specific distribution will 
be integrated with sample-based inventory estimates. In accordance with the strategy 
stated in Section 1. 0 ( and with BBi practice), the sample-based estimates will supercede 
the process knowledge-based estimates. 

Table 4 summarizes the process knowledge-based ( engineering) estimates and the 
sample-based inventory estimates developed in this study. · 

Table 4. Integrated Process Knowledge-Based (Engineering) and Sample-Based 
Inventory Estimates of Mercury in the Hanford Site Underground Storage Tanks. 

Tank No. Engineering Sample Bas1s1
'1 Tank No. Engineering Sample Basist•i 

Based Based Based Based 
Estimates Estimates Estimates Estimates 

for Hg for Hg for Hg for Hg 
(kg) (kg) (kg) (kg) 

A-101 5.29 NR E SX-112 12.5 NR E 
A-102 0.00 NR E SX-113 0.361 NR E 
A-103 5.30 NR E SX-114 8.67 . NR E 
A-104 49.S NR E SX-115 1.08 NR E 
A-105 33.S NR E T-101 0.00 NR E 
A-106 37.1 NR E T-102 0.00 NR E 
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Table 4. Integrated Process Knowledge-Based (Engineering) and Sample-Based 
Inventory Estimates of Mercury in the Hanford Site Underground Storage Tanks. 

Tanlc No. Engineering Sample Basis''' Tanlc No. Engineering Sample Basis111 

Based Based Based Based 
Estimates Estimates Estimates Estimates 

for Hg for Hg for Hg for Hg 
(kg) (kg) (kg) (kg) 

AX-101 17.6 NR E T-103 0.00 NR E 
AX-102 11.7 NR E T-104 NR 0.0 S/E 
AX~I03 24.7 NR E T-105 0.00 NR E 
AX-104 12.4 NR E T-106 0.00 NR E 
B-101 58.3 NR E T-107 - NR 0.133 s 
8-102 0.00 NR E T-108 0.00 N E 
8-103 0.00 NR E T-109 0.00 NR E 
B-104 0.00 NR E T-1 IO 0.00 NR E 
8-105 0.00 NR E T-111 0.00 NR E 
B-106 0.00 NR E T-112 0.00 NR E 
B-107 0.00 NR E T-201 0.00 NR E 
B-108 0.00 NR E T-202 0.00 NR E 
B-109 0.00 NR E T-203 0.0_0 NR E 
B-110 5.29 NR E T-204 0.00 NR E 
B-111 45.9 NR E TX-IOI 12.6 NR E 
B-112 0.00 NR E TX-102 0.00 NR E 
B-201 0.00 NR E TX-103 0.00 NR E 
B-202 NR 0.0389 s TX-104 0.00 NR E 
B-203 0.00 NR E TX-105 0.00 NR E 
B-204 0.00 NR E TX-106 0.723 NR E 
BX-101 30.3 NR E TX-107 0.00 NR E 
BX-102 0.00 NR E TX-108 3.05 NR E 
BX-103 0.00 NR E TX-109 0.00 NR E 
BX-104 0.00 NR E - TX-110 0.00 NR E 
BX-105 0.00 NR E TX-111 0.00 NR E 
BX-106 0.00 NR E TX-112 0.00 NR E 
BX-107 NR l.06 s TX-113 0.00 NR E 
BX-108 0.00 NR E TX-114 0.00 NR E 
BX-109 121 NR E TX-115 6.10 NR E 
BX-110 0.00 NR E TX-116 0.00 NR E 
BX-I I I 0.00 NR E TX-117 0.00 NR E 
BX-112 0.00 NR E TX-118 0.00 NR E 
BY-101 0.00 NR E TY-101 0.00 NR E 
BY-102 0.00 NR E TY-102 0.00 NR E 
BY-103 0.00 NR E TY-103 46.5 NR E 
BY-104 114 NR E TY-104 9.91 NR E 
BY-105 108 NR E TY-105 120 NR E 
BY-106 74.7 NR E TY-106 0.762 NR E 
BY-107 70.9 NR E U-101 0.00 NR E 
BY-108 126 NR E U-102 0.00 NR E 
BY-109 0.00 NR E U-103 0.00 NR E 
BY-110 117 NR E U-104 0.00 NR E 
BY-111 0.00 NR E U-105 0.00 NR E 
BY-II2 4.57 NR E U-106 0.00 NR E 
C-101 22.9 NR E U-107 0.00 NR E 
C-102 12.2 NR E U-108 0.00 NR E 
C-103 44.2 NR E U-109 0.00 NR E 
C-104 3.53 NR E U-110 0.00 NR E 
C-105 11.4 NR E U-111 2.35 NR E 
C-106 14.1'~' NR E U-112 1.26 NR E 
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Table 4. Integrated Process Knowledge-Based (Engineering) and Sample-Based 
Inventory Estimates of Mercury in the Hanford Site Underground Storage Tanks. 

Tank No. Engineering Sample Basis\'' Tank No. Engineering Sample Basis\'' 
Based Based Based Based 

Estimates Estimates Estimates Estimates 
for Hg for Hg for Hg for Hg 
(kg) (kg) (kg) (kg) 

C-107 0.00 NR E U-201 0.00 NR E 
C-108 19. l NR E U-202 0.00 NR E 
C-109 NR 2.125 s U-203 0.00 NR E 
C-110 NR 0.373 s U-204 0.00 NR E 
C-111 0.00 NR E AN-IOI 0.00 NR E 
C-112 NR 2.86 s AN-102 0.00 NR E 

C-201 0.00 NR E AN-103 4.66 NR E 
C-202 0.00 NR E AN-104 0.00 NR E 
C-203 0.00 NR E AN-105 0.00 NR E 
C-204 0.00 NR E AN-106 0.00 NR E 
S-101 16.6 NR E AN-107 0.00 NR E 
S-102 0.723 NR E AP-101 0.00 NR E 
S-103 l.63 NR E AP-102 NR 0.0 S/E 
S-104 NR 1.04 S/E AP-103 0.00 NR E 
S-105 0.361 NR E AP-104 0.00 NR E 
S-106 0.00 NR E AP-105 0.00 NR E 
S-107 · 16.6 NR E AP-106 0.00 NR E 
S-108 0.903 NR E AP-107 0.00 NR E 
S-109 0.00 NR E AP-108 0.00 NR E 
S-110 J 16.1 NR E AW-101 0,00 NR E 
S-111 l l.9 NR E AW-102 0.00 NR E 
S-112 0.542 NR E AW-103 0.00 NR · E 
SX-101 27.8 NR E AW-104 0.00 NR E 
SX-102 10.7 NR E AW-105 0.00 NR E 
SX-103 1.81 NR E AW-106 2.33 NR E 
SX-104 17.9 NR E AY-101 42.0 NR E 
SX-105 4.34 NR E AY-102 353.5'~1 NR E 
SX-106 0.00 NR E AZ-101 2.33 NR E 
SX-107 47.l NR E AZ-102 0.00 NR E 
SX-108 39.3 NR E SY-101 NR 1.04''1 s 
SX-109 10.8 NR E SY-102 0.00 NR E 
SX-110 5.78 NR E SY-103 0.00 NR E 
SX-111 15.0 NR E 
\ ,, 

" " a An E md1cates that the mventory estimate 1s an engmeermg estunate based on 
~rocess knowledge. An "S" indicates that the inventory estimate is based on sample data. 
2
> The inventory estimates reflect recent transfers of sludge from tank 241-C- l 06 to tank 

241-A Y-102. 
<
3
l The mercury inventory estimate for tank 241-SY-101 is based on the gas-free waste 

·volume in the tank as of September 1999. 

5.0 Development of Vectors. 

The Best Basis Inventory is managed through the use of the Best Basis Inventory 
Maintenance (BBIM) Tool.software application. The BBIM application uses both solid 
phase and liquid phase vectors. The solid phase vectors describe the composition the 
sludge and the saltcake. The liquid phase vectors describe the composition of the 
supemate and interstitial liquids. 
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5.1 Solid Phase Vectors 

In order to use the results of this study in the BBIM application, the global inventory 
distribution in Section 2.0 must be translated into a set of mercury vectors that can be 
used to calculate the tank-by-tank mercury inventories. These vectors are designed to be 
used in conjunction with the volumes of specific waste layers identified in Appendix C of 
the HDW Model Rev. 4. Since the waste layers defined by the HDW Model are solid 
phase layers, the vectors must be solid phase vectors. These solid phase vector 
parameters are summarized in Table 5. The density value is a calculation placeholder for 
the BBIM application and is not intended to be adjusted. 

Table 5. Parameters for Solid Phase Process Knowledge-Based Mercury Vectors. 
Vector Vector Name Waste Site ID Density Mercury Restrictions'•' 
Type (g/mL) Concentration 

(ug/g) 
Process Hg-UR- To be assigned 1.0 201.4 Applies to UR, 
Knowledge PFeCN (The density PFeCNl and . 

value is not to PFeCN2 waste 
be adjusted) layers only. 

Process · Hg-Rl-R2 To be assigned 1.0 47.72 Applies to RI 
Knowledge (The density and R2 waste 

value is not to layers only 
be adjusted) ,,.,. ..: -,~ 

Process Hg-Pl-P2 To be assigned 1.0 466.2 ~_,,. Applies to PI 
Knowledge (The density andP2 waste 

value is not to layers only. 
be adjusted) 

Process Hg-AR To be assigned 1.0 466.7 Applies to AR 
Knowledge (The density waste layer only. 

value is not to 
be adjusted) 

Process Hg-B-BL To be assigned 1.0 616.1 Applies to B and 
Knowledge (The density BL waste layers 

value is not to only. 
be adjusted) 

Process Hg-PRTR To be assigned 1.0 345.9 Applies to the 
Knowledge (The density R2 layers in SX-

value is not to 107 and SX-108 
be adjusted) only and is in 

addition to the 
Hg-Rl-R2 vector 

. for these tanks 
Process Process 241-U-107 1.0 0 Applies to all 
Knowledge Knowledge (The density tanks without an 

(P/U107/04) value is not to identified 
be adjusted) mercury bearing 

layer. 
\l/ The volumes of waste layers specific to each tank are reported m Appendix C of the 
HDW model Rev. 4. 
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The sample data review in Section 3.0 identified ten tanks where sample-based estimates 
should supercede process knowledge-based estimates. These tanks, and the mercwy 
vector parameters are identified in Table 6. These vectors are applicable to the solids 
phase only. 

Table 6. Sample Vectors for Those Tanks with Validated Mercury Sample Results. 
Vector Vector Name Waste Site ID Density Concentration 
Type (g/mL) (ug/g) 
Sample 1991 core B-202 1.215 0.314 

composite 
Sample 1992 core BX-107 1.44 0.565 

composite 
samples 

Sample 1992 sludge C-109 1.23 7.35 
sample 

Sample 1992 core C-110 1.45 0.382 l'I 
sample 

Sample · 1992 core C-112 1.65 4.40 
sample 

Sample/Eng S-104 1.0 0.0 
r. 
Sample/Eng T-104 1.0 0.0 
r. 
Sample 1992/1993 T-107 1.51 0.134 

core sample 
Sample/Eng AP-102 1.0 0.0 
r. 
Sample 1991 core SY-101 1.7 0.161 

sample 
(WindowE) 

\I/ . 
Mean mercury concentration from eight often values reported m the TCD . 

<2> For waste in tank 241-SY-101, the mercury concentration value is based on the 
average of composite samples from both the convective and non-convective layer. 

5.2 Liquid Phase Vectors 

Comments 

Vector Handle: 
S/8202/01 
Vector Handle: 
S/BX107/02 

Vector Handle: 
S/Cl09/3 
Vector Handle: 
S/Cl 10/03 
Vector Handle: 
S/Cl 12/02 
Vector Handle: 
P/U107/04 
Vector Handle: 
P/U107/04 
Vector Handle: 
S/f107/0l · 
Vector Handle: 
P/U107/04 
Vector Handle: 
S/SYlOl/07 
See Note (2) 

Very little of the mercury estimated from process knowledge has been detected by 
sampling of the tank waste. Of the mercury that has been detected in the tank waste, the 
amount detected in the aqueous phase has been negligible. The chemistry of mercwy 
makes its presence in the aqueous phase highly unlikely. Mercury halides are almost 
undissociated in aqueous solution. The equilibrium constants for common (Cl", Br", r, 
CN", and NH3) complexes ofmercwy are extremely high and range from 1016 to 1041 

(Cotton and Wilkinson 1988). Because of these characteristics, liquid phase vectors for 
mercury should be set at zero. Setting the mercury value in liquid phase vectors at zero 
will facilitate liquid transfer updates of the BBi. 
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5 .3 Implementation of Mercury Vectors in the BBIM. 

Table 7 references the applicable vectors and volume of mercury bearing waste solids in 
each tank with the corresponding tank number. For those tanks that do not contain 
mercury, the P/Ul07/04 vector is used. The P/U107/04 has a zero concentration for 
mercury and when applied to the total waste volume of a tank, will calculate an inventory 
of zero. Correct implementation can be verified by comparing the result calculated by the 
BBIM Tool with the value shown in Table 4. 

Table 7. Vectors and Volumes Applicable to the Mercury Inventory in Each Tank. 
Tank No. Vector Name Waste Layer TankNo . . Vector Name Waste Layer 

or Handle Volume (kgal) or Handle Volume (kgal) 
A-101 Hg-Pl-P2 3 SX-112 Hg-Rl-R2 69 
A-102 P/Ul07/04 -- SX-113 Hg-Rl-R2 2 
A-103 Hg-AR 3 SX-114 Hg-Rl-R2 48 
A-104 Hg-Pl-P2, I SX-115 Hg-Rl-R2 6 

Hg-AR 27 
A-105 Hg-Pl-P2 19 T-101 P/Ul07/04 --
A-106 ' Hg-AR 21 T-102 P/U107/04 --
AX-101 Hg-Pl-P2 10 T-103 P/U107/04 --
AX-102 Hg-B-BL 5 T-104 P/Ul07/04 --
AX-103 Hg-Pl-P2 14 T-105 . P/U107/04 --
AX-104 Hg-Pl-P2 7 T-106 P/U107/04 --
B-101 Hg-B-BL 25 T-107 S/Tl07/0l 173 
B-102 P/U107/04 -- T-108 P/Ul07/04 --
B-103 . P/U107/04 -- T-109 P/U107/04 --
B-104 P/Ul07/04 -- T-110 P/Ul07/04 --
B-105 P/U107/04 -- T-111 P/U107/04 --
B-106 P/U107/04 -- T-112 P/U107/04 --
B-107 P/U107/04 -- T-201 P/U107/04 --
B-108 P/U107/04 -- T-202 P/Ul07/04 --
B-109 P/U107/04 -- T-203 P/Ul07/04 --
B-110 Hg-Pl-P2 3 T-204 P/Ul07/04 --
B-ll l Hg-Pl-P2 26 TX-101 Hg-Rl;.R2 70 
B-112 P/U107/04 -- TX-102 P/Ul07/04 --
B-201 P/Ul07/04 -- TX-103 P/U107/04 --
B-202 S/8202/01 27 TX-104 P/Ul07/04 -
B-203 P/Ul07/04 -- TX-105 P/Ul07/04 --
B-204 P/Ul07/04 -- TX-106 Hg-Rl-R2 4 
BX-101 Hg-B-BL 13 TX-107 P/U107/04 --
BX-102 P/Ul07/04 -- TX-108 Hg-UR- 4 

PFeCN 
BX-103 P/Ul07/04 -- TX-109 P/U107/04 --
BX-104 P/U107/04 -- TX-110 P/Ul07/04 --
BX-105 P/Ul07/04 -- TX-111 P/U107/04 --
BX-106 P/U107/04 -- TX-112 P/U107/04 --
BX-107 S/BX107/02 344 TX-113 P/U107/04 --
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Table 7. Vectors and Volumes Applicable to the Mercury Inventory in Each Tank. 
Tank No. Vector Name Waste Layer Tank No. Vector Name Waste Layer 

or Handle Volume (kgal) or Handle Volume (kgal) 
BX-108 P/U107/04 -- TX-114 P/U107/04 --
BX-109 Hg-UR- 159 TX-115 Hg-UR- 8 

PFeCN PFeCN 
BX-110 P/Ul07/04 -- TX-I 16 P/Ul07/04 --
BX-111 P/Ul07/04 -- TX-117 P/Ul07/04 --
BX-112 P/U107/04 -- TX-118 P/U107/04 --
BY-101 P/U107/04 -- TY-101 P/U107/04 --
BY-102 P/U107/04 -- TY-102 P/U107/04 --
BY-103 P/Ul07/04 -- TY-103 Hg-UR- 61 

PFeCN 
BY-104 Hg-UR- 150 TY-104 Hg-UR- 13 

PFeCN PFeCN 
BY-105 Hg-UR- 142 TY-105 Hg-UR- 158 

PFeCN PFeCN 
BY-106 Hg-UR- 98 TY-106 Hg-UR- 1 

PFeCN PFeCN 
BY-107 Hg-UR- 93 U-101 P/Ul07/04 --

PFeCN 
BY-108 Hg-UR- 165 U-102 P/Ul07/04 --

PFeCN 
BY-109 P/U107/04 -- U-103 P/Ul07/04 --
BY-110 Hg-UR- 153 U-104 P/U107/04 --

PFeCN 
BY-111 P/Ul07/04 -- U-105 P/Ul07/04 --
BY-112 Hg-UR- ' 6, U-106 P/Ul07/04 --

PFeCN 
C-101 Hg-UR- 30 U-107 P/Ul07/04 --

PFeCN 
C-102 Hg-UR- 16 U-108 P/Ul07/04 --

PFeCN 
C-103 Hg-AR 25 U-109 P/U107/04 --
C-104 Hg-Pl-P2 2 U-110 P/U107/04 --
C-105 Hg-UR- 15 U-111 Hg-Rl-R2 13 

PFeCN 
C-106 Hg-UR- 15 U-112 Hg-Rl-R2 7 

PFeCN, Hg- 1.5(1) 

AR 
C-107 P/U107/04 -- U-201 P/U107/04 --
C-108 Hg-UR- 25 U-202 P/U107/04 --

PFeCN 
C-109 S/C109/03 62 U-203 P/U107/04 --
C-110 S/Cl 10/03 178 U-204 P/U107/04 --
C-111 P/Ul07/04 -- AN-101 P/U107/04 --
C-112 S/Cl 12/02 104 AN-102 P/U107/04 --
C-201 P/Ul07/04 -- AN-103 Hg-B-BL 2 
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Table 7. Vectors and Volumes Applicable to the Mercury Inventory in Each Tank. · 
Tank No. Vector Name Waste Layer Tank No. Vector Name Waste Layer 

or Handle Volume (kgal) or Handle Volume (kgal) 
C-202 P/Ul07/04 -- AN-104 P/U107/04 --
C-203 P/U107/04 -- AN-105 P/Ul07/04 --
C-204 P/Ul07/04 -- AN-l06 P/Ul07/04 --
S-101 Hg-Rl-R2 92 AN-107 P/Ul07/04 --
S-102 Hg-Rl-R2 4 AP-101 P/Ul07/04 --
S-103 Hg-Rl-R2 9 AP-102 P/Ul07/04 --
S-104 P/U107/04 -- AP-l03 P/Ul07/04 --
S-105 Hg-Rl-R2 2 AP-104 P/Ul07/04 --
S-106 P/Ul07/04 -- AP-105 P/Ul07/04 --
S-107 Hg-Rl-R2 92 AP-106 P/U107/04 --
S-108 Hg-Rl-R2 5 AP-107 P/U107/04 --
S-109 P/UI07/04 -- AP-108 P/Ul07/04 --
S-110 Hg-Rl-R2 89 AW-101 P/Ul07/04 --
S-111 Hg-Rl-R2 66 AW-102 P/Ul07/04 --
S-112 Hg-Rl-R2 3 AW-103 P/Ul07/04 --
SX-101 Hg-Rl-R2 154 AW-104 P/Ul07/04 --
SX-102 Hg-Rl-R2 59 AW-105 P/Ul07/04 --
SX-103 Hg-Rl-R2 10 AW-106 Hg-B-BL 1 
SX-104 Hg-Rl-R2 99 AY-101 Hg-B-BL 18 
SX-105 Hg-Rl-R2 24 AY-102 Hg-B-BL, 80 

Hg-AR 94.5<1> 

SX-106 P/U107/04 -- AZ-101 Hg-B-BL 1 
SX-107 Hg-Rl-R2, 87 AZ-102 P/U107/04 --

Hg-PRTR 24 
SX-108 Hg-Rl-R2, 87 SY-101 S/SYIOl/07 1,004\"'' 

Hg-PRTR 18 
SX-109 Hg-Rl-R2 60 SY-102 P/Ul07/04 --
SX-110 Hg-Rl-R2 32 SY-103 P/U107/04 --
.SX-111 Hg-Rl-R2 83 
\JJ Volumes have been adJusted to reflect the recent transfer of sludge from tank 24 l-C-
106 to tank 241-A Y-102. 
<2> September 1999 gas free volume. 
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CH2MHILL 
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Phone: 376-5694 
Date: April 30, 2003 
Subject: HANFORD MATERIAL BALANCE FOR STRONTIUM-90 AND 

CESIUM-137 

To: 
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The attachment to this letter establishes the quantity of90Sr and 137Cs .removed from the tank 
waste by various recovery operations. This evaluation is based on current information with 
respect to the radionuclide inventory in irradiated fuel, records of early offsite shipments to the 
Oak Ridge National Laboratory and other U.S. Department of Energy sites, and the disposition 
of Waste Encapsulation Stora~e Facility capsules. This evaluation concludes that of the original 
87. 9 MCi 90S r and 104. I MCi 37 Cs in the irradiated fuel, only 56. l MCi 90S r and 43 .4 MCi 137 Cs 
remain in the tanks. The balance of the inventory was either shipped off site, remains in WESF 
capsules or is in solid waste, cribs and leaks. This information will be used to benchmark the 
Hanford Defined Waste model. 

8,QOJ,~ 
B. A Higley~-Pricess Engineer 
Tank Sampling Engineering 

vmm 
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HANFORD SITE MATERIAL BALANCE FOR STRONTIUM-90 AND CESIUM-137 

The purpose of this evaluation is to establish the quantity of 90Sr and 137Cs removed from 
tank waste by various recovery operations. This information will be used to benchmark 
the Hanford Defined Waste (HOW) model. 

Two previous 90Sr and 137Cs material balances by Petersen (1996) and Kupfer et al. 
(1999) were·reviewed. Several discrepancies between the two material balance studies 
were noted. These differences include different initial inventories in the fuel, differences 
in the inventory shipped off site, and differences in the inventory of the capsules stored 
onsite. Table 1 summarizes these two material balance estimates. 

Table 1. Comparison of Previous Strontium-90 and Cesium-137 Material Balance 
Estimates. (Deca,ed to January 1, 2001) 
Inventory · Mass Balance Estimate by Mass Balance Estimate by Kupfer 
Disposition Petersen ( 1996) et al. ( 1999) 

Sr-90 (MCi) Cs-13 7 (MCi) Sr-90 (MCi) Cs-137 (MCi) 
Inventory in 80.0 96.7 87.9 102.2 
Fuel Processed 
Capsules 19.9 46.3 21.8 55 .4 
currently.at the 
Hanford Site 
Offsite 5.8 9.5 3.8 to 4.5 2.4 
Shipments 
Solid Waste, 0.9 2.2 

. . .. ·0_9 - - - -"2.2 
Cribs, and 
Leaks 
Residual B 0.7 2.7 0.9 2.6 to 3.6 
Plant and 
WESF 
Contamination 
Residual Tan.le 52.7 36.0 59.8 to 60.5 38.6 to 39.6 
Inventory 

Since the Pedersen (1996) and Kupfer et al. (1999) material balance studies were 
published, additional information has become available. This information includes a new 
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estimate of the radionuclide inventory in irradiated fuel, a recent review of records of 
early offsite shipments to the Oak Ridge National Laboratory (ORNL) and other 
U.S. Department of Energy (DOE) sites, and current Waste Encapsulation Storage 
Facility (WESF) capsule disposition records. 

The initial inventory for this evaluation is based on a recent Oak Ridge Isotopic 
Generation and Depletion Code, ORIGEN2, estimate of the isotopic inventory of the 
irradiated fuel decayed to January 1, 2001 (Watrous 2002). This estimate reflects 
currently accepted fission product half-lives and specific activities, and fission product 
yield values. 

Estimates of the 1961 through 1972 recovery of90Sr and 137Cs for offsite use are from a 
review of logbooks and monthly reports (Johnson 2003). The inventory of onsite 
encapsulated waste is from the WESF Encapsulation Database (Laughtery 2003). The 
estimate of capsules dispositioned for offsite use was determined from records provided 
by Laughtery and reports by Clements (1992a and 1992b) .. 

This evaluation identifies the use of crude 90Sr obtained from B Plant tanks as the source 
of 90Sr for the Federal Republic of Germany glass canister heat sources. This source 
appears to have been overlooked in the Petersen and Kupfer material balance studies. 

In 1984 B Plant and WESF were directed by DOE to provide 90Sr and 137Cs to the Pacific 
Northwest Laboratory for manufacture into glass filled canisters as heat and radiation 
sources for the Federal Republic of Germany. The cesium was provided from WESF 
capsules and the strontium from crude strontium stored in B Plant. A total of 184 cesium 
capsules were opened. B Plant processed the recovered CsCl to remove chloride and the 
crude strontium to remove extraneous metals before shipping the product to the 324 
Building. The 137Cs inventory of the cut up capsule was determined from WESF records. 
The quantity of crude 90Sr product removed from B Plant storage tanks could not be 
determined directly from records and was estimated as being proportional to the 137Cs 
recovered from the cut up cesium capsules. Table 2 summarizes the 90Sr and 137Cs 
material balance for this activity. 

Table 2. Strontium-90 and Cesium-137 Material Balance for Production of Federal 
R bl' 5f G GI C . H d R d" . S epu lC 0 ermanv ass amster eat an a 1at1on ources.- - - ---
Source Inventory and Sr-90 Cs-137 Reference or Basis 
Disposition <MCi) (MCi) 
Sr-90 crude from B Plant 3.48 -- Estimated Value - assumed 

to be proportional to Cs-
137 

Cut up Cs-137 capsules -- 4.72 Clements ( 1992a) and 
Lau~htery (2003) 

B Plant purification losses 0.17 0.24 Rogers (1984), the 
returned to tank farms maximum allowable 

purification losses were 5% 
Federal Republic of 2.63 3.57 Holton (1989) 
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Germany glass canister heat 
sources 
Residual 324 Building 0.68 0.91 Estimated Value -
Inventory calculated by difference 

The Petersen material balance estimates that cleanout ofB Plant will return 0.2 to 0. 7 
MCi 90Sr and 0.9 to 2.8 MCi 137Cs to the tanks. This evaluation discounts this 
assumption. According to the B Plant - Cleanout and Stabilization Program Update FY 
1994 (Gehrke 1994) aqueous inventories were removed fromB Plant in 1993 and the 
plant had been flushed of readily removable material. Residual B Plant inventories 
consisted of contaminated organic solvents, contaminated filters and contaminated 
equipment and cell walls. The radioactive inventory in these wastes are unlikely to be 
returned to the tanks and will predominantly be disposed of as solid waste. 

Table 3 summarizes this evaluation of the disposition of 13
7Cs and 90Sr from irradiated 

fuel reprocessed by the Hanford Site. 

Table 3. Hanford Reprocessing Plants Cesium-137 and Strontium-90 Material Balance 
eca ed to Janua 1, 2001 

Source Inventory and 
Dis osition 
ORIGEN2 Estimates for 

Cesium and Strontium Recove 
Shipped offsite from PUREX 
cask station to ORNL (1961-
1962 
Shipped offsite from Hot
.Semiworks to. OR.NL, NYO, 
and BNW 1961-1967 
241 -C-80 l cask station 
1963-1968 cask loadin 

Subtotal 

Sr-90 
MCi 
87.86 

Cs-137 
MCi 

104.06 

Reference 

Watrous et al. (2002) 

Prior to B Plant Waste Fractionization 
0.022 0.34 Johnson (2003) and 

Chapman ( 1967) 

3.33 

0 

3.35 

0 

1.73 

2.07 

Johnson (2003) and 
Chapman ( 1967) 

Johnson (2003) and 
Cha man 1967) 

lw1e.:~+,itJ.¥:ii:t/J_; ;_.;. }~t:;-?::-~;;~~:~(;?;f ~: ~~~~:~:: · .. :: .· -· ~ -~~ -~,;~-~~ >J~~.:: \ { _· x:~-:~ ~;~ ~· ~,~:~.:;~:;~;-~i;;;.~:~\·:~~~:;.\:~t~ ~-<t~ t:<:;~ 
Cesium and Strontium Recovery during B Plant Fractionization 
212-B Cask station loadout 0.84 0.46 Johnson (2003) and 
(Rare Earth crude and l st Chapman ( 1967) 
cycle IX product) shipped to 
ORNL & BNW (1968-1972) 
Cs-137 and Sr-90 capsules 20.33 47.34 Langhtery (2003) 
stored in WESF 
Encapsulated Cs-137 and Sr- 2.12 2.47 Clements (1992a and 
90 dispositioned for off site 1992b ), and Laughtery 
use (2003) 
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Residual B Plant and WESF 0.88 2.64 Kupfer et al. ( 1999) 
Contamination 
Federal Republic of 2.63 3.57 Holton (1989) 
Germany glass canister heat 
sources 
Residual 324 Building 0.68 0.91 From Table 2. 
Inventory .· 

Solid Waste (primarily from 0.88 1.15 Petersen {1996) 
B Plant and WESF) 
Subtotal 28.36 58.54 
Bl~ lif:;/;i.i __ ~-J ~· ~ ~" {/:.'\/~:?~->-~~/-~ A-~~~;i~~y : .. ~/-:l~i~~-~-~--,-... >·. ~.:?/; ~-~ :~~w~\t~5:tJ-itzsri£i%t{ 
Other Removals and Additions to Tanlc Farms 
Returns from 324 Building · . None None 
Clean Out 
Estimated Future Returns None None 
from B Plant. Clean Out 
Crib dischar es 0.01 0.01 
Leaks and S ills 0.0 0.06 
Subtotal 0.01 0.07 

Disposed as solid waste 

Assumed to be disposed of 
as solid waste. 
Waite 1991 
Waite 1991 

This evaluation concludes that of the original 87.9 MCi 90Sr and 104.1 MCi 137Cs 
generated, only 56.1 MCi 90Sr and 43 .4 MCi 137Cs remain in the tanks. Table 4 
summarizes the overall disposition. 

Table 4. Current Estimate of the Hanford Site Strontium-90 and Cesium-137 Disposition 
(Decayed to January 1, 2001 . 
Source Inventory and Sr-90 (MCi)' Cs-13 7 (MCit 
Disposition 
Inventory in Fuel Processed 87.9 104.1 
Capsules currently at the 20.3 47.3 
Hanford Site 

~ # • • .. ·- ·-
Offsite Shipments 6.3 5.0 
Solid Waste, Cribs, and 4.2 5.7 
Leaks 
Residual B Plant, and 0.9 2.6 
WESF Contamination 
Residual Tank Inventory 56. l 43.4 
(a) Values have been rounded to the nearest 0.1 MCi. 
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Subject: SOLUBILITY CALCULATIONS 
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References: 1.. Tank Waste Information Network System (TWINS), [Sample Analysis/ 
Tank Results Consolidated], <http://twins.pnl.gov:8001/datamenu.htm>. 

2. LA-UR-94-3590, Stephen F. Agnew and John G. Watkin, "Estimation of 
Limiting Solubilities for Ionic Species in Hanford Tank Supemates," 
October 1994, Los Alamos National Laboratory, Los Alamos, New Mexico. 

This letter provides solubility estimates using data from the Tank Waste Information Network 
System (Reference 1). The statistics are based on the method first applied in "Estimation of 
Limiting Solubilities for Ionic Species in Hanford Tank Supemates" (Reference 2). The original 
analysis used data from May 1963 to October 1993. The data for the new calculations includes 

. post-1989 results up to August 6, 2002. . 

The method for estimating solubility uses trimmed averages. Specifically, the calculations are 
done on "trimmed data" created by discarding either 50% or 75% of the lowest observations (by 
constituent). The trimmed averages, along with 99% lower and upper confidence limits, 
represent the "limiting solubility," as described in the 1994 report. 

Confidence limits are computed using the standard deviation of values remaining after the lowest 
numbers are discarded. Assuming the trimmed data is normally distributed, the confidence 
limits equal the average, plus or minus 2.326 times the standard deviation of the mean. Table 1 
shows the original output for aluminum (Reference 2). The data behind the Table 1 results is 
from Table IA of Attachment 1. 

T bl 1 0 . a e . r12ma 0 U l tty stima es or ummum IS I bT E ' t t Al * 
SO% Discarded 75% Dlsc.arded 

Lower sol. Upper sol. .Lower sol. •. Upper sol. Total data 
limit limit limit Limit points 

Aluminum (M) 0.97 1.22 1.43 1.74 401 1 

• As reported in Reference 2 

1 This number was 404, but only 401 observations arc in the data set; an additional check found that calcium has 79, rather than 
78 data points. All other constituents had the correct number of observations. 
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J. G. Field 
Page 2 
October 21, 2002 

7O300-02-JGF-0 10 

New estimates were calculated using the data in Table 1B. The results for aluminum are given in 
Table 2. For 50% discarded data, the new aluminum estimates are higher than the original 
values. Because of changes in the underlying data, there was a significant change in the 
estimate. Specifically, the new lower limit (1.35 M) is higher than the old upper limit (1.22 M). 
The limits based on the 75% discarded data, however, overlap each other. Hence, the 75% 
trimmed averages are not significantly different. 

a e . ew OU llCy s ma es or ummum T bl 2 N S I bTt E ti t fi Al * 
50% Discarded 75% Discarded 

Lower sol. Upper sol. Lower sol. Upper sol. Total daia 
limit . limit . Limit limit DOints 

Aluminum (M) 1.34 1.45 1.68 1.82 923 
• Using data for non-complexed waste 

Eighty-six tanks have liquid data. Four tanks have highly "complexed" liquid: AN-102, 
AN-107, U-105 , and U-106. For purposes of this solubility limit evaluation, other tanks are 
regarded as non-complexed liquid. Attachment 2 has the summary statistics and graphs grouped 
by liquid type. Statistics include the number of observations, mean, and standard deviation of 
the mean, for all observations plus the 50% and 75% discarded data. To produce lower and 
upper limits (as in the aluminum example) convert to molarity, then add and subtract 2.326 times 
the standard deviation of the mean. The last step requires the assumption that the sample 
averages are normally distributed. 

Graphs show the data by constituent, sorted from lowest to highest, along with lines representing 
the 50% discarded and 75% discarded averages. Although the new data does not contain any of 
the old observations and have been screened for outliers, there is still "considerable spread of 
data at high concentrations'', as was originally reported (Reference 2). The spread causes 
uncertainty in solubility estimates derived from the extreme values. In particular, there is 
uncertainty in the statistic that best "represents" a solubility limit. This uncertainty is not part of 
statistical uncertainty based on sample variation. 

S~R.W~ 
S. R. Wilmarth, StatisticiarJScientist I 
Data Development and Interpretation 

mev 
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Table lA. Orh!inal Al Data (2 sheets) 
Row# . Data Sorted From Lowest to Highest Elaht Observations per Row, Units (M) 

1 1.81 E-05 3.80E-05 s :9oE-os 9.90E-05 0.000138 0.000222 0.000334 0.000354 

2 3.96E-04 4.08E-04 4.37E-04 0.000463 0.000515 0.000515 0.000648 0.000717 

3 0.000815 0.00102 0.00109 0.00119 0.00127 0.00135 0.00136 0.00138 

4 0.00153 0.0016 0.00172 0.00192 0.002 0.00222 0.00229 0.00251 

5 0.00257 0.00257 0.00275 0.0028 0.00326 0.005 0.00532 0.00553 
6 0.005733 0.006 0.00602 0.00605 0.00691 0.00727 0.0076 0.00783 
7 0.00835 0.00861 0.00913 0.00965 0.00996 0.01 0.01 0.01 
8 0.011 0.0112 0.0117 0.0118 0.0139 0.0158 0.0164 0.0164 
9 0.0186 0.0188 0.0196 0.0202 0.0212 0.022 0.022 0.023 
10 0.0232 0.0238 0.024 0.0244 0.0248 0.0252 0.0256 0.026 
11 0.0261 0.027 0.0301 0.031 0.0314 0.032 0.0345 0.0355 
12 0.036 0.0365 0.0371 0.0383 0.0389 0.039 0.0391 0.0406 
13 0.0428 0.0439 0.0442 0.0443 0.0454 0.0456 0.046 0.0502 
14 0.0505 0.0519 0.053 0.0532 0.0545 0.055 0.0626 0.063 
15 0.064 0.0662 0.067 0.0672 0.0697 0.07 0.0702 0.0737 
16 0.0765 0.0796 0.081 0.0905 0.097 0.099 0.0991 0.0995 
17 0.1 0.102 0.12 0.122 0.1297 . 0.135 0.135 0.136 
18 0.138 0.14 0.147 0.147 0.147 0.1577 0.16 0.1631 
19 0.165 0.1664 0.17 0.174 0.174 0.18 0.18 0.188 
20 0.189 0.192 0.1949 0.195 0.198 0.198 0.211 0.211 
21 0.214 0.219 0.22 0.222 0.224 0.23 0.23 0.238 
22 0.244 0.244 0.2444 0.249 0.25 0.257 0.261 0.265 
23 0.268 0.274 0.278 0.281 0.283 0.286 0.291 0.292 
24 0.294 0.294 0.294 0.296 0.297 0.302 0.325 0.329 
25 0.333 0.348 0.348 0.352 0.359 0.362 0.363 0.367 
26 0.368 0.368 0.374 0.375 0.376 0.377 0.378 0.383 
27 0.386 0.396 0.398 · 0.4 0.41 0.41 0.41 0.415 

28 0.425 0.426 0.432 0.436 0.44 0.44 0.44 0.444 

29 0.448 0.461 0.462 0.466 0.468 0.471 0.477 0.477 
30 0.481 0.485 0.498 0.5 0.501 0.514 0.52 0.521 
31 0.531 0.537 0.54 0.543 0.546 0.548 0.5~ 0.55 
32 0.561 0.565 0.578 0.579 0.589 0.597 0.598 0.601 
33 0.611 0.621 0.624 0.624 0.626 0.638 0.642 0.646 
34 0.651 0.653 0.667 0.671 0.684 0.69 0.71 0.724 
35 0.741 0.742 0.747 0.752 0.754 0.758 0.7635 0.771 
36 o.a 0.812 0.81~ 0.818 0.818 0.823 0.83 0.837 
37 0.8413 0.842 0.867 0.87 0.888 0.898 0.9 0.911 
38 0.914 0.923 0.924 0.94 0.958 0.9636 0.978 0.978 
39 0.982 0.983 0.99 1 1.01 1.02 1.02 1.05 
40 1.06 1.06 1.07 1.08 1.08 1.085 1.09 1.09 
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a e . r12ma T bl lA O' . lAl ummum a s ee D ta (2 h ts) 

Row# Data Sorted From Lowest to Hh::ihest, Eight Observations per Row, Units (M) 

41 1.11 1.11 1.11 1.13 1.13 1.14 1.15 1.17 

42 1.17 1.19 1.206 1.21 1.21 1.21 1.212 1.22 

43 1.22 1,.26 1.2602 1.3 1.3 1.3 1.34 1.35 

44 1.36 1.364 1.37 1..37 1.375 1.39 1.3947 1.4 

45 1.4069 1.4084 1.426 1.45 1.46 1.49969 1.52 1.52 

46 1.52 1.52 - 1.53 1.5469 1.55 1.58 1.6 1.6 

47 1.61 1.67 1.75 1.758 1.8 1.87 1.91 1.92 

48 1.95 2 2 2.06 2.063 2.0703 2.08 2.157 

49 2.17 2.185 2.23 2.27 2.325 2.342 2.37 2.41 

50 2.42 2.48 2.5 2.54 2.58 2.89 2.959 3.28 

51 4.64 

Table 1B. New Aluminum Data (4 sheets) 
Row# Data Sorted From Lowest to Highest, Eight Observations per Row, Units (M) • 

1 8.04E-06 2.38E-05 2.42E-05 2.77E-05 -2.86E-05 2.86E-05 3.04E-05 3.20E-05 
2 3.56E-05 3.62E-05 3.88E-05 4.02E-05 4.0BE-05 5.24E-05 8.90E-05 0.000158 
3 0.000424 0.00044 0.00044 0.000459 0.000477 0.000484 0.000517 0.000519 
4 0.000547 0.000556 0.000582 0.000584 0.000587 0.000597 0.000602 0.000617 
5 0.000619 0.000626 0.000638 0.000639 0.000693 . 0.000701 0.000713 0.000713 
6 0.000775 0.00078 0.00078 0.000782 0.0012 0.00122 0.00123 0.00125 
7 0.00134 0.00134 0.00152 0.00153 0.00156 0.00158 0.00163 0.00177 
8 0.00181 0.00181 0.00182 0.00183 0.00188 0.00192 0.00192 0.00195 
9 0.00199 0.00201 0.00203 0.00208 0.00209 0.00214 0.00222 0.00245 
10 0.00282 0.00297 0.00329 0.00366 0.00378 0.00378 0.00382 0.00382 
11 0.00384 0.00385 0.00389 0.00391 0.0045 0.00489 0.00526 0.00536 
12 0.0061 0.0063 0.00634 0.00669 0.00689 0.00699 0.0071 0.00728 
13 0.00728 0.00751 0.0076 0.00795 0.00802 0.00812 0.00841 0.00842 
14 

. 
0.00845 0.00852 0.0096 0.0102 0.0103 0.00873 0.00875 0.0099 

15 0.0113 0.0114 0.013 0.0131 0.0138 0.014 0.0161 0.0162 
16 0.0165 0.0169 0.0171 0.0176 0.0177 0.0179 0.0179 0.0182 
17 0.0186 0.0187 0.0201 0.0202 0.0202 0.0203 0.0204 0.0206 
18 0.0208 0.0208 0.0211 0.0212 0.0218 0.0219 0.0225 0.0225 
19 0.0229 0.0232 0.0232 0.0239 0.0241 0.0242 0.0243 0.0245 
20 0.0246 0.0248 0.0248 0.0249 0.0249 0.0249 0.0249 0.0249 
21 0.0251 0.0251 0.0251 0.0251 0.0252 0.0253 0.0253 0.0255 
22 0.0257 0.0257 0.0257 0.0257 0.0258 0.0258 0.0259 0.0259 
23 0.0259 0.0259 0.0259 0.026 0.0261 0.0261 0.0261 0.0262 
24 0:0263 0.0266 0.0276 0.0301 0.0301 0.0309 0.0312 0.0314 
25 0.0328 0.0333 0.0344 0.0351 0.0352 0.0354 0.036 0.0362 
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Row# ,Data Sorted From Lowest to Highest. Elaht Observations oer Row. Units (M) 

26 0.0373 0.0389 0.0393 0.0395 0.0395 0.0404 0.0415 0.0443 

27 0.045 0.045 0.0458 0.0458 0.046 0.0467 0.0471 0.0474 

28 0.0478 0.048 0.0489 0.0495 0.0495 0.05 0.0504 0.0506 

29 0.0508 0.0511 0.0511 0.0517 0.0517 0.0519 0.0519 0.0526 

30 0.0537 0.0563 0.0573 0.0573 0.0574 0.058 0.0612 0.0636 
31 0.0658 0.0671 0.068 0.0682 0.0723 0.0728 0.0838 0.0869 
32 0.0873 0.089 0.0895 0.0958 . 0.0966 0.0977 0.0977 0.0986 

33 0.101 0.104 0.106 0.106 0.107 0.11 0.114 0.116 

34 0.119 0.12 0.122 0.123 0.127 0.128 0.128 0.128 

35 0.128 0.129 0.135 0.136 0.136 0.137 0.137 0.139 
36 0.146 0.15 0.152 0.156 0.158 0.16 0.164 0.165 

37 0.169 0.17 0.174 0.175 0.184 0.184 0.187 0.188 
38 0.189 0.196 0.217 0.222 0.223 0.227 0.227 0.245 

39 . 0.245 0.247 0.251 0.257 0.26 0.261 0.264 0.265 
40 0.274 0:275 0.282 0.287 0.288 0.292 0.292 0.293 
41 0.293 0.295 0.297 0.298 0.298 0.299 0.3 0.301 
42 0.302 · 0.304 0.305 0.306 0.306 0.307 0.307 0.308 
43 0.308 0.309 0.309 0.31 0.311 0.312 0.313 0.315 
44 0.315 0.316 0.316 0.316 0.317 0.317 0.319 0.319 
45 0.32 0.323 0.324 0.328 0.33 0.33 0.331 0.333 
46 0.333 0.339 0.34 0.342 0.343 0.343 0.344 0.344 
47 0.344 0.344 0.35 0.351 0.36 0.362 0.366 0.369 . 
48 0.37 0.371 0.372 0.374 0.391 0.395 0.4 0.404 

49 0.404 0.406 0.406 0.408 0.41 0.41 0.411 0.411 
so 0.413 0.417 0.421 0.421 0.421 0.423 0.424 0.424 
51 0.426 0.426 0.426 0.426 0.428 0.428 0.428 0.428 
52 0.43 0.43 0.434 0.434 0.434 0.434 0.434 0.436 
53 0.439 0.441 0.441 0.443 0.447 0.456 0.458 0.46 
54 0.461 0.463 0.463 0.469 0.469 0.471 0.471 0.474 
55 0.484 0.487 0.493 0.5 0.5 0.504 0.508 0.51 
56 0.511 0.511 0.517 0.519 0.521 0.521 0.526 0.537 
57 0.54p 0.545 0.547 0.547 0.549 0.554 0.562 0.562 
58 0.565 0.571 0.573 0.602 0.619 0.627 0.631 0.638 
59 0.641 0.645 0.647 0.649 0.654 0.656 0.658 0.662 
60 0.673 0.691 0.693 0.695 0.71 0.715 0.717 0.722 
61 0.723 0.724 0.725 0.725 0.732 0.738 0.738 0.741 
62 0.743 0.745 0.749 0.752 0.756 0.762 0.767 0.777 
63 0.778 0.782 0.784 .0.784 0.786 0.791 0.793 0.795 
64 0.81 0.818 0.821 0.823 0.824 0.827 0.83 0.834 
65 0.838 0.84 0.843 0.852 0.856 0.856 0.871 0.878 
66 0.878 0.88 0.895 0.903 . 0.91 0.919 0.923 0.927 
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- -- - . - . . - ' 
, 

Row# Oat~ Sorted From Lowest to· Hlghe•t,· Eight Observations Der Row, Units (M) 

67 0.928 0.93 0.93 0.935 0.938 0.938 0.938 0.943 

68 0.945 0.949 0.949 0.953 0.953 0.96 0.964 0.973 

69 0.98 0.984 0.986 0.99 0.99 0.991 0.995 0.997 

70 1 1 1.01 1.01 1.02 1.02 1.02 · 1.02 

71 1.02 1.03 1.03 1.03 1.03 1.04 1.04 1.04 

72 1.04 1.05 1.05 1.06 1.06 1.06 1.06 1.06 

73 1.07 1.07 1.07 1.07 1.08 1.08 1.09 1.1 

74 1.1 1.1 1.1 1.11 1.11 1.11 1.11 1.12 

75 1.12 1.12 1.12 1.13 1.13 1.14 1.14 1.14 

76 1.15 1.15 1.15 1.15 1.16 1.16 1.16 1.16 

77 1.16 1.16 1.17 1.17 1.17 1.17 1.17 1.17 

78 1.18 1.18 1.18 1.19 1.19 1.19 1.19 1.19 

79 1.19 1.2 1.2 1.2 1.2 1.2 1.2 1.2 

80 1.2 1.2 1.2 1.2 1.21 1.21 1.21 1.21 

81 1.21 1.21 1.21 1.22 1.22 1.22 1.22 1.22 

82 1.22 1.23 1.23 1.24 1.25 1.26 1.26 1.27 

83 1.27 1.27 1.28 1.28 1.28 1.28 1.29 1.29 

84 1.29 1.3 1.3 1.3 1.3 1.3 1.31 1.32 

85 1.32 1.32 1.32 1.33 1.33 1.33 1.33 1.34 

86 1.34 1.35 1.35 1.35 1.35 1.35 1.35 1.36 

87 1.36 1.36 1.36 1.36 1.37 1.37 1.37 1.38 

88 1.38 1.38 1.38 1.38 1.38 1.39 1.39 1.39 

89 1.39 1.39 1.39 1.39 1.39 1.4 1.4 1.4 

90 1.4 1.4 1.4 1.4 1 .41 1.41 1.41 1.42 . 

91 1.42 1.43 1.43 1.43 1.43 1.43 1.44 1.44 
92 1.44 1.44 1.45 1.45 1.46 1.46 1.46 1.46 
93 1.47 1.48 1.48 1.49 1.49 1.49 1.49 1.49 

94 1.5 1.5 1.5 1.5 1.51 1.51 1.51 1.51 
95 1.51 1.51 1.51 1.51 1.51 1.52 1.52 1.52 
96 1.52 1.52 1.53 1.53 1.53 1.53 1.53 1.53 
97 .1.53 1.54 1.54 1.54 1.54 1.54 1.55 1.55 
98 1.55 1.55 1.55 1.55 1.56 1.56 1.56 1.56 
99 1.57 1.58 1.58 1.59 1.59 1.59 1.59 1.59 
100 1.59 1.59 1.6 t .6 1.6 1.61 1.61 1.62 
101 1.62 1.62 1.62 1.63 1.63 1.63 1.63 1.63 
102 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 

103 1.64 1.64 1.65 1.65 1.65 1.65 1.65 1.65 
104 1.66 1.66 1.66 1.67 1.67 1.67 1.67 1.68 

105 1.68 1.68 1.69 1.69 1.69 1.7 1.7 1.7 
106 1.72 1.72 1.72 1.73 1.73 1.74 1.74 1.75 
107 1.76 1.76 1.77 1.77 1.78 1.79 1.79 1.8 
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Table 1B. New Aluminul!lData _(4 sheets) 
Row# Data Sorted From Lowest to Highest, Eight Observations J>er Row Units (Ml 

108 1.8 1.81 1.81 1.82 . 1.83 1.83 1.83 1.84 
109 1.85 1.87 1.88 1.88 1.89 1.89 1.9 1.91 
110 1.91 1.91 1.92 1.94 1.96 1.98 2 2.01 
111 2.01 2.02 2.02 2.03 2.03 2.04 2.04 2.06 
112 2.06 2.07 2.07 2.08 2,1 2.1 2.16 2.22 
113 2.23 2.24 2.27 2.28 2.28 2.3 2.31 2.32 
114 2.34 2.39 2.46 2.48 2.54 2.56 2.57 2.6 
115 2.67 2.77 2.82 2.82 2.85 3.02 3.07 3.17 
116 3.24 3.27 3.62 
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a e . T bl 2A C omoex as e a IS lCS I W t St ff 
Constituent Units #Obs Avera2e SD(Ave) Av2SO SD<AveSO) Ave7S ISD(Av275) 

Aluminum ug/m.L 49 l.06E+04 l.26E+03 l.73E+04 1.14E+03 l.99E+04 l.95E+03 

Americium-241 uCi/mL 14 2.92E-01 7.77E-02 4.77E-0l l.20E-01 6.96E-0l 1.14E-01 

Atomic Mass Unit 232 ug/m.L 6 l.0SE+Ol 3.98E+00 l.96E+0l l.43E+00 2.0SE+Ol l.21E+OO 

Cadmium ug/m.L 43 6.56E+Ol 2.34E+OO 7.S0E+Ol l.84E+00 8.14E+Ol 2.43E+OO 

Calcium ug/mL 41 5.l3E+02 l.93E+0l 6.04E+02 l.25E+0l 6.44E+02 · l.41E+0l 

Carbon-14 uCi/mL 6 5.58E-04 6.95E-05 7.04E-04 4.70E-05 7.SlE-04 2.00E-06 

Cesium-137 uCi/mL 23 3.51E+02 l.S0E+Ol 3.99E+02 9.71E+OO 4.27E+02 9.91E+00 

Chloride ug/mL 35 3.93E+03 3.40E+02 5.30E+03 4.41E+02 6.50E+03 6.75E+02 

Chromium ug/m.L 46 2.72E+02 l.68E+Ol 3.43E+02 2.52E+0l 3.98E+02 4.31E+0l 

Cobalt-60 uCi/mL 20 l.23E-Ol l .02E-02 l.58E-0l 5.16E-03 l.71E-0l 5.83E-03 

Europium-154 uCi/mL 11 5.98E-Ol l.06E-0l 8.62E-0l 9.55E-02 1.02E+OO l.06E-0l 

Europium-155 uCi/mL 3 NA NA NA NA NA NA 
Fluoride ug/m.L 21 2.67E+03 4.54E+02 4.08E+03 5.65E+02 5.23E+03 6.63E+02 

1-Ivdroxide ug/m.L 23 7.66E+03 l.29E+03 l.19E+04 l .71E+03 l.56E+04 2.63E+03 

Iodine-129 uCi/mL 5 l.25E-04 3.20E-06 l.28E-04 4.70E-06 i.31E-04 6.S0E-06 

Iron ug/mL 35 l .05E+03 2.35E+02 l.99E+03 3.25E+02 2.70E+03 5.18E+02 

Lanthanum ug/mL 15 3.70E+0l l.25E+O0 4.00E+0l l.40E+00 4.32E+Ol l.50E+OO 

!Lead ug/mL 38 2.79E+02 2.06E+0l 3.81E+02 2.42E+0l 4.54E+02 l.66E+Ol 
Manganese u2/mL 39 2.26E+02 4.42E+Ol 4.20E+02 5.97E+0l 6.23E+02 2.26E+0l 
Neptunium-237 · uCi/mL 3· NA NA NA NA NA NA 
~ickel u9/mL 46 4.75E+02 l.49E+0l 5.55E+02 l.23E+0l 5.95E+02 l.43E+0l 

Nitrate u9,/mL 35 2.20E+05 4.84E+03 2.43E+05 4.02E+03 2.55E+05 5.63E+03 

Nitrite uwmL 35 8.43E+04 2.73E+03 9.69E+04 2.57E+03 l.05E+05 3.20E+03 
Phosphorus ulllmL 42 l .28E+03 9.97E+Ol l.84E+03 4.26E+0l l.98E+03 5.1 lE+Ol 
Plutonium-239/40 uCi/mL 8 4.58E-03 8.72E-04 6.SiE-03 5.84E-04 7.35E-03 7.95E-04 

!Potassium ug/mL 41 2.31E+03 l.08E+02 2.68E+03 l.63E+02 3.13E+03 2.67E+02 
ISelenium-79 uCi/mL 6 7.24E-04 5.57E-05 8.43E-04 2.77E-05 8.67E-04 2.45E-05 
!Silicon ug/mL IO 5.55E+Ol 6.79E+OO 7.12E+0l 8.80E+00 8.41E+.Ol 6.88E+OO 
Sodium uwmL 46 2.21E+05 4.17E+03 2.42E+05 4.69E+03 2.57E+05 6.15E+03 
Strontium-89/90 uCi/mL 20 7.79E+Ol 5.93E+OO 9.67E+0l 2.64E+OO l.03E+02 3.06E+00 

Sulfate uw'mL 10 8.61E+03 2.37E+02 9.19E+03 l.87E+02 9.41E+03 2.32E+02 

Sulfur ug/mL 43 4.I0E+03 2.07E+02 5.30E+03 1.58E+02 5.82E+03 l .19E+02 

Technetium-99 uCi/mL 9 9.84E-02 l.24E-02 l.25E-01 1.00E-02 l .40E-0l 4.66E-04 

ITin-126 uivmL 3 NA NA NA NA NA NA 
rrotal inorganic carbon uivmL 28 l.30E+04 6.52E+02 l .54E+04 2.29E+02 l.61E+04 2.74E+02 
rrotal organic carbon ug/ml.. 24 2.65E+04 l.65E+03 3.28E+04 l.59E+03 3.70E+04 1.23E+03 
rrritium uCi/mL 3 NA NA NA NA NA NA 
IZinc uwmL 1 NA NA NA NA NA NA 
!Zirconium u,l?/mL 31 4.55E+Ol 7.14E+OO 7.95E+01 6.24E+OO 9.lSE+Ol 1.10E+Ol 
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a e . on-T bl 2B N C ompex as e IS ICS I W t Stat' t' . 
Constituent Units #Obs Averaie SD{Avi) AviSO SD(Av250' AviOS SD{Av275) 

Aluminum ug/mL 923 2.10E+04 6.35E+02 3.77E+04 5.97E+02 4.73E+04 7.03E+02 

Americium-241 uCi/mL 241 l.95E-03 2.75E-04 3.71E-03 4.98E-04 6.73E-03 8.23E-04 

Antimony ug/mL 17 4.87E-02 5.46E-03 6.65E-02 4.95E-03 7.5 lE-02 6.l7E-03 

Bismuth ug/mL 13 4.18E+Ol l .39E+Ol 7.22E+Ol l.95E+Ol 9.60E+Ol 2.98E+Ol 

Cadmium ug/mL 164 3.82E+OO 2.83E-Ol 6.27E+OO 4.08E-Ol 8.60E+OO 6.26E-Ol 

Calcium ug/mL 175 7.47E+Ol 4.30E+OO 1.19E+02 4.81E+OO l .50E+02 6.32E+OO 

Carbon-14 uCi/mL 140 4.12E-04 4.25E-05 6.91E-04 6.99E-05 9.59E-04 l.24E-04 . 
Cesium-137 uCi/mL 508 3.32E+02 2.13E+Ol 5.96E+02 3.54E+Ol 9.25E+02 5.68E+Ol 

!Chloride ug/mL 874 4.60E+03 l.44E+02 8.26E+03 l.40E+02 l.06E+04 l.33E+02 

Chromium ug/mL 886 8.9lE+02 7.06E+Ol l.69E+03 l.30E+02 2.88E+03 2.35E+02 

Cobalt-60 uCi/mL 60 l .27E-02 l.70E-03 2.30E-02 2.07E-03 3.24E-02 2.l lE-03 

Curium-243/244 uCi/mL 3 NA NA NA NA NA NA 
Europium ul!/mL 3 NA NA NA NA NA NA 

Fluoride ug/mL 568 l.73E+03 l.34E+02 3.13E+03 2.40E+02 5.20E+03 4.13E+02 

Hvdroxide ug/mL 397 2.68E+04 l.13E+03 4.50E+04 l.24E+03 5.76E+04 l.62E+03 

lodine-129 uCi/mL 61 l .59E-04 l.l6E-05 2.25E-04 l.39E-05 2.80E-04 l.74E-05 

IrQn ug/mL 119 3.48E+Ol 5.55E+OO 6.59E+Ol 9.44E+OO l .05E+02 l.52E+Ol 

Lanthanum ug/mL 20 l.OlE-01 7.34E-03 l.27E-Ol 4.20E-03 l.39E-Ol l.SlE-03 

ILead ug/mL 155 8.69E+Ol 4 .llE+OO l .30E+02 2.92E+OO l .49E+02 3.03E+OO 

Man,:tanese ug/mL 63 l.09E+Ol 2.08E+OO l.91E+Ol 3.54E+OO 3.1 IE+Ol 5.7lE+OO 

!Mercury ug/mL 35 3.25E-Ol 1.15£-01 6.40E-Ol 2.04E-Ol 1.12E+OO 3.35E-Ol 

Neptunium-237 uCi/mL 27 l.97E-04 3.46E-05 3.27£-04 4.25E-05 4.69E-04 2.6IE-05 

!Nickel u9,/mL 211 4.56E+Ol 3.22E+OO 7.50E+Ol 4.88E+OO l.07E+02 7.54E+OO 

Nitrate ug/mL 887 l.12E+05 2.81E+03 l.80E+05 2.82E+03 2.l7E+05 4.24E+03 

Nitrite ug/mL 903 6.68E+04 l.77E+03 l.11E+05 l.75E+03 l.42E+05 l.62E+03 

!Phosphorus ug/mL 800 9.52E+02 4.04E+Ol l.58E+03 6.70E+Ol 2.19E+03 l.19E+02 

flutonium-239/40 uCi/mL 185 l.68E-03 4.23E-04 3.29E-03 8.lOE-04 6.25E-03 l.49E-03 

:Potassium ug/mL 839 7.68E+03 3.56E+02 l.33E+04 5.93E+02 2.14E+04 8.80E+02 

frotactinium-231 ug/mL 7 l.37E-Ol l.6IE-02 l.70E-Ol 6.12E-03 l.80E-Ol 2.75E-03 
!Ruthenium ug/mL 43 l.83E+Ol 2.26E+OO 3.05E+Ol 2.14E+OO 3.70E+Ol 2.63E+OO 
Selenium-79 uCi/mL 71 5.40£-04 5.94E-05 9.SOE-04 6.16E-05 l.21E-03 7.14E-05 
Silicon ug/mL 745 l.39E+02 4.19E+OO 2.23E+02 5.40E+OO 2:95E+02 7.62E+OO 
Sodium ug/mL 950 l.49E+OS 2 .96E+03 2.32E+05 1.22E+03 2.52E+05 7.79E+02 
Strontium ug/mL 7 l.93E+OO 1.llE+OO 3.33E+OO l.67E+OO 5.66E+OO 2.26E+OO 
Strontium-90 uCi/mL 454 7.55E-Ol 7.04E-02 l.46E+OO l.24E-Ol 2.57E+OO l.98E-Ol 
Sulfur ug/mL 767 l.59E+03 6.12E+Ol 2.64E+03 9.49E+Ol 3.96E+03 l.31E+02 
Technetium-99 uCi/mL 260 l.l7E-Ol 6.41E-03 l.94E-Ol 8.08E-03 2.64E-01 9.65E-03 
Thorium-232 ug/mL 10 7.94E-Ol 2.92E-Ol l .35E+OO 4.79E-Ol 2.03E+OO 4.27E-Ol 
Tin-126 ug/mL 9 4.70E-Ol 8.99E-02 6.56E-Ol 9.83E-02 · 7.78E-Ol l.lOE-01 
if otal inorganic carbon ug/mL 453 3.67E+03 l.40E+02 5.66E+03 2.02E+02 7.67E+03 2.97E+02 
~otal organic carbon ug/mL 377 2.87E+03 l.27E+02 4.59E+03 l.7IE+02 5.98E+03 2.72E+02 
Tritium uCi/mL 101 8. llE-03 l .22E-03 l.42E-02 2.09E-03 2.23E-02 3.42E-03 
Uranium u9,/mL 158 l.03E+Ol l.47E+OO l.87E+Ol 2.57E+OO 3.lOE+Ol 4.34E+OO 
Zirconium ug/mL 121 l.21E+Ol l .31E+OO l.91E+Ol 2.26E+OO 2.68E+Ol 3.98E+OO 
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Design Review Checklist for Simple Designs/Simple Desia:n Cbana:es (Routine Engineering Change 
Notices) 

Page 1 of 1 

Subject: Calculation check for letter 70300-02-JGF-010, "Solubility Calculations''. 
. ' 

Originator: S. R Wilmarth s;-~ f(. ~ Date: /, / 2 / (:J.o() '2,.. 
J 1 

Checker: C. W. Burrup Date: / o / ,_ I /z. tTCJ ~ 
I 

This document consists of I pages and the following attachments (if applicable): 
Attachment A: NIA -
Attachment B: NI A 

Documents/Engineering Change Notices Reviewed: Letter 70300-02-JGF,OIO 

Affected Document(s) (Optional): NIA 

Y§ No 
[x] [ 1 
[ ] [ ) 

[ ] [ 1 

[x] [ 1 
[x] [ ] 
[x] [ ] 
[ J [ ] 

NIA 
[ ) 
[x] 

[x] 

[ ] 
[ ] 
[ ] 
[x] 

Were the design inputs correctly selected? 
Are assumptions necessary to perform the design activity adequately described 
and reasonable? 
Wh.ere necessary. are the assumptions identified for subsequent re-verifications 
when the detailed design activities area completed? 
Was an appropriate design method used? 
Were the design inputs correctly incorporated into the design? 
Is the design output reasonable compared to design inputs? 
Are the necessary design input and verification requirements for interfacing 
organizations specified in the design documents or in supporting procedures or 
instructions? 

Checklist Completed By: C. W. Burrup Date: 10121/2002 

Notes: 
• Confidence Intervals for Aluminum were checked using S-Plus. Notes and S-Plus output are 

located in \\APO 12\ChardocsWl Staff Member\Burrup\70300-02-JGF-O 10 _CI_ checks.doc. 
• Tables were spot checked directly against the raw data files. 
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INTEROFFICE MEl\ilO 
CH2MHILL 

Hanford Group, Inc. 

From: Inventory and Flowsheet Engineering 70300-02-NWK-023 
Phone: 376-5694 
Date: July 11, 2002 
Subject: TRITIUM PARTITION FACTORS FOR THE HANFORD DEFINED WASTE 

MODEL 

To: 

Copies: 

File 

K. M. Bowen 
D. E. Place 
R. A. Watrous 
NWKLB/File 

The Hanford Defined Waste (HD W) Model is being updated to reflect new information that has 
become available since Revision 4.0 of the model was published in January 1997. Users of the 
Best-Basis Inventory are concerned that the model-based inventories for critical, mobile, long
lived radionuclides are unduly conservative and, therefore, designs for waste disposal may b_e 
unnecessarily conservative and expensive. 

The current version of the HDW Model (Revision 4.0) assumes that all of the tritium (3H) 
present in the irradiated fuel exited the separation plants in waste streams that were sent to the 
tank farms. This assumption is thought to be overly conservative, and that changes to the HDW 
Model should be made to account for atmospheric emissions and direct discharges to the soil by 
the separation plants. 

The attachment to this letter establishes tritium soil discharge and tank receipt partition factors 
for the next version of the HDW Model. Other releases to the environment via tank farm 
evaporators, tank leaks, and direct discharges to cribs are already accounted for by the HDW 
Model. 

~Wcn-7~ 
Bruce A. Higley 
Engineer 

ns 

Attachment 
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TRITIUM - PLANT EMISSIONS. 

BACKGROUND 

The HDW Model, Revision 4.0, currently assumes that all of the tritium (3H) present in the 
irradiated fuel exited the separation plants in waste streams that were sent to the tank farms. This 
assumption is thought to be overly conservative. The separation plants are known to have 
released significant fractions of the tritium to the soil. This attachment establishes tritium soil 
discharge, and tank farm receipt partition factors for the next version of the HDW Model. 
Releases from the tank farms via tank farm evaporators, leaks or discharges to cribs are currently 
accounted for by the HDW Model. 

This assessment assumes that tritium followed the same chemical paths through the separation 
processes as water. The primary pathway of interest is discharge of tritium by the separation 
plants to soil. The most important pathway for release was the process condensates produced by 
plant evaporators. Although tritium was undoubtedly released to the atmosphere as water vapor, 
only a very small fraction of the total tritium released is believed to be via this pathway. 

BISMUTH PHOSPHATE PROCESS 

The Bismuth Phosphate process did not include waste concentrators. However, the process for 
dissolution of irradiated uranium fuel involved boiling in a nitric acid solution. This operation 
could have released water (and tritium) to the atmosphere via the plant stack. A review of the 
flowsheets (GE 1944 and Schneider 1951) indicates that the dissolvers were equiped with reflux 
condensers. By examination of the reported liquid volumes before and after fuel dissolution, it is 
apparent that the reflux condensers were efficient and essentially all of the water remained in the 
dissolvers. Thus the net fraction of tritium sent to the tank farms by the Bismuth Phosphate 
process is 1.0. 

TRIBUTYL PHOSPHATE PROCESS 

The Tributyl Phosphate process was used to separate uranium from metal waste (MW) retrieved 
from the underground storage tanks. The aqueous raffinate from the extraction column was 
concentrated before being returned to the tank farms. Process condensate from the waste 
concentrator was sent to cribs. The TBP plant waste concentrator generated 60.9 L/min. of 
process condensate and l 04 L/min. of evaporator bottoms (GE 1951 a). The evaporator bottoms 
had a specific gravity of 1. 398 g/ml. and a water content of 56.2 wt%. Roughly 57% of water 
went to the waste tanks and 43% to the cribs or vessel vent system. The net fraction of tritium 
sent to the tanks is 0.57. 

REDOX PROCESS 

The REDOX plant underwent several significant equipment and flowsheet changes over the 
plant's fifteen-year operating life. Six REDOX process flowsheets were issued (Nos. 4 through 
9) between 1951 and 1966 (GE 1951b, Merrill and Stevenson 1955, Crawley and Harmon 1960, 
Issacson 1965, and Boldt 1966). 
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Ideally it would be desirable to assign specific time periods and fuel quantities reprocessed to 
each of the six flowsheets. This is not practical since the date of application of the various 
flowsheets is uncertain. New flowsheets frequently documented changes already in place or 
documented pending equipment changes. 

REDOX 1952-1958 The 1952-1958 campaign is based on the No. 5 REDOX flowsheet which 
was issued in August 1955 (Merrill and Stevenson 1955). This flowsheet reflects a chronology 
of plant and process improvements implemented between 1952 and 1955 subsequent to the 
REDOXTechnical Manual (GE 1951b) being issued. Virtually all of the tritium in the irradiated 
uranium fuel core would have followed the HA column waste to the D-12 waste concentrator. 
The D-12 waste concentrator generated 1 78 L/min. of process condensate and 110 L/min. of 
evaporator bottoms. The evaporator bottoms had a specific gravity of 1.415 and a water content 
of 57.8 wt%. Roughly 34% of the water went to the waste tanks and 66% to the cribs or vessel 
vent system. The net fraction of tritium sent to the tanks is 0.34. 

REDOX 1959-1967 The 1959-1967 campaign is based on the No. 6 REDOX flowsheet which 
was issued in October 1960 (Crawley and Harmon 1960). Virtually all of the tritium in the 
irradiated uranium fuel core would have followed the I A column waste to the D-12 waste . 
concentrator. The D-12 waste concentrator generated 150 L/min. of process condensate and 
102 L/min. of evaporator bottoms. The evaporator bottoms had a specific gravity of 1.42 and a 
water content of 58.3 wt%. Roughly 42% of the water went to the waste tanks and 58% to the 
cribs or vessel vent system. The net fraction of tritium sent to the tanks is 0.42. 

PUREX 

The primary pathways for tritium out of the PUREX process are via the neutralized HL W and 
the process condensates from the acid absorber and the vacuum fractionator. All of the other 
pathways, backcycle concentrator condensate, organic wash waste, UNH product, etc. are 
believed to account for less than 1 % of the tritium entering the plant. 

PUREX 1956-1967 The 195 6 to 1967 campaign is based on PUREX Two-Cycle Flowsheet 
(Swift and Irish 1957). Based on a review of the stream flows in the waste concentration and 
acid recovery section, and assuming 100% recycle of the AF A recovered acid to the headend of 
the PUREX plant, the process condensate streams from the acid absorber and vacuum 
fractionator _would have contained over 98% of the tritium in the irradiated fuel. Only 1.1 % of 
the tritium went to the underground tanks. The net fraction of tritium sent to the tanks is 0.01 I. 

PUREX 1968-1972 The 1968 to 1972 campaign is based on PUREX Chemical Flowsheet -
Processing of Aluminum-Clad Uranium Fuels (Matheison and Nicholson 1968). The process 
condensate streams from the acid absorber and vacuum fractionator would have contained over 
97% of the tritium entering the PUREX plant. Only 2.8% of the tritium went to the underground 
tanks. The net fraction of tritium sent to the tanks is 0.028. 

PUREX 1983-1988 The 1983 to 1988 campaign is based on PUREX Process Flowsheet -
Processing of N Reactor Fuels (Jacobs and Allen 1985). Unlike previous flowsheets, this 
flowsheet included recycle of significant amounts of process condensate. Only 12.8% of tritium 
went to the underground tanks. The net fraction of tritium sent to the tanks is 0.128. 
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Subject: BISMUTH PHOSPHATE PROCESS RADIONUCLIDE PARTITION 

FACTORS FOR THE HANFORD DEFINED WASTE MODEL 

To: 

Copies: 

J. G. Field 

K. M. Bowen.A/4,,, . . 
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D. E. Place 
R. A. Watrous 
NWK LB/File 

R2-12 

The Hanford Defined Waste (HDW) Model is being updated to reflect new information that has 
become available ·since Revision 4.0 of the model was published in January 1997. Users of the 
Best-Basis Inventory are concerned that the model-based inventories for critical, mobile, long
lived radionuclides are unduly conservative and, therefore, designs for waste disposal may be 
unnecessarily conservative and expensive. 

The Bismuth Phosphate process radionuclide partition factors used by the current version of the 
HDW Model (Revision 4.0) have become suspect for a number ofreasons. Currently the 
Integrated Groundwater Vadose Zone Project is sponsoring a laboratory simulation of the 
Bismuth Phosphate process chemistry in an attempt to better understand the fate of radionuclides 
in the Bismuth Phosphate process. Although preliminary results have been obtained, final results 
from this study will not be available until later this year or early next year. As an interim 
measure, Bismuth Phosphate process flowsheets and other documents were examined to 
establish new radionuclide partition factors for use in updating the HDW model. These partition 
factors are subject to change when experimental data becomes available. 

The attachment to this letter establishes new Bismuth Phosphate process partition factors for the 
next version of the HDW Model. These revised partition factors will redistribute the 
radionuclides between the tanks that received waste from the Bismuth Phosphate process and are 
not expected to change the total inventory of the underground storage tanks. 

c3flMu (L~~ 
Bruce A. Higley 
Engineer 

JJS 

Attachment 
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Bismuth Phosphate Process Radionuclide Partition Factors 

The Integrated Groundwater Vadose Zone Project is funding a laboratory simulation of the 
Bismuth Phosphate process through the first cycle decontamination step. Although preliminary 
results have been obtained, final results from this work will not be available to review until later 
this year. To facilitate updating of the HDW model, new BiPO4 partition factors have been 
developed as is discussed in this attachment. 

BACKGROUND 

The partition factors used by the HDW model for the BiPO4 process have come under suspicion 
based on contradictory data from the Groundwater Vadose Zone Project that indicates that the 
HDW model overestimates the fraction of 99Tc that was discharged with the first cycle (IC) 
waste. 

The partition factors used by Revision 4.0 of the HDW model to distribute radionuclides are 
summarized in Table l. · 

Table I. HDW Model Distribution of Radionuclides for the Bismuth Phosphate Process. 
Radionuclide Metal Waste First Cycle and Second Cycle 224 Waste 

(MW) Coating Waste (2C) . 
~ · 

(IC/CW) 
Fraction Fraction Fraction Fraction 

90Srand 137Cs 0.35 0.584 0.006 0.006 
Pu 0.J3 (a) 0.33 (a) 0.33 (a) 0.01 (a) 
u 0.889 0.100 0.010 0.001 
All other 0.889 0.100 0.010 0.001 
radionuclides 

(a) D1stnbutlon of Pu product losses 

Toe 0.889/0.1/0.01 split is believed to be based a statement in the Hanford Works Technical 
Manual Part C (GE 1944) which states that approximately 90% of the fission products went with 
the metal waste (MW), about 10% with the first cycle (IC) waste and second cycle (2C) waste. 
(Note: The flow diagram indicates 85% partitioning to metal waste.). 

The low percentage of 90Sr and 137Cs sent to the metal waste (35%) is suspect because the 
Hanford Works Technical Manual Part C (GE 1944) specifically states that Sr is phosphate
soluble. Cesium is not known to be phosphate insoluble. During the extraction step most of the 
phosphate-soluble species would have left the process with the metal waste stream. 

There is evidence from vadose zone studies and plant process tests that the radionuclide 
distribution used by the HDW model is incorrect. · 

Vadose Zone Studies Vadose zone modeling, using the HDW model, predicts that 
approximately 2 Ci of 99Tc were in the 378 kgal of B Plant first cycle waste discharged to the 
216-B-38 trench in 1954. However, analytical data from the 14 soil samples collected between 
3.5 and 265.S ft below ground surface at the 216-B-38 trench borehole showed very low levels of 

1 
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99Tc in only three of the 14 samples. Although 99Tc values were reported in the intervals of 
52-54 ft below ground surface, 97-100 ft below ground surface, and 147-150 ft below ground 
surface, none of the three 99Tc values were above the laboratory "quantification limit" 
(Jones 2002). 

One means of determining if the 99Tc inventory estimates in the first cycle waste stream are 
correct is to compare the estimated and measured ratio of "nitrate to technetium" in the 216-B-38 
crib. The estimated ratio of nitrate to technetium in the discharges to 2l6-B-38 is 717 kg/Ci. · 
The ratio of nitrate to 99Tc assays in the crib is 1.13 x 106 kg/Ci in the 52-54 ft zone. The ratios 
for the other two zones that contained both 99Tc and nitrate are much larger. These ratios suggest 
that there is far less 99Tc in the soil column than would have been suggested from the projected 
first cycle waste composition (Jones 2002). If it is assumed that the nitrate to 99Tc ratios found 
in the soil samples are the same as in the first cycle waste, then these ratios imply that less than 
0.1 % of the total 99Tc was in the first cycle waste. 

T Plant Process Data Bismuth Phosphate process plant solutions from T Plant were analyzed for 
1311 in 1945 (Dreher 1945)'. Table 2 lists the waste streams and their activity. 

Table 2. Iodine-131 activity ofT Plant solutions. 
Solution Iodine-131 Description 

Activity (Ci) 
4-7-M 260 Metal Solution Storage 
8-1-M 220 Metal Solution (Process Feed) 
8-1-MR 219 Extraction Slurry (Process Feed) 

. 8-3-WS 192 Extraction Waste Solution (Metal Waste) 
8-4-P 3.1 Extraction Cake Solution (Product Stream to 1" cycle 

Decontamination) 

The iodine-131 DF between the extraction waste solution and extraction cake solution is about 
60 (98.4% of iodine not evolved went to the metal waste, 1.6% to the lC and 2C wastes). 

A sample analysis of first cycle (acidic) waste taken from within T Pant on June 17, 1954 was 
assayed at 0.18 µCj.lml Cs (P) and 13 µCi/ml Sr (P) (Burns 1954). This sample is believed to be 
a byproduct sample from tank 13-4 (i.e. a 13-4-BP sample). Because no corresponding sample 
of metal solution or metal waste was taken on this date, the value of these sample results are 
limited. However, using flowsheet data from Schneider (l 951), T Plant fuel processing records 
(200 MWD/ton and 99 days cooling), and uranium irradiation data, this sample assay implies 
that first cycle waste contained less than 1 % ( and probably less than 0.1 % ) of the initial Cs and 
Sr. 

From this evidence it appears that the existing Bismuth Phosphate process split factors used by 
· the HDW model are incorrect. 
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ISOTOPIC COMPOSITION OF BISMUTH PHOSPHATE PROCESS FEED 

Table 3 lists the isotopic composition of the Bismuth Phosphate process plant feed 48 days after 
reactor discharge. The composition is from Section 1, Figure 7 of the Hanford Works Technical 
Manual (GE 1944). 

Table 3. Isotopic Composition of Fuel with 48 Days Cooling. 
Radionuclide Half-life Percent of Total Curies 
"-'Nb 34.97 d 18 
"-'Zr 64.02 d 14 
"'Y 58.5 d 12 
0 ~sr 50.52 d 10 
1 
.. 'Ce 32.5 d 10 

•v-'Ru 39.27 d 5 
14-'Pr 13.57 d 3 
'"vBa 12.75d 3 
,qvLa 1.678 d 3 
'"'"Te 33.6d 0.85 
~usr and "vy 28.78 yr 0.53 
u'Cs and.., "Ba 30.07 yr 0.53 
.., I I 8.02 d 0.23 
Others -- 20 
Total -- 100 

Note that with respect to the previous statement that ''90% of the fission products went with the 
metal waste", the isotopes to which this statement applies have relatively short half-lives and this 
general statement is unlikely to be applicable to the present isotopic distribution. 

CHEMISTRY OF THE BISMUTH PHOSPHATE PROCESS 

In the Hanford Works Technical Manual, the flowsheet diagram indicates that 86.67% (± 3%) of 
the fission products went to metal waste, 13.23% to lC waste, 0.08% to 2C waste and 0.001 % 
with the product to concentration and isolation (GE 1944 ). 

From the chemistry discussion in the Hanford Works Technical Manual it appears 95Zr may have 
been the source of this statement. Zirconium-95 contributed about 15% of the total activity to 
the metal solution at the time of separation during operation of T and B Plants. Based on 
phosphate chemistry, the 95Zr would have followed the plutonium and not the metal waste during 
the extraction step. 
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The Hanford Works Technical Manual classifies important phosphate solubility behavior as 
follows: · ·· 

(a) phosphate soluble; Ba, Sr, Pa, Y and La 
(b) phosphate insoluble; Zr and Nb 
(c) oxidation state dependant; Ce and Ru. 

