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1.0 INTRODUCTION 

1.1 Summary 

In 1983 SRP embarked on a program to discontinue the practice 
of releasing its aqueous process effluents to seepage basins. 
Federal legislation enacted in October of 1984 may make this course 
of action mandatory, with a basin closure deadline of 1988. 1 This 
has made it necessary to develop a means of treating routine 
process effluents so that they may be released directly to the 
environment without presenting a hazard to either the public or the 
local ecology. The facility that will perform this function has 
been designated the F/H Effluent Treatment Facility (F/HETF). 
(Figure 1.1-1). 

In the past, process upsets which resulted in the abnormal 
release of contaminated water were handled by diverting to large 
retention basins lined with Hypaion. The water was then treated to 
reduce the contamination to levels acceptable for release to the 
seepage basins. With the elimination of seepage basins, the F/HETF 
must also provide sufficient capacity and decontamination effici
ency to handle acceptably all conceivable process upsets. The 
F/HETF will be located in F Area and will contain sufficient water 
treatment capacity for both separations areas. It is expected that 
there will be enough h'•ld capacity for about two to four days of 
claily waste, so a premium will be placed on system durability and 
high attainment. 

This document provides the technical basis for the design of 
the F/HETF. Some of the sections are described with options to 
permit simplification of the process, depending on the effluent 
quality criteria that the facility will have to'meet. Each part of 
the F/HETF process is reviewed with respect to decontamination and 
concentration efficiency, operability, additional waste generation, 
energy efficiency, and compatability with the rest of the process. 

1.2 Process Goals 

The purpose of the F/HETF is to remove the hazardous and 
radioactive contaminants from the 200-Area effluent waste streams, 
concentrating them as much as possible for disposal. The decontami
nated waste stream will then be released to the environment in an 
ecologically acceptable manner. 

There are two sets of criteria that will determine the 
decontamination efficiency required of the F/HETF. The first of 
these will be the NPDES discharge limits that are agreed to by the 
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State of South Carolina (DHEC) for the conventional .waste aspec.ts 
.of the .discharged effluent str.eam. These are general.ly reiated to 
water quality guidelines that :ha.ve been set for fresh water by the 
EPA. A copy of .the discharge limits which have been proposed 2 by 
SRP for the F/HETF is shown in Table 1.2-1.2 

The second set of standards applicable to F/HETF discharges 
are the guidelines that will be established for the discharge of 
radioactivity from the F/HETF to SRP streams. .These .will be based 
on the calculated dose for the maximum exposed ind_i_vidual (see 
Section 9.2, Offsite·Dose Commitment) and can also be related to 
the current guidelines for releases to streams. The present DOE 
guidelines for radioacti.liit.y releases to Four Mile Creek from ·the 
200 Areas are reviewed in Table 1. 2-2.3 The decontamination 
factors that would be required for the F/HETF to meet the same 
1 imi t s for released activity, assuming independence from other 
sources, are also listed in Table 1.2-2. 

The waste volume generated by the F/HETF must ·be as small as 
possible .due to the expense involved in its disposal. However, it 
is also necessary to maintain compatibility with tank farm opera
tions, because waste concentrate would eventually be sent there in 
the event of a contaminated water release .. 

1. 3 General Process Description 

The treatment process that would best meet the goals stated 
above consists of three main stages. -These include: 

- Filtration 

- Reverse osmosis 

-.Ion exchange 

The entire F/HETF treatment ,process is shown schematically in 
Figure. 1.3-L 

Just .prior to the first stage, pH adjustment and feed 
.preparation will .aid the filtration of iron and suspended solids. 
This pretreatment will also be designed to reduce biological and 
organic fouling, and will convert any soluble reduced iron to its 
filterable oxidized state. The filtration stage will consist of a 
sintered.metal tube, with flow going from inside out to maximize· 
concentration efficiency. Two options appear to be viable in 
operating ·this kind of filtration system, and data .will be pre
sented for each. Reverse osmosis will he used in the second stage 
to remove about 95% of the salts and contaminants which pass 
filtration. Ion exchange will make up the final stage of the 
F/HETF process., and will provide any additional degree of decontam
ination that is needed, 
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Pretreatment and filtration are critical to the operation of 
reverse osmosis and/or ion exchange. If these are adequately 
designed, excess capacity will permit virtually 100% attainment by 
reverse osmosis, as observed in typical seawater desalination 
systems • 
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TABLE 1.2-1 

Proposed NPDES Discharge Limits 

From Current NPDES Permit 

pH 6.0 to 9.0 

Monthly Average (mg/L) Maximum (mg/L) 

BOD 5 
TSS 
Oi 1 & Grease 

20 
30 
10 

40 
60 
15 

From EPA Proposed Standards (Federal Register/Vol. 49, No. 26/ 
February 7, 1984) 

Ammonia (Unionized) 
Chlorine 
Chromium (Hexavalent) 
Mercury 

From EPA "Quality Criteria 

Copper 
Zinc 
Lead 

Basis 

0. 1 x 96 hr LC 50 
0.01 x 96 hr LC50 
0.01 x 96 hr LC50 

Monthly Average (mg/L) 
In Stream Discharge* 

0.004 1.0 
0.0083 2.2 
o. 0072 1.9 
0.0002 0.052 

for Water - 1976" 

Maximum (mg/L) 
In Stream Discharge 

0.019 5.0 
0.014 3.7 
0. Oll 2.9 
0 .OOll 0.29 

In Stream Discharge* Discharge** 
Avg. (mg/L) Avg. (mg/L) Max. (mg/L) 

0.0168 4.4 8.8 
0.0258 6.7 13 
0.238 62 124 

For other parameters listed in Table 3 for which specific limits are not 
available, toxicity studies will be performed to demonstrate that harmful 
effects on aquatic life and organisms will not occur. 

* Calculated from instream limits, the maximum facility discharge rate of 
0.45 CFS and the Upper Three Runs Creek 7010 stream flow of 117 CFS. 

**Maximum= 2 x average . 
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TABLE 1.2-2 

Seepage Basin Receipts vs. Present Guidelines for Release to Streams3 

DOE Release guide 
for Four Mile 
Creek (FMC) 

Presently released 
to FMC from other 
sources 

Presently released 
to Basins (1983) 

F Area 
H Area 

Average contamination 
factor required to 
release basin effluents 
to FMC neglecting other 
sources to FMC 

DF required if ETF 
effluents are 
included with other 
sources 

Tritium 
(cd 

150 

140 

7,000 
12,000 

127* 

Sr-89, 
Sr-90 
(mci) 

35 

10 

150 
600 

22 

30 

Cs-134, 
Cs-137 
(mci) 

75 

75 

1010 
2600 

49 

_ *Tritium removal ·at the ETF is no~ practical. 

1-8 

Other 
a or y 
(mCi) 

175 

35 

Total 
Alpha 
(mci) 

10 

6 

15,500 450 
10,500 25 

149 48 

186 119 

Water 
Volume 

None 
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2.0 DESIGN BASES 

2.1 Process Feed Sources 

2.1.1 Normal Daily Effluents 

The normal source of waste water feeding the F/H Effluent 
Treatment Facility (F/HETF) will be the effluents from the 200 
Areas that presently go to seepage basins. These consist mainly of 
evaporator overheads and floor drain sump discharges. The total 
recorded flow to the seepage basins in the separations areas is 
presently on the order of 150 gpm as a 24-hour yearly average. 
This is somewhat more than the reported releases from evaporators 
and sumps for that same period, largely due to the presence of 
cooling water from the tritium facility (Tables 2.1-1 and 2.1-2).1 
However, this excess volume is not expected to go to the ETF and 
flow should average roughly 135 gpm. Table 2.1-3 describes the 
flow volumes which are projected to come from evaporator overheads 
to the F/HETF. 2 The hazardous chemicals, radionuclides, and over
all process chemistry of the routine effluents are described below. 

2.1.2 Canyon Cooling Water 

In addition to handling routine low-level effluent, the F/HETF 
will also be designed for treating contaminated canyon cooling 
water whenever necessary. The maximum credible release in cooling 
water has been evaluated at 100,000 Ci. 3 Although the probability 
of such an event is estimated to be less than once per 10,000 
years, 4 releases 0f up to 300 Ci have occurred (see Table 2.1-4), 
pr_oving the real need for an adequate treatment system. 

It has been observed that over 90% of the activity in a 
contaminated cooling water release is released in the first 
500,000 gal of flush water. For design purposes, this highly 
radioactive water would be contained separately, in the case of a 
maximal release, and sent directly to the tank farm for evapora
tion. Most of the remaining activity, roughly 10,000 Ci, would be 
contained in a volume of about 1.5 MM gal (although activity would 
still be detectable in flush water for some time) resulting in a 
concentration of 6.7 mCi/gal or less going to the F/HETF.S-6 

2.1.3 Storm Water Runoff 

Storm water runoff from the tank farm may also require 
decontamination if high level waste has been spilled. This 
situation arose 1n December of 1983 when a release from Tank 13 
permitted 26 Ci to be sent to the 281-811 retention basin in 1. 55E7 
gal of storm water runoff. The resulting waste stream was analyzed 
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for both radionuclides and standard water quality parameters pro
viding data for water treatment system design. The contaminated 
water was treated by ion exchange before being released to the 
seepage basins, but poor decontamination efficiency (DF=3-12) was 
observed for cesium, the main contaminant, because of colloidal 
transport and channelling through the column. This incident 
provides a reasonable design basis for the F/HETF, and emphasizes 
the importance of efficient filtration in the decontamination of 
effluents by ion exchange. 

2.2 Radionuclides 

2.2.1 Normal Process Effluents 

The 1984 plant guidelines are listed in Tables 2.2-1 for the 
release of activity to the 200-Area seepage basins. These .~uide

lines are used throughout this document in calculations concerning 
the average quality of the effluent from the F/HETF on a normal 
yearly basis. Actual release data, as determined by SRP Health 
Protection, is also given in Tables A-1 and A-2 for comparison. 

The performance that will be required of the F/HETF for 
decontaminating daily plant waste effluents will be determined on 
the basis of the offsite dose commitment. Treatment options are 
being evaluated with respect to dose commitment, and will be ranked 
accordingly. As a preliminary benchmark, the current stream 
release guidelines for Four Mile Creek are 35 mCi/yr Sr-90, 
75 mCi/yr Cs-137, 175 mCi/yr other beta-gamma, and 10 mCi/yr alpha 
(Table 1.2-2). It is anticipated that these guidelines will not be 
relaxed significantly. 

Knowing the distribution of act1v1ty sources throughout the 
200 Areas permits the effect of process changes on the feed stream 
to the F/HETF to be forecast more accurately. A table of this 
information can be found in Appendix B. 

2.2.2 Contaminated Cooling Water Incidents 

The activity distributions that were used to calculate the 
results of contaminated cooling water incidents are listed in 
Table 2.2-3. These are taken both from theoretical decay calcula
tions (Fi~st Cycle Feed) and actual measurements of High Activity 
Waste and First Cycle Feed. - None of the vessels that were 
considered in the release scenarios contained enough fissile 
material to present a nuclear hazard (see Nuclear and Process 
Safety, Section 7.0). 
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2.2.3 Contaminated Storm Water 

The activity that would he released in the event of a tank 
farm spill has the same distribution as normal aged caustic waste. 
This distribution for 5-year waste is listed in Table 2.2-3, 
Because of its solubility, the primary source of gamma activity is 
Cs-137, as indicated in Table 2.2-4.1 4 Beta emitters are also 
important, especially if the effluents are to be released to plant 
streams rather than seepage basins. 

The most recent incident of this type at SRP, Cs-137 was the 
only gamma emitter that was readily detectable. The initial activ
ity was 2.7, UCi/L Cs-137 ·and 0.09, UCi/L Cs-134. Sr-90 was esti
mated to be less than 0.02 UCi/L. 7 

2.3 Hazardous Materials 

Effluents to the SRP seepage basins typically contain nitrates 
and heavy metals. No other hazardous materials are released in 
detectable quantities.2 EPA listed hazardous organic materials are 
not used in the separations areas, and strong acids and bases are 
at least partially neutralized before they are released. Oxidizing 
agents, such as dichromate, and reducing agents, like hydrazine or 
sulfamic acid, are mostly consumed before being released. Aside 
from their radioactivity, special feeds (i.e., contamination 
releases) contain insignificant amounts of hazardous material, 
since the primary water source is either rainfall or process water. 

Of the hazardous metals in daily effluents, only mercury and 
lead are concentrated enough to be of concern, following even the 
most basic decontamination process for radionuclides. 15 A Summary 
of the average heavy metals concentrations that were measured in 
the 200-Area effluents is given in Table 2.3-1.2 

According to the Waste Management Technical Reports,3 F Area 
released just under 2.5 lb of mercury to the seepage basins in 
1983. This represents an average mercury concentration of 8.7 ppb 
in the liquid effluent streams from that area. H Area released 
55 lb, an avera~e of about 155 ppb (1.5 x 108 L) of mercury during 
the same year. 1 The analyses performed recently on trebler 
samples found 12-week averages of 4.2 and 43 ppb of mercury for 
F Area and H Area, respectively.2 
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2.4 Process Feed Chemistry 

2.4.1 Normal Process Effluents 

The chemistry of the F/HETF process is dominated by nitric 
acid and sodium nitrate. However, several of the minor constit
uents are also important for the effects that they can have on the 
the water treatment process. Iron, silica, humic acid, free 
chlorine, sulfate, phosphate, calcium, ·magnesium, manganese and 
zinc are examples. The most recent characterization study of 
200-Area effluents is summarized in Table 2.4-1. A more complete 
description of the chemical matrix is listed in Appendix A. 2 

Total suspended solids in the F/HETF feed will range from 
2 ppm to over 500 ppm (see Table 2.4-2). Likely process feeds also 
include a broad range of ionic strengths and waste component con
centrations. These must be addressed in the system design, so that 
cycle times, operating pressures and even the procedures for back
washing and cleaning can be altered as necessary. The basic feed 
for the F/HETF consists largely of evaporator overheans, so many of 
the "problem" materials are either not present or are present at 
relatively low concentrations.2 The 200-Area.effluents are there
fore an excellent candidate for concentration and decontamination 
by reverse osmosis and ion exchange. 

2.4.2 Storm Water 

Storm water runoff has been characterized. 7,13 Analyses 
performed on cold samples indicate that it contains more dissolved 
silica than the daily waste by a factor of about 2, and that 
aluminosilicates (i.e. clay) are also present (Table 2.4-3). 
Therefore, the concentration factor achieved by reverse osmosis may 
decrease from 20 to about 10-15 in going from normal process efflu
ents to storm water, because of the limitations imposed by the 
solubility of silica. This effect may be reduced, or possibly even 
eliminated, by using ultrafiltration to remove colloidal silica. 
Silica can also be removed by flocculation. However, this substan
tially increases the volume of the waste concentrate. 

A more recent analysis of storm water runoff was obtained 
during an actual contamination release situation. 7 The results 
indicate lower silica levels than previously believed (see Table 
2.4-4). However, this difference may be seasonal (temperature 
related), since the high silica values were obtained in the summer, 
while lower concentrations were measured in January. Calcium and 
sulfate concentrations were also quite different. Therefore~ 
design must accommodate the more stringent case. 
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Aside from the silica and total suspended solids, storm water 
runoff is relatively pure. It contains very low concentrations of 
dissolved solids, so it can be concentrated by several orders of 
magnitude once the silica and other suspended solids are removed. 
Any chemicals that might be in the storm water as a result of a 
spill would be diluted to the point where they would have little or 
no effect on the chemistry of the treatment process. 

Filtration of the suspended solids (summer) at 10 microns was 
90% effective.l3 However, experience with the actual contamination 
incident showed that 100 mesh basket strainers were ineffective, 
while 300 mesh strainers plugged rapidly. a 

2.4.3 Contaminated Cooling Water 

Canyon cooling water has roughly the same overall chemistry as 
the process water throughout SRP. From an operational standpoint, 
it poses no difficulties compared to routine waste, except for its 
potentially high radioactivity. Analyses of this stream (as a 
possible feed to the F/HETF) are reported in Table 2.4-2. As with 
storm water, any chemicals that might be in the cooling water as a 
result of a spill would be diluted to the point where they would 
have little or no effect on the chemistry of the treatment process . 

2.4.4 Other 

Situations will arise where special batches of·material will 
be under consideration for disposal through the F/HETF. Therefore, 
it 1s appropriate to discuss changes in feed composition (i.e., 
waste components) which coultl affect the F/HETF. Generally, mate
rials that tend to form insoluble salts, slimes, films, foams and 
separate phases can cause difficulty in water treatment systems. 
Therefore, large quantities of sulfate, calcium, magnesium, manga
nese, zinc, silicates, fluoride, aluminum, phosphate, dichromate, 
soap, oil and grease, should not be released to the ETF without 
prior notification of, and acceptance by, the F/HETF. In almost 
all cases, special feeds can be accommodated after some pretreat
ment at the source. But it would not be practical to use additives 
for all such eventualities on a continuous basis. A list of chemi
cal concerns is given in Table 2.4-5 along with remedial actions to 
make these solutions acceptable to the F/HETF . 
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TABLE 2.1-la • Reported Flows into the F-Ares Seepage Basins (gal/month) 

Production Retention 
Month 221-F Evaporators Basin Total 

January 1, 630, 140 316,356 0 1,, 946, 496 

February 1,906,501 365,985 0 2,272,4R6 

March 1, 504. 596 368,826 0 1, 873, 422 

April 1,406,139 423,095 0 1,883,234 

May 744. 105 426, 780 0 1,170,885 

June 942, 192 323,712 0 1,265,904 

July 1, 094. 891 232,243 0 1,318,134 

August Trebler Out of Service 

September Trebler Out of Service 

October 1, 458,218 292,655 0 1,750_,873 • 
November 391,534 210,930 861,000* .1,463,464 

December 1,463,881 221,694 0 1,6R5,575 

-* Freeze protection water -included-
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• TABLE 2 .1-lb 

Reported Flows into the H-Area Seepage Basins (gal/month) 

Tritium 
Production Evaporators Retention Cooling 
Month 221-H and RBOF Basin Water Others* Total 

January 695,940 536,000 1,036,000 1,000,000 362,000 3,629,940 

February 330,717 436,000 1, 721,000 1,550,000 9, 000 4,046,717 

March 572,367 334,000 0 0 0 1,056,367 

April 503, 753 513, 000 565,000 0 6,000 1,587,753 

May 405,601 634,000 844,000 0 20,000 1,903,601 

June 555, 753 408,000 844,000 1,350,000 13,000 3,170,753 

July Insufficient Data 

August 436,551 478,000 242,000 1,550,000 5,000 2, 711,551 

September 417,279 583,000 3,330,000 1,550,000 12' 000 5,862,279 • October 702,911 573,000 900,000 100,000 6,300 2, 282, 2ll 

November 666,451 j38,000 280,000 1,350,000 6,400 2,840,852 

Decemh~r Insuffi .: ient Data 

*Others include contaminated canyon cooling water, catch 
tank and acid additions to the seepage basins • 
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TABLE 2 .l-2a • Flow Comparisons for the F-Ares Seepage Basins 

Production Reported Flows Trebler Flows 
Month <sal/month) (gal/month) 

January 1,946,496 2,229,800 

February 2,272,486 2,330,600 

March 1,873,422 2,019,400 

April 1,883,234 1, 754,000 

May 1,170,885 1, 308, 100 

June 1,265,904 1,313,900 

July 1, 318, 134 1,520,100 

August Trebler Out of Service 

September Trebler Out of Service 

October 1, 750,873 1, 738,700 • November Trebler Out of Service 

December 1,685,575 1,906,100 
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TABLE 2.1-2b 