In general the elements in class (b) (and oxidized Ce and Ru) are carried quite well with BiPO4 

and other insoluble phosphates [Ce3(PO4)4 or ZrO(H PO4)2] while those in class (a) and reduced 
forms of Ce and Ru do not precipitate well with BiPO4. This discussion implies that little of the 
Ce and Ru will be removed by the BiPO4 process extraction step as the metal waste solution is 
reduced at that point in the process. 

Theoretical Decontamination Factors 

Theoretical decontamination factors (DFs) can be calculated by comparing the water mass in the 
centrifuge feed batch to the water mass in the centrifuge cake. This calculation does not account 
for water washing of the solids in the centrifuge bowl. Theoretical decontamination factors are 
only applicable to species that are totally in solution. 

Water balance reported by in the Hanford Works Technical Manual Section C- Separations 
(GE 1944) 

Extraction water balance - reduction step 
20,696 lb H2O in, 
39 lb H2O out with BiPO4 - Pu bearing cake 
Theoretical DF = 530 

First cycle water balance - oxidation step 
17,862 lb H2O in, 
Pu bearing solution decanted, 
196 lb H2O out with by-product cake [BiPO4, Ce3(PO4)4, and 
ZrO(HPO4)i] 
Theoretical DF = 91 

First cycle water balance - reduction step 
23,285 lb H2O in, 
55 lb H2O out with-BiPO4 - Pu bearing cake 
Centrifuge liquid to tank farms 
Theoretical DF = 432 

Second cycle water balance - oxidation step 
14,968.5 lb H2O in, 
Pu bearing solution decanted, 
48 lb H2O out with by-product cake 
Theoretical DF = 312 
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Second cycle water balance - reduction step 
20,003 lb H2O in, -
62 lb H2O out with BiPO4 - Pu bearing cake 
Theoretical DF = 323 

Water balance reported by Schneider (1951 ). 

Extraction water balance - reduction step 
8,671 lb H2O in, 
86 lb out with BiPO4 - Pu bearing cake 
Theoretical DF = 100 

First cycle water balance - oxidation step 
6,628 lb H2O in, 
Pu bearing solution decanted, 
83.9 lb H2O out with by-product cake [BiPO4, Ce3(PO4)4, and ZrO(HPO4)2] 
Theoretical DF = 79 

First cycle water balance - reduction step 
9,585 lb H2O in, 
69.8 lb H2O out with BiPO4 - Pu bearing cake 
Centrifuge liquid to tank farms 
Theoretical DF = 137 

Second cycle water balance - oxidation step 
7,798 lb H20 in, 
Pu bearing solution decanted, 
67 lb H20 out with by-product cake 
Theoretical DF = 116 

Second cycle water balance - reduction step 
l 0,467 lb H2O in, 
79.2 lb H2O out with BiPO4 - Pu bearing cake 
Theoretical DF = 132 

BISMUTH PHOSPHATE PROCESS FLOWSHEET DATA 

In 1951 a new flowsheet for the BiPO4 process was issued (Schneider 1951 ). Subsequent to 
October I, 1951, double cerium and zirconium scavenger precipitations in the first cycle by
product step and double lanthanum fluoride precipitation and barium sulfate scavenenging in the 
bismuth phosphate step (224 building) were initiated to obtain satisfactory decontamination. 

From the Schneider (1951) flowsheet several plant partition factors can be inferred. The data 
reported by Schneider are summarized in Table 4 and the plant partition factors are summarized 
in Table 5. 

According to the Schneider flowsheet, metal waste (MW) separated in tank 7-3 went to tank 9-1 
where it was neutralized before being sent to tank farms. The first cycle (1 C) decontamination 
step generated an oxidation waste and a reduction waste. Waste streams from tanks 13-4 and 
14-3 were collected in tank 1S-8 before being sent to tank farms. Second cycle (2C) wastes were 
generated in tanks 18-4 and 19-3 and w~re collected in tank 15-9 before being sent to tank farms. 
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Table 4. Bismuth Phosphate process plant stream compositions reported in the 1951 BiPO4 process 
flowsheet. 

MW lC WISIC ICwutc: 2C waste 2Cwute 
Radio-nuclide Exrrac1ion Ce111rifuge F.xtracuon Dissolved F,,.1 Cycle Centrifuge fITTtCydc Diuolvcd Second Cycle Centrifuge 

fe,d Decant- (lk 7- Product C1kt- 011tidat.ion Dtcant- (14• Product ( 14-4- Cw(ll-4- Oxidation 0.C.nl - (19-
(d,; 7-1) J fflll lO lk 9-. (7-4-P 1arnplc (ll-4-BP Pmducr l -WS wnple P sample) BP sample to Product ( 19-1) l-WS sample 

I) lolk ll- 1) simple to Is. (1 4-1 ) to IS-I) 15-9) to 10, l) 
I) 

l'u (8"'} )JO l.J 329 2.S 326 2. t )24 0.6 )2• 0 7 

U(lb) 1,240 1,2)6 4.1 0 .2 3.9 l .l 0.1 . . 
Am-Cm 0. 11 E+IJ 0 . IOE+l3 0 .01 E+l . l .O E+ IO I.OE+IO . 
(Total Count) 3 
G1J11m1 (To11l 90E+ll 7 2 E+ 13 I.SE1-ll 1.6 E+ll 1.8 E+ l 2 1.7 E+l 2 9.0 E+IO 7.2E+IO I I £+10 1.7E+ IO 
Count) 
Beta 1.4 E+ l6 . . . . . 
· ··11&.:1) no no 20 . . 
Halen) 5.2 4.2 1.0 . . 

(a) Cumulative 224 Bmldmg Pu loss 1s 1.4 g. 
(b) (Reported as 345 g. Adjusted 321.4 g to correct for flowsheet recycle. 

Table 5. Bismuth Phosphate process partition factors derived from the 19~ 1 BiPO4 process flowsheet. 
[See Table 4] 

224 wure 224 wut• 
Second Lycle Dmoived Dissolved 

Product C.ke (A-4-BP Cake (D-4-DP 
( 19-4-P umple to C-8) wnple to C-
sample) &) 

123 O• (a) 0.2 (1) 
0. 11 gm 
1.0 E+!O 

9.0 E+OS 6 .0 E+ IO l .l E+OI 

. . 
. . 
. . 

Radionuclide Metal Waste First Cycle Second Cycle 224 Waste Product Stream Accountability 
(MW) Waste (lC) Waste (2C) Check 

Percent Percent Percent Percent Percent Percent 
Pu 0.394 1.39 0.394 0.42 97.4 99.998 
u 99.677 0.323 0.00806 3.0 E-5 1.8 E-06 100.008 
Am-Cm 90.91 6.36 1.82 0.909 0 99.999 
Gamma 80 19.67 0.0989 9.9 E-04 1.0 E-05 99.77 
l.>II 88 12 0 0 0 100 
Hg 80 20 0 0 0 100 
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BISMUTH PHOSPHATE PROCESS LABORATORY SIMULATION 

The Groundwater Vadose Zone Project is sponsoring a laboratory simulation of the Bismuth 
Phosphate process through the first cycle decontamination step. Preliminary results have been 
received for review and are included here. Final results from this work will not be available to 
review until later this year. 

Table 6 summarizes the preliminary results of the laboratory simulation of the Bismuth 
Phosphate process. Gamma counting was used to analysis the samples unless otherwise 
identified. The extraction product was also analyzed for 99Tc by ICP-MS 1. No 99Tc was 
detected in the extraction product, indicating that nearly all of the 99Tc partitioned to the metal 
waste in the simulation (Seme 2002). 

Table 6. Distribution of Fission Products and Uranium Daughters determined by Laboratory 
Simulation of the Bismuth Phosphate Process. 
Radionuclide Metal Waste (MW) Extraction Product Material not 

(lC, 2C, and 224 Accounted For 
Waste) 

Percent Percent Percent 
'JSe 81.1 10.2 8.7 
0 JSr 83.9 0.0 16.1 
wI (a) 100.6 0.0 -0.6 
'J"Eu 71.6 21.7 6.6 
"''Cs 90.2 0.0 9.8 
..,,Cs (a) 100.6 0.0 -0.6 
"""Pa 0.0 122.8 -22.8 
".,..Th 25.5 57.7 16.7 
""'Np 0.0 30.2 69.8 
"-''Np (a) 0.7 18.2 81.1 

(a) detemuned by low energy photon (LEPS) counting 

The 1251 results indicate a near pe~fect separation of iodine from the extraction product while the 
plant test results discussed earlier indicate that 1.6% of the iodine remained in the extraction 
product. The reason for a less than quantitative separation of iodine in the plants is not known. 
The implication is that the separation of other highly soluble species, such as Sr and Cs, may 
have been less than perfect in the plants. 

DEVELOPMENT OF BISMUTH PHOSPHATE PLANT PARTITIONING FACTORS 

Based on the flowsheet and plant test observations, revised BiPO4 process radionuclide partition 
factors have been develope.d for the HDW model. These factors are compiled in Tables 7 and 8. 
The basis for the values in Tables 7 and 8 are discussed in the sections following the tables. 
Note that the first cycle waste (1 C) does not include the cladding waste contribution. 

1 ICP-MS, Inductively coupled plasma - mass spectrometer 
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The daqding waste split is being determined independently and will be treated as a separate 
waste generation source by the HDWmodel. The HDW model will combine the IC and CW 
streams to model the IC/CW that was discharged to tank farms. The impact of these new 
partition factors on the HDW model will result in the redistribution of radionuclides between the 
tanks that received waste from the Bismuth Phosphate process and are not expected to change 
the total inventory of the underground storage tanks. 

Table 7. Revised Radionuclide Partition Factors for the Bismuth Phosphate Plants (1944-1949). 
Radionuclide Metal 

Waste 
(MW) 

H-3 9.9812E-01 
C-14 8.8900E-0l 
Ni-59 8.8900E-0l 
Ni-63 8.8900E-0l 
Co-60 8.8900E-0l 
Se-79 8,8900E-0l 
Sr-90 9.8333E-01 

Y-90 9.8333E-0l 
Zr-93 3.940E-03 

Nb-93m 3.940E-03 

Tc-99 9.8333E-0l 

Ru-106 3.940E-03 

Cd·l 13m 8.8900E-0l 
Sb~l2S 8.8900E-0l 
Sn-126 8.8900E-0l 
I-129 9.8333E-0l 

Cs-134 9.8333E-01 

First Cycle 
(IC) Waste 

l.8800E-03 
l .0O00E-01 
l.0000E-01 
1.0000E-01 
l .0000E-01 
l.0000E-01-
l.6389E-02 

l.6389E-02 
8.9645E-0l 

8.9645E-0I 

l .6389E-02 

8.9645£-01 

1.0000E-01 
l.0000E-01 
l.0000E-01 
l.6389E-02 

l .6389E-02 

Second 
Cycle (2C) 

Waste 
4.4373E-06 
l .0000E-02 
l.0000E-02 
l.O000E-02 
l .0000E-02 
l.0000E-02 
2.7315E-04 

2.73 l 5E-04 
9.9606E-02 
The 2C/224 
distribution 
of Zr has not 

been 
determined. 
9.9606E-02 
The 2C/224 
distribution 
of Nb has 
not been 

determined. 
2.7315E-04 

7.9685E-02 

l .0000E-02 
l.O000E-02 
l.0000E-02 
2.73 lSE-04 

2.7315E-04 
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224 Waste Basis 

l.3769E-08 Water balance 
l.0000E-03 From HDW Rev 4.0 
l.0000E-03 From HDW Rev 4.0 
l.O000E-03 From HDW Rev 4.0 
l.0O00E-03 From HDW Rev 4.0 
l.000OE-03 From HDW Rev 4.0 
4.6296E-06 Phosphate-soluble. Based 

on iodine 
4.6296E-06 In equilibrium with Sr-90 
The 2C/224 Insoluble phosphate. 
distribution Precipitated with Zr and 

of Zr has not Ce. Assumed 1st cycle DF 
been of IO based I st cycle 

determined. oxidation step gamma DF 
Use 0.00 

The 2C/224 Insoluble phosphate. 
distribution Precipitated with Zr and 
of Nb has Ce. Assumed l 51 cycle DF 
not been of IO based I st cycle 
determined. oxidation step gamma DF 
Use 0.00 
4.6296£.06 Phosphate soluble. 

Assumed to behave like 
iodine without Hg 

1.9921E·02 See Basis for Partition 
Factors 

l .0000E·03 From HOW Rev 4.0 
l.0000E·03 From HDW Rev 4.0 
1.0000E•03 From HDW Rev 4.0 
4.6296E-06 Without Hg. Dreher 

(1945) 
4.6296E-06 Phosphate soluble. 

Assumed to behave like 
iodine without Hg 
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Table 7. Revised Radionuclide Partition Factors for the Bismuth Phosphate Plants (1944-1949) 
continued. 

Radionuclide Metal First Cycle 
Waste (lC) Waste 
(MW) 

Cs-137 9.8333E-0l 1.6389E-02 

Ba-137m 9.8333E-0l l .6389E-02 

Sm-151 7.5000£-01 I.8750£-01 

Eu-152 7.S000E-01 1.8750E-0l 

Eu-154 7.S000E-01 1.8750£-01 

Eu-155 7.5000£-01 l.8750E-0l 

Ra-226 8.8900E-01 I.0O00E-01 
Ra-228 8.8900E-01 l.0000E-01 
Ac-227 9.091E-01 6.36£-02 
Pa-231 3.940£-03 6.721£-01 

Th-229 3.0E-01 4.898£-01 

Th-232 3.0E-01 4.898£-01 

U-232 9.9677E-01 3.23E-03 
U-233 9.9677£-01 3.23E-03 
U-234 9.9677£-01 3.23£-03 
U-235 9.9677£-01 3.23E-03 
U-236 9.9677£-01 3.23E-03 
U-237 9.9677£-01 3.23E-03 
U-238 9.9677E-0l 3.23E-03 
U-Total 9.9677E-0l 3.23E-03 
Np-237 9.091E-0l 6.36E-02 
Pu-238 1.52E-0l 5.35E-0l 

Pu-239 l.52E-0l 5.35E-0l 

Second 
Cycle (2C) 

Waste 
2.7315E-04 

2.7315E-04 

4.6875E-02 

4.6875E-02 

4.6875E-02 

4.6875E-02 

l .O000E-02 
l .0000E-02 

1.82£-02 
1.923£-01 

1.401E-0l 

1.401E-0l 

8.06E-05 
8.06E-05 
8.06E-05 
8.06E-05 
8.06E-0S 
8.06E-05 
8.06E-05 
8.06E-05 
1.82E-02 
l.52E-0l 

l.52E-0l 
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224 Waste 

4.6296E-06 

4.6296E-06 

1.5625£-02 

1.5625£-02 

1.5625£-02 

1.5625£-02 

l.OO00E-03 
l.0000E-03 
9.09E-03 

9.6l6E-02 

7.007£-02 

7.007£-02 

3.00E-07 
3.00E-07 
3.00E-07 
3.00E-07 
3.00E-07 
3.00E-07 
3.00E-07 
3.00E-07 
9.09E-03 
l.62E-01 

l.62E-0l 

Basis 

Phosphate soluble. 
Assumed to behave like 
iodine without Hg 
In equilibrium with Cs-
137 
Assumed to behave like 
europium 
Preliminary BiPO4 
process· laboratory 
simulation result 
Preliminary BiPO4 
process laboratory 
simulation result 
Preliminary BiPO4 
process laboratory 
simulation result 
From HDW Rev 4.0 
From HDW Rev 4.0 
Based on Am 
Preliminary BiPO4 
process laboratory 
simulation result and Am 
Preliminary BiPO4 
process laboratory 
simulation result and Am 
Preliminary BiPO4 
process laboratory 
simulation result and Am 
Table 5. 
Table 5. 
Table 5. 
Table 5. 
Table 5. 
Table 5. 
Table 5. 
Table 5. 
Based on Am 
Table 5. Adjusted for 
DKPRO modeling of Pu 
recovery. 
Table 5. Adjusted for 
DKPRO modeling of Pu 
recovery. 
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Table 7. Revised Radionuclide Partition Factors for the Bismuth Phosphate Plants ( 1944-1949) 
continued. 

Radionuclide Metal ! First Cycle Second 224 Waste Basis 
Waste (lC) Waste Cycle (2C) 
(MW) : Waste I 

Pu-240 1.52E-01 5.35E-01 l .52E-01 l.62E-01 Table 5. Adjusted for 
DKPRO modeling of Pu 
recovery. 

Pu-241 l.52E-01 5.35E-01 l.52E-01 1.62£-01 Table 5. Adjusted for 
DKPRO modeling of Pu 
recovery. 

Pu-242 l.52E-01 5.35E-01 l.52E-01 l .62E-01 Table 5. Adjusted for 
DKPRO modeling of Pu 
recovery. 

Pu-Total l.52E-0l 5.35E-0l l .52E-01 l .62E-0l Table 5. Adjusted for 
DKPRO modeling of Pu 
recovery. 

Arn-241 9.091E-01 6.36E-02 l.82E-02 9.09E-03 Table 5. 
Am-243 9.091E-01 6.36E-02 l.82E-02 9.09£-03 Table 5. 
Cm-242 9.091E-0l 6.36£-02 1.82£-02 9.09E-03 Table 5. 
Cm-243 9.091£-01 6.36E-02 1.82E-02 9.09E-03 Table S. 
Cm-244 9.091£-01 6.36E-02 1.82£ -02 9.09E-03 Table 5. 

Table 8. Revised Radionuclide Partition Factors for the Bismuth Phosphate Plants (1950-1956). 
Radionuclide Metal Waste 

(MW) 

H-3 9.9008E-01 
C-14 8.8900E-0l 
Ni-59 8.8900E-Ol 
Ni-63 8.8900E-0l 
Co-60 8.8900E-0l 
Se-79 8.8900£-01 
Sr-90 9.8333£-01 

Y-90 9.8333E-01 
Zr-93 3.940E-03 

Nb-93m 3.940E-03 
I 

First Cycle 
(IC) Waste 

9.8459£-03 
l.0000E-01 
l.0000E-01 
1.0000E-01 
l.0000E-01 
1.0000E-01 
1.6389E-02 

1.6389£-02 
8.9645£-01 

8.9645E-0l 

Second 
Cycle (2C) 

Waste 
7.1679£-05 
l .0000E-02 
l.000OE-02 
l.0000E-02 
l .000OE-02 
l .0000E-02 
2.7315E-04 

2.7315E-04 
9.9606E-02 
The 2C/224 
distribution 
of Zr has 
not been 

determined. 
9.9606E-02 
The 2C/224 
distribution 
of Nb has 
not been 

determined. 
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224 Waste Basis 

5.4651E-07 Water balance 
l.0000E-03 From HDW Rev 4.0 
l.0000E-03 From HDW Rev 4.0 
l.0000E-03 From HDW Rev 4.0 
1.0000E-03 From HDW Rev 4.0 
1.0000E-03 From HDW Rev 4.0 
4.6296E-06 Phosphate-soluble. Based 

on iodine wo/Hg 
4.6296£-06 In equilibrium with Sr-90 
The 2C/224 Insoluble phosphate. 
distribution Precipitated with Zr and 
of Zr has Ce. Assumed l st cycle DF 
not been of IO based I st cycle 

determined. oxidation step gamma DF 
Use 0.00 

The 2C/224 Insoluble phosphate. 
distribution Precipitated with Zr and 
of Nb has Ce. Assumed 1st cycle DF 
not been of 10 based 151 cycle 

determined. oxidation step gamma DF 
Use 0.00 
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Table 8. Revised Radionuclide Partition Factors for the Bismuth Phosphate Plants ( 1950-1956) 
continued. 

Radionuclide Metal Waste First Cycle 
(MW) (IC)Waste 

Tc-99 9.8333£-01 1.6389E-02 

Ru-106 3.940£-03 8.9645£-01 

Cd-113111 8.8900E-0l l.0000E-01 
Sb-125 8.8900E-0l l .0000E-01 
Sn-126 8.8900E-0l 1.0000E-01 
I-129 8.80E-01 l.20E-01 

Cs-134 9.8333£-01 1.6389£-02 

Cs-137 9.8333£-01 l.6389E-02 

Ba-137rn 9.8333£-01 1.6389£-02 

Sm-151 7.SO00E-01 l.8750E-01 

Eu-152 7.5000E-01 1.8750E-0l 

Eu-154 7.5000E-01 l.8750E-OI 

Eu-155 7.5000E-01 l.8750E-01 

Ra-226 8.8900E-01 l.0000E-01 
Ra-228 8.8900E-01 l.0000E-01 
Ac-227 9.091E-01 6.36E-02 
Pa-231 3.940E-03 6.721E-01 

Th-229 3.0E-01 I 4.898E-01 

Th-232 3.0E-01 4.898E-0l 

U-232 9.9677E-0l 3.23E-03 
U-233 9.9677E-0l 3.23E-03 

Second 
Cycle (2C) 

Waste 
2.7315E-04 

7.9685E-02 

l.0000E-02 
1.0000E-02 
l.0000E-02 

0 

2.7315E-04 

2.7315£-04 

2.7315£-04 

4.6875£-02 

4.6875£-02 

4.6875E-02 

4.6875£-02 

l.0000E-02 
1.0000E-02 

1.82E-02 
1.923£-01 

1.401E-01 

lA0IE-01 

8.06E-05 
8.06E-05 
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224 Waste 

4.6296£-06 

l.9921E-02 

l .0000E-03 
1.0000E-03 
1.0000E-03 

0 

4.6296£-06 

4.6296£-06 

4.6296£-06 

1.5625£-02 

l.5625E-02 

l.5625E-02 

l.5625E-02 

l.0000E-03 
l.0000E-03 
9.09E-03 
9.616E-02 

7.007£-02 

7.007E-02 

3.00E-07 
3.00E-07 

Basis 

Phosphate soluble. 
Assumed to behave like 
iodine without Hg 
See Basis for Partition 
Factors 
From HOW Rev 4.0 
From HDW Rev 4.0 
From HDW Rev 4.0 
With Hg. Schneider 
(1951) 
Phosphate soluble. 
Assumed to behave like 
iodine without Hg 
Phosphate soluble. 
Assumed to behave like 
iodine without Hg 
In equilibrium with Cs-
137 
Assumed to behave like 
europium 
Preliminary BiPO4 
process laboratory 
simulation result 
Preliminary BiPO4 
process laboratory 
simulation result 
Preliminary BiPO4 
process laboratory 
simulation result 
From HDW Rev 4.0 
From HDW Rev 4.0 
Based on Am 
Preliminary BiPO4 
process laboratory 
simulation result and Am 
Preliminary BiPO4 
process laboratory 
simulation result and Am 
Preliminary BiPO4 
process laboratory 
simulation result and Am 
Table 5. 
Table 5. 
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Table 8. Revised Radionuclide Partition Factors for the Bismuth Phosphate Plants ( 1950-1956) 
continued. 

Radionuclide Metal Waste First Cycle Second 224 Waste Basis 
(MW) (lCfWaste Cycle (2C) 

Waste 
U-234 9.9677E-01 3.23E-03 8.06E-05 3.00E-07 Table 5. 
U-235 9.9677E-01 3.23E-03 8.06E-05 3.00E-07 Table 5. 
U-236 9.9677£-01 3.23E-03 8.06E-05 3.00E-07 Table 5. 
U-237 9.9677E-0l 3.23E-03 8.06E-05 3.00E-07 Table 5. 
U-238 9.9677E-01 3.23E-03 8.06E-05 3.00E-07 Table 5. 
U-Total 9.9677E-0l 3.23E-03 8.06E-05 3.00E-07 Table 5. 
Np-237 9.091E-01 6.36E-02 1.82E-02 9.09E-03 Based on Am 
Pu-238 l.52E-0l 5.35E-0l l .52E-0l l .62E-0l Table 5. Adjusted for 

DKPRO modeling of Pu 
recovery. 

Pu-239 l.52E-01 5.35E-01 I .52E-0l 1.62E-0I Table 5. Adjusted for 
DKPRO modeling of Pu 
recovery. 

Pu-240 l.52E-01 5.35E-0l 1.52E-01 1.62E-0 l Table 5. Adjusted for 
DKPRO modeling of Pu 
recovery. 

Pu-241 1.52E-Ol 5.35E-01 1.52E-0l 1.62E-01 Table 5. Adjusted for 
DKPRO modeling of Pu 
recovery. 

Pu-242 1.52E-0l 5.35E-0l l.52E-0l 1.62E-0l Table 5. Adjusted for 
DKPRO modeling of Pu 
recovery. 

Pu-Total 1.52E-01 5.35E-0l l .52E-01 1.62E-01 Table 5. Adjusted for 
DKPRO modeling .of Pu 
recovery. 

Am-241 9.091E-0l 6.36E-02 l.82E-02 9.09E-03 Table 5. 
Am-243 9.091E-0l 6.36E-02 1.82E-02 9.09E-03 Table 5. 
Cm-242 9.091E-0l 6.36E-02 1.82£-02 9.09E-03 Table 5. 
Cm-243 9.091E-0l 6.36E-02 l.82E-02 9.09E-03 Table 5. 
Cm-244 9.091E-01 6.36E-02 1.82E-02 9.09E-03 Table 5. 

BASIS FOR PARTITION FACTORS 

This section summarizes the basis for the partition factors presented in Tables 7 and 8. 
Flowsheets and plant process test data are the preferred basis for the partition factors. 
Laboratory simulation results are preferred over process chemistry knowledge. 

Tritium - Tritium is assumed to follow and partition with water per the theoretical water balance 
based on the DFs of the reduction steps. 

Carbon-14 - No flowsheet data or other information was found to establish new partition factors 
for carbon. The previously assumed partition factors are unchanged. 

12 
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Nickel-59 and 63 - No flowsheet data or other information was found to establish new partition 
factors for nickel. The previously assumed partition factors are unchanged. 

Cobalt-60 - No flowsheet data or other information was found to establish new partition factors 
for cobalt. The previously assumed partition factors are unchanged. 

Selenium-79 - No flowsheet data or other information was found to establish new partition 
. factors for selenium. The results from the Bismuth Phosphate process laboratory simulation 

confirm the existing partition factors. The previously assumed partition factors are unchanged. 

Strontium-90 and Yttrium-90 - No flowsheet data or other information was found to establish 
partition factors for strontium. Strontium is specifically described as a phosphate-soluble species 
in the Hanford Works Technical Manual Part C (GE 1944). Most of the soluble phosphates 
would have left the BiPO4 process as metal waste during the extraction step. The results from 
the Bismuth Phosphate process laboratory simulation confirm this assessment. Because a high 
DF for strontium in the extraction step is expected, the iodine partition factors are assumed. 
Yttrium-90 is in equilibrium with strontiurn-90. 

Zirconium-93 and Neodyrniurn-93m - Zirconium and neodymium-form insoluble phosphates 
and would follow the Pu through the extraction reduction step. The Zr loss fraction to the metal 
waste is assumed to be the same as the metal waste Pu loss fraction. Zirconium and Nd would 
have been precipitated by the frrst cycle Zr-Ce strike during the oxidation step. The gamma DF 
for this step is 10 and is assumed to reflect the precipitation of Zr-95. The distribution of 

• zirconium and neodymium between the 2C and 224 waste streams has not been determined. 

Technetium-99 - No flowsheet data or other information was found to establish partition factors 
for technetium. Technetium is not expected to be precipitated by phosphate. This expectation is 
supported by a preliminary result from the laboratory simulation of the BiPO4 extraction step. 
Most of the soluble phosphates would have left the BiPO4 process as metal waste during the 
extraction step. Because a high DF for technetium in the extraction step is expected, the iodine 
partition factors are assumed. 

Ruthenium-106 - During the extraction step ruthenium is reduced and most of the Ru would 
follow the Pu. The Zr loss fraction to the metal waste is assumed to be the same as the metal 
waste Pu loss fraction. During the 1st cycle oxidation step Ru would be expected to precipitate 
and would have followed the by-product cake to 1 C waste. About 90% of the gamma activity 
follows this stream so a DF of 10 is assumed. During the 2nd cycle oxidation step Ru would 
again precipitate. A DF of 5 is assumed based on 80% of the gamma activity following the by
product cake. 

Cadmium- l l 3m - No flowsheet data or other information was found to establish new partition 
factors for cadmium. The previously assumed partition factors are unchanged. 

Antirnony-125 :_ No flowsheet data or other information was found to establish new partition 
factors for antimony. The previously assumed partition factors are unchanged. 

13 
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Tin-126 - No flowsheet data or other information was found to establish new partition factors for 
tin. The previously assumed partition factors are unchanged. 

Iodine-129-For the 1944 to 1949 campaign, an iodine DF of 60 is used for the extraction step 
(Dreher 1944). The extraction DF is assumed to apply to the first and second decontamination 
cycles. 

For the 1950 to 1956 campaign, HgNO3 is assumed to have been added to the dissolver and 
iodine partitions across the extraction step per the 1951 flowsheet (Schneider 195 l ). 

Cesium-134, 137, and Barium-137m- No flowsheet data or other information was found to 
establish partition factors for cesium. Cesium is not precipitated by phosphate. Most of the 
soluble phosphates would have left the BiPO4 process as metal waste during the extraction step. 
The results from the Bismuth Phosphate process laboratory simulation confirm this assessment. 
Because a high DF for cesium in the extraction step is expected, the iodine partition factors are 
assumed. Barium-137m isin equilibrium with cesium-137. 

Samarium-151 - No flowsheet data or other information was found to establish new partition 
factors for samarium. In the discussion of bismuth phosphate process chemistry earlier in this 
attachment, lanthanum is identified as being phosphate-soluble. This would imply that other rare 
earths may also be phosphate-soluble and would generally exit with the metal waste. However 
significant amounts of samarium may have remained in the product until the 224 building LaF3 

precipitation. The laboratory simulation of the Bismuth Phosphate process indicates that 
approximately 25% of the Eu followed the Pu past the extraction step. It is likely that other 
lanthanides, including samarium behaved similarly. Based on the europium data, a DF of 4 is 
assumed for samarium in the extraction, first cycle, and second cycle separation steps. 

Europium-152, 154, and 155 -The laboratory simulation of the Bismuth Phosphate process 
indicates a DF of approximately 4 in the extraction step. No flowsheet data or other information 
was found to establish new partition factors for europium. In the discussion of bismuth 
phosphate process chemistry earlier in this attachment, lanthanum is identified as being 
phosphate-soluble. This would imply that other rare earths may also be phosphate-soluble and 
would generally exit with the metal waste. However significant amounts of europium may have 
remained in the product until the 224 building LaF3 precipitation. A DF of 4 is assumed for the 
extraction, first cycle, and second cycle separation steps. 

Actinium-227 - No flowsheet or other data was found to establish the partition factors for 
actinium. The actinium partition factors are assumed to the same as the partition factors for 
americium and curium. The basis for this assumption is that actinium, americium and curium are 
all actinides. 

Radium-226 and 228 - Radium is assumed to be phosphate soluble based on the phosphate 
chemistry of barium and strontium. However significant amounts of radium may have remained 
in the product until the 224 building where BaSO4 precipitation was used. BaSO4 is a classic 
carrier for precipitation of radium. The partition factors previously assumed by the HDW model 
are unchanged. 

14 
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Protactinium-231 - No flowsheet or other data was found to establish the partition factors for 
protactinium. The laboratory simulation of the Bismuth Phosphate process indicates a low DF is 
obtained in the extraction step. The extraction step partition factor for 131Pa is assumed to be the 
same as for plutonium as reported by the Schneider flowsheet and summarized in Table 5. The 
DFs for subsequent steps are assumed to be the same as americium and curium, a DF of 3.33 for 
the first cycle decontamination step and a DF of 3 .0 for the second cycle decontamination step. 
The basis for this assumption is the protactinium, americium and curium will behave in a similar 
manner. 

Thorium-229 and 232 - No flowsheet or other data was found to establish the partition factors 
for thorium. Using normalized results from the laboratory simulation of the Bismuth Phosphate 
process indicates that about 30% of the thorium leaves with the metal waste. The DFs for 
subsequent steps are assumed to be the same as americium and curium, a DF of 3.33 for the first 
cycle decontamination step and a DF of 3.0 for the second cycle decontamination step. The basis 
for this assumption is the protactinium, americium and curium will behave in a similar manner. 

Uranium-232; 233, 234, 235, 236, 237, and 238 - Uranium partition factors are from the 
Schneider flowsheet and are summarized in Table 3. 

Neptunium-237 - No flowsheet or other data was found to establish the partition factors for 
neptunium. The neptunium partition factors are assumed to the same as the partition factors for 
americium and curium. The basis for this assumption is that neptunium, americium and curium 
are all actinides. A statement in the Hanford Works Technical Manual that neptunium was 
recovered from one charge of met1;1l solution implies that most of the neptunium partitioned to 
the metal waste (GE 1944). This observation is consistent with the assumed partition factors. 

Plutonium-238, 239, 240, 241 , 242 - Plutonium partition factors for the BiPO4 process are from 
the Schneider flowsheet and are summarized in Table 3. The values in Tables 4 and 5 are 
adjusted to reflect removal of the Pu product. The DK.PRO model will be used to simulate the 
separation of Pu. The process loss estimates from DK.PRO will be interfaced with the HDW 
model and the HDW model will simulate the BiPO4 waste streams. 

Americium-241, 243, Curium-242, 243, and 244- The americium - curium values from the 
Schneider flowsheet were used to develop the Am-Cm partition factors in Table 3. 
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The Hanford Defined Waste (HD W) model is being updated to reflect new information that has 
become available since Revision 4.0 of the model was published in January 1997. The current 
version of the HDW model does not reflect the usage of strontium nitrate as a 90Sr scavenging 
agent or the presence of strontium as a process chemical impurity. 

Strontium-90 Scavenging 

The only known usage of strontium was as strontium nitrate for co-precipitation of Sr3(P04)2 to 
scavenge 90Sr from Tributyl Phosphate process supernatant. Usage was limited to "in-plant" 
processing (reference 1 ). 

Abrams (reference 2) indicates that a plant test with Sr(NO3) 2 ·was initiated in August 1955, but 
that routine usage by the Tributyl Phosphate process did not start until December 30, 1955. 
Stedwell (reference 3) indicates that a total of 140,000 lb of Sr(NO3)2 (26,290kg Sr) was used by 
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the Uranium Recovery Plant. This value compares favorably to the 29, 140kg of strontium 
reported to be ·used by the Uranium Recovery Plant in reference l. 

For purposes of modeling the PFeCN2 waste (ferrocyanide waste from in-plant scavenged 
supernatant, 1955-1958), the HDW model waste composition should be revised to account for 
Sr(NO3)2 usage by the Tributyl Phosphate process. Abrams (reference 2) indicates that the 
scavenging process flowsheet applied Sr(NO3)2 at the rate of 0.004M. Using this concentration 
and the volume of PFeCN2 waste assumed by the HDW model (20,537kgal) results in an 
estimate of27,244kg of strontium. This value compares favo-rably with the values reported in 
references 1 and 3. The HD\V model should be revised to include 0.004M Sr(NO3) 2 in the 
PFeCN2 waste. 

Fission Product And Process Chemical Impurities 

Strontium was introduced to the waste as a radioisotope (90Sr), a stable fission product (86Sr, 87Sr 
and 88Sr) and as an impurity in process chemicals. Table 1 summarizes the isotopic distribution 
of strontium predicted by the ORIGEN2 code. · 

Table 1. Isotopic Distribution of Strontium by Separation Process (Decayed to January 1, 2001). 
Isotope 

I 
Bismuth REDOX PUREX PUREX PUREX 

Phosphate Process Process Process (AZ- Process ( AZ-
Process (1952-1966) (1956-1972) 101) 102) 

(1944-1956) 
(grams) (grams) (grams) (grams) (grams) 

ousr 1.648 13.1 55.8 4.841 2.54 
0 'Sr 0.042 0.293 1.26 0.2481 0.1351 
oosr 34,600 188,000 695,000 40,230 22,450 
"vSr 16,617 111,739 452,883 40,252 23,414 
Total Sr 48,219 299,752 1,147,940 80,487 45,867 
:,vsr (wt%) 32.4 wt-0/o 37.3 wt% 39.5 wt% 50.0 wt% 51.0 wt% 

The total stable fission product strontium from Table l is 977kg. In addition to the strontium 
produced by the irradiation of fuel elements, the waste also contains strontium introduced as a 
contaminant in process chemicals. Reference 1 estimate that up to 1,000kg of strontium may 
have been introduced as an impurity in process chemicals. This estimate is thought to be overly 
conservative based on the quality of the strontium recovered by B Plant for encapsulation. Most 
of the 90Sr recovered b~ B Plant was extracted from PUREX waste generated between 1956 and 
1972, and the average 0Sr content of the recovered strontium was 37.8 wt% 90Sr (decayed to 
January 1, 2001 ). Although there is a large range in the 90Sr content of indi.vidual strontium 
capsules, the small difference between the average quality of 90Sr recovered by B Plant 
(37.8 wt%) and the quality of 90Sr in the reactor fuel elements received by PUREX (39.5 wt%) 
indicates that the contribution of strontium _impurities to the total strontium is small. 
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Table 2 provides the parameters to model total strontium based on 90Sr. These modeling 
parameters were calculated using a 90Sr specific activity of 138 Ci/g and a strontium atomic 
weight of 87.62g/mol. The values in Table 2 should be used for waste streams other than 
PFeCN2. The basis for modeling the PFeCN2 stream is explained in the first section of this 
letter. 

Table 2. Total Strontium Modeling Parameters 
Process Mass Fraction ~usr Total Strontium Model 

(wt%) Parameter 
(moles total strontium per 

curie 90Sr) 
Bismuth Phosphate Process 
(1944-1956) 32.4 2.SS3E-04 
REDOX Process 
(1952-1966) 37.3 2.217E-04 
PUREX Process 
(1956-1972) 39.5 2.094E-04 
PUREX Process 
(Tanlc 241-AZ-101) 50.0 l.654E-04 
PUREX Process 
(Tank 241-AZ-102) 50.l l.651E-04 

BJ}_fju2G~¼ 
Bruce A. Higley 
Principal Engineer 

JJS 

7G300-02-NWK-027, 8/5/02, 9:18AM 
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The Hanford Defined Waste (HDW) model is being updated to reflect new information that has 
become available since Revision 4.0 of the model was published in January 1997. The current 
version of the HDW model does not include manganese use by the REDOX process. Manganese 
usage by REDOX is identified in reference 1. 
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The REDOX plant underwent several equipment and flowsheet changes over the plant's 
fifteen-year operating life. Six REDOX process flowsheets were issued (Nos. 4 through 9) 
between 1951 and 1966 (references 2-6). Manganese usage (as KMnO4) is only shown in the 
first of these flowsheets. In the REDOX head-end process the nitric acid-irradiated fuel feed 
solution was treated with KMnO4 to oxidize ruthenium in to the volatile tetroxide RuO4. The 
RuO4 was then removed from the dissolver solution by sparging with air or nitrogen. 

REDOX 1952-1958 During the 1952 to 1958 campaign the REDOX process used potassium 
permanganate (KMnO4) to oxidize ruthenium to the volatile tetraoxide RuO4. The flowsheet in 
reference 2 indicates that 51 lbs of KMnO4 were added to each oxidizer batch of uranium 
(6,2561b U). The manganese would have left the REDOX Plant with the solvent extraction (Rl) 
waste . Using parameters from the HDW model for the RI waste stream, (11 ,905 short tons 
uranium, and 25,067kgal waste out), the KMnO4 usage and concentration in the RI waste stream 
can be calculated. The K\1nO4 usage is calculated to be 194,1031b or 557,106 moles K.MnO4 for 
the RI waste. The concentration of K.MnO4 in the RI waste stream is calculated as 0.00587M. 
This value should be added to the RI waste "chemicals in" section in the HOW model. 

REDOX 1959-1966 Reference 7 states that head-end permanganate oxidation of the feed stream 
was replaced with sodium dichromate and ozone oxidation in 1960. The exact date of this 
process change has not been determined. Based on this statement and fuel processing records, 
between 9 and 18 percent of the fuel processed by the REDOX Plant in the 1959-1966 campaign 
would have been treated with potassium permanganate. However, reference 1 states that 
permanganate oxidation ceased in September 1959, so as little as 6.4% of the fuel processed may 
have been treated with potassium permanganate. Since the volume of R2 waste treated with 
potassium permanganate is less than 20 percent of the total R2 waste generated, the KMn04 
addition to the R2 waste stream will be ignored. 

,31u,~ (}C~~ 
Bruce A. Higley 
Principal Engineer 

JJS 
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The Hanford Defined Waste (HDW) Model is being updated to reflect new information that has 
become available since Revision 4 (reference I) was published in January 1997. The HDW 
model Revision 4 assumes that 100 percent of the carbon-14 present in the fuel elements is 
routed to the waste streams of the separation plants, and that only a small fraction ( < 1 % ) is 
contained in cladding wastes. Literature sources (references 2 and 3) indicate that 99% of the 
carbon-14 would be evolved from the dissolvers as carbon dioxide during uranium dissolution. 
Evaluation of data for tanks 241-AZ- l O l and 241-AZ-l 02 indicates that a large fraction of the 
carbon-14 is evolved from the dissolvers, but the fraction evolved as carbon dioxide is closer to 
80%. 

Preliminary data have been made available for new ORIGEN2 (reactor code) runs performed as 
part of the HOW model update. The ORIGEN2 runs incorporate updated cross sections for 
nitrogen-14 and time dependent changes in the nitrogen impurity level of the uranium metal, 
both of which have a significant effect on the carbon-14 generated. The quantities of carbon-14 
associated with the PUREX processing during the generation of the HL W contained in tanks 
241-AZ-l O 1 and 241-AZ-102 were extracted from the ORIGEN2 output and are reported in the 
table below. Comparison with the sample-based Best-Basis Inventories for 241-AZ-101 and 
241-AZ- l 02 indicate that the 17. 7% of the carbon-14 reached the HL W tanks. The mechanism 
is unknown, but it is likely that a least some of the carbon-14 was not initially present as 
carbonate ion (possibly as an organic species or a metal carbide). 

C-87 



J. G. Field 
Page 2 
August 22, 2002 

Current 
Sample-Based 

Waste Tank BBi 
241-AZ-101 6.71 
241-AZ-102 3.65 
241 -U-110 0.202 
R1 Sludge 
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Fraction 
ORIGEN2 Fuel Present 

Inventory Units inHLW Comments 
38.3 Ci 17.5 % 

20.5 Ci 17.8% 
1.166' Ci 17.3 % nventory estimated from HOW model 

Revision 4 concentration and density and BBi 
volume. Waste was generated in 1954, and the 
carbon-14 was increased by 30% to account for 
he ORIGEN2 nitrogen impurity level increase. 

I Rl sludge layer mventory estimated from HDW model Rev. 4 data. See Comment. 

A sample-based layer of HLW (RI sludge) contained in tank 241-U-l 10 was also compared to a 
prediction made from HOW model Revision 4 data. The carbon-14 content of the Al -clad 
reactor fuels processed at Redox in 1954 is expected to increase by approximately 30% between 
HDW model revisions 4 and S based on the increase in the nitrogen impurity level from 50 ppm 
to 65 ppm. The comparison indicates approximately the same fraction of carbon-14 in the Redox 
HL W stream. This comparison of a waste layer is much less reliable than the direct comparison 
of the entire tank contents for the AZ waste tanks, but the comparison tends to support the 
presumption that partitioning of carbon-14 during fuel dissolution has remained relatively 
constant over the Hanford history. 

Comparison of other carbon- 14 analytical data to the HOW model Revision 4 predictions is not 
meaningful due to the magnitude of the changes in the ORIGEN2 carbon-14 predictions and 
proposed changes in partitioning with the HOW model Revision 5. These additional 
comparisons will be made once the HOW model Revision 5 has progressed to the point where 
the plant outputs can be distributed to individual waste tanks. Several recommendations can 
currently be made. 

For the carbon-14 generated in the fuel cladding: 

• A significant portion of the total carbon-14 is generated in the reactor fuel elements is 
generated in the fuel cladding. This fraction of the carbon-14 should be partitioned entirely 
to the cladding waste steams. 

For the carbon-14 generated in the uranium metal: 

• Eighteen percent of the carbon-14 generated in the uranium metal should be partitioned to the 
BiPO4 Plant, Redox and PUREX separation processes. 

• A small percentage (say 0.5%) of the carbon-14 generated in the uranium metal should be 
routed to PUREX Organic Wash Wastes (defined waste types OWWl, OWW2, OWW3 and 
PL2) in the absence of specific data regarding the carbon-14 content of the solvent treatment 
wastes. 

• The remaining 81.5% to 82% of the carbon-14 generated in the uranium metal should be 
partitioned to the atmosphere. 
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The total carbon-14 present in the underground tank waste predicted by the HOW model would 
be reduced from 4808 Ci (Revision 4) to approximately 900 Ci in Revision Sas the result of the 
above changes. 

c;S~ c~(L,___~ 
David E. Place 
Principal Engineer 

JJS 
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IODINE-129 PARTITION FACTORS FOR THE HANFORD DEFINED 
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J. G. Field 

K. M. Bowen 
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The Hanford Defined Waste (HOW) Model is being updated to reflect new infonnation that has 
become available since Revision 4.0 of the model was published in January 1997. Users of the 
Best-Basis Inventory are concerned that the model-based inventories for critical, mobile, long
lived radionuclides are unduly conservative and, therefore, designs for waste disposal may be 
unnecessarily conservative and expensive. 

The current version of the HDW Model (Revision 4.0), assumes that all of the iodine-129 present 
in the irradiated fuel exited the separation plants in waste streams that were sent to the tank 
farms . This assumption is thought to be overly conservative, and that changes to the HD\"V 
Model should be made to account atmospheric emissions and direct discharges to the soil by the 
separation plants. 

The attachment to this letter establishes iodine-129 atmospheric release, crib discharge to soil, 
and tank receipt partition factors of the fuel reprocessing plants for the next version of the 
Hanford Defined Waste Model. Subsequent releases from the tanks via leaks or discharges to 
cribs are already accounted for by the HDW Model. The approximate impact of the atmospheric 
and soil discharge partition factors will be a reduction in the tank iodine-129 inventory of 20%. 
This is in addition to a reduction of23% obtained from updating the ORIGEN2 estimates. 

B,a~~ 
B. A. Higley 
Principal Engineer 

Slf 

Attachment 

70300-02-NWK-034.doc, I0/4/02 9:22 AM 
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IODINE 129- PLANT EMISSIONS. 

BACKGROUND 

The HDW Model, Revision 4.0 currently assumes that all of the iodine-129 present in the 
irradiated fuel exited the separation plants in waste streams that were sent to the tank farms. This 
assumption is thought to be overly conservative. The separation plants are believed to have 
released significant fractions of the iodine to the atmosphere and to the soil. This attachment 
establishes iodine-129 atmospheric release, crib discharge to soil, and tank farm receipt partition 
factors of the fuel reprocessing plants for the next version of the Hanford Defined Waste Model. 
Releases from the tank farms via leaks or discharges to cribs are currently accounted for by the 
HDWModel. 

The atmospheric release of iodine-131 during chemical processing has been studied since at least 
1945. This assessment assumes that iodine-129 followed the same chemical paths through the 
separation proces·ses that iodine-131 did. The two pathways of interest are atmospheric release 
via the fuel reprocessing plant stacks and direct discharges by the fuel reprocessing plants to soil. 

ATMOSPHERJC RELEASES OF IODINE- I 29 

A general discussion of the Hanford history of atmospheric release of iodine-131 is found in 
Radionuclide Releases to the Atmosphere.from Hanford Operations, 1944-1972 (Heeb 1994). 
The report summarizes iodine-131 release factors for the Hanford plants. The iodine-131 
release factor is defined as the average curies of iodine-131 discharged to the atmosphere divided 
by the curies of iodine-131 in the reactor fuel slugs. Off-gas system decontamination factors 
(DF) are defined for iodine, as the moles of iodine entering a unit process divided by the moles 
of iodine exiting the unit process in the off~gas stream. 

DISSOLVER CHEMISTRY 

Iodine is a gaseous fission product produced during reactor fuel irradiation. The major solid 
form of iodine in the fuel is CsI (Pruett 1990). Iodides are readily dissolved and oxidized to 
elemental iodine in the hot nitric acid dissolver solutions. Iodine is then removed from solution 
by sparging with air. Iodine also reacts with organic materials present in the hot nitric acid to 
form organic iodides (Pruett 1990). Kane and Burns ( 1952) state that 80% of the iodine present 
in irradiated uranium is evolved during fuel dissolution. Raab and Van der Cook ( 1970) cite 
references for 50 and 85% iodine volatilization. 

There is little discussion in the literature regarding the liberation of iodine during cladding 
removal. It is generally assumed that little or no iodine evolves during cladding removal. The 
alkalinity of the solutions used to remove alwninum and zirconium cladding would not cause 
iodine to evolve. Thus iodine in uranium metal dissolved during cladding removal is assumed to 
remain in the cladding waste. 
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SIL VER REACTORS 

An understanding of the operation of the silver reactors is key to estimating the release of iodine-
129. The silver reactors consisted of columns loaded with silver nitrate coated ceramic saddles 
through which the plant off-gas stream is passed. Iodine in the off-gas stream reacts with the 
silver nitrate to form silver iodide or iodate. Iodine is removed from the off-gases by one or 
more of the following reactions. 

6 AgN03 + 3 h • 5 Agl + Agl03 + 6 N02 + 3/2 02 

2 AgNO3 + Ii • 2 Agl + 2 N02 + 02 

When in active operation the silver reactors are routinely regenerated by adding a fresh layer of 
silver nitrate (Raab and Van der Cook 1970). Typically, silver reactors associated with the 
dissolvers were regenerated when enough iodine had been charged to react half of the silver. If 
the silver reactors are not routinely regenerated, isotopic exchange may become an important 
mechanism. Isotopic exchange occurs when iodine from the off-gas exchanges with iodine from 
silver iodide (McClanahan 1956). When isotopic exchange is the controlling mechanism most of 
the iodine-131 decays before it migrates through the bed while essentially no iodirie-129 decays 
before it migrates through. For this reason the silver reactor, after extended use has a greater 
decontamination factor (DF) for iodine-131 than it does for iodine-129. The impact of isotopic 
exchange on iodine-129 emissions for an active silver reactor, i.e., one that is routinely 
regenerated is unknown. After several regenerations, the flow resistance through the bed would 
increase from the accumulated silver salts. The reactors were then flushed to remove the salt 
buildup. Both water and a solution of 6 wt% NaOH and 24 wt% sodium thiosulfate (Na2S203) 

were used in conjunction with steam sparging to flush the reactors. Based on PUREX operating 
records, flushing was required every two to three years (Walser 1994). 

Early operating reports indicate that dissolver silver reactors were 99 to 99.9 per cent efficient at 
removing iodine-131 (DF of 100 to 1000) from dissolver off-gas. These values were determined 
by use of caustic scrubbers, which do not capture organic iodates. Later reports (1968 PUREX 
data) indicate 90 to 95 per cent iodine-131 removal (a DF of 10 to 20) with regenerated silver 
reactors and zirflex reprocessing (Raab and Van der Cook 1970). Not all of the reduction in 
performance is attributed to organic iodates. Poisoning with non-radioactive iodine {1271) or 
chloride could also have contributed to the lower DF. Table 1 shows the relative abundance of 
iodine isotopes in irradiated fuel. Performance was also diminished when the reactors were 
allowed to fall below the 380 °F operating temperature. 
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Table 1. Iodine Content of Irradiated Fuel at Various Exposures. 
Isotope Half-life Yield (g/MTU) 

Iodine in Natural Uranium Metal at 250 MWd/MT and 60 days cooling (GE 1944). 
'-" I 8.0207 d 0.002 
Total Iodine Not applicable 1.92 

Iodine in Natural Uranium Metal at 640 MWd/MT and 90 days cooling 
(Buckingham 1967). 

lJII 8.0207 d 0.00078 
Total Iodine Not applicable 5.14 

Iodine in 0.947% Enriched Ur~ium Metal at 900 MWd/MT and 90 days cooling 
(Buckingham 1967). 

1.)11 8.0207 d 0.00093 
Total Iodine Not applicable 7.21 

Iodine in 0.947% Enriched Uranium Metal at 1,000 MWd/MT and 120 days cooling 
(Buckingham 1967). 

'-JII 8.0207 d 0.000074 
Total Iodine Not applicable 8.14 

Iodine in N Reactor 6% Pu Fuel (80% Mark IV, 20% Mark IA) at 1,145 MWd/MT and 
120 days cooling (Hedengren 1985). 

,.,, ,I Stable 1.557 
,.,,,.I 1.57 E+07 yr 5.614 
•nl 8.0207 d 7.776 E-05 
Total Iodine Not applicable 7.171 

DISPLACEMENT OF IODINE BY CHLORIDE IN SIL VER REACTORS 

While PUREX was on stand-by between 1972 and l 983, the ceramic packing from two of the 
three fuel dissolver silver reactors were analyzed. These analyses showed that essentially all of 
the silver in these reactors had been converted to silver chloride. Very little iodine and 
essentially no iodine-129 remained on the packing (Strachan 1978). These findings indicate that 
either none of the iodine in the off-gas was trapped by the silver reactor or that iodine-127 and 
iodine-129 initially trapped was gradually released via a chloride replacement mechanism. The 
latter scenario is thought to be the most probable. Per the following reactions, AgCl is more 
thermodynamically stable than Agl. 

2Agl + Cli (g) -+ 2AgCI + h (g) 

AgI + Cb (g) -+ AgCl + ICl (g) 

AG0 
500 K = -64 kJ 

AG0 
500 K = -49 kJ 

Negative Gibbs free energies are also obtained at room temperature (298 °K). 
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The most likely source of chloride is from trace chloride in process chemicals, process water, or 
recycled nitric acid. In the dissolver, chloride would have been converted to HCl or Cb, both of 
which are volatile. 

MERCURIC NITRATE 

During the June 1951 to December 1951 time period T and B Plants began using mercuric nitrate 
to suppress radioiodine emissions during the uranium dissolution step (Kupfer et. al. 1999, 
Kirkendall 195 1 ). At REDOX the benefits of mercuric nitrate were mixed, although the peak 
emission was reduced, the overall emission of iodine-131 was not reduced (Cooper and Harmon 
1960). 

IODINE-129 PARTITION FACTORS FOR THE HANFORD DEFINED WASTE MODEL 

Iodine-129 partition factors are discussed relative to the process campaigns defined by the 
Han.ford Defined Waste model. 

B and T Plant 1944-1949 

Prior to the installation of emission control equipment in May 1948, the best estimate of the 
iodine release fraction is 0.905 (Reeb 1994). This release factor is assumed to be applicable to 
the release of iodine-129. The overall DF is 1.1. The net fraction sent to the tanks is 0.095. 

During the six-month period between installation of water scrubbers in May 1948 and the 
installation of sand filters in December 1948 the iodine release factor was 0.285 (Reeb 1994 ). 
The water scrubbers were actually reflux condensers installed on the dissolvers. The ability to 
capture iodine was apparently variable, depending on the amount of water vapor being generated 
and the amount of reflux (Dreher 1945). Dreher (1945) reports that 70 to 80% of the iodine 
could be removed by reflux and the DF between the dissolver solution and product stream was 
about 60 (98.4% of iodine not evolved went to the metal waste). The release factor determined 
by Heeb ( 1994) is assumed to be applicable to the release of iodine-129. Therefore the DF of the 
reflux condenser is assumed to be 3.5. The net fraction sent to the tanks is 0.715 with 0.704 
going to metal waste and 0.011 going to First Cycle (lC) waste. These splits do not include the 
coating waste (CW) split. 

Addition of sand filters to B and T Plant in December 1948 lowered the iodine release factor to 
0.25 (Heeb 1994). Although the iodine capture mechanism of the sand filters is unknown, this 
release factor is assumed to be applicable to the release of iodine-129. The overall iodine DF of 
this system is 4.0 with the effective DF of the sand filter being 1.14. The net fraction sent to the 
tanks in 1949 is 0.715, the sand filters captured 0.035. The most likely iodine removal 
mechanism for the sand filters was a surface capture mechanism. Because of its long half-life, it 
is likely that the iodine-129 captured.by the sand filters subsequently released by 
chromatographic processes. 
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The mass weighted fraction of iodine-129 sent to the tanks from 1944 through 1949 is 0.336 . 
Guidance on distribution of iodine-129 to plant waste streams is provided in Table 7 of Bismuth 
Pho5phate Process Radionuclide Partition Factors for the Hanford Defined Waste Model, 
(Higley 2002) . This letter says that of the iodine not released tO'the atmosphere, 98.333% goes 
to metal waste , 1.6389% goes to l C waste, 0.02732% goes to 2C waste and 0.00046% goes to 
224 waste. 

B and T Plant 1950-1956 

Addition of sand filters to B and T Plant in December 1948 lowered the iodine release factor to 
0.25 (Heeb 1994). Although the iodine capture mechanism of the sand filters is unknown, this 
release factor is assumed to be applicable to the release of iodine-129. The overall iodine DF of 
this system is 4.0 with the effective DF of the sand filter being 1.14. The net fraction sent to the 
tanks is 0.715, the sand filters captured (and later released) 0.035. 

Silver reactors were installed in T Plant on December 28, 1950 and B Plant on October 26, 1950. 
However they were not in continuous service until January 19 51 . The median iodine-131 release 
factor for silver reactors was 0.0125 based on 158 measurements taken at REDOX (Heeb 1994 ). 
Whereas the DF of the for the reflux condenser and sand filters are assumed to be identical for 
iodine-129 and iodine-I 31 , the DFs for the silver reactor may be different due to isotopic 
exchange (McClanahan 1956). The overall iodine-131 DF of the T and B Plant off-gas systems 
is 80. Using a DF of 4.0 for the reflux and sand filter indicates an iodine-131 DF of 20 for the 

. silver reactor. A DF of 10 to 20 for iodine-131 is consistent with the conclusions of Raab and 
Van der Cook (1970). It is assumed that routine regeneration of the silver reactors minimized 
isotopic exchange and that the DF for iodine-129 in the silver reactor was therefore the same as 
iodine-131. An overall release factorof0 .0125 is assumed for iodine-129. Volatile iodine 
captured by the silver reactors was returned to the tanks when the reactors were flushed. The net 
fraction sent to the tanks is 0.9875. The fraction captured by the sand filters is negligible 
(0.00175). . 

The mass weighted fraction ofiodine-129 sent to the tanks from 1950 through 1956 is 0.933. 
Guidance on distribution of iodine-129 to plant waste streams is provided in Table 8 of Bismuth 
Phosphate Process Radionuclide Partition Factors/or the Hanford Defined Waste Model, 
(Higley 2002). This table indicates that 88% of the iodine not released to the atmosphere went to 
metal waste and 12% went to IC waste. · 

REDOX 1952~1958 

REDOX was brought on line in January 1952. The REDOX off-gas treatment system consisted 
of a reflux condenser on the dissolver, followed by a silver reactor, an acid absorber, and a 
caustic scrubber. Heeb (1994) uses a generic iodine-13 l release factor of 0 .0125 based on 158 
measurements taken at REDOX. Based on measurements made at the PUREX plant the quantity 
of iodine reaching the caustic scrubber was not likely to be significant (Warren 1961). It is 
assumed that routine regeneration of the silver reactors minimized isotopic exchange and that the 
DF for iodine-129 in the silver reactor was the same as iodine-13 l. Warren (1961) reports that 
the REDOX silver reactors were not flushed in the REDOX Plant, but were removed to the 
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T Plant Decontamination Facility for flushing. However engineers who worked at REDOX 
believe that a lower jumper was removed to allow in place flushing. A new prototype silver 
reactor was installed in A-cell in 1958 that could be regenerated in place (Warren 1961 ). 
However after installation of the prototype, REDOX processed mostly long-cooled fuel. It 
appears unlikely tha~ REDOX was routinely regenerating the silver reactors after 1957. Warren 
( 1961) notes that regeneration chemical costs for REDOX during 1958 to 1960 were abnormally 
low because of processing long-cooled E metal. For this assessment it is conservatively assumed 
that the silver reactors were eventually flushed and that the volatile iodine captured by the silver 
reactors was returned to the tanks. Iodine-129 captured in the acid absorbers was recycled to 
dissolver. 

For the 1952-1958 time period an overall release factor of 0.0125 is assumed for iodine-129. 
The net fraction sent to the tanks is 0.9875. As previously discussed Kane and Burns (1952) 
state that 20% or 0.2 of the iodine-129 stays in the dissolved uranium metal feed solution. This 
iodine-129 did not extract into the organic phase and exited the REDOX Plant with the high.:. 
level waste. The disposition of the iodine-129 that was collected by the silver reactors is 
uncertain. This assessment assumes that silver reactors were flushed in place by removal of a 
lower jumper. The flush solution would have flowed to a cell sump and then to the waste 
concentrator where it was combined with high-level and other wastes and left the plant with the 
HLW stream. Thus all (100%) of the 0.9875 fractions should be routed to the REDOX HLW 
stream. 

REDOX 1959-1966 

A new prototype silver reactor was installed in A-cell in 1958 that could be regenerated in place 
(Wa1Ten 1961 ). This silver reactor included a valve on the bottom that could be opened by the 

· crane operator allowing the prototype to be flushed in-place. Spent flush solution would drain to 
a sump from which it would be sent to the waste concentrator and then out of the RED OX Plant 
in the high-level waste stream. However after installation of the prototype, REDOX processed 
mostly long-cooled fuel. It appears unlikely that REDOX was routinely regenerating the silver 
reactors after 1957. Warren (1961) notes that regeneration chemical costs for REDOX during 
1958 to 1960 were abnormally low because of processing long-cooled E metal. Kupfer (1999) 
reports that REDOX only consumed 91 lb. of AgNO3 from 1965 through 1967. During the same 
time period PUREX consumed 2,313 lb. A review of fuel charging records indicates that 
REDOX rarely processed short cooled fuel (less than 150 days) after 1957. It is suspected that 
the performance of the REDOX silver reactors was degraded by infrequent regeneration. 
Although no substantiating evidence has been located, the experience at PUREX (1968-1972) 
suggests that about 5% of the iodine-131 was released via the stack for an overnll off-gas system 
DF of 20. Jeppson (1976) assumes a DF of 10 for the acid absorbers, and calculates an effective 
DF of 2 for silver reactors· in this condition. This calculation does not give any credit to the 
reflux condenser. It is possible that the silver reactors were never flushed after 1957. PUREX 
operating records indicate that the PUREX silver reactors were not flushed after regeneration 
was halted in 1968 (Waster 1994). However for this assessment, it is conservatively assumed 
that the REDOX Plant silver reactors were eventually flushed and iodine captured by the silver 
reactors was returned to the tanks. 
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Based on Jeppson's data, an overall release factor of0.05 is assumed for iodine-129. Iodine-129 
captured in the acid absorbers was recycled to dissolver. The net fraction sent to the tanks is 
0.95. It is assumed that 100% of the iodine flushed from the silver reactor plus the iodine 
captured by the acid absorbers eventually ended up in the waste concentrator and exited the 
REDOX Plant in the high-level. 

PUREX 1956-1967 

PUREX was brought on line in January 1956. Its iodine removal equipment included a reflux 
condenser, a silver reactor and fiberglass filters . Shortly after start-up, an acid absorber, and a 
caustic scrubber were added after the silver reactor. The caustic scrubber was later converted to 
a second acid absorber. In addition to the silver reactors on the dissolver off-gas, a silver reactor 
was also placed in the vessel vent system. As the last plant to be brought on lirie, the PUREX 
iodine-131 emission control system benefited from five years of operating experience with silver 
reactors in other plants. Based on 230 measurements, the median iodine-131 release fraction for 
PUREX was 0.002 (Heeb 1994). Iodine captured by the reflux condenser, silver reactor and acid 
absorber would have been discharged to the tanks. As a bounding analysis, a net fraction sent to 
the tanks of 0.988 will be applied up through 1966. 

Based on PUREX operating records the silver reactors were initially flushed every two to three 
years with a caustic-thiosulfate solution. Flushing with caustic-thiosulfate was discontinued in 
the mid- 1960s, the A dissolver silver reactor was last flushed in August 1964, the B dissolver 
silver reactor in August 1966, and the C dissolver silver reactor in February 1964. Regeneration 
of the reactors with AgN03 was continued (Walser 1994). Silver reactors were regenerated two 
or three times a year. The fate of iodine-129 within the PUREX iodine suppression equipment is 
somewhat speculative. Unlike T and B Plant, the reflux condenser is generally given no credit 
for iodine suppression. This may be due to differences in the design or operation of the reflux 
condensers at these plants. Based on the conclusions of Raab and Van der Cook (1970), a 
minimum DF of 10 for a regenerated silver reactor and a DF of 50 for the acid absorber is 
assumed. These values result in a 0.9 fraction of the iodine-129 being retained on the silver 
reactor and a net fraction of 0.098 being recycled to the process and out to the tanks via the acid 
absorbers after 1966. 

The mass weighted fraction of iodine-129 sent to the tanks from 1956 through 1967 is 0.901. The 
waste in three C Farm tanks (C-104, C-105, and C-107) known to have received cladding waste 
from PUREX exhibit relatively high iodine-129 and silver concentrations. This assessment is 
supported by discussions with former members of the PUREX engineering staff who confirmed 
that, because of piping limitations within PUREX, routing of the silver reactor flushes to the 
cladding waste would have been more convenient than routing to other waste streams. On this 
basis it is assumed that the silver reactor flushes were routed to the cladding waste tanks. 
However not all of the iodine left the PUREX Plant by this route. As discussed earlier, in the 
section on dissolver chemistry, 20% of the initial iodine-129 is thought to have remained in the 
solvent extraction feed. Most of the iodine was then extracted into the organic phase. The 
PUREX Technical Manualcites a study that concluded that up to 85% of the iodine was 
extracted into the organic phase (RHO 1980). Iodine in the organic solvent was removed into 
the organic wash waste. Based on these numbers, the iodine is distributed as follows; 3.33% of 
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the iodine stays in the HL W, 18.87% goes into the OWW, and the fraction added to the cladding 
waste is 77.80%. 

PUREX 1968-1972 

Because of increases in the fuel cooling time and the reduction in available iodine-I 31 , the silver 
reactors became redundant for most of the 1968 to 1972 campaign. During the 1968 -1972 
campaign, each PUREX silver reactor was only regenerated once, the A and C dissolver silver 
reactors in April 1968 and the B dissolver silver reactor in October 1968. Until 1968, 
regeneration of the silver reactors was based on response of the iodine-131 monitors or on 
samples results. Regeneration of the silver reactors was discontinued in 1968 as the minimum 
out of the reactor fuel cooling time for fuel being processed was increased to 180 days. In 
practice, the cooling time was controlled at a minimum of200 days until shutdown of the plant 
in 1972. (Jeppson 1976, and Walser 1994). Based on PUREX operating records, the A dissolver 
was last flushed in August 1964, the B dissolver in August 1966, and the C dissolver in February 
1964 (Walser 1994 ). In August 1972, iodine-131 stack release data from the processing of young 
fuel , indicates that about 5% of the iodine-131 was released via the stack for an overall off-gas 
system DF of 20. Jeppson (1976) assumes a DF of 10 for th~ acid absorbers, and calculates an 
effective DF of 2 for silver reactors in this condition. This calculation does not give any credit to 
the reflux condenser. It is speculated in the Purex Technical Manual that part of the iodine is 
believed to reflux to the dissolver during the initial acid dissolution then discharge to the 
condenser off-gas during the remainder of the dissolution. An overall release factor of 0.05 is 
assumed for iodine-129. Because the silver reactors were not flushed after 1964 ( except for a 
water flush of B dissolver silver reactor in 1986), iodine collected by the silver reactors would 
remain on the reactor bed (assuming no chloride displacement). Iodine-129 captured in the acid . 
absorbers was recycled to dissolver. Based on Jeppson's assumptions, the fraction retained by 
silver reactors is 0.5, the acid absorbers recycle 0.45 and 0.05 is released to the stack. The net 
fraction sent to the tanks is 0.45. However, the uncertainty in the effectiveness of the reflux 
condenser could change this number significantly. If the reflux condenser were assumed to have 
a DF of 2, the silver reactor a DF of 2, and the acid absorber a DF of 5, the net fraction sent to 
the tanks would be 0.70. 

This assessment uses the Jeppson assumptions and concludes that the net fraction sent to the 
tanks was 0.45. This assessment will assume as previously discussed that 20% of the iodine in 
the fuel remains in the solvent extraction feed and is distributed 15/85 between the HL Wand 
OWW. Thus iodine-129 is distributed as follows; 6.67% of the iodine stays in the HLW, 37.78% 
goes into the OWW, and the fraction added to the cladding waste is 55.55%. 

PUREX 1983-1988 

Jeppson (1976) discusses a proposal to not regenerate the silver reactors, but to collect and store 
the iodine-129 as solid waste (on the silver reactors). This would prevent release of iodine-129 
from a future vitrification or calcination process. The Purex Technical Manuel indicates that 
silver reactors were periodically regenerated, but not flushed. When a reactor was no longer 
functional, it to be was replaced and sent to solid waste burial (RHO 1980). Prior to restart of 
PUREX in 1983 a decision was made to regenerate the silver reactors to control emissions of 
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iodine-129 to as low as reasonably achievable (ALARA). Because of the long half-life of 
iodine-129 (15.7 miilion years), more frequent regeneration based on metric tons of uranium 
(MTU) processed was required for control. A maximum regeneration interval of 350 MTU was 
established and enforced for the reactors in the dissolver off-gas systems. This interval was 
based on 50% loading of the silver with halogens (Walser 1994 ). During the 1983-1988 
campaign, only the B dissolver silver reactor was flushed. Walser describes this event as a water 
flush but Reynolds ( 1987) states that the reactor was flushed with water and nitric acid. It is 
uncertain to what extent iodine was removed from the reactor by this procedure. Certainly 
AgNO3 and possibly AgIO3 would have dissolved in water. Silver iodide (Agl) and AgCl are 
not soluble in water but may have been physically removed by the water flush as particulates. 

Table 2 compiles the iodine-129 emissions and iodine-129 processed from 1983 through 1992. 
The estimate oflodine-129 in the fuel assumes a current fission product yield factor (0.543%). 

Table 2. Comparison of Iodine-129 Emissions to Iodine-129 in the Fuel Processed. 
Year Iodine-129 in Reported Iodine-129 Calculated Release 

dissolved fuel (Ci) Emitted to Air (Ci) Fraction 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1992 
1993 

(a) 81hlet.al. 1985 
(b) Howe et. al.1987 
(c) Coony et. al. 1988 

0.06439 
0 .8319 
1.196 

0.6818 
0.2466 
0.3961 

0 
0 
0 
0 

0.02 (a) 0.31 
0.08 (a) 0.096 
0.3 (b) 0.25 
0.7 (b) 1.0 
0.5 (c) 2.0 
0.6(d) 1.5 
0.1 (e) Not calculated 
0.1 (e) Not calculated 

0.05 (e) Not calculated 
. Not detected 

( d) Coony et. al. 1989 
( e) Coony et. al. 2002 

Table 2 indicates a significant increase in the iodine-129 release factor between 1985 artd 1986. 
A possible cause is the water flushing of the B dissolver silver reactor on June 8, 1986 (Walser 
1994). 

Table 3 calculates the release factors and off-gas system iodine-129 DFs for the 1983-1988 
campaign using the data in Table 2. 

Table 3. Release Factors Calculated from PUREX Operations 1983 through 1992. 
Time Period Iodine-129 in Reported Calculated Decontamination 

dissolved fuel Iodine-129 Release Factor (OF) 
(Ci) Emitted to Air Fraction 

(Ci) 
1983-1985 2.092 0.4 0.19 5.2 
1986-1992 1.325 2.05 1.55 Not calculated 
Overall 3.417 2.45 0.717 1.4 
1983-1992 
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The PUREX Plant iodine-129 emissions, atmospheric release factors, and off-gas system DFs for 
the 1983-1989 campaign are mystifying since the nitric acid absorber was assumed to be capable 
of removing 90 to 99% of the iodine [DF from IO to 100] (Jeppson 1976, and Raab and Van der 
Cook 1970). One explanation is that the iodine captured with the nitric acid recovery would just 
be evolved somewhere else in the PUREX process. A second explanation is that the iodine-129 
measurements at the stack were biased because of a less than ideal stack sampler installation. 
However in terms of calculating the quantity of iodine-129 sent to the tanks these records are not 
particularly important since the silver reactors were not routinely flushed. 

From 1983 through May 1986 fuel containing 2.56 Ci of iodine-129 was processed. After May 
1986 the fuel processed contained 0.86 Ci of iodine-129. The ORIGEN2/DKPRO calculations 
assume that 5.09% of the iodine-129 exited the PUREX Plant directly with the cladding waste 
leaving 3.243 Ci to be distributed to other pathways. Twenty percent of the iodine is assumed to 
enter the solvent extraction system and 80% is assumed to volatilize during uranium dissolution. 
Based on the conclusions of Raab and Van der Cook (1970), a minimum DF of 10 for a 
regenerated silver reactor and a DF of 50 for the acid absorber is assumed. These values result in 
a 0.9 fraction of the iodine-129 being retained on the silver reactor and a net fraction of 0.098 
being recycled to the process and out to the tanks via the acid absorbers. If all of the iodine 
captured on the B dissolver silver reactor was removed by the June 1986 water flush, 0.583 Ci 
were flushed to the tanks and 1.166 Ci would have remained on the silver reactors. The post 
May 1986 processing would have added an additional 0.586 Ci to the silver reactors. The acid 
absorbers would have captured 0.254 Ci and 0.00519 Ci would have been released to the air. 
The total iodine-129 entering the solvent extraction system from the solvent extraction feed and · 
that via the acid absorbers is 0.903 Ci. 

The fraction of iodine-129 from the ORIGEN2/DKPRO separations file that is sent to tank farms 
is 0.45816. This fraction is distributed as follows; 9.11% to HLW, 51.65% to the OWW, and 
the silver reactor flush is 39.24%. The silver reactor flush is added to the cladding waste stream. 

PLANT DISCHARGES TO SOIL OF IODINE-129 

Band T Plant 

It is reported by Dreher (1945) in The Evolution of Iodine During Metal Dissolution, that in the 
separation of Metal Waste from 1st Decontamination By-Product, about 0.016 of the iodine-131 
not evolved during metal dissolution is in the product stream. Schneider (1951) in Flow Sheets 
and Flow Diagrams of Precipitation Separation Processes indicates that the fraction in the 
product stream is 0.13. This may be because of the presence of Hg, which was being used in the 
process by that time. All waste streams from the BiPO4 Process were neutralized with NaOH 
and routed directly to the tank farms without concentration. There were no direct discharges of 
waste or process condensates from the BiP04 Process to the soil. 

REDOX 

Iodine-131 behavior in the REDOX process was studied using laboratory bench top equipment 
and the results were reported in Behavior of Iodine in the REDOX Process, (Kane and Bums, 
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1952). Trace amounts of iodine-131 were left in the plutonium product (IBP) and uranium 
product (ICU) streams. A small fraction ofiodine-131 was also found in the organic waste 
(IC\V) stream. Waste concentration was also simulated. In the REDOX Process the condensate 
from the waste concentrator is combined with other condensates from other evaporators and is 
subjected to a second evaporation. The non-atmospheric iodine release fractions for the REDOX 
process are: 

Stream 
Uranium Stream (ICU) 
Plutonium Stream (IBP) 
Organic Waste Stream (ICW) 
Condensate Evaporator Distillate 

Total 

PUREX 

Fraction 
0.000002 
0.000002 
0.00001 
0.001 

0.001 

The routes for iodine out of the PUREX plant include, collection on silver reactors, cladding 
waste, off-gases, high-level waste, orgapjc wash waste, ammonium scrubber waste, process 
condensates and uranium nitrate product. Loss fractions for several of these streams are 
discussed in Program/or Control of Jodine-129 During Zirconium Clad Fuel Reprocessing at 
PUREX (Jeppson 1976). Cladding waste, high-level waste, organic wash waste and flushes from 
the silver reactors ended up in the underground waste storage tanks. Most of the iodine leaves in 
either the organic wash waste or the silver reactor flushes. Atmospheric releases, (off-gases), as 
discussed earlier are small. The remaining credible pathways are uranium nitrate product, 
ammonium scrubber waste, process condensate, and ventilation condensate. Although Jeppson 
provides an estimate of the fraction of iodine that leaves with the uranium nitrate product, data 
on the ammonium scrubber waste, and the process and ventilation condensates was not available. 
However, based on the ERDA 0524 Uncontrolled Release Guidelines~ the iodine-129 release 
fractions are required to be small, less than 0.06% for the ammonia scrubber waste, and less than 
0.02% for the process condensates. Unless these limits were routinely exceeded by at least a 
factor of 100, the impact on the tank iodine-129 inventory would not be significant. The non
atmospheric iodine release fractions for the PUREX process are: 

Stream 
Uranium Nitrate Product 
Ammonia Scrubber Waste 
Process Condensate 
Ventilation Condensate 

Total 

Fraction 
0.0003 

< 0.0006 (a) 
< 0.0002 (a) 
< 0.0002 (a) 

< 0.001 

(a) these"<" values are the ERDA 0524 release limits and are not verified release 
fractions. 

Reynolds (1987) cites a letter that reports 8% of the iodine entering PUREX being discharged to 
cribs. As this value may be a bounding assumption, and because the letter was not retrievable, it 
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will not be factored into the estimate of iodine sent to the tanks. 

UNCERTAINTY IN IODINE-131 FISSION PRODUCT YIELD 

Reports from the Hanford archives, in general, calculate release factors by comparing the 
measured iodine-131 in a waste stream to the iodine-131 in the reactor fuel elements at the time 
of separation. The iodine-131 in the fuel is calculated by the iodine-131 fission yield. The 
earliest reported iodine-131 fission yield values found by this author, were 0.019, reported in the 
Hanford Engineering Works Technical Manual (GE 1944), and 0.028 iodine-131 atoms per 
fission (Dreher 1945). A 1979 report states that "0.0288 is the current value" (Greager 1979). 
The ORIGEN2 data libraries from the 1980's use 0.02887, and the latest ENDF/B-VI reference 
has a fission yield of 0.02891 (Wootan 2002). Since the calculations of interest to this 
assessment occurred after 1945, the maximum possible error that may have been introduced by 
the differences in these values is about 3%. The actual bias that was introduced is not known 
since fission yield assumptions in use in the 1950's and 1960's were not reported. However the 
principal report of interest is the Heeb (1994) study which is based on ORIGEN2 estimates from 
the early 1990 's, this error will be negligible. 

IODINE VOLATILIZATION FROM TANK FARMS 

In 1986 Tank Farm Operations observed an increase in iodine-129 in the tank vapor from AW 
Farm. The apparent source of the iodine was the water flush of the PUREX Plant B dissolver 
silver reactor in June 1986. The possible vapor species were h, CH3I, and HOI (hypoiodous 
acid). For various reasons, the most probable species was HOI. The fraction of iodine that 
formed HOI is not known 1. Several competing reactions were identified from the literature that 
could form insoluble iodine compounds (Reynolds 1987). These findings indicate that at some 
of the iodine that was discharged to the tank farms may have volatized from the waste and been 
released to the atmosphere. The estimated release from this occurrence was 0.00061 Ci iodine-
129. The estimated iodine-129 contained in the flush ranged from 0.65 Ci to 4.0 Ci. Based on 
these values less than 0.1 % of the iodine flushed from the reactor volatized and was released via 
the tank farm. 

MODELING OF IODINE LOSS FACTORS BY THE HDW MODEL 

Table 4 summarizes the iodine-129 partition factors for the various separation plant campaigns. 
Nearly all of the losses are due to atmospheric emission. Losses to the soil from aqueous 
discharges are negligible for tank inventory modeling purposes. Iodine that is removed from the 
fuel during cladding removal is assumed to remain with the cladding waste. From a tank 
inventory perspective, these factors are believed to be conservative. Prior to 1976 (Jeppson) 
there was little interest in the fate of iodine-129 in the separation processes. The iodine release 
factors for silver reactors and sand filters are believed to be conservative because they are based 

1 The equilibrium concentration of HOI in aqueous solutions is known to be low. In alkaline solutions the 
equilibrium concentration would be lower and the IO- ion rapidly disproportionate to 103• (Cotton and Wilki_nson 
1988). 
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on iodine- I 31. Much of the iodine-131 volatilized from the fuel is believed to have decayed 
before it migrated through the silver reactor beds. Essentially no iodine-129 decayed in the 
silver reactors due to the long iodine-129 half-life. Most of the iodine release factors derived in 
this paper are based on the total iodine-131 in the fuel. 

Table 4. Summary of the Iodine-129 Fraction from the ORIGEN2/DKPRO uranium core file 
sent to Tank Waste. 
Separation Plant Campaign Net Fraction Sent to Distribution (a) 

Tanks 
T and B Plant 1944-1949 0.336 98.333% to MW, 1.6389% to 

IC, 0.02732% to 2C, and 
0.000463% to 224 waste. 

(Higley 2002, Table 7) 
T and B Plant 1950-1956 0.933 88% to MW, 12% to IC, 

0% to 2C, and 0% to 224 waste. 
(Higley 2002, Table 8) 

REDOX 1952-1958 0.9875 · 100% to HLW 
REDOX 1959-1966 0.95 100% to HLW 
PUREX 1956-1967 0.901 3.33% to HL W, 18.87% to 

OWW and 77.80% to added to 
the CW 

PUREX 1968-1972 0.45 6.67% to HLW, 37.78% to 
OWW and 55.55% to added to 

· the CW 
PUREX 1983-1988 0.45816 9.11% to HLW, 51.65% to 

OWW, and 39.24% added to the 
cw 

(a) These d1stnbutions are to be applied to the mventory of1odme m the ORIGEN2/DKPRO 
uranium core file. The curies of iodine-129 calculated by the CW fraction shown in this table 
are to be added to the curies of iodine-129 that are reported in the ORIGEN2/DKPRO cladding 
file. 
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The Hanford Defined Waste (HDW) Model is being updated to reflect new information that has 
become available since Revision 4.0 of the model was published in January 1997, reference l. 
The current version of the HDW Model, Revision 4.0, estimates a·lead inventory of279 MT. 
This estimate is substantially larger than the lead inventory reported by the Best-Basis Inventory 
(BBi). The BBI reports a total tank waste lead inventory of 84 MT. 

A third estimate of the tank waste lead inventory is provided by reference 2. Reference 2 reports 
that there are two primary sources for lead in the tank waste. Most of the lead was introduced as 
part of the process to manufacture aluminum clad fuel. A smaller amount lead was used to 
recover crude 90Sr by carrier precipitation in the PUREX and B plants. Reference 2 estimates a 
total lead inventory of 241 ,300 kg from these sources, 220,000 kg from fuel fabrication and 
21,300 kg as a plant process chemical. 
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The intent of this letter is to establish new lead modeling assumptions for the HDW model. Most 
of the underlying assumptions for this update are discussed in reference 2. This letter makes 
additional assumptions regarding the routes of lead through the separations plants. All of the 
lead used in the aluminum clad fuel manufacturing process is assumed to exit the plants in the 
cladding waste. Lead used in the carrier precipitation processes is assumed to exit with the plant 
high-level waste (HL W) stream. · 

ALUMINUM CLAD FUEL 

Aluminum clad fuel consisted of a uranium metal core surrounded by an aluminum jacket or can. 
An aluminum-silicon (Al-Si) braze between the uranium and aluminum components provided for 
a high thermal conduction and a strong metallurgical. bond. To obtain a strong bond between the 
Al-Si braze and the uranium, it was necessary to coat the uranium core with either bronze and tin 
(triple dip fuel), or lead (lead dip fuel). Triple dip fabrication was used from 1944 to March 
1954 after which lead dip aluminum clad fuel was fabricated . Of the 99,000 MT of fuel 
processed through the separation plants, 82,400 MT of the aluminum clad fuel was lead dip fuel. 

The lead dip process resulted in the formation of a lead intermetallic layer in the fuel slugs. In 
reference 2, the intermetallic layer was determined to be 0.0025 cm thick and 100% lead. This 
yielded an estimate of 213,000 kg lead for the intermetallic layer. The thickness of the 
intermetallic layer is based on a single photomicrograph of the intermetallic layer from a sample 
found in reference 3. It is unknown to what extent this micrograph is representative of typical 
lead dip fuel. Reference 3 also states that the intermetallic layer consists ofa UPb-UPb3 
compound. The ratio ofUPb to UPb3 was not determined. Traces oflead in the Al jacket and 
the Al-Si bond layer add another 2,180 kg oflead to this source. 

During the three decades that aluminum clad fuel was used in the reactors, fuel slugs of various 
lengths and designs were made. The amount of lead (and aluminum) in the cladding waste, 
depends on the design of the fuel slug being processed by the separation plants. Table 1 shows 
the important characteristics of the four most prevalent fuel types. The mass of lead per metric 
ton of uranium (MTU) is based on the intermetallic layer being 0.0025 cm thick and 100% UPb3. 
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Table 1. Design Characteristics of Common Aluminum Clad Fuel Slugs. 
Uranium Natural Enriched Natural 
Enrichment 
Uranium Core Hollow Core Hollow Core Solid Core 
Shape (I & Eia> (I & Ela) 
Nominal 8 inches 6 inches 8 inches 
Length 
Mass 38.8 47.2 32.2 
Aluminum per 
MTU (kg) 
Mass Lead per 2.03 2.10 1.40 
MTU (kg) 
Pb to Al ratio 0.0524 0.0444 0.0436 
(kg/kg) 
Pb to Al ratio 0.00682 0.00578 0.00568 
(mole/mole) 
(a) I & E, Internally and Externally cooled fuel elements. 

B and T Plants 1944-1949 

7O300-02-NWK-036 

Enriched 

Solid Core 

6 inches 

34.9 

1.39 

0.0398 

0.00518 

The initial fuel fabrication process used at Hanford did not use lead. Thus lead is not a 
constituent of Band T Plant cladding waste generated during this time period. 

Band T Plants 1950-1956 

Lead dip fabrication of aluminum clad fuel was not implemented until March 1954. However, 
because of fuel fabrication lead time, reactor residence days and fuel cooling days, processing of 
lead dip fuel would not have occurred before January 1, 1955. B Plant was shut down in 1952 
and T Plant only processed 1,189 metric tons uranium (MTU) after January 1, 1955. This 
quantity of fuel is only 27% of the fuel processed by Band T Plants during 1950-1956 period 
and less than 1.5% of the total lead dip aluminum clad fuel processed: In addition, all of the fuel 
elements were solid core natural uranium. Relative to other fuel designs, the lead content of this 
fuel is low. Because the volume of lead dip fuel processed by T Plant after January 1, 1955 is 
small, the lead contribution to Band T Plant cladding waste (1950~1956) will be ignored. 

REDOX Plant 1952-1960 

The REDOX Plant continued to work off triple dip fuel into the month of July 1955, except for 
running lead dip fuel in the months of February and March 1955. From 1952 through 1958 
nearly all of the fuel slugs were solid core natural uranium. Based on a review of fuel processing 
records and information documented in reference 2, 34% of the fuel was triple dip solid core 
natural uranium, 56% was lead dip solid core natural uranium, l % was lead dip solid core 
enriched uraniwn and 9% was lead dip I & E core enriched uranium. Based on the 
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characteristics of these reactor fuels, the Pb to Al mole ratio of the CWRI waste should be 
0.003833. The aluminum concentration of CWRl waste reported in Revision 4 of the HOW 
model is 2.0 mol/L. The lead concentration in the CWRl stream should be changed to 0.00767 
mol/L. The estimated lead inventory of the CWRI stream is 12 MT. 

REDOX Plant 1961-1966 

During this time period almost all of the fuel processed by the REDOX Plant was the I & E 
design. Seven percent of the fuel was natural uranium and 93% was enriched fuel. Based on the 
characteristics of these reactor fuels, the Pb to Al mole ratio of the CWR2 waste should be 
0.00584. The aluminum concentration of CWR2 waste reported in Revision 4 of the HOW 
model is 0. 78 mol/L. The lead concentration in the CWR2 stream should be changed to 
0.004551 mol/L. The estimated lead inventory of the CWR2 stream is 14 MT. 

PUREX Plant 1956-1960 

During this time period 74% of the fuel processed was solid core natural uranium. The rest of 
the fuel was I & E core natural uranium. Based on the characteristics of these reactor fuels, the 
Pb to Al mole ratio of the CWPl waste should be 0.006021. The aluminum concentration of 
CWP l waste reported in Revision 4 of the HOW model is 1.2 mol/L. The lead concentration in 
the CWPl stream should be changed to 0.007225 mol/L. The estimated lead inventory of the 
CWPI strean1 is 34 MT. 

PUREX Plant 1961-1 972 

During this time-period 84% of the fuel processed was I & E core natural uranium. The rest of 
the fuel was I & E core enriched uranium. Based on the characteristics of these reactor fuels, the · 
Pb to Al mole ratio of the CWP2 waste should be 0.006627. The aluminum concentration of 
CWP2 waste reported in Revision 4 of the HOW model is 0.78 mol/L. The lead concentration in 
the CWP2 stream should be changed to 0.005169 mol/L. The estimated lead inventory of the 
CWP2 stream is 92 MT. · 

PUREX 1983-1988 

All of the fuel processed by the PUREX Plant between 1983 and 1988 was Zircalloy clad. 
Zircalloy clad fuel contained only trace amounts of lead. 

LEAD SULFATE CARRIER PRECIPITATION 

Reference 2 discusses the use of lead sulfate to recover 90Sr from PUREX HL W by carrier 
precipitation from 1961 through 1964. During the late l 960s, the lead sulfate carrier 
precipitation process was used in B Plant. The precipitate was acidified in the plants and the acid 
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solution was shipped to the Hot Semi-Works for final purification. Part of the lead was 
discharged in plant waste from PUREX and B Plant and part from the Hot Semi-Works. 
Essential material records report the total usage of lead by PUREX and B Plant (21,290 kg) but 
not its disposition. Revision 4 of the HDW model reports that 1,003 kgal of HS waste was 
generated with a lead concentration of 0.0034 mol/L for a total of2,670 kg of lead. Although the 
HS waste contains lead, the Hot Semi-Works did not consume lead. The lead discharged from 
the Hot Semi-\\Torks will be subtracted from the lead consumed by PUREX and B Plant 
inventory in proportion to the usage. 

Hot Semi-Works 1962-1967 

Revision 4 of the HDW model reports that 1,003 kgal of HS waste was generated with a lead 
concentration of 0.0034 mol/L for a total of 2,670 kg of lead. This letter does not change the 
lead concentration of HS waste. 

PUREX 1956-1962 

During 1961 and 1962 it is estimated that the lead sulfate carrier precipitation process consumed 
2,650 kg of lead at the PUREX Plant (reference 2 appendix F). The estimated portion of lead 
carried over to the Hot Semi-Works process is 332 kg. Lead not shipped to the Hot Semi-Works 
was disGharged from the PUREX Plant in the Pl waste. Revision 4 of the HDW model reports 
the volume of the P 1 waste stream as 26,502 kgal. Based on the mass of lead (2,318 kg [2,650 
kg minus 332 kg)) and the volume of the Pl stream, the average concentration oflead in the Pl 
waste is 1.115 E-04' mol/L. 

PUREX 1963-1967 

During 1963 and 1964 it is estimated that the lead sulfate carrier precipitation process consumed 
8,640 kg of lead (reference 2 appendix F). A crude separation was obtained within PUREX by 
dissolving the strontium away from the lead. This crude strontium product shipped to the Hot 
Semi-Works for additional purification contained about 1,084 kg lead. The remainder of the lead 
(7,556 kg) was discharged with the P2 waste. Revision 4 of the HDW model reports the volume 
of the P2 waste stream as 1. 0,208 kgal. Based on the mass of lead and the volume of the P2 
stream, the average concentration oflead in the P2 waste is 9.439 E-04 mol/L. 

B Plant 1967-1972 

During the late l 960s, the lead sulfate carrier precipitation process was used in B Plant to 
recover "crude" 90Sr. Reference 2 reports that 10,000 kg of lead was used for this purpose. The 
crude strontium product shipped to the Hot Semi-Works for additional purification contained 
about 1,254 kg lead. It is assumed that this lead left B Plant in the HL W stream. Given the 
volume of 'B' waste assumed by the Revision 4 of the HDW model (10,569 kgal), the average 
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concentration of lead in the B waste stream is 1.055 E-03 mol/L. This concentration is about 
1,000 times larger than the existing concentration 

SUMMARY 

Table 2 summarizes the revised waste stream concentration for lead. The lead concentrations of 
other waste streams are not changed. 

Table 2. Lead Concentrations Revisions for Updating the HDW Model. 
Waste Stream Revised Lead Concentrations (mol/L) 
CWRl 0.00767 
CWR2 0.004551 
CWPl 0.007225 
CWP2 0.005169 
Pl 0.0001115 
P2 0.0009439 
B 0.001055 

These changes are expected to lower the total HDW model tank waste inventory estimate for 
lead from 2 79 MT to about 170 MT. 

Bruce. A. Higley 
Principal Engineer 

Slf 
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The Hanford Defined Waste (HDW) Model is being revised to incorporate information that has 
become available since Revision 4 (Reference 1) was published in January 1997, Revision 4 of 
the HOW model relies heavily on solubility estimates made in October 1994 (Reference 2) to 
partition chemicals and radionuclides between solid and liquid phases. One task in completing 
the Revision 5 update is to revaluate the solubility limits using newer analytical data (post 1989) 
that have improved analytical methods and Quality Assurance protocols. 

The methodology employed in the Agnew and Watkin solubility document (Reference 2) is 
basically to compute the mean of the top 25% of available liquid concentrations for each analyte 
(75%-trirnmed mean). The methodology assumes that the top 25% of rank-ordered data 
represents saturation for the analyte. This assumption is not always valid, however the method 
does provide an efficient method of prediction of the solubility limits for modeling. Due to time 
and budget constrains, no attempt was made to alter or improve this basic methodology. 
However, criteria for data selection were developed to assure that the best analytical methods 
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were used and that tanks waste conditions that would lead to concentrations outliers were 
excluded (i.e. low pH or high concentrations of complexants). The data for the highly 
complexed wastes (Total Organic Carbon> 30 g/L) were evaluated separately to provide waste-
type specific estimates for use in the HDW model Revision. 5. · 

The criteria for analytical methods and data exclusion are provided in the attached Table 1. The 
older "Historical" analytical methods were excluded from consideration. Data for complexant 
tanks 241-AN-102, AN-107, U-105 and U-106 were segregated from other data based on Total 
Organic Carbon (TOC) concentrations exceeding 30g/L and high concentrations for normally 
insoluble metals and radionuclides. Other tank wastes exceeded IO g/L TOC, however the effect · 
on metal solubility was much less pronounced and sometimes indiscernible. Data for liquid 
wastes with a pH ofless than 12 were also excluded (241-C-103, C-106 and C-110), as were data 
from double-shell tanks 241-AY-101 and AY-102 during periods when the hydroxide ion 
concentration was not within specification. 

Liquid compositions available in the Tank Characterization Database representing unaltered 
sample analyses were downloaded, the primary and duplicate analyses were averaged and 
spreadsheet coni.patible files were created. The data selection rules outlined in Table I were 
implemented by entering the appropriate justification in a "Data Exclusion" column. The overall 
mean, the 50%-trimmed mean and the 75%~trimmed mean were calculated using S-Plus 20001 

statistical software and the annotated spreadsheets. After an initial trial, the outliers showing 
comparatively high analytc concentrations were individually evaluated. Not all of the 
concentration outliers (high concentration tails in Figures I and 2) represent flawed or invalid 
data. For example, the high concentrations of cesium-137 for non-complexed wastes represent 
the higher inventories present the tank 241-AZ-101 and 241-AZ-102 high-level waste supemate. 
Seventy-one additional data points were excluded based on at these evaluations, usually as the 
result of inconsistency with data from nearby samples from the same tank. The seventy-one 
outliers were marked for data exclusion in the input data, and the means were recalculated using . 
the S-Plus 2000 software. Additional information concerning the statistical treatment is 
available in Reference 4. The liquid concentration data used in this solubility limit evaluation 
are stored on the STDINV shared drive in HDW subdirectory. 

The TCD did not contain usable data for several radionuclides, including 106Ru, 113mCd, 125Sb, 
154Eu and 155Eu. However, the TCD does contain chemical concentration data for the associated 
chemical elements or elements which would be expected to exhibit similar solubility behavior 
(for example the solubility of europium should be similar to lanthanum since both are rare earth 
metals). The chemical solubility limits were converted to a radionuclide solubility limit by fuel 
processing plant using the ORIGEN2 isotopic distributions (Reference 3), which reports 
radionuclides as of January I, 1994. Additionally, the solubility limits of 6°Co, 90Sr and 154Eu 
were baselined to January 1, 1994 to compensate for the changing isotopic distributions due to 
the relatively short half-lives (5.721, 28.78 and 8.593 years respectively). 

1 Statistical software manufactured by Data Analysis Product Division, Mathsoft, Inc., Seattle, Washington. 
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Plots of the included analytical data are provided in Figure 1 for non-complexed liquid waste and 
in Figure 2 for highly complexed waste. The overall, 50%-trimmed and 75%-trimmed means 
and the associated standard deviations were calculated using S-Plus 2000 software are provided 
in Table 2 (non-c9mplexed) and Table 3 (highly complexed). 

Final recommendations for partitioning chemicals and radionuclides between liquid and solid 
phases are provided iz:i Table 4. Short-lived radionuclide concentrations in Table 4 have been 
decay corrected to January 1, 2001 to match the basis date for the HDW model Revision 5 . . The 
revised solubility limits and partitioning schemes will be evaluated by incorporation in a draft 
HDW model revision. Those that improve the accuracy of the HDW model estimates will be 
incorporated in the HDW model Rev. 5. 

¢::_)o-:.._J__ £ ~ SL~ 

D. E. Place, 
Principal Engineer 

sir 
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Table 1 Tank Characterization Database Solubility Data for HDW Model Rev. 5 

.. 

Liquid Analyses Available Recommended Basis 
[CP, ICP:A, ICP:W and Hist. ICP Use JCP and ICP:A. 
[CP and ICP:A :Use ICP and ICP:A. 
ICP, ICP:A, ICP:W, Hist. lCP and ICP:F. Bse ICP and ICP:A. 
IC, IC:W and Hist. IC. Use IC. 
Acid decomposition, Hist. CO3, Hist. TICffOC, Persulfate Oxidation, TIC/fOCffC:W. !Use Persulfate Oxidation. •. 

ICP, ICP:A, ICP:W and Hist. ICP !Use ICP and ICP:A. 
IC, IC:W and Hist. IC. !Use JC. 
JCP, ICP:A, ICP:W and Hist. ICP Use ICP and ICP:A. 
AA (Hg), AA CLP (Hg), AA:A CLP (Hg), CV AA (Hg) and CV AA:A (Hg). Use CVAA (Hg) and CVAA:A (Hg). 
ICP, ICP:A, ICP/MS and Hist. ICP Use ICP and ICP:A. 
ICP, ICP:A, ICP/MS and ICP/MS:A. Use ICP/MS and ICP/MS:A. 
lCP, ICP:A, ICP:W and Hist. ICP Use ICP and ICP:A. 
ICP, ICP:A and Hist. ICP Use ICP and ICP:A. 
ICP, ICP:A, ICP:W, ICP:F, ICP/MS and Hist. ICP Use ICP and ICP:A. 
~c. IC:W, Hist. IC, Spectrophotometric, Spectrophotometric:W. Use IC. 
~C, IC:W and Hist. IC. Use IC. 
IHist. OH, OH, OH:W, OH Automatic and OH Automatic:W. Use OH. 
[CP, ICP:A; ICP:W and Hist. ICP Use ICP and ICP:A. 
Use phosphorus - ICP, ICP:A, ICP:W and Hist. ICP !Use ICP and ICP:A for phosphorus. 
[CP, ICP:A, ICP:W, ICP:F, and Hist. ICP lt.Jse ICP and ICP:A. 
Use sulfur ICP and ICP:A. Use ICP and ICP:A for sulfur. 
ICP, ICP:A, ICP:W and Hist. ICP !Use ICP and ICP:A. 

TOC, Hist. TIC/TOC, Persulfate Oxidation, Furnace Oxidation, Furnace Oxidation:W 
and ncrrocrrc:w. !Use Persulfate Oxidation. 

ICP, ICP:A, ICP:W, ICP/MS:A, Hist. ICP, Laser Fluorimetry (including :W, :A and :F) Use Laser Fluorimetry, Laser Fluorimetry:A, Kinetic 
and Kinetic Phosphorescence (including :A) Phosphorescence and Kinetic Phosphorescence:A. 
ICP, lCP:A, ICP:W, lCP:F and Hist. lCP Use ICP and ICP:A. 
H3:A, Hist. LSC, Liquid Scintillation (including :A, :Wand :F) Use Liquid Scintillation and Liquid Scintillation:A. 

~14, Hist. LCS and Liquid Scintillation (including :A and :W) Use 14C and Liquid Scintillation. 
Use Ni analog. 
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Tank Characterization Database Solubility Data for HDW Model Rev. S 

!Liquid Analyses Available !Recommended Basis 

[Use GEA and GEA:A. Corrections required for isotopic abundance 
GEA, GEA:A, GEA:W, Hist. GEA in newer wastes. 

!Use Ni analog. 

Se79, Se:79:W, Se79:A, Hist. LCS, Beta Rad:A, Liquid Scintillation and Liquid Se79, Se79:A, Beta Rad:A, Liquid Sci~tillation and Liquid 
Scintillation:A. Scintillation:A. 

II-list. BPC, Coprecipitation/Beta Counting, GEA, Sr89/90 (including :A and :F) and Beta Use Coprecipitation/Beta Counting, Sr89/90, Sr89/90:A and Beta 
IRad:A. Rad:A. 
INA Tie to 90Sr. 
INo data. Tie to Zr analog. 
INo data - no obvious analog. !Use Zr as analog corrected for isotopic abundance. 
!Hist. LSC, Bet Rad:A, ICP/MS, ICP/MS:A, Tc99 and Tc:99:A. !Use ICP/MS, ICP/MS:A, Tc99 and Tc:99:A. 

IAII of the detected radiochemical data are suspect. Need to use 
GEA, GEA:A, GEA:W, Hist. GEA. ICP, ICP:A, ICP:W, Hist. TCP, ICP/MS and ~CP/MS and ICP/MS:A data corrected by approximate isotopic 
ICP/MS:A. '1bundance. 

Use Cd analog (ICP and ICP:A) corrected for isotopic abundance 
INo radiochemical data. ICP, ICP:A and Hist. ICP available for Cd. global since Cd added). 

GEA, GEA:A, and Hist. GEA. AA:A (Sb), GFAA:A. ICP, ICP:A, ICP:W, Hist. ICP, !No detected radiochemical data. Use ICP/MS and ICP/MS:A for 
ICP/MS and ICP/MS:A for antimony. antimony analog corrected for isotopic abundance. 
GEA:A, ICP/MS and ICP/MS:A. ICP and ICP:A for tin . lCP/MS and ICP/MS:A. 

1129, I129:W, ICP/MS and ICP/MS:A. Problem with varying 
1129, Il29:W, Hist. GEA, ICP/MS and ICP/MS:A. ·sotopic abundance. 

GEA, GEA:W, GEA:A and Hist. GEA. Use 137Cs analog that has a longer half-life and more data. 
GEA, GEA:W, GEA:A, GEA:F Hist. GEA, ICP/MS and ICP/MS:A. GEA or GEA:A. 
Tied to 137Cs due to short half-life. rfie to 137Cs. 

Use La rare earth analog corrected for isotopic abundance. AN- I 03 
detect is not consistent with other data. T-107 data is suspect due 

[CP, ICP:A, ICP/MS and ICP/MS:A for AMU-151 and Sm. o qualifications. AY-101 was not in pH control. 
GEA (no detects), ICP, ICP:A, ICP/MS or ICP/MS:A for Eu. Use 154Eu analog. 

GEA, GEA:W, GEA:A, Hist. GEA, and ICP,.JCP:A, ICP/MS, ICP/MS:A for Eu. GEA and GEA:A. Only good data is from SY-102 and SY-103. 

!No good data, only detects were for CC in AN-107. Use 154Eu 
GEA, GEA:W, GEA:A, Hist. GEA, and ICP, ICP:A, ICP/MS, ICP/MS:A for Eu. ianalog. 
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Tank Characterization Database Solubility Data for HDW Model Rev. 5 

Liquid Analyses Available Recommended Basis 
Two detected values are suspect (inconsistent with surrounding data). 

No data. 

No data 
GEA, ICP/MS and ICP/MS:A. Use 232Th analog for SY-102 only. 

GEA, ICP/MS and ICP/MS:A. Use ICP/MS and ICP/MS:A. 

~CP, ICP:A, ICP:W, ICP/MS, ICP/MS:A and Hist. ICP Use SY-102 only ICP/MS:A. 
!Use U Total analog. 
Use U Total analog. 
Use U Total analog. 
Use U Total analog. 
Use U Total analog. 

!Alpha Rad:W, GEA, Hist. AEA, ICP/MS, ICP/MS:A, TIOA-TT A Extract/Alpha, TIOA- Use ICP/MS, ICP/MS:A, TIOA-TTA Extract/Alpha and TIOA-
ITA Extract/Alpha:A and TIOA-TIA Extract/Alpha:F. rrT A Extract/ Alpha:A. 

AEA, AEA:A, AEA:A (Am241), Alpha Rad:W, Alpha Spec, Alpha Spec:W, Alpha ~se 239/240Pu analog, 238Pu results generally unreliable as very 
Spec:F, Hist. AEA, Pu239/240, Spectroscopy:A and Total Pu:A. near detection limit. 

!Use U Total analog. 

AEA, AEA:A, AEA:A (Am241), Alpha Rad:W, Alpha Spec, Alpha Spec:W, Alpha 
Spec:F, GEA, Hist. AEA, ICP/MS, ICP/MS:A, Liquid Scintillation, Pu239/240, 
Spectroscopy:A and Total Pu:A. AEA, AEA:A , Spectroscopy:A and Pu239/240. 

ICP/MS, ICP/MS:A, Hist. AEA and Pu239/240. Use 239/240Pu analog. 
~CP/MS, ICP/MS:A, and Hist. AEA Use 239/240Pu analog - data for C-104 and AZ-IOI only. 

iAEA, AEA:A (Am241), Alpha Rad:W, Alpha Spec, Alpha Spec:W, Alpha Spec:F, GEA, 
GEA:A, GEA:W, Hist. AEA, Hist. APC and Spectroscopy:A. ~se AEA, AEA:A (Am241), Alpha Spec and Spectroscopy:A. 

!Use 239/240Pu analog, data for 241Pu available for C-104 and AZ-
Historical Liquid Scintillation, Hist. AEA 101 only. 
Alpha Spec, Hist. AEA !Use 2431244Cm, only C-104 has detected 242Cm. 
No data including AMU-242 Use 239/240Pu analog. 
No data (including AMU-243) • one cletected value is outlier. Use 241 Am analog. 

AEA, AEA:A (AM241), Alpha Spec, Alpha Spec:W, GEA:A, Hist. AEA and 
Spectroscopy:A. Use Alpha Spec and Spectroscopy:A. 

No data. lt.Jse 2431244Cm analog. 

No detected results (including AMU-244). Use 2431244Cm analog. 
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Tank Characterization Database Solubility Data for HDW Model Rev. 5 

Non-BBI chemical analytes needed for radioisotopes: Cd, Ru, Sb and Eu. 

Data Selection Rules 

Tank Exclusions: 
IAN-102 Complexant Concentrate 
AN-107 K;omplexant Concentrate 

~-105 !Highly complexed waste 
IU-106 !Highly complexed waste 

t-103, C-106 and 
C-110. ILowpH 

II...ow pH prior to 1/1/200 l. Also exclude drainable liquid analyses for 2002 samples that 
!appear to include entrained solids based on comparison to centrifuged liquid analyses (to 
be marked Data Suspect per Data Review Committee action - see August 26, 2002 DRC 

~Y-101 Meeting Minutes). 
IA Y-102 IData from some time periods reflect low pH condition. 

Other exclusions: 

70300-02-NWK-037 
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Solid data, liner liquid, QA or special samples, suspect data, detection limits, water and fusion digests for liquid samples and non-standard units (ug/g or uCi/g for liquid). 
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Figure 1 Liquid Concentration Data for Non-Complexed Waste 
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Figure 1 Liquid Concentration Data for Non-Complexed Waste 

Technetium-99 uCi/ml Thorium-232 ug/ml 
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Tin-126 ug/ml 
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Figure 2 Liquid Concentration Data for Highly Complexed Waste 

Aluminum ug/mL Americium-241 uCi/mL Atomic Mass Unit 232 ug/ml 
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Fluoride ug/ml Hydroxide ug/ml 
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lodine-129 uCi/ml 
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Figure 2 Liquid Concentration Data for Highly Complexed Waste 

Plutonium-239/40 uCi/ml Potassium ug/ml Selenium-79 uCi/mL 
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Figure 2 Liquid Concentration Data for Highly Complexed Waste 

Tritium uCi/mL 
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Zirconium ug/ml 
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Table 2 Statistics for Non-Complexed Waste 

\ bfiiij")i} ··iE#.P~f '4vetJtge . · Si>(t\fg) ; · ':-Avgso SD(~vg50) Avg7;5 ~; Sll(Avg75) 
ug/mL 923 2. lOE+04 6.35E+02 3.77E+04 5.97E+02 4.73E+o4 7.03E+02 

uCi/mL 241 I .95E-03 2.75E-04 3.71E-03 4.98E-04 6.73E-03 8.23E-04 

ug/mL 17 4.87E-02 5.46E-03 6.65E-02 4.95E-03 7.51E-02 6. l 7E-03 

ug/mL 13 4.18E+ol l.39E+OJ 7.22E+ol l.95E+Ol 9.60E+Ol 2.98E+ol 

ug/mL 164 3.82E+OO 2.83E-Ol 6.27E+OO 4.0SE-01 8.60E+OO 6.26E-Ol 

ug/mL 175 7.47E+Ol 4.30E+OO l.19E+02 4.81E+OO 1.50E+02 6.32E+o0 

uCi/mL 140 4.12E-04 4.25E-05 6.91E-04 6.99E-05 9.59E-04 1.24E-04 

uCi/mL 508 3.32E+02 2.13E+Ol 5.96E+02 3.54E+Ol 9.25E+o2 5.68E+Ol 

ug/mL 874 4.60E+03 l .44E+02 8.26E+03 l.40E+02 1.06E+04 1.33E+o2 

ug/rnL 886 8.9JE+o2 7.06E+ol l.69E+o3 l.30E+o2 2.88E+o3 2.35E+02 

uCi/mL 60 l.27E-02 l.70E-03 2.30E-02 2.07E-03 3.24E-02 2 . l lE-03 

uCi/mL 3 NA NA NA NA NA NA 
ug/mL 3 NA NA NA NA NA NA 
ug/mL 568 l .73E+03 l.34E+02 3. l3E+o3 2.40E+o2 5.20E+03 4. l3E+o2 

ug/mL 397 2.68E+o4 l.13E+o3 4.50E+04 1.24E+o3 5.76E+o4 l.62E+03 

uCi/mL 61 1.59E-04 1. 16E-05 2.25E-04 1.39E-05 2.B0E-04 1.74E-05 

ug/mL 119 3.48E+OI 5.55E+OO 6.59E+ol 9.44E+o0 l .05E+o2 l.52E+ol 

ug/mL 20 I.OlE-01 7.34E-03 l .27E-01 4.20E-03 I.39E-Ol 1.51 E-03 

ug/mL 155 8.69E+OI 4.I IE+-00 l .30E+02 2.92E+OO l.49E+o2 3.03E+OO 

ug/mL 63 l.09E+Ol 2.08E+OO l.91E+Ol 3.54E+OO 3.1 lE+Ol 5.71E+o0 

ug/mL 35 3.25E-Ot l.15E-01 6.40E-OI 2.04E-Ol l.12E+o0 3.35E-Ol 

uCi/mL 27 1.97E-04 3.46E-05 3.27E-04 4.25E-05 4.69E-04 2.61E-05 
ug/mL 211 4.56E+ol 3.22E+o0 7.SOE+Ol 4.88E+o0 1.07E+o2 7.54E+OO 

ug/mL 887 l.12E+o5 2.81E+03 l .80E+05 2.82E+03 2.17E+05 4.24E+o3 

ug/mL 903 6.68E+04 1.77E+03 l.l1E+05 l.75E+o3 l.42E+05 l .62E+03 

ug/mL 800 9.52E+o2 4.04E+ol I.58E+03 6.70E+Ol 2.19E+03 1.19E+o2 -
uCi/mL 185 1 .68E-03 4.23E-04 3.29E-03 8.IOE-04 6.25E-03 I .49E-03 

ug/mL 839 7.68E+o3 3.56E+o2 1.33E+o4 5.93E+o2 2.14E+04 8.80E+o2 

ug/mL 7 l.37E-O I 1.61E-02 l.70E-Ol 6.12E-03 l.80E-Ol 2.75E-03 

ug/mL 43 l.83E+OI 2.26E+OO 3.05E+Ol 2.14E+OO 3 .70E+ol 2.63E+OO 

uCi/mL 71 5.40E-04 5.94E-05 9.50E-04 6.16E-05 l .21E-03 7.14E-05 

ug/mL 745 l .39E+o2 4.19E+OO 2.23E+02 5.40E+OO 2.95Et02 7.62E+OO 

ug/mL 950 I.49E+05 2.96E+03 2.32E+05 l .22E+03 2.52E+o5 7.79E+o2 

ug/mL 7 l .93E+o0 I.l lE+oO 3.33E+o0 l.67E+OO 5.66E+o0 2.26E+o0 

uCi/mL 454 7.55E-01 7.04E-02 l.46E+o0 l.24E-Ol 2.57E+OO l.98E-Ol 

ug/mL 767 l.598+03 6.l2E+Ol 2.648+03 9 .498+ol 3.968+03 l.3 IE+02 

uCi/mL 260 l.l 7E-Ol 6.418-03 l.94E-01 8.08E-03 2.64E-Ol 9.658-03 

ug/mL 10 7.948-01 2.92E-Ol l.35E+OO 4.79E-Ol 2.03E+OO 4.27E-OI 

ug/mL 9 4.70E-01 8.99E-02 6.56E-OI 9.83E-02 7.78£-01 1.IOE-01 

ug/mL 453 3.678+03 l .40E+o2 5.66E+03 2.02E+02 7.67E+o3 2.97E+02 

ug/mL 377 2.87E+o3 l.27E+o2 4.59E+03 1.71E+02 5.98E+03 2.72E+o2 

uCi/mL 101 8.l lE-03 1.228-03 1.428-02 2.09E-03 2.23E-02 3.428-03 

ug/mL 158 l .03E+Ol l.47E+o0 l.87E+OI 2.57E+OO 3. IOE+ol 4.34E+OO 

ug/mL 121 l.21E+Ol l.31E+o0 l.91E+OJ 2.26E+OO 2.68E+Ol 3.98E+o0 

C-130 
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Table 3 Statistics for Highly Complexed Waste 

. ·l(:\\.i<~ef~~lit!!litff:Y; : l5pp_l~rt /f1:#~~~ : : : :iA.f(fak~\ .:~p(AygH : (Atg~,O s ~D(AvgSO) '. AVg?S.;f SD(A:yg7~} 
Aluminum ug/mL 49 I.06E+04 l.26E+03 l.73E+04 l.l4E+03 l.99E+04 I.95E+03 

Americium-241 uCi/mL 14 2.92E-Ol 7.77E-02 4.77E-Ol l.20E-Ol 6.96E-Ol l.l4E-Ol 

Atomic Mass Unit 232 ug/mL 6 l.08E+Ol 3.98E+OO 1.96E+Ol l.43E+OO 2.08E+Ol 1.2IE+OO 

Cadmium ug/mL 43 6.56E+ol 2.34E+o0 7.50E+ol l.84E+OO 8. l4E+Dl 2.43E+o0 

Calcium ug/mL 41 5. l3E+02 1.93E+ol 6.04E+02 l.25E+OI 6.44E+02 l.4IE+Ol 

Carbon-14 uC,i/mL 6 5.58E-04 6.95E-05 7.04E-04 4.70E-05 7.5 lE-04 2.00E-06 

Cesium-137 uCi/mL 23 3.51E+02 l.50E+ol 3.99E+02 9.71E+OO 4.27E+02 9.9IE+OO 

Chloride ug/mL 35 3.93E+o3 3.40E+02 5.30E+o3 4.41E+02 6.50E+03 6.75E+o2 

Chromium ug/mL 46 2.72E+o2 l.68E+ol 3.43E+02 2.52E+ol 3.98E+02 4.3 lE+Ol 

Cobalt-60 . uCi/mL 20 l.23E-Ol l.02E-02 l.58E-01 5. l6E-03 1.71E-Ol 5.83E-03 

Europium-154 uCi/mL 11 5.98E-Ol l.06E-Ol 8.62E-Ol 9.55E-02 l.02E+OO 1.06E-Ol 

Europium-155 uCi/tnL 3 NA NA NA NA NA NA 

Fluoride ug/mL 21 2.67E+03 4.54E+o2 4.08E+03 5.65E+o2 5.23E+o3 6.63E+02 

Hydroxide ug/mL 23 7.66E+03 l.29E+o3 l.l9E+o4 l.71E+03 l. 56E+04 2.63E+o3 

Iodine-129 uCi/mL 5 l.25E-04 3.20E-06 l.28E-04 4.70E-06 1.3 l E-04 6.S0E-06 
Iron ug/mL 35 l.05E+03 2.35E+02 l.99E+o3 3.25E+02 2.70E+o3 5. I 8E+o2 

Lanthanum ug/mL 15 3.70E+ol l.2SE+o0 4.00E+ol l.40E+OO 4.32E+Ol l.50E+OJ 

Lead ug/mL 38 2.79E+02 2.06E+Ol 3.81E+02 2.42E+Ol 4.54E+o2 1.66E+Ol 
Manganese ug/mL 39 2.26E+o2 4.42E+ol 4.20E+o2 5.97E+Ol 6.23E+02 2 .26E+Ol 

Neptunium-237 uCi/mL 3 NA NA NA NA NA NA 

Nickel ug/mL 46 4.75E+o2 l.49E+ol 5.55E+02 l.23E+OI 5.95E+02 l.43E+Ol 

Nitrate ug/mL · 35 2.20E+05 4.84E+o3 2.43E+05 4.02E+03 2.55E+o5 5.63E+03 

Nitrite ug/mL 35 8.43E+o4 2.73E+03 9.69E+o4 2.57E+03 I .05E+05 3.20E+03 

Phosphorus ug/mL 42 I.28E+o3 9.97E+Ot l.84E+03 4.26E+OI l.98E+o3 5.1 IE+OI 
Plutonium-239/40 uCi/mL 8 4.58E-03 8.72E-04 6.SlE-03 5.84E-04 7.35E-03 7.95E-04 

Potassium ug/mL 41 2.31E+03 l.08E+o2 2.68E+03 l.63E+02 3.13E+D3 2.67E+02 

Selenium-79 uCi/mL 6 7.24E-04 S.57E-05 8.43E-04 2.77E-05 8.67E-04 2.45E-05 

Silicon ug/mL IO 5.55E+Ol 6.79E+OO 7.12E+ol 8.80E+OO 8.41E+Dl 6.88E+OO 

Sodium ug/mL 46 2 .21 E-+-05 4 . l 7E+-03 2.42E+05 4.69E+-03 2 .57E+05 6 . I 5E+03 

Strontium-89/90 uCi/mL 20 7.79E+ol 5.93E+o0 9.67E+ol 2.64E+OO 1.03E+02 3.06E+OO 

Sulfate. ug/mL 10 8.6IE+o3 2.37E+02 9.19E+o3 I.87E+02 9.41E+03 2.32E+o2 

Sulfur ug/mL 43 4. t0E+o3 2.07E+o2 5.30E+03 l.58E+02 5.82E+03 l.l 9E+02 

Technetium-99 uCi/mL 9 9.84E-02 1.24E-02 l.25E-O I 1.00E-02 l.40E-O I 4.66E-04 

Tin-126 ug/mL 3 NA NA NA NA NA NA 
Total inorganic carbon ug/mL 28 l.30E+o4 6.52E-+02 l.54E+o4 2.29E+02 l.6 I E+o4 2 .74E+02 

Total organic carbon ug/mL 24 2.65E+o4 l.65E+o3 3.28E+04 l.59E+03 3.70E+04 1.23E+o3 

Tritium uCi/mL 3 NA NA NA NA NA NA 

Zinc ug/mL NA NA NA NA NA NA 
Zirconium ug/mL 31 4.55E+Ol 7.14E+OO 7.95E+ol 6.24E+OO 9.15E+ol l. lOE+OI 

C-131 



(J 
I -w 
N 

Analyte 

Al 

Bi 

Ca 
Cl 

CO3 

Cr 

F 
Fe 
Hg 
K 
La 
Ni 
Mn 
Na 

NO2 
NO3 
OH 
Pb 

PO• 
Si 

so. 
Sr 

TOC 
U--Total 

Zr 
H-3 

Recommended Solubility 
Limit for Non-Complexed 
Liquid Waste (ug/mL or 

uCi/mL) 
4.73E+04 

9.60E+ol 

l.50E+o2 
No solubility limit 

J .84E+o4 
2.88E+o3 

5.20E+o3 
l.05E+o2 
3.25E-0l 

No solubility limit 
1.39E-Ol 
1.07E+o2 
3.1 lE+ol 
2.32E+05 
1.42E+-OS 
2.17E+o5 

No solubility limit 
1.49E+02 
6.71E+03 
2.95E+o2 
l.19E+04 
5.66E+OO 

5.98E+o3 
3.lOE+Ol 

2.68E+ol 
No solubility limit 
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Table 4 Recommended Solubility Limits for HDW Model Rev. 5 Trials 

Recommended Solubility HDW Model Rev. 4 Discussion 
Limit for Highly as of 1/1/94 

Complexed Liquid Waste (ug/rnL or uCi/rnL) 
(ug/mL or uCi/mL) 

l.99E+04 4.32E+04 75%--trimmed means. Note that a simple solubility limit is unlikely to accurately 
predict Al precipitation due to dependencies on temperature and hydroxide 
concentrations. 

9.60E+ol 8.36E+o2 75%--trimmed mean. No data were availabt·e for highly complexed liquid. 

6.44E+o2 3.61E+02 75%--trimrned means. 
No solubility limit 6.03E+o3 Chloride salts are extremely soluble. 

8.04E+-04 2.45E+o4 75%-trimmed means. 
3.98E+o2 6.24E+o3 75%--trimmed means. 

5.23E+o3 4.56E+o3 75%-trimmed means. 
2 .70E+-03 l.12E+o2 75%--trimmed means. 
3.25E-0l 2 .0lE-03 Overall mean. No data available for highly complexed waste. 

No solubility limit NR Potassium salts are more soluble than the corresponding sodium salts. 
4.32E+-Ol 0.00E+0O 75%-trimmed means. 
5.95E+02 l.06E+o2 75%--trimmed means. 
6.23E+02 4.94E+o2 75%--trimmed means. 
2.42E+o5 2.28E+o5 50%--trimmed means. Plots indicate sodium saturation for -50% of data. 
l.05E+o5 l.43E+o5 75%--trimmed means. 
2.55E+05 l.74E+05 75%-trimmed means. 

No solubility limit NR Sodium hydroxide is soluble to > 20 molar. 
4.54E+02 3.32E+02 75%-trimmed means. 
6.05£+03 1.46E+o4 75%-trimmed means based on ICP phosphorus analyses. 
8.41E+ol 9.55E+02 75%--trimmed means. 
1.75E+04 3.33E+04 75%-trim.med means based on ICP sulfur analyses. 
2.27E+o2 J .75E+02 75%--trimmed mean. No detected results for highly complexed wastes. The 

solubility increase resulting from complexants was estimated from 90Sr data. 

3.70E+o4 NR Probably not useful for HOW model. Solubility is species dependent. 
3. l0E+Ol 9.52E+02 75%--trimmed mean. No detected results for highly complexed wastes. 

9 .15E+Ol 2.74E+02 75%-trimmed means. 
No solubility limit NR Use water balance for tritium partitioning. 

::0 
'"O 
""O 

I -\0 
00 
N 
N 

::ti 
(D 

~ 
0 



Analyte Recommended Solubility 
Limit for Non-Complexed 
Liquid Waste (ug/mL or 

uCi/mL) 
C-14 Partition per carbonate 
Ni-59 Partition per chemical 

nickel 
Co-60 2.40E-02 
Ni-63 Partition per chemical 

nickel 
Se-79 l.21E-03 
Sr-90 2.48E+o0 

Y-90 Partition per strontium-90 
Zr-93 Partition per chemical Zr 

Nb-93m Partition per chemical Zr 

() 
I -w 

Tc-99 No solubility limit 
w 

Ru-106 Use plant specific estimate 
Cd-113m Use plant specific estimate 
Sb-125 Use plant specific estimate 
Sn-126 8.83E-03 

1-129 2 .SOE-04 
Cs-134 Partition per cesium-137 
Cs-137 No solubility limit 

Ba-137m Partition per ces_ium-137 
Sm-151 Partition per europium-154 

Eu-152 Partition per europiurn-154 
Eu-154 Use plant specific estimate 

70300-02-NWK-037 
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Table 4 Recommended Solubility Limits for HDW Model Rev. 5 Trials 
Recommended Solubility HDW Model Rev. 4 Discussion 

Limit for Highly as of 1/1/94 (ug/mL 
Complexed Liquid Waste oruCi/mL) 

(ug/mL or uCi/mL) 
Partition per carbonate NR Partition with carbonate ion. 
Partition per chemical NR Partition with chemical nickel. 

nickel -
l.34E-0l 3.98E-02 75%-trimmed means. Decay corrected to I/1/01. 

Partition per chemical NR Partition with chemical nickel. •. 
nickel 

8.67E-04 2 .00E-03 75%-trimmed means. 
9.97E+ol 3.09E+ol necay corrected to 1/1/01 . Recommend reducing strontium-90 solubility by a 

further factor of 10 for FeCN waste types due to isotopic dilution with natural Sr 
and/or co precipitation with added calcium. 

Partition per strontium-90 NR Short-l ived daughter of strontium-90. 
Partition per chemical Zr I.OOE-02 Partition with chemical zirconium. 
Partition per chemical Zr 7.00E-03 Partition with chemical zirconium. Daughter of zirconium-93 will eventually 

reach secular equilibrium with parent. 

No solubility limit NR Treat as entirely soluble. Water insoluble technetium-99 has been found in tanks 
A-101 and AN-103, but mechanism is not currently understood and precipitation 
is not predictable. 

NR 4.06E-08 Decay corrected to 1/1/01 . 
NR 4.30E-02 Decay corrected to 1/1/01. 
NR 3.30E+o0 Decay corrected to 1/1/01. 

9.85E-03 3.00E-03 75%-trimmed mean for non-complexed waste and overall mean (three data 
points) for complexed wastes. 

1.3 IE-04 NR 75%-trimmed means. 
Partition per cesium-137 NR 

No solubility limit NR 
Partition per cesium-13 7 NR 

Partition per europium-154 6.63E+OO Solubility behavior would be expected to be similar to europium and lanthanum, 
which are also rare earth elements. Decay corrected to 1/1/01 . 

Partition per europium- 154 NR 
8.54E-0l 2.84E-0l Europium-154 measurements are more reliable than the other europium isotopes 

due to reactor yields and the and high energy gamma emissions. Decay corrected 
to 1/1/01. 

:;.:, 

~ 
l -'° 00 

N 
N 

:;.:, 
~ 
< 
0 



("j 
I -w 
~ 

Analyte 
-

Eu-155 
Ra-226 
Ar.;-227 
Ra-228 
Tb-229 
Pa-231 
Th-232 
U-232 

U-233 

U-234 

U-235 

U-236 

Np-237 

Pu-238 

U-238 

Pu-239/240 

Pu-239 

Pu-240 

Am-241 
Pu-241 

Cm-242 

Recommended Solubility 
Limit for Non-Complexed 
Liquid Waste (ug/mL or 

uCi/mL) 
Partition per europium-154 

NR 
NR 
NR 

Partition per thorium-232 
8.51E-03 
2.23E-07 

Partition per chemical 
uranium. 

Partition per chemical 
uranium. 

Partition per chemical 
uranium. 

Partition per chemical 
uranium. 

Partition per chemical 
uranium. 
4.69E-04 

Partition per plutonium-
239/i40 

Partition per chemical 
uranium. 
6.25£-03 

Partition per plutonium-
239/240 

Partition per plutonium-
239/240 
6.73£-03 

Partition per plutonium-
239/240 

Partition per curium-
243/244 
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Table 4 Recommended Solubility Limits for HDW Model Rev. 5 Trials 
Recommended Solubility HDW Model Rev. 4 Discussion 

Limit for Highly as of 1/1/94 (ug/mL 
Complexed Liquid Waste or uCi/mL) 

(ug/mL or uCi/mL) 
Partition per europium-154 NR 

NR 6.20E,08 
NK 3.60E-07 
NR NR 

Partition per thorium-232 NR 
NR 2.00E-06 75%-trimmed mean. 

2.28E-06 7.00E-04 75%-trimrned means. 
Partition per chemical NR 

uranium. 
Partition per chemical NR 

uranium. 
Partition per chemical NR 

uranium. 
Partition per chemical NR 

uranium. 
Partition per chemical NR 

uranium. 
7.19E-05 NR 75%-trimmed mean for non-complexed waste and overall mean (three data 

points) for complexed wastes. 

Partition per plutonium- NR 
239/240 

Partition per chemical NR 
uranium. 
7.35£-03 l.06E-02 Plutonium-239/240 measurements are the most reliable since they encompass > 

99% of the plutonium mass and > 90% of the plutonium alpha activity. 
Partition per plutonium- NR 

239/240 
Partition per plutonium- NR 

239/240 
6.96E-0l 3.00E-02 75%-trimmed means. 

Partition per plutonium- NR 
2391240 

Partition per curium- NR 
243/244 
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Analyte Recommended Solubility 
Limit for Non-Complexed 
Liquid Waste (ug/mL or 

uCi/mL) 
Pu-242 Partition per plutonium-

239/240 
Am-243 Partiliun per americium-241 

Cm-243/244 2.00E-05 

Cm-243 Partition per curium-
243/244 

Cm-244 Partition per curium-
2431244 
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Table 4 Recommended Solubility Limits for HDW Model Rev. 5 Trials 
Recommended Solubility HDW Model Rev. 4 Discussion 

Limit for Highly as of 1/1/94 (ug/mL 
Complexed Liquid Waste oruCi/mL) 

(ug/mL or uCi/mL) 
Partition per plutonium- NR 

239/240 
Partition per americium-241 NR 

2.00E-05 NR Average of three data points for non-complexed waste. No data available for 
highly complexed waste. Note that activity of pair is~ 96% from curium-244. 

Partition per curium- NR 
243/244 . 

Partition per curium- l .00E-04 
243/244 

Radionuclide solubility limits are as of 1/1/2001. 
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Attachment 1, Page 19 of 19: 
Table 4 Recommended Solubility Limits for HDW Model Rev. 5 Trials 

Plant Specific Solubility Estimates for Short-Live Nuclides in Non-Complexed Wastes 

Process Europium-154 Ruthenium- I 06 Antimony-125 Cadmium-l 13m uCi/mL . 
BiP04 l.08E-02 3.37E-ll 2.82E-04 5.46E-02 uCi/mL 
Redox 4.83E-02 5.1 lE-08 3.30E-03 l.29E-Ol uCi/mL 
Early uCi/mL 
PUREX 8.16E-02 5.I lE-08 8.74E-03 NR 
AZ-101 5.79E-Ol 6.13E-02 6.78E-Ol NR uCiimL 
AZ-102 5.88E-Ol 2.33E-01 1.1 lE+oO NR uCi/mL 

Based on measured solubility of chemical species or chemical analog and ORIGEN2 isotopic distribution. Decay corrected to 1/1/01. 
Note: PUREX used substantial amounts of cadmium nitrate as a neutron poison for recycle of plutonium. This usage alters the isotopic distribution for PUREX wastes. 
Isotopic Data is from Correspondence FDNW-ENI-98-006, December 29, 1997, David W. Wootan (FDNW) to Robert A. Watrous (LMHC), "DKPRO Runs for Tanlc 
Inventories", Fluor Daniel Northwest, Richland Washington. 
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INTEROFFICE MEMO 
CH2MHILL 

Hanford Group, Inc. 

From: 
Phone: 
Date: 
Subject: 

To: 

Copies: 

Inventory & Flowsheet Engineeering 70300-03-NWK-001 
376-2380 
January 7, 2003 
RECOMMENDED SEPARATION FACTORS FOR TECHNETIUM-99 

J. G. Field 

K. M . Bowen 
B. A. Higley 
T. E. Jones 
N. W. Kirch 

K8-98 
R3-73 
E6-35 
R3-73 

R2-12 

D. E. Place 
L. M. Sasaki 
LB File 

R3-73 
R2-12 
R3-73 

The purpose of this memo is to present information on technetium {Tc) partitioning during 
Hanford fuel reprocessing so that new Tc extraction factors can be incorporated into the Hanford 
Defined Waste (HDW) model. Mr. R. A. Watrous compiled the information prior to his 
retirement. 

If you have any questions, please contact~- B. A. Higley or me at 376-5694. 

N. W. Kirch 
Manager 

sir 
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Recommended Separation Factors for TECHNETIUM-99 

Background 

Since the early laboratory work of Campbell (1961) and Siddall (1959) and the more recent work 
of Pruett (1984), it has been predicted that Tc is partially extracted along with uranium in the 
Plutonium-Uraniwn Extraction (PUREX) separation process. Siddall predicted that technetium 
(Tc) extraction might range from 4% to 40%, depending on the acidity of the PUREX extraction 
contactor aqueous phase. 

Roberts (1971) determined from measurement of Hanford PUREX process streams that 20% of 
the Tc was extracting with the uranium product. However, subsequent measurements for Tc in 
the PUREX uranyl nitrate or uranium trioxide (UO3) Plant products were not routinely made. 
For the Reduction - Oxidation (REDOX) process theoretical prediction and direct measurement 
of Tc extraction ~havior is even more lacking. No data has been found that reflect the behavior 
of Tc extraction in the "Uranium Recovery Process" operated during the 1950s. 

Colby and Petersen (1995) analyzed the available data (Tc measurements on U product and 
waste samples), comparing them to the then current ORIGEN2 code predictions for irradiated 
fuel. In this comparison there was uncertainty as to whether the limited number of UO3 lots 
analyzed were representative of all fuels processed in PUREX during the 1980s or only 
representative of a portion of these fuels (i.e., low exposure or high exposure fuels). 
Furthermore, the ORIGEN2 model of fission product activities in Hanford irradiated fuels has 
been recently improved, possibly invalidating previous estimates of Tc extraction behavior. 

Also, as a result of an extensive data review for a 2000 report on recycled uranium and its 
impurities (DOE/RL 2000-43), additional data on levels of Tc in uranium products were 
uncovered, particularly, uranyl nitrate hexahydrate (UNH) from the REDOX process. Tc 
measurements on uranium ingots being recycled to Hanford fuel fabrication operations were also 
found, suggesting that a small but not insignificant quantity of Tc (3 ppm, ave.) was present in 
pre-irradiated fuels. (Note, that ORIGEN2 code predictions of Tc activity in irradiated fuels 
need to be corrected for the presence of Tc in the pre-irradiated fuel.) 

Thus, there is need to recalculate our factors for Tc extraction behavior in the various Hanford 
separations plants and introduce these new factors into the Hanford Defined Waste (HDW) 
model. Output from the HDW model is to be used to update waste type template definitions in 
support of the Best Basis Inventory effort. 

1 
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Objective 

The objective of this study is to analyze the now larger pool of uranium product and waste 
sample measurements for Tc, and by comparison to updated ORIGEN2 code predictions for the 
levels of Tc in irradiated fuels. determine new Tc extraction factors . Accounting for the 
presence of Tc in recycled, pre-irradiated fuels is also an objective. 

Method of Determining Tc Extraction 

For this analysis, the determination of Tc extraction behavior has been done by three methods: 

1. a comparison of measured levels of Tc in UO3 product to the ORIGEN code predictions 
of Tc in corresponding spent Hanford reactor fuels. 

2. a comparison of measured levels of Tc in REDOX and PUREX plant UNH products to 
ORIGEN code predictions of Tc in corresponding spent reactor fuels. and 

3. a comparison of Tc and Cs-137 measured in high-level waste supemates to predicted · 
levels of Tc and Cs-137 in Hanford fuels. In this method the Cs-137 is used as a ''tie" 
component to relate high-level waste solutions to reactor fuels. Once the fraction of Tc 
reporting to tank waste is determined, the fraction extracted is calculated by difference. 

Comparison to UO3 Measurements 

Predictions of Tc in spent Hanford reactor fuels (the "input values" to the PUREX process and 
the basis for calculating Tc extraction behavior) are reported by Watrous (2002), for 1276 . 
batches (generally monthly composites) of fuel. 

Measurements of Tc in Hanford recycle UO3 (parts Tc per million parts ofU) have been made 
at both the Fernald metal reduction plant and the Paducah gaseous diffusion plant. 
Measurements at Fernald were made on recycled "enriched reactor tails" (ERT) received after 
1985 and are reported in DOE/RL 2000-43 "Review of Generation and Flow-of Recycled 
Uranium at Hanford." These data are repeated here, in Appendix A. Measurements at Paducah 
(Smith 1984) were made on both "normal" reactor tails (hundreds of measurements on UO3 
received between 1959 and 1973) and "enriched" reactor tails (five measurements on enriched 
reactor tails received 1971 through 1973). 

These UO3 measurements only reflect on the Tc extraction behavior of the PUREX plant since 
measurements were not made during the time that the REDOX process was operating and 
sending its UO3 product to the Fernald or Paducah sites. 

Comparison of UO3 product lot measurements and "fuel batch data" (ORIGEN code 
predictions) and the calculation of "percent Tc extracted" is presented in Table 1. 
The use of Tc concentrations from discrete lots of UO3 is problematic unless the 
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TABLE 1 -Tc Extraction by Comparison to U Product Measurements 

comparisqn ·: . 
_Case# · · 

1 
2 
3 
4 

5 
6 

.. : . :. 

P!ant · 

PUREX 
PUREX 
PUREX 
PUREX 

PUREX 
REDOX 

. . - . . : . '.' -:-:-:.:.: ;.. 
:--~ -: ; .. :~;~ .. - / .- ) ,_:ii>::._~;_ -! --~~{77~:-~.- --~-~/1·~~ ~~---_. - ;:.-.~~-~-:) 
... \---)~~T'~-.;.· -_.--~ .. ~;~~--: .... ~-:-i:•. -·.:.:· ;; ,:,_-.-\~j-'. ~· :: · __;_:.,.:.; __ .. . :1.\ .-:~ 

-~ ·---.- :;:,~ :-./>' ~· -~-.- ~ ' ..... ~'/';-.::~·-_:.,'{..--.. ::. _ _. -}i---~~~._; ~-. -. ~-/ _:._ -
Fuel Batch Data (from ORIGEN/DKPRO) ' . ' 

,- · · . ·. · ' ·.:· Tc-99 -: ~, 
· ·· .: ppm Tc :Generated Calculate<! : {· > . , , , ' .Jn Unirrd::·• by ·1rrd. ~)Ave. Tc \/ 

S~araii~n Dates·~u ~~-m . u ·'· -·. (Ci) ·? (ppmpll)/ 

2/86 to 3/86 
7/85 to 8/85 (e) 
1 /84 thru 4/85 
1 llO thru 8ll2 {f) 

1 /63 thru 12/63 
1 /63 thru 8/64 

315.1 
121 .7 

1710.5 
2742 

5023 
2011 

3 
3 
3 
3 

3 
3 

164.92 
73.9 

873.3 
15958 

1625.9 
840.5 

33.9 
38.8 
33.1 
37.3 

22.1 
27.6 

...-- .. 
.. -~~-{-:-,:-:) 

, . .. r ... :· i 
... • : ·"'· . ~ 

:", ,.;;:; 
U03 Lot Data .. _ .. -~ 

Lot# 

86-05, 86-16 
85-18,19,20 
various 
various 

.)!~~)) 
ppmTc RE!!# .. . '. 

11 (a) 
7 (a) 
7 (b) 

16 (b) 

. .· U~,iH Sample Data :-- :;":·~ 
Tc (diniig U) · .PP.O'.!Jc . '; R~(~j 

1.74E+05 
2 .90E+04 

4 .62 (c) 
0.77 (d) 

OOE/RL-2000--43, "Review of Generation and Flow of Recycled Uranium at Hanford·. Sedion 4, Tab. 4-4. 

~-.. _~-} ··-: ~- -~ _:):~]t ~/ 

~-~':~ ·.'t~: . \ -~\~~: 

Calculated % 
:Tc .Extracted 

~·:_,:,, ' ·. : 

-· -~- -> 
· . . .- .:.,:: 

32.49 
18.04 
21 .15 
42.88 

20.92 
2.79 

References: 
a 
b 
C 

SmHh, R.F .• -Historical lmpad of Reactor Tails on the Paducah Cascade." KY/L-1239, March 1984, Martin Merietta Energy systems, Inc., - pg. 11. 
Christy, 1964. Letter. J .T . Christy, USAEC-RL to T.R. Workinger, USAEC-HQ, "UNH Produd Specifications," Nov. 12, 1964. 

d 

e 
g 

(Tc.-99 measured 1.74E+S dim/gram of U in PUREX UNH. This Is equivalent to 4.62 ppm.) 
Christy, 1964. Letter: J .T. Christy, USAEC-RL to T.R . Wort.inger, USAEC-HQ, "UNH Produd Specifications." Nov. 12, 1964. 

(Tc-99 measured 2.9E+4 dim/gram of U in REDOX UNH. This Is equivalent to 0.77 ppm.] 
ConsecutJve fuel keys: 14221, 14400, 143S6, 14306, 14680, and 14756. 
Only enriched fuel types: I.e .. AI-0.94U. Zr-0.94U, and Zr-1 .1U. 
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corresponding batches of spent fuel (and their fuel type and burn-up) can be determined. For 
this reason, data from only a few selected lots ofUO3 have been compared, where a positive 
material match could be made. The best comparison between UO3 measurements and their 
corresponding spent fuel is provided in comparison cases 1 and 2. Here, the measurement of 
both Tc and U-235 on discrete UO3 lots allows the corresponding batches of fuel to be 
determined on the basis of the burned-out U-235 percentage. As shown on Table l , the 
comparisons for cases I and 2 indicate that Tc extraction ranged from 18% to 32%. (Note, that 
these material balance calculations assumed the presence of3 ppm Tc in pre-irradiated 
uranium.) The comparisons of cases 3 and 4 are based on Paducah data where only long-term 
average behavior was reported. While the result for case 3 (21 % Tc extracted) agrees well with 
case 2 and the previous determination by Roberts (1971) of20% extraction, the result for case 4 
(43% extracted) appears to be higher than previously predicted. 

Comparison to UNH Product Measurements 

During the 1960s a couple of measurements for Tc ("new" data points) were made on the UNH 
product stream from both the REDOX and PUREX plants (Christy 1964). This data is listed in 
Table 1 as comparison cases #5 and #6. The comparison to the average Tc concentration in 
fuels processed around the time of the sampling indicates that 20.9% of the Tc extracted in the 
PUREX process while only 2.8% of the Tc extracted via the REDOX process. 

The result for PUREX is in good agreement with the results determined from most of the UO3 
measurements. However; the result from the REDOX UNH measurement is much lower than 
the extraction percentage (37%) previously predicted by Colby (1995). The disparity between 
the two REDOX factors, may be diminished by re-examining the Oak Ridge National 
Laboratory (ORNL) experimental data, from which Colby derived the 37% prediction. In the 
ORNL experiment, a Hanford irradiated fuel element was processed through a laboratory-scale 
simulation of the REDOX separation process (hexone solvent extraction). Tc-99 and Cs-137 
( and other components) were measured in the extraction waste stream. By using Cs-13 7 as a 
"tie component," and comparing the Tc/Cs ratio for the experiment waste (grams Tc per curie 
Cs-137) to the Tc/Cs ratio for average fuels processed through REDOX in the mid-1950s, one 
can calculate that the ORNL test extracted 12% of the feed Tc as opposed to the value of 37% 
that was derived from a more convoluted conversion and analysis of the same experimental 
data. 

Thus, the Tc extraction percentage derived from UNH measurements as reported by Christy 
(2.8%) may not be so far from the truth. Additional comparisons based on tank supemate 
analyses also predict an extraction percentage value that is in the range of 12% to 24%, see 
below. 
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Comparisons Using Tank Waste Me~urements 

The fraction of Tc routed to waste supernatant solutions can be determined using Cs-137 as a 
"tie component" which is known to report quantitatively to waste and remain there in solution. 
However, the determination of Tc extraction behavior from tank waste analyses is problematic 
for several reasons: 

• the difficulty in finding waste supernates that are known to come from a single source 
such as the REDOX plant, 

• the need to find waste supernate samples that have not been through a Cs separation 
process such as the B-plant Cs removal process ( so Cs may serve as a meaningful ''tie 
component,") 

• the error that results if not all Tc reports to the supernate, and 
• the inaccuracy that comes from determining "Tc· extraction" as the difference between 

two similarly large numbers. 

(Note, that in this method, if Tc does not all remain in solution, the effect is to predict an 
extraction percentage value that is greater than actual.) 

Several tanks containing REDOX wastes were sampled during the late 1960s and analyzed for 
Tc and Cs-137. Unfortunately this data has been separated from their original documentation 
and data quality cannot be easily verified. 

Recognizing these various problems, data from tanks 241-S-102 and S-110 (for REDOX waste) 
and tank C-103 (for PUREX cladding waste) has been summarized in Table 2. Data from an 
ORNL laboratory-scale REDOX process test as reported by Colby (1995) is also summarized in 
Table 2. 

In these four waste samples the Tc/Cs-137 ratio measured in the waste is compared to the Tc/Cs-
137 ratio calculated by the ORIGEN2 code for the irradiated fuel processed during the filling of 
the tank in question. As in the method of Table 1, the questionable level of Tc contained in 
recycled uranium prior to irradiation at Hanford is accounted for in calculating the T c/Cs-13 7 
ratio for post-irradiated fuel. Note, that for the low-exposure reactor fuels of the early REDOX 
processing years, (compare cases 12a and 12b) the presence of an assumed 3 ppm Tc in recycled 
uranium entering Hanford reactors can make as much as a factor of two impact on the calculated 
Tc extraction factor. 

Table 2 indicates that in tank S-102 more Tc is found in the tank waste than was estimated to be 
in the corresponding fuel. (This result may be due to analytical error, waste contamination, or it 
may be an indication that Tc extraction was very low.) 

Comparison cases 12a and 12b for S-110 indicate that 12 % to 24% of the Tc was extracted, 
depending on whether there was zero or 3 ppm of Tc in pre-irradiated uranium. (Note, that tank 
S-110 was filled in the early 1950s when the uranium recycle program was just 

5 
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TABLE 2 -Tc Extraction Implied by Tank Samples and Material Balance. 

Conipirtsoi, . 
:".ca:s.e~ . 
118 
11b 

12a 
12b 

13a 
13b 

14a 
14b 

Notes: 
(d) 

(e) 

(f) 

(g) 

::..:·· .. · ·,.. 
Piant ·•· 

REOOX 
REOOX 

REDOX 
REDOX 

PUREX 
PUREX 

REOOX 
REOOX 

:., .-.:r -; ~-·7.- . ~? . .,. - , ~ --:.-. :" :,_~::•/.,- :... ... . :·••::~_-,; :~:;;.. "'(·r_ 
<µi;\));,_i>.:; -~:-:. J /.iV:~~, ~ ·. \ :< ~1~;;,; ,_ 

-~ :·~ \] ·: ·!·,._ - ·. _;::)} .;fd 
. · .. .. S <~~>_}//).r. -·.:.- · · , __ .:~i..;; 

j ~ :::./ .. :~-.. _-.-~: : __ 

Tank Fili'Daies 

7/53 thru 9/55 
7153 fh1u 9/55 

7152 thru 3/53 
7/52 thru 3/53 

1/60 thru 12/60 
1/60 thru 12/!!n 

1/57 t/'iru 12/57 
1/57 thru 12/57 

.. . . . . --.:. ,.'."•. ; . . .. ' ., ·... . . . . . · .. _ .. ~ ., .:: 
. · .. ' '> . ,• . :; __ ;: ~." \_>_··::-;::' C ?\i/-(_4.f;;<, . ;_ °!'.\ ';_ i<:h ; ';,;;ii' 

' ,:.: ~- -· . Fuel Batch Data (from ORIGE~KPRO) _: / \\,. · ··· 
a . 

~-ppm Te In . -T_c;911 Generated '.:•Cs-137 Generated t,y :. Cak:uiated Ave. Tc . 
MTU Suf!'I_ Unimf. U by im1. (CO .· . :·_ lmi_. (Ci@1l1io1) i>c :(Ii Tc/Ci Cs-'137) . 

3734.2 
3134.2 

768 
768 

5597.6 
5597.5 

1658.6 
1658.6 

3 
0 

3 
0 

3 
0 

3 
0 

1016.3 
1016.3 

235.3 
235.3 

193-4.96 
1S34.9G 

470.1 
470.1 

2.44E+06 2.92E-02 
2.44E+06 2.46E-02 

5.42E+OS 2.98E-02 
5.42E+05 2.56E-02 

5.33E+06 2.46E-02 
5.33E+06 2.14E-02 

1.20E+0e 2.72E-02 
1.20E+06 2.J0E-02 

-_:i_i : '. ~;:'.tf.YJ 
· .... . _ .. .. : . . . . . -~--

Tai~';emat~'~;.;'-:;~ :,{; 
. ; (gTc/CICs-137@ .. :.;: ! . 

Tank · · · 111/01) • ~ei: • ..; 

S-102 4.356E-02 (d) 
S-102 4.356E-02 (d) 

S-110 2.255E.02 (d) 
S-110 2.2SSE-02 (d) 

C-103 1.720E-02 (e) 
C-103 1.720E-02 (e) 

,:~~~~ :~1:tl~'. ;~;:-1 
., . . 1/1/0_1) ·:. . ReJ #_; 

2.020E-02 (I) 
2.020E-02 (f) 

Data from analysis of waste supemafe samples taken in late 60's - early 70's. Cs-137 activity corrected to 111/01 . Orig inal documentation unavailable. 

Data rrom Roberts (1971), page 3. Cs-137 activity corrected to 1/1/01 . 

Data from Colby (1995), pages 18, 19, • Cs-137 activity corrected to 111101. 

Equation : 
(% Tc Extracted] = (1 , (RsupemateJ/!Rfuell)'100 

Where: 
IR$UpemateJ ls the ratio of Tc fo a "lie component," Cs-137, both measured in high-level waste supemates (units: g Tc/Ci Cs-137) , and 
(RfuelJ is the ratio of Tc to fhe "tie component," Cs-137, both calculated ror typical reactor spent fuel _(units: g Tc/Ci Cs-137). 

t;~t;h\: _· __ /tr; 
~ _._~ -=;~r\r~-. ..:._. .-,_. . .:~ -: 
.. calculated% Tc : 
::-;- Exit-acted <~)_ . _; 

-49.32 
-77 .24 

24.42 
11 .87 

29.97 
19.67 

25.67 
12.33 
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beginning. It is, therefore uncertain whether the corresponding reactor fuel contained zero or 
3 ppm of Tc impurity prior to irradiation.) These shaky results appear to be a confirmation of the 
equally shaky ORNL laboratory•scale process test, described above and summarized as case 14, 
in which 12% to 26% of the feed Tc is calculated to have extracted. 

Average Tc Extraction Factor for PUREX 

For the purpose of determining a single Tc extraction factor for the PUREX process, an average 
of cases 1, 2, 3, 4, 5, and 13a is suggested (see both Tables 1 and 2). The average of these six 
extraction values is calculated to be 28%. 

Average Tc Extraction Factor for REDOX 

The average of cases 6, 12b, and 14a (the ORNL laboratory~scale test) are suggested for 
determining a single extraction factor for the REDOX process. The average of these three values 
(2.8%, 11.9%, an~ 25.7%) is calculated to be 13%. 

The variance of extraction percentage values for cases 6, 12b, and 14a is large and may imply an 
equally large error band for the 13% average value. On the other hand, these three vastly 
different extraction values may reflect actual changes in REDOX plant extraction performance as 
a result of the significant flowsheet changes that occurred over the years. 

Average Tc Extraction Factor for Uranium Recovery Operations 

As mentioned above, no data has been found which is a direct indication of the Tc extraction 
behavior in the uranium recovery (U Plant) operation. Since the U Plant process employed the 
same solvent as the PUREX process, it is suggested that a Tc extraction factor of28% be 
assumed. 

7 
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'REVIEW OF GENERATION AND FLOW OF 
RECYCLED URAHIUM AT HANFORD 

Consisting of 2 pages 
including cover page 

C-147 



Section 4 DOE/RL-2000-43 

Contaminants in Recycled Uranium 

T bl 4-4 An I f UO P d d I /Aft 1984 t H f d a e a1vses o 3 ro uce n er a an or . . . .. ; . ,,. ,. . ... ' . . . ··•·· . i'#'' .. - . ' . .... . . ··•-iiJil: . · ... ,, ., .. ... ., ..... . .,.. .. .. . 
· .'23~tl · ' ·· & · ~ • • .i ·· . ·,C: l·- -~ - .t.! l1.J.:.!°? '.1i , C:,.~l ,~-,.p, ~ :--~4: !"81r,,· ,""'°;.;,,;; •. \ ,. t,i;~ ~ :-: •• •I !• .(.,,a.i.. •,· ;.· ·•.:_ ~~ 1W>! . •t . ,; . · .. ~ --~• .,. :? ,':·. •23·5•:. . •f : ,. tf " .... 1tf .. . .· . . . ... Np ·11t;••·· • C' . ... . ~ ui· -· .Lt .. .. u .-.. .. . u ·1-11, • _fl,- -; h .: : .• .. ?k '.J ·_ ... . u .-_;t -, •J. -,. ~ 1 i.. - _ . .. . ~ .. , _ 

1
-·- :·• · :" ~ • . J'~~) .: : . .- / ·; .a" ,..;11: ,!,. .•_ , _:;.:·, .. ~- ~:: .... . : .. · .. 

·: •: .:.:.: .• · . . .. ... '. o7f:::- ·,' o~i,e < :····,6/ :'.: 'fpb ' ,;::ii"rri :lil:bi,: . I~/;~~- .;~'.: i\,~'c.Oj&fu ••' -~f/ \ •:~ ~/41 .. :_ :~ .' / 
. ~::111/:::-st~:. '. I jf ,., ·,. ;, .. :r,,f ti .. :" )ftB~ri u,§:ic,··. ,:) i '.~P~;:,,:,. iJuClli1il ~'.'. ,?r; :,~:~::siru'J!, ;!M,; : ';!;t-f '.;: i~: : , ," . -~:;· :\, ::1, ''>::11;i4:'. . :: ... ' . ·-•~-:-:.!~;:~ ,·.{~ ~% - .. 

t ; l ~~2 . ' .. . ,: .. : 

84-08 6/11/84 2 N/A NIA <5 <3 <10 0.008 0.884 0.060 99.088 

85-11 6/21/85 <0.5 <8 <6 <10 0.008 0.845 0.065 99.082 
85-12 6/25/85 <5 <6 <8 <10 0.010 0.849 0.068 99.073 
85-13 6/26/85 <5 <6 <8 <10 0.011 0.852 0.070 99.067 
85-14 7/16/85 <5 <6 <8 <10 0.009 0.846 0.068 99.077 

85-15 7/16/85 <5 <6 <8 <10 0.009 0.849 0.071 99.071 
85-16 7/19/85 <5 <4 <6 <10 0.008 0.848 0.066 99.078 
85-17 7/19/85 <5 <4 <6 <10 0.009 0.848 0.067 99.076 
85-18 9/30/85 <5 <1000 7 <8 <6 -<1 0.009 0.924 Q.076 98.991 

(j 85-19 9/30/85 <5 <1000 7 <8 <6 <1 0.010 0.942 0.074 98.974 
I -· .,.. 

00 
85-20 9/30/85 <5 <1000 7 <8 <6 <2 0.010 o.~o 0.072 98.978 

86-05 5/6/86 <2 490 12. <6 <4 <31 0.011 Q.807 0.080 99.102 
86-16 9/22/86 1 400 10 <6 <4 6 0.010 0.873 0.073 99.044 
86-23 11/17/86 1 300 8 <6 <4 6 0.011 0.957 0.075 98.957 

88-1 3/17/88 2 40 4 <6 <4 9 0.008 0.819 0.074 99.099 
88-2 3/17/88 2 120 4 <6 <4 8 0.008 0.950- 0.074 99.068 
88-3 3/17/88 <1 160 3 <6 <4 10 0.009 o.s1, 0.073 99.100 

----, oaca retrieved from Analytical Data Sheets 

* Limited additional 237Np data preceding 1985 are provided in Section 4.5.4, 4.5.5, and Table 4-7. 
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INTEROFFICE MEMO 

CH2MHILL 
Hanford Group, Inc. 

From: Inventory and Flowsheet Engineering . 7O300-03-NWK-011 
Phone: 376-5694 
Date: February 26, 2003 
Subject: RADIONUCLIDE PARTITION FACTORS FOR THE HANFORD DEFINED 

WASTE MODEL - PLUTONIUM URANIUM EXTRACTION PROCESS 

To: J. G. Field R2-12 

Copies: K. M. Bowen R2-12 
B. A. Higley R3-73 
N. W. Kirch ZIW /_ R3-73 
D. E. Place R3-73 
L. M. Sasaki R2-12 
l&FE LB/File R3-73 

. 
The Hanford Defined Waste (HD W) Model is being updated to reflect new information that 
became available since Revision 4.0 of the model was published in January 1997. The 
Plutonium-Uranium Extraction (PUREX) process radionuclide partition factors used by the 
HDW model are suspect for a number of reasons. 

Radionuclide partition factors are used by the HD W Model to simulate the major PUREX 
process waste streams. These streams include the high-level waste, organic wash waste, and the 
miscellaneous low-level waste (collected in PUREX tanks Fl 8, U3 and U4). The partition 
factors used in Revision 4.0 of the HDW Model overly simplify the PUREX process by routing 
100% of the fission products to the high-level waste. Revision 4.0 of the HDW Model only 
distributes isotopes of Pu and U to these three streams. In addition the partition factors used in 
Revision 4.0 of the HOW Model are not referenced nor are they traceable to a PUREX process 
flowsheet. 

The attachment to this letter establishes new PUREX process radionuclide partition factors for 
the next version of the HDW Model. These revised partition factors will distribute the 
radionuclides between the tanks that received waste from the PUREX process and are not 
expected to change the total inventory of the underground storage tanks. 

eJa~~ 
B. A. Higley, 
Chemical Engineer 

sir 

Attachment 
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Attachment 

PLUTONIUM-URANIUM EXTRACTION PROCESS 
RADIONUCLIDE PARTITION FACTORS 

Consisting of 6 pages 
including coversheet 
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Attachment 

Plutonium-Uranium Extraction Process Radionuclide Partition Factors 

The Plutonium-Uranium Extraction (PUREX) generated three primary waste streams that were 
sent to tank farms, the solvent extraction waste from the first and subsequent cycles high-level 
waste (HL W), organic wash waste (OWW), and miscellaneous low level waste (F 18 LL W) 
stream collected via building sumps. The LL W waste collection tanks included PUREX tanks 
U3 and U4; _however, the vast majority of the LLW radioactivity was associated the tank Fl 8 
located in the PUREX canyon. The solvent extraction waste (HL W) contained the highest 
fission product activity arid the OWW generally contained the lowest activity. The fission 
product content of F 18 LL W was variable as leaks, spills, and equipment flushes were the 
primary source of activity in this waste stream. 

For most fission products the first PUREX solvent extraction cycle (HA column) had a 
decontamination factor of about 100 at the feed point. Additional decontamination of the 
uranium and plutonium products occurred in subsequent solvent extraction cycles. Only Tc, I, 
Pa, Th, U, Np, and Pu were extracted in quantity by the PUREX organic solvent. 

Technetium was partially extracted by the organic solvent and exited with the HA column 
raffinate (high-level waste), uranyl nitrate hexahydrate (UNH) product and the organic wash 
waste. Iodine was also partially extracted by the organic solvent and was partitioned to the.HLW, 
and organic wash waste. Iodine also volatilizes during metal dissolution. Most of the gaseous 
iodine Was captured by the silver reactors and was subsequently flushed to the cladding waste 
tanks or disposed of as solid waste. 

Thorium, protactinium uranium and plutonium were extracted almost completely by the organic 
solvent. Subsequent solvent extraction cycles returned most of the thorium and protactinium to 
the high-level waste stream. Neptunium (or neptunium losses during periods of neptunium 
recovery) would also be included in the high-level waste stream. 

Table 1 summarizes the radionuclide partition factors for modeling of the PUREX process by the 
HDV/ Model. Most of the radionuclide partition factors in this table are from the "Extraction 
Split Factors for the PUREX Plant," published by Kupfer et al. 1999, Table G-4. New uranium 
and plutonium losses factors were calculated from a recent PUREX process flowsheet (Jacobs 
and Allen 1985). Notes to the table identify the specific basis for each partition factor. 

Table 1. Radionuclide Partition Factors for PUREX 

,;JsoloJ>~jgla W w ·-i~ ~l~ 'i!r'lB!lWJ1WAf - pasis' _. ,,~;~ilf'~i••· 
-;;~,. ,'.,1•,.;!;~.,::, ... :-

0 

-t:l • _: -· · .• , : •. : ,.Cl !"J} •• !i~ -~ . -~~--- tt .. _ :_ ... ·:-~l · ~ - , , ... : , ~ ,. ,.,' ': -~ ... . ; . ... . ;:.; fi_\l -1J{~)~t~: .:.~~-.. -. 