Flow Comparisons for the H-Ares Seepage Basins 

Production Reported Flows Trebler Flows 
Month (gal/month) (gal/month) 

*January 3,629,940 6, 187. 700 

*February 4, 046, 717 9,399,500 

March 1,056,367 2,908,300 

April 1,587,753 2, 272,800 

May 1,903,601 2,567,900 

*June 3, 170, 753 3,927,600 

*July Insufficient Data 

*August 2,711,551 4,632,500 

*September 5, 862, 279 7, 841,900 

October 2,282,211 2,411,300 

*November 2,840,852 8,699,600 

*December Insufficient Data 

* Months of tr1t1urn cooling water releases to seepage 
(greater than 100,000 gallons) 
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TABLE 2.1-3 

.Projected Flows to the F /HETF 

Minimum Flow* Average Flow* Maximum Flow 
Source (gal/day) (gal/day) (gal/day) 

F Area 

ARU 0 0 72,000 

lCU 2,950 3,600 42,000 

GP 0 0 13,000 

Hydrate 4,100 5,000 5,900 

lEU 24, 500 30,000 35,500 

Lab Waste 3,300 4,000 4,700 

Tank Farm 16,000 16,000 16,000 

Average 50,850 58,600 189' 700 

H Area 

ARU 5,350 8,350 11' 100 

GP 3,900 3,900 3, 900 

Tank Farm 16,000 16,000 16' 000 

Average 25,200 28,250 31' 000 

* Minimum and average values are based on the presumed success 
of the program to recycle evaporator overheads in F Area. 
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TABLE 2.1-4 

Contaminated Cooling Water Releases 

Size of Release, Ci 

0-1.3 

1.3-280 

280-7600 

7600-100,000 

Number of 
Past Releases 

94 

10 

1 

0 
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TABLE 2.2-1 • Guidelines for Radionuclide Releases to Seepage Basins 

Release Release 
Guides Guides Activity Activity DF to Meet 
F Basin H Basin Distribution Distribution Yearly Stream 

Radionuc 1 ide (Ci) (Ci) F Guides, % H Guides, % ~Release Guides 

-Beta Gamma-

Cr-51 0 5 13.97 
Co-58 0 1 2.79 
Co-60 0 1 2.79 
Zn-'65 0 0.8 2.23 
Sr:-89 0.2 0.4 0.53 1. 12 57.14 
Sr-90 0.4 1 1.06 2.79 57.14 
Y-90 
Y-91 
Zr-95 4 1 10.58 2.79 
Nb-95 4 1.5 10.58 4. 19 
Ru-103 2 1.5 5. 29 4. 19 
Ru-106 20 7.5 52.91 20.95 
Rh-106 
Sb-124 0 0.2 0.56 • I-131 0.8 0.4 2. 12 1. 12 
Cs-134 0.3 0. 1 0. 79 0.28 178;67 
Cs-137 4 9 10. 58 25.14 178.67 
Ce-141 0.1 0.5 0.26 1.40 
Ce-144 1 2.6 2. 65 7.26 
Pr-147 
Pm-147 0.5 1.5 1. 32 4. 19 
Other Beta-Gamma 0.5 0.8 1.32 2.23 
Total Beta-Gamma 37.8 35.8 100- 100 
Non Cs/Sr 

Beta-Gamma 32.9 25.3 87.04 70.67 331.43 

-Alpha-

Am-241 0.02 0.002 8.7 
Cm-242/244 0.01 0.001 4.3 
U-235/238 0.2 0.005 21.7 
Pu-238 0.02 0.009 39. 1 
Pu-239 0.02 0.006 26. 1 
Pu-240 
Total Alpha 0.27 0.2 99.9 47.00 
Tot a 1 Al pha/B-G 0.0071 0.0056 
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TABLE 2.2-2 

Radionuclide Distribution in First Cycle Feed and 
High Activity Waste 

First Cycle High Activity 
Radionucl ide Feed (lAF)*' % Waste (HAW), % 

-Beta Gamma-

Cr-51 
Co-58 
Co-60 
Zn-65 
Sr-89 5.3 0 
Sr-90 0.38 0.3 
Y-90 0.38 
Y-91 8.75 
Zr-95 11.56 5.4 
Nb-95 22.19 1.9 
Ru-103 1. 78 0.3 
Ru-106 1.38 6.5 
Rh-106 1. 38 
Sb-124 
I-131 
Cs-134 0.84 3.8 
Cs-137 I. 13 6.7 
Ce-141 1.69 0.4 
Ce-144 19.69 68.2 
Pr-147 19.69 
Prn-147 2.16 - - --. 

Other Beta-Gamma 1.72 
Total Beta-Gamma 100 99.8 
Non Cs/Sr 

Beta-Gamma 92.37 82.7 

-Alpha- Alpha Curie 
Distribution % 

Am-241 
Cm-242/244 
U-235/ 238 
Pu-23R 99.1 
Pu-239 0.43 
Pu-240 0.43 
Total Alpha 99.96 
Total Alpha/ 

Total Beta-Gamma 0.00303 
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TABLE 2.2-3 • Radionuclide Content of 5-Year In-Tank Waste 

In-Tank Waste Description 

Isotope Ci/Gal Isotope Ci/Gal Isotope Ci/Gal 

H-3 4. 12E-03 Te-129M 4.073-16 Pb-212 3.46E-07 
C-14 1.73E-07 I-129 9.42E-07 Pb-214 2.47E-12 
Cr-51 1.05E-20 Xe-131M 2. 72E-48 Bi-210 1.61E-13 
Co-60 1.93E-02 Cs-134 3.89E-Ol Bi-210M 5. 37E-22 
Ni-59 1.56E-04 Cs-135 6. 72E-06 Bi-211 7.99E-12 
Ni-63 3.85E-02 Cs-136 l.lSE-42 Bi-212 3.46E-07 
Se-79 1. 61E-05 Cs-137 3.59E+OO Bi-213 2. 34E-14 
Rb-87 1.02E-09 Ba-136M 3.68E-43 Bi-214 2.47E-12 
Sr-89 3.07E-09 Ba-137M 3.40E+OO Po-210 1. 27E-13 
Sr-90 3.43E+OO Ba-140 4.26E-41 Po-212 2.22E-07 
Y-90 3.43E+OO La-140 4.91E-41 Po-213 2. 29E-14 
Y-91 1.06E-07 Ce-141 4.07E-15 Po-214 2.47E-12 
Zr-93 1. 27E-04 Ce-142 1. OBE-09 Po-215 S.OlE-12 
Zr-95 l.l2E-06 Ce-144 1. 12E+OO Po-216 3.46E-07 
Nb-94 3.65E-09 Pr-143 1.36E-38 Po-218 2.47E-12 
Nb-95 2.40E-06 Pr-144 1.12E+OO At-217 2.34E-14 
Nb-95M 1. 42E-08 Pr-144M 1.34E-02 Rn-219 B.OlE-12 • Tc-99 5.53E-04 Nd-144 5.45E-14 Rn-220 3.46E-07 
Ru-103 2.56E-12 Nd-147 1.44E-48 Rn-222 2.47E-12 
Ru-106 3.35E-Ol Pm-147 2. 74E+OO Fr-221 2.34E-14 
Rh-103M 2.56E-12 Pm-148 7. 88E-15 Fr-223 9. 96E-13 
Rh-106 3.34E-Ol Pro-148M 1. 14E-13 Ra-223 8.01E-12 
Pd-107 1. 08E-06 Sm-147 2.16E-10 Ra-224 3.46E-07 
Ag-110 1.93E-05 Sm-148 6.38E-16 Ra-225 2.37E-14 
Ag-llOM 1. 45E-03 Sm-149 1. 98E-16 Ra-226 2.48E-12 
Cd-llSM l.OBE-13 Sm-151 2.67E-02 Ra-228 1. 58E-15 
In-115 7. 34E-16 Eu-152 4.27E-04 Ac-225 2.34E-14 
In-115M 9.81E-18 Eu-154 7.02E-02 Ac-227 7.22E-12 
Sn-121M 3. 71E-06 Eu-155 5.56E-02 Ac-228 1. 58E-15 
Sn-123 3.01E-05 Eu-156 5.92E-36 Th-227 7 .09E-12 
Sn-126 1. 71E-05 Gd-152 7.86E-18 Th-228 3.47E-07 
Sb-124 8.12E-12 Tb-160 1. 27E-10 Th-229 2.40E-14 
Sb-125 9.60E-02 Tl-206 5.37E-22 Th-230 1. 30E-09 
Sb-126 2.40E-06 Tl-207 7.97E-12 Th-231 5.95E-09 
Sb-126M 1. 71E-05 Tl-208 1. 24E-07 Th-232 · 1. 90E-15 
Te-l 25M 2. 34E-02 Tl-209 5.06E-16 Th-234 3.27E-08 
Te-127 1. 02E-05 Pb-209 2.34E-14 Pa-231 5.17E-ll 
Te-127M 1.04E-05 Pb-210 l.64E-13 Pa-233 9.91E-07 
Te-129 2.59E-16 Pb-211 7.99E-12 Pa-234 6. 54E-08 

• 
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• TABLE 2.2-3, Contd 

In-Tank Waste Description 

Isotope Ci/Gal Isotope Ci/Gal Isotope Ci/Gal 

U-232 5.76E-07 Pu-239 7.96E-04 Cm-245 7.47E-l0 
U-233 6.78E-ll Pu-240 5.03E-04 Cm-246 5. 97E-ll 
U-234 I. 80E-06 Pu-241 9.45E-02 Cm-247 7. 33E-l7 
U-235 5.94E-09 Pu-242 6.70E-07 Cm-248 7.66E-l7 
U-236 l.29E-07 Am-241 l.22E-03 Bk-249 3. 23E-15 
U-238 3.27E-08 Am-242 1. 61E-06 Cf-249 4.46E-l6 
Np-236 1. 95E-12 Am-242M 1. 61E-06 Cf-250 1. 76E-15 
Np-237 9.9IE-07 Am-243 6.49E-07 Cf-251 7 .41E-18 
Pu-236 7.04E-06 Cm-242 3.94E-06 Cf-252 1.88E-16 
Pu-237 5 .14E-16 Cm-243 6.25E-07 Cf-253 9.44E-48 
Pu-238 8.45E-02 Cm-244 1.83E-05 

Total Activity 2.04E+Ol Ci/Gal 

Decay Heat 
Total Primary 4.29E-02 Watt/Gal 

• Total Gammas 1. 75E-02 Watt/Gal 

• 
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TABLE 2.2-4 

Distribution of Radionuclides Between the Soluble 
and Insoluble Fractions of In-Tank Waste 

Isotopes Soluble, % % Insoluble 

Cs 95 5 

Tc, Ru-Rh 50 50 

Ag, Cd, I, Cr, Se 5 95 
Pd, Te, Tl 

La, Ce-Pr, Pm, Nd, 1 99 
Sm, Tb, Sn-Sb 

Sr-Y, Rb, Mo, Ba 0.2 99.8 

Co, Zr-Nb, Eu, Np, 0. 1 99.9 
u, Pu, Am, Cm 
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TABLE 2, 3-1 

Heavy Metals In 200-Area Effluents (ppm) 

F/H'Weighted 
F Area H Area F /H Average Average* Maximum 

Cd (0.01 <0.01 (0.01 (0.01 0. 009 

Pb 0.12 0.18 0.16 0.15 0.55 

Hg** 0.004 0.043 0.024 0.016 0.28 

Cr 0.013 0. 072 0.043 0.031 0.36 

Cu 0.010 0.43 0.22 0.14 2.7 

*Weighted average is based on 70% of flow from F Area, 30% from 
H Area. (Reference: ETF Basic Data Report, C. D. O'Leary and 
D. W. Gemar, January 16, 1984). 

Minimum 

0 

0 

0 

0 

0 

** The yearly average mercury concentration reported by Health Protection 
is higher (see Section 3.1) . 
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TABLE 2.4-1 

200-Area Effluents (September 23, 1983 to December 16, 1983) 

F/H* 
F/H Weighted 

Isotoees F Area H Area Average Avera11;e Maximum Minimum 
(units are mg/Liter) 

Na 790 17.6 404 558 1900 6.1 
Ca 0.5 28 14.3 8.8 239 0.01 
Fe 1.7 5. 1 3.2 2.7 25 0.01 
Zn 0.3 3. 1 3.2 1.1 26.5 0.01 
NH 24 8 14 16.4 30 2 
Ba 0.01 0.08 0.05 0.02 0.41 0 

K** 0.67 1.0 0.84 0.77 1.7 0.11 
Al 0. 78 3.2 2.0 0.5 12.4 0 
Mn 0.016 0.560 0. 288 0.183 3.20 0 
Mg 0.060 1.3 0.68 0.4 4.45 ·o 
003 1220 538 879 1015 6740 67 
co 3 131 47 89 106 180 0 

NOz 2 1 1.5 1.7 16 0 
C1 1.2 1.1 1.2 1.2 9.6 0 
so4 4.6 3.9 4. 3 4.4 31 0 
F 1.5 0.1 0.8 1.1 12 0 
Si (total) 7.1 6.3 6.7 6.9 39 0.6 
Si (<0.45 IJD) 5.0 6. 1 5.5 5.3 22 0.4 
p 2.2 0.6 1.4 1.7 4.4 0.09 
pH 2.93 2.37 2.57 2.68 12.8 1. 52 
Suspended 

Solids NA NA 25 NA 208 10 

*Weighted average is based on 70% of flow from F Area, 30% from H Area, 
(Reference: ETF Basic Data Report, C. D. O'Leary and D. W. Gemar, 
January 16, 1984). 
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• TABLI! 2.4-2 

200-Area Weekly Composites Total Suspended Solids* 

Collection Date F Area (ppm) H Area (ppm) 

8/9/84 34 208 
8/17/84 (10 <IO 

9/28/84 <10 <10 

10/ 19/84 510 190 
10/26/84 5 2 

11/2/84 2 2 
11/9/84 2 3 

Maximum 510 208 
Minimum 2 2 
Average 81 61 

• * Trebler Monitor samples • 

• 
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TABLE 2.4-3 • Water Quality Analysis of Nonroutine Sources 

Can~on Process Water Storm Water Runoff 
Analysis F Area H Area F Area H Area Units 

pH 7. 1 7.7 6. 1 6.0 pH units 

Alkalinity 16. 7 45.4 16. 1 15.5 mg/L CaC0 3 
Turbidity 3.6 2.4 39.9 81.2 mg/L Si0 2 
Hardness 5 8 12 22 mg/L CaC0 3 
Conductivity 96 145 70 58 mhos 

Nonfilterable 
silica 3.2 3.9 12.3 15.0 mg/L Si 

Filterable 
silica 0.1 0. 1 1.2 0. 1 mg/L Si 

Suspended 
solids 2 2 61 89 mg/L 

Calcium 1 3 4 7 mg/L Ca 

Magnesium 0.3 0.4 0.5 0.7 mg/L Mg 

M.anganese 0.01 0.01 0.04 0.08 mg/L Mn • Potassium 1 1 1 1 mg/L K 

Sodium 13 9 3 5 mg/L Na 

Iron 0.7 0.4 2.4 3.6 mg/L Fe 

Bicarbonate 20.3 55.4 19. 6 18.9 mg/L HC0 3 
Carbonate 1 1 1 1 mg/L co 3 
Su 1 fate 14.2 14.0 11. 1 7.0 mg/L so 4 
Fluoride 1 1 1 1 mg/L F 

Residual 
chlorine 0.5 0.5 mg/L c1 2 

Total dissolved 64 86 54 89 mg/L 
solids 
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TABLE 2.4-4 

Nonradioactive Components in Retention Basin Samples (January 1984) 

' Date 12/30 12/31 12/31 1/1 1/1 1/2 1/2 1/3 1/3 1/9 1/13 1/13 
Time 3 pm 10 pm 10 am 11 am 11 am 7 am 7 am 7 am 7 am 8 am 2 am 2 am 
Location Inlet Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet Outlet Inlet .QJ!tlet 

Na (ppm) 11. 16. 16. 17. 16. 16. 15. 15. 16. 17. 14. 14. 

Ca 4.0 4.3 4.3 4.5 4.5 4.4 4.6 4.5 4.4 3.9 3.9 3.9 

Si 4.6 4.3 4.3 5.9 5.9 5.2 5.1 5.1 5.3 4.7 4.6 4.7 

Al 0.8 1.1 1.1 1.1 1.2 0.6 0.5 0.6 0.6 0.3 0.3 0.4 

~ .. "-.1 
Fe 0.4 0.5 0.5 0.54 0.53 0.29 0.26 0.29 0.30 0.9 0.2 0.3 

N 
1 

Mg 0.4 0.4 0.4 0.45 0.45 0.43 0.43 0.42 0.43 0.4 0.4 0.4 .__ N ..., 
Cu 0.011 0.010 0.012 0.015 <0.10 <0.10 <0.10 <0.10 

Rg 0.005 0.004 

504 20 26 26 35.0 34.0 35.0 34.0 30.0 35.0 

Cl 1.6 1.9 1.6 2.2 2.0 2.2 2.0 2.8 2.9 

N0 2 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 

N0 3 <1.0 <1.0 <1.0 <1.5 <1.5 <1.5 <1.5 <1.5 <1.5 

P04 <1.5 <1.5 <1.5 <1.5 <1.5 <1.5 <1.5 <1.5 <1.5 

F <0.1 <0.1 <0.1 <0.1 <0.1 <1.5 <1.5 <1.5 "<1.5 



TABLE 2.4-5 

Concentrated Waste Chemical Disposal: Problems and Remedial Actions 

Chemicals 

Potassium dichromate 

Zinc 

Sulfate 

Permanganate 

Calcium 

Fluoride 

Aluminum 

Oil/grease 

Problem 

Oxidation of RO 
membranes 

Fi 1 ter and RO 
foul ant 

Poor solubility 
RO foulant 

Oxidant, RO foulant 

Poor solubility 
RO sealant 

Poor solubility 
corrosive 

Possible RO foulant 

Filter and RO foulant 

Z-24 

Remedy 

Reduce to Cr(III) 

Complex with EDTA 

Maintain low Ca, Ba 
Precipitate with Al 

Reduce, dilute 

Precipitate (Oxalate) 
add RO antiscalant 

Maintain low Ca 
form Al complex 

Precipitate with _so 4 
filter at pH7 
Add acid or base to 
RO feed 

Separate disposal 
emulsify (for UF) 
activated carbon (for 
Precoa t or UF) 
carbon bed (between 
filter and RO) 

• 

• 

• 
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3.0 PRODUCT DESCRIPTION 

3.1 Pretreatment Product 

The object of the pretreatment stage is to produce a high 
quality feed for the the next process stage of the ETF, which is 
filtration. The definition of an acceptable product includes the 
following specifications. 

• Excess oxidizing and reducing agents are to be eliminated. Iron 
should be present as Fe(III), with no detectable free chlorine 
or Cr(VI). 

o The feed pH is to be adjusted in the range of 7-8. 

o Algae and bacteria growth should be inhibited. 

o Large grit particles that might interfere with pump performance 
should be removed. 

o Heavy films and two-phase systems must be skimmed (until/unless 
the filtration system has proven its ability to handle them). 

o Cationic surfactants are to be avoided (especially for UF/RO) 
but can be precipitated with anionic surfactants if necessary . 

No decontamination factor is associated with pretreatment. 

3.2 Filtration Pr>duct 

The object of filtration is to remove all suspended material, 
including colloids, so that fouling and/or colloidal transport do 
not affect the subsequent stages of the F/HETF adversely. 