H-3 9.870E-01 2.321E-03 l.071E-02 (I) 
C-14 9.714E-0l 2.698E-02 1.619E~03 (2) 
Ni-59 9.996E-0l 6.500E-05 3.000E-04 (3) 
Ni-63 9.996E-0l 6.500E-05 3.000E-04 (3) 
Co-60 9.996E-Ol 6.SO0E-05 3.000E-04 (3) 
Se-79 9.996E-01 6.S00E-05 3.000E-04 . (3) 
Sr-90 9.996E-0l 6.500E-05 3.000E-04 · (3) 
y.90 · 9.996E-0l 6.S00E-0S 3.000E-04 (3) 
Zr-93 9.996E-01 6.S00E-05 3.000E-04 (3) 
Nb-93m 9.996E-0l 6.S00E-05 3.000E-04 (3) 
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Nb-93m 9.996E-0l 
Tc-99 9.995E-01 
Ru-106 9.996E-01 
Cd-113m 9.996E-0l 
Sb-125 9.996E-01 
Sn-126 9.996E-0l 
I-129 See note 5 

Cs-134 9.996E-0l 
Cs-137 9.996E-01 
Ba-137m 9.996E-01 
Sm-151 9.996E-0l 
Eu-152 9.996E-01 
Eu-154 9.996E-01 
Eu-155 9.996E-01 
Ra-226 9.996E-01 
Ra-228 9.996E-01 
Ac-227 9.996E-01 
Pa-231 9.996E-01 
Th-229 9.996E-01 
Th-232 9.996E-01 
U-232 . 3.57E-0l 
U-233 3.57E-0l 
U-234 3.57E-0l 
U-235 3.57E-0l 
U-236 3.57E-01 
U-238 3.57E-Ol 
U-Total 3.57E-0l 
Np-237 9.996E-01 
Pu-238 6.26E-0l 
Pu-239 6.26E-0l 
Pu-240 6.26E-01 
Pu-241 6.26E-0l 
Pu-242 6.26E-01 
Pu-Total 6.26E-0l 
Am-241 9.996E-01 
Am-243 9.996E-0l 
Cm-242 9.996E-0l 
Cm-243 9.996E-01 · 
Cm-244 9.996E-01 
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6.S00E-05 3.000E-04 
9.028E-05 4.167E-04 
6.SO0E-05 3.000E-04 
6.S00E-05 3.000E-04 
6.S00E-05 3.000E-04 
6.S00E-05 3.000E-04 
See note 5 0.0 

6.S00E-05 3.000E-04 
6.S0OE-05 3.000E-04 
6.S00E-05 3.000E-04 
6.S00E-05 3.000E-04 
6.500E-05 3.000E-04 
6.S00E-05 3.000E-04 

. 6.S0OE-05 3.000E-04 
6.S00E-05 3.000E-04 
6.S00E-05 3.000E-04 
6.S0OE-05 3.000E-04 
6.S00E-05 3.000E-04 
6.S00E-05 3.000E-04 
6.S00E-05 3.000E-04 
1.64E-01 4.79E-01 
1.64E-0l 4.79E-0l 
1.64E-01 4.79E-01 
l.64E-01 4.79E-0l 
l.64E-0l 4.79E-01 
l.64E-Ol 4.79E-01 
l.64E-0l 4.79E-01 

6.S00E-05 3.000E-04 
3.SE-02 3.36E-01 
3.8E-02 3.36E-01 
3.8E-02 3.36E-0l 
3.8E-02 3.36E-01 
3.SE-02 3.36E-01 
3.SE-02 3.36E-01 

6.S00E-05 3.000E-04 
6.S0OE-05 3.000E-04 
6.S00E-05 3.000E-04 
6.S0OE-0S 3.000E-04 · 
6.S00E-05 3.000E-04 
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B~.i~.~-~~~~ 
(3) 
(4) 
(3) 
(3) 
(3) 
(3) 

The fractions for distribution 
of 1291 to CW, HL W, and 

. OWW are reported in note 5. 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(7) 
(7) 
(6) 
(6) 
(6) 
(6) 
(6) 
(6) 
(6) 
(7) 
(6) 
(6) 
(6) 
(6) 
(6) 
(6) 
(3) 
(3) 
(3) 
(3) 
(3) 
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(1) Normalized distribution of2.8% of the tritium entering the solvent extraction system 
(Higley 2002a) with assumed losses of0.0065% to OWW, and 0.03% via TK-Fl8 
(Kupfer, et al. , 1999, Table G-4). 

(2) Normalized distribution of 18% of the 14C to HL W, 0.5% loss to OWW (Place 2002), 
and 0.03% loss via TK-F18. (Kupfer, et al., 1999, Table G-4). 

(3) Kupfer, et al., 1999, Table G-4 
(4) Normalized distribution of 99Tc entering the solvent extraction system, 28% loss to 

UNH (Kirch 2003), 0.0065% loss to OWW, 0.03% loss via TK-Fl8, (Kupfer, et al., 
1999, Table G-4 ), and the balance to HL W. 

(5) The distribution factors for iodine are reported in Higley 2002b, Table 4. 
(6) Jacobs and Allen 1985, PUREX Flowsheet - Reprocessing N Reactor Fuels 
(7) Thorium and neptunium are assumed to be partitioned in a ratio similar to the 

majority of the fission products. 

Waste streams from the PUREX Plant were segregated in the tank farms as boiling and non
boiling wastes based on fission product activity. Prior to 1983, high activity wastes were sent to 
boiling waste tanks in A and AX Farm for self concentration and low activity wastes were sent to 
non-boiling waste tanks in C Fann. Table 2 provides a crosswalk between the PUREX flowsheet 
waste streams and the HOW Model waste types. During some periods, the LL W went to the 
same tanks as the HL W. 

Table 2. Crosswalk from PUREX Flowsheet Waste Streams to HDW Model Waste Types 

~-.,.~r."m- · :,-;, i"'.,..'• ";-1 ,~~~]~" • • ...... , r;,;,':}.,,,. !>-fi,ffif ~ -- ·'" • -- --.u ·~- ~--:- :;---i::-~, .. , -. ..... -~. • .. .,., .-, s 
. L ., -· .~. -~~t~-:- ll.. -~- i! -~- of r . t~'- iI!_!t ., ' '. . . . . ,., . ' ~- ' 
\.',' ,J..:., , • •¥~ \,•,~ ,r), ~\.,, r ,:: ,. , •• • , .., •~ • ,.• )'' ¥t I 

:_ !(·r.~lJ •Y ,· •; .:·1 , ".:.T.: !?\l~1•~~1~ ~ ,· ·, '·,.L7 ;~\. -. ·1 t._., .... C{. ••• • ·-·····~""~---J\i.J._$~---··"· ·-~ t ... _ ...... ,_. -· ... -----~-- . -·- ------...,...._,_~, ·---· ·-·-· 
PUREX 1956-1962 
HLW Pl 
oww OWWl 
FIS LLW OWWl Non-boiling waste. Assumed disposition. (WSTRS 

reports PL waste being sent to A Farm 1958-1960) 
PUREX 1963-1967 
HLW P2 
OWW OWW2 
Fl8 LLW OWW2 Non-boiling waste. Assumed disposition. 
PUREX 1968-1972 
HLW P2 
oww OWW3 
Fl8 LLW PLl Non-boiling waste. (WSTRS reports PL 1 waste 

sent to AX Farm in 1968-1969, to A-101 in 1973 
and to C-104 in 1970-1976) 

PUREX 1983-1988 
HLW P3 
oww PL2 OWW and FIS LLW wastes were a combined 

waste stream 
FIS LLW PL2 OWWand FIS LLW wastes were a combined 

waste stream. (WSTRS reports PL2 generation as 
early as 1981 and as late as 1993) 
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The partition factors in Table 1 are applicable t9 the modeling of plutonium production but are 
not applicable to thorium production campaigns. 

The thorium campaign reports include mass balance data for 233U and Th to the HL W, OWW 
and F 18 LL W streams. The 1966 thorium campaign report notes that because of a shortage of 
non-boiling tank space, low salt - low fission product waste, and high salt - high fission product 
waste was routed to boiling tanks (A and AX Farms) for self-concentration. Only high salt- low 
fission product waste went to non-boiling tanks (C Farm). See Isochem 1967, pages III-52 and 
III-53. Process wastes from the thorium campaign would fit in the high salt - low fission 
product category. There is no direct evidence from sample reports that A and AX Farms 
received a significant fraction of the 233U and Th in the wastes from the 1966 thorium campaign. 
It is believed that nearly all of the thorium-bearing waste was disposed of in a single C Farm 
non-boiling tank (tank 241-C-102). 

For the 1970 thoria campaign Tables IX and X of the campaign report indicate that all of the 
thorium bearing wastes (HLW, OWW, and Fl8 LLW) went to non-boiling tanks (Jackson and 
Walser 1970). These wastes were also disposed ofin a single C Farm tank (tank 241-C-104). 

The HOW Model should use a value of one for all of the radionuclide partition factors associated 
with the thorium campaigns. 
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The Hanford Defined Waste (HDW) Model is being updated to reflect new information that 
became available since Revision 4.0 of the model was published in January 1997. As part of this 
update a new simulation of reactor operations was prepared using the Oak Ridge Isotope 
Generation and Depletion Code, ORIGEN2. The ORIGEN2 results created for Revision ~-0 of 
he HDW Model were based on nuclear data developed in the 1980s and early 1990s. For the new 
ORIGEN2 simulation, the following parameters were updated to the current or best-available 
information: 

• Neutron capture cross-sections for actinides and important activation products. 
• Fission product half-lives and specific activities. 
• Fission product yield values. 
• Fuel and cladding impurity history. 

As a result of this update of the ORIGEN2 simulation the estimate for tritium in the irradiated 
fuel increased from 160,000 Ci tritium to 1,100,000 Ci tritium, (indexed to January 1, 2001). 
The change in modeling parameters that resulted in this increase in the tritium estimate is that 
lithium, present as an impurity in the aluminum used for fuel cladding, was added to the 
simulation. This change did not effect simulation of zirconium clad fuel. 

For the recent ORIGEN2 simulation the lithium content of the aluminum cladding was modeled 
at the procurement specification maximum value of 80 ppm. Records of the lithium content of _ 
the aluminum cladding are not available and the 80 ppm value is suspected of being excessively 
conservative. The attachment to this letter concludes that a lithium concentration of 80 ppm and 
thus a tritium inventory of 1,100,000 Ci are unlikely. 

The attachment to this letter establishes a tritium inventory correction factor for use in the 
updated HDW Model. The correction factor is derived from the measured tritium concentration 
of cladding waste samples from several tanks and the tritium concentration predictions of a draft 
version of the updated HOW (Rev. 5) model. The conclusion of the attached analysis is that the 
lithium content of aluminum cladding is much smaller than the procurement specification. Based 
on the lithium estimated from tritium assays of 5 tank samples, the REML (Restricted Maximum 
Likelihood) mean is 1.62 ppm with lower and upper confidence limits of0.37 and 2.86 ppm 
respectively. Based on the REML mean value a correction factor of0.023 should be applied to 
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the tritium inventory of HDW· Model aluminum cladding wastes streams. This correction is 
expected to result in a total tritium estimate of 185,000 Ci in the irradiated fuel, a 16% increase 
from Revision 4 of the HDW Model. Using the upper confidence limit results in a tritium 
estimate of 202,000 Ci. 

Although this tritium estimate is based on best available information, the number of cladding 
waste samples are limited and that in addition to the statistical uncertainty, the calculation 
method used is sensitive to uncertainties with respect to knowledge of the waste types and 
volumes. Direct measurements of lithium in the aluminum alloys are not available to verify this 
estimated lithium concentration. This estimate is derived from a draft version of the HDW Rev. 
5 Model and will be reviewed prior to publication of the model update. 

~.CtC¼'-f ... · 
B. A. Higley,':6 ~ 
Chemical Engineer 
Inventory and Flowsheet Engineering 

Sir 

Attachment 
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HANFORD DEFINED WASTE MODEL 
CORRECTION OF ORIGEN2 MODEL TRITIUM ESTIMATE 

BACKGROUND 

The Hanford Defined Waste (HDW) Model is being updated to reflect new information that 
became available since Revision 4.0 of the model that was published in January 1997 (Agnew et 
al. 1997). As part of this update a new simulation of reactor operations was prepared using the 
Oak Ridge Isotope Generation and Depletion Code, ORIGEN2 (Watrous et al. 2002). The 
ORIGEN2 results created for Revision 4.0 of the HDW Model were based on nuclear data 
developed in the 1980s and early 1990s (Watrous et al. 1997). For the new ORIGEN2 • 
simulation, the following parameters were updated to the current or best-available information: 

• • Neutron capture cross-sections for actinides and important activation products. 
• Fission product half-lives and specific activities. 
• Fission product yield values. 
• Fuel 'arid cladding impurity history. 

As a result of this· update of the ORIGEN2 simulation the estimate for tritium in the irradiated 
fuel increased from 160,000 Ci tritium to 1,100,000 Ci tritium, indexed to January 1, 200 l. The 
change in modeling parameters that resulted in this increase in the tritium estimate is that 
lithium, present as an impurity in the aluminum used for fuel cladding, was added to the 
simulation. This change did not effect simulation of zirconium clad fuel. 

Two aluminum alloys, 1245 (C-64) and X-8001 (M-388) were used at Hanford as cladding for 
the aluminum clad fuel (Weakley 1958). Fuel fabrication operations changed from using the 
1245 alloy to the X-8001 alloy between 1957 and 1960 (Kupfer et al. 1999). Based on metric 
tons of uranium, approximately 30% of the aluminum clad fuel was made with the 1245 alloy 
and 70% was made with the X-8001 alloy. Lithium is an impurity that may be present in these 
alloys and both of these aluminum alloys have a maximum allowable lithium concentration of 80 
ppm (Weakley 1958). The aluminum cladding consists of two components, an aluminum metal 
can and an Al-Si interrnetalic layer. For the ORIGEN2 simulation of the aluminum cladding 
layer, the lithium content of the cladding layer was modeled as 70 ppm to allow for the 
intermetalic Al-Si bond layer used in the fuel fabrication process. 

Because the estimate of tritium formed in the fuel cladding is sensitive to the lithium content of 
the cladding, knowledge of the lithium content of the aluminum alloys used is important. Several 
avenues were explored to determine the lithium content of these aluminum alloys. These 
included a search of the Hanford Site documents and records, queries to the Savannah River 
Plant, and queries to Alcoa Inc. The Savannah River Site also used X-8001 aluminum for fuel 
cladding and Alcoa supplied X-8001 aluminum tubing to both the Hanford and Savannah River 
Sites. None of these pathways were successful at determining the lithium content of the 
aluminum cladding. 

BASIS FOR DETERMINING THE LITHIUM CONTENT OF ALUMINUM CLADDING 
FROM CLADDING WASTE SAMPLES 

The lithium content of the aluminum cladding can be estimated from tank sample data. All of the 
tritium in the cladding is expected to have left the plants in the cladding waste stream without 
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losses to other waste streams. Once in the tanks, evaporation would cause tritium to separate 
from the cladding waste in direct proportion to the amount of water evaporated. Thus the tritium 
concentration remains constant through evaporation, and the lithium content of the cladding can 
be determined by comparing the tritium concentration of cladding waste samples to the tritium 
concentration predicted to be in the cladding waste by the HDW Model. An enabling 
assumption for this calculation is that all of the tritium in the cladding is due to the presence of 
lithium. This assumption is based on the knowledge that the tritium associated with uranium 
losses to the cladding waste is small, about 125 Ci. The basis for comparison of tritium 
concentrations is micro curies tritium per gram water. A draft version of the Rev. 5 HDW Model 
with recent ORIGEN2 estimates was used for this comparison (draft model HDW346a.xls). 

Ideally a tritium assay from a pure cladding waste sample would be preferred. However in the 
tank farms cladding wastes were frequently stored with other wastes. Commingling with other 
wastes could mask or bias the tritium contribution from cladding waste. Cladding waste 
generated by the Bismuth Phosphate process is an exception to this concern. The Bismuth 
Phosphate plants commingled 1st cycle waste with cladding waste to neutralize 1st cycle waste 
before shipping the waste to tank farms. Tritium formed in the uranium metal partitioned with 
water to the metal waste during the Bismuth Phosphate process extraction step leaving the 1st 

cycle waste nearly free of tritium. Essentially all of the tritium to be found in the 1st cycle / 
cladding waste came from the aluminum cladding. 

EVALUATION OF SAMPLE DATA 

For those tanks with reported tritium results in the TWINS database, only twelve are known to 
contain cladding waste (241-BX-107, 241-C-104, 241-C-107, 241,C-109, 241-C-l 10, 
241-G;l 12, 241-S-104, 241-T-102, 241-T-104, 241-T-105, 241-T-107, and 241-U-l 10). 

The lithium content of the aluminum was determined by the following calculations: 

( 1) The tank history was reviewed to establish that the sample recovered from the tank was 
representative of cladding waste and was not adulterated by other waste types. The initial 
list of twelve tanks was reduced to five by this screening. 

(2) Tritium assays from the tank were decayed to January 1, 2001 and adjusted to a water 
basis (µCi per gram water) using the wt% water content of the sample. A mean 
concentration was calculated for each tank. 

(3) Estimated tritium concentrations for cladding wastes were obtained from a working draft 
of the HDW Model that included ORIGEN2 predictions based on 70 ppm lithium in the 
aluminum cladding. The draft model is decayed to January 1, 2001. 

(4) The estimated tritium assays from the HDW Model were adjusted to a water basis (µCi 
per gram water). . 

(5) For those tanks, which contained cladding wastes from more than one source, a waste 
volume weighted mean tritium concentration was calculated for each tank from the HDW 
Model predictions. 

(6) Lithium was estimated by the ratio of the tritium concentrations and the lithium 
concentration modeled in ORIGEN2, i.e., 

Actual lithium in the cladding (ppm) = 

[Lithium in ORIGEN2 (70 ppm)][Tank Waste Tritium Concentration] 
[HDW Model Tritium Concentration] 
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The following paragraphs summarize the screening of each of the twelve tanks that were 
identified as having both tritium assays and cladding waste layers. For those five tanks that pass 
the screening, estimation of the lithium concentration in the cladding is discussed. 

Tank 241-BX-107. Tank 241-BX-107 is believed to contain only Bismuth Phosphate 1st cycle 
waste. The 1st cycle waste accumulated in the tank prior to 1958 and is representative of 
aluminum 1245 alloy. Two core samples were collected in 1992. The sample assay date is not · 
reported in the Tank Characterization Database (TCD), radionuclide decay calculations are based 
on the OctoQer 1, 1992 assay date used by the Best-Basis Inventory (BBi). The mean tritium 
concentration of two composite sludge samples is 6.40E-04 µCi/g water decayed to January 1, 
2001. The tritium concentration predicted by the HD W Model with 70 ppm lithium in the 
cladding is 3.16E-02 µCi/g water. The ratio of these values implies that the actual lithium 
content of the cladding is 1.42 ppm. The composite samples were made from all recovered 
segments for each core. 

Tank 241-C-104. The Tank Interpretive Report for tank 241-C-104 indicates that this tank 
contains 23 kgal PUREX zirconium cladding waste, 27 kgal organic wash waste, 148 kgal 
PUREX aluminum cladding waste, 21 kgal ofthoria waste, and 40 kgal of what is classified as 
other wastes . The other wastes include Bismuth Phosphate metal waste, REDOX cladding 
waste, PUREX high-level waste, PUREX low-level waste, strontium recovery waste, and 242-A 
evaporator saltcake. The tritium assays for this tank are from composite samples. Because of 
the large number of waste types in this tank, determining the contributiQn of the aluminum 
cladding waste layers to the tritium assay is not possible. 

Tanlc 241-C-107. Tank 241-C-107 is believed to contain 135 kgal Bismuth Phosphate 1st cycle 
waste, 24 kgal PUREX cladding waste and 90 kgal of strontium recovery waste. This assessment 
is based on the analytical results from 5 core segments. Segments 1 and 2 contain 7 and 14 times 
more 90Sr and total alpha, respectively, than the lower segments, 3 through 5. Elevated 90Sr and 
total alpha concentrations are characteristic of SRR waste. Tritium assays for this tank are only 
available for composite samples. Less than two-thirds of the sludge in tank 241-C- l 07 is from 
cladding waste. The large fraction of SRR waste present in the composite sample invalidates 
estimation of the lithium present in the cladding waste due to unknown impact of tritium from 
the SRR waste on the sample. 

TanJc 241-C-109. Tank 241-C-109 is believed to contain 23 kgal of PUREX cladding waste, 7 
kgal of hot semi-works waste, 24 kgal of Ferro cyanide waste, and IO kgal of Bismuth Phosphate 
I st cycle waste. All of the tritium assays for this tank are from composite samples. It is not 
possible to distinguish the contribution of cladding waste to the tritium assay from tritium 
contributed by other waste types present in this tank. 

Tanlc 241-C-1 l 0. Tank 241-C-l 10 contains only Bismuth Phosphate 1st cycle waste (177 kgal 
sludge and l kgal supernatant). All of the tritium in this tank would have come from cladding 
waste. The 1st cycle waste accumulated in the tank prior to 1958 and is representative of 
aluminum 1245 alloy. The sample assay date is not reported by the TCD; therefore radionuclide 
decay calculations are based on the October 1, 1992 assay date used by the BBi. The mean 
tritium concentration of three composite sludge samples is l .0OE-03 µCi/g water decayed to 
January I, 2001. The tritium concentration predicted by the HDW Model with 70 ppm lithium in . 
the cladding is 2.21E-02 µCi/g water. The ratio of these values indicates that the actual lithium 
content of the cladding is 3 .18 ppm. 
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Tanlc 241-C-112. Tanlc 241-C-112 contains from top to bottom the following waste layers, 17 
kgal of PUREX cladding waste, 72 kgal of Ferro cyanide scavenging waste, and 15 kgal of 
Bismuth Phosphate 1st cycle waste. Segment data for tritium is only available for the scavenging 
waste region of the tanlc. The only tritium data that includes the cladding waste layers are 
composite samples. Since these samples are likely to be biased by the tritium in the scavenging 
waste layer estimation of the lithium present in the cladding waste from these samples is not 
possible. 

Tank 241-S-:l 04. Tank 241-S-l 04 contains from top to bottom the following waste types, 119 
kgal ofREDOX saltcake, 108 kgal ofREDOX high-level waste, and 24 kgal ofREDOX 
cladding waste. All of the tritium assay data for this tanlc are on composite samples. These 
samples are likely to be biased by the tritium in the high-level waste and saltcake. Estimation of 
the lithium present in the cladding waste layer from these samples is not possible. 

Tanlc 24 l-T-102. Tanlc 241-T-l 02 is believed to contain 13 kgal of supernatant from cesium 
removal, 17 kgal of PUREX cladding waste, and 2 kgal of metal waste. Although the tritium 
assay for this tank is from a composite sample, only cladding waste is believed to be represented 
in the sample: The PUREX cladding waste accumulated in the tanlc after 1960 and is 
representative of aluminum X-8001 alloy. The sample assay date reported by the TCD (August 
27, 1993) was used for radionuclide decay calculations. The mean tritium concentration of one 
composite sludge sample is 1.67E-02 µCi/g water decayed to January 1, 2001. The tritium 
concentration predicted by the HDW Model with 70 ppm lithium in the cladding is 9.14E-Ol 
µCi/g water. The ratio of these values indicates that the actual lithium content of the cladding is 
1.28 ppm. 

Tank 241-T-l 04. Tank 241-T-l 04 contains only Bismuth Phosphate 1st cycle waste (317 kgal). 
The 1st cycle waste accumulated in the tank prior to 1958 and is representative of aluminum 1245 
alloy. The tritium assay data for this tank is from two core samples. The samples were 
composited for analysis. All ofhe results were below the detection limit. The sample assay date 
is not reported by the TCD; therefore radionuclide decay calculations are based on the March 18, 
1993 assay date used by the BBL The mean tritium detection limit concentration of two 
composite sludge samples is 3.08E-04 µCi/g water decayed to January l, 200L The tritium 
concentration predicted by the HDW Model with 70 ppm lithium in the cladding is 3.64E-02 
µCi/g water. The ratio of these values indicates that the actual lithium content of the cladding is 
only 0.59 ppm. 

Tanlc 241-T-105. Tanlc 241-T-105 contains from top to bottom, 12 kgal ofREDOX high-level 
waste, 12 kgal of REDOX cladding waste, 2 kgal of Bismuth Phosphate 1st cycle waste and 72 
kgal of Bismuth Phosphate 2nd cycle waste. All of the tritium assay data available for this tank is 
from the top core segments. The high-level waste layer will bias this segment data. The lithium 
present in the cladding waste cannot be estimated from this sample. 

Tank 241-T-107. Tanlc 241-T-107 contains from top to bottom, 8 kgal of PUREX cladding 
waste, 17 kgal ofTributyl phosphate waste, and 148 kgal of Bismuth Phosphate 1st cycle waste. 
The Tanlc Interpretive Report bases the designation of the upper waste layers on process 
knowledge. Three cores, SO, 51, and 52 were collected from this tank. Each core consisted of 
four segments, however the top segments contained little waste. There is no clear confirmation 
of the upper waste layers from the core sample results. The intrusion of hydrostatic head fluid 
into the drainable liquid samples cannot be determined since the hydrostatic head fluid did not 
contain LiBr tracer. Both solids composite and drainable liquid composite samples are available 
for this tank. Several of the sludge samples were free of drainable liquid, indicating that the 
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intrusion of hydrostatic fluid was unlikely. Since only ten percent of the waste in this tank (and 
perhaps less) is thought to be Tributyl phosphate waste, the potential bias to the tritium 
concentration is believed to be small. The 1st cycle waste accumulated in the tank prior to 1958 
is representative of aluminum 1245 alloy. The PUREX cladding waste accumulated after 1960 
is representative of X-8001 aluminum. The sample assay date is not reported by the TCD; 
therefore radionuclide decay calculations are based on the April 7, 1993 assay date used by the 
BBL The mean tritium concentration of two composite sludge samples isl .40E-03 µCi/g water 
decayed to January 1, 2001. The tritium concentration predicted by the HOW Model with 70 
ppm lithium. in the cladding is 6. l SE-02 µCi/g water. The ratio of these values implies that the 
actual lithium content of the cladding is 1.59 ppm. 

Tank 241-U-l 10. Tank 241-U-l 10 contains from top to bottom, 39 kgal ofREDOX cladding 
waste, l OS kgal of REDOX high-level waste, and 32 kgal of Bismuth Phosphate l st cycle waste. 
These waste layers are established in the Tank Interpretive Report by process knowledge and 
were confirmed by the core profiles. Only the bottom segment (#4) contained 1 C waste, as 
indicated by elevated concentrations of Bi, PO4, and Na. Six cores were collected from this tank. 
All of the cores were conposited for tritium assay. The large fraction of REDOX high-level 
waste in this ·tank (> 70%) significantly biases the tritium inventory for this tank. The lithium 
present in the cladding waste cannot be estimated from this sample. 

CONCLUSION 

The lithium concentration in the aluminum cladding is estimated from tritium assays from five 
tanks believed to contain cladding waste that have little or no adulteration from other sources of 
tritium. Three of these samples (tanks 241-BX-107, 241-C-110, and 241-T-104) are 
representative of 1245 aluminum and one (tank 241-T-102) is representative ofX-.8001 
aluminum. Tank241-T-107 contains cladding waste from both alloys. The results of these 
lithium estimates do not indicate a difference in the lithium content of the 1245 and X-8001 
aluminum alloys. The REML (Restricted Maximum Likelihood) mean of lithium in the 
aluminum cladding for these five samples is 1.62 ppm with a standard deviation of 0.4494. 
Using at-value (0.975, 4) of 2.776 to compute a 95% confidence interval, the lower and upper 
confidence limits are 0.37 ppm and 2.86 ppm lithium respectively. 

For the purpose of modeling the tritium generated in Hanford irradiated reactor fuel, it is 
assumed as an enabling assumption that the lithium content ofX-8001 aluminum is identical to · 
1245. The value of 1.62 ppm lithium in the cladding is well below the lithium value used in the 
ORIGEN2 estimates. Changing the lithium content of the aluminum cladding from 70 ppm to 
1.62 ppm will reduce the tritium estimate to 185,000 Ci. This is an increase of 16% from the 
160,000 Ci estimated in Revision 4 of the HOW Model. Using the upper confidence limit results 
in a tritium inventory of202,000 Ci. A tritium inventory of 1,100,000 Ci is unlikely. 

For this update of the HD\V Model, the tritium inventory estimated by recent ORIGEN2 
simulations of aluminum cladding should be corrected by the following ratio (I .62 ppm/ 70 
ppm)= 0.023. This correction is expected to result in a total tritium inventory estimate of about 
185,000 Ci in the irradiated fuel of which 163,000 Ci are from tritium formed in the uranium 
metal portion of the fuel and 22,000 Ci are formed in the aluminum cladding. 

Although this tritium estimate is based· on best available information, the number of cladding 
waste samples are limited and in addition to the statistical uncertainty, the calculation method 
used is sensitive to uncertainties with respect to knowledge of the waste types and volumes. 
Direct measurements of lithium in the aluminum alloys are not available to verify this estimated 
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lithium concentration. This estimate is derived from a draft version of the HDW Rev. 5 Model 
and will be reviewed prior to publication of the model. 
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The Hanford Defined Waste Model is being updated to include new information. As part of the 
model update, a review was conducted to verify the quantities of fission products that were 
shipped from the Hanford site to Oak Ridge National Laboratory (ORNL), Pacific Northwest 
National Laboratory (PNNL), Hanford Laboratories (HLO), or Martin Marietta Company in 
Quehanna, Pennsylvania. 

Monthly reports issued from 1961 through 1977 by the Atomic Energy Commission, Richland 
Office and the site contractors (General Electric Company, ISOCHEM Inc., and Atlantic 
Richfield Hanford Company) were reviewed to determine the quantities of fission products that 
were transferred from the Hanford site processing plants and underground storage tanks to offsite 
users. The quantities of cerium-144, cesium-137, promethium--147, and strontium-90 that were 
transferred offsite from January 1961 through December 1972 are summarized in Tables 1 
through 5. No offsite shipments were made from December 1972 through May 1977. Also 
noted in these tables are return shipments of fission product waste from PNNL. 

The shipments of fission products to HLO, ORNL and Martin Marietta Company were 
conducted by loading the fission product solutions onto ion exchange materials that were 
contained in shield casks transported by railcar . . The fission products shipped to PNNL were 
liquid solutions contained in shielded casks transported by a semi-truck and trailer. Facilities 
that were used to conduct loading of the shielded casks were: 
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Facility 

212-A cask station (located on south side of PUREX plant) 1 

201-C Strontium Semi works Cask Station 

241-C-801 Cask Station (located adjacent tank 241-C-103) 

B Plant Cell 4 cask station 

212-B cask station (located on south side ofB Plant) i 

7O400-03-SMM-003 

Service Dates 
January 1961 to October 1969 

July 1961 to August 1969 

February 1963 to January 1968 

April 1968 to March 1969 

May 1969 to November 1972 

• 212-A cask station was also used in August 1967 to February 1969 to receive casks containing fission product waste from PNNL. 
2 212-B cask station also received casks c.ontainin11 fission Droduct waste from PNNL froll) ADril 1970 throullh Mav 1977. 

The inventories of cerium-I 44, cesium-13 7. promethium-14 7, and strontium-90 that were 
transferred offsite from January 1961 through December 1972 were approximately 79MCi, 
5.2MCi, 3 l .3MCi, and l l .2MCi, respectively. These inventories have not been decay corrected 
and represent the inventory of each fission product at the time of the shipment date. 

-<t:4 . I/ J ,e fj} ·/ ' u.ereJ2 C.Jfrr# "'r, 
M. E. Johnson, Seruor Process Engineer 
Process Analysis 

dmn 

Attachments 
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Date 

May 1977 

April 1977 

March 1977 

January- December 
1974 

January - December 
1973 
November 7, 1972 

October 
Sentember 
August 
Julv 
June 7, 1972 · 

May 18, 1972 

May 1972 

At,ril 1972 
March 1972 
Februarv 1972 
Januarv 1972 
December 1971 

. November 30, 1971 

Sr-90 

None 

None 

330 

9 

640 

Table 1. 212-B Cask Station Fission Products Shipment Information 
Inventory Sruooed (kHocuries) Reference 

Cs-137 Ce-144 Pm-147 Destination 
Totank.241- 16 casks ofHLW received from PNNL at 212-B cask station. Transferred 
AY-102 130,000-gallons of waste from B Plant to AR Vault and then to tank 241-AY-102. 

Received 35 casks during preparation for the Commercial Nuclear Waste . 
Vitrification Proirram and waste transfers oroceedin2 r ARH-LD-229-B, oaS?.e 31 l. 

To tank 241- PNNL HLW sent fromB Plant to AR Vault and then to tank 241-AY-102 [ARH-
AY-102 LD-228-B, 1>age 26]. 

The 212-B cask load-out facility was successfully reactivated after five-years of 
standby. 
Began unloading PNNL casks from the Commercial Nuclear Waste Vitrification 
Program at B Plant. The first cask was received on March 24, 1977 and the 
contents stored for reorocessin2 in B Plant r ARH-LD-227-B, pa2e 25 and 271. 

None None None None Reviewed ARH-3034 RD and determined that no cask shipments conducted in 
1974. ARH-3034 RD, page 22 notes that a 100-ml bulk sample of strontium 
product was delivered to PNNL in Mav 1974 for studies relatin2 to WESF. 

None None None None Reviewed ARH-2416 RD and determined that no cask shipments conducted in 
1973. 

ToPNNL Loaded bowling ball cask with 65-gallons of strontium nitrate (330kCi) and 
shipped to PNNL [ARH-2441 RD, page 55 and 56 and PPD-493-11-DEL, page 
AIV-14]. 

None No shipments fPPD-493-10-DELl. 
None No sbioments [PPD-493-9-DELl. 
None No shipments fPPD-493-8-DELl. 
None No shipments fPPD-493-7-DELl. 

100 ToPNNL Loaded cask with 24.5-gallons of cesium product ( ~ 1 0OkCi) and shipped to PNNL 
f ARH-2441 RD. pa2e 29 and 30 and PPD-493-6-DEL. page AIV-221. 

ToPNNL Shipped 2.25-gallons of purified strontium-90 solution to PNNL [ARH-2441 RD, 
na2e 25 and PPD-493-5-DEL. na2e AIV-211. -

FromPNNL Received bowling ball cask with waste. Waste was combined with other low-
level waste and transferred to tank farms [ARH-2441 RD, page 23 and PPD-493-
5-DEL, page AIV-151. 

None No shipments fPPD-493-4-DELl. 
None No shipments fPPD-493-3-DELl. 
None No shipments fPPD-493-2-DELl. 
None No shipments [PPD-493-1-DELl. 
Nooe No shipments in December 1971 fPPD-489-DELl. 
ToORNL Shinned HAPO-IB cask rPPD-485-DEL. oa2e AIV-141. 
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Date 

November 1971 

October 1971 

October 6, 1971 

September 1971 

September 27, 1971 

September 2, 1971 

August 6, 1971 

August 4, 1971 

August 9, 1971 

July 1971 

July 1971 

July 1971 

June 1971 

Sr-90 

None 

2.31 
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Table 1. 212-B Cask Station Fission Products Shipment Information 
Inventory Shitioed (kilocuries) Reference 

Cs-137 Ce-144 Pm-147 Destination 
6,185 2,883 ToPNNL Shipped (Pm-FY-72-25 thru Pm-FY-72-30) six bowling ball casks November 1 

thru 8. Completes Pm-147 recovery program [PPD-485-DEL, pag~ AIV-14 and 
AIV-191. 

4,440 2,040 ToPNNL Shipped (Pm-FY-72-21 thru Pm-FY-72-24) four bowling ball casks October 26 
thru 29 [PPD-478-DEL, page AIV-13 and AIV-191. 

14.2 ToPNNL A cask containing 8-gallons of cesium product solution from B Plant tank 3 7-1 
was shipped to PNl\'L for process development and final purification for 
encapsulation [PPD-478-DEL, page AIV-13 and AIV-19]. 

9,250 3,682 ToPNNL Shipped (Pm-FY-72-12 thru Pm-FY-72-20) nine bowling ball casks September 2 
thru 27 rPPD-471-DEL, page AIV-15 and AIV-20]. 

None FromPNNL Received PNNL waste at 212-B cask station in a 20-ton bowling ball cask. Waste 
was blended with CAW solutions for processing to recover Cs-137 and Sr-90. 
Waste contained 0.15curies Eu-154, 52.8-grams Pu-239, and 1.1 curies Zr-Nb-95 
fPPD-471-DEL, page AIV-161. 

2.54 FromPNNL Received PNNL waste at 212-B cask station in a 20-ton bowling ball cask. Waste 
was blended with CAW solutions for processing to recover Cs-13 7 and Sr-90. 
Waste contained 1.67kCi Ce-Pr-144, 0.4kCi Cs-134, 2.54kCi Cs-137, 4.1-grams 
Pu-239, l.03kCi Ru-Rh-106, and 2.3lkCi Sr-89 + 90 [PPD-471-DEL, page AIV-
161. 

630 150 ToPNNL Shipped (Pm-FY-72-11) bowling ball cask [PPD-463-DEL, page AIV-14 and 
AIV-191. 

800 240 ToPNNL Shipped (Pm-FY-72-10} bowling ball cask [PPD-463-DEL, page AIV-14 and 
AIV-19]. 

380 ToORNL Shipped HAPO-1 C-1 cask [PPD-463-DEL, page AIV-15]. 
ORNL reported receiving 414kCi Cs-137 rPPD-478-DEL, page AIV-161. 

ToORNL Loaded HAPO-IC-1 cask with 3780kCi ofCs-137 for shipment to ORNL after 
railroad strike is resolved [PPD-458-DEL, page AIV-13]. 

FromPNNL Received a 20-ton bowling ball cask containing 133-gallons of waste from PNNL. 
Waste was processed with CAW to recover cesium and sttontium [PPD-458-DEL, 
page AIV-131. 

14,790 2,120 ToPNNL Conducted nine shipments (FY-72-1 thru FY-72-9). of Pm product to PNNL 
during July 1971 using 20-ton bowling ball cask [PPD-458-DEL, page AIV-121. 

8,380 3,340 ToPNNL Shipped eight 20-ton bowling ball cask (FY -71-1 thru FY-71-8) with Pm product 
separated during current acid waste batch 71-2. Shipments made from June 2 thru 
24 rPPD-445-DEL, page AIV-14 and PPD-453-DEL, na2e AIV-14 and AIV-211. 
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Date 

May 4, 1971 

March 17, 1971 

February 5, 1971 

January 20, 1971 

January 19, 1971 

January 15, 1971 

January 14, 1971 

November 2, 1970 

September 1970 

August 20, 1970 
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Table 1. 212-B Cask Station Fission Products Shipment Infonnation 
Inventory Shinoed {kilocuries) Reference 

Sr-90 Cs-137 Ce-144 Pm-147 Destination 
594 3 ToORNL HAPO-IB cask shipper (PPD-438-DEL, page AIV-14 and PPD-445-DEL, page 

AIV-151. ~•.-.-

ToORNL Loaded HAPO IB~l cask with-93kCi Sr-90 for shipment to ORNL [ARH-1895 
1, page 128 and ARH-1895 1, page 134]. Cask unloaded by eluting with IM 
nitric acid solution and reloaded in May 1971 [PPD-438-DEL, page AIV-14]. 

Not FromPNNL Unloaded high strontium waste from PNNL on February 4, 1971. Transferred to 
renorted AR Vault on .Februarv 7, 1971 [ARH-1895 1, page 611. 

11.2 ToPNNL Four-gallons of purified strontium solution tnnsferred to PNNL [ARH-1895 1, 
page 24 and PPD-413-DEL page AIV-131. 

Not Not Not Not FromPNNL Received and unloaded waste cask from PNNL {ARH-1895 l, page 24]. 
reported reported reported reported 

Not Not Not Not FromPNNL ARH-1895 1, page 20 
reported reported reoorted reported 

Not Not Not Not FromPNNL Unloaded 276-gaUon.s of waste from 30 ton cask [ARH-1895 l, page 16). 
reported reoorted reoorted reported 

425 ToORNL ARH-1205-RD-DEL, October 1970, page 4 and PR-REPORT-NOV70-DEL, page 
AIV-71 

1,290 ToPNNL Shipped cask that was loaded on August 24, 1970 [PR-REPORT-SEP70-DEL, 
pageAIV-61 

1,290 ToPNNL A 30-ton bowling ball cask containing 157-gallons of cerium was shipped to 
PNNL. The second ~d last scheduled cerium cask shipment was loaded on 
August 24, .1970, but not shipped due to leak in cask cell [PR-REPORT-AUG70-
DEL, page AIV-4 and AIV-6]. 
First fission product load-out via 212-B cask station conducted August 18, 1970. 
[ARH-1205-RD-DEL, August 1970, page 8] 
Note: 7MCi ofCe-144 bad been separated from the May and June CAW 
campaigns in B Plant. PNNL decreased order to 2MCi ofCe-144. Remainder 
discarded to tanks. rARH-1205-RD-DEL, August 1970, page 41 
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Date 

July 1970 

June 1970 

May 1970 

April 1970 

April 1970 

March 23, 1970 

March 1970 

October 1969 

August 1969 

Sr-90 
None 

None 

None 

54 

699 
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Table 1. 212-B Cask Station Fission Products Shipment Information 
Inventory Shinned (kilocuries) Reference 

Cs-137 Ce-144 Pm-147 Destination 
None None None None "In the future, the 212-B cask facility will be the sole load-out site for fission 

products. This decision was reached as a matter of policy to standardize cask 
loading and unloading procedures and thus enhance the safety aspects of cask 
work .... Cerium, that was in position to be loaded out via the fonner Cell 4 cask 
station will be moved down the canyon and loaded out on a priority basis for 
shipment to Battelle .... All of these changes in priorities and facilities will mean 
a 4 to 6-month delay in delivery of strontium to ORNL ( originally request for late 
FY1970)." 
[ARH-1205-RD-DEL, July 1970, page 2) 

None None None None 212-B cask station clean up completed and returned to normal condition. [ARH-
1205-RD-DEL, June 1970. pa2e 111 

None None None None " Authoriution has been received from AEC-RL to ship to ORNL the 
approximately 690 kilocuries of strontium-90 which were previously purified in 
the Semiworks. This material is presently stored at B Plant." [ARH-1205-RD-
DEL, Mav 1970, page 31 

Not FromPNNL Three operators received exposure to high-level radiation while attempting to 
reported unload cask from PNNL that contained Pm-147 waste on April 18, 1970. [ARH-

1205-RD-DEL. Amil 1970, page 131 
3,160 ToPNNL Concentrated cerium solution in Cell 5 evaporator in B Plant for shipment to 

PNNL. Made Three shipments ofCe-144 solution to PNNL on April 21, April 
23, and April 27 [PR-REPORT-APR70-DEL, 0a2e AIV-4 and AN-6]. 

ToPNNL Corrected March 1970 shipment record from 2 to 54kCi Sr-90 [PR-REPORT-
MAR70-DEL. page AN-5 and PR-REPORT-APR70-DEL. page AIV-61. 

ToPNNL A 30-gallon sample of cesium ion exchange waste was obtained from tank 241-
BX-110 and processed through a 4-inch diameter by 48-inch tall AW-500 ion 
exchange column located in the 212-B cask station to remove residual cesium 
The content of Rhodium, Palladium, and technetium in the sample was 0.04 
gm/gallon, 0.03 grams/gallon, and 0.09 grams/gallon, respectively [PR-REPORT-
MAR70-DEL page AIV-5]. 

5,400 ToPNNL Loaded and shipped four, 30-ton casks with cerium-144 that had been separated in 
the solvent extraction battery and concentrated in cell 5 within B Plant [PR-
REPORT-OCT69-DEL, page AIV-4 and ARH-1023-4-DEL, pa2es 18 to 231. 

From Sr The 699kCi of purified Sr-90 were transferred from tank E-4 in the Strontium 
Semiworks Semiworks to B Plant tank 35-1 for temporary storage. The Strontium Scmiworks 

was placed in layaway status [PR-REPORT-AUG69-DEL, page AN-31. 
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Date 

August 22, 1969 
August 5, 1969 

July 31, 1969 
July 30, 1969 
July 1969 

May 2, 1969 

Date 

April 9, 1968 
April 11, 1968 

July 1968 

September 1968 

December 1968 
January 16, 1969 

March 1969 

March 24, 1969 
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-
Table 1. 212-B Cask Station Fission Products Shipment Information 

Inventory Shipped (kilocuries) Reference 
Sr-90 Cs-137 Ce-144 Pm-147 Destination 

FromPNNL Unloaded one waste cask at 212-B fARH-1023-4-DEL, page 161. 
FromPNNL Unloaded one 200-gallon bowling ball cask at 212-B [ARH-1023-3-DEL, page 

491. 
FromPNNL Unloaded one cask [ARH-1023-3-DEL, oage 34). 
FromPNNL Unloaded one 500-gallon cask at 212-B fARH-1023-3-DEL, page 331. 

5,300 ToPNNL Conducted four cask shipments ofCe-144 from July 1 through July 7 [ARH-1023-
3-DEL. pages 1 to 71. 

Unknown FromPNNL "First use of the new (212-B) cask station was made May 9, when a 500-gallon 
bowling ball cask containing aged promethium process recovery waste from 
Pacific Northwest Laboratory was transferred to Tanlc 35-2. Two casks were 
unloaded this month." [PR-REPORT-MA Y69-DEL. page AIII-41. 

~ 
I -\0 
""' 

Table 2. B Plant Cell 4 Cask Station Fission Products Shipment Information fj 
Inventory Shinned (kilocurics) Reference t Sr-90 Cs-137 Ce-144 Pm-147 Destination 

3,000 ToPNNL Shipped two bowling ball casks. Cerium was separated in B Plant during first ~ 
solvent extraction run conducted in March 1968 [HAN-100127-DEL, page 

, 

AIII-3 HAN-100357-DEL, page AIII-3, and ARH-458-DEL, page 13 and 171. 
8,000 260 ToPNNL Shipped six casks containing Ce-144 and two casks containing Pm-147 [PR-

REPORT-JUL68-DEL, page AIII-3, ARH-647-DEL. pages 17 to 29, ARH-647-
DEL pages 39 and 431. 

12,300 ToPNNL Shipped five Promethium casks [ARH-N-82, page 7 and ARH-647-DEL, pages 
43, 56, 60, 61, and 641. 

1,050 ToPNNL Shinned cask number 8 to PNNL r PR-REPORT-DEC68, page AIII-41 . 
1,490 ToPNNL Shipped cask that bad been sitting on B Plant canyon deck since November 20, 

1968 [ARH-1023-DEL. page 21]. 
Unknown ToPNNL Approximately 5-gallons of cesium product solution from tanks 37-1 and 31-3 

were shipped to PNNL for use in encapsulation and PAS flowsheet studies. No 
inventorv reoorted [PR-REPORT-MAR69-DEL, -oa2e Aill-3]. 

Unknown ToPNNL Shipped 2,5-gallons of PUREX Acidified Sludge feed sample to PNNL for 
exnerimental lab work rARH-1023-DEL. page 141 l. 
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Date 

February 1968 

Januarv 1968 
November 1967 
. §~tember 1 _~._1 ?§1.. 
March 20, I 967 
February 27, 1967 
Januarv 27, 1967 
January 3, 1967 
December 1967 

October 31, 1966 
October 10, 1966 
Seotember 12, 1966 
July 7, 1966 
June 13, 1966 
May 8, 1966 

April 8, 1966 
March 4, 1966 
Februarv 7, 1966 
January 4, 1966 
October 18, I 965 
Seotember 13, 1965 
April 26, 1965 
Januarv 18, 1965 
Seotember 25, 1964 
May 4, 1964 
November 29, 1963 
Au2USt 2, 1963 
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Table 3. 241-C-801 Cask Station Fission Products Shipment Information 
Inventory in Shioment (kilocuries) Destination Reference 

Sr-90 Cs-137 Ce-144 Pm-147 
None Received notification to discontinue Cs-13 7 shipments to ORNL for remainder of 

fiscal vear 1968fHAN-99880-DEL, page AIII-31. 
100 ToORNL Shipment to ORNL fHAN-99604-DEL page AIII-31-
106 ToORNL Shipped two S_'I]'_casksj~N-99196-DEL, page AIII-31. 
112 ToORNL Shinned STT casks 45A and 46 [HAN-98749-DEL, page AIII-3] . 
113 ToORNL Shiooed STT casks 44 and 47 IHAN-97066-DEL, page AIII-41 
82 ToORNL Sbit>oed STT cask 48 and Model III IHAN-96805-DEL, page AIII-41. 
104 ToORNL ShioDed STT casks 45A and 46 [HAN-96590-DEL, page AIIl-5] . 
120 ToORNL Shipped STT casks 44 and 47 rHAN-96590-DEL, page AIIl-51. 

- Monthly report for December 1967 (HAN-93551-DEL) does not report a shipment 
in December 1967; only loading of the STT casks. However, ARH-N-82, page 4 
reports that 120kCi ofCs-137 were shipped on 12-5-1966 to ORNL. However, 
ARH-N-82 page 6 reoorts the same 120kCi of Cs-137 shinned in January 3, 1967 

109 ToORNL Shioocd STT casks 45A and47 fHAN-95918-DEL, page AIII-4]. 
112 ToORNL Shipped STT casks 44 and 46 rHAN-95918-DEL page AIII-4]. 
100 ToORNL Shiooed STT 45A and 48 l}IAN-95695-DEL, page AIII-41. 
120 ToORNL Shipped two STT casks rHAN-95284-DEL, page 131. 
74 ToORNL Shioned SIT casks 45A and 46 [HAN-95105-DEL, page 15]. 
83 ToORNL Shipped STT casks 44 and 48 [HAN-94842-DEL, page 18]. Inventory from ARH-

N-82. 
85 ToORNL ShipJ>ed STT cask 46 and 47 IHAN-94591-DEL, oage 141. 
120 ToORNL Shinned STT casks 44 and 45A [HAN-94330-DEL, page 151. 
99 ToORNL Shmt>ed STT casks 47 and 48 !HAN-94040-DEL, page 151. 
99 ToORNL Shinned STT casks 44 and 45A fHAN-93802-DEL, oage 13]. 
45 ToORNL Shiooed STT casks 47 and 48 (HAN-92954-DEL, page 141. 
68 ToORNL ShiPPCd two STT casks [HAN-92750-DEL, page 14]. 
215 ToORNL Shinned four STT casks fHAN-91499-DEL, page 151. 
218 ToORNL Shinned four S1T casks [HAN-90650-DEL, page 14]. 
185 ToORNL Shinoed SSTs casks fHW-84354, page A-3 and B~21 
211 ToORNL Four SSTs casks shinned rHW-82526, pa2e B-11. 
189 ToORNL Four SSTs casks sbit>oed fHW-79768, page B-11. 
210 ToORNL Four SST casks shipped [HW-78817, page 5 and A-3]. 
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Date 

May 24, 1963 
March 1963 

February 23, 1963 

Date 

August 1969 

February 27, 1969 

January 1968 
October 1967 

September 18, 1967 

July 1967 

June 1967 

May 1967 

November 1966 

October 1966 
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.Table 3. 241-C-801 Cask Station Fission Products Shipment Information 
Inventory in Shipment (kilocuries) Destination Reference 

Sr-90 Cs-137 Ce-144 Pm-147 
188 ToORNL Four SST casks shipped [HW-77795, oage 5 and A-3). 
200 No record of shipment in March monthly report (HAN-84757-DEL). ARH-N-82, 

page 2 reports shipment of200kCi ofCS-137 to ORNL on March 8, 1963. 
New cesium loading station placed in service at C-Fann (241-C-80 I) on February 
23, 1963. Loaded four SST casks each with 50kCi ofCs-137 [HW-76848, page G-
21. 

Table 4. Strontium Semiworks Cask Station Fission Products Shipment Information 
Inventory in Shi :>ment (kilocuries) Destination Reference 

Sr-90 Cs-137 Ce-144 Pm-147 
699 ToB Plant The 699kCi of purified Sr-90 were transferred from tank E-4 in the 

Strontium Semiworks to B Plant tank 35-1 for temporary storage. The 
Strontium Semiworks was placed in layaway status [PR-REPORT-AUG69-
DEL, paRe AIV-31. 

28 ToPNNL Shipped cask containing 40-liters of strontium product to PNNL [PR-
REPORT-FEB69-DEL, page Alll-3 and ARH-1023-DEL, page 93]. 

60 ToPNNL Shipment to PNNL rHAN-99604-DEL. page AIII-3). 
None None None None Strontium Semiworks shutdown. Washed solvent was transferred to tank 

14-2 at REDOX using a PNNL trailer fISO-651 RD, page 2561. 
150 200 ToPNNL Shippingport Am/Cm/Rare Earth material recovered at REDOX and semi-

purified at Semiworks was transferred in a cask to PNNL. Approximately 
2,820 curies Am-241, 4,830 curies Cm-244, 1,000 curies Eu-154 recovered 
aloJU? with Ce-144 andPm-147 fISO-651 RD, oa2e 245 - 2471. 

~1,200 ToPNNL Loaded two 200-gallon bowling ball casks with cerium product for delivery 
to PNNL fISO-651 RD page 180 and HAN-98343-DEL, page AIIl-31. 

~35 ToPNNL About 35kCi of Sr-90 se~t to PNNL in a 40.gallon sample cask [ISO•65 l 
RD, page 141 and HAN-98163-DEL, page AIIl-41. 

324 ToPNNL Loaded three 40-gallon PNNL casks with cerium and rare earth product 
rISO-651 RD, page 113 andHAN-97845-DEL, page AIII--41. 

300 FromPNNL Received 6 casks, e·ach containing 200-gallons of Ce waste and unloaded to 
tank 011 in 244-CR Vault l}IAN-96143-DEL, page AI11-41. 

2.65 ToPNNL 3.5-gallons of strontium-90 solution at approximately 200 Ci/1 were loaded 
into a I I-gallon PNNL samole cask flSO-75 RD, page 1631. 
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Date 

June 10, 1966 
May 2, 1966 
May 1966 
April 1966 
March 18, 1966 
March 18, 1966 
February 21, 1966 
February 4, 1966 
January 3, 1966 
December 13, 1965 
December 10, 1965 
November 29, 1965 
November 18, 1965 
October 1965 
ScotemberlO, 1965 
September 1965 

June 18, 1965 
May 14, 1965 
Aprill965 

March 19, 1965 
September 1 1, 1964 
July 6, 1964 
May 18, 1964 
March 23, 1964 
March 2, 1964 
Februarv 1964 
January 1964 
November 29, 1963 
November 22, 1963 
October 18, 1963 
October 7, 1963 

70400-03-SMM-003 

Table 4. Strontium Semiworks Cask Station Fission Products Shipment Information 
Inventory in Shi )IDent (k:ilocuries) Destination Reference 

Sr-90 Cs-137 Ce-144 Pm-147 
390 ToORNL Shiooed HAPO-IB-3 cask [HAN-95105-DEL, page 151. 
490 ToORNL Shiooed HAPO-11-2 and HAPO-IB-1 casks [HAN-94842-DEL, page 18]. 

1,080 ToPNNL Two Pm-147 shipments to PNNL rHAN-94842-DEL, oage 181. ·· - ·-
1,800 ToPNNL Two casks loaded and shipped [HAN-94591-DEL, page 14]. 

180 To Quehanna, PA Shinned HAPO-11-1 cask fHAN-94330-DEL, oage 151. 
730 .ToPNNL Shipped 200-23llon bowling ball cask [HAN-94330-DEL, page 15]. 

330 ToORNL Sinned HAPO-IB-3 cask fHAN-94040-DEL, page 151. 
160 To Quehanna, PA Shinned HAPO-11-2 cask fHAN-94040-DEL page 151. 
170 To Quehanila, PA Shiooed HAPO-11-1 cask llIAN-93802-DEL, page 131. 
430 ToORNL Shiooed HAPO-IB-1 cask rHAN-93551-DEL, page 13). 

195 ToPNNL Shinned 200-nllon cask [HAN-93551-DEL, va2e 1-31. 
420 ToORNL Shiooed HAPO-IB-2 cask fHAN-93300-DEL, page 131. 

150 To Ouehanna, PA Shiooed HAPO-II-2 cask fHAN-93300-DEL, page 131. 
430 ToORNL Shinned HAPO-IB-1 cask fHAN-92750-DEL, page 141. 
100 To Ouehanna, PA Sbiooed HAPO-Il-1 cask fHAN-92750-DEL, page 14J. · 

14 ToPNNL Shipped 40-gallon cask to PNNL. Pm-147 was from promethium ion 
exchange column run conducted at 222-S laboratory [HAN-92750-DEL, 
oa2e 141. 

120 ToPNNL [HAN-92077-DEL, page 14]. 
45 ToPNNL rHAN-91791-DEL, oa2e 181. 
125 ToPNNL Loaded out 125kCi of Pm-14 7 from Strontium Semiworks [HAN-91499-

DEL, page 141. 
340 ToORNL Shiooed HAPO-IB-1 cask rHAN-91198-DEL, page 16]. 
350 ToORNL Shioned HAPO-IB-1 cask rHW-84354, oa2e A-3 and B-11. 
420 ToORNL Shiooed HAPO-IB-2 cask rHW-83508, page B-21. 
120 ToORNL Shiooed HAPO Il-1 cask rHW-82526, page B-1 l. 
410 ToORNL Shiooed HAPO-IB-2 cask fHW-81620. page A-31. 

500 ToORNL Shiooed HAPO-IB-2 cask rHW-81620, page A-3]. 
30 ToHLO Shipped 40-gallons cask to HLO fHW-81078 , page B-11. 

110 To Quehanna, PA Cask shiooed [HW-80672, oa2e A-31. 
49 ToORNL ORNL Pm cask shinned fHW-79768, page B-11. 

140 ToORNL HAPO-11-1 sbiooed fHW-79768, page B-11. 
340 ToORNL HAPO-IB-1 cask shiooed [HW-79480 page A-3) . 
170 ToORNL HAPO-11-2 cask sbiooed rHW-79480, oa2e A-31. 
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Date 

Auirust 12, 1963 
Auirust 5, 1963 
Julv 19, 1963 
June 14, 1963 
May 31, 1963 
April 15, 1963 

March 1963 
March 22, 1963 
February 1963 

February 22, 1963 
(") December 31, 1962 
I - November 1962 

-..J 
-..J 

Seotember 29, 1962 
November 3, 1962 

July 6, 1962 
March 26, 1962 
March 2, 1962 
July 1961 

70400-03-SMM-003 

Table 4. Strontium Semiworks Cask Station Fission Products Shipment Information 
Inventory in Shi :>ment (lcilocwies) Destination Reference 

Sr-90 Cs-137 Ce-144 Pm-147 
470 ToORNL HAPO-IB-1 cask shiooed rHW-78817, page 5 arid A-31. 
140 To Quehanna;PA HAPO-11-1 cask shioocd rHW-78817, page 5 and A-31-
170 To Quehanna, PA HAPO-Il-2 cask shioned [HAN-83805-PTI, na2e 32]. 
160 ToORNL HAPO-11-1 cask shiDDed ffi.AN-85578-DEL, page 1 lJ. 
155 To Quehanna, PA HAPO-11-2 cask shinned {HW-77795, page 5 and A-31. 
170 ARH-N-82 page 2 reports 170kCi of Sr-90 shipped to ORNL on April 15, 

1963. Monlhly reporl for April 1963 (HAi"l-85001) does not report this 
shipment. 

100 ToORNL HAPO-1 cask sbioocd IHAN-84757-DEL, page 11 l. 
145 To Quehanna, PA HAPO-11-2 cask slunocd [HAN-84757-DEL, oa2e 111. 
50 ToHLO AHLO cask was loaded in the strontium nitrate form [HW-76848, page B-

1 J. 
170 ToORNL Shiooed HAPO-II-2 cask rHW-76848, page 51. 
165 To Ouehanna, PA Shinned HAPO-Il-2 cask rHW-76054, page 51. 
170 To Quehanna, PA Two HAPO-11 casks were loaded with approximately 335kCi ofSr-90 in 

November 1962. The monthly report does not mention shipment of either 
cask [HW-75702, page B-1]. Only one of the HAPO-11 casks containing 
165kCi of Sr-90 is reported as being shipped in December 1962 [HW-
76054, page 5]. Therefore, it is assumed that the other cask was shipped in 
November 1962. 

94 To Ouehanna, PA Shioocd HAPO-II-2 cask rHW-75145. nage 51. 
170 To Quehanna, PA HAPO-II-1 cask loaded with 170kCi ofSr-90 for shipment on August 3, 

1962 fHAN-80582-DEL, pa~e 241. 
130 To Ouehanna, PA Shiooed HAPO-II-2 cask rHW-74505, page 51 . 
140 ToORNL Shinned HAPO-II-2 cask IHW-73193, page 51. 
110 ToORNL ShippedHAPO-11-1 cask rHW-73193, oa2e 51. 
120 ToORNL Shipped HAPO-II-1 cask loaded at Hot Semi works rHW-70588, page B-1 l. 
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Date 

January 1961 
(See note 1) 
April 12, 1961 
(See note 1) 

June 1, 1961 
(See note 1) 
July 1961 
{See note 1) 
September 30, 1961 
January 19, 1962 
Au2USt 24, 1962 
September 1962 

December 1962 

Au2USt 1967 
September 29, 1967 

October 1967 

November 29, 1967 
April 30, 1968 
May 14, 1968 

June 1968 

June 1968 

July 1968 

70400-03-SMM-003 

Table 5. 212-A PUEX Cask Station Fission Products Shipment Information 
Inventory in Shipment (kilocuries) Destination Reference 

Sr-90 Cs-137 Ce-144 Pm-147 
Project B-42776, Secondary Containment building at PUREX Fission Product 
load-out station was conmleted on January 17, 1971 rHW-68345, page E-21. 

20 120 ToORNL Four shielded transfer tanks (SITs) were loaded with cesium separated from 
tank 241-A-103 supernatant in PUREX. Shipped HAPO-IA cask that was 
loaded with strontium that had been purified at Hanford Laboratories (HLO). 
Cask was loaded at HW IHW-69443, page 51. 

25 ToORNL HAPO-IA cask loaded at HLO was shipped on June 1, 1961 [HW-69803, 
page]. 

13.4 ToORNL Shipped HAPO-IA cask loaded at HLO [HW-70588, page B-1]. 

66 ToORNL Two STis loaded and shipped [HW-71187, page B-21. 
200 ToORNL Four STis were loaded and shiDDed to ORNL [HW-72551 , page B-1 l. 
177 ToORNL Four STTs were loaded and shiDDed to ORNL rHW-74804, page 51. 
30 ToHLO Conducted ferrocyanide precipitation test in PUREX head-end. Recovered and 

shipped to Hanford Laboratories (HLO) 30kCi ofCs-137 for packaging studies 
fHW-75145, page 51. 

199 Four SST casks loaded with cesium for shipment [HW-76054, page G-2]. 
Inventory reported as 199kCi ofCs-137 in ARH-N-82, page 2. 

FromPNNL Received and unloaded 15 casks of waste [HAN-98529-DEL, page AIIl-3]. 
FromPNNL Received and unloaded one 500-gallon bowling ball waste cask [ARH-58-

· DEL, page 2]. 
FromPNNL Received and unloaded twenty-six 500-gailon and four 300-gallon bowling 

ball waste casks f ARH-58-DEL, pages 14 to 41 l. 
1,340 ToPNNL Shiooed cask fARH-58-DEL, page 94]. 

ToPNNL ShiDDed one cask of sulfate-free 1 WW waste f ARH-458-DEL, page 431. 
FromPNNL Unloaded one cask. Contamination spread from vent line. Decontamination 

of cask station conducted r ARH-458-DEL, pages 73 to 791. 
FromPNNL Unloaded nine 300-gallon cask containing waste [ARH-458-DEL, pages 123 

to 127 and 141 to 143]. 
ToPNNL Shipped six casks that contained ~ 1,400-gallons of sulfate-free 1 WW waste to 

be used by PNNL for B Plant flowsheet studies and rhodium-palladium ratio 
studies fARH-458-DEL, pages 131 to 1451. 

FromPNNL Unloaded five cask containing waste fARH-647-DEL, pages 25 to 431. 
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Date 

July 25, 1968 

August 1968 

September 16, 1968 
Seotember 25, 196~_ . 
Februarv 10, 1969 
October 1969 
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Table 5. 212-A PUEX Cask Station Fission Products Shipment Information 
Inventory in Shipment (kilocuries) Destination Reference 

Sr-90 Cs-137 Ce-144 Pm-147 
FromPNNL Received and flushed the 200-gallon Promethium load-out cask. Cask sent to 

B Plant on July 25, 1968 rARH-647-DEL, page 351. 
FromPNNL Unloaded six 300-gallon and two 500-gallon casks containing waste (ARH-

647-DEL, pages 54 to 781. 
FromPNNL Unloaded one cask containing waste rARH-647-DEL, page 1251. 
FromPNNL Unloaded one 200-gallon cask containing waste [ARH-647-DEL, page 1391. 
FromPNNL Unloaded one cask containing waste fARH-1023-DEL, page 691. 
ToPNNL Shipped six bowling ball casks with sulfate-free lWW waste (ARH-1023-4, 

pages 10 to 161 
-
1 lnitial shipments of Sr-90 to HLO. This strontium was made into a 5-watt electric heat source for the Weather Bureau {HW-70998]. 
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FLUOR DANIEL NORTHWEST, INC. 
1 lOOJodwin 
P.O. Box 1050 
Richland, Washington 99352-1050 

FDNW-RJP-98-028 

September 2, 1998 

Mr. Jerry W. Cammann 
Lockheed Martin Hanford Company 
P.O. Box 1500 R2-l l 
Richland, Washington 99352 

Dear Mr. Cammann: 

BEST BASIS INVENTORY DKPRO CODE RUN ADDITIONAL SCOPE - · 
RADIONUCLIDES UNCERTAINTY ESTIMATE CALCULATIONS 

Reference: Letter, L. N. Cortez to R. T. Steen, "Funding Authorization -
Task Order 43-06-01, Best Basis Inventory DI<PRO Code Runs, P.O. A42243, 
Line Item 6," LMHC-9854182, dated May 12, 1998 

The attached report documents studies that Lockheed Marti.n Hanford Company requested of the 
Specialty Engineering Department within Fluor Daniel Northwest, Inc. to estimate errors in the 
nuclear data input to theHanford Defined Waste Mode\. This report completes the deliverables 
for Task 2 identified in the Reference. 

Sincerely, 

Mm~ 
Manager 
Environmental & Nuclear Initiatives 

~vJLJ 
RJP:DWW:gjr 

Attachment 

c: C. H. Brevick, FDNW 
S. H. Finfrock, FDN\V 
R. W. Hannsen, LMHC 

D.S. Leach, FDNW 
R A. Watrous, LMHC 
D. W. Wootan, FDNW 
RJP File/LB 
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CONTRIBUTIONS TO UNCERTAINTY IN HANFORD DEFINED WASTE MODEL 
INVENTORIES FROM RADIONUCLIDE SOURCE FILES 

Prepared by 

FLUOR DANJEL NORTHWEST, INC 

August 1998 

Prepared for 

LOCKHEED MARTIN HANFORD COMPANY 

Task Order LMHC96WO-0006-0406 l 

D. W. Wootan, Technical Author 

.. 
S. H. Finfrock, Reviewer 
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Contributions to Uncertainty in Hanford Defined Waste Model Inventories from Radionuclide 
· Source Files 

Scope 

The uncertainty and potential biases introduced in the Hanford Defined Waste Model (HDW) 
radionuclide inventories by the process of generating the radionuclide source input were evaluated 
by identifying and quantifying the major contributors to uncertainties and biases in the nuclear 
data and methods. The intent of this study was to examine major aspects of the nuclear data 
treament that could bias or introduce substantial uncertainties to the HDW inventories. The 
parameters examined included actinide and activation product cross sections, variations based on 
fuel type and the specific reactor in which the fuel was irradiated, fission product yields, and half 
lives. Additional uncertainties and biases contributed by the HDW model assumptions, such as 
the practice of applying separations factors after all the radioisotopes had been decayed to a 
reference date, are described in other reports. 

Background 

Best Basis tank waste inventories consist of25 chemicals and 46 radionuclides on a global and 
tank-specific basis, representing greater than 99.9% of the chemical mass and radionuclide 

· activity. The best-basis inventory was developed by considering actual sampling data, computer 
model predictions generated by the Hanford Defined Waste Model (HDW), and engineering 
analyses of historical records such as process flowsheets and material purchase invoices. The 
HOW model was relied upon heavily to generate the best basis inventory for the radionuclides due 
to the lack of analytical information. Radionuclide inventory uncertainties are needed to help 
reconcile global and tank-specific inventories and support tank waste privatization efforts. The 
current version of the best-basis inventory does not provide information regarding radionuclide 
uncertainties. Uncertainties are inherent in the process of generating the radionuclide input to the 
IIDW model, arising from both basic nuclear data uncertainties and modeling assumptions. 

DKPRO Input to BDW Model 

The primary radionuclide input to the HOW model consists of a file of "pre-decayed" isotopic 
inventories (Fuel Activity Records) generated using the ORIGEN2 (Croff 1980, Wittekind 1994) 
and DK.PRO (Schmittroth 1997) codes. The ORIGEN2 code is used to calculate initial · 
radionuclide inventories as a function of fuel type, fuel bumup, and reactor type, with subsequent 
decay and processing computed by the DK.PRO code. Input to the DKPRO code includes an 
archive file of separations processing records by fuel batch, a file of processing directives, a file of 
summary directives, and a set of ORIGEN2 inventory files representing unprocessed radionuclide 
inventories. The DKPRO code solves the general problem of modeling complex nuclear waste 
streams using ORIGEN2 radionuclide production files. The processing directives input to 
DKPRO are used to control the removal or splitting of waste streams. Each .fuel batch record 
contains data on fuel type, fuel tonnage, exposure, separations, date, and cooling time. For each 
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separations processing record, DKPRO calculates the radionuclide activities in that batch of fuel 
by interpolating on the ORIGEN2 generated inventory files as a function of fuel type and fuel 
exposure (MW d/MfU), and then performing decay calculations and whatever processing 
instructions are provided in the process directives file or the fuel records file. Output from the 
DKPRO code is approximately 1300 Fuel Activity Records of pre-decayed radionuclide values, 
each record representing the curies associated with a batch of fuel processed by month (or shorter 
period) through individual separations plants, but modeled as though the fuel was held 
(unseparated) until the reference decay date of January 1, 1994 (Watrous 1997). For generating 
the input needed for the HDW model, no processing of the fuel or removal of constituents is done 
with DKPRO. Since the DK.PRO code (as currently used in generating HOW input) primarily 
performs the functions of interpolation and decay on the ORIGEN2 inventory files, the major 
sources of the HDW input radionuclide inventory uncertainty arise from the ORIGEN2 source 
files. The major sources of uncertainty explored in this study include single pass reactor actinide 
and activation product cross sections, fission product yields, and half lives. 

Reference ORIGEN2 Actinide Cross Sections For Generating Radionuclide Inventories 

The ORIGEN2 code is used to generate initial radionuclide inventories as a function of fuel type, 
fuel burnup, and reactor type for input to the DKPRO code. A base set of cross sections was 
used for both N reactor and single pass reactor ORIGEN2 calculations, with various adjustments 
to the cross sections included as part of the ORIGEN2 input for each case. The reference 
ORIGEN2 cross section library includes cross section sets generated specifically for N reactor 
fuel. Separate ORIGEN2 cross section sets did not exist for single pass reactor fuel. The N 
reactor cross sections for ORIGEN2 were initially created by modifying selected actinide capture 
and fission cross sections in an existing base set of cross sections. The actinide (n,2n) cross 
sections and all activation product and fission product cross sections were not changed from the 
original set. Table I lists the four cross section sets available in the standard ORIGEN2 library 
for :MK-IV inner and outer fuel ~lements and MK-lA inner and outer fuel elements. Burnup 
dependent cross sections were not used. 

Table 1. ORIGEN2 N Reactor Cross Section Identifiers 

Fuel Type Activation Fission Product Actinide 

MK-IV inner 411 413 412 

MK-IV outer 421 423 422 

MK-IA inner 431 433 432 

:MK-IA outer 441 443 442 
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The following adjustments in_generating the ORIGEN2 input to DKPRO (Watrous 1997) were 
made for N Reactor fuel: 

• The 231U cross section was adjusted to correct the (n,2n) reaction that leads to 237Np. 

• The l-4J Arn capture cross section was adjusted to correct a problem in the original N 
Reactor cross sections. 

The following adjustments in generating the ORIGEN2 input to DKPROwere made for Single 
Pass Reactor fuel: 

• The N reactor MKIV inner element cross section set was used. with the 235U fission cross 
section adjusted to match the plutonium conversion rates for the single pass reactor fuel. 

The following adjustments in generating the ORIGEN2 input to DKPRO were made for the 
thorium fuel: 

• The 232Th capture cross section was adjusted to match the known 233U production based 
on an average flux level from the driver fuel. 

Evaluation of ORIGEN2 Single Pass Reactor Actinide Cross Sections 

In order to assess the adequacy of these cross sections for representing single pass reactor fuel 
conditions, the MCNP code (Briesmeister 1993) (Carter 1996) was used to model a 
representative single pass reactor fuel element. Details of the MCNP model are provided in the 
Appendix. Cross sections derived from this model are compared with those used in the reference 
ORIGEN2 calculations (Watrous 1997) in Table 2. 

Comparison With Plutonium Conversion Equations 

Little information is available on single pass reactor fuel isotopic inventories as a function of 
burnup. Plutonium conversion equations for both natural and enriched single pass reactor fuel for 
different reactors (Roblyer 1994) were used to evaluate the accuracy of the ORIGEN2 cross 
sections that were used to generate the initial inventory files for DKPRO analysis. The single pass 
reactors were treated as three groups. The first group contained B, D, DR, F, and H reactors, the 
second group contained C reactor, and the third group contained KE and KW reactors. Separate 
conversion equations were available for these three groups. The conversion equations also 
distinguished between cored and slug fuel. ORIGEN2 calculations were made using the reference 
single pass reactor cross sections (Watrous 1997) and the MCNP generated cross sections. Table 
3 shows the comparison of plutonium production and 2'°Pu content for the conversion equations 
and direct ORIGEN2 calculations for 800 MWd/MT single pass reactor fuel. 
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T bl 2 C a e ompansono fORIGEN2 dMCNP C an - ross ecttons or mg1 e ass ea or u S . f1 s· l P R ct F el. 

ORIGEN2 cross MCNPcross MCNP/ 
Isotope Reaction section barns section barns ORIGEN2 

suound excited Rround excited 
l35u ny l.32e+0l 2.20e+0I 1.670 

n2n 2.70e-03 I.25e-03 0.463 

nf 9.00e+Ol l.14e+02 1.269 
236u ny 7.9le+00 7.76e+O0 0.981 

n2n 2.64e-03 l.25e-03 0.471 

nf 1.40e-01 2.20e-0l 1.515 
237u ny 4.42e+0l 9.69e+0l 2.193 

n2n 0.00e+00 3.68e-03 -
nf 2.32e-0l 7.25e-0l 3.126 

23•u ny 6.76e-0l 8.92e-0l 1.320 

n2n 2.50e-03 2.38e-03 0.952 

nf 6.86e-02 5.97e-02 0,870 

2l'No ny 4.13e+0l 6.23e+Ol 1.509 

n2n 2.75e-04 2.25e-04 0.820 

nf 5.24e-0l 3.34e-0l 0.637 
23'Np ny l.79e+0l 4.lOe+0l 2.289 

n2n 0.00e+00 2.30e-03 -
nf 1.78e+02 4.07e+02 2.289 

mpu ny 3.47e+0l 9.18e+0l 2.645 

n2n l.67e-04 7.17e-04 4.288 

nf 2.47e+00 3.74e+00 1.513 
23l>pu ny 9.00e+0l l.65e+o2 1.837 

n2n l.12e-03 5.22e-04 0.467 
nf l.60e+02 2.95e+02 1.845 

240pu ny 2.55e+02 2.88e+02 1.130 
n2n 4.48e-04 2.3le-04 0.515 

nf 4.22e-0l 4.04e-Ol 0.957 
2•1pu ny 6.6le+0l 1.15e+02 1.746 

n2n 7.52e-03 3.42e-03 0.456 

nf l.6Ie+02 3.10e+02 1.928 
242Pu ny 3.0le+0l 3.l8e+0l 1.123 

n2n 2.3le-03 9.90e-04 0.429 

nf 4.15e-0l 2.76e-0l 0.665 

· 4 

C-195 . 



RPP-198.22 Rev. 0 

-. 
-ORIGEN2 cross MCNP cross MCNP/ 

· Isotope Reaction section barns section barns ORIGEN2 
mAm ny 1.8le+02 2.24e+0l 2.20e+02 2.73e+0l 1.219 

n2n 3.28e-04 l.89e-04 0.577 

nf l.12e+OO l.67e+O0 1.495 
2-tlmAm ny 9.80e+01 3.8le+02 3.883 

n2n 5.67e-03 l.87e-03 0.330 

nf 4.66e+02 l.86e+03 3.999 
243Am ny 3.02e+00 5.73e+0l 3.3le+00 6.28e+0l 1.097 

n2n 2.07e-04 l .24e-04 0.599 

nf 3.46e-01 2.68e-01 0.773 
242Cm ny 5.80e+00 7.03e+00 · 1.212 

n2n 5.30e-05 2.84e-05 O.S36 
nf 5.59e-01 8.00e-01 1.431 

243Cm ,nY 8.39e+00 l.80e+Ol 2.149 

n2n 3.69e-03 l.82e-03 0.493 

nf 7.17e+0l l.9le+02 2.669 
2«cm ny l.38e+0l l.40e+0l 1.014 

n2n l.0Se-03 5.90e-04 0.563 

nf 8.75e-0l 7.28e-01 0.832 

Table 3. Comparison of Pu Production and 24°I>u Content With Conversion Equations for 800 
MWd/MT SPR Fuel 

SPR Natural U SPR Enriched U 

Reactor g}>u/MT %24°.Pu ~u/MT %2-'°I>u 

Conversion EQuations Solid Siu~ Fuel 

B,D,DR,F,H 675 7.11 

C 688 6.65 

KE.KW 735 6.73 

Conversion Equations Cored Slug Fuel 

B,D,DR,F,H 662 7.11 559 5.23 

C 674 6.65 564 5.16 

KE.KW 720 6.73 606 5.02 

ORIGEN2 Calculations SPR Fuel 

Reference SPR Cross Sections 710 4.51 566 3.63 

MCNP SPR Cross Sections 714 6.53 574 5.25 
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The plutonium production fr9m the conversion equations reveal a 10% range of values among the 
different fuel and reactor types. A similar range of 1 O¾ or less is found for the 2'°Pu content. 
Both the reference SPR ORIGEN2 cross sections and the MCNP based SPR cross sections 
predict the plutonium production within the range of the variation by reactor type. However, the 
reference ORIGEN2 cross sections underpredict the 2-eoi>u content by about 30-35%, while the 
MCNP cross sections are within 10% of the conversion equation values. 

Activation Product Cross Sections 

The same single pass reactor fuel MCNP model was also used to evaluate the adequacy of the 
ORIGEN2 library cross sections for selected activation products. Table 4 compares the effective 
one group cross section for the reactions leading to the activation products uc. 59Ni, 60Co, and 
63Ni, and the cross sections for burnout of "Ni and 63Ni. This table shows that the reactions 
leading to the production of the important activation products would be biased low by as much as 
a factor of two using the reference SPR cross sections. The reference N Reactor cross section 
sets also do not contain activation cross sections generated specifically for N Reactor. Therefore, 
the same methods were used to compare N Reactor activation product cross sections. Table S 
shows this comparison for MK-IV fuel. The MCNP generated cross sections ranged from 
approximately 10 to 40 percent higher than the reference values. The larger differences for Single 
Pass Reactor fuel compared to N reactor fuel is consistent with the actinide cross section 
compansons. 