The product of the filtration stage will go directly to 
.reverse osmosis and then to ion exchange. Therefore, it should 
meet the following specifications. 

The Silt Density 
preferably (l .0. 
measurement.)! 

Index of the product must be less than 3.0 and 
(See Appendix E for a discussion of SDI 

o The total iron concentration should be less than 0.1 ppm. 

o The reactive silica concentration should not exceed 7.0 ppm as 
Sio2 (for a 20:1 reverse osmosis concentration factor). 

o The pH of the product should be in the range of 7-8, although 
extremes are tolerated for short durations by reverse osmosis 
membranes. 
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• The temperature of the product should be constantly maintained 
in the range of 35-40"C. Lower temperatures result in poor flux 
and fouling due to the precipitation of concentrated material. 

The decontamination factor afforded by filtration may be signifi
cant (see Appendix C and Section 4.2). 

3.3 Reverse Osmosis Product (Ion Exchange Feed) 

The product from the reverse osmosis stage of the F/HETF will 
be relatively clean permeate which has been filtered through the 
reverse osmosis membranes. It will have the following 
characteristics. 

~ RO permeate will have a conductivity that is roughly 20 
micromhos/cm, or 5% of the initial feed. 

o Except for that selective transport of carbonate or ammonia, the 
permeate will be at roughly the same pH as the feed. However; 
dissolved gasses are not rejected. 

o Acid or base may be added to the RO feed to m1n1mize fouling 
problems or to improve rejection, thus adjusting permeate pH 
within the range of 4-10. 

o The radioactivity in the permeate will be less than 5% of that 
present in the initial feed stream. 

• The permeate will contain virtually zero suspended particles, 
colloidal material, and undissolved solids which could otherwise 
transport activity through ion exchange columns. 

o The volumetric ratio of permeate to concentrate will range from 
10 to 20:1, depending on the chemistry (i.e., silica concentra
tion) of the feed. A ratio of 12.3 should be easily achievable 
with filtered F- and H-Area daily effluents at 35"C. This ratio 
can be improved considerably with the use of chemical additives 
to prevent RO scaling. 

See Section 4.3 and Appendix C for Decontamination Factors. 

3.4 Ion Exchange Product (to the Environment) 

The final product of the F/HETF will be suitahle to meet all 
current regulations concerning effluent quality. The proposed 
system would normally discharge neutral, filtered, deionized water, 
with virtually nothing else detectable by normal methods. The only 
measurable remaining contaminant would be tritium 

See Section 4.4 and Appendix C for Decontamination Factors. 
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3.5 WMETF Evaporator Overheads 

The overheads from the F/HETF evaporator will be carefully 
characterized before a final decision is made either to recycle 
them through all or part o,f the. ETF or to release them to the 
environment. Any undesirable recycle buildup will be addressed by 
nonregenerable ion exchange. These questions will be decided on 
the basis of the criteria established for the F/HETF releases . 
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SECTION 3 REFERENCE 

1. Permasep Engineering Manual, Bulletin 506, E. I. duPont 
de Nemours and Company, Wilmington, DE 19898 (1982). 
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4.0 PROCESS DESCRIPTION 

4.1 Pretreatment 

The pretreatment process will provide a product consistent 
with the description given in Section 3.1. The process will 
consist of the following stages (Figure 4.1-1). 

• A grit removal basket or chamber for removing foreign objects 

• An underflow section for the separation of two-phase systems 

o An oxidation step (preferably ozonolysis) to control algae and 
bacteria, to convert all iron to filterable Fe(III), to destroy 
phenol 1 and to reduce organic fouling 

o pH adjustment (7-8) to minimize iron/silica solubility for more 
effective filtration. A two tank cascade with automatic on-line 
adjustment should be considered. 

• Equilibration time (in pH adjustment) to allow for the 
dissipation of ozone 

• Temperature adjustment (Range 35-40 C) for reverse osmosis 

0 Special chemical addition stage 

Options also include the addition of flocculants, including 
alum and ferric iron, powdered activated carbon, and anionic sur
factants. Pumpin, capability should be adequate for these 
materials. 

4.2 Filtration 

4.2.1 General 

As stated in Section 3.2, the primary purpose of filtration is 
to provide a feed of adequate quality for treatment by reverse 
osmosis and ion exchange. Filtration will also reduce the amount 
of activity that the rest of the system will have to remove, but 
the decontamination factors will vary considerably from one radio
nuclide to another, depending on adsorption and solubility charac
teristics.2-3 The main candidates for the filtration stage were 
tubular precoat filtration, multi-media filtration, and ultrafil
tration. Tubular precoat filtration is the current reference 
process . 
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4.2.2 Tubular Precast -Filtration 

4.2.2.1 General 

Tubular precoat filtration is an efficient and inexpensive 
method of handling the low suspended solids streams expected as 
feed to F/He<F. Tubular precoat filters are widely used in the 
nuclear power industry, predominantly in fuel pool and reactor 
water loops. 5 _Graver and Delaval filter demineralizer.s. are .typi
cally operated in secondary water loops of pressurized water 
reactors to filter and deionize recycled water. The fiber wound 
tubes are precoated with powdered ion exchange resin and used in 
the filtration cycle until tJ' becomes large or ion breakthrough 
occurs. The resin is then backwashed as a.dilute slurry and a 
fresh precoat is applied. A tubular precoat filter has been in 
operation at Savannah River for over 20 years.6 The fuel pool in 
RBOF uses a Porostone filter precoated with diatomaceous earth as 
pretreatment for the mixed bed ion exchange column, which removes 
radioactivity and maintains deionized water in the system. The 
dilute backwash slurry from this filter currently goes to Tank 23. 

The recommended filter for F/HETF is a Matt Inverted PHP 
(pneumatic hydropulse). Filtration is performed by a thin layer of 
filteraid (precoat) supported on the interior of a sintered metal 
tube. Filtration is inside out. The filteraid and accumulated 
solids are periodically removed by backpulsing the filter. A fresh 
precoat is applied and filtration resumes. As a result of lab and 
vendor (Matt Metallurgical) tests, the following operational 
parameters are recommended: 

0 Filteraid Standard Supercel 
0 Pre coat 0. 1 lb/ft 2 

• Body Feed 25 ppm 
0 Flux A·O gpm/ft 2 

• liP 30 p_si 

• lt!dia 2.0 lJil 

4.2.2.2 Feed Requirements 

The pretreatment as o~tlined in Section 4.1 is compatible with 
tubular precoat filtration. A grit chamber will remove iarge, 
settled solids leaving a low suspended solids feed stream. Control 
of bacteria and algae by ozonation, chlorination, or ultraviolet {s 
important to prevent blinding of the filteraid, and the resulting 
decrease in cycle time. Adjustment of the pH to neutrality mini
mizes iron and silica solubilities making filtration most efficient. 
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4.2.2.3 Product Quality 

The primary goal of filtration is to produce a feed stream 
suitable for reverse osmosis. A relative measure of feed quality 
used in the RO industry is the Silt Density Index test. SDI values 
less than 3.0 are recommended for F/HETF. The SDis on product from 
tubular precoat filtration are approximately 1.0. Feed for these 
tests has included simulant, Trebler composites and process cooling 
water (PCW) to simulate a cooling coil release (Section 4.2.2.5). 
Total suspended solids (TSS) which have been measured on feed and 
filtrate samples correlate well with the SDI values. 

In addition to producing high quality feed for RO, filtration 
will provide significant removal of radioactivity. The insoluble 
radionuclides, e.g., Ce, Ru, Zr/Nb, will be removed by submicron 
filtration. The soluble radionuclides Cs and Sr also can be 
removed by using an ion-specific filteraid to adsorb these species 
and provide additional decontamination. Use of these materials may 
not be practical or beneficial in daily operation of F/HETF, but 
may prove useful in treating a high activity release. 

4.2.2.4 System Design 

In the reference process, stage one of F/HETF will include a 
200 sq ft, Inverted PHP filter (Figure 4.2.2-l), a 5 M gal day tank 
for the precoat slurry, a 5 M gal body feed tank, and polishing 
cartridge filters. Felter operation is automated and cyclic: 

• Precoat 
• Filter 
., BackWash 

The tubes are precoated with a 0.25 wt %diatomaceous earth 
slurry in a once through mode (recycle not required). Filtration 
starts and continues until a predetermined tiP is reached (-30 psi). 
Diatomaceous earth body feed (-25 ppm) is continually added online 
during filtration. The tubes are then backpulsed (air and/or 
filtrate) and the 20-30 wt% slurry transported to waste disposal. 
The cycle repeats. Precoat and backwash· operations total approxi
mately 5 minutes out of the :>2 hour cycle. The batch operation of 
this filter requires either dual filters or adequate filtrate hold 
capacity to interface it with the continuous reverse osmosis 
process. 

Downstream cartridge filters protect the reverse osmosis 
membranes against diatomaceous earth leakage or process upsets. Two 
cartridges in series, a 2-20 ~ cartridge followed by a submicron 
membrane cartridge will produce RO feed of (0.1 ppm suspended solids . 
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4.2.2.5 Testing snd Procedures 

Sampling 

A variety of samples were used in the experimental work to 
represent the extremes in feed composition expected for F/HETF. 
The feed will vary considerably depending on whether the facility 
is processing routine effluents or treating a canyon or tank farm 
release. The test samples ranged in activity from a cold simulant 
to the high activity samples representing a cooling coil release. 
Decontamination factors were obtained from the canyon and Trehler 
samples, while much of the process data came from testing with Pew· 
and simulant. The following is a description of the test samples and 
what type releases they represent: 

Sample 

1. lAF/H 

2. Raw Metals/F 

3. HAW/F 

4. PCW 

5. Trebler 

6. Simulant 7 

Description Radionuclide Content 
(d/m/mL) 

First cycle feed, Ce-144 
H-Canyon Ru-106 
( Vesse 1 12. 3) Cs-137 
10 5 or 106 dilution Zr-95 

Dissolver solution, Ce-144 
F-Canyon Ru-106 
(Vessel 8. 1) Cs-137 
105 dilution Zr-95 

High activity waste Ce-144 
evaporator, F-Canyon Ru-106 
(Vessel 9.3) Cs-13 7 
105 dilution Zr-95 

Process cooling None 
wa~er ,. Bldg 773-A 

Weekly composite Cs-137 
samples collected { Cs-137 
at the Trebler monitor Ce-144 
(spiked with lAF /H) Ru-106 

Nonradioactive sample 
based on F & H-Area 
average effluent concen
trations (addition of 
hazardous metals includes 
includes Cr, Cu, Hg,.Pb, Zn) 

4-4 

None 

= 7.27E5 
1. 04E5 

= 9. 99E4 
3. 70E3 

= 2. 73E4 
= 7.43E3 

3. 98E3 
= 1. 40E3 

= 2.52E5 
= 9 .46E4 

4. 09E4 
= 7.91E5 

= 1E2 
= 2E2 
= 1 E2 -

<1E2 
1E3 
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Experimental 

Initial hatch testing was performed to determine decontami
nation factors for filtration using a variety of filteraids 
(Table 4.2.2-1). These tests were conducted by stirring a known 
amount of filteraid (50-5000 ppm) in a 15 mL test solution for one 
hour. The slurry was filtered (0.45 ~ Millipore or Nalgene) and 
the filtrate analyzed. DFs were determined vs. filteraid composi
tion and dosage.s 

Process information as well as DFs for tubular precoat filtra
tion has been obtained from constant rate tests in three different 
experimental setups. Preliminary test work at SRL was performed on 
a 45 mm diameter, 2.0 ~ Mott sintered metal disc. The disc is 
typically precoated at 0.1 to 0.2 lh/ft2, then feed is pumped 
through the filter at a constant rate, 1 GPM/ft2. Run cycle time 
is determined by AP across the disc. At -30 psi the run is termi
nated. Information gained from these tests includes: optimum 
precoat and hodyfeed amounts, run cycle time, flow rate, filtrate 
quality. Testing at Mott Metallurgical used a 70 mm disc (0.5, 
2.0, and 5.0 ~media), and results were in agreement with earlier 
work.9 Additional information from these tests includes: filter 
cake quality, wt % solids, cake release, and ·media fouling tenden
cies. Scaleup from disc to a single tube test unit was also 
conducted at Mott. This automated system simulated the cyclic 
operation of the recommended tubular precoat filter. 

4.2.2.6 Results 

Batch tests determined that use of a charged filteraid or 
powdered io,;- exchange resin --can -enha-nce the filtration DF--by 
removing soluble radionuclides. The charged filteraid Cuno, 
zeolite, and powdered ion exchange resins each remove the soluble 
ionic species by providing ion exchange sites. The DF increases 
with filteraid dosage and at 5,000 ppm the Cs and Ru removal is 
significant (Table 4.2.2-2). Because these materials are not 
specific for the radionuclides (except for the zeolite), this mode 
of operation is not recommneded on a daily basis due to the 
increase in solid waste. In an accident scenario (typically low 
TDS) however, there is the option of replacing the standard 
diatomaceous earth filteraid wit an ion exchange material to obtain 
a higher DF. Though the powdered ion exchange resins provide a 
higher DF than Cuno, the charged material is almost identical to 
the Standard Supercel used in daily operation and can be substi
tuted with no process changes. 

Constant rate tests performed on both disc and tubular media9 
have been used to optimize the parameters (Section 4.2.2.1) for 
tubular precoat filtration (Table 4.2.2-3). Cycle time is based on 
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a predetermined M' (-30 psi) and will vary depending on the feed 
solids level, Trebler samples have yielded cycle times from two 
hours to several days (extrapolated). The simulant generally gives 
cycles between 90 min and two hours. A two-hour cycle time is a 
conservative estimate of F/HETF daily operation (feed (25 ppm sus
pended solids). In the case of a cooling coil release the cycles 
are expected to be several days based on results using PCW. This 
is a low suspended solids feed compared to the daily effluents. 
The third type of feed is storm water from a tank farm spill. This 
stream is typically higher in suspended solids (-50 ppm) than the 
Trebler, and shorter cycle times can be expected. Constant rate 
tests will be performed on storm water samples collected at 
200-Area outfalls. 

Information on DFs has been obtained in several of the 
constant rate tests. Trebler samples are spiked with high activity 
waste (lAF/H) and Sr-85 to obtain detectable amounts of Ce, Ru, and 
Sr. Filtration generally removes all Ce-144 and Ru-106. When no 
Ce or Ru is detected in the filtrate, the DF is calculated based on 
the feed/lower limit of detection (Table 4.2.2-4). Removal of the 
soluble Cs and Sr is not expected and the corresponding DFs are 
-1.0. The chemical species which can be removed by filtration are 
the insoluble (at pH=7) Fe and Al hydroxides. Soluble salts, i.e., 
Ca, Mg, Na are not removed. Silica will not be filtered unless it 
is part of a large colloid (>0.5 ~),or a coagulant such as alum 
or ferric chloride is added (Table 4.2.2-5). 

4.2.2.7 Waste Generation 

The waste solids in the stream from tubular precoat filtration 
will be almost 100% DE. The 20-30 wt % slurry may be directly 
incorporated into saltstone. Based on a 200 GPM, 20 ppm suspended 
solids feed, the waste stream from the filter operation on two- and 
eight-hour cycles will have the following composition: 

Solids Amount Pound/Day 

Feed, suspended 20 ppm 48 
Pre coat 0.1 lb/ft2 240 (2 hr cycle) 

60 (8 hr cycle) 
Body Feed 25 ppm 60 

Total Sol ids 348 2 hr cycle (98% DE) 
168 8 hr cycle (71% DE) 

Addition of the filteraid will increase the F/HETF solid waste 
by 5-9% (by weight) depending on cycle times. Discussions of waste 
generation are continued in Section 4.6 and Table 4.2.2-5. 
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4.2.2.8 Service Life 

The Inverted PHP is a rugged piece of equipment, fabricated 
entirely out of 316 and 316L stainless steel with the exception of 
viton seals and qarfoil gaskets. The low activity levels in the 
F/HEn·lO and the performance of Mott sintered metal filters during 
the in-tank precipitation demonstration, 11 indicate use in radio
active service will not cause system degradation. 

In repeated testing the sintered metal media has shown no 
signs of fouling - confirmed by bubble point tests before and after 
testing. In operation the solids are periodically removed from the 
filter and a fresh precoat applied. These automated cycles prevent 
media fouling by allowing the filteraid to be the primary barrier. 
When flux is no longer returned after a backwash cycle, the filter 
can he cleaned with an oxalic acid rinse. This cleaning method is 
successfully used in RBOF and is effective in removing precipitated 
metal hydroxides. 

4.3.3 Ultrafiltration 

4.2.3.1 General 

Ultrafiltration involves the use of a membrane to separate 
virtually all suspended material from a given feed stream. These 
membranes typically reject particles larger than 10-100 angstroms 
(0.001 to 0.01 micron;). From a nuclear waste processing stand
point, the "state-of-the-art" form of ultrafiltration involves the 
use of a so-call eel 11dynamically formed" membrane, which is formed 
in place on a tubular substrate, and can be removed and reformed 
without having direct access to the membrane-supporting substrate. 
This minimizes operator exposure, and results in high system 
attainment. 

A series of tests have shown that the ultrafiltration 
me~branes and modules built by Carre, Inc. (Seneca, SC) provide 
excellent filtrate quality and are both rugged and flexible in 
their application.l2,13 They use a zirconium oxide membrane on a 
sintered stainless steel tubular support, and operate at pressures 
in the 300-1000 psi range. Furthermore, this filtration is 
designed to be operated remotely. 

4.2.3.2 Feed Requirements 

The feed to the ultrafiltration stage should be pH adjusted to 
prevent the accumulation of partially soluble iron in the membrane 
pores. The membranes themselves will tolerate a broad range of pH 
(pH 2-14); but Fe(III) has a tendency to precipitate within the 
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membrane pores if Fe(II) is present at a pH above 4. For this 
reason, a pH of 7-8 is recommended for converting Fe(II) to 
filterable Fe(III) .12, 13 

The operating temperature of the ultrafilter determines the 
water flux through it, with log flux proportional to 1/T "K. The 
slope of the line describing this relationship is roughly 2000-3000 
(negative), meaning that the flux approximately doubles for every 
30"C of temperature increase (around ambient). However, temper
ature does not affect filtrate quality, except where chanp,es in 
water solubility are involved. The SRL testing program has pre
sumed that the ultrafilter would operate at the same temperature as 
the reverse osmosis system (35-40"C). 

Cationic surfactants can have a detrimental effect on the 
performance of zirconium oxide membranes because they tend to 
accumulate and form a second membrane layer, resulting in a thicker 
membrane and less flux. They should therefore be avoided as much 
as possible. Anionic surfactants can be beneficial, however, as 
they tie up cationic surfactants and generally foster precipitate 
rejection. 

4.2.3.3 Product Quality 

As with reverse osmosis, the product from the ultrafiltration 
system is called the permeate. It is the highest quality feed that 
can be provided to reverse osmosis (short of using reverse osmosis 
permeate itself). It contains essentially no suspended solids, and 
only the amounts of oil, grease, and sparinglyly soluble salts that 
are actually dissolved in solution. The Silt Density Index of the 
product, referring to the relative pluggage rate of a filter (see 
Appendix E) by suspended solids, is invariably lower than could be 
conveniently measured, whenever tests with simulated feed were 
performed.13 This indicates that ultrafiltration is an excellent 
pretreatment filter to condition feed for reverse osmosis and ion 
exchange as well. 