T bl 4 C a e ompansono cttvat1on ro uct mge ass eactor f A . . P d s· l P R C ross s ectaons 
Reaction MCNP Cross ORIGEN2 Cross MCNP/ 

Section, barns Section, barns ORIGEN2 
14N(n,p)14C 0.394 0.192 2.058 

s'Ni(n,g)s9Ni 0.983 0.567 1.733 

'9Ni(n.~)60_Ni 19.099 10.870 1.757 
59Co(n.2)60Co 9.456 5.556 1.702 
62Ni(n.R)63Ni 3.035 1.529 1.985 

T bl 5 C a e . panson o om1 c1vaton ro uct fAf f Pd C ross s £ NR ecttons or eactor - ue MK IVF 1 

Reaction MCNP Cross Section, barns ORIGEN2 Cross MCNP/ 
Section barns ORIGEN2 

inner outer total mner outer inner outer 
i•N(n,p )uC 0.257 0.301 0 .288 0.192 0.230 1.342 1.308 
51Ni(n. y)'9Ni 0.630 0.745 0.709 0.567 0.692 1.llO 1.075 
'~i(n,y)~i 13.007 1S.245 14.555 10.870 12.740 1.197 1.197 
59Co( n, y )60Co 6.716 7.640 7.355 5.556 6.503 1.209 1.175 

'2Ni(n.v)63Ni · 1.930 2.291 2.179 1.529 1.866 1.263 1.227 

6 

C-197 

. I 



.. 
RPP-19822 Rev. 0 

Impact on Radionuclide lnyentory of Single Pass Reactor Cross Section Adjustments 

The DKPRO code was used to assess the impact on radionuclide inventories .from changing the 
single pass reactor cross sections in ORIGEN2 to reflect the MCNP generated values. New 
ORIGEN2 initial inventories for single pass reactor fuel were generated and input to the DKPRO 
code. Table 6 shows the ratio of the total radionuclide inventory using the new single pass 
reactor cross sections with the reference calculation. 

The amount of change in radionuclide inventory varies with the processing plant due to the 
amount of single pass reactor fuel processed in each plant. The amount of 14C, nNi, and 63Ni 
increased by up to 50% due to the higher capture cross sections. Smaller differences in other 
fission products are likely due to changes in the relative proportion of fissions from 2350, 231U, and 
239.Pu, with corresponding changes in the fission product yields for sensitive isotopes. For the 
actinides, the main changes were an increase in the inventories of2"°Pu, 241Pu, 242.Pu, and 241Arn 
due to higher neutron capture cross sections. 

Fuel and Cladding Impurities 

A previous study (Wootan 1998) investigated the effects of time dependent impurit1es on the 
inventory of key radionuclides. The concentration of nickel, nitrogen, and 2315U impurities in fuel 
and cladding varied significantly from the l 940's to the l 980's. This time variation was 
approximated by making additional ORIGEN2 inventory files with modified material 
compositions. Each fuel type was categorized by year of reactor discharge as shown in Table 7. 

Table 8 shows the ratio of the radionuclide curie inventories in the revised analysis to the 
inventories in the reference DK.PRO calculations (Watrous 1997) for the principal radionuclides 
affected by the half-life and impurity concentration changes. The net effect of the time dependant 
nickel impurity concentration change was a reduction in the 59Ni and 63Ni inventories in the fuel 
processed through B, T, and Redox, but an increase in the inventories in the fuel processed 
through Purex. Conversely, the net effect of the time dependent nitrogen impurity was an 
increase in the inventory of 14C in fuel processed through B and T plants, but a reduction in 14C in 
fuel processed through Redox and Purex. The time dependant 236U impurity concentration 
resulted in a reduction in the 231Np inventory in fuel processed through Redox and Purex. The 1.0 
ppm of cobalt added to all of the fuel increased the inventory of60Co by a factor of2.6. The 1.0 
ppm of chlorine added to the fuel resulted in the production of approximately l O Curies of 36Cl, 
which did not appear in the previous analysis. 
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-- - -d' lide I ·c For Sin~Ie Pass R1 Cross Section Changes 

Radioisotope Radioisotope loycnto~ with Modifi~d Sinalc fass Reager Cmss S~ticns 
Radioisotope Inventory with Ori.irinal Single Pass Reactor Cross Sections 

T-plant B-plant Redo,c: Purex Total 
3H 0.980 0.980 0.989 0.992 0.991 
14c 1.634 1.634 1.581 1.477 1.500 

60Co 1.198 1.197 1.163 1.052 1.058 

59Ni 1.269 1.269 1.253 1.238 1.242 
63Ni 1.448 1.448 1.427 l.401 1.408 
79Se 0.980 0.980 0.983 0.983 0.983 
90Sr 0.998 0.998 0.994 0.992 0.992 
90y 0.998 0.998 0.993 0.992 0.993 
9lzr 0.997 0.998 0.995 0.995 0:995 

93"Nb 0.998 0.998 0.995 0.995 0.995 
99Tc 1.001 1.001 1.002 1.002 1.002 
t06Ru 1.004 1.039 1.061 ·1.000 1.000 

113111Cd 0.821 0.821 0.846 0.877 0.871 
126Sn 0.896 0.896 0.917 0.925 0.923 
125Sb 0.854 0.857 0.892 0.990 0.989 

1291 0.985 0.984 0.996 0.998 0.997 
134Cs 0.796 0.789 0.845 0.997 0.997 
137Cs 1.002 1.002 1.004 1.003 1.003 
m!DJ3a 1.002 1.002 1.004 1.003 1.004 
msm 1.024 1.024 1.059 1.062 1.060 
rnEu 0.824 0.826 0.866 0.913 0.907 
1,"Eu 0.779 0.779 0.814 . 0.896 0.888 
1"Eu 1.077 1.086 1.164 1.086 1.091 
22'Ra 1.002 1.002 i.003 1.003 1.003 
22•Ra 1.330 1.331 1.123 1.000 1.000 
221Ac 0.997 0.997 0.996 1.000 1.000 
229Th 0.792 0.792 0.798 1.000 1.000 
232Tb 1.330 1.330 1.120 1.000 1.000 
2320 0.761 0.761 0.748 1.000 1.000 
2330 0.789 0.789 0.798 1.000 1.000 
mu 1.002 1.002 1.004 1.004 1.003 
mu 0.998 0.998 0.996 0.996 0.997 
2360 1.331 1.330 1.113 1.156 1.147 
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Radioisotope RadiQiSQto11c IID:'.cotoll! with Modifh:d Sioalc fass Reactor Cross Sections 
Radioisotope Inventory with Original Single Pass Reactor Cross Sections 

nsu 0.999 1.000 1.000 1.000 · 1.000 
:U7Np 0.783 0.783 0.800 0.843 0.833 
23'Pu 0.912 0.912 0.922 0.949 0.945 
239pu 1.022 1.022 0.992 0.985 0.988 
z40pu 1.494 1.495 1.424 1.346 1.361 
l41pU 1.287 1.283 1.207 1.121 1.129 
2-'2pu 1.744 1.752 1.414 1.248 1.267 

241Am 1.287 1.285 1.221 1.170 1.179 
2.i1Am 1.541 1.547 1.132 1.065 1.071 
20cm 1.019 1.027 1.009 1.002 1.002 
243cm l.152 1.153 1.012 1.005 l.005 
244Cm 1.328 1.332 1.020 1.007 1.008 

Note: The TOTAL column is the ratio for the total inventory, and corresponds to the weighted 
average of the plant columns. 

bl T' D d I Ta e7. 1me epen ant mpunt1es 

Fuel Type Reactor Ni ppm Nppm 236Uppm 
discharge (clad) (fuel) (fuel) 

year 

AL-0.71UA 1944-1958 . 100 65 0 

AL-0.71UB 1959-1989 11000 17.5 0 

AL-0.94U 1944-1989 11000 17.5 60 

ZR-0.94UA 1944-1971 550 17.5 100 

ZR-0.94UB 1972-1980 550 8.0 300 

ZR-0.94UC 1981-1989 550 9.3 500 

ZR-1.lUA* 1944-1971 550 17.5 200 

ZR-1.lUB* 1972-1980 550 8.0 400 

ZR-1.IUC* 1981-1989 550 9.3 650 

ZR-2.lU 1944-1989 550 17.5 110 
* ORIGEN2 creates 1.1 fuel as a combination of 0.94 and 1.25. The listed impurities are for the 
1.25 portion. The 0.94 portion uses the 0.94 impurities. 
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Table 8. Principal Changes i": Radionuclide Inventories - Ratio of Curie Inventory Using Time 
Deoendent Impurities to Previous Inventorv (from Table 5.1 in Wootan 98) 

Nuclide T-Plant B-Plant Redox Purex Total 

uc 1.283 1.284 0.801 0.445 0.534 

60Co 3.178 3,163 3.064 2.566 2.593 

S9Ni 0.243 0.243 0.719 1.048 0.954 

63Ni 0.249 0.249 0.734 1.051 0.964 

237Np 1.000 1.000 0.729 0.905 0.872 

Fission Product Half Lives 

Table 9 compares the half lives of the 46 radionuclides in the ORIGEN2 library with more recent 
reference values and uncertainties (Chu 1998, Zhang 1996, Yu 1993, and Chunseng 1997). With 
a few exceptions (63Ni, 79Se, 93'"Nb, 126Sn, and 221Ra) the halflife uncertainties or differences are 
5% or less. · 

A previous study (Wootan·1998) investigated the effects of using updated values of selected 
fission product half lives on the inventory of key radionuclides. The half lives of the radioisotopes 
79Se, 93"Nb, and 126Sn in the ORIGEN2 and DKPRO decay libraries were modified to reflect 
recent evaluations. The old and new half life values are shown in Table l 0. 

New measurements in China of the 79Se half-life (Yu 1993 and Chunseng 1997) indicate a much 
longer half-life ( 4.8 ES years and 11.3 ES years, respectively) than previously used (0.65 ES 
years). The new half-life value was taken as the average of these two measurements. with an 
uncertainty of 40% that bounds the two values. A new Chinese measurement (Zhang 1996) of 
the 126Sn half-life increases that value from 1.0 E5 years to 2.5 ES years, with an uncertainty of 
9.4 %. The 93'"Nb half life was also updated to reflect more recent evaluations (Chu 1998). 

As shown in Table 1 I, the net effect of the half-life changes was a reduction by a factor of 0.40 in 
the Curie inventory of 126Sn, a reduction by a factor of0.08 in the inventory of 79Se, and a 
reduction by a factor of0.93 in the inventory of93"'Nb. The actual amount of 126Sn and 79Se in 
tenns of grams of material hardly changed, but the number of Curies represented by these 
amounts changed by the inverse ratio of the new to old half-lives. The uncertainties in the half 
lives translates directly into uncertainties in Curie inventories for these radioisotopes. 
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T bl 9 C a e . ompanson o a 1onuc 1 e 1ves fR d' I'd HalfL' 

ORIGEN2 Reference Reference/ 
Radioisotope Half-life. vears Half-life. vears Uncertaintv. % ORIGEN2 

3H l.23e+0l l.23e+Ol 0.49% 0.998 

i•c 5.73e+03 5.73e+03 0.70% 1.000 
60Co 5.27e+O0 S.27e+00 0.01% 1.000 
S9Nj 8.00e+04 7.60e+04 6.58% 0.9S0 

°Ni 9.20e+Ol 1.00e+02 2.00% 1.088 
79Se 6.50e+04 8.05e+05 40.00% 12.385 
90S r 2.9le+Ol 2.88e+0l 0.14% 0.988 
ll<ly 7.J0e-03 7.Jle-03 0.12% 1.001 
93zr l.53e+06 l.53e+06 6.54% 1.000 
9~ 1.36e+0l l.61e+Ol 0.87% 1.186 

~c 2.13e+05 2.lle+OS 0.57% 0.991 

i°'Ru 1.0le+00 l.02e+O0 0.04% 1.015 
mmcd l.46e+0l l.4le+Ol 3.55% 0.966 
126Sn l.00e+0S 2.50e+05 9.40% 2.500 
125Sb 2.77e+00 2.76e+O0 0.04% 0.996 
l~ l.57e+07 l.57e+07 2.55% 1.000 
134Cs 2.06e+00 2.06e+O0 0.0S% 1.001 
137Cs 3.00e+0l 3.0le+Ol 0.10% 1.002 . 
mmBa 4.85e-06 4.SSe-06 0.04% 1.000 
msm 9.00e+0l 9.00e+Ol 8.89% 1.000 
152Eu l.36e+0l l.35e+0l 0.04% 0.995 
i,.Eu 8.60e+00 8.59e+00 0.05% 0.999 
mEu . 4.96e+00 4.76e+00 0.03% 0.960 
226Ra l .60e+03 l.60e+03 0.44% 1.000 
n•Ra 6.70e+00 · 5.75e+00 0.52% 0.858 
217Ac 2.18e+0l 2.18e+0l 0.01% 1.000 
229Th 7.34e+03 7.34e+0J 2.18% 1.000 
232Th l.4le+ 10 l.4le+l0 0.43% 1.000 
mu 7.20e+0l 6.89e+Ol 0.58% 0.957 
2330 l.59e+05 l.59e+05 0.00% 1.004 
234u 2.45e+05 2.46e+05 0.24% 1.004 
2350 7.04e+08 7.04e+08 0.07% 1.000 
236u 2.34e+07 2.34e+07 0.00% 1.000 
mu 4.47e+09 4.47e+09 0.07% 1.000 
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ORIGEN2 Reference Reference/ 
Radioisotope Half-life, years Half-life, years Uncertainty, % ORIGEN2 

237Np 2.14e+06 2.14e+06 0.33% 1.002 
2J1p0 8.77e+ol 8.77e+Ol 0.34% 1.000 

2l9J>u 2.4le+04 2.4le+04 0.12% 1.002 
i40pu 6.54e+03 6.56e+-03 0.11% 1.004 
wpu l.44e+0l 1.44e+0l 0.70% 0.997, 
mpu 3.87e+05 3.73e+05 0.32% 0.965 
mAm 4.32e+02 4.32e+02 0.16% 1.000 
243Am 7.38e+03 7.37e+03 0.54% 0.999 
242Cm 4.47e-0l 4.46e-0l 0.00% 0.998 
243Cm 2.85e+0l 2.9le+0l 0.34% 1.021 
244cm 1.8 le+0l 1.Sle+-01 0.11% 0.999 

T bl IO H If rn Ch a e a - 1 e anges 

Isotope Old Half Life New Half Life 
(Seconds) (Seconds) 

79Se 2.050El2 2.540El3 

9J"'Nb 4.292E08 5.081E08 

126Sn 3.156El2 7~890El2 

Table 11. Principal Changes in Radionuclide Inventories - Ratio of Curie Inventory Using Revised 
Half-Lives to Previous Inventorv (from Table 5.1 in Wootan 1998) 

Nuclide T-Plant B-Plant Redox Purex Total 

79Se 0.081 0.081 0.081 0.081 0.081 
!11~b 0.948 0.952 0.936 0.927 0.930 
126Sn 0.400 0.400 0.400 0.399 0.399 

Note: These values only reflect changes in the inventory expressed in Curies. Different factors 
would apply for inventories expressed in grams. 
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Fission Product Yields 

The fission product yields used in generating the HOW input radionuclide inventories are 
contained in the ORIGEN2 library. The fission product yield data in the ORIGEN2 library dates 
to prior to 1980 (Croff 1980}. No uncertainty information is included in the library. The 
cumulative fission product yields from 235U fission ( obtained by summing the individual chain 
yields in the ORIGEN2 library) are compared with reference values (England 1994) and their 
stated uncertainties in Table 12. Except for "'Se and 126Sn, the reference value uncertainties are 
4% or less. These results show that ORIGEN2 overpredicts the production of7'Se, 113111(;d, msb, 
121'Sn, 129:r, and mEu by 10-30%. Yields for the other fission products agree within 5%. 

T bl 12 e a e ompansono 1ss1on ro uct lC fF" . P d y· ld s 
Fission Product ORIGEN2_ ENDF/B-VI ENDF/B-VI 

vield % yield,% ¾unc. ORIGEN2 
79Se 5.29e-02 4.47e-02 8.0 0.85 
90Sr 5.85e+00 5.78e+00 1.0 0.99 
93zr 6.33e+OO 6.35e+00 0.7 1.00 
99Tc 6.07e+00 6.lle+O0 1.0 1.01 
106Ru 4.17e-01 4.02e-0l 1.4 0.96 
mmed l.85e-02 l.40e-02 4.0 0.76 
125Sb 3.97e-02 3.40e-02 2.8 0.86 
126Sn 7.2le-02 5.6le-02 8.0 0.78 
1291 7.14e-01 5.43e-0l 1.0 0.76 
133es (134es •) 6.75e+O0 6.70e+O0 0.35 0.99 
137es 6.26e+o0 6.19e+00 0.5 0.99 
151Sm 4.21e-0l 4.19e-0l 1.0 0.99 
mEu (152Eu•) 4.21e-01 4.19e-0l 1.0 0.99 
153Eu (mEu•) 1.67e-01 1.58e-0l 2.8 0.95 
155Eu 3.62e-02 3.2le-02 4.0 0.89 
*Note: I3'tes, 1'2Eu, and 154Eu are shielded fission products and have very low direct yields 
because these mass chains include a stable nuclide. Primary production will be by neutron capture 
on the fission products 133es, mEu, and lS3£u. 
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Conclusions 

The contribution of uncertainty or biases to the current HDW radionu.clide inventory input 
generated using ORIGEN2 and DKPRO from actinide and activation product cross sections, 
variation among reactor types, fission product half lives, time dependent fuel and cladding 
impurities, and fission product yields have been quantified. The range of biases for each of these 
parameters is summarized in Table 12. This information can be used to increase the accuracy of 
the next iteration ofHDW inventory analysis by incorporating the improved cross sections, yields, 
half lives, etc. Alternatively, the biases and uncertainties identified in this report can be included 
as part of the overall inventory uncertainties. 

T bl 13 Ra a e n~eo fB' s/U 1ase ncertamties or e ect •• f1 SI edP arameters 

Parameter Bias/Uncertainty Range 

Single Pass Reactor Cross Sections 0.8 - 1.8 
(actinides and activation products) 

Single Pass Reactor Type 0.7 -0.99 
(Pu and actinides in B, C, Dl DR, F, H, KE, 
KW reactors) 

Time Dependent Impurities 0.25 - 3.2 
(14C, '°Co, 59Ni, 63Ni, 237Np) 

HalfLife 0.08, 0.40, 0.93 
(79Se, 12&sn, 93~)* 

Fission Product Yields 0.76 - 1.01 
( differences > 10% were found for 79S e, 
113mcd 125Sb rnssn •291 and mEu) 

J ' , J 

*Note: These bias factors apply only to the inventory in Curies. 
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Place, David E 

From: 
Sent: 
To: 
Cc: 
Subject: 

Dave, 

RPP-19822 Rev. 0 

Rob Corbin <rcorbin@lanl.gov> 
Monday, November 17, 1997 2:31 PM 
David_E_Place@RL.gov; sfagnew@lanl.gov 
Jerry_ W _ Cammann@ccmail.rl.gov 
Preliminary Findings on Ur/Pu Model Inconsistencies 

Thanks again for finding the i~consistencies between the uranium/plutonium istopes (Ci) 
and t he total Ur/Pu (kg). We appreciate your checking of the HOW model. Your input has 
been very beneficial. 

The problem for uranium was traced back to the U-238 isotope calculation in TFeCN waste. 
This was a spreadsheet error. This affected only the U-238 isotope predictions. The 
other Ur isotopes as well as tie total Ur predictions should be correct. The change in a 
particular tank depends on the amount of the TFeCN waste type present in its composition. 
C-109 estimates varied considerably more than normal because 3/4 of the tank is TFeCN 
waste. Again this error causes an underprediction of U-238 isotope estimates in affected 
tanks, and leaves the total Ur predictions for the site unchanged. 

The problem for plutonium was traced back to total plutonium calculations in AR waste. In 
this case, the isotope predictions are correct and the total plutonium estimates are off. 
Preliminary estimates show a sitewide 
underprediction of about 5-6%. Likewise, the amount an individual tank is 
affected is relative to the amount of AR waste in that tank. The correct Pu total for a 
tank can be calculated from the isotopic constituents. 

These two preliminary corrections seem to take care of the problems addressed. We will be 
re-running the complete estimates worksheets to validate these changes. 

If you have a~y questions/comments, please feel free to call or email me. . . 

rob ... 

****************************** ·~************************************ 
Robert A. Corbi n 
CST-4 MS J586 phone: (505) 667-0838 
Los Alamos National Laboratory fax (505) 667-0851 
Los Alamos, NM 87545 email : rcorbin@lanl.gov 
*******************~*********************************************** 
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Place, David E 

From: 
Sent: 
To: 
Cc: 

RPP-19822 Rev. 0 

Place, David E 
Friday, December 13, 2002 12:29 PM 
Rob Corbin (E-mail) 
Higley, Bruce A 

Subject: FW: Volume of 224 Building Waste 10/46 to 2/56 

I could not find anything wrong with the volume calculations that I made for the Tl-740 document. The Schneider 
flowsheet (HW-23043) shows 2200 gallons of 224 Bldg. waste generated per 1240 lb. uranium processed (i.e. 3912 
gallons/MTU). The waste volume includes four process effluents from within the 224 Bldg. and the sodium hydroxide 
added for neutralization. It does not include any 221 Bldg. wastes. 

G. L. Borsheim calculated 3912 gallons/MTU based on this same flowsheet. Using the technical manual information and 
the density /% water from HW-23043, George estimated the 224 Bldg. waste discharge as 3760 gallon/MTU in November 
1944. 

::baviJ l: Place 
376-0176 

-----Original Message-----
From: Place, David E 
Sent: Monday, December 09, 2002 7:06 PM 
To: Rob Corbin (E-mail) 
Cc: Higley, Bruce A 
Subject: Volume of 224 Building Waste 10/46 to 2/56 

The total volume of 224 Bldg. waste was 3.02E+07 gallons based on the flowsheet (HNF-SD-WM-Tl-740). The transfer of 
224 Bldg. waste to the 241-B-361 and 241-T-361 tanks ended in October 1946. Per the latest ORIGEN2 output, 1173 
MTU of the total 7798 MTU had been processed by that time (15%): The total volume of 224 Bldg. waste discharged to 
Tank Farms should be 2.566E+07 gallons for the period of 10/46 to 2/56 assuming a constant waste volume per MTU 
processed. 

< 224 Bldg Wastes> 

:])avid l: Pface 
376-0176 

Tracking: Recipient 

Rob Corbin (E-mail) 

Higley, Bruce A 
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Higley, Bruce A 

From: Higley, Bruce A 
Sent: Monday, January 13, 2003 10:45 AM 
To: 
Subject: 

Robert A. Corbin (E-mail); Michelle Mandis (E-mail); Place, David E 
Bismuth concentration of MW, TBP and PFeCN 

All, 

As discussed in the review meeting on January 9th, the bismuth concentration shown for metal waste 
(0.013 M Bi) is suspect based on process knowledge. 

A 1948 letter (HW-8697) includes in Table VI an experimentally measured bismuth concentration of 
0.06 g/L. 

Thus 

For MW1 and MW2, insert the following formula in cells 844 and C44, 

= (0.06 g/L) / (209.98 g/mole) 

This should yield a result of 0.000286 M Bi 

Include in cells 844 and C44 the following comment "From HW-8697 Table VI" 

The TBP process increased the metal waste volume by the addition of nitric acid and subsequent re
neutralization and reduced volume by in-plant evaporation. I don't have the flowsheets available to 
me determine the net volume change but from the HDW model Rev 4 the total volume of MW was 
35,876 kgal and the total volume of TBP, PFeCN1 and PFeCN2 was 56,806 kgal. 

Since the MW feed is the only source of Bi in the TBP effluent, conservation of mass requires that 
the concentration of Bi in the MW be reduced by the dilution effects of the TBP/PFeCN processes. 

This should yield a result of about 0.00018 M Bi in the TBP, PFeCN1 and PFeCN2 streams (cells 
144, J44, and K44). Insertion of the "From HW-8697 Table VI" in these cells would be appropriate. 

Also, the concentrations of Fe(NO3)3 and NaCrO4 appear to be direct 'copy and paste' of formulas 
from the MW composition into the TBP and PFeCN composition. Please review the basis for these 
entries and determine if the dilution that occurred between MW and TBP/PFeCN should be 
accounted for. 

B. A. Higley, 376-5694 
Numatec Hanford Corporation 
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Higley, Bruce A 

From: Higley, Bruce A 
Sent: Thursday, January 16, 2003 1 :59 PM 
To: Robert A. Corbin (E-mail); Michelle Mandis (E-mail) ; Place, David E 
Cc: Higley, Bruce A . 
Subject: HOW Modeling P2 (prime) waste stream volume 

Rev 4 of the HOW model indicates that the volume of the P2 (prime) stream was 397 kgal. (1968-
1972). See cell T9. 

Review of B Plant strontium recovery records compiled in logbook ARH-N-23 indicates that B Plant 
received 1,366,593 gallons of CAW. The time period was from April 1968 through November 1972. 

This volume of CAW is equal to~ 83 gal/ton U. 

Please update Rev 5 of the HOW model accordingly. Also please include a comment in cell T9, 
"CAW shipped to B Plant per ARH-N-23". 

Thank you. 

B. A. Higley, 376-5694 
Numatec Hanford Corporation 
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Place, David E 

From: 
Sent: 
To: 
Cc: 
Subject: 

RPP-19822 Rev. 0 

Place, David E 
Thursday, April 03, 2003 3:55 PM 
'Rob Corbin (E-mail)' 
Higley, Bruce A 
Flowsheet Info for HOW 5 

Attached is an edited copy of the information provided in late January 2003. I have added comments from Mike Johnson 
and moved the treated PAW/ZAW solids to the Bl waste type. 

The key change needed in the HDW model is that the complexants belong in the Bl waste stream, not the SRR. Also, the 
waste descriptions should be modified for AR, B, Bl and SRR waste types. 

Thanks, 

::bat1id L Pface 
376-0t 76 
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Higley, Bruce A 
.............. •-··- ... ----·---------···-·- -- ····-··~--... --------------··----·-·-··· .•.. ·-···--····--· ·-·······--··------···--------··-----·----·-----·--~---·----- ----
From: Place, David E 

Sent: Friday, August 22, 2003 3:36 PM 

To: 'Brett Simpson'; Place, David E; Rob Corbin; Higley, Bruce A 

Subject: RE: Review of HDW5 Rev. 232a Spreadsheets 

Suggest the following solubility limits: 

PFeCN1 : 90Sr 2.48 uCi/mL (non-complexed) 
137Cs 0.0198 uCi/mL (HW-38955 for TFeCN which were under pH control) 

PFeCN2: 90Sr 0.36 uCi/mL (HW-36293) 
137Cs 0.0198 uCi/mL (HW-38955 for TFeCN which were under pH control) 

TFeCN: 90Sr 0.328 uCi/mL 
137Cs 0.0198 uCi/mL {both based on HW-38955 which were under pH control) 

1CFeCN 90Sr 0.0528 uCi/mL (HW-33184) 
137Cs 0.000528 uCi/mL (HW-33184) 

Correcting to the 1/1/01 basis for the HOW model radionuclide inventories: 

PFeCN1: 90Sr 2.48 uCi/mL 
137Cs 9.37E-03 uCi/rnL 

PFeCN2: 90Sr 0.199 uCi/mL 
137Cs 9.37E-03 uCi/mL 

TFeCN: 90Sr 0. 182 uCi/mL 
137Cs 9.37E-03 uCi/mL 

1CFeCN 90Sr 2.91 E-02 uCi/mL 
137Cs 2.47E-04 uCi/mL 

All fractions precipitated for Sr should be linked to 90Sr rather than using a separate solubility for the chemical. 

David E. P.lace 
376-0176 

Preceeding messages removed by ediitor. 
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SPREADSHEET FOR DATA ENTRY AND DECAY CALCULATION 

Instructions: 

Radionuclide 

H-3 
C-14 
Co-60 
Ni-59 
Ni-63 
Se-79 
Sr-90 
Y-90 
Zr-93 

Nb-93m (2nd Order) 
Tc-99 

Ru-106 
Cd-113m 
Sb-1 25 
Sn-126 
1-129 

Cs-134 
Cs-137 

Ba-137m 
Sm-151 
Eu-152 
Eu-154 
Eu-155 
Ra-226 

Ra-228 (2nd Order) 
Ac-227 12nd Order\ 

Th-229 
Th-232 
Pa-231 
U-232 
U-233 
U-234 
U-235 
U-236 
U-238 
Np.237 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

Am-241I2nd Order\ 
Am-243 
Cm-242 
Cm-243 
Cm-244 

Nb-93. (Zr-93 Factor) 
Ra-228 (Th-232 Factor) 
Ac-227 (Pa-231 Factor) 
Am-241 (Pu-241 Factor) 

Alt Radionuclide 
Name 

3H 
14C 

60Co 
59Ni 
63Ni 
79Se 
90Sr 
90Y 
93Zr 

93mNb 
99Tc 

106Ru 
113mCd 
125Sb 
126Sn 
1291 

134Cs 
137Cs 

137mBa 
151Sm 
152Eu 
154Eu 
155Eu 
226Ra 
228Ra 
227Ac 
229Th 
232Th 
231Pa 
232U 
233U 
234U 
235U 
236U 
238U 

237Np 
238Pu 
239Pu 
240Pu 
241Pu 
242Pu 
241Am 
243Am 
242Cm 
243Cm 
2.«Cm 

Enter Oates in Cells F7 an F8. 
Enter Data in Column F 
Decayed values are in Col. H. 

Decay from 
Decay to 

Days of Decay 

Half life Lambda Decay Factor 
lvears\ I1/dav\ 
12.32 1.540E-04 0.0784 
5715 3.321E-07 0.9945 
5.271 3.600E-04 0.0025 

7.6E+04 2.497E-08 0.9996 
100 1.898E-05 0.7285 

6.5E+05 2.920E-09 1.0000 
28.78 6.594E-05 0.3326 

7.31E-03 2.596E-01 0.3326 
1.5E+06 1.265E-09 1.0000 

16.1 1.179E-04 0.1398 
2.13E+05 8.910E-09 0.9999 

1.020 1.861E-03 0.0000 
14.1 1.346E-04 0.1057 

2.758 6.881E-04 0.0000 
2.5E+05 7.591E-09 0.9999 

1.57E+07 1.209E-10 1.0000 
2.065 9.190E-04 0.0000 
30.07 6.311E-05 0.3487 

4.852E-06 3.911E+02 0.3292 
90 2.109E-05 0.7033 

13.54 1.402E-04 0.0983 
8.593 2.208E-04 0.0251 
4.75 3.995E-04 0.0013 
1599 1.187E-06 0.9804 
5.76 3.295E-04 0.0041 

21 .774 8.716E-05 0.2334 
7.3E+03 2.600E-07 0.9957 

1.40E+10 1.356E-13 1.0000 
3.28E+04 5.786E-08 0.9990 

69.8 2.719E-05 0.6352 
1.592E+05 1.192E-08 0.9998 
2.46E+05 7.714E-09 0.9999 
7.04E+08 2.696E-12 1.0000 
2.342E+07 8.103E-11 1.0000 
4.47E+09 4.245E-13 1.0000 
2.14E+06 8.868E-10 1.0000 

87.7 2.184E-05 0.6968 
2.410E+04 7.874E-08 0.9987 
6.56E+03 2.893E-07 0.9952 

14.4 1.318E-04 0.1108 
3.75E+05 5.061E-09 0.9999 

432.7 4.386E-06 0.9294 
7.37E+03 2.575E-07 0.9957 
4.46E-01 Seenote<e 0.7968 

29.1 6.521E-05 0.3367 
18.1 1.048E-04 0.1737 

16894 

(a ) 

) (b 
(C ) 

(d 

(e 

) 

) 

Decayed Curies at 
Januarv1 2001 

3.3261E-01 

3.4869E-01 

Second Order Decay factors for Parent nuclides have been moved to below: 
These factors are used in four cells of column H. 

Lambda (d•-
1) of Parent 
1.2652E-09 
1.3555E-1 3 
5.7858E-08 
1.3179E-04 

8.602E-01 
9.959E-01 
7.661E-01 
2.818E-02 

Not.es: (a) Second Order Decay. Curies of parent (Zr-93) must also be entered. 
(b) Second Order Decay. Curies of parent (Th-2.32) must also be entered. 
(c) Second Order Decay. Curies of parent (Pa-231) must also be entered. 
(d) Second Order Decay. Curies of parent (Pu-241) must also be entered. 
(e) Cm-242 assumed to be in secular equilibrium with 141 yr Am-242m parent 

All half-lives taken from the Fifteenth Edition of the Chart of the Nuciides. 
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90Sr 
HOW Model Basis 1/1/2001 1/1/2001 1/1/2001 1/1/2001 ORIGEN2 as of 1/1101 

90Sr mass 1.6360E+04 1.6360E+04 1.6360E+04 1.6360E+04 TPlant B Plant Units 
Other isotoces 3.3001E+04 3.3001 E+O<I 3.3001E+04 3.3001E+04 SR86 4.89E-OI 2.72E-0I arams 
Total Sr arams 4.9361E+04 4.9361E+04 4.9361E+O<I 4.9361E+04 SR87 l.7IEAJ2 9.S4E-<1' arams 

WI% 90Sr 33% 33% 33% 33% SR88 2.l2E+{l4 l.I8E• 04 arams 
Document HW-38955 HW-30399 HW--33184 HW-36293 SR89 0.00E+00 O.CIOE+-00 arams 
Doc Date 9/1/1955 1/8/1954 9/30/1954 4/19/1955 SR90 l.07E+04 S.66E+03 arams 

90Sr Decay Factors 3.3558E.01 0.322543043 0.328228664 0.332607899 
90Sr mass 4.8751E+04 5.0722E+04 4.9843E+04 4.9187E+04 

Total Sr arams 8.1752E+04 8.3723E+04 8.2844E+04 8.2188E+04 
'111% Sr 60% 61% 60% 60% 

Correction factor 0.556 0.547 0.551 0.554 

137Cs 
HDW Model Basis 1/1/2001 1/1/2001 1/1/2001 1/1/2001 ORIGEN2 as of 1/1101 

137Csmass 3.0300E+04 3.0300E+04 3.0300E+04 3.0300E+04 TPlant B Plant Units 
Other isotoces 1.3110E+05 1.3110E•05 1.3110E+05 1.3110E+05 CSl33 6.51 E+04 3.64E~04 arams 

Total Cs arams 1.6140E+05 1.6140E+05 1.6140E+05 1.6140E+05 CSl34 IJSE-05 4.22E-06 arams 
'M"/o t37Cs 19% 19% 19% 19% csrn l.90E+04 I.0<,F. •·04 grams 

Document HW-38955 HW-30399 HW-33184 HW-36293 csm l.'18E+04 I.0SF.+04 grams 
Doc Date 9/111955 1/8/1954 9/30/1954 4119/1955 

37Cs Decav Factors 3.517E--01 3.386E-01 3.443E-01 3.487E-01 
137Cs mass 8.6159E+04 8.9490E•D<I 8.8006E+04 8.6896E+04 

Total Cs arams 2.1726E+05 2.2059E+05 2.1911E+05 2.1800E+05 
Wt% ·I37Cs 40% 41% 40% 40% 

Correction factor 0.473 0.463 0.467 0.471 

SotubilitV Limits for Radionuclides Oecaved to 111/01 
90Sr 137Cs Units 

PFeCN1 2.48 9.37E-03 uCi/ml 
PFeCN2 1.99E-01 9.37E-03 uCi/mL 

TFeCN 1.82E-01 9.37E-03 uCi/mL 
1CFeCN 2.91E-02 2.47E--04 uCi/mL 
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Message 
RPP-19822 Rev. 0 

Page l of 1 

Higley, Bruce A -··--·-......... . ___________________ _ --- ~···----- --------*~•-- .. ~···-· ·· ·····--·------ ···- ·····-·--- ----------·--·· 
From: Place. David E 

Sent: Monday, September 08, 2003 5:21 PM 

To: Brett Simpson (bsimpson@tri-inc.com) ; Rob Corbin (rcor~in@tri-inc.com) 

Cc: Higley, Bruce A 

Subject: HDW5_03_246a DEP Review for P3 Waste Type 

Attached are the recommended changes for P3AZ1 and P3AZ2 waste types. Call me if you have any questions. 

I tried the new numbers in the model and got reasonable results, but we may be precipitating too much sulfate. 

I also noted that the fraction precipitated for carbon-14 does not match Na2CO3 and Sr does not match 90Sr. We 
should link these in the spreadsheet. 

Non-re/event text removed from message by editor. 

Thanks, 

David E. Pl.ace 
316-0116 
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Place, David E 

From: 
Sent: 
To: 
Cc: 
Subject: 

Rob and Bret, 

RPP-19822 Rev. 0 

Higley, Bruce A 
Thursday, September 11 , 200310:46 AM 
Bret Simpson (bsimpson@tri-inc.com); Robert A. Corbin (rcorbin@tri-inc.com} 
Place, David E 
Review comments September 4-11, 2003 

The attached file summarizes all the text files and emails that we have sent you during this review cycle. 

<Review Comments_September 4-9, 2003 Amended 9-11 .doc> 

B. A. Higley, 376-5694 
Flowsheet and Process Models 
CH2M Hill Hanford Group, Inc. 
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Review Comments - September 4-9, 2003, Amended 9-11-03 

SOLUBILITYWORKUP245A.XLS 

Cell H75 still needs to be corrected to 9.18E-03 uCi/mL. 

The HDW model Rev. 4 radionuclide solubilities for 106Ru, 113mCd, and 125Sb were 
used for complexed wastes in the absence of other data. However, the Rev. 4 
radionuclide decay date is 1/1/94 rather than 1/1/01 used for Rev. 5. The HDW model 
Rev. 4 concentrations need to be corrected to 1/1/01. 

Also, a 154Eu solubility limit of 8.54 E-04 Ci/L was recommended for complexed wastes 
based on TCD data. The use of the HDW model Rev. 4 limit for 154Eu is unnecessary. 

Revised complexed waste solubility limits for the HDW5 "solubilities" worksheet are: 

106Ru: 4.06E-l l Ci/L 
l 13mCd: 4.30E-05 Ci/L (value should also be applied to all PUREX wastes) 
125Sb: 3.30E-03 Ci/L 
l 54Eu: 8.54E-04 Ci/L 

HDWorigenlnputFY03 _ 245a.xls 

PUREX Iodine distribution. Delete the distribution of the silver reactor flushes between 
CWP2 and CWZrl. Since REDOX did not flush their silver reactors, we don' t the 
CWZrl to include this inventory. (remove the 0.9563 and 0.0437 terms from cells W180 
and X180 respectively.) Also, because CWPI changes to CWP2 before Pl changes to 
P2, part of the iodine recovered from silver reactors during P 1 belongs in CWP2. Iodine 
from Pl 61-62 belongs in CWP2. So the silver reactor iodine from Pl is further split 
0.6372 to CWPl and 0.3628 to CWP2. 

Cell X 180: It would probably be best to delete the second term that includes a fraction of 
the P2, P2', THI and TH2 iodine-129 due to the impact on the Redox production. The 
revised CWZrl iodine-129 inventory would be equal to Cell S126. 

Cell VI 80: The time period for CWPI includes only a portion of Pl (to 1960). Therefore 
the second term of the CWPI inventory should be factored downward based on the 
iodine-129 in the Pl fuels through 1960 (9.47743 Ci/14.87329 Ci== 0.6372). New 
equation ==Ql26+Fl26*0.778*(9.47743/14.87329). 

Cell Wl80: The CWP2 inventory should be revised to include the iodine-129 that 
was removed from CW Zr l and CWP 1 above. The revised equation would 
be Rl26+Ul26+Vl26+(0.778*(Gl26+K126)+0.5555*(H126+Ll26))+Fl26*0.778*(1-
9.4 7743/14.87329). 

I 
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The extraneous Soil Inventory Model Comparison Estimates in the upper right hand 
portion of the spreadsheet should be deleted. 

HDWS 03 246a.xls 

The engineering estimates for several AZ-101 and AZ-102 chemical concentrations have 
not yet been incorporated in the spreadsheet. Recommended changes were sent in a 
separate E-mail message. 

I looked into the sulfate precipitation a little further and I believe that we should fix the 
fraction of the sulfate precipitated for AZ-101 and AZ-102. These tanks may not fit the 
normal solubility limit because: (1) the temperature is higher, (2) the sodium 
concentration is relatively low(< 5 molar), and (3) the nitrate ion concentration is low 
which precludes precipitation of a NO3/SO4 double salt. 

Based on the current BBi, the fraction sulfate precipitated should be 11.3% for AZ-
101 and 2.68% for AZ-102. The calculation of the fraction sulfate precipitated is 
sensitive to the assumed void fraction. I therefore iterated results with the HDW model 
until the void fraction stopped changing (0.682 and 0.833 were the final void fraction 
values for AZ-101 and AZ-102 respectively). 

See D. E. Place EMAIL HDWf_ 03246a DEP Review for P3 Waste Type dated 
September 8, 2003 for recommended changes to the P3AZ1 and P3AZ2 waste types. 

There is no Na2SO4 listed for any of the PUREX HLW streams. Sodium sulfate is 
needed to account for the sulfamic acid (a major source of sulfate that can not be 
adequately addressed with ferrous sulfamate alone). · 

The P2' chemical composition is deficient. Chemical input does not include Fe(HSO4)2, 
Na2SO4, Na2SiO3 (Al-clad fuels) or NaF/NaA1O2 (Zr-clad fuels). The AR, B, BL and 
SRR waste stream chemical compositions (with the exception of Hg) are 
established independently, so this does not affect the model results. However it is 
unsettling to see this misleading information in the spreadsheet. Suggest deleting all 
chemical compositions except Hg. 

CWZrl The time period for CWZrl is 1965-1972. 

Mercury Need to incorporate the 80/20 split between MW2 and 1 C2. The fraction that 
goes to TBP etc is then 0.8*0.94. MW2 would be 5.l3E-05 and 1C2 is 1.59E-05. 
The 80/20 split is discussed in the BiPO4 letter# 7G300-02-NWK-024. 

CSR Model Material Balance 

We need to verify the accuracy of the CSR model. 
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The total of all streams to cesium IX per the model is 59,259 kgal (cells 8754 to Al754 
and AL 754 to A W754). HOWEVER this number, 59,259 kgal, is not consistent with the 
volume in cited in cell AJ7 (25,638 kgal). A large number of these input streams are 
unlikely because of there inherently low cesium concentration. 

CSR feed streams 
Stream Volume (kgal) Comment 
MWI&MW2 0.52 
I Cl & 1C2 0.39 
2Cl & 2C2 80.5 
TBP 95.1 
PFeCN, TFeCN 4.67 
RI &R2 5,602 RSN 
CWRI&CWR2 11.1 
Pl &P2 26,230 PSN 
PLI 625.1 
CWPI &CWP2 1,414 
OWW [stored with Pl & P2] 11,590 PSN 
AR 4,092 PSS 
B 5,357 Double accounting? 
BL 577 Double accounting? 
SRR 54 Double accounting? 
DW [decon waste] 576 
BT-SltCk 143 
RSltCk 1,807 RSN 

According to logbook ARH-N-23 and the monthly reports, Cs-IX processed I 0,548 kgal 
PSN, 7,915 kgal of RSN, and 2,166 kgal of PSS. This totals to 20,629 kgal processed by 
Cs-IX, not 59,259. The value used by the CSR model 25,638 may be an accurate 
representation if product rework is included. 

RSN [Redox alkaline supernatant] should be equivalent to the sum of the Rl+R2+RSltCk 
supernatants (7,409 kgal). This value is similar to B Plant records. 

PSN [Purex alkaline supernatant] should be equivalent to the sum of the Pl +P2+OWW 
supernatants (34,820 kgal). This value is over three times the B Plant records. 

PSS [Purex sludge supernatant] (sludge washings) should be equivalent to AR 
supernatant (4,091 kgal). This value is nearly twice the B Plant records. 

The balance of the CSR feed streams total to 8,918 kgal. That' s a lot of incidental low 
grade feed. 

One explanation is that the HOW Model does not account for the self-concentration of 
the waste (primarily the boiling waste tanks) and the small waste concentration processes 

3 
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like the AX-101 stream coil, and the REDOX D-12 concentrator. If this is the reason for 
the volume discrepancy then the CSR model needs to also account for the tritium cribbed 
from self-concentration of the waste. 

AR Sludge Rad. Partition Fractions The AR sludge calculations model the sluicing of 
PUREX sludge with various supematants (Pl, P2, OWW & B). This does not truly 
reflect washing with water or acidification of the solids. {The ratios of C-14, Tc-99, and 
Cs-137 to Sr-90 are roughly the same for AR, Pl, and P2). C-14, I-129, Tc-99, Cs-134. 
Cs-13 7, and Ba-13 7m should be depleted relative to Sr-90. Per the table this is has not 
occurred. One would suspect that there would be a relative depletion of the soluble 
species, say 90%. However the current measured Cs/Sr ratio for AR sludge in C-103 and 
C-106 is 2.SE-02 and 4.0E-02 respectively. Recommendation: Leave all AR Rad. 
Fractions at l. 

C urrent re a 1ve s u lge compost ions rom 1 f I d ·r ti HDWM d 1 o e. 
Isotope AR (Ci) AR (frac) Pl (Ci) Pl (frac) P2 (Ci) P2 (frac) 
Sr-90 8,010 l.0E+00 7,790 l.IE+00 10,185 l.IE+00 
C-14 0.0246 3.IE-06 0.064 8.2E-06 0.0397 3.9E-06 
Tc-99 0.0443 S.6E-06 0.0414 5.3E-06 0.0613 6.0E-06 
1-129 2.2SE-05 2.8E-09 2.SE-06 3.2E-l0 3.68E-06 3.6E-10 
Cs-137 178.6 2.2E-02 156.7 2.0E-02 262.4 2.6E-02 

Organic Saltcake Are you going to be able to provide an organic saltcake? We need to 
have the correct dates for the organic saltcake included. 

Saltcake Rad. Partition Fractions 

The preferred means to calculate the tritium split is as follows and is based on the 
knowledge that tritium follows water through the evaporator is indirect proportion to the 
mass of water. Recommend that these formulas be placed in a scratch calculation in a 
clear area of the spreadsheet. 

Mass Feed {g/L) = AR142* 1000 

Mass Feed Dry Basis (g/L) = SUMPRODUCT{moles, molecular weight)= 
SUMPRODUCT(AR127:AR140, mol. Wt.)+SUMPRODUCT{AR146:AR154, mol. Wt.) 

Mass feed water = Mass fe.ed - Mass feed dry basis 

Mass evaporator condensate = 1000*(1-volume factor)= 1000*(1-AR8) 

Tritium split [to tanks], AS782 = (Mass feed water-mass condensate)/ mass feed water 
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Cesium and Strontium Material Balance. 

The HS Sr-90 balance matches plant records. 

Using current partition factors and source terms the Sr-90 recovery is 33.9 MCi. This is 
16% higher than the 28.36 MCi indicated by plant records. This is close enough. 

Using current partition factors and source terms the Cs-137 recovery is 63.3 MCi. This is 
4% higher than the 60.6 MCi indicated by plant records. This is close enough. 

BiPO4 Cesium and Strontium DF's The current cesium and strontium DFs are analogies 
of 131!. Previously you had mentioned that "line sample data" implied much higher DFs 
for cesium and strontium. Have you documented this data yet? 

Radionuclide Inventory Balance (rows 16 thru 26) These values do not seem to be 
current with the latest ORIGEN2 results. I am not sure of the value of these calculations. 
They should be updated, removed or zeroed. 

Purex Iodine Distribution Checks (For checking purposes only - use the new equations 
provided on page 1) 

1956-1962 

ORIGEN 14.87 (Pl) 
Core (Ci) 
ORIGEN 0.0095 
Clad (Ci) (CWPl) 
Stack/SW 0.099 
Loss 
(frac) 
Stack/SW 14.87*(1-
Loss 0.901) 
formula 
Stack/SW 1.472 
Loss (Ci) 
HLW 14.87*0.901 
formula *0.0333 

HLW 0.446 
(Ci) 
oww 14.87*0.901 
formula *0.1887 

2.528 
(OWWl) 

cw ,0.0095+14.8 
formula 1•0.901 •0.1 

1963-1961 

11.93 (P2) 

0.023 (CWP2) 

0.0.099 

l l.93*(1-0.901) 

1.18 

11.93*0.901 *0.03 
33 

0.3579 

11.93*0.901 *0.18 
87 

2.028 (OWW2) 

0.023+1 l.93*0.90 
1 *0.7778+8.16*0. 

5 
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1968-1972 83-88 (AZl) 83-88 
(AZ2) 

8.16 ( P2') 2.099 1.14 

0.174 
(CWZ2) 

0.55 0.54184 0.54184 

8.16*(1- 2.099*(1- l.14*(1-
0.45) 0.45816) 0.45816) 

4.49 2.641 0.617 

8.16*0.45*0 2.099*0.4581 1.14*0.45 
.0667 6*0.0911 816*0.09 

l l 
0.2449 0.0876 0.0476 

8.16*0.45*0 (2.099+1.14) 
.3778 *0.45816*0.5 

165 
1.38 0. 7666 (PL2) 
(OWW3) 

0.174+(2.099 
+ l .14)*0.458 
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778*0.6372 45*0.5555+ 14.87 16*0.3924 
(CWPl) *0.901 *0.7778*0. (CWZr2) 

3628 (CWP2) 
CW (Ci) 6.640 14.20 0.756 

Salt Cake Checks 
HOW Model Prediction 2003 Templates 

Saltcake Vol (kgal) Density Wt°/4 H2O Vol (kgal) Density Wt%H2O 
BT 1,403 1.718 42.48 1,199 1.72 31.6 
BY 4,126 1.721 26.84 3,685 l.72 28.3 
RSlt 880 1.718 34.65 724 1.72 21.1 
T2 5,467 1.635 36.42 5,201 1.64 28.3 
S1 5,715 1.684 34.14 5,272 1.68 30.2 
S2 2,259 1.626 38.53 2,300 1.63 35.0 
Al 1,303 1.66 35.36 1,073 1.66 37.9 
A2 2,182 1.586 40.07 2,513 1.59 NA 

I t f add"f f O . Salt ak T k La V 1 moac o 1 ton O an nz.aruc C eon an ver o umes 
Saltcake Without OrgSltCk With OrgSltCk 
OrSltCk 
A2SltCk 
SlSltCk 
S2SltCk 
Total 

0 
2,513 
5,272 
2,300 
10,085 
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Higley, Bruce A 

From: 
Sent: 
To: 
Cc: 
Subject: 

RPP-19822 Rev. 0 

Place, David E 
Thursday, September 18, 2003 8:52 AM 
'Brett Simpson' 
Rob Corbin; Higley, Bruce A 
RE: Review of HOWS Rev. 232a Spreadsheets 

The PFeCN1 solubil ity limit back-calculated from the crib data would imply 95% 90Sr precipitation, which is suspect since 
the HOW model prediction for the 90Sr fraction precipitated in PFeCN2 (with the addition of chemical strontium) is only 
slightly higher (98%). There would have been no incentive for development of the 90Sr scavenging processes if the 90Sr 
solubility limit for PFeCN1 was actually that low. 

The development work for Ca(N03)2 scavenging (HW-36293) indicates that 3 to 6 fold improvements in the 90Sr 
decontamination were expected in plant operation. Assuming a OF of 5 and that the Ca scavenging was as effective as 
Sr scavenging, the HOW model 90Sr fraction precipitated for PFeCN1 should be ~90%. This corresponds to a 90Sr 
solubility limit of 1 E-03 Ci/L (about twice what you had proposed). 

David E. Pl.ace 
376-0176 

-----Original Message-----
From: Brett Simpson (mailto:bsim.Q5Qn@trHnc.com1 
Sent: Wednesday, September 17, 2003 3:33 PM 
To: 'Place, David E'; Brett Simpson; Rob Corbin; 'Higley, Bruce A' 
Subject: RE: Review of HDWS Rev. 232a Spreadsheets 

« Message: Untitled Attachment» « File: PFeCN1 Solubility derivation.xis» 
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Higley, Bruce A 

From: Higley, Bruce A 
Sent: Thursday, September 18, 2003 12:28 PM 
To: 
Cc: 

Robert A Corbin (rcorbin@tri-inc.com); Bret Simpson (bsimpson@tri-inc.com) 
Place, David E 

Since we are using the CSR model to account for the Cs recovered by the 241-C-801 cask station as well as the Cs 
recovered by B-Plant I have changed the CSR definition as follows. 

"CSR Supernatants from which the cesium has been removed by ion-exchange. 241 -C-801 cask station ( 1962-1967). B 
Plant Waste Fractionization (1967-1976)." 

The C-801 process was fed from tank C-105 as was B Plant ion-exchange. Supernatant was pumped from tank C-105 to 
C-801 through a cask filled with ion-exchange media, then back to another tank. The C-801 casks were not eluted in the 
200 Areas so there is no waste stream from this operation. 

Please change cells AJ3 from 1967 to 1962. 

Thanks 

B. A. Higley, 376-5694 
Flowsheet and Process Models 
CH2M Hill Hanford Group, Inc. 
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Higley, Bruce A 

From: 
Sent: 
To: 
Cc: 
Subject: 

Solubility 

RPP-19822 Rev. 0 

Place, David E 
Thursday, September 18, 2003 3:16 PM 
Rob Corbin (rcorbin@tri-inc.com); Brett Simpson (bsinipson@tri-inc.com) 
Higley, Bruce A 
Spreadsheet Checks 

• The Sr fraction precipitated should be linked to 90Sr (comment previously made). 
• The fraction precipitated for 59Ni and 63Ni is different than for Ni in the FeCN wastes only. The problem arises 

because there are two Ni compounds listed and NiFe(CN)6- is precipitated fully and independently of the Ni(OH)2. 

Pu Balance 
• TFeCN Pu balance is very bad. The formula in Cell L 114 must changed to convert grams to kgs (divide by 1000). 

This should also fix a Pu balance problem in the BY saltcake. 
• The Z waste Pu balance is slightly off. The 239Pu specific activity in Cells AB 110 and AB 114 should be revised from 

the old 0.061 Ci/g to 0.0621 Ci/g. Rows 17 and 22 also contain the incorrect specific activity for 239Pu (these do no 
enter into the HDW model calculations). The 240Pu specific activity in Cell AB114 should be revised from 0.229 to 
0.227 Ci/g. 

• We should fill out the plutonium distribution for the Z Plant waste. Suggest using the following: 

238Pu = 0.256 times the 240Pu input inventory (Cell AB109). 
241 Pu = 16.1 times the 240Pu input inventory (Cell AB112) 
242Pu = 9.94E-05 times the 240Pu input inventory (Cell AB113). 

These ratios are based on the global ORIGEN2 inventories (Table H-1 in RPP-13489). 

Non-relevant text removed from message by editor. 

David E. Place 
376-0176 
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Higley, Bruce A 

From: 
Sent: 
To: 
Cc: 
Subject: 

RPP-19822 Rev. 0 

Place, David E 
Thursday, October 09, 2003 11:12 AM 
Brett Simpson (bsimpson@tri-inc.com); Rob Corbin (rcorbin@tri-inc.com) 
Higley, Bruce A 
Material Balance Problem - 1 C2 and 1 CFeCN Wastes 

There is a radionuclide material balance problem between the 1 C2 and 1 CFeCN waste types. 
• The 1CFeCN contains a portion of the cladding waste inventory that is already fully accounted for in the 1C2. 
• The 1C2 inventory includes all of the separations waste associated with the 1CFeCN. 

Proposed solution: 

1. Cells M72 through M119 - Bring the 1 CFeCN radionuclide inventory directly in from ORIGEN2 (T Plant separations 
waste processed in 1955 and 1956). Alternately, the same 1CFeCN data could be brought in through the HDW ORIGEN2 
Input spreadsheet. 

2. Revise the calculation of the 1C2 concentration (species mol/L) to exclude the 1CFeCN inventory. For example: 
H-3 (Ci/L) Cell E167 was: =((E782-1)*C72+E72)/E$9/3785 
Revise to: =((E782-1)*C72-M72*E782+E72)/E$9/3785 

Editors Note: The above formula was subsequently coffected to the following form. 

=((E782-1 )*C72-M72*E782+E72)/E$9/3786 

3. Cells M167 through M214 - Set the 1CFeCN Rad. Partition Factors equal to 1C2 (or change the 1CFeCN concentration 
cell references [species mol/L} to refer to the 1C2 Rad. Partition Factors. 

~ 
lCFeCN 

mtory.xls (22 

David E. Pl.ace 
376-0176 
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From RPP-13489 ORIGEN2 data (ORIGEN2-DKPRO-Ver 9.16.02-forRC.xls} 
. 1 CFeCN Input inv~ri~oiies__ T Plant Fuel' Processed 1955 and 1956 (i CFeCN processing began 12/31 i's4f - . 

-_;~~lt\~r} f~~· '.~f ; .·. ·.· r ·- ···1 i I i 
Ni-63 (Ci) - Nl63- ----- - 16i:746: 1 • 

Co-60 (Ci) C060 · 9 .. f224 , · 
· s'e°-79 <Ci> · ,se19 o.318784 · · I 

:Sr-90 (Ci} lsR90 297520 

:;;:3<~\; . ·~:~3-· .. . ·11~:~g~ ·1 

Nb-93m (Ci) . ·Na93• .. 16.7729 . , 
. · Tc-99 (Ci) TC99 139.498 ' 

·Ru-106 (Ci) :RU106 9.26E~08 ! ' 
Cd-113m (Ci) :co113• 10.9092 . 
Sb-125 (Ci) _ j_5B12_5 .. .0.63~82 : - ..... . 
Sn-126(Ci) SN126 1.15114 
:1-129 (Ci) 1129 0.183741 : 
Cs-134 (Ci) CS134 : 0.0041851 
Cs-137 (Ci} CS137 3359171 
Ba-137ni (Ci) BAfar . 320041 
Sm-151 (Ci) 

1

s~~!>1 15139:3 
Eu-152 (Ci) EU152 0.25215 
Eu-154 (Ci) :EU154 31 .5439 
!Eu-155 (C-i) ·eu155 41 .7244 

. ·Ra-226 (Cl) RA226 0.001628 
Ra-228 (Ci) . "RA22a ... I 6~52E~69 
Ac-227 (Ci) AC227 ' 0.008092 
:Pa-231 (Ci} ilPA231 0.017039 : .. 

I
Th-229 (~i) TH229 8.9E-07 : 
Th-232 (Ci) . :rt:!232 ; 7.96E-09 ; . 

:U-232(Ci) 'U232 0.003881 
U-233 (Ci) .. ·u233 0.000289 
U-23-4 (Ci) U234 389.3:i8 
U-235 (Ci) - ·u235 17.5377 
U~236 (Ci) U236 3.50053 , . 

-U-238 (Ci) ;Ui38. - 396.132 . 

;U-Total (mols) I 
!Np-237 (Ci) NP237 6.85089 : _ 
, Pu-238 (Ci) , PU238 2.29832 
! Pu-239 (Ci) : PU239 635.62 
Pu-240 (Ci) · PU240 43.1734 
Pu-241 (Ci) PU241 55.7375 
: Pu-242 (Ci) PU242 · 0.000159 -
Pu-Total (kg) 
Am-241 (Ci) 
Am-243 (Ci) 
Cm-242 (Ci) 
Cm-243 (Ci) 
Cm-244 (Ci) 

iAM241 

I-AM243 
,CM242 
:CM243 

- ' tM244 

22.1749 
0.000543 : 

i·~::i::rl 

I -

i 
I 

. I 

I 

I 
I 

I 
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Higley, Bruce A 

From: 
Sent: 
To: 
Cc: 
Subject: 

RPP-19822 Rev. 0 

Place, David E 
Friday, October 17, 2003 12:08 PM 
Rob Corbin (rcorbin@tri-inc.com); Brett Simpson (bsimpson@tri-inc.com) 
Higley, Bruce A 
Review Comments HDW5_3_287b 

1. There are several inconsistencies in molecular weights: 

Cell BP308 Al(OH)4- lists a value of 58.98 versus a value of 95.02 calculated from the chemical formula. 
Cell BP309 Fe should be revised to 55.847 to agree with two other locations. 
Cell BP328 OH lists a value of 6 versus a known MW of 17. 
Cell BP336 Cl lists a value of 35.43 (should be 35.453). 
Cell BP384 uranium should be revised to 238.03 to agree with two other locations. 
Cell BP413 Cr(OH)3 lists a value of 151.99 versus a value of 103.02 calculated from the chemical formula. 
Cell BP422 Na3HEDTA lists a value of 341 versus a known MW of 344. 
Cell BP423 Na4EDTA lists a value of 378 versus a known MW of 380. 

2. Cell M209 Pu-Total equation should add "*1000" since input was kg Pu. Note that this will correct downstream 
imbalances in BT, T2 and S2 saltcakes). 

3. The PFeCN1 shows a Ni concentration of> 0 even though the input Ni and FeCN concentrations are equal and NiFeCN 
is assumed to be fully precipitated. This indicates an error in the equations. Also, none of the ferrocyanide wastes have a 
corrosion contribution for Ni (perhaps should add 0.0016 molar NiSO4 to each). 

4. Cell U30 kgal of PL 1 has nothing to do with 90Sr, replace with "=U9*U31/100". 

5. Row 58 mercury has some entries in moles rather than mol/L. 

6. Row 349 some tritium cell equations include a factor of Na/12. This factor should be deleted (remnant of HOW model 
Rev. 4 tritium reduction which has been completely replaced). 

7. A few negative concentrations were found: DE wt% water in Cells 234 and 569; NIT OH in Cells AL 146, 236,237, 328, 
571, 572 and 663. The OE wt% water was entered as -6, which could be set to zero. The NIT waste type is not used by 
the BBi. 

8. Rows 760 through 763: I was unable to re-derive these formulas, although they seem to be reducing the NO3 and NO2 
properly. Please check validity. Also, the sum of the 90Sr and 137Cs needs to be multiplied by 1.1811 to reflect a 1/1/94 
decay date needed for the equation (ORIGEN2 data was decayed to 1/1/01 ). 

Thanks, 

David E. Place 
316-0116 

1 
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Higley, Bruce A 

From: 
Sent: 
To: 
Cc: 
Subject: 

RPP- 19822 Rev. 0 

Place, David E 
Wednesday, January 28, 2004 9:46 AM 
Rob Corbin (rcorbin@tri-inc.com); Brett Simpson (bsimpson@tri-inc.com) 
Higley, Bruce A 
HOWS Error for Z Plant Waste 

The Pu isotopes and 241Am disappeared from the Z Plant waste stream. The error occurred when the kg 239Pu in cell 
AB16 was deleted. All of the Pu isotopes and 241Am were built off of this value. The fix seems straight-forward: type 133 
in Cell AB110 in place of the AB16 reference, add a comment to this cell and add a change record . Do you concur? 
Would this have any significant downstream impacts? 

Thanks, 

David E. Place 
376-0176 

1 
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0.0 SUPPORTING 11.\"FORMATION 

This appendix consists of supporting calculations and data used by Revision 5 .0 of the 
Hanford Defined Waste Model. 

D1.0 FUEL ACTIVITY DATA LOADING WORKSHEET 

This section documents the contents of the Input to HOW worksheet. The function of 
this worksheet is to interface ORIGEN2 predicted fuel activity records with the HDW 
Model. This worksheet is also used to account for tritium losses to the soil from in-rslant 
waste concentration, atmospheric losses of 14C and 1291 during fuel dissolution, and 9Tc 
losses with the uranium product. See Section 5.2. Table D-1 is a printout of the Input to 
HDW worksheet. This table includes editorial changes _made for the purpose of 
publication. 

D-3 



Table D-1. Input to HDW Worksheet. (Sheet 1) 
.. :taiiuUromOKIGEN ·"-: · .":-BIT', . . :.' ::&:r2:•::.;·: ·--·.··· J R;J:i .:-:; ,,;:,:._,i:"-iltt•':?>, :·:;·,;,:/p}'\ci,,: ' '/:;.:,'f%,?\ 

.. 
, !Pl'Priil'je :,: ' i: ,:_f3AZl':\ ':i:; PlWi\H ::<::;:,;,mi::.:: .. :.<-TQ1;-.:-,··· ·· -- ... .. ... :,:.: .. :··- . .. , . . .. 

-H~J (Cit 6 . l5E+02 l.82E+03 760E+03 1.49£+04 3.57£+()4 3.8ZE+04 3.22E+04 1.72£+04 1.04£+04 4 .lOE+Ol 1.04F.+o2 
C,;.J,ttCll . . . .. 1.05£+02 2.29[+02 7.84E+02 2.17£+02 I .40E+03 6.00E+02 3.20E+02 3 87E+OI 2.07£+0 1 1.05£-03 2.22E-03 

-~ ~59Jor .· ... ... . . .. 
4.95E+OO l.08E+Ol 3.70E+Oi 3.SOE+OI I .35E+02 1.05E+OZ 6.SJE i Ol 2 .1 lE+OI 1.14E+Ol 8 .09£-03 l .72E-02 .. .. 

Nl~i.OS :-•: · :·:.· .. ... 4.22E+02 9.51£+02 3.34£+03 3.60E+03 1.25E+o4 1.0 1£+04 6.29£+03 2.04£+03 I. I IE+03 6 .89£-01 1.50E+OO 
CoM'(ct) • 8.97E+OO 3.7RE+O I l.91E+o2 5.40£+02 l .23E+03 l.89E+OJ 2.09E+03 4 .38E+o3 3.07E+03 1.38£-02 4.42E-02 
•Seie19::lfll. :· . 8.45E-01 l .87E+oo 6.53E+OO 8.42HOO 2.39E+01 l .91E+Ol 1.30E+OI 3.34E+o0 · 1.85E+oo 3.21E-02 6.82E-02 
Sr.:,OCCIF . . .. .. . . . . , . 

6 .56£+05 l .6 1E+06 5.93E+06 9. 19£+06 2.39F.+07 2.16[+07 l .60E+07 5.52E+o6 3.2 1£+06 2.01£+04 4 .61E+04 
Y-,9.Q (Ci) . 6 .56E+05 1.61£+06 5.93E+o6 9. I 9F.+06 2.39[+07 2.16E+o7 l .60E+o7 5.52E+o6 3.2IE+06 2.0 IE+o4 4 .61[+04 
Z'r,9:J(eti · 5 16E+O l 

-- - · --
I .82E+OO .. . . I.I 3E+o2 3.91E+o2 5.041-:+02 1.42£+03 I .14E+<i3 7.73E+02 2.02E+o2 l .12E+02 8.54E-OI 

NMJni(O)· ·· 4.65 £ +0 I 9.90E+OI J .36E+o2 4.06£+02 1.1 8E+03 8.96£+02 5.80F.+02 I. I 4E+02 5.93F.+Ol 6.69£-0 1 t.37E+OO 
. Tc•9' (Q}.:: : . ·:···. 3.69E+02 8 18E+02 2.85E+03 3.63E+o3 1.04E+04 8.29E+OJ 5.5JE+03 l.37E+03 7.59£+02 3.62E+OO 7.70E+o0 .... 
. R~~J:04 ,en: ·: : :':· .. ··:··· 2.02E-09 l.79E-07 5.21 E-06 1.50£-03 3.75£-04 8.74E-03 8.55E-02 3.45£-,.02 7.06E+o2 9 .54E-07 1.98£-05 
Cdl-Ulfli (Cl) _: ... ····· 

l.99£+01 6.161:.+0l 2.69E+o2 5.02E+02 l.26E+o3 1.3 1£+03 I . l4E+{)3 6.03£+02 3.46£+02 l .69E+o0 4.1 7[+00 
.. Sb.1.25: ,(Ci) .: ...... :- .. •. :: ,;; ·;..:. 2.60£-01 2. l6E+oo 166£+01 1.53E+02 1.86E+02 5.38E+02 l.01£+03 8.91[ 10] 7.99E+03 7.57E-O l 358E+o0 

Sll,11"'ff:tl"'' · . ... 3 05E+OO 7.20E+OO 2.64£+01 3.41E+OI 987F+01 7.96F.+0I 5.60E+Ol l .49E+O I 8.09E+OO l.05E-O I 2.24E-Ol 
Ml!f(C11::: .:::::: .. •_:-': •:.: . . :'':· 4 .87F.-01 1.12E+OO 4.02£+00 5.1 3E+OO l.49E+Ol l. 19Et-O I 8.16E+OO 2.IOE+OO 1.1 4E+OO l.14E-02 2.42E-02 
Ca:.U"(CiJ , · .· ..... . 1.0 1 E--03 2.23£-02 3.70£-01 l.12E+Ol 7.05E+OO 3.53E+O I 1.44£+{)2 4.09£+03 3.85E+03 2.30£-02 1.44E-01 

· .C.-137. fCi):. : . • · . . .. 7.53E+05 l .87E+06 7.01£+06 l .07E+07 2.84E+07 2.56£+07 l.88E+07 6.31E+o6 3.62E+o6 1.73[+04 3.94E+04 ... 

. lia:.H;ai:tol .. •· 7 .1 IE+05 1.77£+06 6.62[+06 I 02E+o7 2.68E+07 2.41[+07 1.78[+{)7 5.96[+06 3.42E+06 1.63E+o4 3.72E+o4 
. Sm;.:i$UCtt .,,,.,'" "'•:• .. · · 3.79E+04 8 14E+04 2.74E+o5 3.47E+05 l.OIE+06 8.23[+05 5.08E+05 l .33E+05 7.58E+04 3.64E+02 7.93£+02 .. ....... . 

tii~-$~•((:;fi 
.. . . 

:·::,:• :.: 4.69E--0 1 3.89£+00 2 .78E+o l .. :•.;•· 9 .46E+Ol l .51E+o2 l .90E+02 3.26£+{)2 1.83E+02 9.32E+Ol l.03E-Ol 2 .57£-0 1 
Ea.:J.$4(Cij ' .. ·- .. ": .. ··· ·· .. 4 .54E+O I 2 .86E+02 l .88E+03 6 .28E+o3 I .12E+04 l .52E+o4 2.34E+{)4 2.15E+04 1.18E+04 4 .IIE+OO l. 12E+Ol 
Ei!~15!hCn- · 3 .69f.+0 I l .57E+02 7.72E+o2 2 .63E+03 5.J3E+03 · 8.4ZE+03 8.60E+03 J.46E+o4 1.09E+o4 l.47E+OO 4.93E+DO 
~ llei(Cif 6.21 E-03 6.74E-03 3.75E--04 5.16E--04 9.41E-04 8.43E-04 7.52£-04 2.99£-04 1.51£-04 I :03E-04 3.731::-04 
Ra .. :fi8(-CI) ........ ... .. .... 2.0BE-08 3.98£-08 2.1 IE-09 4.46E-09 5.79£-09 6.89£-09 1.04£-08 l.70E-08 I .OOE-08 4.53£-01 l .14E+OO .... 

-~ 227 (£1) :·:,• ... 2.90£-02 3.23E-02 1.61 E-03 2.14E-03 4.19£-03 3.90E-03 3.63E-03 I .48E-03 7.79£-04 l.49E+OO 3.00E+oO ... 

. r,;;.231Jcn .. 
5.57£-02 .. 6.60£-02 2.391::-03 3.13£-03 5.97£-03 5.96E-03 5.92E-03 3.29£-03 1.91E-03 2.19E+OO 4.66[+00 

. tii,nif(tlj ,.:.: ... ... 2.94£-06 5.63£-06 7.9 1E-06 2 .SOE-06 1.57£-05 5.I I E-06 3.55E-06 1.97£-06 l.OOE-06 3.85£-01 7.0JE-01 
T:11-232'(0) . · · .. .. . ... .. 2.46E-08 4.79E-08 2.27£-09 4 .57£-09 5.97£-09 7 .17E-09 l .09E-08 1.93£-08 I.I 7E-08 4 .24E-0 1 9 .01£-0 1 
u-m tCll , · 9.50E-03 2.23£-02 7 .25£-04 4 .53£-04 1.06£-03 l .38E--03 4 .40£-03 426E-03 2.07E-03 l.82E+OO 3.99E+OO 

. U-1-33lCO,' · .-·• . 
8.4 1 F.--04 l .75E-03 3.57£-03 1.29£-03 7.471:.-03 2 .5 1 E-03 l .60E-03 1.37£-03 6.40E-04 1.1 6E+02 2.37E+02 .. 

u~~ tcn : : · l .09E+OJ 1.47F.+03 l.78E+O l 5.94E+OO l.55E+o1 l.77E+OI l .54E+Ol l.23E+OI 6.90E+OO 8.79E-01 1.87£+00 
· l1~13$((:t} .... .. 4.90ET01 6.491::+0l 7.67E-OI 2.25£-01 6.63E-01 7.39£-01 6 63[-0 1 4 .59£-01 2.751::-0 1 3 .12E-06 6.63£ -06 
o;m ,crr: .= ' . .. ;.· · 9 .28E+OO 1.99E+OI 3.69£-01 1.72£-01 3.42[-01 4 .54E-01 7.55£-0 1 l .17E+OO 6.81 £-01 5 .44E-07 1.16E-06 
U~138 (Cll : · . 1.l 1E+03 1.501::+03 1.83E+OI 4.151:+00 1.59£+0 1 1.73E+O I 1. 16E+O l 8.45E+OO 4.75E+OO 4.87£-1 4 1.031:-13 

. U-TotilHilio.bl , · #RE£'! #REF! #REF! #REF! #RH! #REF ' #REF! #REF! #Rr.F! #REF1 #REF! 
:N~b'fi'rn 2.25£+00 5.08E+OO 1.81£+01 7.76E+OO 4.091::+ol 1.6 11:+01 l.17E+OI 1.95£+0 1 l.06E+OI 4.02E-07 8.55£-07 
· Pu-238 ,en . • · 4.85E+OO 2.65E+OI 4.86E+OI 7.66E+o l I .28E+o2 I .50F.+02 5.57E+02 4 .99E+02 2.5 1E+02 6.85£-05 1.49[-04 
P1t-23'1CI) · J.40E-t-03 2 .99E+03 2.56E+03 I .12E+03 5.18E+03 3. IZE+03 4 .94E+03 4 .72E+03 2.53£+03 3.47E-09 7.38E-09 
P1H ~CO) . 9 .46E+OI 3.78E+o2 4.971'+02 2.62[+02 l .04E+03 7 66E+02 !.73E+o3 1.35E+03 6.9 1 E+02 2.39E-IO 5.08[-l0 

. P.u~241 ,en 9 .16E+O I 8.3 1[+02 I .73f.+03 1.991:+03 4.57E+03 6.82E+03 3.27E+o4 4.04E+04 2.0 1 E+04 9.20E- \O 2 .27E-09 
. · Pu-142,'{Cil .. : 4 .28£-04 6.04E-03 l.51E-02 l .51E-02 3.25£-02 5.54[-02 2.95E-OI 1.75E-O I 8.31E-02 1.951:-15 4 .15£-15 
.Pu-TO-.llhl,. · #REF ! #REF ! #REft #REF! #REF ! #REF! #REF• #REF! #REF! #REF ' #REF • 

A•l4HCif': 
... .. 4.89E+O I 3.56E+02 l.67E+03 3.80£+03 6.04E+03 8.39E+03 2.07E+04 2.42E+04 l .57E+o4 1.33£-1 0 2.74E-10 .... 