Permeate can be produced continuously by the ultrafilter, 
making it directly compatible with reverse osmosis. Recause its 
mechanism of operation is similar to that of reverse osmosis, it 
excludes material that has the potential to foul or ruin the 
reverse osmosis membranes. This includes emulsified oils and 
greases, ferric iron, and silica, but not dissolved materials 
(e.g., calcium sulfate, dissolved silica, etc.) which can form 
scale on RO membranes. 
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4.2.3.4 Waste Generation 

The Carre tubular UF produces waste a concentrate made up of 
all the suspended solids in the original feed stream, including 
precipitated metal hydroxides, and almost all of the colloids and 
emulsified material in the feed as well. In the F/HETF, this 
concentrate stream would be about 5 gpm, and would be recycled 
until it became concentrated by a factor of about 5000, compared to 
the original fee~. It would then be bled from the recycle stream, 
at the rate of about 2.4 gallons/hour. (Batch operation of this 
system has theoretical advantages, particularly using concentrate 
hold and batch recycle, but the desire for simplicity, combined 
with a need to produce a constant feed to the reverse osmosis 
system, seems to make a continuous, steady-state operation more 
attractive.) 

A second source of waste arises from the use of cleaning and 
rinsing solutions to restore the flux (filtration rate) that the 
tubular UF loses after many hours of continuous operation. 
Straightforward chemical cleaning with citrate and caustic wash 
solutions restored 90% of the flux that was lost during high con
centration tests over periods of 88 and 176 hours. 13 The cleaning 
solutions which proved most effective were: 

- 2.5 wt % sodium citrate (pH 6.0) 

-1.0 g/1 NaHS0 3 (pH 2.5) 

- 1.0 M caustic 

These were e,- -h used at the rate of about 1.5 gal/ft 2 in 
testing at SRL, and were projected for use about once a week. They 
were applied to the feed (concentrate) side of the UF membranes at 
a pressure of 300 psi . 

. An improved backflush (permeate side) cleaning procedure has 
been demonstrated. Using this method after a 12-hour high concen
tration (10 wt % ferric iron/silicate) test, flux wns completely 
restored without the use of chemical cleaning agents.lo Therefore, 
the use of chemicals is now projected to be far lower than was 
indicated in the preliminary SRL tests. Also, because of the lower 
chemical (NaHSO., and citrate) useage, almost all of the backflushed 
material may be- recycled to the UF feed tank, rather than going to 

_waste or to the F/HETF evaporator. The discussion of waste volume 
and character is continued in Section 4.5. 

4.2.3.5 Design 

The design parameters for ultrafiltration have been determined 
for waste of average composition, as defined in Section 2. Testing 
programs at Carre, Inc. and SRL have yielded the parameters 
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required for system design. These have been applied to a system at 
the scale of 75 gpm in Table 4.2.3-1.12 Scale-up to 200 gpm is 
essentially linear, and the design parameters have since been 
verified at SRL.l:< 

As mentioned above, testing (at both SRL and Carre) has shown 
that this basic design can be maintained while using concentrate 
recycle to obtain concentration factors of 5000 or more on sus
pended solids concentrations of 25 ppm. Mixed ferric iron and 
silicate concentrations of over 10 wt % have been obtained with 
only a nominal loss of flux. Temperature corrected flux for a test. 
witnessed at Carre was at least 0.09 (gal/ft2-psi/day), even after 
the addition of excess reactive silica (water glass). Similar 
results were obtained at SRL (see Figure 4.2.3-2).13 

In tests at Carre, loss of flux was reversed completely by 
backflushing with clean process water. Excellent flux recovery was 
also demonstrated at SRL.13 Backflushing is accomplished by valv
ing out the UF module, '"nd pumping at 100 psi (or less) on the 
shell side, while rinse solution is pumped at less than half that 
pressure through the tubes. The backflush pump is required only to 
develop about 50 psi more pressure than in the filtration tubes. 
At this M', the flow rate is only about 5% of normal (forward flow) 
for the module being backflushed. 

4.2.3.6 Operation 

The ultrafilter will produce permeate constantly at a rate 
determined by the speed of the high pressure feed pump and the 
backpressure which is let down through a throttle valve (or pump). 
Since the feed pump is positive displacement, the operating 
pressure of the system will be determined by the throttle valve, 
which, as in reverse osmosis, establishes the ratio of concentrate 
to permeate. The operation of the ultrafilter consists of monitor
ing the feed, permeate, concentrate, and concentrate recycle flows 
and the fced·pressure. These remain relatively stable, with the 
feed pressure rising gradually in response to reduced flux through 
the UF membranes. A schematic of this equipment is shown in 
Figure 4.2.3-1. 

At the start of operation, the concentrate stream would 
recycle continuously until a designated· permeate rate or feed 
pressure is reached. The concentrate bleed valve (or pump) would 
then be opened to allow a constant bleed of concentrate. During 
this equalization period, permeate would be produced at a constant 
rate to feed reverse osmosis.. Initial permeate flux would be 
somewhat higher than the design basis, so the pressure developed by 
the system would also be low initially (see Figure 4.2.3-3).13 
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The UF system would be designed to have extra modules 
(75 ft2 @) that could be valved into service as others were taken 
offline for cleaning. At a rate of one cleaning per module-week, a 
forty module system would require that eight modules he valved out, 
hac kfl ushed, and cleaned, every day shift. Although bac kfl ushing 
could be accomplished automatically, the cleaning procedure would 
have to be monitored if chemical cleaning were required. 

4.2.3.7 Service Life 

The filtration equipment described above is extremely rugged, 
being fabricated entirely of 304L and 316 stainless steel, except 
for valve seats, gaskets, and the pump diaphrams. The calculated 
impact of radiation on the materials of construction is minimal, 
because of the generally low amounts of activity that will he 
encountered. Worst case process feed (containing .05 Ci/gal) has 
been calculated to irradiate a polyethylene tank liner at the 
rate of 11.6 rad/hr. Normal dose rates were found to be only 
50 mrad/hr.l 0 Therefore, teflon materials (damage threshold= 
1E5 rads) may be considered if they are most appropriate for a 
specific application (e.g., diaphrams on the high pressure pump). 

Except for their tendency to plug with iron (below pH 6.5) the 
ultrafiltration membranes have not given any indication of failure 
in the hundreds of hours over which they have been tested. 12,13 
However, continuous online pilot testing is necessary to accurately 
predict membrane life. 

Should a meml···ane failure occur, the manufacturer will either 
reform the membrane in place (remotely) on a service contract 
basis, or they will provide the necessary training and reagents so 
that this can be done by SRP employees. Plugged UF modules regain 
their initial flux and overall performance following a 4 to 6 hour 
stripping and regeneration procedure. This was demonstrated at 
Carrel2 and at SRL.l3 Modifications to the original cleaning 
procedure appear to restore membrane performance withou~ having to 
resort to regeneration. Fees and arrangements for this service are 
negotiable, nepending on the projected service life in the intended 
application and the response time demanden. As part of a service 
contract, the vendor would provide improved membrane formulations 
as they were developed. 

4.2.4 Multiple Deep Bed Filtration with Polishing 

l1ultiple deep bed filtration was the process defined to meet 
the scope of the original project to decontaminate accidental 
radioactive discharges to the 200-Area diversion basins. It was 
not intended for continuous operation over several years. There
fore, the range of feed compositions and the filtrate quality 
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requirements were not as demanding as they now are for the F/H 
Effluent Treatment Facility. 14 

The multiple deep bed filtration system which was proposed for 
the original application is shown in Figure 4.2.4-1. It is similar 
to systems that are widely used in conventional water treatment, 
and woul~ normally provide an acceptable feed for reverse osmosis. 
However, routine operation of this system on F and H-Area effluents 
would produce large backwash volumes (i.e., 10-20 gpm) which would 
require further volume reduction. Furthermore, there is evidence 
that filtrate quality would be inadequate for some feeds. IS, !6 

4.3 Reverse Osmosis 

4.3.1 General 

The primary function of reverse osmosis (RO) in F/HETF is to 
remove the bulk of the dissolved solids (NaN0 3) prior to ion 
exchange. In this mode of operation RO preserves ion exchange 
capacity and thus lowers the total waste volume generated. Because 
RO also will remove any suspended solids remaining after filtra
tion, it will provide an excellent quality feed for ion exchange. 
Use of the RO as a filter however, can be detrimental. Concentra
tion of the suspended solids in the RO will tend to foul the 
membranes resulting in decreased productivity and salt rejection. 

4,3,2 System Design 

The reverse osmosis section of F/HETF will be a three-staged 
system As described by Figure 4.3-1 the RO concentrate is staged 
and the permeate from each stage is collected and sent to ion 
exchange for further decontamination. This design provides maximum 
waste concentration - 90 to 95% of the dissolved salts are concen
trated in 5 to 10% of the initial volume. Based on a feed concen
tration of 2000 ppm at 200 GPM the RO will produce a 111 ppm 
permeate stream (20 GPM) and a 18,960 ppm concentrate stream 
(180 GPM). 

4.3.3 Feed Requirements 

Successful operation of reverse osmosis is directly related to 
feed quality. Proper design of pretreatment and filtration steps 
to deliver high quality feed will minimize membrane fouling and 
insure optimum performance and life. As discussed in Section 3.0, 
membrane fouling is prevented by minimizing the levels of colloidal 
material, bacteria and algae, and sparingly soluble salts of 
calcium and magnesium. Each of these materials will potentially 
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prec1p1tate forming a thin film on the membrane surface and lower
ing productivity. The polyaramide membranes must be protected 
against oxidants such as chromium (VI), iron(III), and chlorine, 
and extremes in temperature and pH. 

4.3.4 Experimental 

Sampling 

A variety of samples were used in the experimental work to 
represent the extremes in feed composition expected for F/HETF. 
The feed will vary considerably depending on whether the facility 
is processing routine effluents or treating a canyon or tank farm 
releasP.. The test samples ranged in activity from a cold simulant 
to the high activity samples representing cooling coil releases. 
Salt concentrations varied from less than 100 ppm to 2000 ppm. A 
description of test samples is outlined in Section 4.2.3.5. 

Equipment and Procedures 

Extensive bench scale testing has heen carried out on three 
single-staged RO units.l7-l9 Two similar units are located in SRL 
(Figure 4.3-2). One, in the High Level Cells, is used for testing 
high activity samples; and the second, located in a radiohood, is 
used for low activity and cold samples. The third system located 
at TNX, is used for C<>ld testing. This RO unit originally was used 
to demonstrate rinsewater recycle in M Area. Unlike the two SRL 
units it contains rhree membranes in parallel. The feed pump is 
capable of supplying one or all membranes at 3 GP~. 

All RO testing has been done with the FilmTec SW membrane 
(single element 2.5 x 40 in). This membrane has been chosen for 
F/HETF for several reasons: 

e The FilmTec SW has a high salt rejection, especially nitrate. 
Membrane rated for 99.7% NaCl rejection. 

e The spiral wound configuration is more tolerant of colloidal 
material than the hollow fiber. 

o The polyaramide/polysulfone composition, unlike cellulose 
acetate, is resistant to bacterial attack. 

Recause each unit is single-staged, maximum water recovery in 
a single pass experiment is 13 to 19%. Water recoveries up to 95% 
are obtained by recycling the RO concentrate while continually 
removing the permeate (Figure 4.3-3). Typical operating parameters 
for the RO testi.ng are listed in Table 4.3-l). Pretreatment 
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consisted of feed neutralization and cartridge filtration (0.5 to 
5.0 ~). The feed flow rate to each membrane was approximately 
3 GPM. Lower pressure (400-500 psi) runs represent first stage 
operation while those at 700 psi represent operation of the 
concentrate stage (Figure 4.3-1). 

The reverse osmosis runs are monitored by online conductivity 
measurements. Total salt rejection (SR) is determined hy conduc
tivity and defined as: 

SR = 1 -
permeate conductivity 

feed conductivity 
X 100% 

Design system salt rejection for F/HETF is. 95% at 90% water 
recovery (Figure 4.3-1). Species salt rejections of DFs are 
determined by elemental analyses and gamma counting' 

4.3.5 Product Quality 

Reverse osmosis will remove any suspended solids re~a1n1ng 
after filtration and 90-95% of all soluble salts (based on F/HETF 
system design). Efficient salt removal is important to preserve 
downstream ion exchange capacity and the associated evaporation· and 
chemical expenses of regeneration. Primary concern in F/HETF, 
however, is decontamination or removal of radionuclides and hazard
ous metals, either of which may govern plant design and operation. 
(Discharge criteria currently being negotiated will ultimately 
determine DF requirements, Table 1.2-1.) Salt rejection data and 
DFs for radionuclides and hazardous metals were obtained from both 
simulated and real plant samples (Section 4.2.3.3). 

A canyon process upset or tank farm spill has the potential to 
produce the highest activity feed for F/HETF. Samples 1-3 have 
been chosen for testing because they are early in the separations 
process and therefore contain a broad range of radionuclides. DFs 
are determined for the following gamma emitters: Ce-141, 144, 
Ru-103, 106, Cs-134, 137, and Zr/Nb-95 as well as by gross beta
gamma counting (Table 4.3-2). Much of the activity in these 
samples is filterable (Ce, Ru, Zr/Nb), and what remains due to 
incomplete filtration* or slight solubility is efficiently removed 
by RO. 

* RO test work used only minimal filtration-typically 0.5 to 
10.0 microns. 
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At 90% water recovery decontamination factors for cerium 
and Ru were quite high. There is generally no Zr detected in the 
permeate (Table 4.3-2). The soluble radionuclide of concern in 
these tests is Cs-137. As expected, no DF is observed for filtra
tion but cesium is removed by RO. 

Both simulated and real process effluents have been used to 
determine RO performance in daily operation (samples 5 and 6), 
Compared to upset scenarios this feed is a high salt, low activity 
stream. Efficient salt removal is observed in simulant and Trebler 
tests- >97% salt rejection at 90% water recovery (Table 4.3-2). 
Specific ion ·rejections are at least as high as the total salt 
rejection determined by conductivity. Of particular interest is 
the complete rejection of silica. Silica concentrations are 
potentially the limiting factor for system water recovery. If the 
solubility limit of Si0 2 (140 ppm) is exceeded in the RO concen
trate, the membranes will foul and flux will decline. 

Complimentary to the observed salt removal data are the 
radionuclide decontamination factors. Cesium and Sr DFs were 
always greater than the system design value of 19 (Table 4.3-3). 
The higher DFs observed for Sr as compared with Cs are consistent 
with the behavior of mono and divalent ions. 

The hazardous metals Cr, Cu, Hg, Pb, and Zn are present in the 
daily effluents in varying amounts. None of these will be signifi
cantly removed by filtration, so RO/IX will be expected to provide 
sufficient decontamination. In the test samples (5 and 6) the 
concentrations of all metals are generally greater than expected in 
the Treblers to in,ure reliable analyses (Table 4.3-4) In the 
batch concentration experiments a range of DFs has been observed, 
but in genet-a!' rrle-tals- r-effioVal iS greafer t'han tot ell salt reffiOVaT-· --- -
(design DF=l9). Similar DFs are observed for mercury in both the 
ionic and metallic states. 

4.3.6 Waste Generation 

Two waste streams are generated by reverse osmosis. The 
concentrate stream will be 5% (at 95% system water recovery) of 
the feed flow rate and will go directly to evaporation (10 GPM). 
Periodic membrane cleaning will be required to maintain system 
performance. The cleaning solution either citric acid, BIZ or NaOll 
is needed to remove sealants (predominantly metal hydroxides) from 
the RO membranes. This solution will be sent straight to evapora
tion. The frequency of cleaning will be determined in pilot test
ing at the H-Area Trebler, but is expected to add an insignificant 
volume to the evaporators . 
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4.3.7 Service Life 

No system degradation is expected due to radiation. Piping, 
valves and connections can be fabricated out of stainless steel. 
The durability of the polymeric membrane materials in a radiation 
field was tested. No degradation in membrane (FilmTec, Permasep 
and Desal) performance was observed after irradiation at up to 
50 megarads in a Co-60 source.20 

When in-situ cleaning no longer restores performance, membrane 
and housing will be removed and replaced. 

4.4 Ion Exchange 

4.4.1 General 

Ion exchange includes three catagories of adsorption sub
strates. These are: ion exchange resins, selective ion exchange 
media that are regenerable, and nonregenerable zeolites. 

4.4.2 Feed Requirements 

Ion exchange adsorption occurs at the molecular (ionic) level. 
Therefore, a contaminant has to be dissolved in the column feed 
solution in order to be efficiently removed by ion exchange. 
Contaminants on particulate matter tend to pass through ion 
exchange columns. There are several materials that can interfere 
with ion exchange efficiency as it applies to the decontamination 
of waste effluents. Particulates, foulants and "poisons" can all 
be detrimental, and concentrated salt solutions tend to use up ion 
exchange capacity quickly, which results in undesirably short 
service cycles. 

Chemicals which may act as foulants or "poisons" include ionic 
surfactants, oils, greases, and certain amines and.heavy metals 
which react with ion exchange columns but are difficult to elute. 
Most of these materials are rejected by the filtration systems that 
are described for reverse osmosis pretreatment, but many column 
poisons are not. These problems are mostly eliminated by preceding 
the ion exchange stage with reverse osmosis, however. 

The service cycle of an ion exchange column is dependent upon 
the salt load which reaches it. This is especially true o.f non
selective adsorption substrates, where reducing the salt load 
increases the length of the service cycle proportionately. Treat
ment of the feed stream by reverse osmosis is projected to remove 
95% of the salt load to the ion exchange system. Therefore, with 
reverse osmosis pretreatment, the same ion exchange column will 
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operate approximately 20 times longer on each service cycle, and 
provide a higher decontamination factor in the process. 

In any case, a highly efficient filtration system is required 
in front of ion exchange if the full decontaminating potential of 
the ion exchange system is to be realized. This prevents contami
nation from moving through the column in an undissolved form and 
protects the column from materials that would degrade its 
per form8nce. 

4.4.3 Product Quality 

Given that the feed has been treated to optimize the perform
ance of the ion exchange system, the quality of the product will 
depend entirely on the type of exchange system that is chosen • 

. Selective ion exchange can provide a high decontamination factor, 
·but only for specific contaminants. On the other hand, mixed bed 
ion exchange can provide a significant decontamination factor for 
virtually all species (except for tritium). Estimates of the con
tamination that would be released by each of the F/HETF processing 
options are listed for selective and nonselective ion exchange in 
the curie balance (Decontamination Factor) tables in Section 4.6. 

The specific resistance of the product obtained using a strong 
acid-strong base resin mixture for a typical well water feed can be 
on the order of 18 megohm with adequate feed preparation.21 Dow 
Chemical estimates mo .. e conservatively for their product, at 1-4 
megohms or 0.2-0.5 ppm total dissolved solids (TDS) for a feed 
stream that contai•s less than 500 ppm TDS (as CaC0 3).22 Even so, 
this corresponds to a decontamination factor of approximately 1000 
for gross conductivity. Higher TDS feeds and those which con-tain 
large organic molecules and particulates are generally deionized 
with less efficiency. Conversely, efficiencies are generally 
improved in the treatment of high quality feed streams (i.e., 
permeate from a reverse osmosis system). 

_At SRP the MG-1 resin typically provides decontamination 
·factors of better than 20-30 in a deionized recirculating system 
which operates behind a precoat filtration system.6 Actual 
performance may be much better, because the effluent activity is 
well below the detection limits of the monitoring system.23 In 
practice elsewhere, decontamination factors of 1000 have been 

.obtained for low level activity by using mixed bed ion exchange. 24 

The effluent quality from ion exchange systems is dependent on 
the completeness of the regeneration process. Material that is 
adsorbed on a column must be eluted as completely as possible to 
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prevent it from eventually leaking into the product stream. Mixed 
bed ion exchange is normally an exception to this rule when the 
resins are used in the acid and base forms, because the equilibrium 
driving force, the formation of water, is highly favorable 
(Kw=lE-14). However, the effect of regeneration completeness on 
decontamination efficiency requires experimental evaluation.25 

4.4.4 Ion Exchange Resin 

4.4.4.1 Mixed Bed 

Because of the broad range of contaminants,the highest 
decontamination factor that can be designed into the F/HETF would 
be provided by mixed bed ion exchange, possibly together with an 
additional, more selective column (or columns). Because it is 
normally regenerated to only about 90% of full capacity, mixed bed 
ion exchange is also competitive in terms of the waste volumes it 
would generate, compared to separate anion and cation exchange 
columns. Both of these observations are considered in Section 4."6. 

There are several mixed bed resins suitable for application in 
the F/HETF. The deionizers which are presently used at SRP contain 
a mixture of two different resins made by Rohm and Haas Company 
(Philidelphia, PA), one a strong .acid resin (IR-120), and the other. 
a strong base resin (IRA-400).21 Together, called MB-1, these can 
provide excellent performance in the total deionization of water. 
Savannah River water contains roughly 0.5 meq/L, and would consume 
MB-1 mixed bed resin at the rate of about one bed volume of resin 
per 1500 bed volumes of water. Without reverse osmosis pretreat
ment, the 200-Area effluents carry about 60 times that salt load, 
and the same resin would be consumed in only 20 bed volumes. 

An attractive option to the IR-120/IRA-400 system is to use 
strong acid resin mixed with weak base resin. These resins are 
extremely useful in applications like the F/HETF where the removal 
of extremely weak acids (i.e., silica) is not critical. Rohm and 
Haas MB-4 (a mixture of IRA-94 and IR-200) and Dow Chemical 
Company's Dowex MWA-1 are examples of new products of this type, 
and are reported by their respective manufacturers· to have far 
better kinetics than older weak base ion exchange resins. They 
can, therefore, provide excellent effluent quality combined with 
optimal regeneration efficiency. This combination results in less 
waste generation and lower chemical usage. Weak base resins are 
Blso resistant to poisoning by amines, and the macroreticular 
products are reported to be resistant to fouling also. 

A stoichiometric mixture of MB-4 contains roughly 710 meq/L. 
If the average feed to the F/HETF contains 30 meq/L, this resin 
would have the capacity to treat approximately 26 bed volumes of 
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feed during each service cycle. However, reverse osmosis pretreat
ment would eliminate 95% of the salt load, permitting the treatment 
of over 500 bed volumes before regeneration was required. This 
translates to the consumption of less than 70 ft 3 of resin in 24 
hours of processing at 200 gpm. Mixed bed regeneration frequency 
would be reduced much further by including dual bed treatment 
immediately after reverse osmosis (Figure 4.4.4-1) making a three
bed ion exchange process. 

4.4.4,2 Multiple Bed Ion Exchange 

While recognizing that the fundamental aim of the F/HETF is 
decontamination, not deionization, multiple bed design is more 
effective from a decontamination and waste generation standpoint 
than either a dual bed or a mixed bed system along (see Table 
4.4.4-1). The designs that have been considered are given schemat
ically in Figure 4.4.4-1). Design 1 is a standard multiple bed 
system, which would perform roughly as-described in the decontami
nation and waste generation tables under the descriptor "dual bed". 
Design 2 combines mixed bed and dual bed ion exchange into an 
efficient three-bed system. 

4.4.4.3 Selective Ion Exchange 

The selective exchange substrates that were considered in the 
design ot the F/HETF include zeolites, organic resins, and ion 
exchange glasses. These materials are generally selective for 
cesium and strontium, but some measure of decontamination can be 
obtained for most polyvalent cations. Of the regenerable mate
rials, the Durasil glasses and ·Ejiicor Cs-f resin a-ppear ·mos_t_ -
promising, as they have good capacity for Cs-137 and can be regen
erated. The main deficiency of selective adsorption substrates is 
their inability to treat the entire range of radioactive contami
nants (see Section 4.6). 

Nonregenerable exchange materials are classified here as 
zeolites. They are capable of excellent performance on selected 
contaminating species, but they require special design for solid 
waste handling. Probably the best option in using these materials 
would be to design a canister which would act as the disposal cask 
after serving as the adsorption column. 

4.4.5 Ion Exchange Design 

The interfacial flow velocity permitted for ion exchange feed 
ranges up to 25 g/m/ft2 in typical deionization processes. How
ever, channeling can be detrimental to the performance of ion 
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exchange beds, and is less prevalent at slower flow rates. A good 
design flow range is 5-10 g/m/ft2, 

Regeneration may be critical to the operation of the system. 
Efficient regeneration requires slow flow rates, to prevent resin 
mixing and permit almost complete equilibrium between the resin and 
regenerant. A sufficient amount of regenerant is essential also, 
which translates to both time-and waste volume. All of these 
parameters should be optimized at the pilot scale, but a regenerant 
flow rate of 0.5-1.0 gpm/ft3 is recommended (Rohm and Haas). 

Ion exchange regeneration at SRP is typically performed with 
sodium hydroxide and nitric acid. Furthermore, the ion exchange 
load to the F/HETF is almost entirely sodium nitrate. Therefore, 
design will need to include temperature control and adequate 
circulation to prevent overheating and rapid oxidation of the 
resin. Procedures at SRP cover cation exchange regeneration with 
nitric acid, as well as resin classification and anion exchange 
regeneration. 

The most practical design for ion exchange polishing in the 
F/HETF is a three-bed system (Figure 4.4.4-1). This combines 
relatively simple operation with highly efficient decontamination. 
The beds could be designed for bimonthly regeneration of the mixed 
bed resin column, most of the salt load being handled by the dual 
ion exchange columns, which can be regenerated in place relatively 
easily. Duplication would be necessary for continuous operation. 

4.5 Evaporation 

4.5.1 Feed 

The evaporator feed will consist of all concentrate from the 
reverse osmosis system. This will be approximately twenty times 
more concentrated in all soluble ions than the F/HETF feed, except 
those removed by the filtration system (i.e., iron). A summary of 
the average feed chemistry is given in Table 4.5-1. 

Feed may also contain up to about 1% suspended solids as the 
result of cleaning filtration equipment, and activity levels will 
be 2 to 20 times more radioactive than F/HETF feed. 

4.5.2 Product Quality 

The evaporator overheads are to provide a decontamination 
factor of approximately 1E4 for all nonvolatile materials. Concen
trate (bottoms) is to be released to approximately 30 wt %. Over
heads will be released to the environment after the appropriate 
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polishing treatment, but will be recycled through the F/HETF if 
necessary. 

4.5.3 Design 

The evaporator must be designed to handle high solids content, 
without fouling. Evaporator-crystallize technology may be required 
to keep many of the minor components from contributing to scale 
formation. 

Polishing, consisting of ion exchange treatment, should be 
available in case inadequate DF's are achieved in the evaporation 
process. The resin should be buried upon exhaustion, unless the 
regerant is sent directly to waste solidification, in order to 
avoid a recycle loop. 

4.6 Waste Production 

4.6.1 General 

There are four basic processes in the F/HETF which may 
generate waste. These are filtration, reverse osmosis, ion exchange 
and evaporation. The contribution of each process to the total 
waste volume will depend on several factors, but can be calculated 
once interdependencies are taken into account. The basis for these 
calculations is discllSSed below. 

4.6.2 Filtration 

The waste generated by filtration is characterized by the mass 
of filterable solids in the feed (about 70 ppm), the feed volume 
(mass/unit time), and the volume of waste concentrate. Also of 
interest are the qualities of the waste concentrate, including its 
density and rheological properties which affect processability. 
The projected flow volumes and concentrations for pretreatment and 
filtration are listed in Table 4.6-1 for each of the filtration 
processes which have been considered for the F/HETF. Final waste 
volume and any flows to the F/HETF evaporator are also given. The 
variables in Tables 4.6-1 and 4.6-2 are represented schematically 
1n Figures 4.6-1, 4.6-2, and 4.6-3. 

Tubular precoat filtration (TPF) involves the addition of 
filter aid to the feed stream, as a "body feed", as well as a layer 
of filter aid "precoat", which is laid on the filter cartridge 
before exposing it to the feed. The body feed and the precoat make 
up most of the solids in the filter backflush, which is the waste 
concentrate (see Figure 4.6-1). This stream can be up to 30 wt% 
solids • 
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Approximate waste volumes and concentrations for tubular pre
coat operation are listed in Table 4.6-1 (also see Table 4.2.2-6). 
Cases 1-3 are in the range expected for operating on daily waste 
and contaminated cooling water. Storm water treatment would 
presumably require additional body feed and more frequent cycling. 
The TPF calculations are based on filter fluxes of 1 gpm/ft2 and 
precoat application at 0.1 lb/ft 2 on each cycle. 

Of the three filtration systems which have been examined for 
the F/HETF, multiple deep bed filtration and ultrafiltration can 
operate without the addition of solids. The properties of the con
centrate are therefore determined entirely by .the feed and the 
limitations of the ultrafilter and concentrate processing equip
ment. Testing has indicated that 15 wt% iron and ferric silicate 
sludge concentrates ·are achievable without difficulty by ultrafil
tration, and cleaning has been performed without generating addi
tional waste, using a permeate backflush (ultrafilter case 4, 
Table 4.6-1). Heavy scale can also be removed periodically with 
caustic, which would then be transferred either to the pretreatment 
process to assist in pH adjustment or sent to the F/HETF evapo
rator. As a result, solids may not be added to the waste besides 
those required for pH adjustment. 

Unusual instances of fouling that could require a significant 
degree of cleaning may add waste chemicals to the the evaporator 
feed stream. A conservative calculation, based on cleaning effici
encies which have already been demonstrated, has shown that a 
maximum of 4.6 gallons of cleaning and remembraning solutions could 
be be required per square foot of fouled ultrafilter membrane area. 
However, this would be an infrequent occurrence, with a projecterl 
frequency of less than 0.2 ft-1 months-! based on high solids 
simulant testingll,l2 and vendor experience. 

4.6.3 Reverse Osmosis and Ion Exchange 

The flow to the WMETF evaporator will consist almost entirely 
of ion exchange regenerant and reverse osmosis concentrate. The 
waste volume produced by ion exchange depends on the degree of 
regeneration required, and on the regeneration frequency. The 
later is substantially reduced if the ion exchange system is acting 
as a polisher for reverse osmosis and not as the entire deioni
zation system. These relationships are described in Table 4.6-2, 
and Figures 4.6-1 and 4.6-2. 

The concentrate volume from reverse osmosis and the degree of. 
"water recovery" depend on the chemistry of the feed and the 
adequacy of pretreatment. Operating projections by Permasep and 
Filmtec indicate that reverse osmosis will recover about 95% of the 
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water as permeate in daily service. Storm water processing may be 
somewhat less efficient (i.e, 90% recovery), depending on the 
silica concentration in the feed after pretreatment. The dissolved 
solids concentration in reverse osmosis concentrate will normally 
be less than that of the ion exchange regenerant. Since the con
centration factor for evaporation depends on the evaporator feed 
concentration (i.e., total mass of solids), the F/HETF evaporator 
will produce less concentrate if reverse osmosis is used, regard
less of reverse osmosis recovery. 

The values of the terms in Table 4.6-2 are based on 200 gpm of 
feed .going to the F/HETF. Ion exchange calculations are based on a 
normalized feed of 2924 ppm NaN0 3. Mixed bed cation exchange 

·regeneration·volumes were 1.15 and 1.4 times theoretical for anion 
and cation exchange, respectively. Dual bed regeneration volumes 
were 3 times theoretical, which would assure "salt leakage" values 
of less than about. 6% for both the anion and the cation exchange 
beds. 32-33 

.4.6.4 Evaporator Feed 

The feed volume going to the evaporator will be essentially 
as described above. Additional flows will originate from cleaning 
solutions used in reverse osmosis and filter cleaning. However, 
those which are designated as compatible (e.g., dilute caustic 
cleaning solutions) will be added to the F/HETF feed in the pre
treatment system, ra'her than being sent directly to the evap
orator. Except for caustic, waste cleaning solutions on the order 

·of 1 wt % or grea·er would be treated most economically by the 
evaporator. Thes~ additional flows to the evaporator will be less 
than 1 gal/min. 

4.6.5 Waste Volume 

Based on the waste volume ( i ~e., mass of salt) presently going 
to the 200-Area seepage basins, the total amount of salt produced 
in a single year by an effluent treatment facility (ETF) working at 
100% efficiency would be approximately 578,000 lb (Table 4.6.5-1). 
Of this, about 545,000 lb would be sodium nitrate. The total vol
ume of salt would be roughly 190,000 gal (30 wt % solution, density 
1..23). This would be converted to 5.4 x 104 ft 3 salt stone. 26 

Allowing 9400 ft3 for the waste volume from ion exchange 
·polishing and 6400 ft 3 from the filtration,* the total volume of 
saltcrete produced each year would be 7.0 x 104 ft3. This would 
cover about O.J3 acres,** if the DWPF reference saltstone process 
is used. 27 . 
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The fact that 95% of the waste generated by the proposed 
effluent treatment facility (F/HETF) would be either nitric acid or 
sodium nitrate suggests that operating changes might be extremely 
useful in reducing waste volume. Once the effluents are directed 
away from the seepage basins, the excess nitric acid that has been 
maintaining the seepage rate will simply be an undesirable wa,ste 
product. It will then be important to minimize the amount that is 
lost to evaporator overheads and thus released to the ETF. 

In terms of the F/HETF waste treatment process, the only way 
to significantly reduce the volume of waste concentrate going to 
evaporation, and eventually to solidification, would be to elimi
nate sodium nitrate retention by the day-to-day treatment system. 
Selective removal of all contaminating material would be required 
to accomplish this. 

*Basis: from two-column mixed bed (MB-4 Rohm and Haas) plus 
10 wt %waste in filter concentrate from 20 ppm TSS feed. 

** The solid/waste concentrate ratio is 2.16, and the average dept,h 
of saltcrete in Z Area will be 7.9 ft2. 
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TABLE 4.2.2-1 • Filteraids and Adsorbents 

CUNO M-902 COATED DIATOMACEOUS EARTH - FINE 

CUNO M-802 COATED DIATOMACEOUS EARTH - MEDIUM 

CUNO M-901 COATED PERLITE - FINE 

DURASIL-10 BOROSILICATE GLASS 

GRAVER GL-98 MIXED BED ION EXCHANGE RESIN 
30% DRY WT, CATION/ANION = 2.5 

GRAVER GL-102 MIXED BED ION EXCHANGE RESIN CATION/ANION -1.0 

GRAVER GL-103 MIXED BED ION EXCHANGE RESIN CATION/ANION -1.0 

EPIFLOC PRECOAT D MIXED BED ION EXCHANGE RESIN CATION/ANION -1.0 

ECODEX MIXED BED ION EXCHANGE RESIN CATION/ANION -1.0 

ZEOLITE CHABAZITE - PHELPS DODGE 

MIDCONTINENT MIXED BED ION EXCHANGE RESIN CATION/ANION -1.0 • 
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• TABLE 4. 2. 2-2 

Filtration DPs 

TAG NO. FILTERAID (:epm) Ce-144 Ru-106 Cs-13 7 Zr-95 

167 NONE (0.45 JJD) 110 13 1.2 18 

168 NONE (0.20 JJD) 138 15 1.2 

169 CUNO M902 (50) 20 1.6 10 

170 CUNO M902 ( 500) 24 2.6 

171 CUNO M902 (5000) 60 12 

173 GRAVER GL98 (50) 33 1.5 

190 GRAVER GL98 (50) 680 1.1 

174 GRAVER GL98 ( 500) 54 3.4 

191 GRAVER GL98 (500) 1060 1.7 

172 GRAVER GL98 (5000) 104 

192 GRAVER GL98 (5000) 3021 

294 DURASIL-10 (50) 104 49.6 1. 60 10.9 • 293 DURASIL-10 (500) 202 17.9 2.61 

292 DURASIL-10 (5000) 6094 18.1 21.4 

303 ZEOLITE (50) 405 17.7 4.93 

302 ZEOLITI. ( 500) 1580 22.6 37.4 
- -·- -

. 301 iE6:LrtE (5000) 7LO - 20.5 122 -- -9L9 - -

FEED: TANK 12·3/H 105 dilution 35210-41-1 

d/m/ml (Background) 

Ce144 685,787 (0) 

Rul06 30,R26 ( 277) 

Csl37 110,345 (291) 

Zr95 3,845 (173) 

* IX Resin wts on wet basis - Dry wt is approximately 30% 
cation/anion = 2.5 

Durasil-10 Dry wt is 50%. 