Am":W,HCil :· 2.1 IE-03 5.52£-02 6. lOE--01 3.29E+OO 2.78E+OO 4.47£+00 1.98[+{) I 7.57E+OO 3.50E+OO 4.73E-1 6 1.0 1 E-15 

. Cin-24? CCh : ··· 3.70F.-03 9.50£-02 l .02E-,.OO 5.95£+00 4.73E+OO 7.78£+00 3.31E+Ol 1.40[+01 6.38E+OO 8.94£-16 5.54F.- 16 
c .. 1':J cetl : · 2.19E-05 I.I 5£ -03 1.82£-02 4.61E-Ol 9.26£-02 4 .67E-01 3.57E+oo 2.17E+OO 9.15E-Ol 1.80£-17 4. 1 I E-17 
:cm:;m. ,a) ·: . . ... 5.13£ -04 2 .70E--02 4.50£-01 1.02E+O l 2.45E+OO l.09E+O l 8.74E+O I 5.63E+OI 2 .27E+O I 3.9 1£-16 9.35£-16 
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Table D-1. Input to HDW Worksheet. (Sheet 2) 
:mdirt'ri'&lilQlUG!:N ,:l ' CWBTI .· ) ; CW:BTl .:f .:,:·:cwJU/•'cl : ;;CWIU<' J u·oor::::~ 1:: :'cw.P1:::;' ] ::: cwZd ~:·;:;t '::'s:cwn1=: :J ::;roiit :/j::,: i~ J :',' t4'@s : . 
«~3.:rgr : : 1 s .25E+o3 1 1.soE+04 1 1.37E+o4 1 s .01 E+o4 1 1.10E+05 1 5.10E+os I J.39E+o3 1 3.2sE+o3 1 6.97E+o3 1 1.16E+04 1 1.1 oE+-06 
C~H'(Ct) < · I 2. llE+-00 I 4.62E+oo I 1.86E+o l I l.25E+OI I 368E+Ol I 8.4 1E+-OI I 3.00E+-01 I 3.97E+-01 I l.OOE+O0 I 2.13E+O0 I 3.94E+-03 
'N1~59(C:i} · I 3. i IE-01 j 680E-01 I 224E+-0 1 I 9. i3E+0 i I 1.45E+02 I 6.13E+02 I 1.50E+{)0 I 8.17E-Ol I 8.08E+00 I l.72E 101 I l.33E+o3 
NI~ (Cl} · . ·. · :: I 7.58E+oi I l.39E+o2 I 2.18E+o3 I 8.74E+o3 I l.36E+o4 I 5.94E+o4 I 1 .J0E+-02 I 7.84E+ol I 6.88E+-02 I I .49E+03 I l.27E+o5 
C010(CIF ~- ~ .·· · j 3.76E+oo I 159E+ol I l.03E+-02 I l.92E+o2 I 2.88E+02 I l.63E+o3 I 5.89E+-Ol I 2.65E+02 I l.38E+-OJ I 4.41 E+ol 1.61 E+-04 
s.,;.79•(Ci) · · <·· >l 8.46E--04 I l.87E--03 I 7.85E-03 I 6.66E-03 Tt~53E-02 I 3.72E-02 T 3.90E-027- . 2:1 0E-02 I 6.87E-04 1.46E-03 I 7 90E+ol 
Sr:;90:(Ct) · . I 6.57E+o2 I t.61E+03 I 7.25E+o3 I 7.38E+o3 I t.49E+o4 I 4.24E+04 I 4.41E+-04 I 3.53E+04 I 4.31E+o2 I 9.87E+o2 I 8.79E+o7 
Y-90 Ci :·• 6.57E+o2 1.61 E+-03 7.25E+-03 7.39E+03 1.49E+04 [ 4.24E+04- 4.41E+o4 3.53E+o4 4.31 E+02 9.87.E+-02 8.79r.+07 

.-Zr,9-3.'(CI)•:,, .. 5.17E-02 1. l 3E-01 4.70E-0J 3.99E-01 9.l0E-01 -r-2.21 E+OO 3.68E+o0 1.99E+-O0 1.831:-02 3.89E-02 4.72H03 
NM3lii((:I} ':':':. :>:· : I 4.65E-02 I 9.91E-02 I 4.02E-01 I 3 .20E--01 I 7.64E-0l I l.74E+OO I 2.84E+-O0 I l.l0E+-00 I 1.43E-02 I 2.93E-02 I 3.73E+03 
:To-99'((;1).: /:';;.:; ;/I 3.70E-0I ! 8.19£-01 I 3.42E+oo I 2.86E+O0 I 6 .65E+OO I 1.61£+01 - J 8.83E+-O! I l.14E+o2 · 1 7.76E-02 I l.65E-0I I 3.43E+04 
~tlkHCtf/ .: :1 2.02£-12 I 1.79£-10 T l.40E-08 I l.19E--06 I 9.04E-08 I 5.72E-05 J J.67E--04 I 4.25E+OO I 2 .04E-08 I 4.25E-07 I l.06E+o3 
Ccl4Um(Ci):< z: 1 l.59E+O0 I 4.45E+O0 I 2.16E+ol I 2.25E+o! I 4 .91E+OI I l.58E+o2 I 3.S0E+-00 I 3.96E+OO I l.75E+OO I 4.33E+oo I 5.79E+o3 
S• J2StC1j •·•· :: :•.:: 1 3.08E-02 j l.2 1E-0I i 2.13E-0 I I l.53E-OI T i.07E-O i I J.60E+-OO I 5.23E+00 I J.66E+02 I 2.0iE-02 I 9.49E-02 I J.90E-'-04 

. S.i,1211.<ill.~·: _ _ ' J 3.05E--03 I 7.20E-03 I 3.17£-02 ! 2.67[-02 I 6.28E-02 I l.55E-0I I 1.85E-01 ! 9 30E-0,. I 2.25F.-03 I 4.79E-03 I 3.29E+-02 
1-129'(0) ' .. , ·.. , I 4.87E-04 I l.l 2E-03 I 4.82£-03 4 03[-03 I 9.49F.-03 I 2.33£-02 I 1.37E-01 I l.74E--0 1 I 2.44£-04 I 5.1 9E-04 I 4.94E+ol 
C~l34(Ci) . I J.0IE--06 J 2.23E-05 I 6.69£-04 I 7.90£--03 I 2.88E--03 I l.07E-01 I 4.28E+-O0 I 4.26E+02 I 4.94E-04 I 3. I0E-03 I 8.56E+-03 
C.-137(Ci) • • · ;, I 7.54E+02 I l.87E+03 I 8.55E+-03 I 8.59E+o3 I J.77E+-04 I 502E+04 I 3.02E+o5 [ 5.33E+-05 I 3.?0E+-02 I 8.45E+02 I 1.04[+08 
.ea.n1m(Ct> : ... ·:. < 1 1 .12E+-02 1 1.11E+o3 1 s .osE+o3 1 8.11E+o3 1 1.61E+-04 1 4.74E+o4 1 2.8sE+os 1 5.04E+os 1 3.soE+-02 1 1.98E+o2 1 9.s3E+o1 
:slijai:~tt¢JL 1 3.79E+01 1 s .15E+01 1 3.29E+o2 1 2.19E+o2 r 6.45E+02 - 1 1.s9E+03 1 1.15E+o3 -- r 8.4sE+o2 1 1.s1E+-00 1 1.10E+o1 1 3.JoE+o6 
: ~~1$2>(c1r : I 4.70E--04 I 3.89E-03 - I 368E-02 I 6.72F.-02 I s .s2E--02 I 4. l IE-0J I t.67E+oo I 1.1 2E+00 I 2.21F.--03 I 5.50E-03 I 1.01E+03 
Eii~154JCif I 4.55E-02 I 2.86E-0 I I 246E+00 J 4.48E+OO T -6.40E+0O - J 3.18E+Ol I 1.13E+-02 I l.35E+-02 I 8.81E--02 I 2.40E-01 I 9.19E+04 
Eu.C.:155.:LQ.L I 3.69£-02 I l.57E-::0l I L02E+oo I 2.24f.+oo I 2.?IJE+O0 / l.76E+ol / l.47E+Ol / 1.03£+02 I 3. ISE--02 / I.06E-0l I 5.l4E+04 
·Jta~Z26!(Ci) '.i' : I 5.03E-06 I 5.47E-06 I l.37E-05 I 7.85E-06 T- 2.0IE--05 I 327E-05 I l.20E-05 I 8.41E-06 I 5.29E-05 I J.02E-04 I J.76F.-02 
~~!((lifl,'::::::, > I l.69E-1 1 I 3.23E-ll . I l.27E-10 I 1.14E-10 J 2.15E- 10 I 4.S0E-10 I 4.76E-10 I 6.55E-10 I 4.66E-01 I 9.84E-01 I 3.041:+00 
Ac~22iccb:: 1 2.36E-o5 1 2.63E-05 1 6:s2E--05 1 J .s5E-os 1 9.78E--05 1 1.64E-o4 1 1.22E-0.s 1 4.04E--0s I J .18E-02 1 6.43£-02 1 4.66E-t-oo 
Pi~'ilt(Ci) \ 4.52E-05 I 5.36E--05 -- , -l.39E-04 T- 8.45E-05 I 2.15£-04 I 4.0IE-04 I J.85E--04-I l.72E-04 I 4.70[-02 I 9.98£--02 I 7.15E+o0 
'.J'b;;:z:z,tdb ,i : :,,;> I 2.66E-09 I 5.09E-09 I 1.89E-08 I l.lSE-08 I 3.37E-08 I 6.41£--08 I 5.36£-08 I 4.53E-08 I 1.07E-OI I 2.17£-01 I J.41E+-O0 
Tli~23t:(Cf) ... : .I 2.00E-11 I 3.89E-11 I l.55E-10 I 1.45£- 10 I 2.67E-10 I 5.84E-l0 J 6.34£-10 I 1.09E-09 I 4.73E--01 I J.00E+o0 I 2.80E+O0 
u"13z:10Y · :.,: : 1 s .91£--06 1 2.49E-0s 1 1.29F.--04 1 t.4IE-04 1 2.62£-04 1 1.s1E-04 1 u8E-o3 1 2.J4E-03 1 5.01E-01 1 1.11E+oo 1 1A8E+00 
lFlDi(Ci) ·.' ' > I 7.93E-07 I l.65E-06 I 6.58E--06 I 4.78£-06 -!124E-05 I 2.69E-05 I 2.09£-05 I 2.86£--05 I 3. I0E+ol I 6.58E+0l I 4.49E+02 

.n.:~;(tll)::: I 8.s1E-01 I 1. 19E+oo I 3.41 F.+oo I 2.11E+00 Ts3'fE+oo r 1.21E+o1 I 5.6oE+oo I J.24E+-01 I 2.45E-01 I s .201:-01 I 2.69E+03 
V•llS{Cl) · · · :•:• • •:• I 3.98E--02 I s .26E-02 I I.45E-01 I 1.05E-01 12jsE-01 I s .2JE-01 I 2.59£-0 1 I 4.75E-01 I s .69E-07 I 1.ssi:-06 I 1.20E+o2 

· U;lJi;(Clf . ,. · .. · · ·.· I 7.53E-03 I l.62E-02 I 6.99[-02 I 7.78E-02 I l.27E-Ol I 3.30E-01 I 3.94E-0 ! I I .20E+00 I 1.51 E-07 I 3.22E-07 I 3.53E+0 I 
lh238{0) : · J R.96E-Ol I 1.21E+-O0 I 3.33E+O0 I J.93E+OO I 5.72E+00 I 1.2IE+Ol I 3.92E+OO I 8:S4E+-O0 I l.35F.-14 I 2.88E-14 I 2.72E+03 

.. u~t~:(iliv.lit), •::: I #REF! I #REF! I #REF! I #REF! I #REF! I #REF• I #REF! I #REF! I #REF! I #REF! I #RF.F! 
Na,:;ll1_{Cij · . . ... : j 2.32E--03 I 5.29[--03 I 2.27E-02 I 1.86£-02 I 4.46E-02 i l .091:-01 I 6.45E-02 I 1.22E-01 I 8.621:-09 I 1.83E-08 I I .32E+-02 
p"it:_~_(QJ , · •.. I l.77E-Or I 9.48E-Ol I 6.56E+0o I 12sE+00 I r.4JE+or I 4.45F.+ol I 6.64E-+-01 I r .or E+o2 I 1 .47E--06 I J .20E-06 I L98t+oJ 
Pu.-239.(Cl)- ., I 5. ISE+O I I l.07E+o2 I 4.12E+-02 I 2.84E+o2 I 8.09E+02 I l.84E+-03 I 6.53E+-02 I l.OOE+-03 I 7.441:-11 I J.58E-10 I 3.37E+04 
Pli-l40'(CI) I 3.47E+O0 I 1.40E+O l I 7.83E+-OI I 6.25E+0l I l.69E+-02 I 4.34E+-02 I 2.52E+o2 I 2.82E+02 I 5.12£-12 l.09E-1 I I 8.1 IE+0J 
Pu-241(Ci) · I 3361'+00 I 3.12E+Ol I 2.88E+o2 I 4.03[+{)2 I 7.31E+02 I 3.14E+-03 I 5.1 5E+03 I 8.35E+03 I 1.97[- ll 4 .86E-11 I J.27E+-05 
l'Jl~24l:lCI): · · I l.57E-05 I 229E-041 - 2.32.E-03 I 2.65F.--03 I 5.24E-03 -1 2.20F.-02 I 4.87E-02 I 3.55E-02 I 4. I 9E-17 I 8.90E- 17 I 7.94E-01 
pg.:.fotafOiE)> I #REF' I #REF! I #REF' I #REF! I #REF! I #REF' I #REF! I #REF! I #REF' I #REF! I #REF! 
Aii•.2'i(Cf) .,. : : I l.26E+OO I 9.42E+oo J 7.0SE+ol I 6.45E+Ol I l.54E+o2 I 4.53E+-02 I 6.22E+-02 I 4.44E+-02 I 2.851:-12 I 5.86E-12 I 8.27E+04 
Ani-24HCI) . ·•·.·. ,•: I 2.16E-06 I 5.63E-05 I 7.66E-04 I l .20E-03 f l.71E-03 I l.21E-02 I 6.49E-02 I 4 .45E-02 I l.0IE-17 I 2.16E-17 I 4.22E+0I 
cm-242 <Co : . 1 _ 3.78E-o6 1 9.10E-0s r - u1E-0J 1 2.20E-0J 1 2.91 E--03 ___ 1 1.88E-02 1 1. 16E--01 - -r 8.2oc-02 : o.ooE+oo I o.ooE+oo 1 7J3E+o1 
Cm-24J(ci) · . '', I 2.19E-08 I l.15E-06 I 2.41E-05 I 7.94£--05 I 5.44E-05 [ 9.84E-04 I 3.27E--02 I 1.25E-02 I 3.85E-19 I 8.SIE-19 I 7.74E+oo 
C:111-244 (Ci) 1 5.13E-07 I 2.70E-05 I 5 .89E--04 I 2.16E--03 I 1.42E--03 I 3.05E-02 - ] 7.0JE--01 I 3.19E-01 I 8.38E-18 I 2.00E- 17 I 1.92[+02 

;,;:, 
"'O 
"'O 

I --.a 
00 
N 
N 

iCl 
~ 
0 



Table D-1. Input to HOW Worksheet. (Sheet 3) 

; .. m3:tfl4):': ::?:·:::·.;::; ... , .. .... ... 0.00E+oO 0.00E+OO 6.60F.-Ol 5.SOE-0 1 9.89E-01 9.89E-Ol 9.72E-01 8.72E-01 8.72E-Ol 9.89E-01 9.72E-Ol 
:::C-"14:(.Cl\\i ::.i'::':c'.i:::'i"? / :·· 8.20E-Ol 8.201:::-01 8.20E-OI 8.20E-01 8.20£-01 8.20E-01 8.20E-01 8.20E-01 8.20E-01 8.20E-O I 8.20E-OI 
NL::.S,:cco ; ·.· . , ;- . .. . . O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
;J\ii~3JC1f .: '· · .: . ·.:: :· :. 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOF.+00 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO 
~ :,en , .·: ... ,, ... :':.; . O.OOE+OO 0.00E+OO 0.00E+OO 0.00E+oO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 
~19. (0) .. 0.00E+OO O.OOE+OO O.OOE+oo O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+oO 
Si';,90 (CD . ·. . :·:·. :- · · · .. O.OOE+oO 0.00F.+00 O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO 
\'.,;9,0(Ci) . . . . . : • O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+oO O.OOE+oO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 

: :Z~.:nor, ... :' ,. '"' .·,· ,.· 0.00E+oo O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+oo 0.00E+oO 0.00E+OO O.OUE+oO O.OO P.+00 
.-·NMlm/(;l):'•i::,; :'.,,,,,.:-\,:. .. ·, O.OOE+oo O.OOE+OO O.OOE+oO O.OOE+oO O.OOE+oo O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 
iTcM.'LCll,;::,,:,::;,;:;;<.::'::,:,;:.::;: .. O.OOE+oo O.OOE+OO I .30E-0I l.30E-01 2.SOE-01 2.SOE-01 2.SOE-01 2.SOE-01 2.80E-Ol O.OOE+OO O.OOE+oO 
l{jj;;J06{CiF ::'L;::c:,: :.;.:::t;-, O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 
C.U3itt{Cl) ; i \: i' ·:• ' :> 0.00E+OO 0.00E+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+oo O.OOE+OO O.OOE+oo 0.00E+OO O.OOE+OO O.OOE+oO 

.::$.~125(Cff·•:•:·,;., ..... ::........ O.OOE+OO C.OOE 100 O.OOE 100 0.00[ t 00 O.OOE rOO C.OOF.+00 0.COE+OO O.OOE+OO C.OOE+OC 0.00E+OO O.OOE+OO 
:':~f:z6'CCit':::;::,,:,:·' ·t, · .·:·· ·· 0.00E+oO O.OOE+oO 0.00E+OO 0.00E+oo O.OOE+OO O.OOF.+00 O.OOE+OO O.OOE+oo O.OOE+oO 0.00E+OO 0.00E+OO 
:;: l;l29.ii'~h::: .:: :).;, ./::"':• :::,::,--:•· 6.64E-Ol 6.70£-02 1.25E-02 5.00E-02 9.90E-02 9.90E-02 5.SOE-0 1 5.42E-01 5.42E-Ol 9.901:-02 5.50E-OI 

:~J37m(ci):::-/ ,:, :· · , , ·. O.OOE+OO O.OOF.+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00£+00 O.OOE+oO O.OOE+OO 
· Siii:.tsr:,cn::: .,,_. ' ' ,..... 0.00E+oo 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+oO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 

0 
I 

O'I 

. Ea-152(Cil < 0.00E+OO 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+oO 
: Eil-lS4'lCll .. ·· · · · · · · ··· · · O.OOE+oO 0.00F.+00 O.OOE+OO O.OOF.+00 O.OOE+OO O.OOE+oO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
. •iii~l$HCl) .: .. , · :·· ·. O.OOE+OO O.OOF.+00 O.OOE+OO 0.00E+OO 0.00E+oo O.OOE+OO O.OOE+oO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO 
a.,.'ll6(CI) , · · .,: .. : ... : . O.OOE+OO 0.00E+OO 0.00F.+00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oo O.OOE+OO OOOE+OO 

':~l28'Cl). . .. . . : ·: .... , : O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oo 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 
,· ',(e:;227:rcn :: . :,: ... ;,.'.,· 0.00E+oo O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+oo O.OOE+OO 
;•Jitir..:23fcCiLi . . . . : , '. O.OOE+oo O.OOE+oo O.OOE+oo O.OOE+{)() O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+oo O.OOE+OO 0.00E+oo O.OOE+OO 
:,Tli-il29:(Clf . . .... .. 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.CJOE+OO 0.00E+OO O.OOE+OO O.OOE+oO O.OOE+oo O.OOE+oo 
· .Th:.132Jcn :: .. · · 0.00E+OO O.OOE+-00 O.OOE+oo O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO 
:JJ~i3l:·re1:' i .c::::;; :,.::, .·, O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00F.+00 O.OOE+oo O.OOE+OO 0.00E+OO 
:]Jallf(C'Jl ; : . , O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+oo O.OOE+OO O.OOE+OO 0.00E+oO O.OOE+oo O.OOE+OO 
': U~U(4'cn'· 0:, .. ,.:·.,:-;: ':'·,·:;:"·,.·'" O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+oo O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+oo O.OOE+OO 
tJ~135'tCff. •. · · · · ·· : . . :: , . O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 
::u-m:mn: " .. ·· .. ,, ' O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O OOE+oO O.OOE+OO O.OOE+OO 
':u~m:,rn.,:·0 ':, ···:·.· ....... , ...... . .. · O.OOE+OO 0.00F.+00 O.OOF.+00 0.00E+OO O.OOE+oO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO 0.00E+OO 
· U~To~(~isf :· , . , , ... .. O.OOE+oo O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+oo O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+oo 
··Np;.-'l3UCfi',•::;: •:; :· ,:: ,':'.::/ ,· O.OOE+OO O.OOE+oO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 
'•Pii~:238:(QF . . O.OOE+oo 0.001:+00 O.OOE+OO O.OOF.+00 O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+oO O.OOE+OO O.OOE+oO 
. Pii;;.l3!HCll ·: ·· ·· · ..... ·· O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
,Plii-248:(Ci\' c· ... ,,' · ... ' ... ,.... O.OOE+OO O OOE+OO O.OOE+OO 0.00E+oO O.OOE+OO O.OOE+OO O.OOE+oO 0.00E+oo 0.00E+OO O.OOE+OO O.OOE+OO 
-P~~l41(Ci) · ··· · · ·, · · · ·' · O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+oo 0.00E+oO O.OOE+OO O.OOE+oO 
/ t:tia~%4? (Cl).:. . .. '' · , ... , 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOF.+00 O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 
::h~Totai lo\ ·.:.,. ... .. . .... ,. ,. . O.OOE+OO O OOE+OO 0.00E+OO 0.00F.+00 0.00E+OO O.OOE+OO O.OOHOO O.OOE+OO 0.001:+oo O.OOE+OO 0.00E+OO 
-'.~241 (Ch '· ·' ··' ···' ·:· :·::;:;.. 0.001::+00 0.00E+OO 0.00E+oo 0.00E+OO O.OOE+oo 0.00E+OO O.OOE+oO 0.00E+oO O.OOE+OO O.OOE+OO 0.00E+OO 
· A&W:tO) .. :-·,; :: : · ' 0.00E+OO 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+oO 0.00E+OO 
. -~24.l;(Ci) 0.00E• -00 0.00E-+ 00 0.00EtOO O.OOE+OO O.OOE+oo O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOF.+OO 
: .CIJi-UJ:fill\:. · · ·· ·· · ···· ···· ···· 0.00E+OO 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+oo O.OOE+-00 O.OOE+oO O.OOE+OO O.OOE+oo O.OOE+OO O.OOE+OO 
Ciw,ffl(C'lf .. · · . . O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.ClOl:+00 O.OOE+OO 0.00E+-00 O.OOE+OO O.OOE+OO O OOE+oO O.OOE+OO 



i:::, 
I 

-...J 

~(0~~~1~~-]~0 :~~r~~~~,~~ 
::(~:::, .-.. ,,,,,,,:"''.;:;:;·:"·"·"· ::f 0.00E+OO 
· l\.l~Ugj': · .. · ' ' > I O.OOE+OO 
·Nl~(Qj:7•:•~,:>::.;, :1 0.00E+OO 
(?~':((;!) • . ;,::•,:':• ,I 0.00E+OO 

-.$e.79;{Cij.;::_: :::.,-,:.:,.,.:: :::.-:: :_:.::.:: :-1 O.OOE+-00 
: Sr.,~:(<ID:'< 'i :i :ii; "·: ,,~ , ;:'f O.OOE+OO 
Y~ (CjJ. - - . -~ _:_~ · ·. :: '.-k I O.OOE+OO 
•Zi~1C.lf/.::.': /: I O.OOE+OO 
:Nbi-9)iid((Cif >(;:";L'\:,/' ;< 1 O.OOE+OO 

:-.:y~e{Q);) .,,_.,, :,,-:i,-\,;=,:,:::'i:-, 1 0.00E+OO 
:Ru.i10iHC1)\i:i:;\i O.OOE+OO 

-•i:I:111::1!'.i/i!;;.:;;;:t:i;;!:r;•:r~:1 ~:E~~~ 
: l~l!29lQf }l;:il\ iHf /Jif:i\i\I~::: I o.OOE+OO 
':CeU.!(.ci);\<IT{T;j;:'.i':·:d;::'.:(l O.OOE+OO 
, .•. _Cii-'137'(Cl)::itHYii:;,;::::;:et:2)+?1 O.OOE+OO 
/~1~1-{0ffr\·/;:\:::::/\)'i::- I O.OOE+OO 
=$m!;15f(IDJI:1:\k'\'f;'f::::\'{:2 I O.OOE+OO 

O.OOE+OO 
0.00E+OO 
O.OOE+OO 
O.OOE+OO 

.,. O.OOE+OO 
: Ae-ll'Jta) , .. ·. l O.OOE+OO 
,,jtj::,i3Ji{Q):): ; :/::, ( ::::: I O.OOE+OO 
·. Ta;;;•@·.: :: ·:'/ !;::H ·:; ,; I O.OOE+OO 

fi:.;'231:(C()i:,.:' i, J O.OOE+OO 
·: .u~»i{dr; :,:::::,:,::•r!:=,:,,,::, ,,:,,:,, J o.OOE+oo 
: V!'UJ(cif) /if;.:,'/F~,< :>:SI O.OOE+OO 

•:~=1m::::!1:~~:iriw::~'.::~:::::;:~'.'tt~1 ~ :~~:~ 
·•:~~~;;;~'.::~;!;;;;;'.;;,:l :':'.!_t;;:.;;;:;;::!;;;;':l ~~:ii:; 
··•·~;:~::'~!:::~;:;::;~:~tj:il•l ~:~~:~ 
't.W<Cifi~T:,!;i,;:;::\:~,:;S: i:) I O.OOE+oO 
ru:iUf '(ct) • ' : I O.OOE+oO 

·-p~~'(CJ)'·,::.::: ' . . ·,':'., :: q O.OOE+oO 
>Pii;.Ul{CI) i·::': :,;; ·. : I O.OOE+OO 

::r~,~- :>:<> :::: ::i ~:~~~: 
Aii•-241'.{Ci)i ;·:''.:/:,;:/;{,'f,:,.;;,, J O.OOE+OO 

_:~tJ.}8ti':::::::•::::::~'.:2'~:::'.::~;·_::l ~:~~~: 
cai.4m::{(l)·>H ;''.> ::;5::::::T<:'::l O.OOE+OO 

.· £'in-'m'(Ci}f :,( '<,/'.';/1?/(:fIT I O.OOE+oO 

Table D-1. Input to HDW Worksheet. (Sheet 4) 
·t.CWJr.rl / L;\CWIU:>:: f/\ewiu;;:(:::' ?cwrt : 0::. :·t:: CWJ'l::•i':i i?:iCWZt-1/:':C -(::::C.WU1i'.,, ;_ '°:.(CWflli' · :• c.WJll2 · 

9.77£-01 9.77£-01 9.77E-Ol 9.77E-01 9.77E-Ol O.OOE+oo O.OOE+OO 9.77F.-01 9.77E-01 
O.OOE+OO O.OOE+OO 0.00£+00 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+oO O.OOF.+oO O.OOE+oO 
0.00E+OO O.OOE+oo O.OOE+OO O.OOE+QO O.OOE+oO O OOE 100 O.OOE+OO O.OOE+oO 0.00!:+oO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+-00 O.OOE+OO 0.00E+oO 0.00E+OO O OOE+oO 
0.00E+OO 0.00HOO O.OOE+OO 0.00E+OO O.OOE+-00 O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+oo O.OOE+OO O.OOE+OO O.OOE+-00 0.00E+OO O.OOE-t-00 O.OOE+OO 0.00£+00 
0.00£+00 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+oO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+oo O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO 0.00E+OO O.OOE+OO O.OOE+OO 
O.OOE+OO ... O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO 0.00E+OO OOOE+OO 
O.OOE-t-00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+oO O.OOE+oO 0.00E+OO 
0.00E+oo 0.00E+OO O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+oO O.OOE+OO 0.00E+oO O.OOE+-00 
O.OOE+OO 0.00E+oo O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+oo O.OOE+OO O.OOE+oo O.OOE+oO 
O.OOE+oo O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+oo O.OOE+oO O.OOE+OO 0.00E+OO O.OOE+oO 
O.OOE...00 O.OOE+OO <J.OOE+OO O.OOE+OO O.OOE+OO O.OOI:.+00 O.OOE+OO 0.00[ I 00 . O.OOE+oO 
O.OOE+oo O.OOE+OO O OOE+OO O OOF+oo O.OOF.+oo O.OOE+OO O.OOE+oO O.OOE+OO 0.00E+OO 
O.OOE+oo O.OOE+oo O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO 
0.00E+oo O.OOE+oo O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+oo O.OOE+OO 
O.OOE+oo 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 2g 
0.00E+oo O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+oo O.OOE+OO 0.00E+OO ""O 
0.00E+oo O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+oO O.OOE+OO 0.00E+OO 0.00E+oo O.OOE+OO .,!... 
O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+OO 0.00£+00 O.OOF..+oO ~ 
0.00E+-00 O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+oO O.OOF.+00 O.OOE+OO O.OOE+OO 0.00E+oO lj 
O.OOE+OO O.OOE+oo O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+-00 
O.OOE+-00 0.00£+00 O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+oo O.OOE+OO O.OOF.+oO 0.00E+OO ::0 
O.OOE+-00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+oO 0.00E+OO ~ 
O.OOE+-00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+oO 0.00E+OO 0 
O.OOE+OO 0.00E+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+oo 0.00E+OO 0.00E+OO O.OOE+oO 
0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oo O.OOE+OO 0.00E+oO 
O.OOE+OO 0.00E+OO O.OOE+OO O.OOF.+00 O.OOE+oO O.OOE+OO 0.00E+OO 0.00E+OO 0.00E+oO 
OOOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+-00 O.OOE+oO O.OOE+OO O.OOE+OO 0.00£+00 O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+oO 0.00E+oo O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+oo O.OOE+OO 0.00E+OO 
0.00E+OO O.OOE+OO O.OOE+oo O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+oO 
0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+oO O.OOE+OO O.OOE+OO 
0.00E-f00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOF..+-00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+OO 0.00F.+00 O.OOE+oO 0.00E+OO O.OOE+oO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 
O.OOE+oo 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO 0.00E+oo O.OOE+OO 
O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+oo 0.00E+OO O.OOE+-00 O.OOE+OO O.OOE+oO OOOE+OO 
0.00E+OO 0.00E+OO O.OOE+-00 O.OOE+OO 0.00E+OO O.OOE+oO O.OOE+OO O.OOE+OO 0.00E+OO 
O.OOE+OO O.OOF.+oO O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE+-00 0.00E+OO O.OOE+OO 0.00E+OO 
O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO O.OOE+-00 0.00E+OO 
O.OOE+OO O.OOE+oO O OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO 0.00E+OO 
O.OOE+OO O.OOE+OO O.OOE+OO ·o.OOE+-00 O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+oO 
O.OOE+OO O.OOE+OO 0.00E+OO O.OOE+OO 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E+OO 
O.OOE-i--00 O.OOE+-00 0.00E+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+OO 0.00E-'-00 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+-00 O.OOE+OO O.OOE+OO O.OOE+oo O.OOE+OO 0.00E+OO 
O.OOE+OO O.OOE+OO O.OOE+OO O.OOE+oO O.OOE+OO 0.00E+OO 0.00E+oo O.OOF.+00 0.00F.+00 



0 
I 

00 

Table D-1. Input to HDW Worksheet. (Sheet 5) 
.lii~at4,y-Rdiuiltct <,'·:·1 .: :.:· ll'.J:1r · · ff. ,:·:::JJ.Tl: ~.:-:: L ··;,' RJ .: :··:::t ::z >/ JU: ':::T::1~:~,,~:,"::;, -i:;_,;,: 'L ;: · 'Yl: 1~ 'nwtDMi•: + ':/Plttt ':.: 1::-::'.'P.Jm: .. :. I 'TJU · ; •' 
.... ~f(:1)--" ... . .. ,·: I 6.15E+-02 I l.82E+o3 I 2.58E+o3 I 6.26E+o3 I 3.93E+o2 I 4.21E+-02 I 9.03E+o2 I 2.20F.+o3 I l.33E+o3 I 4.5JE--OJ 
C~l4(ci) ·, .. ;J l.89E+-01 I 4. I 2E+OI I 1.41 E+o2 I 3.90E+ol I 2.5JE+o2 I J.08E+02 I 5.76E+Ol I 6 97E+o0 I 3.73E+o0 I l.88E-04 
Ni~S9(CI) I 4.95E+OO I 1.08E+OI I 3.701::+01 I 3.80E+OI I l.35E+02 I l.05E+02 I 6.53(:101 I 2.llEi OI I l.14E+Ol I 8.09E-03 
Nk63(CI). . I 4.22E+-02 I 9.51E+o2 I 3.34E+03 I 3.60E+o3 I l.25E+o4 I LOIE+04 I 6.29E+o3 I 2.04E+o3 I J.11E+o3 I 6.89E-Ol 

. Co-60 (Cl) . . · 1 8.97E+OO I 3.78E+ol I l.91E+02 I 5.401-:+02 I J.23E+o3 I l.89E+03 I 2 09E+03 I 4.38E+OJ I 3.07E+03 I I .38E--02 
Se.-79 (;I ' 8.45E-Ol l.87E+o0 6.53E+OO 8.42E+o0 2.39E+O l J J.91E+Ol IJOE+O l 3.34E+o0 1.85E+OO 3.211:--02 
Sr.-90.(Clj :. .. 6.56E+o5 l.61E+06 5.93E+06 9.l9E+06 2.39E+o7 7 2.16E+-07 1.601-:+07 552E+o6 3.21E+06 2.01E+o4 
Y,;,Q(C.i)' : j 6.56E+o5 I J.61E+-06 I 5.93E+o6 I 9. l9E+-06 I 2.39E+-07 I 2.16E+07 I 1.601:+07 I 5.52E+o6 I 3.21E+-06 I 2.0 l E+-04 
·Zr~U(Ci)'' ;>'' l 5.16E+Ol I l.l J E+-02 I 3.91E+o2 I 5.04E+-02 I 1.421-:+03 I 1.14E+-03 I 7.73E+02 I 2.02E+-02 I l.12E+-02 I 8.54E-01 
Nb-9:Jilr(O} >! 4.65E+Ol I 9.90E+Ol I 3.36E+o2 I 4.06E+-02 I 1. 181::+03 I 8.96E+-02 I 5.80E+02 I l.14E+o2 I 5.93E+-Ol I 6.69E-01 
.rce~:tct:t~'''~' ,. :•:•: :'·>! J .69E+-02 1 8.1 sE+-02 1 2ARE+0J 1 3.1 s1:+03 1 7.49E+03 1 5.97E+-0J I J .98E+o3 1 9.s6E+o2 1 s .46E+-02 1 3.62E+oo 

' ffiH~{'¢q :: ::::::::,: ;: :::: j 2.02£-09 I l.79E-07 I 5.21 E--06 I J.50E-03 I 3.75E-04 I 8.74E-03 I 8.55E--02 I 3.45E+-02 I 7.06E+-02 I 9.54E-07 
Cd~Uj~{Ct)' j l.99E+Ol I 6.16E+Ol I 2.69E+02 I 5.02E+-02 I l.26E+-03 I l.31E+-03 I 1.14E+03 I 6.03E+02 I 3.46E+-02 I l.69E+OO 
Sb":125;(Clj :>i .<: : i i. I 2.60£--01 I 2.16E-+-OO I l.66E+Oi i 1.53E+-02 I l.86E+02 I 5.38E+-02 I t .OlE+OJ I 8.91[+03 I 7.99[ 10J I 7.57E--Ol 
sn;;n6~{ctJ:: ., <,1 rn:'iF+oo 1 1.20F+oo 1 2 64F.+o1 1 H 1 E+D1 1 9.x1F.+01 1 1.96E+-01 1 s .60E+-01 1 J.49E+o1 1 8.09E+-00 1 1.osE-01 
<14-29.-(CJ)<: < . > : . i 'I l.64E-Ol I l.04E+OO I 3.97E+oo I 4.88E+OO I IJ4E-+-Ol I l.OSE+-01 I 3.67E+OO I 9.62E--O l I 5.24E-OI I l.03E--02 
. C.:J34(CI)::: ,:: .: I I.OIF.-03 I 2.23F.-02 I 3.70E-Ol I l.l2E+Ol I 7.0SE+-00 I 3.53E+Ol I l.44E+-02 I 4.09E+-03 I 3.SSE-+-03 I 2.30E-02 
Cs,;137(Cb ~ ~:~- ~ 7.53E+-05 I l.87E+06 I 7.0JF.+06 I 1.0?E+-07 I 2.84E+O? I 2.56F.+07 I l.88E-+-07 I 6.31E+06 I 3.62E+06 I l.73E+-04 
lla~l~iiHOl- · : · : .I 7. l lE-+-05 I t.77E+o6 I 6.62E+o6 I l.02E+-07 I 2.681::+07 I 2.41£+07 l l.78E+o7 I 5.96E+o6 I 3.42E+06 I l.63E+04 
5m:;f5i•(Ci),': . . ... -'I 3.79[+-04 I 8.14[+04 I 2.74E+o5 I 3.47E+-05 I l.O!E+-06 I 8.23F.+05 I 5.08[+05 I 1.33E+-05 I 7.58F.+o4 I 3.64E+-02 
·iy;ts.i(CiF · •: I 4.69E-OI I 3.89E+oo I 2.1sE+o1 I 9.46F.+01 I u1E+o2 I t.90E+o2 l J.26E+-02 I 1.83E+o2 I 9.321::+01 I 1.03E-Ol 
Eiii:;1~{Ci)'< , ':'. ··•::· I 4.54E+-01 I 2.86£+02 I l.88E+o3 I 6.28E+-03 I l.12E+o4 I l.52E+04 I 2.34E+-04 I 2.15E+04 I l.18E+04 I 4.1 lE+OO 
·E11:1~s:tc1}: • :-:.:_._,. . : :i 3.69E+o1 1 u1E+o2 1 1.nE+o2 1 2.63E+-03 1 5.1 JE+03 1 s .42E+o3 1 8.60E+-03 1 1.461::+04 1 1.09E+04 1 1.41r:+oo 
Ra',?2"1ctf <·;' > I 6.21E-03 I 6.74E--03 I 3.75[-04 I 5.16E--04 I 9.41E-04 I 8.43E--04 I 7.52E-04 I 2.99E-04 I l .51E-04 I l.03E-04 
Ri~llltCi)' \ .' <.:->] 2.08E-08 I 3.98E--08 I 2.1 lE-09 I 4.46E--09 I 5.79E-09 I 6.891::-09 I l.04E-08 I l.70E--08 I I .OOE-08 I 4.53E-Ol 
Ac-.221 (Ci)":O "<<• I 2.90[-02 I 3.23E--02 I 1.61 E-03 I 2.14£--03 I 4. I 9[--03 I 3.90£-03 I 3.63E-03 I l.48E-03 I 7 .79E-04 I l .49E+OO 
-Pa!:2ll'Cdf7 · 
Tlt~ffl'(Clf. . . 
n;.ni.(Cll/ ·. 
lf.,.lJ2 (CO · · 

. ,u.;233 (Cl) : ' .. 
· U~l34(CI} ·: 
u~~lClf : .. · .. _· 
u~136':cro· -__ 

, .. v~m1_cn_ ·_.- · 
. O~T.cai:(niols}.: :·• 
N~231..(Ctf l. 
.,_.lJI .{Cl};;,• . , 

. r."9((1)'. .- , .. 
- -P.W (Cl)•··: 

. P.li4'1(0) · 
-fu-:wi·,al :·::'_:-·: 

. Pu~Tifial Oia) ' , ·. 

Alji:i~l;(Cif: :·:·.: ·· 
• Arfi.;24JI<ll : 
'Cm:;lU(Ci) · ... 
Cni-241'(0) __ ;-:: . 
Cni:•244(0) 

5.57E-02 I 6.60[-02 I 2.39E-03 I 3. I 3E--03 I 5.97£-03 I 5.96E--03 I 5.92[-03 I 3.29E--03 I 1.91 E-03 I 2. 19E+OO 
2.94E-06 I 5.63E--06 I 7 .91 E-06 I 2:SOE--06 I I .57E--05 I 5.11 E-06 I 3.55E-06 I l.97E--06 I l.OOE-06 I 3.85F.--Ol 
2.46E-08 I 4.79F.-08 I 2.27E-09 I 4.57E-09 I 5.97E-09 I 7. 17E-09 I l.09E-08 I l.93[--08 I l.17E-08 I 4.24E--01 
9 501::-03 I 2.23E-02 I 7.25£-04 I 4.53E-04 I l.06E-03 I 1.38£--03 I 4.40E-03 I 4 26E--03 I 2.07E-03 I J.82E+OO 
8.41E-04 I l.75E-03 I 3.57£-03 I l.29E-03 I 7.47E-03 I 2.51[--03 I l.60E-03 I l.37E-03 I 6.40[-04 I l.16[+02 
l.09E+03 I 1.47E+o3 I l.78E+Ol I 5.94E+OO I l.55E+ol I 1.77E+o t I l.54E+ol I l.23E+Ol I 6.90E+OO I 8.79E--OI 
4.90E+Ol I 6.49F.+ol I 7.67£-01 I 2.25E-01 I 6.63E-Ol I 7.39[--01 I 6.63E-OI I 4.59E-01 I 2.75[--0 1 I 3.12E-06 
9.28[+00 I 1.99[+0I I 3.69E-Ol I l.72E-Ol I 3.42E-01 I 4.54E-01 I 7.55E-O l I l.17E+o0 I 6.8 lE-01 I 5.44E--07 
l.1 lE+-03 I l.50E+03 I 1.83[+0I / 4.15E+o0 / 1.59£+0I I l. 73E+-Ol / l.16E+•I I 8.45E+OO I 4.75E+00 I 4.87E-1 4 
1.39[+-07 I l.88E+07 I 2 30E+05 I 5.23E+-04 I 2.00E-+-05 I 2.18£+05 I 1.46E+-05 I l.07E+-05 I 6.00[+04 I 5.23[-+-01 
2.25E+o0 I 5.08E+-OO I 1.8JE+Ol I 7.76£+00 I 4.09E-+-Ol I 1.61E+OI I l.17E+ol I l.95E+OJ I 1.06E+ol I 4.02E-07 
4.85E+OO I 2.65E+Ol I 4.86E+Ol I 7.66£+01 I 1.28£-+-02 I 1.50£+-02 I 5.57E+02 I 4.99E+02 I 2.51E+o2 I 6.85E-05 
l.40E+-03 I 2.99E+03 I 2.56E+03 I 1.12E+-03 I 5. l 8E+o3 I 3.12E+-03 I 4.94E+o3 I 4.72E+03 I 2.53[+03 I 3.47E-09 
9.46£+-0l I 3.78E+02 I 4.97F.+02 I 2.62E+-02 I l.04E-+-03 I 7.66E+-02 I l.73F.+o3 I 1.35£+03 I 6.91E+02 I 2.39E-10 
9.16E+ol I 8.3 I E+02 I l.73E+03 I l.99E+-03 I 4.57E+o3 I 6.82E+-03 I 3.27E+o4 I 4.04E+04 I 2.01 E+04 I 9.20E-10 
4.28E-04 I 6.04F.-03 I 1.51 E-02 I 1.51 E-02 I 3.25E-02 I 5.54[--02 I 2.95E--Ol I l.75E-Ol I 8.31 E-02 I J.95E-15 
2.30E+-Ol I 4.98E+ol I 4J4E+OI I l.92E+ol I 8.81E+Ol I 5.38E+-01 · 1 8.76E+ol I 8.24E+-01 I 4.40E+Ol I 4.06E-09 
4.89E+-Ol I 3.56E+-02 I 1.67[+03 I 3.SOE-+-03 I 6.04E+o3 I 8.391-:, 03 I 2.07E+o4 I 2.42E+-04 I l.57E+04 I l.33E-10 
2.1 lE-03 I 5.52E-02 I 6.IOE-01 I 3.29E+OO I 2.78E+o0 I 4.47E+OO I 1.98E+OJ I 7.57E+oo I 3.SOE+-00 I 4.73E-16 
3.70E-03 I 9.50E-02 I i.02E+OO I 5.95E+o0 I 4.73£+-00 I 7.78E+OO I 3.31E r01 I l.40E+Ol I 6.38E+OO I 8.94E-16 
2.19E-05 I l.lSE-03 I 1.82£-02 I 4.6IE-01 I 9.26£-02 I 4.67F.--01 I 3.57E+o0 I 2.l7E+oo I 9.ISE-01 I l.SOE-17 
5.13E-04 I 2.70E--02 I 4.50E-01 I J.02E+ol I 2.45E+OO I l.09E+ol I 8.74E+Ol I 5.63E+Ol I 2.27E+Ol I 3.91E-16 

' .. ;TjJ2.-• 
2.90E+o0 
4.00E-04 
I .72E-02 
I .SOE+OO 
4.42E--02 
6.82E--02 
4.61F.+04 
4.61E+-04 
l .82E+OO 
l .37E+OO 
7.701::+-00 
l.98E--05 

4.17E+OO 
3.58E+OO 
2.24E-01 
I .09E-02 
l.44E-Ol 
3.94E+04 
3.72E+-04 
7.93E+02 
2.57E-01 
l.12[+-01 
4.93[+00 
3 731-:-04 
1.14!-:+00 
3.001-'+00 
4.66E+OO 
7.03 1::-0 1 
9.0 1 E-01 
3.99E+OO 
2.37E+o2 
1.87[+00 
6.63E-06 
l.l 6E-06 
l.03F.- l 3 
l .07E+o2 
8.55£-07 
I .49E-04 
7.38E-09 
5.0RE-10 
2.27E--09 
4.15[- 15 
8.83E-09 
2.74E-10 
I.O J E-15 
5.54E-1 6 
4.I IE-17 
9.35£-16 

~ 
'"O 
'i:l 

I 

-c 
00 
N 
N 

~ 
I? 
< 
0 



Table D-1. Input to HDW Worksheet. (Sheet 6) 

·K•~{(?JV·';c;r:,:::'•,::;::":::,,' ;'i:0:.'.· 1.21 E+-02 3.45E+-02 I .70E+-03 I .84E+-03 3.91 E+-03 1.31 E+-04 I .39E+o3 3.28E+-03 l .60E+o2 4.05F.+02 
::C'.it4} f'::.il' /'::: : ::· ,·-: .. •· .. ·.· 2.11 E+-00 4.62E+-OO l.86E+ol 1.25E+-OI 3.68E+o I 8.4 l E+0I 3.00E+ol J .97E+-Ol l.OOE+-00 2. IJE+00 
'Nj:;.S9((r.):' .:: ·· .. .. 3.l lE-01 6.80E-0l 2.24E+0 l 9.13E+O l l.45E+02 G. l3E+02 l.50E+00 8.17E-0 l 8.08E+00 l.72E+0 I 

· Nl-,63 :((;I) ; ·· ....... ' 7.58E+ol 1.39£+02 2. l8E+-03 8.74E+-03 1.36E+-04 5.94E+o4 l.30E+-02 7.84E+-Ol 6.88E+02 l.49E+03 
C'iMiotCI} : .. · · · · · 3.76E+00 l.59E+0 l l.03E+-02 l.92E+-02 2.88E+02 1.63E+03 5.89E+O I 2.65E+02 l.38E+O I 4.4 1 E-rO I 
Se-79:(Ci) · · · 8.46E-04 l.87E-03 7.85E-03 6.66E-03 J.53E-02 J .72E-02 3.90E-02 2. l 0E-02 6.87E-04 l.46E-03 
Sr,.,•.'(Ci) . 6.57E+02 l.61E+-OJ 7.25E+03 7.38E+03 1.49E+-04 4 .24E+04 4AlE+04 3.SJE+-04 4.31E+02 9.87[+-02 
y.~·ta)::. 6 .S7E+-02 1.6 l F.+-03 7.25F.+-03 7.39E+03 1.49E+-04 4 .24F.+04 4 .4 1 E+04 J .53E+04 4.31 E+02 9.87[+02 
Zf0 9J'<CJJ .::-:· . 5.17E--02 I . IJE-(JI 4.701::-01 3.99E-0l 9.!0E-01 2.2 IE+0O 3.68E+OO 1.991:::+oo I.SJE-02 J.89F.-02 
Nl•.93:.ii{Cfi·'' ,., . . , . .. ,. 4.65E-02 9.91E-02 4 .02E-0 1 3.20E-01 7.64E-OI 1.74E+-O0 2.84E+o0 1.!0F.+oo l.43E-02 2.93E-02 

.. :Tc;;99.:(Clt';i::;: · ... :::· .... · .. .. 3.70E-OI 8.19E--01 3.42E+OO 2.86E+OO 6.65E+-O0 l .61E+0l 8.83E+ol l.l4E+-02 7.76E-02 l.65[-01 
: •'Ru;;J06:ta.'·;;;::•:'<;::; >i::::•:: 2.02E-12 l.79E-IO 1.40E-08 I .19E-06 9.04E-08 5.72E-05 1.67E-04 4.25E+oo 2.04E-08 4.25[-07 
::Ci1¥-i:i3ni'iirn',.:,!';·,,<c<:,'.:> · l.59E+-00 4.45E+-OO 2. I 6E+O I 2.25E+-01 4.91 E+-0 l l .58E+-02 3.S0E+-00 3.96E+-O0 l.75E+-OO 4.33E+-O0 
~i:25:ifi .. , •,., ·, .. 3.0SE-02 l.2 1E-0i 2.13E-Oi l.53E-Oi i.07E-Ol 1.60E+-O0 5.23E+-O0 1.GGE+02 2.0IE-02 9.49E-02 

'Sli:..ii'(Ci ":,:,'.:, ;;.::"'' . .. ,, ... : .. , .•· 3.05E-03 7.20E-03 3. I 7E-02 2.671::-02 1:i 28F-02 1.55E-OI 1.RSE-01 9.J0E-02 2.2SE-03 4.79E-03 
·1.:.iz,iivn 1/:i::-::, :,.:,;: ::;:.::'< 4.87E-04 1.12E-03 4.82E-03 4.0JE-03 9.49E-03 2.33E-02 l.37E-01 !.74E-01 2.44E-04 5.19E-04 
i (:'~)~JCTI'''' ·' . :< i//? 1.01 E-06 2.231::-05 6 69E-04 7.90E-03 2.88E-03 1.07E-Ol 4 .28E+OO 4.26E+-02 4.94E-04 3.l0E-03 
·C~ll'HciC:?,: ;· :,,.;:,:,,,_;;:,:: :: 7.54E+02 l.87E+03 8.55E+-03 8.59E+-03 l.77E+04 5.02E+-04 3.02E+-05 5.33E+-05 3.70E+-02 8.45F.+02 
·ll.~131iri'(Ci) /, </ ; 7.12F.+-02 1.77E+03 8.0SE+-03 8.1 IE+-03 1.67E+-04 4 .74E+-04 2.SSE+-05 5.04E+-05 3.S0E+-02 7.9RE+02 
·Siil,;1'51(Cl): ;: ·:<: :· ,::':' ·. · , 3.79E+-Ol 8.1 SE+O 1 3.29E+02 2.79E+-02 6.45E+-02 l.59E+o3 1.15E+-03 8.45E+-02 7.81 E+00 1.70E+O I 

0 
I 

'° 
:Eli~J52·(Clf"<: .. :: :-.:°':.:: .. :·=;;:.,.,- 4.?0F. -04 3.89E-03 3.68E-02 6.72E-02 8.82E-02 4.11 E-01 !.67E+-00 l.12E+-O0 2.21E-03 5.50E-03 
-~lSHClF , · ,. , ,·,,a 4.55E-02 2.86E-01 2.46E+-O0 4.48E+-O0 6.40E+o0 3.18E+ol 1.lJE+-02 l.3SE+-02 8.81E-02 2.40E-0l 
Eii~f~:tCIY : .. · ...... , 3 .69E-02 1.57F.-OI l.02E+-O0 2 .24E+-O0 2.78E+-O0 l.76E+ol 1.47E+-01 l.03E+o2 3. ISE-02 l.06E-0l 

. Ra.:.ll6(Clf .: . .. ... . 5.03E-06 5.47E-06 I .37E-05 7.85E-06 2.01 F.-05 3.27E-05 l .20E-05 8.41 E-06 5.29E-05 l .02E-04 
~121-{CI}; ,,_.,.:·•"· 1.691:-11 3.23E-1 I J.27E-J0 l.14E-JO 2. ISE-10 4.S0E-10 4 .76E-10 6.55E-1 0 4.66E-Ol 9.84E-Ol 
Ac;;.;221(C1)': ; . . . .. 2.36E-05 2.63E-05 6.52E-05 3.55E-05 9.78E-05 1.64E-04 7.22E-05 4.04E-05 3.18E-02 6.43[-02 

.:f.,~ll'f:lCfl'i'. :-::::,:.: ·' '. 4 .52E-05 5.36E-05 1.39£-04 8.45E-05 2. lSE-04 4.0lE-04 l.SSE-04 1.72£-04 4.70E-02 9.98[-02 

.TJi;in,;~'., , , ,,.,. · ,,·.-,,:,•, 2.661:-09 5.09E-09 l.89E-08 1. l 8E-08 3.37E-08 6.4 lE-08 S.36E-08 4.53E-08 l.07E-0l 2. I 7E-Ol 
'·Tii.;2Jl'Jrn•::. :, :. ,~,.; · · 2.00E-11 3.89E-1 I l.55E-10 1.45E-10 2.67[-J0 5.84E-10 6.34E-10 l.09E-09 4.73E-0l l.OOE+00 
:U~32''.lCf'V :'' ' ..... , .. . ,.. 8.97F.-06 249E-05 l.29E-04 1.41E-04 2.62E-04 7.57E-04 l.3SE-03 2.34E-03 5.07E-0l 1.1 IE+00 
>mW;'lQ)'.\':. '.::',: ._,_,,,; 7.93E-07 l.65E-06 6.SSE-06 4 .78E-06 l.24E-05 2.69E-05 2.09E-05 2.86E-05 3.I0E+-01 6.58E+0l 
U~134'lCif:> · , , >,. 8.SIE-01 l.l 9E+-OO 3.41E+O0 2.77E+-O0 5.57E+O0 l.27E+ol 5.60E+-O0 l.24E+Ol 2.4SE-0l 5.20E-0 1 

.lJ-m:tCn: . .:: : · . ... . 3.98E-02 5.26E-02 l.45E-01 l.0SE-01 2.38E-Ol 5.23E-Ol 2.59E--OI 4.75E-0l 8.69E-07 1.851:-06 
: U;l-36:lCiL .. ······ ,,... 7.53E-03 l.62E-02 6.99E-02 7.78E-02 l.27E-0l J .JOE-01 3.94E-OI l.20E+-OO 151 E-07 3.22E-07 
U~238(Ci) ... .. . 8.96E-0l 1.21E+O0 333E+-00 1.93F.+-O0 5.72E+-O0 l .21E+ol 3.92E+-OO 8.54E+-OO l.3SE-14 2.SSE-14 
U~Totai-(iiiols) ·.. .. 1. l 3E+04 1.53F.+-04 4 . l 9E+04 2.43E+04 7.20F.+04 l.52E+o5 4.96E+04 l.08E+o5 l.40E+-O l 2.97E+0 I 
.No,;.23!7-;(Ci} : · .. ... . .. 2.32E-03 5.29E-OJ 2.27E-02 1.86E-02 4.46E-02 l.09E-Ol 6.45E-02 I .22E-01 8.62E-09 1.83E-08 
f'u~ffliCll '.: ':: . · · l.77E-Ol 9.48E-01 6.56E+OO 7.25E+-OO l.43E+Ol 4 .45E+0l 6.64E+-O l l.0IE+-02 !.47E-06 3.20E-06 
Pt,-l,3.9:tC:0 :· · 5.1 SF.+0 I 1.071'+02 4.12E+-02 2.84E+o2 8.09E+02 l.84E+03 6.53E+-02 l.00E+-03 7 .44E-1 I l.58E-1 0 
N~2'1(t:((;) ·· - ' 3.47E+00 l.40E+-01 7.R3E+Ol 6.25E+-Ol l.69E+02 4 .34E+o2 2 .52E+-02 2.82E+-02 5.12F.-l2 l.09E- l 1 
Pu~'l4Nf'h :-· · 3.361::+00 3.12!:'+01 2.88E+02 4.0JE+-02 7.31 E+-02 3.14E+-03 5. l SE+-03 8.35E+-03 l.97E-11 4.86E- l 1 

.Pu-%42,;tC• ) ... ,:;; :,~ l.57E-05 2.29E-04 2.32E-03 2.65E-03 5.24E-03 2.20E-02 4 .87E-02 3.SSE-02 4.l 9E-17 8.90E-l 7 
J>u~l'otal urL ::. ·. .. ' 8.45E-01 l.78E+-O0 6.99E+OO 4.86E+OO l.38E+Ol 3.16E+ol 1.17E+0J 1.74[+-0I 8.69E- l l l.89E-10 

.. Ati't,tt:it~•: ·::, ... , .. ,: .. ,,:;. .. 1.26E+-O0 9.42E+-O0 7.0SE+OI 1:i .45E+-Ol 1.54[+02 4.53E+-02 6 .22E+-02 4.44E+-02 2.85E- l2 5.86E-12 
Am.%43'.(Ci ··· ' 2.16E-06 5 63E-05 7.66E-04 1.20E-03 1.71 E-03 1.21 E-02 6.49E-02 4.45[-02 1.01 E-17 2.16E-17 

· C11•..U2(Ci),. ,.,· , - · .. · ·· 3.78E-06 9.70F.-05 1.3 lE-03 2.20E-03 2.91 E-03 1.88E-02 1.16[-0l 8.20E-02 0.00E+00 0.OOE+00 
c-.u:nar :· . · 2. l9E-08 l.l5E-06 2.41E-05 7.94E-05 5.44E-05 9 .84E-04 3.27E-02 l.25E-02 3.8SE-19 8.81E-19 

'·Cm-:i-44·,rn·:: ..... . . ·~-~=:·: ·: 5. IJE-07 2.70E-OS 5.89E-04 2.16E-03 l.42E-03 3 .05E-02 7.01 E-01 3.19E-01 8.38E-18 2.00E-17 



Table D-1. Input to HDW Worksheet. (Sheet 7) 
·lnnilt'J4i''HDW :··.; · ···.:·::·:M-Wi::·:• :. :, · ·::i\twi':' ,., ·:•';1CJ:: , . ;_·::._::'::'t(;-2'1;:// . :•C:, .. :,,:;2C1E :':ii: ->i·./"';'2CZJ:.:"i'\: :'/<;;~r:.;:--, . ··•1--U·11A:;2':,;;_;;::i -:.•IICF-K:Ni:', - ,·:,_•::::':-'RL:·:· ·.< 1tt-:·:·· .. .. : .. a:~ t(;n ·.:. :- .... 6.15E+02 l .R2E+03 7.36E+02 2.17E+o3 6.15E+o2 l .82E+03 6.l5E+02 l .82F+03 3.56E+02 2.58E+03 6.26E+03 
O J•i(Cil ' ~ ., ... : .. ,:: l .R9E+Ol 4.121:+01 2.IOE+Ol 4.59E+QJ 1.89E+Ol 4.12E+O I l .89E+O l 4.12E+Ol 3.97E+Ol 1.41£+02 3.90£+0 1 
Ni-;59(C!) 4.951-:+00 I .08E+OI 5.26E+o0 l .l4E+OJ 4.95E+{)() l .08E+Ol 4.95E+OO l.ORE 10I 1.87E t·OO 3.70E+OI 3.80E+ol 

.· N'"'3 (CU · " 4.22E+02 9.51E+o2 4.98E+02 l .09E+o3 4.22E+02 9.SIE+02 4.22E+02 9.51E+02 l .68E+02 3.34E+03 3.60E+03 
·Co-4iCHCJl.,.;--. · ·· · 8.971::+00 3.78E+ol 1.27£+01 5.37E+OI 8.97t+oo 3.78E+()I 8.97E+(J0 3.78E+OI 9.12E+OO 1.91 E+02 5.40E+02 

, SC:-7.UOl ->.'- 8.45E--OI 1.87£+00 8.46E-OI l .87E+OO 8.45E-O I 1.871::+00 8.45£-01 l .87E+OO 3.19E-OI 6.53E+OO 8.42E+OO 
· sr.-,&.(Clf :: · · 6.56E+05 l .6 IE+06 6.57E+05 1.61 E+Q6 6.56E+o5 l.61E+06 6.5':lE+OS 1.61E+06 2.98£+05 5.93E+06 9.19E+06 
Y.90JCi) · ·. 6.56F.+05 l .61E+06 657E+05 l.61E+06 6.56E+o5 l.61E+06 6.56E+05 1.61F.+06 2.98E+05 5.93E+06 9.1 9£+06 
Zr-93',(Cil ·;·.,:' · ·:· 5.1 6E+O I l.13E+o2 5.l7E+Ol l. 13E+o2 5.16E+Ol l.13F.+02 5.16E+OI l.13E+02 1.95E+OI 3.91E+02 5.04E+o2 
NMlin'CCn • '· 4.65E+ol 9.90E+OI 4.65E+Ol 9.91[+01 4.65E +O I 9.90E+o 1 4.65E+Ol 9.90E+01 l.68E+Ol 3.36E+02 4.06E+02 

·. Tc;;99:k:ri •:.: 3.69E+o2 8.18E+02 
' . 3.70E+02 8.19E+02 3.691::+02 8.18E+02 3.69E +-02 8.18E+02 1.39E+02 248E+03 3.1 SE+03 

. :RlistOi'./Clf -.. ··. ·: .. 
2.02£-09 1.79£-07 2.02£-09 l.79E-07 2.02[:-0C, l.79E-07 2.02E-09 1.79£-07 9.26E-08 5.21E-06 I .SOF.-03 

': c .-HJilf ~ Ci) ... l.99E+ol 6.16E+O I 2.l5E+OI 6.61E+ol l .99E+Ol 6.16E+Ol l.99E+OI 6.16E+OI l.09E+OI 2.69E+02 5.02£+02 
Sl,-liS {C l 1<·:: 2.60£-01 2.16E+OO 2.91E-01 2.28E+OO 2.60E--O i 2.16F.+OO 2.60£-01 2.iGE+OO G.J SE-01 l.66C 101 f .53E+02 

:~t?6':fCI j\,;'.':,_ ... •·.· , .05F.+o0 7.7.0F+OO 3.0SF.+00 7.20F.+{)() :rn5F.+DO 7.20F.+o0 3.05E+OO 7.20E+OO l. 15E+OO 2.64E+O l 3.41E+O l 
i;:,:3 ,(Cf):•? : ... ... l .64E-01 l .04E+OO l .64F.-O l l .04E+oO 1.64E-01 1.04[ +00 1.64E-01 l .04E+OO l .R4E-OI 3.97E+OO 4.88E+OO . . :~ .. :.': 

:ci•.1•:w:irn, . : · l.O!E-03 2.23E-02 l .OIE-03 2.23E-02 l .OIF.-03 2.23£-02 l.O IE-03 2.23E-02 4.18E-03 3.70£-01 1.12E+Ol 
·cs;;1jt,rn . :···:• 

7.53E+o5 l .87E+o6 7.54E+o5 l .87E+o6 7.53£+05 1.87£+06 7.53E+05 l .87E+06 3.39E+05 7.0 IE+06 l .07E+07 
:,e..;t31iitCC'tl :-:. · · 7.1 IE+05 l.77E+o6 7.12E+05 I .77F.+o6 7.11E+05 l.77E+o6 7.1 IE+05 l .77E+06 3.20E+o.S 6.62E+06 l .02E+07 
:s.01.,af• :·•->: " 3.79E+04 8.14E+o4 3.79E+04 8.15E+o4 3.79E+04 8.14E+04 3.79E+04 8.14E+04 1.SIE+04 2.74E+05 3.47E+05 

0 'Eu..;l5.?/C1F--i · :.,-::. 4.691:-0 1 3.89E+OO 4.70E-01 3.89F.+oo 4.69£-01 3.89£+00 4.69£-01 3.89E+OO 2.52E-01 2.78E+Ol 9.46E+o l 
I 'Ethl541Cff:.,.;: ,. ; ... · 4.54E+OI 2.86E+o2 4.55E+OI 2.86E+-02 4.54E+Ol 2.86£+02 4.54E+O l 2.86E+02 3.15E+Ol l .88E+03 6.28F.+03 

0 -~tss.,c1r,:,.;,-:.,;_ 3.69E+Ol l .57E+02 3.69E+Ol J .57E+-02 3.69E+O l l .57E+o2 3.69F.+01 I .57E+-02 4.17E+OI 7.721;+02 2.63F.+o3 
.. Jta~ff6'.ii:.iF .i-··.•· 6.21£-03 6.74E-03 6.21 E-03 6.75£-03 6.21£-03 6.74F.-03 6.21E-03 6.74E-03 l .63E-03 3.75E-04 5.16E-04 
-·~ n8ICl'L.-.•.:,.::: · 2.0SE-08 3.98£-08 2.0SE-08 3.98£-08 2.08£-08 3.98£-08 2.0BE-08 3.98£-08 6.52E-09 2.l l E-09 4.46E-09 
AC'-U 1itn ;:·: ., .. . , · 2.90E-02 3.23E-02 2.91E-02 3.23E-02 2.90E-02 3.23E-02 2.90£ -02 3.23E-02 · 8.09E-03 1.61 E-03 2.14E-03 
_Pa;:.lllit:Cfr.:.•.:. .. ... 5.57E-02 6.60E-02 5.58F.-02 6.61£-02 5.57£-02 6.60E-02 5.57E-02 6.60E-02 l .70E-02 2.39£-03 3. l 3E-03 

, Tt.:"9·:tcb;".'. ',.i·-:: :. 2.94£-06 5.63£-06 2.94E-06 5.63E-06 2.94£-06 5.63E-06 2.94£-06 5.63E-06 8.90E-07 7.91E-06 2.80E-06 
T11-iJ:ncw. ; . :· ::;•. 2.46E-08 4.79E-08 2.46E-08 4.80£-08 2.46£-08 4.79E-08 2.46E-08 4.79E-08 7.96E-09 2.27F.-09 4.57E--09 

-.U-132,(Cll'•"--: ::: ... 
9.50E-03 2.23£-02 9.5 IE-03 2.24E-02 9.50E-03 2.23E-02 9.50£-03 2.23£-02 3.8gE-03 7.25E-04 4.53E-04 .· ... 

: U.~lj~l(1tf ,: :.>' .. 8.41E-04 l.75E-03 8.42E-04 J.76E-03 8.41E-04 1.75E-03 8.41E-04 l .75E-03 2.89£-04 3.57E-03 1.291-:-03 
U,.:l34,{C L): . . . ., . ' ·. '[ ., .... a,:.~.; ·:.·• l .09E+03 l.47E+o3 l.09E+03 l .47E+-03 l.09E+03 1.47£+03 l .09E+03 l .47E+03 3.89E+-02 l.78E+O l 5.94E+OO 

·lf .. :235JC-tl ·:,": .. 4.90E+o l 6.49E+-01 4.91 E+o l 6.49E+o l 4.90E+Ol 6.49E+o l 4.90E+Ol 6.49£+01 1.75£+01 7.67E-01 2.25E-OI 
~l3(HC'l'i .f. ,. .... 9.28E+o0 l.99E+OI 9.29E+oo l.99E+O I 9.28E+OO 1.99£+01 9.28F.+00 1.99£+01 3.50E+o0 3.69E-01 l.72 E-Ol 
v.::m ·tth '· O:: · · I.I IE+o3 l .50E+o3 I.I IE+o3 l.50E+-03 I.I 1E+o3 1.50£+03 I.I I F.+03 l .50E+03 3.96£+02 ! .83F.+Ol 4.15E+OO 
um~tiii'{•sl: ...... ! .39E+o7 l.88E+o7 J .39E+-07 1.88E+-07 l .39E+07 1.88E+07 1.39E+o7 J.88E+07 4.99E+o6 2.30E+05 5.23£+04 
N,i;;237:(Ci) ., · .. : · 2.25E+OO 5.08E+OO 2.26£+00 5.09E+oo 2.25£+00 5.08E+OO 2.2SE+OO 5.08E+OO 8.51£-01 1.81E+Ol 7.76E+OO 
Pif,.2Jltrn .. -· .. 4.85E+OO 2.65E+O l 5.03E+OO 2.74E+Ol 4.85E+oo 2.65E+O l 4.85E+oo 2.65E+Ol 2.30E+o0 4.86E+Ol 7.66E+O I 
ru-239 ,rn. l .40H03 2.99E+o3 I .45E+03 3.09E+03 l.40E+o3 2.99E+o3 1.40£+03 2.99£+03 6.36E+o2 2.56E+03 I . 12E+o3 
Pta.~140(0\ .. · 9.46E+01 3.78E+02 9.81E+OI 3.92E+02 9.46E+O I 3.78E+02 9.46E+Ol 3.78E+02 4.32E+-01 4.97E+02 2.62£+02 
Pil-241 ·fO) 9.16E+ol R.3 IE+o2 9.49£+01 8.62E+02 9.16E+Ol 8.31 £+02 9.J6E+O l 8.31E+o2 5.57F.+OJ 1.73E+o3 l.99E+O~ 

· Pii-~ 2:iO 4.28£-04 6.04£-03 4.44£-04 6.27E-03 4.2RE-04 6.04E-03 4.28£-04 6.04E-03 l .59E-04 1.5 1 E-02 1.51 E-02 
.Pu-Totatil u;l · 4.98E+O l 1.04E+ol 4.34E+OI l.92F.+01 .. 

' ' .. : . 2.30E+O l 4.98E+ol 2.39E+OI 5.16E+O I 2.30£+01 4.98E+O I 2.30E+Ol 
:A'fu.241:IC n ·-_,·•> 4.89E+Ol 3.S6E+02 5.0lE+Ol 3.66E+o2 4.89E+Ol 3.56E+02 4.89E+Ol 3.56E+o2 2.22E+Ol l.67E+03 3.801::+03 
· Aa..Ul(Cl) :. ·· 2.l JE-03 5.521:-02 HlE-03 5.52£-02 2.llE-03 5.52£-02 2.1 IE-03 5.52E-02 5.43E-04 6.IOE-01 3.29E+OO 

Cin,,.l-'2 (Cil .. ; ··· · : 3.70£-03 9.50E-02 3.70E-03 9.51 E-02 3.70E--03 9.50£-02 3.70E-03 9.SOE-02 9.95E-04 1.02E+OO 5.95E+o0 
-ca;;.zumn: : -···· 2.19E-05 1.15£-03 2. l 9E-05 1.15E-03 2.19E-05 ! .1 SE-03 2.19E-05 l.1 5E-03 4.52E-06 l .82E-02 4.61E--01 
cirii;1" tCIF ' : .. ·: .·,. S. l 3E-04 2.70E-02 5.13£-04 2.70£-02 5.13E-04 2.70E-02 5.13E-04 2.?0E-02 l .27E-04 4.50E-Ol l .02E+Ol 
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-JMl<;:i)'•:a, ·:·· . . :; l.70F.+03 l.84E+-03 3.93E+o2 4 .21E+-02 9.03E+02 9.06E+02 3.91E+03 l.37E+04 1.39E+03 3.93E+-02 4.21 E+-02 
-C•l4'fel\' '':., l.86E+Ol 1.25E+Ol 2.51 E+-02 1.08E+o2 5.76E+OI 5.76E+-01 3.68E+-01 8.72E+-01 3.00E+Ol 2.51 E+-02 l.08E+02 
1"1~9·(Ci)' . 2 .24F.+Ol 9.13E+O t l.35F.+02 l.05E+-02 6.53E+OI 6.53E+-Ol 1.45E+02 6.38E+02 1.50E+OO !.35E+-02 1.05E+02 

: N~K'..i\•: · · 2. I 8E+o3 8.74E+o3 1.25E+04 I.OJ E+-04 6.29E+-03 6 .30E+03 l.36E+-04 6 .16E+04 I .30E+02 l.25E+-04 1.01 E+04 
Co4.i'Cn ·. L03E+02 l.92E+o2 1.23E+-03 l.89E+-03 2.09E+o3 2.09E+o3 2.88E+o2 l.69E+o3 5.89E+OI 1.23E+-03 l.89E+03 
Se.7~7Cff 7.85E-03 6.66E-03 2.39E+o l 1.91 E+o I IJOE+o I 1.3 1 E+-01 1.53E-02 3.94E-02 3 .90[-02 2.39E+o I 1.91 E+Ol 
~1~0 7.25E+03 7.38E+03 2.39E+-07 2.16£+07 1.60E+o7 1.60E+07 1.49E+-04 4.38E+-04 4.41 E+04 2 39E+07 2. 16E+07 

.. y,;~ncn · · .. . · 7.25E+03 7.39E+{)J 2.39E+o7 2.16E+-07 l.60E+07 1.61 E+-07 l.49E+-04 4.38E+04 4.41 E+-04 2.391::+07 2.1 6E+07 

.. Zr43::i'.ClF , ·, 4 .7UE-Ul 3.99E-Ol l.42E+-03 l.14E+-03 7.73E+-02 7.75E+-02 9 .l OE-01 2.27E+OO 3.68E+OO l.42E+03 l.1 4E+o3 

:'lbl~tllliif(i:< ~?>s:;.•:::::c l.40E-08 1. 19E-06 3.75E-04 8.74£-03 8.55E-02 8.55E-02 9.04E-08 5.77£-05 !.67£-04 3.75E-04 8.74£-03 
.' Cd.~Hl~i-~ ,i,: ·• 2.16E+OI 2.25E+ol l.26E+03 IJIE+-03 l.l4E+o3 1.15E+03 4.9JE+ol 1.64£+02 3 .80E+OO 1.26E+03 l.31E+o3 
,Sbcl'~tCh:;:: ·: 2.13£ -01 l.53E-Ol l.86E 102 5.38[ 102 1.01[ 103 1.02[ 103 1.07[-0l l.72Li OU 5.23800 l.86E+02 5.39E+02 
.' Sji;;tl{{il"n: ;-:· 3.17E-02 2.67E-02 9.87E+o l 7.96E+OJ 5.60E+Ol 5.62E+Ol , 6.28E-02 ! .62E-O l 1.85F.-01 9 .87E+Ol 7.97[+0 I 
:l'.~Ji,(CI) : ·. 4.82E-03 4.0JE-03 4.46E-Ol 3.58E-Ol 2.45E-O l O.OOE+-00 6.65E+OO l.42E+ol \.37E-Ol 2.53E+OO 2.03E+OO 
l:s-U.i0).0 6.69E-04 7.90E-03 7.05E+OO 3.53E+Ol 1.44E+02 I .44E+02 2.88E-03 1.11 E-01 4 .28E+oo 7.05E+OO 3.54E+O I 
Ca;l11JCll , 8 .55E+03 8.59E+03 2.84E+o7 2.56E+07 1.88E+07 1.89E+07 l.77E+04 5.14E+04 3.02E+05 2.84E+07 2.56[+07 
Ba-f37m'lrn,-:. 8.08E+03 8.11 E+-03 2.68E+07 2.41 E+07 J.78E+07 1.78F.+07 l.67E+04 4.85E+04 2.85E+05 2.68E+07 2.42E+07 
Sfui;tst,Clh 3.29E+o2 2.79E+02 l.OIE+-06 8.23E+05 5.08E+05 5.09E+05 6.45E+02 1.62E+03 1.15E+03 1.0IE+-06 8.24E+05 :::::;1:t:· ' . 3.68[-02 6.72E--02 1.51 E+02 1.90E+02 3.26E+02 3.26E+02 8.82E-02 4 . I 9E-Ol 1.67E+oo 1.51 E+-02 J.90E+02 

, / . .', 2.46E+OO 4.48E+OO l.l 2E+04 1.52E+04 2.34E+o4 2.34E+04 6.40E+OO 3.21 E+-01 1.13E+02 1.12[+04 1.52H04 
--Ei1-t5!iCj ' 0: :~ l.02E+OO 2.24E+OO 5. l 3E+03 8.42E+03 8.60E+03 8.61 E+03 2.78F.+OO 1.78E+O l 1.47E+OI 5.l 3E+03 8.42H03 
,Rj,..226'.iCf ' :-:.< 1.37£-05 7.85£-06 9.41£-04 8.43E-04 7.52E-04 1.12E-03 2.0IE-05 l.88E-04 1.20E-05 9.4JE-04 9.46E-04 

:.Ra+llfHC(f.: ;.:', .. 1.27[- 10 l.1 4E--lo·--+---5-.7-9E---09-+---'-6-.89_Ec._-O.c....9_ l.04E-08 l.14E+OO 2. ISE- 10 1.45£+00 4 .76E-10 5,79E-09 4.53E-O l 

., A~ll.7,ir.n: · 6.52E-05 3.55E-05 4.l 9E-03 3.90E-03 3.63E-03 3.01 E+OO 9.78F.-05 9.63E-02 7.22E-05 4 . I 9E-03 I 4 9E+OO 
•Pai.23f iCh ·· : '·,.;: l.39E-04 8.45E-05 5.97E-03 5 .96E-03 5.92E-03 4.67E+OO 2.15E-04 l.47E-Ol 1.SSE-04 5.97E-03 2.20E+-OO 
Tti-'UCJ.<Ci\';' · l.89E-08 I.ISE-08 l.57E-05 5.\ IE-06 3.55£-06 7.03E-Ol 3.37£-0S 3.24E-O \ 5.36E-08 l.57E-05 3.SSE-01 
T•132ico: J.55E-10 l.45E- 10 5.97E-09 7. l 7E-09 l.09E-08 9.0 1 E-01 2.67E- 10 I .48E+-OO 6.34E-10 5.97E-09 4.24E-01 
U• llldCt) · · l.29E-04 1.41 E-04 l .06E-03 l.38E-03 4.40f-03 3.99E+oo 2.62E-04 l.62E+oo l.38E-03 1.06E-03 1.82E+OO 
·u;233'fa, : .. · .. 6.58E-06 4 .78£-06 7.47E-03 2.SlE-03 l.60E-03 2.37E+o2 l.24E-05 9.68E+Ol 2.09E-05 7.47[-03 l. 16E+02 
U-23'YCil°' 3.4 1E+OO 2.77E+OO l.55E+OI l.77E+-Ol 1.54E+O l l.72E+Ol 5.57E+OO l.34E+Ol 5.60E+oo 1.55E+Ol l.86E+O l .. u-i3~1a-. l.45E-01 1.osE-01 6.63E-01 1.39E-01 6.63E-01 6.63E-o l 2.3si:-0, s .23E-01 2.59£-01 6.63E-01 7.39F.-0 1 

. U~2J61Nf ' 6.99E-02 7.78E-02 3.42E-Ol 4 .54E-Ol 7.55E-01 7.55E-Ol l.27E-01 3.30E-Ol 3.94E-O l 3.42E-01 4.54E-Ol 
U~238 'lCi\ .·,, ., 3.33E+OO l.93E+OO 1.59£+01 l.73E+Ol 1.16E+Ol 1.16E+Ol 5.72E+OO J.2JE+OI 3.92E+OO l. 59E+O l 1.73E+Ol 
U~TitaHmoll\· .. '.. 4. l 9E+04 2.43E+04 2.00E+05 2. 18E+05 l .46E+05 J.46F.+05 7 .20E+-04 1.52E+05 4.96E+04 2.00E+05 2. l 8E+05 
Na;;,;nti'ti' .. 2.27E-02 l.86E-02 4.09E+Ol l.61E+Ol 1.17E+Ol 1.17E+Ol 4.46E-02 l.09E-OI . 6 .45E-02 4 .09E+Ol l.61 E+Ol 
:Pu~iJi:it'h;:<• .'. < 6.56E+OO 7.25E+OO 1.28E+02 1.50E+-02 5 57E+o2 5.57E+-02 l.43E+Ol 4.45E+OI 6.64E+Ol l.28E+-02 l .50H02 
Pu~l39:trr\'.:. ' 4.12E+02 2.84F.+02 5.18E+03 3.12E+OJ 4.94E+03 4.94E+03 8.09E+02 l.84E+03 6.53E+02 5.18E+03 3.12H 03 
Pii~240:(0li.> :··.:.. 7.83E+ol 6.25E+O l J.04E+-03 7 .66E+02 1.73E+03 1.73E+-03 l.69E+02 4.34E+02 2.52E+02 l.04E+OJ 7.66E+02 
Pil~241i'cil> 2.88E+02 4.03E+-02 4.57E+03 6.82E+03 3.27E+o4 3.27P04 7.31 E+02 3.14E+03 5.l 5E+o3 4.57E+03 6.82E+o3 
Pu.;242:lCil> . 2.32E-03 2.65E-03 3.25£-02 5.54E-02 2 .95E-OI 2.95E-Ol 5.24E-03 2.20E-02 4.87E-02 3.25E-02 5.54E-02 

~.;.::;Pii .. ~~T:-•ili:::. ·:!.t iko~\(.;:.;_;~~6:::;·.::,.99::.:E;:.:+~0.::.,_0-+-..:4:.::,8::.::6:.::E:.:.+00~-+~ 8:.:!..8.!..:l E~:+0~1-i--'5::.:..3~8~E:..:.+o~ l -+~8~. 7~6~E.:_.:+o~l -+~ 8::_.!_· 7.:c'.6~E +~O~l__,~.:..:1..:::38:::.:E:..·+o-=::-:--l --+--'3:.:.. l::-:6~E...:+O.,:.;l~+-..!l.:.!. l.:..7E:.+O~l-l-.::::8 ·c::.8.:..:1 E:..~ +...:::0..,..1 --+--'5:.:..3::.::8:.:::E_:+0::.1:....__i 
1-· :.:Am-::=24=-'•:.=i-(~1Qa:;,+i\..,·. · .. · -4--'-'7 ·.:::.:05:.:E:..+0.::.:...1 --1--..:6:.:..4.:..:5:.:::E...:+tl::.l'..__.J--_:::6:..:::·0.:..4E:::..+...:::0..::.3--1__:8:...3::..:9:..::E:....+0.::::3::.._~2~. 0:..:.7.:::.E_:-+-04::...:._-1-_.=.2:..:::0.:..:7E=-+o4:....::....:--1f--.:..:l..:...54.:..:l'::..:+o~2 -+-4;..;.;.5c.c3.c,E,...+0;;..,2'--+-...:::6:.:.2.:;2E:::..+0..:.=2__,f--6.:..:·..:..04c..::E=-· +...::.0::....3 -+--'8:.:.:J:..::9.:..:E_+-0:.:3'--i 

Am-24.llr.ti . 7.66£-04 UOE-03 2.78[+00 4.47[+00 l.98[+0J 1.98E+ol l. 711::-03 l.21E-02 6.49£-02 2 .78E+OO 4.47.l:+OO 
C:m,242~C1 l.3 I E-03 2.20E-03 4.73E+OO 7.78E+OO 3.31 E+-0 1 3.3 1 E-KJ I 2 .9 1 E-03 l.88E-02 l.l6E-Ol 4.73E+o0 7.781:~0 
C~243JCI ·... 2 .41 E-05 7.941::-05 9 .26E-02 4 .67E-Ol 3.57E+OO 3.57E+OO 5.44E-05 9.84E-04 3.27£-02 9.261:::-02 4.67E-01 
C:~144 ,rn· 5.89E-04 2.16E-03 2 .45E+-OO l.09E+Ol 8.74E+ol 8.74E+Ol l.42E-03 3.051::-02 7.0IE-0 1 2.45E+OO 1 09E+O l 
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:H~'fCl'f :•. 9.06E+02 4.51E-OI 2.90E+o0 2.20E+o3 J.33E+o3 3.53E+03 3.28E+03 
:;(:,l!HCt :i/tV : :'::';;::•: :.::•· 5.76E+OI l.88E-04 4.00E-04 6.97E+o0 3.73E+o0 l.07E+Ol 3.97E+OI 
~f$,1C1 ' :- , 6.53E+O! 8.09E-03 l.72E-02 2.1 !E+ol 1.141:+0l 3.25E+Ol 8.17E-Ol 

•: NQJ:i Cli ': :':i" 6.30E+o3 6.89E-01 l.50E+o0 2.04E+o3 1.IIE+o3 3.15E+03 7.84E+Ol 
:C.~4iif CiL:'. :,· .,• .. :, . 2.09E+o3 l.38E-02 4.42E-02 4.38£+03 3.07E+o3 7.45E-t{)3 2.65E+o2 
S.-7'tCI.) _ l.31E+ol 3.21E-02 6.82E-02 3.34E+OO 1.85E+OO 5.18E+OO 2.I OE-02 
•Si:~,0-(Cil° '· ;> : ... . .. i.. l.60E+07 2.01 E-+-04 4.6! E+o4 5.52E+06 3.21 E+o6 8.73E+o6 3.53E+o4 

. Ye9.C[ Ci):-:,::•:-;:·, 1.61 E+o7 2.01 E+04 4.61 E+04 5.52E+06 3.21 E+06 8.73E+06 3.53E+04 
.:zr,i-93:(Clf: . .:: -:,:•:·::,: ,>,.,•:,, .':,;:: 7.75E+02 8.54E-OI l.82E+OO 2.02E+02 l.l2E+o2 3.l 4E+o2 l.99E+o0 
::N~(qt:-;:::::, :·:.: ,:''' 5.8 l E+o2 6 .69E-O I l.37E+o0 l.14E+o2 5. 93E+O 1 l.73E+o2 1.1 OE+oO 
,·T~• ~ :' .: i?t: ::;; 3.99E+o3 3.62E+o0 7.70E+o0 9.86E+o2 5.46E+02 l.53E+o3 l.14E+02 
:,Iii4M.~. : ,.,. ·'' :: .:ii:'°: 8.55E-02 9.54E-07 l.98E-05 3.4SE+o2 7.06F.+02 l.05E+o3 4.25E+OO 
it'4-U3.m'(Ci}.;(,,:: ·.: ::s:,:,:;\ ·· I.I 5E+03 1.69E+o0 . 4. I 7E+OO 6.03E+o2 3.46E+o2 9.49E+02 3.96E+OO 
/~ilS:tOt ::' ···:: ::i::·•·: ' '·';:.:. I.02E 103 7.57E-01 J .58E 100 8.91 C I OJ 7.99E I OJ 1.691: 104 1.66[ t 02 
i:S.126Jdtt;;: ; .. :::,,::c::;t' ,.,, .,. :-,•: 5.62£+0 l l.05E-O I 2.24E-O I I .49E+O I 8.09E+o0 2.30E+O I 9.30E-02 
:4~ln'im/:;:•:i:ti ::,:. ,.: .. , '., ':/: l.39E+OO 3.42E-04 7.26E-04 8.76E-02 4.77E-02 7.67E-OI 7.57E-01 
:,:~J3''lGt:: .:::::>?: · .. :,./\: >· l .44E+02 2.30E-02 I .44E-OI 4.09E+03 3.85E+o3 7.93E+03 4.26E+02 
'6131'ft:'tf·\\'i, :-:.- :::: : .<,-: l.89E+o7 l.73E+o4 3.94E+04 6 .31E+06 3.62E+o6 9.94E+06 5.33E+05 
'Jta;;i3.tm: Ci)<,: I .78E+o7 I .63E+o4 3.72E+04 5.96E+06 3.42E+o6 9.38E+06 5.04E+05 

:-,5Jij;;ifi'(•:'.lli:, 5.09E+o5 3.64E+-02 7.93E+o2 1.33E+-05 7.58E+o4 2.09E+-05 8.45E+o2 

Ev4S4 ·1 Cr) 'C". 2.34E+-04 4.1 1 E+-00 1.12E+Ol 2.15E+o4 1.18E+04 3.33E+-04 l.35E+02 
·•J!t;;.155.:· Ol ,.:,·;-. 8.6 1E+03 l.47E+-OO 4.93E+OO l.46E+04 J.09E+04 2.55E+-04 l.03E+02 
i;l'(.-126:· Cll: :' ·: ,;:··:: I .12E-03 l.03E-04 3.73E-04 2.99E-04 1.51 E-04 4.SOE-04 8.41 E-06 

'•J\~2l1i CIL·.;:,: : ·: .':,·:--·<.· : · 3.0 I E+-00 l.49E+-OO 3 .OOE+-00 l.48E-03 7 .79E-04 2 .26E-03 4.04E-05 
... ~2Ji:1CI\ <, · : , · 4.67E+OO 2.19F.+o0 4.66E+OO 3.29E-03 1.9JE-03 5.20E-03 l.72E-04 

,.'flt.$tct)<::• 7.03E-Ol 3.85E-Ol 7.03£-01 1.97E-06 1.00E-06 2.97E-06 4.53£-08 
:ff.23Hcn -:;.:;:, ·'·.· .· ~·::.'·.:: , ... · 9.01 E-01 4.24E-O l 9.01 E-01 l.93E-08 I.I 7E-08 3 . IOE-08 l.09E-09 

J.F:uJ:toF 2.37E+02 1.16E+02 2.37E+o2 l.37E-03 6.40£-04 2.0lE-03 2.86E-05 
:'•U.;.U:.'..:Ctl:::··;·/: ,:.:::;-: .. ···· ···· · l.72E+o! 8.79E-01 1.871:+00 l.23E+ol 6.90E+OO l.92E+-Ol l.24E+ol 
O~WlCtL::·,:,-:,.,.,.,:.:,·;, <·· 6.63E-01 3.12E-06 6.63E-06 4.59E-OI 2.75E-OI 7.34E-Ol 4.75E-OI 

: U~J¥·.,cll' ,: · ,. .. 7 .55E-O I 5.44E-07 l . l 6E-06 l. I 7E+o0 6.8 l E-0 l I .85E+OO I .20E +oo 

'V~Tiuit,t'-f,\ l.46F.+-05 5.23E+-01 1.07E+-02 1.07E+-05 6.00E+04 1.67E+o5 l.08E+05 
'Njji;.237:(Ci.1 ' l.17E+-01 4.02E-07 8.55E-07 1.95E+Ol 1.06E+Ol 3.0IE+ol l .22E-OI 
;r.u.;.m,cn, 5.57E+02 6.85E-05 l.49E-04 4.99E+-02 2.SIE+-02 7.51E+-02 I.OIF.+02 
Pli.-23tJCIL : 4.94E+o3 3.47£-09 7.38E-09 4.72F.+03 2.53E+-03 7.25E+o3 1.00E+03 

.:pa,.lifO.(CI)". ·, l.73E+o3 2 .39£-10 5.0SE-10 l.35E+-03 6.91 E+-02 2.04E+-03 2 .82E+02 

1-"'•,;h.::,·· ~;,::T:,;:v,::ta::.l~tbl' ··cll.,"-··.;;.,: .,.; ,:..,.·', ..;;;;;,...,...._,.,..i.--::;.8:.c.7-=6E=-+O...::..:.l _-+ _ _:.;4.~06::.:E::...-0:::.;9~-lf---=8,:.:;.8;:3;.;::E:....:·O=-c9----!--8:_;;·2--4.;;;cE+o~l---+----'-4--.4.;._0E"-+o...c....;;.l_-+_-'-l..cc..26"-'E'-+O....c..c...2 _-+-__ I. 7_4_E_·+_O_J ---1 

.~Ut;Wn,, ..... , .. ,.:.,.:.>>.... 2.07E+04 l.33E-JO 2.74E-10 2.42E+04 l.57E+04 3.98£+04 4.44E+-02 
:A-.,.243](]\''.. '. l.98E+OI 4.73E-16 I.OIE-15 7.57E+o0 3.SOE+OO I.I IE+ol 4.45E-02 
C:Ai"Z4%CCIL : 3.31E+O l 8.94E-16 5 .5412-16 1.40£+-0J 6.JSE+OO 2.04E~Ol 8.20E-02 

t-··,eC~in;,:;;;24~·:":3~iCi:::·· ~ll,.;.··:,_·' "--,',...;.,...c,..,...,---::-3'=.5"'.".7E::-·+-:O::'O- -+---:-'l.780:':E:'--:-'17:,---,f----:4:-'-. l::-::1:::E:....:• l'-:-7--t---':2~. l 7E+OO 9. I 5E-O I 3 .08F.+OO l.25E-02 
Cio-i441e11 · 8.74E+-01 3.91 E-16 9.35f.-l 6 5.63E+-OI 2.27E+Ol 7.90E+Ol 3. l 9E-01 

2:; 
--c:, 

I -'° 00 
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D2.0 SOLUBILITIES WORKSHEET 

This section documents the contents of the Solubilities worksheet. The function of this 
worksheet is to implement waste stream solubility limits. See Section 5.3. 

For Revision 5.0, the uranium solubility limit applied to metal waste was increased by a 
factor of 30 to allow for the complexing of uranium with carbonate. Revised solubility 
definitions in the HDW Rev. 5.0 for 90Sr and 137Cs in ferrocyanide waste streams 
(PFeCNI , PFeCN2, TFeCN, and lCFeCN) were based on laboratory results for the 
ferrocyanide scavenging process (Sloat 1955a, Sloat 1955b, and Michelson 1957), rather 
than using the general bismuth phosphate process solubility description for those 
analytes. 

The solubility of CaCO3 was increased for the DW, N, and PASF waste streams to reflect 
the fact that these are very dilute, non-separations waste streams as opposed to the other 
HOW waste streams, which are of high ionic strength. Thus, the expected solubility 
behavior for these waste streams would be less affected by common ion effects and 
complexing agents and follow more straightforward solubility estimates. However, the 
pH of the solution is critical to the solubility of the CaCO3 (Bialkowski 2004) and even in 
the narrow range of pH expected for these streams (pH 6-8), the CO3- solubility varies 
significantly. The CO3- anion concentrations in the solids fraction go negative using the 
new generic solubility limits and variable solubility calculation in these very dilute waste 
streams, which is physically not realistic. Therefore, for these three waste streams, the 
previous solubility limit for CaCO3 was used from the HDW model Rev. 4.0, which the 
variable solubility calculation allows. 

The "solids fraction precipitated" for the P3AZ 1 and P3AZ2 streams were adjusted to 
reflect tank farm surveillance information regarding the presence of solids and the unique 
conditions in tanks 241-AZ-101 and 241-AZ-102. These tanks are significantly warmer 
in temperature than other double-shell tanks or single-shell tanks, and precipitated sulfate 
varies (11.3% for AZ-101 and 2.68% for AZ-102), the sodium concentration is relatively 
low (Na < 5 M), and the nitrate ion concentration is also low which precludes the 
formation of a nitrate-sulfate double salt. Based on this information and applying the 
variable solubility computations (the solubility model for sulfate is extremely sensitive in 
these tanks) until the physical parameters were acceptable, the sulfate solubility for 
double-shell tank 241 -AZ-101 should be 0.113 75 M (assuming Na2SO4) and the sulfate 
solubility for double-shell tank 241-AZ-102 should be 0.1254 M (assuming Na2SO4). 

Table D-2 is a printout of the Solubilities worksheet. This table includes editorial 
changes made for the purpose of publication. 
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·Units : .MW'l ·: . :Mwi> 
NaN03 M 3.50E+OO 3.SOE+OO 
NaN02 M 3.09E+OO 3.09E+OO 
Nat, M 2.74E-OI 2.74E-01 
Na2C03 M 6.40E-01 6.40£-01 
Na3P04 M 7.06E-02 ; 7.06£-02 
Na2SO4 M 1.24E-Ol l.24E-Ol 
Na2SiO3 M 1.05E-02 l .05E-02 
NaAIO2 M 1.75E+OO 1.75£+00 
FeO(OH) M 1.88£-03 1.88£-03 
Cr(OH)3 M 5.54E-02 5.54£-02 
MnO2 M 5.55E-04 5.S5E-04 
BiPO4 M 4 .59£-04 4.59E-04 
Pb(OH)2 M 7.20E-04 7.20£-04 
La203 M I .OOE-06 I.OOE-06 
H20 M 1.62£-06 1.62£-06 
Na 2 Oxalate M 5.00E-03 5.00E-03 
CaCO3.6H2O M 3.75E-03 3.75£-03 

0 
I 

Ni(OH)2 M I .82E-03 1.82£-03 
Zr(}(OH)2 M 2.95E-04 2.95E-04 
Co-60 Ci/L 2.40E-05 2.40E-05 
Se-79 Ci/L 1.21 E-06 l.21E-06 
Sr-90 Ci/L 2.48E-03 2.48E-03 
Ru-106 Ci/L 3.37£-14 3.37E-14 
Cd-113m Ci/L 5.46E-05 5.46£.05 
Sb-125 Ci/L 2.82£-07 2.82£-07 
Sn-126 Ci/L 8.83£-06 8.83E-06 
1-129 Ci/L 2.80E-07 2.80E-07 
Cs-137 Ci/L 
Eu-154 Ci/ L l .08E-05 I .OSE-05 
Ra-226 Ci/L 6 .20E-l l 6 .20E-ll 
Ac-227 Ci/L 3.60E-IO 3.60E-10 
Pa-231 Ci/L 8.51 E-06 8.S!E-06 
Th-232 Ci/L 2.23E-10 2.23E-10 
IJ-Total Ci/L 4.00E-03 4.00E-03 
Np-237 Ci/L 4.69E-07 4.69£-07 
Pu-Total Ci/L 8.67E-05 8.67£-05 
Am-241 Ci/L 6.73£-06 6.7JE-06 
Cm-244 Ci/L 1.92E-08 1.92£-08 

Table D-2. Solubilities Work~heet. (Sheet 1) 
::. :::: .::1c1 ... :-/:iC:2:::::: : ... ::•::z¢ld:': · :::·::rezc:--. .. :::1Zbt ><~Utf;: =·.::::- .., ... 

3.SOE+OO 3.50E+OO 3.50E+OO }.50C I 00 3.50E+OO 3.50E+OO 
3.09E+OO 3.09E+OO 3.09E+OO 3.09E+OO 3.09£+00 3.09E+OO 
2.74E-01 2.74E-01 2.74E-01 2.74£-01 2.74£-01 2.74E-01 
6.40E-OI 6.40E-01 G.40E-Ol 6.40E-01 6.40£-01 6.40£-01 
7.06£-02 7.06E-02 7.0GE-02 7.06£-02 7.06£-02 7.06£-02 
1.24E-Ol l .24E-01 1.24Ea01 l.24E-Ol l .24E-OI I .24E-Ol 
1.05£-02 1.05E-02 1.05£-02 1.05£-02 l .05E-02 l.05E-02 
l.75E+OO l.75E+OO l.75E+OO l.75E+-OO l.75E+OO l .75E+OO 
I .88E-03 l .88E-03 1.88£-03 1.88£-03 1.88£-03 l .88E-03 
5.54£-02 5.54E-02 5.54E-02 5.54£-02 5.54£-02 5.54E-02 
5.55£-04 5.SSE-04 5.5~E-U4 5.55£-04 5.55£-04 5.55E-04 
4.59E-04 4.59£-04 4 .59E-04 4 .59E-04 4.59£-04 4 .59£-04 
7.20E-04 7.20E-04 7.20E-04 7.20E-04 7.WE-04 7.20E-04 
l .OOE-06 I .OOE-06 I .OOE-06 1.00E-06 l .OOE-06 l .OOE-06 
1.62£-06 1.62£-06 I .62E-06 l .62E-OG 1.62£-06 l.62E-06 
5.00E-03 5.00E-03 5.00E-03 5.00E-03 5.00E-03 5.00E-03 
3.75E-03 3.7SE-03 3.75£-03 3.75E-03 3.75E-03 3.75£-03 
1.82£-03 l .82E-03 I .82E-03 l.82E-03 1.82£-03 1.82£-03 
2.95E-04 2.95E-04 2.95E-04 2.95£-04 2.95£-04 2.95£-04 
2.40E-OS 2.40E-05 2.40E-05 2.40E-05 2.40£-05 2.40E-05 
1.21 E-06 1.21 E-06 l.21E-06 l.21E-06 1.21 E-06 1.21 E-06 
2.48E-03 2.48E-03 2.48£-03 2.48E-03 2.48E-03 2.48E-03 
3.37E-14 3.37£-14 3.37£-14 3.37E-14 3.37E-14 3.37E-14 
5.46£-05 5.46E-05 5.46£-05. 5 .46E-05 5.46E-OS 5.46E-05 
2.82E-07 2.82E-07 2.82£-07 2.82£.07 2.82£-07 2.82E-07 
8.83E-06 8.83E-06 8.83£-06 8.83E-06 8.83E-06 8.83E-06 
2.80E-07 2.80E-07 2.80£-07 2.80E-07 2.80£-07 2.80£-07 

l.08E-05 l.08E-05 l .08E-05 l.08E-OS l.08E-05 l.08E-05 
6.20£-11 6.20E-11 6.20E-1 I 6 .20E-l 1 6.20E-1 I 6 .20E-l 1 
3.60£-10 3.60E-10 3.60E-IO 3.60£-10 3.60E-10 3.60E-10 
8.5IE-06 8.5IE-06 8.51E-06 8.SlE-06 8.51 E-06 8.51E-06 
2.23E-10 2.23E-IO 1.23£-10 2.23£-10 2.23£-10 2.23E-IO 
l.JOE-04 I JOE-04 1.30£-04 I .30E-04 1.JOE-04 1.30£-04 
4.69E-07 4.69£-07 4.69£-07 4.69E-07 4 .69£-07 4 .69E-07 
8.67E-05 8.67E-05 8.67£-05 8.67£-05 8.67E-05 8.67£-05 
6.73£-06 6.73E-06 6.73£-06 6.7)£.06 6.73E-06 6.73E-06 
l .92E-08 1.92E-08 1.92E-08 l .92E-08 I .92E-08 1.92£-08 

D-14 

: ::ow.t:eir ., ,,~t: 
3.50E+OO 3.50£+00 
3 .09E+OO 3.09£+00 
2.74E-01 2.74£-01 
6.40£-01 6.40E-Ol 
7.06E-02 7.06£-02 
l .24E-Ol 1.24£-01 
1.05E-02 I .05E-02 
1.75E+OO I. 75E+OO 
1.88E-03 1.88£-03 
5.54£-02 5.54E-02 
5 .55E-04 5.55 E-04 
4.59£-04 4.59£-04 
7.20E-04 7.20£-04 
1.00E-06 l.OOE-06 
l.62E-06 l.62E-06 
5.00E-03 5.00E-03 
3.75£-03 3.75E-03 
1.82E-03 1.82£-03 
2.95E-04 2.95£-04 
2.40E-05 2.40E-05 
1.21 E-06 1.21 E-06 
2.48E-03 1.00E-03 
3.37E-14 3.37E-14 
S.46E-05 5.46E-05 
2.82E-07 2.82E-07 
8.83E-06 8.83£-06 
2.80E-07 2.80£-07 

9.37E-06 
I.OSE-05 1.08E-05 
6.20E-l I 6.20£-11 
3.60E-JO 3.60E-10 
8.51E-06 8.SlE-06 
2.23E-IO 2.23E-10 
1.30£-04 1.30£-04 
4.69£-07 4.69E-07 
8.67E-05 8.67E•05 
6.73E-06 6.73E-06 
l.92E-08 l.92E-08 

:PF«:Ni · 
3.50Et00 
3.09E+OO 
2.74£-0 1 
6.40E-Ol 
7.06£-02 
1.24E-Ol 
1.05£-02 
l.75E+OO 
l.88E-03 
5.54E-02 
S.55E-04 
4.59£-04 
7.20£-04 
J.OOE-06 
l .62E-06 
5.00E-03 
3.75£-03 
1.82E-03 
2.95E-04 
2.40£-05 
1.21£-06 
1.99£-04 
3.37E-14 
5.46E-OS 
2.82£-07 
8.83E-06 
2.80£-07 
9.37E-06 
l .OSE-05 
6.20E-l l 
3.60£-10 
8 .5IE-06 
2.23E-10 
UOE-04 
4.69E-07 
8.67£-05 
6.73E-06 
l .92E-08 

: . TF-e.CN· · 
3.SOE+OO 
3.09E+OO 
2.74E-01 
6.40E-01 
7.06E-02 
1.24£-01 
l.05E-02 
l.75E+OO 
1.88£-03 
5.54£-02 
5.55E-04 
4 .59£-04 
7.20E-04 
I.OOE-06 
1.62£-06 
5.00E-03 
3.75£-03 
I .82E-03 
2.95E-04 
2.40£-05 
1.21 E-06 
1.82E-04 
3.37E-14 
5.4GE-05 
2.82£-07 
8.83E-U6 
2.80E-07 
9.37E-06 
1.08£-05 
6.20E-l l 
3.60E-10 
8.51E-06 
2.23E-10 
UOE-04 
4.69E-07 
8.67E-05 
6.73£-06 
l .92E-08 

"° 00 
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; .. ; :,, i'."?~ --:·: ,: units:, -:JC9e€N: .: _:: '-)kf ·>: i, 
Na~OJ M 3.50E+OO 3.50E+OO 
NaN02 M 3.09E+OO 3.09E+OO 
NaF M 2.74E-01 2.74E-01 
~a2CO3 M 6.40E-OI 6.40E-OI 
Na3PO4 M 7.06£-02 7.06E-02 
Na2S04 M 1.24£-01 I .24E-01 
Na2SiO3 M 1.05E-02 l.05E-02 
NaA1O2 M 1.75E+OO 1.75£+00 
Fe0(Off) M I .88E-03 I .88E-03 
CrlOH)3 M 5.54E-02 5.54E-02 
MnO2 M 5.551:::-04 5.55c-04 
BiPO4 M 4.59E-04 4.59E-04 
PbiOH)2 M 7.20E-04 7.20£-04 
La2O3 M 1.00E-06 l .OOE-06 
H2O · M I .62E-06 l.62E-06 
Na 2 Oxalate M 5.00E-03 5.00E-03 
CaC03.6H2O M 3.75E-03 3.75E-03 

0 
I 

Ni<OH\2 M I .82E-03 1.82£-03 
Zr01OH)2 M 2.95E-04 2.95£-04 

Vl Co-60 Ci/L 2.40E-05 2.40£-05 
Se-79 Ci/L 1.21 E-06 1.21 E-06 
Sr-90 Ci/L 2.91 E-05 2.48E-03 
Ru-106 Ci/L 3.37E-14 5. 1 IE-I I 
Cd-113m Ci/L 5.46E-05 l .29E-04 
Sb-125 Ci/L 2.82E-07 3.30E-06 
Sn-126 Ci/L 8.83£-06 8.83E-06 
1-129 Ci/ L 2.80E-07 2.SOE-07 
Cs-137 Ci/L 2.47£-07 
Eu-154 Ci/L l.08E-05 4.83£-05 
Ra-226 Ci/ L 6.20£-11 6.20E-I I 
Ac-227 Ci/L 3.60£-10 3.60£-10 
Pa-231 Ci/L 8.51 E-06 . 8.5 I E-06 
Th-232 Ci/L 2.23£-10 2.23E-l0 
U-Total Ci/L 1.30£-04 l .30E-04 
No-237 Ci/L 4.69£-07 4.69E-07 
Pu-Total Ci/L 8.67£-05 8.67E-05 
Am-241 Ci/L 6 .73£-06 6.73E-06 
Cm-244 Ci/L 1.92£-08 I .92£-08 

Table D-2. Solubilities Worksheet. (Sheet 2) 

•,::-:;:,au:':t.-. ·.:--:cw.nr:: . :?CWIU~}: ·:;-::>:::Pt/:/i: : ,_:e:_,<;n ,<=.i~ : ;;:;:: ;~.Lt:/C 
3.50E+OO 3.50E+OO 3.50E+OO 3.50E 100 3.50E I 00 3.50E+OO 
3.09E+OO 3:09E+OO 3 .09E+OO 3.09E+OO 3.09£+00 3.09E+OO 
2.74E-01 2.74£-01 2.74E-01 2.74E-01 2.74E-01 2.74E-01 
6.40E-01 6.40E-Ol 6.40£-01 6.40E-01 6.40E-01 6.40E-Ol 
7.06E-02 7.06E-02 7.06E-02 7.06E-02 7.06E-02 7.06£-02 
l.24E-01 1.24£-01 1.24£-01 1.24£-01 l .24E-01 1.24£-01 
1.05£-02 l .05E-02 1.05£-02 1.05£-02 I.OSE-02 J.05E-02 
l.75E+OO l.75E+OO l.75E+OO 1.75£+00 l.75E+OO 1.75£+00 
1.88E-03 l .88E-03 l .88E-()3 l.88E-03 l .88E-03 1.88E-03 
5.54E-02 5.54E-02 5.54£-02 5.54E-02 5.54E-02 5.54E-02 
~.s,;i:;.04 5.55E-04 5.55E-04 5.55£-04 5.55£-04 5.55E-04 
4.59E-04 4.59E-04 4.59£-04 4.59£-04 4.59E-04 4.59£-04 
7.20E-04 7.20E-04 7.20E-04 7.20£-04 7.20£-04 7.20E-04 
1.00E-06 l.OOE-06 I.OOE-06 I .OOE-06 I .OOE-06 1.00E-06 
1.62E-06 l .62E-06 l .62E-06 1.62E-06 l .62E-06 1.62£-06 
5.00E-03 5.00E-03 5.00E-03 5.00E-03 5.00E-03 5 .00E-03 
3.75E-03 3.75E-03 3 .75E-03 3.75E-03 3.75E-03 3.75E-03 
l .82E-03 l .82E-03 l .82E-03 l.82E-03 J.82E-03 I .82E-03 
2.95E-04 2.95£-04 2.95£-04 2.95£-04 2.95E-04 2.95£-04 
2.40£-05 2.40E-05 2.40E-05 2.40£-05 2.40E-05 2.40E-05 
1.21 E-06 l.21E-06 1.21 E-06 1.21 E-06 1.21 E-06 1.21 E-06 
2.48E-03 2.48E-03 2.48E-03 2.48E-03 2.48£-03 2.48E-03 
5.11 E-11 5. l lE-11 5. llE-11 5. IIE-11 5. I I E-11 5.11 E-11 
1.29E-04 l.29E-04 I .29E-04 4.30E-05 4.30E-05 4.30E-05 
3.30£-06 3.30£-06 3.30E-06 8.74E-06 8.74E-06 8.74£-06 
8.83E-06 8.83E-06 8.83E-06 8.83E-06 8.83£-06 8.83E-06 
2.80£-07 2.80E-07 2.80E-07 2.80E-07 2.80E-07 2.80E-07 

4.83E-05 4.83£-05 4.83E-05 8. 16E-05 8.16E-05 8. l6E-05 
6.20E-1 I 6.20E-I I 6.20£-1 I 6.20E-l I 6.20E-l 1 6.20£-11 
3 .60E-10 3.60£-10 3.60£-10 3.60E-10 3.60E-10 3.60E-10 
8.51 E-06 8.51£-06 8.51 E-06 8.51E-06 8.SIE-06 8.51 E-06 
2.23E-10 2.23E-10 2.23E-IO 2.23E-10 2.23£-10 2.23E-10 
1 JOE-04 I .30E-04 l .30E-04 J.30E-04 ) .30£-04 l .30E-04 
4 .69£-07 4.69£-07 4.69E-07 4.69E-07 4.69£-07 4.69E-07 
8.67£-05 8.67£-05 8.67E-05 8.67£-05 8.67E-05 8.67E-05 
6.73£-06 6.73£-06 6.73E-06 6.73£-06 6.73E-06 6.73£-06 
l .92E-08 1.92£-08 1.92£-08 1.92£-08 l .92E-08 1.92£-08 

D-15 
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3.50E+OO 3.50E+OO 
3.09E+OO 3.09E+OO 
2.74E-01 2.74E-Ol 
6.40E-OI 6.40E-0I 
7.06E-02 7.06£-02 
1.24£-01 1.24E-01 
l .OSE-02 1.05£-02 
I. 75E+OO l.75E+OO 
l .88E-03 l .88E-03 
5.54E-02 5.54£-02 
5.55E-04 5.55£-04 
4.59£-04 4.59E,04 
7 .20E-04 7.20£-04 
l.OOE-06 1.00E-06 
l .62E-06 l .62E-06 
5.00E-03 5.00E-03 
3.75E-03 3.75E-03 
l .82E-03 1.82£-03 
2.95£-04 2.95£-04 
2.40E-05 2.40£-05 
1.21 E-06 I .21 E-06 
2.48E-03 2.48E-03 
5.1 IE-I I 5. 11 E-11 
4.30£-05 4.30E-05 
8.74£-06 8.74£-06 
8.83£-06 8.83E-06 
2.80£-07 2.SOE-07 

8.16E-05 8. l6E-05 
6.20£-1 I 6.20£-11 
3.60E-IO 3.60E-10 
8.51 E-06 8.51 E-06 
2.23£-10 2.23E-IO 
1.30£-04 I .30E-04 
4.69E-07 4.69E-07 
8.67£-05 8.67E-05 
6.73£-06 6.73E-06 
1.92£-08 1.92£-08 

< CWZtl / 
3.50E+o0 
3.09E+OO 
2.74E-01 
6.40E-O I 
7.06£-02 
l.24E-OI 
I .OSE-02 
l .75E+OO 
l .88E-03 
5 .54E-02 
5.SSE-04 
4.59E-04 
7.20E-04 
1.00E-06 
l .62E-06 
5.00E-03 
3.75E-03 
l.82E-03 
2.95E-04 
2.40E-05 
1.21 E-06 
2.48£-03 
5.l lE-11 
4.30E-05 
8.74E-06 
8.83£-06 
2.80£-07 

8.16£-05 
6.20E-1 l 
3.60£-10 
8.51 E-06 
2.23E-IO 
! .30E-04 
4.69E-07 
8.67E-05 
6.73£-06 
1.92£-08 

::o.wwt 
3.50E+OO 
3.09E+OO 
2.74E-Ol 
6.40E-0I 
7.06E-02 
l .24E-01 
I .OSE-02 
l.75E+OO 
J.88E-03 
5.54E-02 
5.55£-04 
4.59E-04 
7.20E-04 
I .OOE-06 
I .62E-06 
5.00E-03 
3.75E-03 
l .82E-03 
2.95£-04 
2.40£-05 
1.21 E-06 
2.48£-03 
5. 11 E-1 I 
4.30E-05 
8.74£-06 
8.83£-06 
2.80E-07 

8. l6E-05 
6.20£-11 
3.60E-10 
8.51 E-06 
2.23£-10 
I .30£-04 
4.69£-07 
8.67E-05 
6.73E-06 
l.92E-08 

'° 00 
N 
N 

~ 
<: 

0 



0 
I 

NaN03 
NaN02 
NaF 
Na2C03 
Na3P04 
Na2S04 
Na2Si03 
NaAI02 
FeOlOH) 
Cr(0H)3 
Mn02 
BiP04 
Pb(0Hl2 
La203 
HeO 
Na 2 Oxalate 
CaC03.6H20 
NilOH)2 
ZrOlOH)2 
Co-60 
Se-79 
Sr-90 
Ru-106 
Cd-113m 
Sb-12S 
Sn-126 
1-129 
Cs-137 
Eu-1S4 
Ra-226 
Ac-227 
Pa-231 
Th-232 
U-Total 
Np.237 
Pu-Total 
Am-241 
Cm-244 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci /L 
Ci/L 
Ci /L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 

3.SOE+OO 
3.09E+OO 
2.74E-Ol 
6.40E-OI 
7.06E-02 
l .24E-Ol 
I.OSE-02 
l .75E+OO 
l .88E-03 
5.54E-02 
5.55E-04 
4.59E-04 
7.20E-04 
I .OOE-06 
l.62E-06 
5.00E-03 
3.75£-03 
J.82E-03 
2.95E-04 
2.40E-05 
1.21 E-06 
2.48E-03 
5. l lE-11 
4.30E-05 
8.74£-06 
8.83E-06 
2.80E-07 

8. 16E-05 
6.20E-I I 
3.60E-10 
8.51 E-06 
2.23£-10 
I .JOE-04 
4.69E-07 
8.67E-05 
6.73E-06 
l .92E-08 

3.SOE+OO 
3.09£+00 
2.74E-Ol 
6.40E-01 
7.06E-02 
I .24E-01 
I .05E-02 
l.75E+OO 
I .88E-03 
5.54E-02 
5.55E-04 
4 .59E-04 
7.20£-04 
I.OOE-06 
1.62£-06 
5.00E-03 
3.75E-03 
1.82£-03 
2.95E-04 
2.40E-05 
1.21 E-06 
2.48E-03 
5.11 E-11 
4.30E-05 
8.74E-06 
8.83E-06 
2.80E-07 

8.16E-05 
6.20E-l I 
3.60E-10 
8.51 E-06 
2.23E-l0 
I .JOE-04 
4.69E-07 
8.67E-05 
6.73£-06 
I .92E-08 

Table D-2. Solubilities Worksheet. (Sheet 3) 

3.SOE+OO 
3.09E+OO 
2.74£-01 
6.40E-Ol 
7.06E-02 
1.24£-01 
1.05£-0Z 
1.75£+00 
1 .88£-03 
5.54E-02 
5.55£-04 
4.59E-04 
7.20E-04 
l.OOE-06 
l .62E-06 
5.00E-03 
3.75E-03 
I .82E-03 
2.95E-04 
2.40E-05 
l.21E-06 
2.48E-03 
5. I IE-11 
4.30E-05 
8.74E-06 
8.83E-06 
2.80E-07 

8.16E-05 
6.20E-11 
3.60E-10 
8.SJE-06 
2.23E-IO 
I JOE-04 
4.69E-07 
8.67E-05 
6.73E-06 
l .92E-08 

4.1 IE+ OO 3.SOE+OO 3. 50£+00 3.50E+o0 3.50E 100 4.11 E+OO 3.50E+OO 3.50E+OO 3.50E+o0 
2.28E+OO 3.09E+OO 3.09E+OO 3.09E+o0 3,09£+00 2.28E+OO 3.09E+o0 3.09E+OO 3.09£+00 
2. 75E-O! 2.74E-0I 2.74E-OI 2.74E-OI 2.74£-01 2.75E-Ol 2.74E-Ol 2.74E-Ol 2.74E-0 1 
1.34£+00 6.40E-Ol 6.40E-OI 6.40E-OI 6.40E-Ol l.34E+OO 6.40E-OI 6.40£-01 6.40E-OI 
6.37£-02 7.06E-02 7.06E-02 7.06£-02 7.06E-02 6.37E-02 7.06£-02 7.06E-02 7.06E-02 
l.82E-Ol 
3.00E-03 
7.37E-O! 
4.82E-02 
7.65E-03 
l.1 IE-02 
4.59E-04 
2. 19£-03 
3.1 IE-04 
l .62E-06 
5.00E-03 
1.61 E-02 
J.OIE-02 
1. 0IE-03 
l.34E-04 
8.67E-07 
9.97E-02 
4.06E- l 1 
4.30E-05 
3.30E-03 
9.85E-06 
l.31E-07 

8.54E-04 
6.20E-l l 
3.60E-IO 
8.51E-06 
2.28E-09 
I .JOE-04 
7.19E-08 
I .02E-04 
6.96E-04 
l .92E-08 

1.24E-01 1.24E-OI l.24E-Ol 1.24E-01 l. 82E-0I 1.24E-01 1.24£-0 1 l.24E-Ol 
1.05E-02 I.OSE-02 1.05E-02 l.05E-02 3.00E-03 1.05E-02 l.05E-02 1.05£-02 
1.75£+00 l.75E+OO 1.75E+OO l.75E+OO 7.37E-OI 1.75E+OO l.75E+OO l.75E+OO 
l.88E-03 1.88E-03 l.88E-03 1.88E-03 4.82E-02 1.88E-03 l.88E-03 l.88E-03 
5. 54E-•-2- -5-.5-4-E--0-2-+--5-.5-4E- --02--t-5 .-54-E--•-2--+-7-.6-5-E--0-3-+--5-.5-4-E--0-2-+--5-.5-4-E--0-2 -+--5.-54-E=--..,....02c-1 

5.55£-04 5.55.1:i-04 5.55£-04 5.55E-04 1.11 E-02 5.55E-04 5.55E-04 5.55£-04 
4.59E-04 4.59E-04 4.59E-04 4.59E-04 4.59E-04 4.59E-04 4.59E-04 4.59£-04 
7.20£-04 7.20£-04 7.20£-04 7.20E-04 2. I 9E-03 7.20E-D4 7.20E-04 7.20£-04 
1.00E-06 1.00E-06 1.00E-06 1.00E-06 3.l lE-04 1.00E-06 I.OOE-06 I.OOE-06 
1.62E-06 l.62E-06 1.62E-06 1.62£-06 l.62E-06 1.62E-06 l.62E-06 l.62E-06 
5.00E-03 5.00E-03 5.00E-03 5.00E-03 5.00E-03 5.00E-03 5.00E-03 5.00E-03 
3.75E-03 3.75£-03 · 3.75£-03 3.75E-03 l.61E-02 3.75E-03 3.75E-03 9.00E-03 
1.82E-03 I .82E-03 l.82E-03 1.82£-03 1.01 E-02 l.82E-03 l.82E-03 1.82£-03 
2.95E-04 2.95E-04 2.95E-04 2.95E-04 I.OJ E-03 2.95E-04 2.95E-04 2.95E-04 
2.40E-05 2.40E-05 2.40E-05 2.40E-05 1.34E-04 2.40E-05 2.40E-05 2.40E-05 
1.21 E-06 1.21 E-06 1.21 E-06 1.21 E-06 8.6 7 E-07 1.2 I E-06 1.21 E-06 I. 21 E-06 · 
2.48E-03 2.48E-03 2.48E-03 2.48E-03 9.97E-02 2.48E-03 2.48E-03 2.48E-03 
5.IIE-11 5. IIE-11 5.IIE-11 5.llE-11 4.06E-11 5. llE- 11 5.IIE-11 5.l l E-11 
4.30E-05 4.30£-05 4 .30E-05 4.30E-05 4.30E-05 4.30E-05 4.30E-05 4.30E-05 
8.74£-06 8.74E-06 8.74E-06 8.74E-06 3.30E-03 8.74E-06 8.74E-06 8.74£-06 
8.83E-06 8.83E-06 8.83E-06 8.83E-06 9.85E-06 8.83E-06 8.83E-06 8.83E-06 
2.80E-07 2.80E-07 2.80E-07 2.80E-07 1.31 E-07 2.80E-07 2.80E-07 2.80£-07 

8. !6E-05 8.16E-05 8.16E-05 8. l6E-05 8.54E-04 8.16E-05 8.16E-05 8.16E-05 
6.20E-I I 6.20E-11 6.20E-l 1 6.20E-l l 6.20E-1 l 6.20E-l l 6.20E-l l 6.20E-l l 
3.60E-IO 3.60E-10 3.60E-10 3.60£-10 3.60E-IO 3.60E-10 3.60E-IO 3.60£-10 
8.51E-06 8.5 IE-06 8.51E-06 8.51E-06 8.SIE-06 8.51E-06 8.51E-06 8.51 E-06 
2.23E- IO 2.23E-IO 2.23£- 10 2.23E-10 2.28E-09 2.23E-10 2.23E-10 2.23E-10 

I .30E-04 I.JOE-04 1.30£-04 I .JOE-04 1.30£-04 l .30E-04 
4.69E-07 4.69E-07 4.69E-07 4.69E-07 7.19E-08 4.69E-07 4.69E-07 4.69E-07 
8.67E-05 8.67E-05 8.67E-05 8.67E-05 1.02E-04 8.67E-05 8.67E-05 8.67E-05 
6.73E-06 6.73E-06 6.73E-06 6.73E-06 6.96E-04 6.73E-06 6.73E-06 6.73E-06 
I .92E-08 1.92E-08 J .92E-08 I .92E-08 I .92E-08 l.92E-08 1.92£-08 l .92E-08 
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C, 
I ...... 

--...) 

NaNO3 
NaNO2 
Naf 
Na2CO3 
Na3PO4 
Na2SO4 
Na2S1O3 
NaAlO2 
FeO(OH) 
Cr(OH)3 
MnO2 
BiP04 
Pb(OH)2 
La2O3 
H2O 
Na 2 Oxalate 
CaCO3.6H2O 
Nl(OH)2 
ZrO(OH)2 
Co-60 
Se-79 
Sr-90 
Ru-106 
Cd-113m 
Sb-125 
So-126 
1-129 
Cs-137 
Eu-154 
Ra-226 
Ac-227 
Pa-231 
Tb-232 
U-Total 
No-237 
Pu-Total 
Am-241 
Cm-244 

· . : UoifS- .. 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 
Ci/L 

· OWWl ·· .<.,QWWl 
3.S0E+00 3.S0E+o0 
3.09E+00 3.09E+OO 
2 .74E-0l 2.74E-0l 
6.40£-01 6.40E-01 
7.06E-02 7.06E-02 
1.24E-0I l.24E-0I 
l.0SE-02 l.0SE-02 
l .75E+OO l .75E+OO 
l .88E-03 l .88E-03 
5.54£-02 S.54E-02 
5.55E 04 5.55E-04 
4 .59E-04 4 .59E-04 
7.20E-04 7.20E-04 
l.00E-06 l .00E-06 
I .62E-06 I .62E-06 
5.00E-03 5.00E-03 
3.75E-03 3. 75E-03 
I .82E-03 l .82E-03 
2 .95£-04 2.95£-04 
2.40E-05 2.40E-05 . 
1.21 E-06 1.21E-06 
2.48E-03 2.48E-03 
5. I IE-11 5.l lE- 11 
4 .30E-05 4.J0E-05 
8.74E-06 8.74E-06 
8.83E-06 8.83E-06 
2.80£-07 2.80£-07 

8. 16E-05 8. l6E-05 
6.20E-I I 6.20E-l l 
3.60E-10 3.60E- 10 
8.51 E-06 8.51 E-06 
2.23E-10 2.23£-10 
I .30E-04 l.30E-04 
4.69E-07 4,69£-07 
8.67E-05 8.67E-05 
6 .73E-06 6.73E-06 
1.92£-08 1.92E-08 

Table D-2. Solubilities Worksheet. (Sheet 4) ., 
. ::_/ ,Z-;, : :::•'>iHS :•\,:i\ / .::' THI :·•.>:< T:lU'.'t •,::,:•.•:AR\:: : ,;\:;;;Ji ,:;:; './ 'JJlt ... :::: S.RR/ :•• ,· i, (;'Slf: <•: OW'.· .. .... . 

J.S0F.+00 4. I I F.+00 3,50E+OO 3.50E+OO 3.SOE+OO 3.S0E+0O 4. 1 lE+O0 3.S0E+0O 3.SOE+OO 3.SOE+OO 
3.09E+00 2.28E+OO 3.09E+00 3.0!>E+00 3.09E+00 3.09E+o0 2.28E+00 3.09E+00 3.09E+0O 3 .09E+00 
2.74E-0I 2.75E-0I 2.74E-0l 2.74E-0I 2.74E-01 2.74E-0I 2.7SE-0I 2.74E-01 2.74E-01 2.74E-0I 
6.40E-0I I J4E+00 6.40E-0l 6.40E-0I 6.40E-01 6.4CE-0I I .34E+OO 6.40E-0I 6.40E-0I 6.40E-01 
7.06E-02 6.37E-02 7.06E-02 7.06E-02 7.06E-02 7.06E-02 6.37E-02 7.06E-02 7.06E-02 7.06E-02 
l.24E-0I l .82E-01 124E-0I I .24E-0I I .24E-01 l.24E-01 L82E-01 1.24E-0I l.24E-0I I .24E-01 
I.0SE-02 3.00E-03 l.05E-02 I.0SE-02 1.05E-02 l.05E-02 3.00E-03 l.05E-02 l.05E-02 I .0SE-02 
l.75E+o0 7.37E-0l J.75E+00 l.7SE+00 J.75E+OO l.75E+00 7.37E-0I J.75E+00 J.75E+o0 1.75E+00 
l.88E-03 4 .82E-02 I .88E-03 l .88E-03 l.88E-03 I .88E-03 4.82E-02 l .88E-03 l.88E-03 I .88E-03 
5.54E-02 7.6SE-03 5.54E-02 5.54£-0:2 5.54E-02 5.54E-02 7.65E-03 5.54£-02 S.S4E-02 5 .54£-02 
5.55E-04 1.1 l E-0: 5.55E-04 5.SSE-04 5.55E-04 5.55E-04 LI lE-02 5.55E-04 5.55£-04 5.55E-04 
4 . .SCJF.-04 4 59E-04 4.59E-04 4.59E-04 4.59E-04 4.59E-04 4.59E-04 4 .59E-04 4.59£-04 4.59E-04 
7.20E-04 2.19E-03 7.20E-04 7.20E-04 7.20E-04 7.20E-04 2.19E-03 7.20E-04 7.20E-04 7.20E-04 
I.OOE-06 3.IIE-04 I .00E-06 l.00E-06 I .00E-06 1.00E-06 3. I IE-04 I.OOE-06 l.OOE-06 I .00E-06 
l.62E-06 I .62E-06 I .62E-06 l .62E-06 1.62£-06 l.62E-06 1.62£-06 1.62£-06 I .62E-06 I .62E-06 
5.00E-03 5.00E-03 5.00E-03 5.00E-03 5.00E-03 5.00E-03 5.00E-03 5.00E-03 5.00E-03 S.()OE-03 
3. 75E-03 1.61 E-02 3.75E-03 3.75E-03 3.75E-03 3.75E-03 l.61E-02 3.75E-03 3.75E-03 9.00E-03 
1.82£-03 1.01 E-02 l .82E-03 l .82E-03 1.82£-03 1. 82£-03 1.01 E-02 1.82£-03 I .82E-03 ! .82E-03 
2.95£-04 L0IE-03 2.9SE-04 2.9SE-04 2.9SE-04 2.9SE-04 l.0\E-03 2.95E-04 2 .95£-04 2 .95E-04 i 

2.40E-05 I .34E-04 2.40E-05 2.40E-0S 2.40E-05 2.40E-05 I .34E-04 2.40E-05 2.40E-0S 2.40E-05 
1.21 E-06 8.67E-07 l.21E-06 1.21 E-06 1.21 E-06 1.21 E-06 8.67E-07 1.21 E-06 1.2 1 E-06 1.21 E-06 
2.48E-03 9.97E-02 2.48£-03 2.48E-03 2.48E-03 2.48E-03 9.97E-02 2.48£-03 2.48E-03 2.48E-03 
5. I IE-11 4.06E-l l 5.11 E-11 5. I IE-11 5. I IE-11 5. 11 E-11 4.06E-1 I 5.1 I E-11 5, I IE-11 5. l lE-11 
4.30E-05 4 .30E-05 4 .30E-05 4.30E-05 4.30E-05 4.30E-05 4.30E-05 4 .30E-05 4 .30E-05 4.30£-05 
8 74£-06 3.30E-03 8.74£-06 8.74E-06 8.74E-06 8.74E-06 3.30E-03 8.74E-06 8.74£-06 8.74E-06 
8.83E-06 9.85£-06 8.83E-06 8.83£-06 8.83£-06 8.83E-06 9.85£-06 8.83£-06 8.83E-06 8.83E-06 
2.80E-07 1.31 E-07 2.80E-07 2.80E-07 2.80£-07 2.S0E-07 I .3 IE-07 2.80E-07 2.S0E-07 2.80E-07 

8. IGE-05 8.54E-04 8.16E-05 8. 16E-05 8.16E-05 8. 16E-05 8.54E-04 8. 16E-05 8.16E-05 8.1 6E-05 
6.20E-t I 6.20E-I I 6.20£- 11 6.20£-11 6.20E-I I 6.20E-1 I 6.20E-l I 6 .20E-l l 6.20E-I I 6.20E-I I 
3.60£-10 3.60E-I0 3.60£-10 3.60E-IO 3.60E-IO 3.60E-10 3.60E-I 0 3.60E-10 3.60£-10 3.60£-10 
8.SJE-06 8.51 E-06 8.51 E-06 8.51 E-06 8.51£-06 8.51£-06 8.SIE-06 8.5 IE-06 8.51 E-06 8.SIE-06 
2.23E-I0 2.28E-09 2.23E-I0 2.23E-10 2.23E-I0 2.23E-IO 2.28E-09 2.23£-10 2.23£-10 2 23E-I0 
IJ0E-04 l .30E-04 J.30E-04 IJ0E-04 l .30E-04 I .30E-04 l .30E-04 U0E-04 
4.69£-07 7. 19E-08 4.69E-07 4 ,69£-07 4.69E-07 4 .69£-07 7.19E-08 4.69E-07 4 .69E-07 4.69E-07 
8.67E-05 L02E-04 8.67E-05 8.67£-05 8.67£-05 8.67E-05 1.02£-04 8.67E-05 8.67E-05 8.67E-05 
6.73E-06 6.96E-04 6.73E-06 6.73£-06 6.73E-06 6.73E-06 6.96E-04 6.73E-06 6.73E-06 6.73£-06 
I .92E-08 l.92E-08 I .92E-08 J.92E-08 1.92£-08 1.92E-08 1.92£-08 ) .92£-08 1.92£-08 1.92£-08 
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NaNO3 
NaNO2 
Naf 
Na2CO3 
Na3P04 
Na2SO4 
Na2SiO3 
NaAIO2 
FeO(OH) 
Cr(OH)3 
MnO2 
BIP04 
Pb(OR)2 
LalO3 
H~ 
Na 2 Oxalate 
CaCO3.6H2O 

u 
I 

NICOH)l 
ZrO<0Hl2 -00 Co-60 
Se-79 
Sr-90 
Ru-106 
Cd-113m 
Sb-125 
Sn-126 
1-129 
Cs-137 
Eu-154 
Ra-226 
Ac-227 
Pa-231 
Th-232 
U-Total 
ND-237 
Pu-Total 
Am-241 
Cm-244 

Table D-2. Solubilities Worksheet. (Sheet 5) 
· ··· ··"···· . { .. '•BIP04/). \'}/Reiioi : ~: . ::•• ·•·ffiff\\• ::•< PJ.AiZl?b ·,\;:i,~::t • •,-um> 

M 3.50 E+O0 3.50E+OO 3.50E+00 3.50E+OO 3.50E+OO 
M 3.09E+o0 3.09E+OO 3.09E+00 3.09E+OO 3.09E+OO 
M 2.74E-0I 2.74E-01 2.74E-0I 2.74E-0I 2.74E-01 

M 6.40E-OI 6.40E-0I 6.40E-0I 6.40E-01 6.40E-0I 
M 7.06E-02 7.06E-02 7.06E-02 7.06E-02 7.06E-02 
M l .24E-OI 1.24£-01 I .24E-01 I .24E-0I 1.24E-01 
M 1.05E-02 l.0SE-02 1.0SE-02 I .05E-02 l.05E-02 
M I .75E+OO l.75E+00 1.75E+00 l.75E+00 l.75E+OO 
M 1.88E-03 l.88E-03 l .88E-03 I .88E-03 l.88E-03 
M 5 .54E-02 5.54E-02 5.54E-02 5.54E-02 5.54E-02 
M S.55£-04 5.55E-04 5.55E-04 5.55E-04 5.55E-04 
M 4.59E-04 4.59E-04 4.59E-04 4.59E-04 4.59E-04 
M 7.20E-04 7.20E-04 7.20E-04 7.20E-04 7.20E-04 
M I .OOE-06 l.OOE-06 l .00E-06 I.OOE-06 1.00E-06 
M I .62E-06 1.62£-06 l .62E-06 l.62E-06 l.62E-06 
M 5.00E-03 5.00E-03 5.00E-03 5.00E-03 5.00E-03 
M 3.75E-03 3. 75E-03 3.75E-03 3.75E-03 3.75E-03 
M 1.82E-03 l. 82E-03 I .82E-03 l.82E-03 I .82E-03 

M 2.95E-04 2.95E-04 2.95E-04 2.95E-04 · 2.95E-04 
Ci/L 2 .40E-05 2.40E-05 2.40E-05 H0E-05 2.40E-05 
Ci/L 1.21 E-06 1.21 E-06 l .21E-06 l .21E-06 1.21 E-06 
Ci/L 2 .48E-03 2.48E-03 2.48E-03 2.48E-03 2.48£-03 
Ci/L 3.37E-14 5. 11 E-11 5.1 I E-11 6.13E-05 2.33E-04 
Ci/L 5.46£-05 l .29E-04 4.30E-05 4.30E-05 4 .30E-05 
Ci/L 2.82£-07 3.30E-06 8.74£-06 6 .78E-04 l. l lE-03 
Ci/L 8.83E-06 8.83£-06 8.83E-06 8.83E-06 8.83£-06 
Ci/L 2.80E-07 2.80E-07 2.80£-07 2.S0E-07 2.S0E-07 
Ci/L 
Ci/L l.08E-05 4.83E-05 8. l6E-05 5.79E-04 5.88E-04 
Ci/L 6.20E-11 6.20E-l 1 6.20£-11 6.20E-l l 6.20£-11 
Ci/L 3.60E-10 3.60E-I0 3.60E-I0 3.60E-I0 3.60£-10 
Ci/L 8.SIE-06 8.51E-06 8.51 E-06 8.51 E-06 8.51£-06 
Ci/L 2.23E- 10 2.23E-10 2.23E-10 2.23E-I0 2.23E-10 
Ci/L l .30E-04 l.30E-04 1.30E-04 I .30E-04 l.30E-04 
Ci/L 4.69E-07 4.69E-07 4.69E-07 4.69E-07 4 .69E-07 
Ci/L 8.67E-05 8.67E-05 8.67E-05 8.67E-05 8.67E-05 
Ci/L 6.73E-06 6.73E-06 6.73E-06 6.73E-06 6 .73£-06 
Ci/L l.92E-08 J.92E-08 l.92E-08 I .92E-08 I .92E-08 
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+:Ci~lti: • 
4.llE+OO 
2.28E+OO 
2.75E-0I 
I .34E+OO 
6.37E-02 
l.82E-0I 
3.00E-03 
7.37E-0l 
4 .82E-02 
7 .65E-03 
i.i lE-02 
4 .59E-04 
2.19E-03 
3. l lE-04 
l .62E-06 
5.00E-03 
1.61 E-02 
1.0lE-02 
l.0IE-03 
l.34E-04 
8.67E-07 
9.97E-02 
4.06E- l 1 
4.30E-05 
3.30E-03 
9.85E-06 
1.31 E-07 

8.54E-04 
6.20E-l 1 
3.60E- IO 
8.51 E-06 
2 .28E-09 
I .30E-04 
7. 19E-08 
1.02E-04 
6.96E-04 
l .92E-08 

'° oc: 
N 
N 
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D3.0 SOLUBILITY WORKUP WORKBOOK 

This section documents the contents of the Solubility Workup workbook. The Solubility 
Workup workbook supports the Solubilities worksheet. See Section 5.3. Table D-3 is a 
printout of the Solubility Workup workbook. This table includes editorial changes made 
for purposes of publication. 
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0 
' N 
0 

Sp~ies 

NaN03 
l'iaNOl 
:'tlaCl 
l\aF 
Sr(OH)2 
Na2C03 
~a3P04 
Na2S04 
l\a2Si03 
NaAIOl 
F~OIOHl 
C rlOH )J 
:\fn01 
B!P04 
l'blUH ll 
La20 3 
Ht!O 
Nal Oulatt 
CaC03.6H20 
:\i/ 0 Hl2 
2rOIOHl2 
Co-60 
Se-79 
Sr-90 
Zr-93 
Nl>-9Jm 

Ru- l06 

Cd-113m 

SI-.. JZS 
Sn-126 
add 1-JZ9 
Sm-1 5 1 

E u-l S4 
Ka-226 
At-227 
Pa-23 1 
Th-232 
lf-TocaJ 
Ni>-237 
Pu-Total 
A11t-241 

Cm-244 

I l 'nlts 

M 
:\,I 
M 
\1 
M 
M 
M 
M 
'.\-I 
M 
M 
M 
M 
~ 

M 
M 
M 
M 
M 
M 
M 

Ci/L 
Ci/I, 

CiiL 
Ciil 
Cill 

Cill 

Ci/!. 

Ci/L 
Ci ' l 
Ci/L 
CiiL 

Cill 
C~'J. 
Ci/L 

C•'L 
Ci!L 
M 
Cill 
WL 
Ci/I. 

Ci/ I. 

Origi nal 
HDW MW Specie• Units 
Value• 

2.8 62 NO , uR-'ml. 
3.1 46 '-:0· ult!ml 

0.17 111:fml 
<l.H \9 F Ul!-;mL 

0 .002 87.63 Sr uwmL 
0 .4 60 CO, uwmL 

0. 15 95 PO, u wn,L 
0.35 96 _so, uwmL .. 

0.034 28 s, u~lmL 
1.6 27 Al u,:/ml 

0.002 56 Fe uw'mL 
0. 12 52 Cr uRlml. 

0 .009 56 Mn ul1/mL 
0.004 209 Bi µJ!lml. 

0.0016 207 I'b ul(/mL 
0 139 La ugimL 

0.0000 ) 201 HR uwmL 
0 .005 uglmL 
0.009 40 Ca u;,.iml. 

0.0018 58.7 Ni 11iefmL 
0 .003 91 Zr ug/mL 

0.0001 Co-60 uCi!mL 
0.000002 Se-79 

0.034 Sr-90 
0 .00001 

0.000007 

5E-09 

0.00006 

0.019 
0 .000003 Sn-126 

1-129 
0.()()7 

0.0005 
6.2E-1I 
3.6E-10 

2E-09 I'o-231 
7E-07 Th-232 
0.004 U-Total 

:-.'p-237 
0.0001 48 Pu-239t240 

0.00003 Am-241 
C"m-

l f.-07 2431244 

T bl D 3 a e - . s olubilit " Workup Workbook 
7G300-02-NWK--037 Report Pata Conv•rted 10 HDW Solubil ity Units Wastt Steam Solubilitltt 

l'ion 
Complex 

Non Cnmplu 
comnlex 

bdw 
Comnlu 

Compln hdw BiP04 R[ DOX PUREX P3AZI P3AZ2 

2.17E+05 2.55E+05 1.74E·05 3.SOE 100 4.1 1 f.+00 2.81E+OO 3.50E+OO 3.SOE-00 3.50E+OO 3 .SOE-00 3.50ET00 4 .11!'100 ·-l .4~1: ,05 l.05E-05 i .43E+05 3.09E+OO 2.L~t-• 00 3.111:>00 3.09E+OO 3 .09£+00 3.09E--OO 3 .09E+OO 3.09E+OO 2.28E< 00 

5.20E ·03 5.23E+03 4.56E · OJ 2.7-IE-OI 2. 75E-O I 2.4t1E-0 1 2.74E-O I 2.74E-O I 2.74E-01 2. 74E-0 1 2.74E-OI 2. 75E-OI 
5 66E+OO 2.27ET02 1.751-' I 02 6.46E-05 2.59E-03 2.00E-03 6.46E-OS 6.46E-05 6.46E-05 6.46E-05 6.46E-05 2.59E-03 
3.84E• 04 &.04E+04 2.45E+r..i 6.401::-0 1 1.34!:+00 4.08E-01 6.40E-OI 6.40E-OI 6.40E-01 6.40E-0 1 6.40E-Ol 1.341'.•00 
~.7\l'.T()3 <, .OSE-+03 1.46£,()4 7 .061-.-02 b.:m:-02 l.54£-01 7.06£--02 7.06E-02 7.06£-02 7.06£-02 7.06E-02 6.37E-02 
1. 191:: 104 1.75E+04 3 .33F.+rl4 I 24E-01 1.82£-01 3.47E-OJ 1.24F.-O l l.24E-01 1.24E-OJ 1.24!'-0I 1.241::-01 J.82£-0 1 
2.95E+02 8.41E+O J 9.55E+02 J .05£-02 3.00E-03 3.41£-02 l.05E-02 I .OSE-02 J.05E-02 l .OSE-02 l.05E-02 J .OOE-03 

4.73E+04 J.99E+04 4.32£..--04 J.75E+OO 7.37E-Ol t.60E+oo l.75E+()() 1.75£+00 1.75E+OO \.15£+00 1.7S£-+OO 7.37E-Ol 

1.05E+02 2.70E+03 J.121:.+02 1.88F.-03 4.82E-Ol 2.00E-03 l.88E-03 l.88E-03 J.88E-03 1.88E-03 1.88£-03 4.821::-02 
2.88E+o3 3.98E+02 6.24E~03 5.54E-02 7.65£-03 1.20&-0J 5.54E-02 5.54E-02 5.54!'-02 5.54F.-02 5.54E-02 7.65£-03 
3. J 1£10) 6.23E+02 4.94£+02 5.55£-04 l.l l E-02 8.82E-03 5.55E-04 5.55£-04 5.55E-04 5.SSE-04 5.55£-04 1. l l E-02 

9.60F. >Ol 9.60£+0I 8.36E+02 4.59F.-04 4 59E-04 4.00E-03 4.59E-0-1 1.S'J f:-04 4.S?E-04 4.591:-04 4.59£-04 4.59E-04 

1.49E+o2 4.54E 102 3.J2E+02 7.20E-04 2. l9E-03 I.60E-03 7.20E-04 7.20£-04 7.20E-04 7.20E-04 7.20£-04 2. 19£-03 .. 
l.39£-01 4.32E+Ol 0.001:-.r .. 1 I .OOE-06 J . l ll'.-04 O.OOE+OO I.OOE-06 1.00£-06 J.OOE-06 I.OOE-06 I .OOF.-06 3.1 IE-04 

3-2SE-01 3.25E--01 2 .0IE+OO 1.62£-06 l.62E-06 1.00E-05 l.62£-06 l .62f.-06 1.62F..-06 1.62£-06 1.62£-06 1.62E-06 

5.00E-03 5.00E-03 5.00E-03 5.00E-03 5.00E-03 5.00E-03 

l .SOF.--02 6.44E-+02 J .6JE+02 3 75E-OJ l.61E-02 9 .03E-03 3.75E-03 3.75£-03 3.75£-03 J .75E-03 3.75E-03 J.<,J E-02 

1.07E• 02 5.95F.T()2 \.06E+-Ol I.RZE--03 I.O\E-01 1.S\E-03 l.82£-03 1.S2E.-03 l.82£-03 1.82£-03 1.82E-03 1.0IE-02 

2.68E+ol 9.15EtO J 2.74E+02 2.95E-04 l.O IE-03 3.0 IE-03 2.95E-04 2.95E-04 2.95E-04 2.95£-04 2.95E-04 I .OJ E-03 

2.40E-02 l .34E-Ol 3.98£-02 2.40E-O~ 1.34£-04 3.98£-05 2.40E-05 2.40£-05 2.40E-05 2.40E-05 2.40E-05 1.341-:-04 

U I E-03 8.67E-04 2.00E-03 l.21E-06 8.67£--07 2.00E-06 1. 21£-06 1.2tE-06 l.2 1E.-06 1.2 1 E-06 \.2 I •~06 S.67E-07 

2.48E+-OO 9.97E+OI 3.09E+Ol V l8E-03 9.97E-02 3.09E-02 2.48E-03 2.48E-03 2.481:-03 2.48E-03 2.48E-03 9.97£-02 

See 4.06£- 1 l 3.37E-14 5.JJE- 11 5. IJE- 11 6. IJE--05 2.33f:-04 4.06!'-ll 
Table D-3a 

for data 
Sec 4 .30£-05 S.46E-05 l .29f.--04 4 .301::.-05 4.301'.-05 4.)0£-05 4.)0E-05 

Table D-3a 
fo r da!.i 

See 3.JOE-03 2.82E-07 3.301.:-06 8.74£-06 6.78£ -04 I. I JE-03 3.30!'-03 
Table D-)a 

for dat.< 
8.83E-03 9.85E--03 3.00E-03 K83E--06 9 .85E-06 3.00E-06 8.83£-06 8.83£-06 8.83£-06 8.83£-06 8.83£-06 9.85E-06 

2 .SOE-04 1.3 I E-04 }.;R 2.801::-07 1.3 !E--07 2.SOE-07 2.SOE-07 2 .SOE--07 2 .SOE--07 2.SOE--07 1.3 1E-07 

See 8.541.:-04 I .08E-05 4.SJE-05 8. 16£-05 5.79£-04 5.88£-04 8.54E-04 
Table 0-Ja 

for data 
6.20E-! l 6.20£-11 6.20E- 1 l 6.20E- 1 l 6.20E- l l 6.20E- l I 

3.60E-JO 3.60E- IO 3.60£-10 3.t\OE-10 3.60E- IO 3.60E- 1ll 

8.SLE-03 NR 2 .00E-06 8.SIE-06 2.00£-09 ll .S\ £ -06 8 .51E-Ob 8.SlE--06 8.51E-06 8.51 F.-06 U I E-06 

2 .23E-07 2.28E-06 7.00E-04 2.23!'-10 2.281:-09 7.00E-07 2.23£-10 2.23f.-JO 2.231:-:- 10 2.23E- JO 2.23E- JO 2.28E-09 
J .I OE.,.01 3. lOE+Ol 9.52E~o2 l.30E-04 UOE-04 4 .00!'.,.()3 1.301:-04 UOE--04 l.30E-04 J.30E-04 l.30E-04 J.JOE-04 

4 .69E-04 7.19£-05 NR 4.69E-07 7.J9E-08 4.69£-07 4.69£--07 4.69E--07 4 .69£-07 4 .69E,07 7 .19F.-08 

6.25E-03 7.351:-03 9. 18F.-03 8.67E-05 l .02E-04 1.27E-04 8.67£-05 8.67f.-05 8.67F.--05 8.67F.-05 8.67F.-05 J. 021::-04 

6.73 E--03 6.96E-Ol 3.00E--02 6.73£ -06 6.96f.-04 3.00E--05 6.73E-06 6.73£--06 6.73E-06 6.73E-06 6.73E-06 6.96£-04 

2.00E-05 2.00E-05 NR J.92E-08 l.92E--08 1:nE-08 J.92E--08 i.92E-08 1.92£-08 1.92E-08 1.'>2E-08 
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Table D-3a. Plant Specific Solubility Estimates for Short-Live Nuclides in Non-Complexed Wastes 
Process Europium-154 Ruthenium-106 Antimony-t 25 Cadmium-113m µCi/mL 

BiPO4 L0SE-02 3.37E-11 2.82E-04 5.46E-02 µCi/mL 

Redox 4.83E-02 5. l lE-08 3.30E-03 I .29E-0I µCi/mL 

Early PUREX 8.16E-02 5. l lE-08 8.74E-03 NR µCi/mL 

AZ-101 
AZ-102 

5.79E-01 6.13E-02 6.78E-0l NR µCi/mL 

5.88E-01 2.33E-01 l.l lE+O0 NR µCi/mL 

D4.0 B AND Tl SAL TCAKE 

Based on the nearly identical concentrations of the Band Tl saltcakes predicted by the 
Revision 4.0 of the HD\V Model, these waste types were combined into a single waste 
type Band TT saltcake (BT-SltCk) for Revision 5.0 of the HDW Model. This change was 
made to facilitate development of an organic saltcake waste type. The organic saltcake is 
of special concem in the tank farms because of its propensity to generate and accumulate 
gas. The organic rich saltcakes exhibit a different solubility behavior from other 
saltcakes. Development of a separate organic saltcake stream was not completed. 

At the completion of Revision 5.0 of the HDW Model, this change was re-evaluated. 
Table D-4 compares the HDW Model Revision 5.0 prediction of the BT-SltCk saltcake 
solids with the solids composition predicted for the BSltCk and TlSltCk saltcakes. 
Table D-5 compares the HDW Model Revision 5.0 prediction of the BT-SltCk saltcake 
liquid with the compositions predicted for the BSltCk and TlSltCk saltcak.e liquids. 
These comparisons indicate that the predicted radionuclide compositions of BSltCk and 
Tl SltCk saltcakes have diverged with this update. The uranium content and plutonium 
content of the two saltcakes have diverged noticeably. This change is a result of the 
method used to calculate separation plant losses of uranium and plutonium. Previously, 
in Revision 4.0 of the model, these losses were based on the average loss for the life of 
the facility or a campaign. For Revision 5.0, the separation plant losses were calculated 
from monthly facility production records. See Section 5.1. 

Table D-4. Comparison of HDW Model Predicted BT-SltCk Saltcake Solids 
Composition with Predicted Solids Compositions for BSltCk and TlSltCk. (3 Sheets) 

!,f'::;~:'.s,uu~wm :·: t:1::.:'.;~~~~~~:~i:\\;l1(~i: i;\:·l:l(:;i-\\~~~~~\:):.:,.:::(· ·::\:;::r:'.:.~~~~i::'.\\:i'.1: .t•:;,:.::f~~~:,:: ?: fi~~,~~:\\:::\: 
':Na\:)<; T .: . 1.70E+o5 l.73E+05 1.69E+o5 2% I% 

l .08E+02 1.05E+02 9.35E+ol 2% 
4.81E+03 4.31E+o3 4.SlE+03 11 % 
1.40E+02 l.38E+02 l .43E+02 2% 
4.02E+o3 3.56E+03 3.72E+03 12% 
0.00E+o0 0.00E+00 O.00E+O0 

:. 1m:::•: • __ : .. 3.83E+00 3. t9E+00 3.60E+o0 18% 6% 
7.70E+00 7.16E+O0 l.24E+0I 7% 47% 
0.OOE+O0 O.OOE+OO 0.00E+00 

D-21 
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Table D-4. Comparison of HOW Model Predicted BT-SltCk Saltcake Solids 
Composition with Predicted Solids Compositions for BSltCk and.TlSltCk. (3 Sheets) 

!(il:~~~'.•i1,i~~:!:l :~~::t•i!~~.,~~i::::liil: ••iil::::: !l::~~t,~~il\;\;l/:[1: :!;:i~i:i~i\l~!~•~~l'.:\~•.: \~:i '.!:::!~i•;~i~cl•:· .r:~~~U:tli1,i:l 
)f:11(:\ ;'\: .. i 5.04E+02 4.48E+02 5.71E+02 12% 12% 
;;'$.t\ii:'L'! ,, .. /!'t ; /,:] l.52E-02 l.52E-02 l.52E-02 0% 0% 

0.00E+oO 0.00E+o0 0.00E+00 
l.83E+o3 l.60E+o3 1.81 E+03 13% 1% 
2.54E+o2 2.59E+o2 2.50E+02 2% 1% 
l.00E+o2 l.00E+o2 1.00E+o2 
l.70E+00 l.70E+0O U0E+0O 0% 0% 
7.96E+o0 8.51E+o0 7.51E+o0 7% 6% 
5.07E-01 5.07E-0l 5.03E-0l 0% 1% 
4.32E+0I 4.15E+ol 4.38E+0l 4% 1% 
l.0lE-04 l.06E-04 9.63E-05 5% 5% 
9.llE+02 8.81E+o2 9.54E+02 3% 5% 
6.13E+03 5.48E+03 5.99E+03 11% 2% 
2.74E+o5 2.99E+05 2.65E+05 9% 3% 
2.54E+o3 2.53E+03 2.55E+03 0% 0% 
5.64E+o3 5.05E+o3 5.84E+03 II% 3% 
6.06E+o4 5.43E+04 6. l3E+04 11% 1% 
3.38E+o4 3.16E+o4 3.70E+o4 7% 9% 
2.09E+o3 l.65E+o3 l.91E+o3 23% 9% 
l .l0E+03 l.04E+o3 l.15E+o3 5% 4% 
1.25E+03 l.28E+o3 l.22E+03 2% 2% 
0.00E+00 0.OOE+00 0.00E+00 
0.OOE+OO 0.00E+00 0.00E+00 
0.00E+o0 0.00E+00 0.00E+00 
0.OOE+o0 0.00E+OO 0.00E+OO 
0.OOE+o0 0.00E+OO 0.00E+oO 
0.00E+00 0.00E+oO 0.00E+o0 
0.00E+00 0.00E+O0 0.0OE+o0 
1.47E+O0 l.55E+OO l.41E+00 5% 5% 
5.19E-01 5.47E-0I 4.96E-0l 5% 5% 
0.OOE+O0 0.00E+00 0.00E+00 
4.72E+o2 4.66E+02 4.78E+o2 1% 1% 
0.00E+00 0.OOE+o0 O.0OE+o0 
l .45E-03 l.40E-03 l.47E-03 3% 2% 
8.46E-05 8. l8E-05 8.72E-05 3% 3% 
2.04E-04 l.81E-04 2.3 lE-04 12% 12% 
2.IOE-02 l.86E-02 2.38E-02 12% 13% 
9.74E-05 9.l 7E-05 l.02E-04 6% 5% 
3.25E-06 3.22E-06 3.29E-06 1% 1% 
6.78E-0l 6.80E-0I 6.78E-01 0% 0% 
6.78E-01 6.80E-0I 6.78E-0I 0% 0% 
3.01£-04 2.84E-04 4.79E-04 6% 46% 
2.68£-04 2.53E-04 4.26E-04 6% 45% 
9.79E-04 9.62E-04 9.96E-04 2% 2% 
2.12E-13 l.23E-13 2.91E-13 53% 31% 
1.I0E-04 1.08£-04 l.1 lE-04 2% 2% 
3.02E-06 2.98E-06 3.05E-06 1% 1% 
l.22E-0~ 1.21E-05 l.24E-05 1% 1% 
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Table D-4. Comparison of HDW Model Predicted BT-SltCk Saltcake Solids 
Com osition with Predicted Solids Com ositions for BSltCk and TlSltCk. 3 Sheets 

I.36E-06 l.34E-06 l.37E-06 I% I% 
2.40E-08 2.49E-08 2.32E-08 4% 3% 
2.8SE+OO 2.84E+OO 2 .87E+o0 0% 1% 
2.69E+o0 2.68E+o0 2.71E+oO 0% 1% 
1.50E-OI 1.46E-OI l.53E-Ol 3% 2% 
5.08E-06 4 .9SE-06 
3.88E-04 
2.27E-04 
1.58E-08 
7.19E-14 
7.l lE-08 
2.2lE-07 
I .30E-l l 
l.09E-l3 
3. ISE-09 
2.52E-10 
2.35E-04 
l.05E-OS 
2.7SE-06 
2.39E-04 
7.18E+-o2 
8.33£-06 
3.48E-04 
4.57E-02 
5. 17E-03 
l .04E-02 
7.SOE-08 
7.58£-01 
4.61E--04 
6.08E-08 
l.05E--07 
l.24E-09 
2.90E-08 

3.77E-04 
2.20E-04 
l .59E-08 
7.23E-14 
7.lOE-08 
2.13E-07 
1.23E-11 
l.03E-13 
2.09E-09 
l.64E-10 
1.4IE-04 
6.27E-06 
l.79E-06 
1.44E-04 
4.31E+o2 
8.30E-06 
2.89E-04 
3.86E-02 
4.32E-03 
8.61E-03 
6.20E-08 
6.40E-Ol 
4.65E-04 
6.26E-08 
l .08E-07 
1.28E-09 
3.00E-08 

S. l 9E-06 
3.97E-04 
2.34E-04 
I.58E-08 
7.16E-14 
7.lSE-08 
2.28E-07 
l .36E-l l 
1.15E-l3 
3.83E-09 
3.lOE-10 
3 .08E-04 
l.37E-05 
3.40E-06 
3. l3E-04 
9 .39E+-02 
8.38E-06 
3.39E-04 
4.48£-02 
5.05E-03 
1.0IE-02 
7.29E-08 
7.44E-Ol 
4.58E-04 
S.93E-08 
l.l lE-07 
l .32E-09 
3.09E-08 

3% 2% 
3% 2% 
3% 3% 
0% 0% 
1% 0% 
0% 0% 
4% 3% 
6% 5% 
6% 5% 
40% 19% 
42% 21% 
50% 27% 
50% 27% 
42% 21% 
50% 27% 
50% 27% 
0% 1% 
18% 2% 
17% 2% 
18% 2% 
19% 30 · 70 

19% 3% 
17% 2% 
1% 1% 
3% 2% 
3% 6% 
3% 6% 
3% 6% 

Table 0-S. Comparison of HDW Model Predicted BT -SltCk Saltcake Liquid 
Composition with Predicted Liquid Compositions for BSltCk and TlSltCk. (3 Sheets) 

//(_:.;::~~*~~~~::;tJi;;::/;U\~: I;;:.U:\~,$~ .. ~~~ . :~;:.:·);~~'.r~q'.~:}·\~:\:,j: '~:;::~ht'.~~·~~~:{\,;:'.~ /!:},!:lt.~~\\;::; (~l?JJ=~~r :::t 
:i,,::/i:' ... :<_'/: \'!:'> 9.03E+04 8.97E+-04 9. LOE+04 1% 1% 
rAf./: :.; :.; ; ·.:- ·:r 2.s1E-1-02 2.s2E+o2 2.soE+-02 2% t4% 

7.29E+Ol 8.35E+Ol 8.33E+-Ol 
3.75E+02 3.69E+02 3.83E+02 
6.63E+Ol 7.6SE+ol 7.63E+Ol 
O.OOE+OO O.OOE+-00 O.OOE+oO 

]liif ' ._:_·_.· ·. · 2.34E-Ol 2.59E-Ol 2.58E-01 10% 10% 
2.06E+Ol l.92E+Ol 2.14E+Ol 7% 4% 
O.OOE+OO O.OOE+OO O.OOE+OO 
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Table D-5. Comparison of HDW Model Predicted BT-SltCk Saltcake Liquid 
Composition with Predicted Liquid Compositions for BSitCk and TlSitCk. (3 Sheets) 

.::;t:\i'.~ :1~~!:1t.~:1f;\t\t :[:;~\·:\;11~~~~:i#'~\\::\\~:!t r?:0:\::~1::~~i~~#K:\;:;1\ :l;:•::il:.•::1=~~-,·~~•~,i\r/\\'.r ii::\:'.:~~~1~1~?:\\i\· Ii;:,1~1~,~~i:;•:: 
~= t)It::;\'.l\ll~t.l\~;;t::::.::;:I:~l\. !·.~;!1~ !·.~;~~g; !-.~~~g~ ~~ ~~ 

6% 6% 
2% 1% 

0% 0% 
il~l'-')_.,j~ii!\t(,h:\:\{H: 7.96E+oO 8.51E+OO 7.51E+oO 7% 6% 

"Ii) 5.O7E-Ol 5.O7E-Ol 5.O3E-Ol 0% 1% 
•: i;) 6.96E+Ol 6.97E+Ol 6.95E+Ol 0% 0% 
(,H( , 2.69E-O4 2.85E-O4 2.58E-O4 5% 4% 

\\D • ii ,)'.' J ;;: 2.43E+O3 2.36E+o3 2.56E+O3 3% 5% 
0% 0% 
0% 1% 

ii... . . ... fi,t;';i;'.;\i?,:}{{ 7.92E+03 7.28E+O3 8.58E+O3 
""'''·.~ ,·::;.:,·,;,;•• 5.O9E+O3 5.35E+O3 5.33E+o3 

',;;.E :t>t 9.5OE+o3 9.49E+o3 9.47E-r03 

9% 8% 
5% 5% 
0% 0% 
9% 8% 
5% 5% 
3% 2% 

-

)\lt.,l'Ai!:J•·;"t'''\,·"i .. :':_,l:_.,:.f ..... \H! O.OOE+OO 0.00E+oo 0.00E+OO 
~~,:•~:•, i+-----=-o·:..:..oo-=-E.:...~ +o....,...,...o-~""""o:..:...oo=--=-=E-+o.:...o.__-+----=-o.:..:..o-=-=oE.:...+o....:..:...o_+--_____ +-_____ --t 

O.OOE+oO O.OOE+OO O.OOE+OO 

5% 4% 
5% 4% 

1% 1% 

301 70 2% 
3% 3% 

)Ni\-59{:~.:t~ ,. ,;::::; 3.45E-O5 3.45E-O5 3.44E-O5 0% 0% 
i!Ni~J.{(u,Qii-.:'.' ';': 3.55E-O3 3.54E-O3 3.55E-03 0% 0% 
ie.'~.tiHtd.'¢:fl~\ · ;?:; ' 2.6OE-04 2.46E-04 2.75E-04 6% 5% 
:\:~79,:;:•tilCJ!i!) ,,, , 8.69E-O6 8.61E-O6 8.82E-O6 1% 1% 

1% 0% 
1% 0% 

i::Zt~JJ/ t-UCU.1);:::".::, ·, 8.05£-04 7.61E-04 8.25E-04 6% 2% 
:'~~~:Ja(fllll.:,'• ·: 7. l 7E-O4 6.78E-O4 7.34E-04 5% 2% 
Xf~9!ft..Cil,h •. ···• ·,· .. · 2.61E-O3 2.ssE-O3 2.61E-O3 2% 2% 
.l:«tt::(Qii)(u~l/2) '. ·, 5.66E-13 3.28E-L3 7.79E-l3 53% 32% 
, tNMlam:!cucii~)·> 2.93E-04 2.ssE-O4 2.99E-04 2% 2% 
:S~tzs.:XuCVe) . : 8.O7E-O6 7.99E-O6 8. l 9E-O6 1% 1% 
·$.~lll'.'.'{il(:J/2\ : ' : •: 3 .27E-O5 3 .24E-O5 :u lE-O5 1% \% 
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Table D-5. Comparison of HOW Model Predicted BT-SltCk Saltcake Liquid 
Composition with Predicted Liquid Compositions for BSltCk and TtSltCk. (3 Sheets) 

:::\:'\(~,.~\~~1:~~;i:\:;~\1·\\:l;\r\~, ::;. ······;·:.~:;!1::::1i:l\:\:.1:1tii1 ~~~:~'.\\'.•;;irl i_•• :-···it:~~,.~~~\•1::li\~1
;- \\'.::~:;·.1,lt111~\~·:i:\!:;l:li::r~1~1~~r1::~::; 

/i~ti~J~itlt\> 3.62E-06 3.59E-06 3.68£-06 1% 1% 
iJC~t~'.:(a,;ct~\:f< 6.41E-08 6.67E-08 6.23E-08 4% 3% 
::jJ~il?!ilii~Vtt1 :/r;,• 7.61E+-00 7.60E+00 7.68E+o0 0% 1% 

7.25E+00 0% 1% 
4.llE-01 2% 3% 
l.39E-05 2% 3% 
l .06E-03 2% 3% 
6.26E-04 3% 3% 
4.24E-08 1% 0% 
l.92E-l3 1% 0% 
l.91E-07 0% 1% 
6. l lE-07 3% 4% 
3.65E- I 1 6% 5% 

;:D ~~ +!r~t'ii. ~. ::,::;•: 2.92E-13 2.76E-13 3.08E-13 6% 5% 
l.0lE-10 16% 2% 
8. ISE-12 14% 0% 
8.07E-06 6% 6% 
3.61E-07 6% 6% 
8.93E-08 . 14% 0% 
8.22E-06 6% 6% 
2.47E+0l 6% 6% 

:_:tN •:;:iU1ifll¢.l(1 ((/: 2.23E-0S 2.22E-05 2.25E-05 0% 1% 
fe' :a::(lij¢ifll .. ,,) 2.98E-05 3.12E-05 3.14E-05 5% 5% 
t ~:tli(t° ' 3.91E-0J 4.16E-03 4.lSE-03 6% 6% 

:O\:( 'Jt , 4.43E-04 4.67E-04 4.68E-04 5% 5% 
8.92E-04 9.30£-04 9.39E-04 4% 5% 

L, '. Ji/ ..;;;i'\~ii' ..,___6_.4_3_E_-0_9_+-__;,.,6_. 7_0E_-_09'---+--'--.C--'-----f.--
Ytit;t~l°i i\/ 6.S0E-02 6.91E-02 
.\\A~21tUru,tl'~'!!-ri., ,~ :t+---1:-'._2=-=3~E--=-o-=-3-+-~1.-=--2s=E:-'.-o:-::-3-+--...,....,.-::-::-:-+--

6.75E-09 4% 5% 
6.89E-02 6% 6% 
l .23E-03 1% 0% 

l.62E-07 1.68E-07 1.59E-07 3% 2% 
2.80E-07 2.89E-07 2.98E-07 3% 6% 
3.30E-09 3.42E-09 3.52E-09 3% 7% 
7.76E-08 8.02E-08 8.28E-08 3% 7% 

The overall volume and mass balance associated with these two saltcakes is well within 
balance, and there appears to be little practical impact except for the noted uranium and 
plutonium impacts; therefore, the combination of the two is a reasonable practice. 
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D5.0 WASTE STATUS AND TRANSACTION RECORD SUMMARY 

This appendix documents changes made to the WSTRS file to support development of 
the HDW Model Rev. 5.0. The modified file is named WSTRS5 245c. 