• 
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TABLE 4.2.2-2, Contd 

Filtration DFs 

TAG NO. FILTERAID (ppm)* Ce-144 Ru-106 Cs-137 

235 NONE 1315 41 1.1 

229 CUNO 802 (50) 16 1.2 

230 CUNO 802 (500) 706 64 1.9 

231 CUNO 802 ( 5000) 52 8. 1 

232 CUNO 901 (50) 104 18 1.3 

233 CUNO 901 ( 500) 18 2.8 

234 CUNO 901 (5000) 24 28 

237 EPIFLOC PRECOAT D (50) 1388 22 1.9 

238 EPIFLOC PRECOAT D (500) 2904 18 3.8 

239 EPIFLOC PRECOAT D ( 5000) 276 8.5 23 

240 DURASIL - 10 (SO) 2082 24 1.1 

241 DURASIL - 10 (SOD) 1.4 

242 DURASIL - 10 (5000) 2775 235 

249 MID CONTINENT ( 5000) 219 

245 GRAVER GL-102 (500) 374 14 2.2 

246 GRAVER GL-102 ( 5000) 5.8 1.5 34 

247 GRAVER GL-103 (500) 41 1.6 

248 GRAVER GL-103 (5000) 47 26 

FEED: TANK 12.3/H 105 DILUTION 35210-41-3 

d/m/m1 (Background) 

Ce144 726,645 ( 0) 

Ru 106 104,413 ( 857) 

Cs137 99,947' (332) 

Zr95 3,704 (81) 

* Durasil and IX resins concentrations are on a wet basis 
Durasil dry wt is 50 wt %. 
IX resin dry wt is 30%. 
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Zr-95 

14 

23 

15 

1.1 

26 

8/14/84' 

pH 6. 29 

.. 
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-i· ·~) 
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. ., 
' ' ADD NO. 
"' 

57853 
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:1 
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57952 
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57967 

57968 
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TABLE 4.2.2-3 

'Couetant Rate Teets 

Body Feed Cycle Time Flow Rate Filtrate 
Sample (TSS) Test No. Precoat Type lb/ft 2 (ppm) Hr:Min gpm/ft 2 pi Pf TSS SDI Media ("m) 

- --
CUNO 1.3+ 

PCW (0.33) 8 M-902 0.1 50 3:30 1.0 3.5 0.04 - 2.0 

PCW 9/17 STD Supercel 0.1 25 1:10 1.0 6.1 7.6 - - o.s 
PCW 9/17 STD Supercel 0.1 25 o.s7 1.0 5.2 6.0 - - 0.5 
PCW 9/19 STD Supercel 0.1 25 1:17 1.0 9.0 9.5 - - 0.5 

Simulant 9/21 STD Supercel 0.1 25 1:10 1.0 7 .o 30.0 - <1.3* o.s 
Simulant 9/24 STD Supercel 0.1 25 1:20 1.0 9.5 20.0 -
Simulant 9/25 STD Supercel 0.1 25 1:20 1.0 6.4 28.5 - <0.67* 0.5 
Simulant 10/8 STD Supercel o·.1 25 1:40 1.0 4 28 - 0.94 2.0 

"" Simulant 10/9 STD Supercel 0.1 25 1:45 1.0 3.6 27 - 2.0 
I Simulant (13.3) 9 CUNO M902 0.1 50 2:00 1.0 - 35 0.04 - 2.0 

"" ""' 0.02 
Sinrulant (13.3) 10 CUNO M902 0.1 100 2:15 1.0 - 32.5 0.12 - 2.0 

0.5 
Sinrulant (11.0) 3 Ecodex o. 25 0 1:40 1.0 - 30.0 3.6 - 2.0 

4.2 

Trebler(R Area)* 10/11 STD Supercel 0.1 25 2:20 0.7 2.5 6.2 - - 2.0 
Trebler 10/22 STD Supercel 0.1 25 2:30 0.65 2.6 5.4 - - 2.0 
Trebler** 11/08 STD Supercel 0.1 25 2:00 o. 7 3.6 20.5 - - 2.0 
Trebler** 11/09 STD Supercel 0.1 25 1:40 1.0 4.5 23.5 - - 2.0 

* Extrapolated From 10 min Run Time 
** Bottoms of Trebler Sample Container - A Worst Case 



TABLE 4.2.2-3, Contd 

Constant Rate Teats 

Body Feed Cycle Flow Rate Filtrate 
Sample (TSS) Test No. Precoat Type lb/ft 2 (ppm) Time gpm/ft2 pi Pf TSS ISD Media (Um) 

--- ---
PCW (O.S) 2-2 M-902 0.1 so 4: IS 1.0 - 6.3 0.24 0.8 2.0 

+0.10 

Simulant 7-11 STD Supercel 0.1 0 1.0 2.0 
Simulant 7-2 STD Supercel 0.1 2S 1.0 2.0 
Simulant 8-1 STD Supercel 0 .I 2S 1.0 2.1S o.s 

~ 
Simulant 8-2 None 0 2S 1.0 I. 3S o.s 

I Simulant 9-1 STD Supercel 0 .I 2S 1.0 1.42 s.o 
~ Simulant 7-6 STD Supercel 0.1 2S 1.0 2.0 
~ 

HOTT Tube Tests (0.116 ft2) - Automated Cycles 

Simulant 11-1 STD Supercel 0.1 2S 0.9S 0.19 !.S4 2.0 
Simulant 12-1 0.318 2.0 
Simulant 12-2 0.174 2.0 
Simulant 11-2 0.17 1.12 2.0 
Simulant 11-3 0.09 0.92 2.0 
Simulant 11-4 0.10 o. 71 2.0 
Simulant 11-S 0.03 0.24 2.0 
Simulant 11-6 0.41 2.0 
Simulant 11-7 
Simulant 11-8 

SOl Composite 11 - )+8 • 1.20 

• • • 
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TABLE 4. 2. 2-4 

Constant Rate Testa and Filtration Decontamination Factors 

Cycle Time 
Run (Hr:min) P· 1 Pf Ce-144 Ru-106 

--
.1. 10/ 11 2:20 2.5 6.2 

2. 10/22 2:30 2.6 5.4 )267 >B. 13 

4. 11/8 2:00 3.6 20. 5 )32.8 >9. 04 

5. 11/9 1:40 4.5 23. 5 52.7 14. 7 

. 6. * 11/14 1:50 3.5 31 )1000 )8.32 

Test Conditions: Precoat 0.1 lb/ft2 STD Supercel 
Bodyfeed 25 ppm 
Media 2.0 lJil 

Samples: Weekly Trebler Composites - H-Area 
·· * F Area 
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1.0 

1.0 

1.0 

Sr-85 SDI 
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TABLE 4. 2. 2-5 --· F & H Areas Effluent Treatment Facility 

Total Solids Loadings from Proposed Tubular Precoat Filter 

Avg. 
Flow 
(gpm) 

F i Iter 
Area 

Body 
Feed 
(ppm) 

Total Solids Load (ppd) 
at 25 ppm TSS Crud Loading 
&.Various Cycle Times (hr) 

Solids (ppd)l at'" 
Only 12.5 ppm 

Precoattt 
( ft 2) ~ (lb) (lb/ft 2) 2 8 24 36 

-TTS Crud andi 
8-Hour Cycle. 

200* 200 DE 20 

PIX 40 

SO** 200 DE 20 

PIX 40 

12St 200 DE 20 

PIX 40 

0. 1 

0.2 

0. 1 

0.2 

0. 1 

0.2 

25 
so 

100 

25 
so 

100 

25 
so 

100 

25 
so 

100 

25 
so 

100 

25 
so 

100 

360 
420 
540 

600 
660 
780 

270 
285 
315 

510 
525 
555 

315 
353 
428 

555 
593 
668 

* Assumed original maximum 200 gpm design flow 

180 
240 
360 

240 
300 
420 

90 
lOS 
135 

150 
165 
195 

135 
173 
248 

195 
233 
308 

140" 
200 
320 

160 
220 
340 

50 
65 
95 

70 
85 

115 

95 
133 
208 

115 
152 
228 

133 150 
193 210. 
313 330 

14 7 210 
207 270 
327 390 

43 83 
58 98 
88 128 

57 143 
72 158 

102 188 

88 116 
126 154 
201 229 

102 176 
139 214 
215 289 

**.Based on yearly average Plant flows per R. E. Stimson, SRL (lOB L/yr) 
t Original F- and H-Areas design flow per basic data 

tt Precoats: DE= diatomaceous earth (e.g., Cuno M-902, Standard Super Cel); 
PIX = powdered ion exchange resin (e.g., Graver, Epi floc, 

mid-continent) 
, Assumed typical average operating conditions 
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TABLE 4.2.3-1 

Design Parameters for SRP Ultrafiltration System (at 75 gpm) 

The permeability at 30 Cis ol88 GFD/PSI 
The step length is 10 feet 
The entering concentration is 1 
The pressure drop per U-Bend is oSQ 
The target concentrate flow rate is 1 GPM 
The entering flow rate is 75 GPM 

This Desilln 
Segment Diameter 
Number (Ins) No o Tubes 

1 Oo625 6 
2 Oo625 4 
3 Oo625 2 
4 Oo625 1 
Total Area 978o474 Sq Ft 

Sellment Number 1 
Inlet and outlet concentrations 
Inlet and outlet pressure (PSI) 
Inlet and outlet velocities (FPS) 
Section outlet flow rate 37oll7 

Length 
(Feet) 

2760 
1840 
920 
460 

1 
717o384 
13 0 072 

Mult 

1 
1 
1 
1 

2o02093 
594 0 507 
6o46832 

The average flux for this section is 120o812 GFD 
The area for this section is 45lo604 Sq Ft 

Segment Number 2 
Inlet and outlet •Jncentrations 
Inlet and outlet pressure (PSI) 
Inlet and outlet velocities (FPS) 
Section outlet flow rate l5o3932 

2o02093 
594o507 
9o70248 

The average flux for this section is 103o879 GFD 
·The area for this section is 30lo069 Sq Ft 

Segment Number 3 
Inlet and outlet concentrations 
Inlet and outlet pressure (PSI) 
Inlet and outlet velocities (FPS) 
Section oulet flow rate 5o59628 

4o87228 
527o678 
8o 0488 

The average flux for this section is 93o 7166 GFD 
The area for this section is 150o535 Sq Ft 

Segment Number 4 

4o 87228 
527o.678 
4o0244 

13o4018 
482 ol44 
2o92618 

Inlet and outlet concentrations 
·Inlet and outlet pressure (PSI) 
Inlet and outlet velocities (FPS) 
Section outlet flow rate lo00364 

l3o4018 
482 ol44 
5o85236 

74o7281 
460 0 778 
1. 04957 

The average flux for this section is 87o8655 GFD 
The area for this section is 75o2673 Sq Ft 
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Area 
Sq Ft 

451.604 
30lo069 
150 0 535 

75o2673 



TABLE 4,3'-1 

RO Operating Parameters 

Flow Rate ( GPM) 

Concentrate 

-Permeate 

Pressure 

Temperature* 

2.5 

0.3 

400-700 pS1 

25-JO'C 

* During concentration runs temperature was· maintained at -JO'C by 
a heat exchanger. Cooling is· required only during the recycle 
testing where the feed is continually heated by the high pressure 
pump. In WMETF the RO will operate on a once through basis and 
temperature regulation of the feed will be sufficient. 
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• 
TABLB 4.3-2 

CCV &una Decouta.ination Factor•* 

Salt 
Ste Ce-144 Ru-106 Cs-137 Zr-95 Cond/ Na a Re1ection** 

I. Filtration 2.44 2.09 1.02 1.43 
Recycle >190 104 >2.0 32/65.2 
51% WR >190 >3.58 19 28/52.7 
90% WR 43 >3.58 131 33.2/31.9 97% 
Feed Analysis (d/m/mL) 2.26E4 1.16E3 1.03E4 3.01E2 

2. Filtration (millipore 2.80 1.56 1.04 2.72 
frit) 10.4 1.28 >9.5 
15% WR >229 >23 16.5 14.4/ 
50% WR >229 >23 13.2 13.0/ 
90% WR >229 15.8 10.9 >9.5 ll.2/ 91.1% 
Peed (d/m/mL) 2.73E4 7.43E3 3.98E3 1.40E3 

3. Filtration 
5.0 ~m 9.8 5.3 1.0 >29 
0.6 ""' 14.1 4.5 1.0 ll. 7 

15% WR >5471 >42 13.0 13.4/16 • '50% WR 16 4.0 9.0 13. 7/8 
90% 14 12 4.4 ll.8/5.8 91.5 
Feed 6.51E5 3.52E4 l.IOE5 4.31E3 

4. Filtration None -
15% 1789 >165 17 >ll76 
50% '1 63 10 102 
90% 250 >165 7.5 >1176 
Feed (d/m/mL) 2.25E5 5.35E4 1.48E4 1.74E5 

5. Filtration 1.2 1.0 1.0 1.1 
16% >1429 >36 14 16.5 
50% >1429 >36 9.3 >5.2 15.9 
90% 35 19 4.5 11.0 90.9 
Feed (d/m/mL) 1.70E5 1.16E4 I .!5E5 7.63E2 

6. Filtration 9.1 2.3 1.1 41 
16% 21 70 316 11.! 212 
90% 239 43 36 2330 13.9 68 92.8 
Feed (d/m/mL) 2.52E5 9.46E4 4.09E4 7.91E5 

* DF qualified by > indicates radionuclide concentration is below 
detection limits. 

**BaSed _on conductivity measurements • 

• 
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TABLE 4.3-3 ·,· 
Salt Rejection - Process Effluents 

Feed 
Conductivity Water Rejections (%) 
( llllhos I em) Feed Recovery Salt* Na Ca Si N0 3 

2350 Simulant 88% 98.5 98.6 98.8 >99 98.7 
1960 Simulant 90 97.1 96.8 )99.7 >99.8 

Trebler 90 97.4 89. 1 >99.5 
1190 Trebler 90 97.5 )99.2 >99 .8 

Trebler 90 95. 1 97.3 >99.6 
Trebler 90 97.6 96.4 98.8 

1190 Hot 1 87 97.5 99.2 99.6 
Hot 2 88 95.2 97.3 99.5 

* Total salt rejection determined by conductivity. 

** P = 700 psi to simulate second stage of reverse osmosis. 
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TABLE 4.3-4 

Radionuclide DFs-Process Effluents 

Run Ce-144 Sr-85 Cs-134 Cs-137 Ru-106** 

Hot 1 >4.86 14.3 
Hot 2 )10 65 
Hot 3 )131* 67. 5 24.3 23.4 
Hot 4 >45. 8* 115 42.4 41.0 
Hot 5 11. 5 16. 1 
Hot 6 >13.2 )339 

All data is at 90% water recovery 
* Decontamination factor based on the lower limit of detection of 

the gamma counter. 
** Ru-106 concentration is below the detection limits after 

fi 1 trat ion • 
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TABLE 4.3-5 •• Process Effluents - Reverse O~oais 

Hazardous Metals DFs 
Run Cr Cu Hg Pb Zn % Water Recover~ 

L )3.93 233 23.4 )28. 2 32.6 95 

Hot 3 183 )404 >12. 8 893 92 

Hot 4 101 )247 3.01 59. 3 89 

Hot 5 7.57 24. 1 16.0* 1.54 3.40 91 

Hot 6 30.2* 86 

* Meta 11 ic Hg 

Hazardous Metals Concentrations 

Proposed NPDES Dischar e. Limits* 
Metal Test Solutions Monthly Average ppm Monthly Maximum ppm) • Cr 0.16 - 5.0 2.5 5.0 

Cu 0.01 - 4.0 4.4 8.8 

Hg 0.018 - 0.486 0.1 0.2 

Pb 0.09 - 60. 7 2.5 5.0 

Zn 0.01 - 9.0 6.7 13 

* Proposed to SCDHEC 7/13/84 
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• TABLE 4.4.4-1 

Typical Performance of Deionizer Systems* 

Two-Bed Four-Bed 

TDS, ppm 2.0-3.0 0. 2-1.0 
Silica (as Si0 2) 
ppm 0.01-1.0 0.01-0.05 

Conductivity 2 1 
micromhos 

Specific Resistance 500,000 1,000,000 
ohms-em 

* Feed (500 ppm dissolved solids. 

·-

• 
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Mixed Bed 

0.02-0.5 

0.01-0.05 

0.25-1.0 

1, 000,000-
4,000,000 

' I 

Two-Bed 
Plus 
Mixed Bed 

0.04-0.10 

0.01-0.05 

0.07-0.25 

4,000,000-
15,000,000 



TABLE 4;6-1 

Waate Prom Piltratiou 

(SA) (Vel (VB) (VR) (VD) Recovered Total (CF) Solids 
Solids Average Backwash Recycle Volume Solids Solids Directly 

Feed Volume a Added Cone or Cleaning Volume from Directly Directly Directly To Waste 
200 gal/min to Feed Volume Volume Cone & .Bkwsh to Uaste To Waste To Waste (concentra-

(EJ:!ml Js.ilimin) (•al/min) (&alilllin) __ (gal/min) (wt %) (wt %) tion factor) 
Multimode- (Mottl 
with Pol:l:ohing 
Cartri'die 

Case l Basis: high filter aid use (2 hr precast cycle, 150 ppm average body feed) 
250 0.14 4.2 1.25 0.147 2.4 30.0 1361 

Case 2 Basis: medium filter aid use (2 hr precoat cycle, 50 ppm average body feed) 
ISO o.o8· 3.0 .75 0.088 4.0 30.0 2273 

Case 3 Basis: low filter aid use (8 hr precast cycle, 50 ppm average body feed) 
75 0.04 !.0 .375 0.044 8.0 30.0 4545 

Ultrafilter (ATI) ..,. Case 1 Basis: UF cleaning _volume • 4.6 gal/ft 2/wk (70% as 1M NaOH; 30% as 2.5 wt % citrate) 
I 134.3 2.00 !. 32 2.42 o.s 0.8 0.8 400 

V> 
(no caustic recycle) 234.3 2.00 !.32 o.so o.s 0.8 0.8 400 ..,. 

Case 2 Basis: UF cleaning volume • 2.3 gal/ft 2/wk, 10/1 concentrate recycle 
22.9 2.00 0.61 2.23 0.2 2.0 2.0 1000 

Case 3 Basis: UF cleaning volume • 2.3 gal/ft 2/wk, 50/1 concentrate recycle 
22.9 2.00 0.61 2.39 0.04 10.0 !0 .o 5000 

Case 4 Basis: UF cleaning volume • 2.3 gal/ft 2/wk, caustic only, with permeate backwash, 50/1 recycle 
0 2.00 3.00 4.96 0.04 10.0 10.0 5000 

Multibed 
Proce•• (Eaco) 

Case 1 Basis: No clarifier, backwash partially to waste 
0 0.56 !.40 - !.00 0.40 0.40 200 

-case 2 Basis: Backwash to clarifier, overflow evaporation to 15 wt % 
0 0.56 !.40 - o.o 

Case 3 Basis: Backwash to ultrafilter, concentrate to 10 wt % 
0 0.56 !.40 2.06 0.04 10 10 5000 

• • • 



• • • 
TABLE 4.6-1, Contd 

(V,) 
(V 0 ) Total Feed Solids OVerall 

Solids to Volume to Volume Evaporator Concentration Volumetric Feed Flow Peed 
ETF Evapor ETF Evapor to Waste Concentrate in Waste Concentration Rate Solids 
(wt %) (Ral/min} (Ral/min} (wt % Solids} (wt n :Factor (J<al/mit!l .iw!L 

Kultimode (Mott) 
Case 1 

Basis: 150 ppm, 2 hr 0 0 0.1S 1S 3.68 1361 2.00!+2 . 20 
Case 2 

Basis: 50 ppm, 2 hr 0 0 0.09 IS S.7S 2273 2.00E+2 20 
Case 3 

Basis: 50 ppm, 8 hr 0 0 I 0.04 IS 9.92 4S4S 2.00E+2 20 

..,. Ultrafilter (ATI} 
I UF Case 1: 2.So 0.40 o.S7 1S 2.46 400 2.00E+2 20 

V> {no caustic recycle) 4.ll 1. 32 0.86 1S 6.76 232 2.00E+2 20 V> 

UF Case 2: 
10/1 cone recycle 2.SO 0.18 I Q.2J IS 3. 72 868 2.00E+2 20 

UP Case 3: 
50/1 cone recycle 2.SO 0.18 I 0.07 1S 12.16 2837 2.00E+2 20 

UF Case 4: 
Backwash, 50/1 rec o.o o.o ' 0.04 - 10 sooo 2.00E+2 20 

Reference 
Multibed (Bmco} 

Case 1: 
Basis: cone to waste 0.3S 0.96 1.02 IS 0.72 196 2.00E+2 20 

Case 2: 
Basis: cone to clarif 0.38 1.96 o.os 1S IS 4076 2.00E+2 20 

Case 3: 
Basis: cone to UF o.o o.o I 0.04 - 10 sooo 2.00E+2 20 



TABLE 4.6-1, Contd 

Waste Volume from Filtration 

VB- Backwash volume (gal/min). 

Vc - Volume of concentrate produced automatically by the 
filtration system (gal/min). 

Vn - Volume of concentrate sent directly from the filtration 
system to waste (gal/min). 

Ve - Volume of waste from pretreatment going to evaporation 
(gal/min). 

Vw - Total volume of pretreatment waste after evaporation 
(gal/min). 

VR - Recycle volume back to ultrafilter or precoat filter feed 
tank (gal/min). 
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TABLE 4.6-2 

Waate fro. Reverse Oamoaia and Ion Exchange 

(Rej) 
(R) (B) (Ec) (Ect) (Ea) (Eat) (Sc) Average 

*Ion Exchange RO Waste Ion Cation Cation Anion Anion Solids to RO Cone 
Basis is 2924 ppm Solids Exchange Eluent Eluent Eluent Eluent ETF Evapor Volume 
Dissolved Solids (Salt Base Solids Solids Solids Solids (As Fraction (Fraction 
as NaN0 3 Rejection) Factor (HN0 3 only) (Total) (NaDH only) (Total) of Feed) of Feed) 

MIXED BED (SA/WB) 
After 95% REC RO 0.95 0.05 n.o52 0.065 0.027 0.054 1.12 0.050 

3.6 vt % 

After 90% REC RO 0.95 0.05 0.052 0.065 0.027 0.054 1.12 0.100 
1.8 wt % 

Without RO 0 1 1.038 1.308 0.541 1.07! 3.38 o.o 
..,. 
I ..,. .... DUAL IXG BEDS 

(CATEX-ANEX SERIES) 
After RO 0.95 0.05 0.111 0.125 0.071 0.097 1. 22 0.050 

3.6 vt % 

After RO 0.95 0.05 0.1ll 0.125 0.07! 0.097 1.22 0.100 
!.8 vt % 

Without RO 0 1 2.224 2.494 1.412 1. 941 5.44 o.o 

SELECTIVE BED 
After RO 0.95 0.05 o.o o.o - - 0.05 0.050 
(Kd•800, d•1.8) 0.035 3.6 wt % 

Without RO 0 1 0 0 - - 0 
(Kd•800, d•!. 8) 0.694 0.694 



TABLE 4.6-2, Contd 

Vci Anion Vai (Vel Cation 
*Ion Exchange Cation XG Regn Anion Liquid to Liquid to XG Regn 
Basis is 2924 ppm XG Regn Volume XC Regn ETF Evapor ETF Evapor Volume 
DiSsolved Solids GPM/WT % (Fraction GPM/WT % GPM WT% (Fraction 
as NaN0 3 (Feed•ZOOGPM) of Feed) (Feed•200 GPM) (Feed•ZOO GPM) (Feed•200 GPM) of Feed) 

MIXED BED (SA/WB) 
After 95% REC RO 0.75 0.0016 0.31 11.1 3.85 0.0038 

4.85 wt % 9.5 wt % 

After 90% REC RO 0.75 0.0016 0.31 21.1 2.02 0.0038 
4.85 wt % 9.5 wt % 

Without RO 15.1 0.031 6.3 21.3 5.6 0.075 
4.85 wt % 9.5 wt % 

..,. 
I 

V> DUAL IXG BEOS 
0> (CATEX-ANEX SERIES) 

After RO 1.61 0.0041 0.82 12.4 3.90 0.0081 
4.35 wt % 6.64 wt % 

After RO 1.61 0.0041 0.82 22.4 2.16 0.0081 
4.85 wt % 9. 5 wt % 

Without RO 32.3 0.082 16.4 48.7 4.5 0.161 
4.85 wt % 9.5 wt % 

SELECTIVE BEO 
After RO - - - 10 3.6 
(Kd•800, d•1.8) 

Without RO 
(Kd•800, d•1.8) 

* Ion exchange rinse and RO cleaning volumes are recycled • 
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TABLE 4.6-2 

Waste from Reverse Osmosis and Ion Exchange 

Note: Variables below are normalized fractions of unit feed (volume 
or total solids mass). 

B -Ion exchange base factor. The fraction of feed solids which 
pass thiough reverse osmosis. 

Ea - Solids from anion exchange regenerant (NaOH consumed) per unit 
feed solid mass. 

Eat - Total solids in anion exchange eluent as a fraction of the 
solids in the F/HETF process feed. 

Ec Solids from anion exchange regenerant (NaOII consumed) per unit 
feed solid mass. 

Ect - Total solids in the cation exchange eluent as a fraction of 
the.solids in the F/HETF process feed. 

R -Reverse osmosis system salt rejection. The fraction of solids 
which stay in the reject stream • 

Rej - The flow volume of the reverse osmosis reject concentrate 
stream, as a fraction of F/HETF feed volume. 

Sc -Total solids to the F/HETF evaporator from ion exchange and 
reverse osmosis. 

Note: Variables below are calculated on the same basis used in 
Table 4.6-1. 

Vci - Volume of cation exchange regeneration flow (gpm). 

Vai - Volume of anion exchange regeneration flow (gpm). 

Vix = Vai + Vci (gpm). 

Ve =liquid flow to the evaporator. 
= Vix + Vrej 

Vf = F/HETF feed volume (200 gpm for calculations in Table 4.6-2). 

Vrej ~ Volume of reject concentrate from reverse osmosis 
= Vf (Rej) 
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TABLE 4.6.5-1 

Estimated Releases to Basins 

Ion 

NH4 

Ca 

Mg 

Na 

Fe 

Cu 

Al 

Pb 

Zn 

1983* 

F Area 
(lb/yr) 

3' 100 

84 

9 

12,000 

270 

1.6 

120 

18 

46 

20,400 

190 

310 

190,000 

720 

H Area 
(lb/yr) 

3,600 

1,2300 

570 

7, 740 

2,230 

1. 28 

1,400 

89 

1,200 

20, 800 

484 

308 

237,000 

1,700 

F Area 
(lb/yr) 

110 

730 

350 

4200 

2080 

<70 

270 

(270 

680 

0 

200 

30 

101,000 

3350 

H Area 
(lb/yr) 

(50 

4150 

1480 

45,400 

1260 

(270 

3770 

(1100 

(2700 

21,600 

3770 

600 

227,000 

10,100 

* Based on the extrapolation of 4Q83 average 
concentration over the entire year (2.5 x 108 liter 
volume) • 7 

** Based on F and H-Area flows of 311, 700 and 
1,261,000 gal/week, respectively. 

t The pH range 
3.0 to 8.4. 
28,300 lb/yr 

for F Area was 2.0 to 2.7, H Area was 
Phosphate releases were 180 and 
for F and H Area, respectively. 
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5.0 PROCESS DESCRIPTION 

5.1 General 

The major process options for the F/HETF are rlescribed in this 
section, includinr, a schematic representation of each, followed by 

-.the projected material and curie balances. These options consist 
of combinations of the various stages described in Section 4 
(above), and are presented here as complete systems to permit 

_comparitive evaluation. 

Process Option l, the reference process for the F/HETF, is 
d~picted schematically in Figure 4.6-1 (see also, Figure 1.3-1). 
Pretreatment for this and other process options consists of pH 
adjustment, aeration (or oxidant addition) and biological control. 

5.2. Option 1 - Tubular Precoat/Cartridge Filter/RO/Ion Exchange 

After pretreatment, the first stage of the process consists of 
. tubular precoat filtration followed by a bank of cartridge filters, 
as described in Section 4, to produce a clean feed stream for the 
reverse osmosis stage. The rest of the system consists of reverse 
osmosis treatment and ion exchange polishing. The decontamination 
projections are based on mixed bed ion exchange. The F/HETF evapo-

·rator is expected to provide an average OF of at least 1E4, but the 
overheads will still require filtration and ion exchange polishing. 

The decontamination factor provided by the tubular precoat 
filtration stage depends somewhat on the type and amount of filter
airl. Table C-5.2.1 (Appendix C) considers the case where precoat 

-8diltion is- optimized for minimum waste volume rather than decon
tamination efficiency. The first two pages of this table project 
the performance of this design for the F/HETF as it applies to the 
decontamination of daily waste, using the present standards for 
yearly releases to the 200-Area seepage basins as a source term for 
the feed stream. Releases to the F/HETF of 1000 Ci from first 
cycle feed (lAF) and high activity waste (HAW) are treated in the 
last four pages of Table C-5.2.1. 

The average decontamination factor provided by this process 
also depends on the source of contamination in the feed. There may 
be some advantage to providing a greater OF in the filtration stage 

,by using up to 5000 ppm of charged filter aid (Appendix C, Table 
C-5.2-2), with the disadvantage being additional waste generation • . 

Decontamination efficiency for heavy metals with this process 
is excellent, as described in Table 5.2.3-1 • 
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5.3 Option 2 - Ultrafiltration /RO/Ion Exchange 

Process Option 2 is depicted schematically in Figure 4.6-2. 
After pretreatment, the feed is passed through the ultrafilter 
stage, with the resulting high quality filtrate going on to reverse. 
osmosis treatment and mixed bed ion exchange polishing. The F/HETF 
evaporator is expected to provide an average DF of at least IE4, 
but the overheads will require filtration and ion exchange polish
ing to obtain maximum DF. 

The decontamination factor table projects the performance of 
this option for the F/HETF as it applies to the decontamination of 
daily waste, using the present standards for yearly releases to the 
200-Area seepage basins as a source term for the feed stream. 
Releases to the F /HETF of 1000 Ci from first cycle feed (1 AF) and 
high activity waste (HAW) are also treated (Table 4.6-2). 

Again, the average decontamination factor provided by this 
process depends on the source of contaminati~n in the feed.. Table 
C-5.3.2 illustrates the decontamination efficiency of selective ion 
exchange as it might be used in this option instead of regenerable 
mixed bed ion exchange. Decontamination of heavy metals is essen-> 
tially the same as with the Option 1 process, (Table 5.2.3-1). The 
mass flow relationships given in the process schematic are for·a 
140 gpm process feed rate, and are derived from the Tab,les in , . 
Section 4.1;. 

5.4 Option 3 - Tubular Precoat Filtration/Cartridge 
Filtration/Selective Ion Exchange 

Process Option 3 consists of the reference process, (Option I) 
without reverse osmosis. After pretreatment, the feed is passed 
through a filtration stage, just as in Option 1, with the resulting 
filtrate going on to selective ion exchange. The F/HETF evaporator 
is eliminated, along with any polishing steps. 

Because some kinds of radionuclides are not removed by a 
selective adsorption process, the average decontamination factors 
(Table C-5.4.1) projected for the F/HETF using this kind of ·media 
are high but still less than those of Options 1 and 2. For this 
reason, Option 3 may be unacceptable, even for the decontamination 
of daily waste. ll.eleases of 1000 Ci from first cycle feed (lAF) 
and high activity waste (HAW) would require more treatment·, possi
bly the use of additional, less selective, ion exchange columns. 

The average decontamination factor provided by this process 
depends heavily on the source of contamination in the feed. Only 
those radionuclides which are selectively retained can be removed 
by this system. Decontamination of heavy metals less efficient 
than the Option 1 process. 
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5.5 Option 4 - Multiple Deep Bed Filtration/RO/Mixed Bed Ion 
Exchange 

Option 4 is essentially the early ''reference process.'' The 
pretreatment stage is followed by four separate filters. These 
would be a graded density, multiple media mixed bed; an iron 
removal filter; a carbon bed; and a backpulsable submicron filter. 
A more complete description oi the filtration system is given in 
Section 4.2. 

After filtration, the feed stream passes through reverse 
osmosis, followed by mixed bed ion exchange. The estimated decon
tamination efficiency of Option 4 is described in Table C-5.5.1. 
As with the options described previously, modifications to the ion 
exchange system are possible, and could be applied without affect
ing the front end of the treatment system. The impact of such 
changes can be estimated from similar changes which are described 
for other process options. 

The backflush water from the filters is expected to be from 
0. 5 to 2 wt % as suspended solids. Therefore, dewatering of this 
stream will be necessary to minimize waste volume. The choice for 
equipment to do this is between tubular ultrafiltration and the 

·older filter technology, involving filter presses and moving belt 
filters. This relatively low volume stream could be handled either 
way, but the ultrafilter would be a single stage, and would produce 
a filtrate that could be sent to reverse osmosis without further 
treatment. 

5.6 Option 5 - Filtration/Ion Exchange (Nonselective) 

One of the first options that was considered for the F/HETF 
was based on ion exchange.! It has the advantage of being rela
tively simple to operate, and works well on relatively dilute 
streams. The disadvantages of ion exchange include its dependence 
upon filtration to remove neutral species and the fact that more 
waste is produced in the operation of the decontamination process 
than is concentrated by it from the original waste stream. Ion 
exchange regenerant waste is typically 3 to 5 wt %, not including 
resin washes and rinses, which occur on each cycle. Concentration 
of ion exchange regenerant for disposal normally involves evapora
tion., and is quite expensive. The decontamination efficiency of 

·ion exchange can be very good for highly dissociated species. 
However, radionuclides which form neutral and insoluble compounds, 
or which are adsorbed on particulate material, must be removed by 
filtration. The combination of good filtration with a well 
designed ion exchange system can be effective in removing 
radioactivity • 
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The decontamination efficiency of a nonselective ion exchange 
process depends on the way it is operated. Multi pie beds are' 
typically placed in series' with a cat ion exchange bed fol rowed oy 
anion exchange. The effluent from these is often fed into a. mixed 
bed column to provide the highest product quality possible. This
is a reasonable approach to ion exchange in any of the nonselective 
F/HETF options. The benefit of using this approach includes higher 
decontamination efficiency and more efficient· opera-tion' .. · WOr·king 
efficiency comes from performing in-column dual bed_regeneration to 
recover most of the waste, which reduces the frequency of resin 
transfer and other procedures peculiar to mixed be~ operation .. 

The decontamination efficiency of Option 5 is estimated in 
Tables C-5.6.1 and C-5.6.2 for simple mixed bed and dual column 
operation. Both Tables are based on the assumption that regenera
tion is performed to a moderate level, consistent with the waste 
volume estimates in Section 4.6. The accuracy of these estimates, 
and the DF provided by more sophisticated ion exchange combinations 
will depend heavily on the degree of particulate removal by the_ 
filtration system. · 

SECTION 5 REFERENCE 

1. J. R. Cadieux, Memorandum to J .. R. Wiley, Decontamination of 
Cooling Water by Ion Exchange, DPST-82-855, September 14, 1982. 
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• TABLI! 5.2.3-1 

Hazardous Metal Decontamination 

Reverse Ion Feed Effluent 
Filtration Osmosis Exchange System Average Average 

Metals (Df) (Df) (Df) (Df) (ppm) (ppb) 

Cu 1 20 100 2000 0.22 0.110 

Cr 1 10 200 2000 0.043 0.021 

Hg 2 10 100 2000 0.053 0.026 

Pb 5 20 100 10000 0 0 16 0.016 

Zn 5 20 200 20000 1.5 0.075 

Cd 5 20 200 20000 0.001 0.000 

Ni 2 20 200 8000 0.12 0.015 

• 

• 
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6.0 FUNCTIONAL DESCRIPTION OF EQUIPMENT 

6.1 Shielding 

6.1.1 Activity Retention 

The F/HETF will require shielding to prevent the exposure of 
operating personnel to gamma radiation and x-rays. Equipment 
design and orientation will determine the amount of shielding the 
system will require to handle a given level of activity safely. 
However, the level of activity in the various parts of the process 
will depend on several factors, including feed activity, chemical 
concentration and system performance. The materials and equipment 
with the greatest potential for concentrating activity are pre
sented in Table 6.1-1. Estimates of the amount of activity they 
could contain during normal operations are given along with the 
approximate geometry of the activity sources. The equipment 
geometry in the Table is taken from an experimental design for the 
F/HETF which is to be tested and demonstrated at a process rate of 
40 gpm (i.e., the ECWPF). 

The basis for calculating the act1v1ttes in Table 6.1-1 was the 
guideline for releases to the seepage basins (i.e., 1000 d/m/ml). 
The actual measurement would be c/m/ml, which is a lower value for 
a given level of activity, but the estimates in the table are a 
linear function of the feed activity, and may be adjusted accord
ingly. The distribution of activity in the table comes from that 
of the seepage basin release guides (see Table 2.2-1). The geom
etry of this equipment will change upon scale-up, and shielding 
calculations will have to be adjusted accordingly. 

For the purpose of making shielding calculations, the concen
trating efficiency of each piece of equipment is assumed to be the 
maximum expected for its operation under all conditions, including 
instances of inadequate or nonexistent performance of the previous 
stage (i.e., unfilterable activity or equipment bypass). There
fore, although a Df of 10 is assumed for filtration when evaluating 
the activities associated with filtration equipment, the entire 

·activity load of the feed is also presumed to be capable of reach
ing the reverse osmosis equipment (filtration Df=O). The activity 
levels in the reverse osmosis pressure vessels and concentrate 
stream will actually be lower than predicted by Table 6.1-1 if the 
filtration system works as well as projected (see Appendix C). 

The activity that will be contained in the nondisposable 
filtration equipment and materials was estimated using distribution 
coefficients that were measured in the laboratory (Table 6.1-2). 
For the purposes of these estimates, distribution ratios (Kd) 
remain nearly constant over the range of chemistry and activity 
that will be going to the F/HETF. The adsorption mechanism appears 
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to be mainly ion exchange, as less than 50% of the adsorbed 
activity could be rinsed off of the filter media. 

Cartridge filter activity was conservatively estimated on the 
basis of a presumed feed activity level (1000 d/m/ml), a high 
filter cake loading (10% by volume), and a phase distribution of 
activity like garnet, which favors adsorption by 500:1. Activity 
on the Mott pneumatic hydropulse filter is calculated the same way, 
except that the filter cake is estimated to be only 3 mm thick over 
the entire filter area. The activity associated with tubular pre
coat filtration is derived from decontamination factors, solids 
loading, and backwash cycle times, that have been measured in the 
laboratory. 

The type of membrane that is used appears to make a signifi
cant diffeience as to the retention of activity by the reverse 
osmosis modules. Tests have shown that there is a considerable 
affinity between Cs-137 and both B-9 and B-10 aramid membrane fiber 
(Permasep Products Division, Du Pont). Thin film composite mem
branes (Filmtec Corp.) adsorbed far less Cs-137 in batch equilibra
tion tests, even taking their relatively lower specific surface 
area into account. This is also born out by material balance 
relationships from rdioactive performance testing. The shielding 
calculations are intended to represent the Filmtec thin film 
composite membrane and its high pressure 
containment, 

The activity that is contained by the ion exchange columns is 
calculated using two bases. As a worst case, the highest activity 
level presently allowed to go to the seepage basins would be 
contained in the lowest conductivity waste that has been observed 
so far (from H Area). The specific activity on the column would 
therefore be relatively high. The expected value is calculated 
from average radioactivity and ionic concentrations. 

6,1.2 Shielding 

The activity levels described in the preceding section were 
combined with their respective geometries. These were then used to 
calculate the amount of shielding that would be required to achieve 
acceptable dose rates for operators 'working around the 40 gpm scale 
demonstration unit. 1 The results of these calculations are given 
in Table 6.1-3. 
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6.2 Waste Handling 

6.2.1 Salt Coneentrate 

The waste concentrate from the F/HETF evaporator is expected 
to behave in much the same fashion as the salt supernate in the 
Tank Farms. It will be essentially a sodium nitrate salt solution, 
and most of the insoluble minor constituents will have been removed 
by filtration. The only solids would be precipitates formed during 
the evaporation process, consisting mainly of calcium and ferric 
silicates, carbonates and sulfates. 

At 30 wt %, sodium nitrate is a 4.33 Formal solution with a 
density of 1.23. Its kinematic viscosity is 1.31 CS, and -370 
grams of salt are contained in each liter of solution. 

6.2.2 Filter Coneentrate 

The concentrate from filtration will contain the feed solids, 
plus any material added in the filtration process. Slurry pumps 
and continuous agitation will be required to prevent the filter 
cake from settling and possibly blocking transfer lines. Automatic 
rinsing must precede any nhutdown to eliminate the possibility of 
solid cake formation in the lines and hold tanks. This is especi
ally important in the handling of diatomeceous earth filter cake 
backwash, as it settles rapidly and tends to form a solid mass if 
left undisturbed. 

6.2.3 Organie Wa•te 

The potential problem of a two-phase (organic/aqueous) feed 
stream was also alluded to in the pretreatment section. Up to 
500 ppm of organic carbon was measured in weekly composite samples 
of the 200-Area effluents. In the current reference process, this 
condition would be addressed primarily by using a skimmer to 
collect any organics which may be floating on the surface. The 
skimmed material would then be channelled into the filter concen
trate stream, going directly to the burial ground solidification 
fac i 1 i ty. 