The HDW Model Rev. 4.0 generated defined waste streams for B, Tl, R, and BY 
saltcakes. The SMM generated saltcake composition estimates for the rest of the 
evaporator systems on a tank by tank basis. This modeling feature made it necessary to 
change the WSTRS spreadsheets and the HDW Model such that defined saltcake waste 
streams were also modeled for the T2, S 1, S2, Al, and A2 saltcakes as well. The method 
that was utilized was the same system as previously used in the HDW Model for the 
earlier evaporator modeling. This representation incorporates taking all waste coming 
into an evaporator feed tank, sending it out to a faux evaporator supertank, concentrating 
it, then bringing it back into the evaporator feed tank This is done on a quarter-by-

. quarter basis. The HDW Model is then run and the resulting supertank profiles for each 
evaporator are loaded into the HDW waste stream spreadsheet and the recycle or amount 
of waste relabeled as itself multiple times is removed from the calculation. This method 
simplifies the compositions specific to a tank, because the solution equilibrium conditions 
(especially temperature) change as a function of the tank. Although differential 
precipitation is observed in sample data, this condition is very difficult to represent in the 
model with its current level of sophistication. 

The changes seen in the WSTRS5 _245c file are pairs of outx/xins waste transfers that 
re-label the waste in the evaporator feed tanks for the time periods that the main feed 
tanks are active for each evaporator campaign. There are multiple in/out pairs within a 
quarter when segregation of waste with high organic levels is occurring. 

A small amount of re-labeling was done in order to send all of the waste from the Band 
Tl separate evaporator feed tanks to same supertank in order to combine the saltcakes as 
described in the main text. 

The other changes made to the WSTRS file are with reference to the allocation of the 
THl and TH2 waste stream inputs and the CWP2 and CWZrl waste stream inputs. 
These changes are documented in the change log, Appendix B. 
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APPENDIXE 

BACKGROUND AND APPROACH FOR REVISION 4.0 OF THE HANFORD 
DEFINED WASTE MODEL 
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This appendix summarizes the background and approach of the Hanford Defined Waste 
Model published in Hanford Tank Chemical and Radionuclide Inventories : HDW Model 

Rev. 4 ( Agnew et al. 1997). 

El .0 Background 

One of the most important tasks associated with the Hanford waste tanks is an adequate 
estimation of those tank's contents. Such estimates are very important for four reasons: 
1) To establish safety limits during intrusive activities; 2) To establish a planning basis 
for future disposal; 3) To allow assays from one tank's waste to be used to validate, 
compare, and assess hazards among other tank's with similar waste inventories; and 
4) To make sense out of the highly variable results that often come from a tank's waste 
assays, it is necessary to couch assay results in terms of the particular process and storage 
history of each tank. 

It is clear that direct assays of tank wastes will always be an important and ongoing need 
for the Hanford tanks. However, it is equally clear that it will not be possible to 
adequately address all waste issues by sampling and assay alone. Obtaining a set of 
samples that is representative of the waste heterogeneity within a tank is undoubtedly the 
most difficult aspect of deriving tank inventories from assays alone. Both the extremely 
heterogeneous nature of trutlc waste and the limited access provided by riser pathways to 
waste in these seventy-five foot diameter underground tanks contribute to difficulties in 
using assays alone to derive tank inventories. The chemical and radiological hazards of 
the waste impose rig'lrous safety requirements on sampling. 

E2.0 Approach 

The Hanford Defined Waste (HOW) model is described in Fig. l (Schematic of Overall 
Strategy). The model begins with a process and transaction dataset that derives from a 
variety of sources. From this dataset, a balanced tank-by-tank quarterly summary 
transaction spreadsheet is derived called the Waste Status and Transaction Record 
Summary (WSTRS). 

Using these fill records, the Tank Layer Model (TLM) provides a definition of the sludge 
and salt cake layers within each tank. The TLM is a volumetric and chronological 
description of tank inventory based on a defined set of waste solids layers. Each solids 
layer is attributed to a particular waste addition or process, and any solids layers that have 
unknown origin are assigned as such and contribute to the uncertainty of that tank's 
inventory. The TLM simply associates each layer of sludge within a tank with a process 
waste addition. As indicated in (Fig. 1 ), the TLM analysis depends only on information 
from WSTRS. 

The Supernatant Mixing Model (SMM) is an algorithm written in C++ and installed as a 
spreadsheet macro under Excel (a Dynamic Linked Library or dll module) that calculates 
the supernatant concentrates within each of the tanks. The SMM uses information from 
both WSTRS and the TLM and describes supernatant concentrates in terms of original 
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waste volume in kgal (I kgal = 1,000 gal) for each of the process waste additions. The 
original waste volume in addition to the present tank volume give the amount of 
concentration (water removal) or dilution that a tank has seen in its history. 

The WSTRS, TLM, and SMM altogether determine each tank's waste inventory as a 
linear combination ofHD\V sludge and supernatant volumes (TLM and SMM volumes). 
In order to provide information on the elemental composition of each tank, the HDW 
compositions describe each waste stream based on process historical information. Each 
HOW has both supernatant and sludge layers and derives its total waste volume from 
WSTRS and its sludge volume from the TLM. Thus, the HDW compositions depend on 
all prior model components- process/transaction dataset, WSTRS, TLM, and SMM. 

Each tank's total inventory is then calculated as superposition of waste components as 

where 
tanki 

hdwjsl 

hdwj5° 
tlmij 

smmij 
slVolj 

suVolj 

I tlmj hdw j1 I SDlJJ1ij hdw r 
tanki = _J _____ + J 

sIVot suVoli 

= composition vector for tank i 

= composition vector for HDW sludge j 

= composition vector for HDW supernatant j 
= kga] of hdw sludge j for tank i 

= kgal ofhdw supematant j for tank i 

= sludge kgal for tank i 
= supernatant concentrate kgal for tank i. 
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Figure E-1. Schematic of Overall Strategy. 

• Process/Transaction Dataset 

· WSTRS-Waste 
Status and 
Transaction 
Record Summary 
-tank farm 

transactions 
from 1944-pres. 

•"•-'•• •• •• •••• •••• • ••• ••••• • •• • •• •n•• ••••• ••• • •n•n• • ••• 

WSTRS 

i • TLM-Solids by 
l Tank Layer Model ..-.LJ., 

I -sludges 1--l- - - -

i -salt cakes ---'--'--'--'-
1 -layer chronology 

j • SMM-Liquids by 
! Supernatant Mixing 
: 

I Model 
: 
l -assume ideal mixing 
I -sum of HOW su's 
I -concentration factor 

~ 
combine TLM, SMM 

with HOW 

Tank Inventory Estimates 

• HOW-Hanford 
Defined Wastes 

-two layers for each HOW 
-48 HOW's 

> 7 BiP04 
> 5 uranium Recovery 
> 4 Redox 
> 21 Purex 
> 2 Thoria 
> 4 Salt Cakes 
> diatomaceous earth (DE) 
> cement (CEM) 
> OW and N 
> NIT 

The first term is the TLM solids inventory and is reported as 

L tlmj hdw j1 

sl J 
tanki = --....,sl,......V-=-o-=-L--
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while the second tenn is the SMM inventory reported as 

I SmIDij hdw r 
tankfu = _J _____ _ 

suVoli 

E2.l Approach-Waste Status and Transaction Record Summary 

The WSTRS is an Exce] spreadsheet of qualified fill records3 with information extracted 
from Jungfleisch-834 and Anderson-91 5, and checked by Ogden Environmental and 
LANL against quarterly summary reports and the Logbook Dataset.6 The WSTRS 
reports, although largely representative of the waste histories of the tanks, are 
nevertheless incomplete in that there are a number of unrecorded transactions that have 
occurred for many tanks. Included within the WSTRS report, then, is a comparison of 
the tank volume that is calculated based on the fill records that are present in WSTRS 
with the measured volume of each tank. This comparison is made for each quarter to 
record any unknown waste additions or removals that may have occurred during that 
quarter. 

After 1980, the Waste Volume Projection (WVP) project has provided an 
excellent set of ordered transactions. 

E2.l.l Cascade Transfers 

Cascade lines were underground 3" pipes between tanks that were generally offset one 
foot of elevation between tanks. These lines allowed a tank to overflow into the next 
tank in the cascade series, and then from that tank to the next, and so on, from two to six 
tanks total in a given cascade series. WSTRS includes explicit transactions for each 
cascade transfer based on the following rules. If a tank's Total_ vol exceeds its rated 
capacity, then check to see if a CSEND SET and CREC SET pair are present in the 
records of Tank_n and Trans_tank, respectively. If a pair is present, insert a "send" and 
"rec" pair of transactions of the appropriate volume. When cascading out to a crib "send" 
and "outx" pair are inserted. In the SE Quadrant (i.e. for DST's) there is no cascading. 

3 (a) Agnew, S. F., et al., "Waste Status and Transaction Record Summary for the NE Quadrant~ WHC-SD-WM-Tl-
615 , Rev. I, October 1994. (b) Agnew, S. F., et al. "Waste Status and Transaction Record Summary for the SW 
Quadrant, " WHC-SD-WM-Tl-614 , Rev. I, October 1994. (c) Agnew, S. F., ct al . "Waste Status and Transaction 
Record Summary for the NW Quadrant, " WHC-SD-WM-Tl-669, Rev. I, October 1994. 

4(a) Jungtleisch, F. M. "Hanford High-Level Defense Waste Characteri1.ation- A Status Report," RH -CD-\ 019 , July 
1980. (b) Jungfleisch, F. M. "Supplementary Information for the Preliminary Estimation of Waste Tank Inventories 
in Hanford Tanks through 1980,'' SD-WM-TI-058, June 1983. (c) Jungfleisch, F. M. "Preliminary Estimation of 
Waste Tank Inventories in Hanford Tanks through 1980," SD-WM-Tl-057, March 1984. 

5Andcrson, J. D. "A History ofthc 200 Arca Tank Farms," WHC-MR-0132, June 1990. 
6Agnew, S.F.: Corbin, R.A. ; Duran. T.B.: Jurgensen. K.A.: Ortiz, T.P. ··1 Janford Tank Logbook Dataset:· LA-UR-96-
3387, September 1996. 
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E2.1.2 Transaction Ordering 

The chronological ordering of the transactions in WSTRS prior to 1981 is not clearly 
defined. Hanford's quarterly summarization of transactions tended to truncate much of 
the individual transaction ordering information. From 1976 to 1981, the Logbook 
Dataset was used to help re-establish transaction order and to resolve many other 
transaction questions. Transactions with no additional information (i.e. pre-1976) were 
arranged in the folJowing order for each quarter: 

1 ) Xin' s from primary sources 
2) Tank to tank transfers not involved in evaporator operations 
3) Tanlc to tank transfers involved in evaporator feeds 
4) Concentration of wastes involved in evaporators 
5) Tank to tank transfers for the bottoms receivers 
6) Outx's to processes and cribs (no condensates) 

Some corrections to this initial order were required to prevent the total volume of the 
tanks from going negative and to minimize tank overfills. Further corrections will be 
necessary as more information as to the segregation of the organic wastes is compiled. 

The transaction order for post-1980 transactions were left as represented by the WVP 
report. Many of these dates are summaries of transactions and some are nominal, so 
there exists the possibility that some reordering may be necessary as more information on 
these transactions surface. 

E2.1.3 HDW Evaporator Model 

An essential part of defining the waste history of Hanford wastes is understanding the 
operation of the many evaporator campaigns at Hanford, since the greatest uncertainties 
within WSTRS are associated with evaporator campaigns. In other words, the volume 
reductions and continuous transfers of concentrates and condensates that occurred during 
these campaigns are not very welt represented in WSTRS. 

Much of the transaction information associated with evaporator operations was derived 
by Jungfleisch-83 with several models for various evaporator campaigns that were 
embedded within the WSTRS Rev. I data set. 

In the WVP data set, the evaporation model transferred a volume from the feed tank to a 
bottoms receiver tanlc. The volume received by the bottoms receiver tank, however, 
would be less than the volume sent from the feed tank. This difference was the 
condensate that was evaporated, which was not specifically included. 

In WSTRS Rev. 2, 3 and 4, all evaporator transactions are assumed to take place from 
the evaporator feed tanlc. Therefore, all implicit condensate that is evaporated from the 
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feed tank is explicitly included as transactions from the feed tank to a crib. We have 
inserted these condensate transactions for the feed tank and have changed the transaction 
volume (when necessary) to be equal to the volume received in the bottoms tank. This · 
same model has been imposed on all evaporator operations at Hanford within WSTRS. 

This evaporator model reduces significantly the unknown transactions for the history of 
Hanford operations. One must bear in mind, though, that the assumptions that have been 
made are meant to be approximations that allow the bounding of waste compositions for 
all site operations. We have found, for example, that the transaction order within each 
quarter is not well defined and our assumptions about that order are very approximate. 

E2.1.4 Resolution of Unknown Transactions 

Transactions from the Logbook Dataset were added to WSTRS to resolve the many 
unexplained level changes for each quarter according to a set of rules resulting in an 
updated WSTRS that is known as Rev . 4. This unknown transaction resolution was only 
completed for all unknowns larger than 50 kgal, although many smaller transaction 
unknowns were accommodated as well. The following rules were used for unknown 
transaction resolution for the various transaction types: 

Evaporator feed and bottoms receivers: 

During an evaporator campaign, unknown waste transfers at the end of each 
· quarter are resolved by sending wastes to or receiving wastes from an evaporator 
. feed tank for tanks identified as either bottoms receivers or feed tanks for those 
campaigns. 7 

Self-concentrating tanks: 

Certain tanks in S, SX, A, and AX farms were allowed to self-concentrate. Any 
losses or additions to these tanks are assigned to condensate or water, 
respectively. 

Sluicing receivers: 

For tanks associated with a sluicing campaign ( either UR or SRR), unknown 
transactions are resolved by either sending or receiving from the sluicing receiver 
tank for that campaign. Unassigned losses from the sluicing receivers, then, are 
sent directly to the process. 

7 Agnew, S.F. ; Corbin. R. A. ; Boyer, J.; Duran. T. ; Jurgtmscn. K.; Ortiz, T.: Young, B. "I li story of Organic Carbon in 
Hanford HLW Tanks: HOW Model Rev. 3;· LA-UR-96-989, March 1996. 
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Salt-well pumping and stabilization : 

If an unknown loss occurs during salt well pumping stabilization of a tank, then 
the unknown is resolved by sending waste to the active salt well receiver at that 
time. 

Historical use of tank: 

If none of the above rules apply, then the historical use of the tank is used to 
assign the transaction. For example, C-105 was used as a supernatant feed tank 
for the CSR campaign and supplied ~ 1,500 kgal per quarter for several years. 
However, there is one quarter ( l 97 lq2) where C-105 loses 1,748 kgal without an 
assigned transaction. Because of C-105 ' s process history, this transaction is 
assigned to CSR feed. Likewise, there are a number of large supernatant losses in 
A and AX Farms during sluicing for sludge recovery. These supernatant losses 
are assigned as feed to AR, which are the slurries transferred to AR Vault for 
solids separation, washing, dissolution, and feed to SRR. 

There are volume reductions among the Sand SX Farm tanks in the fifties and early 
sixties. We attribute these losses to the Redox waste self-concentrating tanks and these 
tanks also accumulated solids as they concentrated, which we assign as Redox salt cake. 
Likewise, the Purex waste tanks in A and AX Farms were self-concentrating, but no salt 
cake formed from this self-concentration. Volume losses for such tanks are assigned as 
condensate transactions out of the tank and additions are assigned as water in. 

The two Purex cladding waste (CWP) cascades, B-103 and B-109 had large unknown 
transfers in l 963q4. These were resolved by transferring supernatants to A-102, which 
was the staging tank for A Farm sluicing as well as a feed for the self-boiling tanks in A 
and AX Farms. Excess volume added to A-102 amounts to over 2,000 kgal in '63q4, 
which is assumed to have been associated with the sluicing required for initial feed to HS 
or SSW (Hot or Strontium Semiworks), and eventually ended up blended into the A/AX 
self-boiling tanks. Likewise, other later excess losses that accumulated in A-102 are 
assumed to have been used as feed for the self-boiling tanks in N AX Farms. 

Sluicing of A and AX Farn1s resulted in many unrecorded transactions for these tanks 
during that period. We have resolved all large transactions by creating transactions 
between tanks and the sluicing receiver in A and AX Farms. The sluicing receivers 
evolved from A-102, A-106, to AX-103 over the course of the campaign. 

For each of the evaporator campaigns, we have identified the feed and bottoms receivers. 
All unknown transactions for the feed and bottoms receivers are sent to or received from 
the evaporator feed tank. This allows us to resolve all evaporator campaign transactions 
and to therefore track the waste compositions as a function of time. 
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Cross-site transfer tanks S-107 to/from BX- I 04 and BX-105 were used to transfer wastes 
back and forth to and from west and east areas prior to 1981. We assume this linkage 
was used for most cross site transactions between East and West areas. 

E2.1.S Verification of WSTRS 

Validation for the WSTRS and WVP datasets was performed by Ogden Environmental of 
Richland, WA. Reference documentation was provided for each transaction that Ogden 
verified. Validation information for all tanks is shown in (Table E-1) with the numbers 
and percents validated for transactions and transaction volumes in all quadrants prior to 
Jan. 1981. Validation for DST's in after Jan. 1981 is provided by the Waste Volume 
Projection data source. 

===============-========-....... ======= 
Table E-1. 

Validation for All Quadrants for Transactions prior to Jan. 1981. 

Number Basis Volume Basis {kgal) 
Validated/ % Validated/ % 

Total Validated Total Validated 
XIN's 1952/3236 60% 279,577/443,102 63% 
OUTX's, REC's 2083/3624 57% 551,857/895,564 62% 

E2.2 Approach-Tank Layer Model (TLM) 

The TLM uses the past fill history of each tank to derive an estimate of the types of so.lids 

that reside within those tanks. The TLM8,9 is generated by reconciling the reported solids 
levels from WSTRS for each tank with the solids volume per cent expected for each 
primary waste addition. 

The TLM is a volumetric and chronological description of tank inventory based on the 
HOW sludges and salt cakes. Each solids layer is attributed to a particular waste addition 
or process, and any solids layers that have unknown origin are assigned as such and 
contribute to the uncertainty of that tank's inventory. The TLM simply associates layers 
of solids within each tank with a waste addition or a process campaign. 

The TLM uses the information obtained from the transaction history for each tank to 
predict solids accumulations. These predictions are made for three categories of waste 
tanks. 

8(a) Brevick, C. H., ct al., "Supponing Document for the Historical Tank Content Estimate for A Tank Farm," 
WHC-SD-WM-ER-308, Rev. 0, June 1994. Likewise, reports and numbers for each farm are as follows: AX is 309, 
8 is 310, BX is 311 , BY is 312, C is 313, S is 323, SX is 324, and U is 32S. These supporting documents contain 
much of the detailed information for each tank farm in a concise format, all released as Rev. O in June 1994. 

9 Agnew, S. F., et a l. "Tank Layer Model (TLM) for Northeast, Southwest, and Northwest Quadrants," 
LA-UR-94-4269, February 1995. 
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The first category involves primary waste additions, which are the waste additions from 
process plants directly into a waste tank. The primary waste transactions are used along 
with solids volume reports for each tank to derive an average volume percent solids for 
each HDW type. The solids accumulations are then assigned to a particular HDW for the 
tanks where the solids information is missing or inconsistent. 

A second category of waste is that where solids accumulate as a result of evaporative 
concentration of supematants. All solids that accumulate in such tanks occur after they 
have been designated as "bottoms" receivers. These solids are assigned to one of four 
salt cakes, which are defined as blends over entire evaporator campaigns. The four salt 
cakes are BSltCk, TlSltCk, BYSitCk, and RSltCk, and are all defined as HDW's. The 
latter five evaporator campaigns T2, S 1, S2, Al, and A2 all result in waste concentrates 
that are defined differently for each tank within the SMM. These solids are explained in 
the section "Solids not included in TLM." 

The third category of waste is where solids accumulate due to tank to tank transfers of 
solids. This category allows solids to cascade from tank to tank, or accounts for solids 
lost during routine transfers as was common with decladding wastes CWR and CWP as 
well as lC aud FeCN sludges. 

The results of the TLM analysis are a description of each tank's solids in terms of sludge 
and salt cake layers. Although interstitial liquid is incorporated within the composition 
for sludges and salt cakes, any residual supematants that reside in these tanks above the 
solids arc described by the SMM. The output of the TLM, then, can only be used to 
predict the inventory of the sludges and each of four salt cakes that reside within waste 
tanks. These TLM results are inserted into the WSTRS record and are used by the SMM 
in considering excluded volumes for mixing of waste supematants. 

E2.2.1 Sludge Accumulation from Primary Waste 

The TLM analysis associates a solids volume percent (vol%) with each primary waste 
stream. These solids vol% are those that are consistent with the solids voJumes reported 
in Anderson-91 by comparing those solids accumulations with the primary waste 
additions that are recorded in WSTRS. The result of this analysis is a solids volume 
percent for each waste type with a range of uncertainty associated with the inherent 
variabjlity of the process. 

Not all of the waste types have adequate solids reports associated with them. For these 
waste types, a nominal value is assigned based on similarity to other waste types where 
there exists a solids vol%. For example, a total of 810 kgal of Hot Semi-Works waste 
(HS) was added to several tanks in C Farm, but these additions only constituted a small 
fraction of the total solids present in any of these tanks. Therefore, a nominal 5 vol% 
solids is assigned for that waste type. 
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Each TLM spreadsheet table shows the primary waste additions and the solids from those 
additions based on the characteristic vol¾ for that waste type. The TLM compares this 
prediction with the solids level reported for the tank and indicates either an unknown gain 
or loss for this tank. Once a layer is "set" in the tank, its volume appears in the "Pred. 
layer" column and the type in "Layer type" column, thus comprising a chronological 
layer order from the bottom of a tank to the top, where each layer is described in terms of 
a volume and a type. Note that lateral variations are not accounted for in this model, and 
only derive an average layer thickness. The lateral distribution, in some cases, can be 
quite extreme. 

There are two main sources for variations in the solids vol¾ for each waste type. First, 
there is an inherent variability in each process stream, which is largely attributable to 
process variations. Second, solids can be added to or removed from tanks by inadvertent 
(or purposeful) entrainment during other supernatant transfers. In addition to these 
sources of variation, there :ire a number of other minor sources of solids changes such as 
compaction, subsidence following removal of salt well liquid, and dissolution of soluble 
salts by later dilute waste additions. Other solids variations may be due to metathesis and 
other chemical reactions within the tanks, such as degradation of organic complexants 
over time. 

The TLM assigns solids changes to variability when they fall within the range 
established. If a change in solids falls outside of this range, the TLM associates the gain 
or loss of solids with a waste transfer to or from another tank or to dissolution of soluble 
salts in the upper existing solids layers . 

E2.2.2 Saltcake Accumulation 

Once a tank becomes a "bottoms" receiver, the TLM assumes from that point on that any 
solids that accumulate are salt cake or salt slurry. Salt cake can be any one of four 
different types, depending on which evaporator campaign created it. These are: 1) B for 
242-B, 2) Tl for early 242-T, 3) BY for ITS #1 and #2 in BY Farm, and 4) R for Redox 
self-concentrating tanks. Overview of Hanford Waste Volume (Table E-3) describes the 
various evaporator campaigns that resulted in concentration of waste and precipitation of 
solids at Hanford. For salt cake accumulation, the TLM assumes that all of the solids 
reported are salt cake. Two other minor evaporation campaigns involved use ofRedox 
and B Plant evaporators for tank wastes. These minor campaigns have been associated 
with T2 or SI campaigns, respectively. 

The HDW model assigns waste of the five later campaigns for 242-T, 242-S, and 242-A 
evaporators as concentrates within the SMM. These later concentrates correspond 
roughly to what is known as double-shell slurry ( DSS) or double-shell slurry feed 
(DSSF), although their early concentrates are often referred to as salt cake as well. 
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E2.2.3 Diatomaceous Earth/Cement 

Diatomaceous Earth was added to the following waste storage tanks BX-102 (1971), SX-
113 (1972), TX-116 (1970), TX-117 (1970), TY-106 (1972), and U-104 (1972). The 
additions of diatomaceous earth were used to immobilize residual supernatant liquid in 
tanks where the liquid removal by pumping was not feasible. The conversion factor in 
the TLM for Diatomaceous Earth (DE) is 0.16 kgal/ton and Cement (CEM) is 0.12 
kgal/ton. The CEM waste was only added to one tank, BY -105 ( 1977). 

E2.2.4 Solids Not Included in TLM 

The TLM predicts the salt cake layers for the B, early T, BY, and R evaporator 
campaigns. These are HDW wastes and are defined on a campaign basis. The 
concentrated supernatants associated with the A, S, and latter T evaporator campaigns are 
treated as free supematants and thus defined by the SMM. The SMM tracks the 
concentration and mixing of these supematants on a tank-by-tank quarterly basis. This is 
necessary due to the complexity of the latter evaporator scenarios and waste types. 

E2.3 Approach-Supernatant Mixing Model (SMM) 

TI1e SMM calculates the composition of supernatant concentrates within each tank. The 
result is a table of waste in kgal of original HDW supematants for each of the tanks. The 
SMM is a very critical part of the definition of waste in double-shell tanks {DST's) 
where a large fraction of supernatants now reside. The Supernatant Mixing Model Block 
Diagram (Fig.2) illustrates the SMM approach. A fundamental assumption within the 
SMM is the ideal and complete mixing of each tank's supernatant foHowing each 
transaction. In this approach, the volume of TLM solids layers within each tank are 
excluded from mixing with any supernatant additions. However, any solids that form as 
a result of waste concentration within the SMM are treated as if they were liquid. 
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Figure E-2. Block Diagram of SMM Algorithm. 
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The SMM module reads transaction information from WSTRS, sorts it to an absolute 
chronological order, and perforn1s a transaction by transaction accounting of all of the 
tank waste supernatant for the history of Hanford. The SMM provides a description of 
each tank's supernatant concentrate as a linear combination of Hanford Defined Waste 
(HDW) supematants. The HDW type is specified within WSTRS for each transaction 
from plant to tank. This HDW supematants within a tank represent a total volume that is 
usually larger (and sometimes smaller) than the actual volume of supernatant concentrate 
within that tank. This is due to active evaporation (or dilution) of the waste during its 
history. Each tank's SM..\if waste is expressed in terms of a linear combination ofHDW 
supematants (a waste vector), which in tum are used to calculate a chemical and 
radionuclide inventory with compositions for each tank. 

E2.3.1 Implementation of SMM 

The SMM is implemented as two Microsoft Excel workbooks and an extension to Excel 
(called a Dynamic Linked Library). Figure E-3 shows the relationship of the SMM 
components to each other as weH as to the overall tank inventory prediction strategy. 
The transaction data source for the SMM program is the WSTRS workbook, which is not 
modified during operation. A second workbook (SMM-TLM.xls) provides additional 
input, program control, and storage for formatted SMM output. The smm.dll is written in 
the 'C++' programming language. 

Figure E-3. Diagram of the HOW Model Components. 

Tank Layer 
Model 

E2.3.2 Transaction Processing 

Inventory 
Tables 

The smm.dll tracks the tank waste contents (in HDW component basis) based on 
transaction bookkeeping. The model achieves ideal mixing by assuring that a withdrawal 
from a tank is an HDW vector proportional to the HOW vector of the tank supernatant 
contents. The general algorithm is to process the infonnation on waste transfers and level 
measurements in transaction order while keeping track of the HOW components in each 
tank. The processing details are determined by the transaction type. Since transactions 
are summarized rather than detailed, there can be apparent overfills. 
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If there is insufficient supernatant in a source tank, the shortage is accounted for by 
addition of an unknown waste type. The additions of unknowns are treated as if they 
were HDW waste additions. These unknowns measure one uncertainty in the tank HDW 
vector. Apparent overfills are less important as they generally result from miss-phasing 
due to the granularity of the dataset and tend to correct themselves. Transaction 
processing is relatively straight forward. There are five basic transaction types. 
1) The XIN and xin transactions represent the transfer of waste from process to storage 
and simply record the transfer of HDW waste to the storage tanks. The xin designation 
identifies an assumed rather than a documented transaction. 2)The REC and rec 
transactions are tank to tank or tank to process transactions with the rec designating an 
assumed transaction. 3)The outx is a transfer to process or CRIB and is essentially 
another variation of the REC transaction. The last three transactions move HDW waste 
vectors between tanks and processes. 4)The cond transaction removes water from the 
tank without changing the HDW waste vector. 5)The stat transaction serves to realign 
the tank volume with physical measurements. 

E2.3.3 Ancillary Information 

In addition to the tank compositions, the SMM also generates a variety of other important 
·information. These include volumes of waste from assumed transactions, total traffic in a 
tank, traffic from assumed transactions, and various other infonnation.6 

E2.4 Approach-Hanford Defined Wastes (HOW) Compositions 

The determination of chemical and radionuclide concentrations for each of the HD W's 
begin with inputs of radionuclides and stable chemicals, both of which are used to define 
the total species in each waste stream as shown by the Block Diagram of HDW 
Spreadsheet (Figure E-4). These total species are then separated into two layers, a sludge 
and a supernatant, that result in different concentrations of species for the two layers. 

Each species is precipitated according to a single point solubility. Ions precipitated in 
more than one salt are simply successively precipitated. Thus, the solids that precipitate 
are merely representative and are not meant to reflect the actual solids distribution. 
Because the supematant is also present in the interstices of the sludge layer, this 
"supernatant" is included as part of the sludge composition. The solubility of each 
species is set by a macro that when run on the HDW spreadsheet, adjusts the fraction 
precipitated paran1eter so that the supernatant concentration is equal to or less than the 
target solubility. 

The sludge and supernatant compositions are each expressed in mol/L for the stable 
chemicals, with water and TOC as wt% and radionuclides in µCi/g and Ci/L, 
respectively. Each waste is kept in ion and mass balance according to the oxidation states 
assumed for that species. The sludge and supernatant layers are also expressed in terms 
of ppm composition. However, the mass balances are limited by differences among 
water. oxide, and hydroxide with the various solids to only within ±2%. 
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E2.4.l Three Methods for Establishing Defined Wastes 

There are three distinct methods that have been used by previous workers to set the 
concentrations of each component in the various waste streams at Hanford. These three 
methods are based on either one or a combination of (I) knowledge of process, 
(2) chemical used and waste volume produced, and (3) analysis of characteristic waste. 
However, while these methods provide necessary information for waste stream definition, 
these methods do not provide sufficient information to define the waste streams. 

That is, once the component concentrations (i.e. , source tenns) are determined for each of 
the HD W's, one still needs to determine two critical pieces of information to calculate the 
actual compositions of solids and supernatant components within each tank. That is, one 
needs to know the solubility of each component in the supernatant as well as the total 
solids volume percent for that waste stream. With these two additional parameters the 
waste stream source tenns can be related to what is in each tank that received those 
wastes. 

Furthermore, the model that we have developed for the HDW compositions uses 
representativ~ values for the speciation of the components in the solids phases. In other 
words, the solids that precipitate within the HDW model are those listed in Methodology 
(see below). For example, phosphate solubility is determined hy the ranges observed in 
tank supernatants, but the solid phases that precipitate are limited to a combination of 
BiPO4, Na3PO4•I0H2O, and Na3PO4•12H2O, depending on the circumstances of the 
waste stream. We argue that this approach adequately approximates the major features of 
each solids layer withput the complexity that undoubtedly exists in the actual waste 
sludge. 
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Figure E-4. Block Diagram of HDW Spreadsheet . 
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Another example is Cs-13 7, which is precipitated within our model formally as the zero 
valent metal, when in fact we fully realize that it is actually precipitated as a 
monopositive cation as some kind of salt. 

E2.4.1.1 Knowledge of Process 

Basically, this strategy uses process information, such as flowsheets, to derive waste 
compositions based on a process driver. At Hanford, the driver for HL W was tons of 
uranium fuel processed per quarter. Therefore, based on this feed, a certain amount of 
waste was generated for a given Hanford process, such as Purex, and expressed as gallons 
of waste per ton fuel. 

The advantages of this strategy are its simplicity and straightforward application to waste 
streams. The disadvantages are that often the flowsheet information is incorrect or 
incomplete. In fact, ancillary or cleanup operations not described explicitly within the 
flowsheet can end up creating larger waste volumes, and add different constituents to the 
waste as well. 

Specifically, actual waste volumes usually differ from predicted waste volumes based on 
flowsheet information, and it is not clear how to scale the composition of the primary 
stream. For example, if a Purex flowsheet indicates that 51 gal. of P waste is generated 
per ton of uranium, but actually 275 gal/ton occurred, how do the constituents within the 
stream scale? Is the additional volume just water? 

E2.4.l.2 Chemicals Used/Waste Volume Produced 

This approach uses observed waste stream volumes, both liquid and settled solids, to 
establish an actual waste generation rate in gallons of waste per ton of uranium processed 
for each waste stream. Thus, volume conservation is enforced from the beginning. Then, 
total chemicals added during processing allow one to unambiguously derive average 
waste compositions. Thus, total mass is always conserved with this approach. (Note that 
this is the approach that Allen used 10 in his report in 1976.) 

The disadvantage of this approach is that it concentrates on only the total amount of 
chemical used during a campaign. There is often limited infonnation about how the 
chemicals used changed during a campaign. As a result, while this Chemicals 
Used/Waste Produced approach provides an accurate average waste composition, 
variations in the compositions of the waste streams are not represented unless one has 
independent information about the amounts of chemicals used during each of those 
process variations within the campaigns. 

10Allcn, G. K. "Estimated lnver.tories of Chemicals Added to Uridcrground Waste Tanks, I 944 through 1977," 
ARH-D-6108 , March 1976. 
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E2.4.1.3 Analysis of Characteristic Waste 

Deriving waste inventories from analytical information of course begs the whole issue of 
determining a waste type composition. If a tank's waste is fairly homogeneous, 
straightforward sampling and analysis will provide an inventory for that tank. The real 
issue, then, is how can the information from an analysis of tank A's waste be used to 
predict the contents of tank B. On the one hand, direct analytical information constitutes 
the bottom line for any tank inventory. On the other hand, there are mitigating factors 
that show that this approach also has severe limitations. 

Sampling has been and will continue to be a very uncertain source of waste composition 
information for many different reasons, not the least of which is that it is a very difficult 
and expensive thing to achieve for 177 tanks. For example, pulling a sample from a 
waste tank is in and of itself a very difficult task, but even when that is done, the question 
of whether that sample is representative of the tank waste is sometimes impossible to 
answer- even with additional sampling. 

Then, there are the inevitable analytical errors that derive from the procedures used to 
homogenize, dissolve, and finally analyze each sample. And there is the over arching 
uncertainty, once these other issues are resolved, of exactly which waste type a tank's 
waste is representative. In other words, given that SY-101 is a mixture ofDSS and CC 
wastes, what does the analysis of that tank's waste tell us about either of these two waste 
types? 

E2.4.2 Method used for HDW model 

We believe that the Chemicals Used/Waste Produced approach is the best for defining 
waste compositions, therefore, will favor that method. However, much use will be made 
of Knowledge of Process, since it is necessary to change the manner in which the 
chemicals are partitioned in the waste stream over the years in order to account for 
changes in the process. Unfortunately, these two sources of information are often in 
severe disagreement. For example, there was 3.3 Mmol (1 Mmol = one million moles) of 
citrate reportedly used in B Plant, but the flowsheets suggest that 32 Mmol would have 
been used, based on the flowsheet concentration and volumes of waste produced. We do 
not feel that it will ever be possible to resolve all of these discrepancies between these 
two sources of information. Therefore, we will only use Knowledge of Process to 
account for notable changes in the waste processes. For example, in 1962, the Purex 
waste (termed P) decreased from 844 gal/ton to 288 gal/ton- a factor of 2.9 reduction. 
Obviously there was a change in the process in l 962 that had a dramatic affect on the 
volume of P waste that was generated. At that same time, CWP volume stayed at 
29 l gal/ton, but OWW volume went from 108 gal/ton to 336 gal/ton, an increase of a 
factor of 3. I. 
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RADIONUCLIDE BEST BASIS INVENTORY (BBi) WORKSHOP 
Executive Summary Report 

EXECUTIVE SUMMARY 

Recently a re-baseline exercise was completed for the Best Basis Inventory (BBi). The 
re-baseline was conducted using "rules" set forth in RPP-7625, Rev. 1, Accelerated Best-Basis 
Inventory Baselining Task. However, RPP-7625 pertained primarily to protocols for handling 
sample-based concentration.s. Assumptions and rules underlying creation of best basis 
inventories from HDW model estimates were not addressed in the document. Users of best basis 
inventories are still concerned that the model- based inventories for critical, mobile, long-lived 
radionuclides are unduly conservative and, therefore, designs for waste disposal may be 
unnecessarily conservative and expensive. These concerns did not primarily surround the 
methods used to calculate the inventories but rather the technical judgments and assumptions 
underlying the HDW model estimates. 

To address these concerns, Jim Field, Manager of BBi, requested a three-day workshop 
involving key users, customers, and technical staff responsible for the derivation of the best basis 
numbers, to resolve i~sues surrounding the assumptions used in estimating inventories for 
radionuclides. Richard Harrington facilitated and Robin Kummer provided technical support for 
the three-day workshop. Users, customers, and technical staff representing the BBi, Tank Farm 
Operations and Projects, Waste Treatment Project, and balance of Hanford site participated in 
the workshop conducted on March 4, 18-19, 2002, at the HAMMER Facility, Room 12. The 
purpose of the workshop was to obtain consensus on required radionuclide BBI enhancements, 
their basis, and a path forward implementation plan. 

Appendix A contains the objective, agenda and participants attendance going into and followed 
throughout the three-day workshop. 

Session Results 

The workshop was successful in developing the list of needed BBl enhancements and a path 
forward implementation plan. The BBi enhancements consisted of 13 element area upgrades 
that ranged from technetium 99, Iodine 129, and Uranium, to TRU. In all 13 areas, inventories 
could be adjusted to take in account various activities, such as: waste shipped offsite; 
incorporation of atmospheric losses; and transfers to cribs. The OR1GEN2 model can be re-run 
with new cross-section data and fission product yields. Upon final evaluation the team ranked 
each of the 13 enhancements as low, medium, or major upgrades. As such, two upgrades were 
identified as minor, with the balance split between medium and major upgrades. Appendix B, 
Solutions and Criteria, contain the 13 BBl enhancements. 

CH2MHILL Hanford Group, Inc. 
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RADIONUCLIDE BEST BASIS INVENTORY (BBi) WORKSHOP 
Executive Summary Report 

The path forward implementation plan consisted of seven actions: a four-point action plan 
developed on March 191

\ and three additional actions carried over from March 4, 2002. ln brief 
the four-point action plan identified the need to 1) use current nuclear data for ORIGEN2, update 
process split factor assumptions and rerun the HDW model, 2) obtain and use lgram of uranium 
from single-pass reactors to conduct assay for 59Co., 3) develop and issue an accuracy, 
validation, and documentation document on BBi, and 4) develop an approach to show HDW 
model improvements over time. 

The three carry-over actions from the March 4, 2002 portion of the workshop identified the need 
to 1) define (with ex.amples} how the HDW and BBi calculates losses to past practice discharges, 
2) calculate the estimated error by each method via Action Item #1, and 3) validate the WTP 
(BNI) critical list and isotope proportions with scaling factors. Appendix C, Path Forward 
Actions, contains the four actions from March 191

\ and the three carried over from March 4, 
2002. 

This three-day workshop began on March 4, 2002, with the team solidifying the list of HDW 
issues/needed changes and information required for the next two days: March 18 and 19, 2002. · 
On March 19th

, the team concluded with solutions (13 enhancements/upgrades) and the path 
forward implementation plan to resolve the issues and complete the needed upgrades. 

Session Process 

The facilitator opened the session with team member introductions followed by reviews of the 
agenda, process guidelines and expectations, and a review of the team's purpose to ensure the 
team's understanding of the process and targeted results of the three-day session. Jim Field of 
CHG gave the opening remarks. Mr. Field overviewed the results from the October 2001 Value 
Engineering Study that identified several needs/improvements for both HDW and ORIGEN2 
models. He clarified the BBi limitations such as the reliance on historical and sampling data, the 
need to validate/confirm correct assumptions, and the need to frame issues and develop solutions 
as well as identify what is wrong with the current numbers. This workshop is to frame the 
issues/needs and define the improvements to the HDW model to improve model-based BBi 
estimates. 

Followjng opening remarks the team reviewed the current criteria and identified the critical 
radionuclides and non-radionuclides contained in the BBi. During this process, any parking-lot 
type information such as memories, assumptions, issues/concerns, and/or action items, were 
recorded by the facilitator. 

At this point several team members asked to review the information flows of the current BBI and 
HDW/BBI interface (Appendix D). The current BBi information flow was presented to identify 
how the BBi currently obtains the information and data for its database. The HDW /BBi 

2 CH2M HILL Hanfont Group, Inc. 
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information flow was given to ensure the team understood where and how the databases 
interfaced to obtain the current radionuclide data available to the customers. Throughout this 
process redline upgrades were made to both flow diagrams to ensure accuracy and full 
understanding of the processes. 

After review of the information flow, the team returned to the critical list of radionuclides that 
were divided into rad or non-rad, and by environmental, process, toxicity characteristic leaching 
procedure (TCLP), or safety related. The environmental list was further divided into either 
groundwater, inadvertent intruder, or airborne. Then, the team identified specific issues and/or 
needed changes for each element area. The team further identified whether the issues and/or 
needed changes were global or tank specific. 

The March 4, 2002, day one, portion of the workshop concluded with an I I-point action plan. 
The action items included: explain changes in the S-102 inventory, explain changes in SY-102 
24 1 Am inventory, define why Sm is so high in global total inventory, obtain additional solubility 
and insolubility issues information, obtain information on liquid/solid splits, and supply current 
discharges to ground. 

On March 181
\ day two, the workshop reconvened and began with a review of the March 4, 

2002 actions and status. The team members provided a status and disposition for each of the 11 
actions (i.e., closed or still open awaiting additional information). Following the status of the 
previous action plan the team established a priority ranking set of value-added evaluation 
criteria. The prioritized value-added evaluation criteria were developed to determine how each 
issue and/or needed change would have a positive impact on the overall BBi and its customers. 

On March 19th
, day three, the team developed specific solutions/enhancements for each of the 

March 4, 2002 listing of Issues/Needed Changes. Further, the team evaluated and identified each 
solution/enhancement as low, medium, or high (major) impact by project area: Tanks, WTP, or 
Ground Water Vadose Zone. Throughout this process any additional parking-lot items were 
recorded for supporting the final step: path forward implementation plan. 

The path forward implementation was developed through a review and re-validation of the 
parking-lot information sheets (Af pendix E: memories, assumptions, potential model 
improvements, etc.), the March 41 open action items, and identification of any new actions. The 
team -concluded with four additional actions, in addition to the three carry over actions from 
March 4, 2002. The three-day workshop concluded with a round-robin close out, where each 
team member was engaged to comment on any last minute items and meeting utility. 

3 CH2MHILL Hanford Group, Im:. 
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In summary, the team concluded with no last minute items and considerable input on the value of 
the BBi infonnation/knowledge gained, the 13 solutions/enhancements, and the path forward. 
This entire team (BBI staff, support, and customers) did an outstanding job of staying focused on 
the complex scope, defining the needed upgrades and solutions/enhancements, and persevering 
in developing a path forward to make these solutions/enhancements a reality. 

Perhaps more importantly, the key to success in this workshop was: the customer' s recognition 
that the model-based information in BBI will not solve every issue, uncertainty or area of risk; 
and that BBI staff and support personnel recognized that the customers should not suppo.rt or use 
information that is not well understood and/or has no basis. Issuance of a BBi accuracy, 
validation, and documentation document, along with successful tracking ofBBVHDW 
improvements over time, will create ownership and confidence in the Best Basis Inventory. 

4 CH2M HILL Hanrord Group, Inc. 
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APPENDIX A 

AGENDA, OPENING REMARKS, LIST OF ATTENDEES 
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March 4, 18-20, 2002 

Purpose: Obtain consensus on required radionuclide BBi enhancements, their basis (valued-
added), and a path forward implementation plan. 
• Define radionuclide criteria and critical list 
• Identify inventory number enhancements and value-added 
• Develop a path forward required to upgrade models (Origen2 & HD ff'.J 

AGENDA 

Day 1, Monday, March 4, 2002 

7:30 - Welcome/Purpose, Safety Topic, and Introductions 
- Review Agenda, Guidelines and Expectations, and Opening Remarks 

8:00 - Define Radionuclides Criteria and Critical List 
• Review current criteria 
• Identify critical radionuclides 
• Utilize parking-lot information sheets, as required 

9:30 - BREAK 

9:45 - Review/Confirm BBI Inventory Numbers 
• Identify inventory issue areas and/or 
• Validate existing inventory numbers 

10:45 - Continue BBI Inventory Confirmation 
• Confirm existing or identify issue areas 
• Formulate new assumptions as required 

11 :30 - LUNCH 

12:30 - Continue BBi Inventory Confirmation 
• Confirm existing or identify issue areas 
• Formulate new assumptions as required 

2:30 - BREAK 

3:45 - Develop Path Forward 
• Validate parking-lot information sheets 
• Identify/assign needed information to solidify issues 
• Define required actions to support 3/18/02 meeting 

4: 15 - Finish Session with a Round-Robin Closeout · 
• Last minute items 
• Meeting utili ...__ _______________________ _ 

6 CH2M HILL Hanford Group, Inc. 
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RADIONUCLIDE BEST BASIS INVENTORY (BBi) WORKSHOP 
HAMMER Facility~ Room 12 

March 4, 18-19, 2002 

Purpose: Obtain consensus on required radionuclide BBi enhancements, their basis (valued-
added), and a path forward implementation plan. 

• Define radionuclide criteria and critical list 
• Identify inventory number enhancements and value-added 
• Develop a path forward required to upgrade models (Origenl & HDW) 

AGENDA 

Day 2, Monday, March 18, 2002 

7:30 - Review Agenda, Purpose, and Status from March 4, 2002 Session 

8:00 - Solidify Inventory Issue Areas 
• Review/status actions items and information 
• Identify new issues and/or existing revisions 
• Utilize parking-lot information sheets, as required 

9:30 - BREAK 

9:45 - Develop Issue Solutions and Value-Added Basis 
• Define issue solutions 
• Identify basis and confidence level 

11 :30 - LUNCH 

12:30 - Continue Issue Solutions and Value-Added Basis 
• Define issue solutions 
• Identify basis and confidence level 

2:30 - BREAK 

2:45 - Continue Issue Solutions and Value-Added Basis 
• Define issue solutions 
• Identify basis and confidence level 

4: 15 - Finish Day 2 with a review of status and Day 2 Agenda 

7 CH2MHILL Hanford Group, Inc. 
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RADIONUCLIDE BEST BASIS INVENTORY (BBi) WORKSHOP 
HAMMER Facility, Room 12 

March 4, 18-19, 2002 

Purpose: Obtain consensus on required radionuclide BBi enhancements, their basis (valued-
added), and a path forward implementation plan. 

• Define radionuclide criteria and critical list 
• Identify inventory number enhancements and value-added 
• Develop a path forward required to upgrade models (Origen2 & HDW) 

AGENDA 

Day 3, Tuesday, March 19, 2002 

7:30 - Review Agenda, Purpose, and Status from Day 2 

7:45 - Finalize Issue Solutions and Value-Added Basis 
• Solidify assumptions 
• Identify areas of risk and mitigation 

9:30 BREAK 

9:45 - Solidify Impacts and Needed Support 
• Define interfaces and cost impacts 
• Identify organizational support needs 

11 :30 - LUNCH 

12:30 - Validate areas of 1isk and mitigation actions 
• Solidify new assumptions and confidence levels 
• Identify mitigation needs 

2:30 - BREAK 

2:45 - Develop Path Forward Implementation Plan 
• Validate parking-lot information sheets 
• Determine actions required to upgrade inventories 

4:15 - Finish Session with a Round-Robin Closeout 
• Last minute items 
• Meeting utility 

8 CH2M HILL Hanford Group, Inc. 
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Jim Field 
Bruce Higley 
Brett Simpson 
Rob Corbin 
Mel Adams 
Bob Watrous 
Mike Coony 
Steve Lambert 
Dave Place 
David Wootan 
Nancy Welliver 
Dan Reynolds 
Charles Kincaid 
Keith Abel 
Tom Jones 
Aruna Arakali 
Karyn Wiemers 
Fred Mann 
Tony Knepp 
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LIST OF ATTENDEES 

Company 3/4/02 3/18/02 3/19/02 
CHG/PE X X X 
NHC/PE X X X 
CHG X X X 
Portage Eng. X X X 
CHG X X X 
CHG X X X 
FDH X X 
NHC X X 
NHC X X X 
FH X X X 
DMJMHN X X X 
CHG X X X 
PNNL X X X 
BNUWGI X X 
CHG X X X 
BNUWTP X 
DMJMHN X 
CHG X 
CHG X 

9 CHlMHILL Hanford Group, Inc:. 
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OPENING REMARKS 

Thank you for your attendance and participation 
• You are the customer 

- October 2001 we had a workshop that identified several 
needs/improvements for HDW and ORIGEN2 

- BBI has a lot of limitations * 
• Relies on historical and sampling data 
~ Need to validate/confirm if we have the right assumptions 
~ Need to frame the issues and determine the solutions 

- Identify what is wrong with the current numbers 
~ Keys to success 

• Frame issues/needs 
• Define the issues/solutions 
• Make BBi the best tank inventory estimate · 

* Users were referred to "Hanford Defined waste Model Limitations and 
Improvements" HNF-3273 Rev OA 

10 CHlMHILL Hanford Group, Inc 
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APPENDIXB · 

SOLUTIONS .AND CRITERIA 

• Value-Added Criteria 
• Solutions/Enhancements 
• Issues/Needed Changes 

11 CH2MHILL Hanford Group, Inc. 
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\' ALUE-ADDED CRITERIA 

Ranking 

1. Increase model integrity 
• Technical, justifiable basis 
• Increase public and regulator confidence 

2. Improve planning and decision making (the users) 
A. Decrease treatment cost 
B. Decrease disposal costs 

3. Increase tank closure opportunities 
4. Enhance cost effectiveness 
5. Focus characterization 
6. Enhance/maintain configuration control 

NOTE: The team established this priority ranking based on evaluating 
each criterion's positive impact on the BBI and its customers. 

12 CH2M HILL Hanford Group, Inc. 
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SOLUTIONS/ENHANCEMENTS 
(Developed from the 3/4/02 listing oflssues/Needed Changes) 

Solution Ranking: Value-Added Impact 
1 =Low 
2 =Medium 
3 = High (Major) 

1. 99Tc = 3 
- Determine losses from: 

1. Tc shipped off-site with uranium 
2. Loss to the cribs and upgrade HOW accordingly 

- Need to evaluate and determine amount of 99Tc insoluble form that 
would remain in tanks (i.e., wash/leach) 
Action: Jim Field/Tony Knepp 
NOTE: Current efforts are taking place to analyze archived 

samples 
• This effort will feed and upgrade BBI/HDW to better 

estimate 99Tc inventory and support GWVZ 
modeling 

2. 1291 = 3 
1. Upgrade HDW to incorporate losses of 1291 prior to receipt in 

the tank 
- Dose reconstruction project 
- Fuel dissolution 
- Liquid discharge 

2. Look at mercury for a relationship to 1291 and change solubility 
factors in HDW model 

3. Re-run ORIGEN2 with new yields (-24%) 
NOTE: Validate solubility in tank C-107. 

l3 
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S01-'UTIONS/ENHANCEMENTS 
(Developed from the 3/4/02 listing oflssues/Needed Changes) 

3. lJ = 3 
- Reduce HDW solubility = 3 

• Today 1-2 orders of magnitude too high in the liquids 
- Comparison to sample data 
- Broader technical literature 

• Need to apply separate solubility factors based on chemistry 
of the waste stream 

- Revise/Upgrade HDW model to account for detailed waste loss 
percentages = 1 
• Have not used historical releases on waste loss 

- Reconcile tank waste sample results with accountability (batch by 
batch from separations in various plants) records and tank 
transactions = 1 

- Revise DKPRO to account for product recovery= 2 
NOTE: Instead of looking at 235 and 233, the team decided to look 
at all U. 

4 . 79Se = 2 
- Rerun ORIGEN with current half-life data 

• Apply half-life per BBi letter 
5. 3H = 3 for GWVZ and 1 for Tanks and WTP 

- Account for tritium cribbed in process condensate from the 
production plants (PUREX, REDOX, etc.) 
• Apply, maybe update, DKPRO 
• Groundwater vadose zone needs to know losses to cribs and 

atmosphere for an overal 1 material balance 
• Determination to be done by HDW /DKPRO committee 

14 CH2M HILL Hanford Group, Inc. 
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S01-'lJTIONS/ENHANCEMENTS 
(Developed from the 3/4/02 listing of Issues/Needed Changes) 

6. 6°Co = 2 for WTP and GWVZ, 1 for Tanks 
- Account for uncertainty through ORIGEN2, DKPRO, and HDW 

using 1 ppm 59Co after confirmation from sample data and cold 
uranium assay (See Action Item #2) 
• Include 6°Co analytical data 

7. TRU = 3 for Tanks, I for GWVZ and WTP 
- Account for the single pass reactor cross sections in ORIGEN2 

• Increase weight percent of 240Pu, 241Pu, and 241Am 
- Revise/Upgrade HDW model to account for detailed waste loss 

percentages 
- Reconcile tank waste sample results with accountability (batch by 

batch from separations in various plants) records and tank 
transactions 

- Review altered solubility due to complexants in the HDW model 
- Memory - Solids carryover shou1d be verified by sampling, and/or 

consideration on using the HDW tool for probabilistic evaluation 
ofTRU content (Ranking is 3 on tanks, 1 for GWVZ) 

8. 237Np = 1 

- By 9/30/02 HD\.V will be revised to incorporate ORIGEN2 run 
with time dependent impurities {236U) 
• ORIGEN2 runs will be upgraded/revised by 6/01/02 
Action: David Place and Tom Jones interface with Fred Mann to 
determine Performance Assessment needs. (Completed 3/20/02) 

I~ .. 
9. Eu = 2 for Tanks and GWVZ, 1 for WTP 

- Accounted for in ORIGEN2 re-runs 
Action: Rob Corbin/Bruce Higley will validate liquids/solids 
complexants interaction, was· incorporated properly in HDW. 

15 CH2M HILL Hanford Group, Inc. 
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SOLUTIONS/ENHANCEMENTS 
(Developed from the 3/4/02 listing oflssues/Needed Changes) 

10. 126Sn = 2 for Tanks and WTP, 1 for GWVZ 
- Rerun ORIGEN with current half-life data 

• Apply half-life per BBi letter . 
11. 14c = 2 

- Rerun ORIGEN2 with new modeling parameters 
- Incorporate best estimate of atmospheric loss in HDW 
- Evaluate the solvent pathway uptake to establish overall material 

balance and challenge past 14C analytical methods. . 
NOTE: A C-103 sample is at the 222S Laboratory 
Action: Bruce Higley 

12. 125Sb = 1 
- Rerun ORIGEN with current half-life data 

• Apply half-life 
13. Hg = 2 for Tanks and WTP, 1 for GWVZ 

- Correct the waste stream assignment in HDW 

16 
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ISSUES/NEEDED CHANGES 
(Identified on 3/4/02 for Solutions/Enhancements) 

• 99Tc 
1 - Take credit for Tc shipped off site 

- Look at first and second cycle waste streams 
2 - Liquids/solids split in waste streams 

- BiPo4 

- Tc processing through evaporator (salt/liquid partitioning) 
- Ax-104 (Define 99Tc basis) · 

• 1291 

I - Treatment of air releases 
- Solid burial 
- Silver reactor flushes 
- Hg relationship 
- Liquid discharges (i.e., PUREX and REDOX) 

2 - Liquid/ so lids 
- Fission product yield 
✓ TY- I 05/106 - Latest BBi resolves this issue 

• 23su 

2 - Solubility: uranium isotopes 

• 79Se 
1 - Half-life 

• 3H 
1 - Production 

- How much produced 
- Quantity crib from plant and evaporator 

17 CH2M HILL Hanford Group, Inc. 
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ISSUES/NEEDED CHANGES 
(Identified on 3/4/02 for Solutions/Enhancements) 

- How much produced 
- Quantity cribbed 
- Solid/liquid split 
- Association with complexants 

- How much produced/lost in processing 
- Split factor 
- Solubility 
- Transaction records 
- Solids carryover in the cascade tanks 
- TX farm 

2 - Transaction records 

• 1s4Eu 

I 
2 

• 233u 

2 

- I 0% change in production 
- Check liquid/solids complexants 

- Half-life 

- Tank transaction ( C-104) 
- Solubility 

18 CH2M HILL Hanford Group, Inc. 
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ISSUES/NEEDED CHANGES 
(Identified on 3/4/02 for Solutions/Enhancements) 

- How much produced and why 
- Not as much as ORIGEN2 predicts; perhaps PUREX 

releases to atmosphere 
- Air releases 
- Carbonate or organic path for distribution 
- Tanlc specific? 

- Confidence in ORIGEN2 
- Air release 

- So ltd/liquid split 

• Hg 
1 - How much added 
2 - Correct waste stream 

C I . . h 1291 - orre atton wit 

19 CH2M HILL Hanford Group. Inc. 
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APPENDIXC 

PATH FORWARD ACTIONS 

• Path Forward Action Plan-March 19, 2002 
• March 4, 2002 Actions, Status, and Disposition 

20 CH2MHll,L Hanford Group, Inc. 
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PATH FORWARD ACTION PLAN 
March 19, 2002 

WHAT WHO 
Use current split factor Bruce Higley/ 
assumptions and rerun HDW Rob Corbin 
model 
Obtain 1 g of U from single-pass Bob Watrous -
reactors and conduct assay tests Obtain U sample 

Tom Jones-
Conduct tests 

Develop and issue an accuracy, Jim Field/ 
validation, and documentation Mel Adams 
document on BB l 

• Ensure templates and 
assumptions between HDW 
and BBi are defined 

Develop approach to show BBi Bob Watrous/ 
improvement over time Jim Field 

WHEN 
8/1/02 

TBA 

9/30/02 

5/1/02 

21 CH2M HILL Hanford Group, Inc. 
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MARCH 4, 2002 ACTIONS, STATUS, AND DISPOSITION 

WHAT WHO WHEN DISP. 
1. Define (with exan1ples) how the Jim Field/ 3 'l 8'{)2 Y I Due 

HDW and BBi calculates losses Rob Corbin 4/2/02 
to past practice discharges 

STATUS: 
Exan1ples show no difference in POC: David 
HDW discharge volumes are Place 
accounted for; they do handle 
compositions differently 
• Need to reevaluate use of 

Ap2endix 8 vs. E. 
2. Calculate the estimated error by Jim Field/ 3/18/{)2 Due 

each method via Action Item 1. Rob Corbin/ 4/2/02 
STATUS: Bob Watrous 
Examples show no difference in POC: David 
HDW discharge volumes are Place 
accounted for; they do handle 
compositions differently 
• Need to reevaluate use of 

Appendix· B vs. E. 

22 CH2MHILL Hanford Group, Inc. 
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MARCH 4, 2002 ACTIONS, STATUS, AND DISPOSITION 

WHAT WHO WHEN DISP. 
3. Define why the new inventory Brett Simpson 3/18/02 Closed 

takes credit for S-102 
STATUS: -
A series of changes, via BBI re-
baselining, were a function of a new 
volume number and san1ple data 
( which cut the prior number by 
nearly half) (See Table on 
Inventories of Mobile Radionuclides) 
• Today we communicate changes 

better; meetings, e-mail, and . 
future "What's new" in TWINS 

4. Explain changes in SY-102 Bruce Higley . 3/18/02 Closed 
241A . m inventory 

STATUS: 
Inventory upgraded ,,.:ith new core 
sample results revealed a higher Am, 
concentration, and sludge volumes in 
the tank 
• Reanalyze with archived sample 

to correct for lab analysis 
problems (e.g., drying out) 
Given, that the most recent sample 
process was flawed; BBI will re-
evaluate past sampling 

23 CH2M HILL Hanford Croup, Inc. 
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MARCH 4, 2002 ACTIONS, STATUS, AND DISPOSITION 
WHAT WHO WHEN DISP. 

5. Define why Sm is so high in Bob Watrous 3/18/02 Closed 
global total inventory 

STATUS: 
151Srn is the third highest contributor 

(total curies); is not mobile, is a 
weak beta emitter, without any dose 
consequence 
• Current BBi calculations are OK 
6. \l alidate WTP (BNI) critical list Karyn JI) 8'Q~ y I On-
STATUS: Wiemers/ Going 
Critical list: ref er to pages 8 and 9 Mike Johnson 
from the 3/4/02 meeting list and 
include 59Ni, 63Ni, Pb, and noble ' 

metals 
• In addition, need to: 

- Validate isotope proportions 
(i.e., we need to first develop 
scaling factors, then validate) 

7. Obtain additional solubility and Bruce Higley 3/18/02 Closed 
insolubility issues information 

STATUS: 
New information ( contained in 
reports and tank characterization) 
needs to be reviewed/validated as a 
basis to update model 

• This upgrade will be completed 
by 9/30/02 
- Will upgrade ~'ith a good 

estimate 
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MARCH 4, 2002 ACTIONS, STATUS, AND DISPOSITION 
WHAT WHO WHEN DISP. 

8. Obtain information on liquid/solid Bruce Higley 3/18/02 Closed 
splits 

STATUS: 
Some splits are not modeled (e.g., 
crib losses than plant waste 
concentration) 

• HDW and DKPRO code use 
different split factors 

• PNNL labs have in an on-going 
split factor efforts, including 
BiPO4 process separation 
assumptions (See New Action 
Item #1) 

9. Supply current discharges to Brett Simpson 3/18/02 Closed 
ground 

STATUS: 
From 195 sites out of 300: 

• Well quantified/short-duration 
discharge to soil; (will be 
published by 9/02) 

• 0.2 • 6.5% of the total BBi 
inventory can be said to have gone 
to the ground (which varies by 
analyte) 

• Long-term large volume waste 
sites have NOT been quantified 
NOTE: This will be quantified in 

FY03 via groundwater 
vadose zone project. 
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MARCH 4, 2002 ACTIONS, STATUS, AND DISPOSITION 

WHAT WHO WHEN DISP. 
10. Develop (draft) plan to achieve Mel Adams/ 3/18/02 See 

accuracy, validation, and Jim Field new 
documentation. Action 

STATUS: Item 
Still pending; need new date #3 
11. Develop approach to show BBI Bob Watrous/ 3 'I 8'02 y I See 

improvement over time Brett Simpson/ New 
STATUS: Charlie Kincaid Action 
Still pending; TBD Item 
• Emphasis is on further assessing #4 

model improvements 
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Changes in Tank S-102 Inventories of Mobile Radionuclides 

Isotope 

Total Curies 
Mobile 

------------Volume (Kgal) 

U Total (kg) 

Radionuclide 

Inventory Effective 
8/1 /2000 

(Ci) 

8/31 /00 

1•~ ······ ... : . . ·:: .. , : : ,:•:.:::! 

Basis 

Distribution from 

Distribution from 

Distribution from 

Total Ci Mobile 

Template/Sample 

Inventory 
Effective 
1/ 1/2001 

Ci 
47.8 

0 .388 
217 

0.681 
1.42 

5.83 

1.81 

0 .0735 

0.0563 

l.65 

277 

447 

4950 

1/1 /01 

9/ 13/01 

Multipliers 
added for 
template data . 

:::;:,:·:: .:::·,:::::•,:: ·•.::s.•, ,.,,,.,-· .. •·::·,,":·.--·,,j '"..._ ______ .,__ __ _ 

Basis 
Ratio 

Reason for Change 
New/Old 

Te late 79% Te 
Te late 10% 
Template/PK Sample 53% 
Data 

Te late 85% 
Distribution from 104% Tt:rnplalt: mulliplic:rs added, liquid template 
total uranium modified, decay to 2001 rather than 1994 

Distribution from 111% Template multipliers added, liquid template 
total uranium change 

Distribution from 111 % Template multipliers added, liquid template 
total uranium change 

Distribution from 111 % Template multipliers added, liquid template 
total uranium change 

Distribution from 111% Template multipliers added, liquid template 
total uranium change 

Distribution from 111 % Template multipliers added, liquid template 
total uranium change 

Total Ci Mobile 57% 

kgal 95% Revaluation of waste volume after completion 
of saltwell pumping 

Template/Sample 111 % Template multipliers added, liquid template 
change 
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RADIONUCLIDE BEST BASIS INVENTORY (BBi) WORKSHOP 
Executive Summary Report 

APPENDIXD 

FLOW DIAGRAMS 

• Information Flow for Current BBI 
• Information for HDW /BBi Flows 
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INFORMATION FOR HDW/BBI FLOW 

HOW 

HOW Compositions, Appendix B 

WasteT e 

ORIGEN • a, Liquid 
-~• Cone. 

Processes, "':1-----+----.-----------... -~•• .s flow sheets, " Solids 
etc. Cone. 

SMM 

TLM 

Original 
Output 
Concentration 

SIM 

Waste Type o J ,# 
(Volumetric) e,">~ ,I> ~'?~ 
by Tanks ,,.,"J Cb- o 

....,o ~ OJ-
Tank v 

Liquid 
~ 

G>i-----+--+----1 
1n 
i Solids 

Volumes 

HOW Inventories 
Appendix E 

1 
Liquid 

'ii----
c: 

< Solids 
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RADIONUCLIDE BEST BASIS INVENTORY (BBi) WORKSHOP 
Executive Summary Report 

APPENDIXE 

PARKING LOT INFORMATION SHEETS 

• March 18-19, 2002 
• March 4, 2002 
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RADIONUCLIDE BEST BASIS INVENTORY (881) WORKSHOP 
Executive Surnmary Report 

MARCH 18-19, 2002 PARKING LOT INFORMATION 
SHEETS 

• Potential Model Improvement 
• Memories 

32 CHlMHILL Hanford Group, Inc. 
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RADIONUCLIDE BEST BASIS INVENTORY (BBi) WORKSHOP 
Executive Summary Report 

POTENTIAL MODEL IMPROVEMENTS 

✓ Compare HD\V templates with the sample templates 
• Criteria for agreement 

HOW and BBi assumptions would need to be aligned 
- Determine compositions and uncertainties (i.e., start with a 

single analyte, then move on) 
- Account for changes from cascading transfers 

NOTE: This effort will be satisfied with completing Action Item 
#3 

33 CH2M HILL Hanford Group, Inc. 
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RADIONUCLIDE BEST BASIS INVENTORY (BBi) WORKSHOP 
Executive Summary Report 

MEMORIES 

✓ = Validated Memory 

✓ No direct computation of leaks and losses 
•. Estimated inventories for tank leaks can be found in a soil 

inventory model (Defined volumes; POC: Tom Jones) 
✓ Consider/re-evaluate BBI rule to use only current sample data (vs. 

averaging all historical data) 
Compare model templates against sample templates to determine 
the best soh¼bility and split factors 

✓ ts1S . 1 . k ? m: an environmenta ns or not. 
• Currently, there are limitations on measurement. WTP is 

characterizing Sm and will publish the results in ~ 3 months; via 
a new technique 

✓ Need Tc sample data 
✓ Use liquid/solids split waste stream improved information (valance 

changes and complexants) 
• Fraction interstitial liquid 

✓ Material balance {99Tc and 1291) (See AI #1 and 2 from 3/4/02) 
✓ Rerun ORIGEN2 for all analytes 
✓ Solutions (BBi enhancement(s)) ratings: 

1 = little value 
2 = medium value 
3 = major value 

✓ Reducing conservatism in one area may increase risk in another 
(e.g. , groundwater vadose zone vs. tanks) 
Quantify Uranium measurements to correlate isotopic ratios 

✓ Ensure these results are communicated well 
• Eliminate honest, wrong beliefs 

34 
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RADIONUCLIDE BEST BASIS INVENTORY (BBi) WORKSHOP 
Executive Summary Report 

MARCH 4, 2002 PARKING LOT INFORMATION 
SHEETS 

• Today's BBI 
• Definitions 
• BBi "Current Assumptions" 
• Inventory Issue 
• Model Improvements 
• Critical List 
• Memories 

35 CH2MHILL Hanford Group, Inc. 
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RADIONUCLIDE BEST BASIS INVENTORY (BBi) WORKSHOP 
Executive Summary Report 

TODAY'S BBi 

- Uses data from HDW Appendix B issued in 1997, for transfer 
completed through 1/1/94 

- BBI does not explicitly treat losses inside tank farm fences/facilities. 
BBI implicitly treats such losses by adjusting volumes assumed to be 
in tanks. 

DEFINITIONS 

- ORIGEN2: a reactor nuclear physics model based on cross-section 
and fission product yield data from the National Nuclear Data Center 
Evaluated Nuclear Data Files) 

- BBI: for this workshop, BBI refers to the model-based number 

BBi "CURRENT ASSUMPTIONS" 

- Volatile losses (e.g. ~ 129Iodine) are not accounted for in HDW~ hence, 
model based BBi numbers are bounding estimates only. 

- BBI uses a waste layer description to describe various layers of waste 

INVENTORY ISSUES 

AI # = Action Item Number 

AI# 1 & 2 HDW Appendix B does include some losses to past-practice 
discharge sites. BBI uses a different approach to determine 
tank specific estimate. BBi and HDW may produce 
inconsistent inventory data (i.e. , losses to cribs). 

36 CH2M HILL Hanford Group, Inc. 
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RADIONUCLIDE BEST BASIS INVENTORY (BBi) WORKSHOP 
Executive Summary Report 

MODEL IMPROVEMENTS 

- Review limitations ofHDW and ORIGEN2 
~ Impacts of ORIGEN2 ypgrades 
- • Fission product yield impact will be< a factor of 2 
- • < 10% for fission products 

• > 1 OX for some activation 
_ • Factors of 2-10 for transuranics 
- • Factors of 1 OX for half-life ( 9Sc and 126Sn) 
~ Need to define impacts of process split factors, waste solubility 

factors, and miscellaneous factors 

37 CH2M HILL Hanford Group, Inc. 
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RADIONUCLIDE BEST BASIS INVENTORY (BBi) WORKSHOP 
Executive Summary Report 

l of 3 

CRITICAL LIST 
Environmental 

RAD NON-RAD 
Ground- Inadvertent Airborne Ground- Inadvertent Air-

water Intruder water Intruder borne 

1/2 99Tc 9uSr 1191 No2 None None 
1/2 U'Jl u'Cs JH No3 
2 :LJ)u 1,2 TRU 1,2 14c Cr+() 

(239Pu, 
240p u, 
241Am) 

iJ~U 2 LJ'Np in Na 
hi~h 
23 Np 

tanks · 
(~2) 

·19Se 1 126Sn 
()o,ver 
priority) 

*1 JH 

*1/2 ouco 

* iuc,Ru 
234u 

*=Only for History Match 

LEGEND 
1. Yes/No 
2. If Yes: 

1 = Global 
2 = Tank Specific 

38 CH2M HILL Hanford Group, Inc. 
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RADIONUCLIDE BEST BASIS INVENTORY (881) WORKSHOP 
Executive Summary Report 

CRITICAL LIST 
Process 

RAD NON-RAD 
u,Cs 4So 
99Tc Na 
9uSr Cs 
00Co Cr 

1/2 i:,4Eu Fe 
,ssEu Ni 
14c Mn 
1.l'JI Al 
241Am 1/2 Hg 
240Pu Zr 
lJ9Pu u 

2 lJJ·u 4Po 
23:,u Cl 

1/2 n:,Sb F 
:, 

1 Pb (Note: per p. 22) 
63Ni 

Ref: PNNL 1.2.1.6.3 
LEGEND 
1. Is there an issue and/or change needed: If Yes, go to #2. If no, 

continue to the next page 
2. If Yes, is the issue and/or needed change: 1) Global, or 2) Tank 

Specific? 

2 of3 
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RAI>IONUCLIDE BEST BASIS INVENTORY (BBi) WORKSHOP 
Executive Summary Report 

3 of3 

TCLP 
NON-RAD 

As 
Ba 
Cr 
Cd 
Hg 
Se 
Ag 

CRITICAL LIST 
Safety 

·-
NON-RAD 

I. Which Rads/Non-Rads have issues? 
2. By Rad/Non-Rad what specific changes are needed? 

40 CH2M HILL H:1.nford Group, Inc 
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RADIONUCLIDE BEST BASIS INVENTORY (BBi) WORKSHOP 
Executive Summary Report 

MEMORIES 

AI # = Action item number 

✓ 

tb- ✓ 

✓ 

✓ 

TBD 
AI#9✓ 

✓ 

AI#10✓ 

AI#6✓ 

(beyond 

Focusing on radionuclides is very limiting 
The goal of the BBi is to provide the best basis estimate 
of current tank inventory 
• Need to validate the assumptions 
• Need to validate and/or estimate the uncertainties 

- Perhaps customer(s) can project the level of 
uncertainty that is needed 

Need to define/convey impacts of: 
• Updates to process split factors 
• Updates to waste solubility factors 
• Miscellaneous fixes (To be addressed with issue 

solutions. 
Look at transaction records for specific tanks and time 
periods (e.g., Thoria waste and C-104) See 233U✓ 
Documented control rules ( everybody will sign-up) 
The soil inventory model can be used to improve/refine 
HDW model input to BBI 
Organics are important, but a complex subject for LDR 
(beyond scope) 
Accuracy, validation and documentation (key 
customer/user success criteria) 
TCLP: do we need information from HDW model 
current HDW model scope) 
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SPREADSHEET VERIFICATION FORM 1. SVF 171 

2. Spreadsheet Owner, Organization, MSIN, & 
Phone No.: 

8. A. Higley, Flowsheet and Process Models, R2-12, 376-5694 

3. Spreadsheet FIie Name, Rev. No.Nersion No. HDW5_03_397CHG.xls 

4. Location of Spreadsheet: (Identify where the Personal Computer l:8l 
spreadsheet file is located by checking the boxes to the 
right. If "Other,• provide description of where it is located) CD • 

Network Drive 

Other • 

Path \\A.P001 \STDINV\HDW\HD 
WRev5 

Description 

5. Function and Purpose of Spreadsheet: (Provide Estimate chemcial and radionulcide compsition of tank waste 
a brief description of the purpose oflhe spreadsheet) types based on the ORIGEN2 reactor code output, plant 

flowsheets and historical data. 

6. Scope of Verification: (Indicate scope of verification All Fonnulas in D 
by checking box to right. If "Other" provide description of Spreadsheet 
scope) 

Input Data only 

Fonnulas and Input 
Data 

Formula Changes 

Other 

• 

• 

• Description 

7. Method of Verification: (Provide brief description of the method used to verify the spreadsheet. Note multiple methods may be used to verify 
different parts of a spreadsheet) 

8. 

Changes were reviewed against input data as revisions were made. Input data and instructions were 
contained in Internal Correspondence and e-mail messages which are included in an appendix to the HDW 
model Rev. 5 document. At Rev. 5 completion, the overall spreadsheet was reviewed with emphasis on 
changes from HDW model Rev. 4. Finally, the spreadsheet was reviewed against the Change Record to 
verify that all changes had been accuarately implemented. A checklist for the verification requirements was 
completed. Limitations of the HDW model were identified and are discussed in the HOW Rev. 5 document. 

Note: Actual changes to the spreadsheets were made by R. A. Corbin and B. S. Simpson (Portage 
Environmental and later Technical Resources International, Inc.). The document owner performed a portion 
of the spreadsheet verification. 

Verification Documentation: (Provide description of 
where verification documentation may be located. The 
verification documentation should Include a description of 
all unique intended formulae together with evidence that 
the interpretation of the formulae in the spreadsheet is 
correct and that the spreadsheet returns correct results) 

Attached: 

Electronic Information File: 

Engineering Document: 

1 
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SPREADSHEET VERIFICATION FORM 

9. Approvals 

Spreadsheet owner: 

Spreadsheet Verifier. 

Owner's Manager: 

Name: 

B. A . Higley 

D. E. Place 

N. W. Kirch 

Signature: 

2 
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REQUIREMENTS FOR CHECKING HANFORD DEFINED WASTE MODEL 
REV. 5.0 SPREADSHEETS 

Provide explanation of method used as appropriate: 

t,[YQ Identify all changes relative to Revision 4.0 of the HDW Model (HDW4008.xls 
spreadsheet). 

~Q Verify that computational spreadsheet changes (i.e. non-editorial) are documented --
and justified. 

-7 
<::~ Verify that Change Record for Revision 5.0 is complete and changes in the 

spreadsheets are consistent with the Change Record. 

,s:(; Verify that results from supporting spreadsheets are correctly copied into the 
HDW's spreadsheet. 

~ . 
- - . _ Verify that units are correct and labeled. 

~ Verify that spreadsheet cell references are correct. 
- 7 
~ Verify that VLOOKUP, HLOOKUP and SUMPRODUCT ranges are fixed when 

required to provide desired results(''$" signs before the columns and/or rows). 

~ Check the parentheses in one instance of any added equations to assure that the 
calculation order will give the desired result. 

~ For equations with mixed units, perform a dimensional analysis to assure that 
. correct conversion factors are used, unwanted units cancel, and the final result has 
the proper units. 

c5---'? Verify that the sum of uranium isotope mass equals the UTOT AL. Verify that the 
sum of the plutonium. isotopes on a mass basis is equal to the Pu-Total. 

~ Verify that the plutonium and uranium isotope distributions are consistent with 
ORIGEN2 estimates. 

~ Verify that extraneous data/calculations or obsolete information that do not 
support the purpose of the spreadsheet is removed or hidden. 

~ Verify that all radionuclides are decay-corrected to January l, 2001 (including 
Rev. 4 values being compared to Rev. 5). 

ef2 Verify that the solubility of isotopes of the same chemical element ( and the 
chemical element if included as an analyte) are consistent. 

G-5 
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(f_~~ Confirm that the 154Eu to 155Eu ratios are credible and consistent with the 
ORIGEN2 input. 

.·7 
5 ~ Verify that significant radionuclide inventory changes from HOW Rev. 4 have 

assignable causes. 

Approvals: 

Owner: B. A. Higley /B ,Q~ 

Verifier: D. E. Place B · £ · -~ 

Date: ;)./.,,;/0-( 
Date: -i... f s f O 'i. 

Responsible Manager: N. W. Kirch r,J VJ ',6,w/1f ~re:¥# 

Notes: 
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5. 

6. 

7. 

8. 

9. 

RPP-19822 Rev. 0 

SPREADSHEET VERIFICATION FORM 1. SVF 170 

Spreadsheet owner, Organization, MSIN, & B. A. Higley, Flowsheet and Process Models, R2-12, 376-5694 
Phone No.: 

Spreadsheet File Name, Rev. No.Nersion No. Compare HOW Rev 4&5_397CHG Final.xis 

Location of Spreadsheet: (Identify where the Personal Computer 181 
spreadsheet file is located by checking the boxes to the 
right. If "other,· provide description of where It is located) CD • 

Network Drive • Path 

Other • Description 

Function and Purpose of Spreadsheet: (Provide Compare global tank radionuclide inventories for Revision 4 
a brief description of the purpose of the spreadsheet) and 5 of the HOW Model. 

Scope of Verification: (Indicate scope of verification AH Fonnulas in • by checking box to rlghl If "Other" provide description of Spreadsheet 
scope) 

Input Data only • 
Fonnulaa and Input 181 Data 

Fonnula Changes • 
Other • Description 

Method of Verification: (Provide brief description of the method used to verify the spreadsheet. Note multiple methods may be used to verify 
different parts of a spreadsheet) 

Input data: Spot check of electronically copied data and 100% manual comparison of hand-entered data. 
Formulas: Inspection of all unique formulas in the spreadsheet and verification of resulting units. 

Verification Documentation: (Provide description of 
where verification documentation may be located. The 
verification documentation should include a description of 
all unique intended formulae together with evidence that 
the interpretation of the formulae tn the spreadsheet is 
correct and that the spreadsheet returns correct results) 

Approvals Name: 

Spreadsheet Owner: B. A. Higley 

Spreadsheet Verifier: 0 . E. Place 

Owner's Manager: N. W. Kirch 

Attached: • 
Electronic lnfonnatlori File: 181 

Engineering Document: • 
Signature: 

R.~~ 
e . [ ' '- / . ' ><S ~<=-<..._. 

7/W~ 
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