In addition to the skimmers, activated carbon or a similar 
adsorbent will still be required to prevent residual organic con
taminants from reaching the reverse osmosis system. And, whether 
the adsorbent is used in the form of a column or as part of the 
filter precoat formula, it will require disposal once it becomes 
exhausted. In either case, it should be quite compatible with the 
filter concentrate stream . 
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If the option is exercized to use ultrafiltration instea~·of· 
tubular precoat filtration, the use of activated carbon might be• 

"eliminated entirely, as ultrafiltration is well suited fore removing 
organics from water. The skimmers could probably be· eliminated· 
from the pretreatment process as well, since phase· separation could 
be handled by the ultrafilter alone. Again, the filter-concentrate 
would contain the organic material from the feed stream•, and this• 
would go directly to the waste solidification facility. 

6. 2·.4 Nonpumpable Solids 

As described in the section covering pretreatment, the front· 
end of the process will. be protected· by a screen filter; This· 
screen should· be on the order of 100 mesh to protect·.- the process 
feed pumps. The high pressure ultrafilter pumps, i·f. used·, would 
require a screen between 100 and 200 mesh. The trapped solids 
would be drained and then packed in drums with vermiculite or some 
other absorbent material for disposal in the burial ground 
(classified) as nonhazardous radioactive waste. 

6·.3 Chemical Feed 

6.3.1 Liquids 

The liquids that will be used in the operation of the F/HETF 
include technical grade caustic and nitric acid. These will both 
be used in pH adjustment and ion exchange regeneration and should 
be ordered, received and handled as they are elsewhere at SRP. 
Holding and dilution tanks will be required for these. Neutral
ization will require at least 600 lb/day of 40 wt % for pro.cessing 
200 gpm of feed at a pH of 2.6. However, about 2400 lbs/day would 
be needed to neutralize the same volume of pH 2 feed. 

Acidity measurements as high as 1050 were recorded in weekly 
composite samples of H-Area waste. The equivalent free acid pH for 
this acidity is -1.7, and about l pound of 40 wt% caustic would 
be required to neutralize 60 gallons. 

Feeding 2000 ppm sodium nitrate through reverse osmos1s at 
200 gal/min, the ion exchange regeneration process will consume an 
average of 560 lb of 40 wt % caustic and 380 lb of· 67" wt % nitric 
acid in 24 hours of operation. 

Proprietary cleaning solutions will also be used to remove 
scale and organic film from the reverse osmosis membranes and .as a 
minor feed additive to prevent membrane fouling. These will 
consist of phosphate detergents, polyphosphates, citric acid and· 
surfactants. Storage and makeup tanks should be sized to permit 
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the useage of up to 200 gallons per day of three different 
solutions. 

6.3.2 Solids 

A dry location near the tubular precoat filtration equipment 
is needed to store filter aid. The diatomeceous earth filter aid 
that will be used in the precoat filter will come in 100 lb bags. 
Two or more bags will be loaded into the precoat tank daily makeup 
tank on each day shift. This action will normally be required 
about once per day, depending on the nature of the feed. However, 
process feed that is very high in suspended solids (e.g., storm 
water) will require more frequent additions. Therefore, fi 1 ter aid 
addition to the day tank should be mechanized as much as possible. 
A hood and proper ventilation should also be built in to prevent 
the aspiration of dust by the operator. 

6.4 Climate 

The process equipment of the F/HETF should be operated at a 
reasonably constant temperature. It should not be exposed to 
freezing temperatures or direct summer sun. The membranes of the 
reverse osmosis equipment will perform best at a constant tempera
ture of 35-40"C. Colder temperatures reduce their productivity, 
and hotter temperatures can damage them. Electronic monitoring and 
control systems also require climate control. 

SECTION 6 REFERENCE 

l. G. W. Earle, SRP HP Memorandum toW. W. Collins, 
September 20, 1984) • 
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TABLE 6.1-1 

Inventory of Radioactivity (Calculated for the Experimental Contaminated Waste Processing Facility) 

Wall Geomet!): Total Alpha Cs-137 Ru-106 
Vessels · Dia (in) Ht (in) Volume B-G (mCi) (mCi) (mCi) (mCi) 

UF Cone/Feed Tank 1/4" ss . 72 96 1500 gal 230.00 1.15 53.36 44.62 

RO Cone Hold Tank 1/4" ss 48 60 500 gal 17.00 0.09 3.94 3.30 

IXG Columns 1/4" ss 30 90 25 cu ft 106.00 0.53 24.59 20.56 

Mott PHP Filter 1/4" ss. 24 106 4E5 cm2 x 3 mm 7.78 0.04 1. 80 1.51 

a- Iron Removal Filter 
I 

1/4" ss 42 78 26 cu ft 2 76.69 1.38 64.00 53.68 
a-

Multi-Media 1/4" ss 48 60 34 cu ft 64.85 0.32 15.00 12.58 

Bypass Cartridge 1/4" ss 9.25 39.25 10% '0 .30 o.oo 0.07 0.06 

RO Pressure Vessel 1/8" ss 8 204 100% 1.52 0.01 0.35 0.29 

UF Containment 1/8" SS· 8 240 20% 1.60 0.01 0.37 0.31 

Streams 

d/ dm/lfiL d/dm/lfiL d/dm/lfiL d/din/mL 
Feed 1000 5 232 194 
UF Concentrate 90000 450 20880 17460 
RO Concentrate 20000 100 4640 3880 
-IXG Regenerant 750000 3750 174000 145500 
(Expected IXG REGN) (29000) (145) (6728) (5626) 
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TABLE 6.1-2 

Distribution Coefficients of Strontium and 
Cesium on Filter Media 

Adsorbent Sr-85 Cs-137 

Garnet 40 87 451 

Iron Removal 1725 1366 

Graphite 167 245 

Act Carbon 115 15 

Garnet 25 30 319 

* ~ ; Cs/CL where Cs and CL are the concentrations of 
analyte in the solid and liquid phases respectively (g/g) • 
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TABLE 6.1-3 • Shielding Requirements for the Treatment of Normal Daily Waste 
(calculated for the Experimental Contaminated Water Processing Facility) 

Unshielded Radiation Shield in~ Requirements* 
Level (mR/hr) Lead Concrete 

Process Unit @ l** @ 3** (inch) (inch) 

UF Cone/Feed Tank 12 5 0.8 9 

RO Cone Hold Tank 1 0.5 None None 

IX Columns 21 7 1.0 10 

MOTT· PHP Filter** 0.5 (0.5 None ·None 

Iron Removal Filter 60 15 1.4 13 

Multimedia 12 3 0.6 7 

Bypass Cartridge <0.5 <0.5 None None 

RO Pressure Vessel (0.5 <0.5 None None 

UF Containment 1.5 (0.5 None None • 
* Lead and concrete shield thickness requirements to limit personnel 

dose rates to (0.5 mrems/hr at 3' (91 em) and <5 mrems/hr at 1'(30) em). 

** Without precoat 
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7.0 NUCLEAR AND PROCESS SAFEl'Y 

7.1 Criticality 

There is no potential for a critical mass of fissile material 
to accumulate in the F/HETF process as a result of processing daily 
waste. The entire yearly output in effluents from the separations 
areas contains less than 10 mCi of fissile isotopes (see Section 2 
and Appendix A for Analytical Summaries). This would ultimately be 
·solidified in about 400 tons of waste concrete. 

A serious spill involving the release of fissile material has 
never occurred, and is considered to be an almost zero probability 
event. However, even if it were to occur, the contaminated stream 
would not be diverted to the F/HETF until activity levels were 
measured, and the risk of criticality was completely evaluated. 
Part of the safety analysis and procedures that will be written 
before the F/HETF can be operated will include an assessment of the 
amount of activity that can be handled safely • 
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8,0 HAZARDS ANALYSIS 

8,1 EKplosion Potential 

The possibility of explosion at the F/HETF could only arise if 
the ion exchange columns were heated or allowed to heat up in the 
presence of nitric acid. Experience within DuPont and throughout 
the history of SRP has shown that ion exchange regeneration with 
nitric acid can be performed safely as long as proper procedures 
are followed and the design includes adequate pressure relief. 
These procedures normally assure moderately low operating tempera
tures. Static conditions are generally avoided when nitric acid is 
in contact with ion exchange resin in order to eliminate heat 
buildup. Furthermore, anion exchange resin must not be stored or 
allowed to dry out when in the nitrate form. Provisions in the 
design of the F/HETF are needed for a low volume temperature regu
lated flow to be recirculated through anion ion exchange columns 
that may be stored in the nitrate form. Ion exchange regeneration 
will be performed according to current SRP procedures. 1 

8,2 Radiation EKposure 

The primary concern in the design and operation of the F/HETF 
is to minimize the exposure of operating personnel to ionizing 
radiation while producing a clean effluent that is uncontaminated 
with long-lived radionuclides. The decontamination process that is 
recommended here is amenable to these goals. With the proper · 
degree of automation and shielding, the doses received by operators 
of the F/HETF would be extremely low, and may be almost undetect
able on a routine basis. However, measurable exposure could occur 
during wOr"k-performed near the CoilCeOtl'.:iteO Waste s·toi"a-ge· ·area,. Or 
as a result of service work on contaminated equipment. Therefore, 
ptimps and other high maintenance equipment in the F/HETF must be 
compatible with low level radioactive service, they should be 
easily decontaminated, easily maintained, and should be located 
away from concentrated radioactivity to provide safe access. 

8.3 Chemical Exposure 

There will be no carcinogenic substances used in the operation 
and maintenence of the F/HETF. Potentially corrosive substances, 
such as nitric acid, sodium hydroxide, sodium citrate, sodium 
hexametaphosphate, and sodium bisulfite may be used in cleaning the 
reverse osmosis membranes. 

Ozone may be used as a pretreatment chemical to destroy 
biological activity in the F/HETF, and to oxidize organic material 
and iron for better treatability. It has been widely used in water 
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treatment systems, and is typically generated and applied as a gas. 
Ozone gas is toxic, and affects the central nervous system at 75 
minutes. exposure at a concentration of 1. 86 ppm in air. A concen
tration of 1 ppm produces a disagreeable sulfur-like odor, and may 
cause headache and irritation of the upper respiratory tract. 
These affects are temporary, and symptoms leave after removal from 
exposure. A concentration of 0.015 ppm produces a barely detect
able odor. 2 

The use of diatomeceous earth filter aids, as called for in 
the reference process, may expose operators to a certain amount of 
dust. This dust has the potential for causing fibrosis of the 
lungs, but is less potent than Si0 2 in this respect. Proper design 
and the use of protective equipment when handling this material 
will eliminate this potential hazard.2 

SECTION 8 REFERENCES 

l. DPSOL 245-H-105, Rev. 17, Regenerating 100-Area Resin. 

2. N.·I. Sax, "Dangerous Properties of Industrial Materials," 
6th Ed., VanNostrand, Reinhold Company, New York, NY (1984). 
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9, 0 EIIVIRONKENTAL 

9.1 General 

The purpose of the F/HETF is to reduce the concentration of 
long-lived radionuclides and hazardous metals in the effluents of 
the 200 Areas to well below the levels of concern. Such levels can 
be judged in many ways, but the most appropriate criteria seem to 
be the Offsite Dose Commitment related to maximum releases from the 
F/HETF, the NEPA Guidelines for hazardous chemical releases, and 
the absolute change with respect to current operating conditions 
and guidelines. Table 9.1-1 lists some of the most important 
radionuclides and describes the impact of the F/HETF on their 
concentrations in the Savannah River. 

9.2 Offsite Dose Commitment 

The SRP, in conjunction with SRL, operates some of the most 
sensitive· radiochemical detection systems in the world. These are 
used constantly to measure the effect that SRP operations have on 
the surrounding environment. The information that is obtained from 
these systems is processed by a computer program (LADTAP2) that 
calculates the dose that could be received by the most vulnerable 
individuals, as well as that received by the population as a whole . 
Changes in SRP processes and waste management procedures can thus 
be evaluated quite objectively on the basis of their environmental 
impact. This technique has been applied to the effluents projected 
for the F/HETF. The results of this analysis are listed in Tables 
9.2-l and 9.2-2. 

The .presence of tritium. complicates the assessment of cost to 
benefit for the F/HETF, because it is the major contributor to 
offsite dose, and it is not removed by the F/HETF. Therefore, 
although tritium is relatively short-lived, some measures are 
necessary to rerluce the amount of tritium reaching the environment 
in order to have a substantial effect on off-site dose. Proposed 
methods include the segregation of tritiated waste prior to the 
F/HETF, and recycling or conta1n1ng F/HETF effluents, which, except 
for tritium, would be quite pure. 

9.3 NEPA Guidelines 

The guideline concentrations that have been proposed for 
hazardous substances in the F/HETF effluents are listed in 
Table 9.3-l. These are based on dilution in Upper Three Runs 
Creek, which has a flow rate of 117 cfs. Standards for Four Mile 
Creek would be -20 times more stringent owing to a reduction in 
dilution credit. The reference process is expected to provide the 
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decontamination efficiency needed to permit the release of F/HETF 
effluents to either outfall location (See Section 5.2). 

9.4 Present Release Guidelines for Radioactivity 

The SRP is presently operating under guidelines which have 
been set by DOE for the release of radionuclides to the environ
ment. These guidelines are based on offsite dose, as discussed in 
Section 9.2, and are designed to limit normal releases to about 1% 
of those allowed by federal regulation. The guide·Hnes presently 
limit releases to Four Mile Creek to 35 mCi/yr of radiostrontium, 
75 mCi/yr of radiocesium, and 150 mCi/yr of all other radioactivity . 

• 
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TABLE 9.1-1 

Radionuclide Releases to Savannah River 

1983 F/HETF -Routine Releases 
Releases No Treatment Filtration Filtration-Zeolite Filtration-RO-IX 

Radionucl ide Ci Ci % Increase Ci % Increase Ci % Increase C1 % Increase 

Co-60 0.0019 1 52000 1 52000 
I 
! 0.1 5200 5E-4 26 

Sr-90 0.31 1.4 450 1.2 390 ! 0.0013 o;4 7E-5 0.02 

Cs-137 0.152 13 8600 11.8 7800 0.012 8 6E-4 0.4 "' I 

"' Other 

Beta-Ganmoa* 0.024 0.7 2900 0.035 150 0.0035 15 3.5E-6 0.01 

* Excluding tritium 
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'fABLE 9. 2-1 

Comparison of Offsite Doses - F/HETF Routine Releases 

Yearly Maximum 
Individual Dose, % of Total 
mrem SRP Dose 

DOE Guide 500 
EPA drinking water standard 4 
SRP technical standard 10 

1983 SRP releases 

Atmospheric 
Liquid 

Total 

1983 200 Areas - liquid 

1983 200 Area seepage basins 
Sr-90 migration to creek** 

F/HETF routine liquid releases** 

No treatment 
Filtration 
Filtration/zeolite 
Filtration/RO/MB IX 

I. 88 
0.28(0.00!\)* 
2. 16 

0.19(0.08) 

0.068 

11(0.8) 
9(0.8) 
0.031(0.8) 
0.00052(5E-5) 

100 

9 

3 

510 
420 
1.4 
0.024 

Yearly_ 
Population 
Dose 
Person-rem 

83 
7(0.4) 

90 

4.5(0.4) 

1.6 

47( 12) . 
35(12) 
0.17(12) 
0.0022(6E-4) 

* Numbers in ( ) are thyroid dose - primarily due to I-129, 131 

% of Total 
SRP Dose 

100 

5 

2 

• 

50 • . 40 
0.2 
0.002 

** Based on effective body dose calculation and average Savannah River flow and 
assuming no change in tritium releases 
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TABLE 9.2-2 

Comparison of Off site Doses - F/HETF Ronroutine Releases 

Maximum Population 
Ind i vidua 1 nose, % of Total Dose % of Total 
mrem SRP Dose PersOn-rem SRP Dose 

DOE Guide 500 
EPA drinking water standard 4 
SRP technical standard 10 

1983 SRP releases 2. 16 100 90 100 

F /HETF release* 

1000 Ci canyon release** 

No treatment 40 1850 140 160 
Filtration 15 690 70 78 
Filtration/zeolite 0.68 32 1.7 1.9 
Filtration/RO/MB IX 0.0016 0.074 0.0088 0.0098 

1000 Ci tank farm release 

No treatment 680 32000 2100 2300 
Filtration 620 29000 1900 2100 
Filtration/zeolite 0.62 29 1.9 2. 1 
Filtration/RO/MB IX 0.033 1.5 0.1 0.11 

*Based ·on effective body-dose calculation· an<f average· Savannah River flow.
** First· cycle feed 
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10.0 ENERGY CONSERVATION 

10.1 General 

The F/HETF will have a rated capacity of 200 gal/min or 
1090 m3/day, and is expected to operate at about 70% of capacity 
throughout the year. In addition to being much less expensive to 
install than total evaporation, the reference process will use less 
energy, and only a fraction of the energy required to evaporate 
using the prevailing evaporator design. The evaporators that are 
presently used to concentrate high level waste at the tank farms 
consume about 1.6 pounds of steam for every pound of overheads they 
produce. The F/HETF is expected to see at least 6E8 pounds of 
water per year, all of which would go to evaporation. This is 
represents an energy expendature of about 6.8 million dollars per 
year for steam, or roughly 12 million ·dollars per year if electric 
power were used ($0.045/KWh, 990 KWh per m3 of feed). 

The alternatives which were examined for the F/HETF included 
more efficient evaporators, reverse osmosis, and ion exchange. The 
conclusion of this investigation was that reverse osmosis would 
require less energy to concentrate waste to about 4 wt % solids, 
than even the most sophisticated evaporator. The energy cost for 
going up to about 30 wt % would make total evaporation more compet
itive, depending on the design of the F/HETF evaporator. Again, 
depending on the energy efficiency of the F/HETF evaporator, 
reverse osmosis will outperform regenerable ion exchange, especi
ally for more concentrated feeds, by producing less waste volume 
and a smaller quantity of waste salts. 

10.2 Reverse Osmosis vs. Evaporation 

The F/HETF will provide decontamination efficiency equal or 
superior to that obtained by even the most sophisticated evapor
ation systems, at a lower energy cost. There are several efficient 
designs for evaporators, generally falling into three catagories. 
These are Multi-stage Flash Distillation, Multiple Effect Distill
ation (vertical and horizontal tube evaporators), and Vapor Recom
pression. The energy consumption of these systems in large scale 
seauater desalination systems ranges frma 15 to as little as 8 KWh 
of power per m3 of distilled water produced, with Ambient Temper
ature Vapor Recompression being the most efficient (Ref. Distilla
tion, Bulletin 205, p. 3, Permasep Engineering Manual, December 1, 
1982). Evaporation without energy recovery uses at least a pound 
of steam for each pound of overheads produced, or 620 KWh/m3. 

Total evaporation was considered as one of the primary alter
natives for the F/HETF. However, preliminary cost estimates were 
at least double those of the other candidate processes • 
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Furthermore, problems were forseen with feeds that contain a. 
significant amount of suspended solids and organic materi·al, and 
with changes in feed composition. 

Assuming a pump efficiency of 62%, reverse osmosis can 
desalinate sea water at an energy consumption of about 6. 7 Kl-lh/m3 
of product, and 3000 mg/L feed can be desalinated for about 
4 KWh/m3 (sea water membranes, concentrate staging to >90% 
recovery). 

In the current reference process, the evaporator receives up 
to 10% of the feed volume, in the form of reverse osmosis concen
trate. An additional volume reduction of up to about 10:1 will be 
obtained through the evaporation process, at a cost of 2-6 KWh of 
additional power per m3 of F/HETF feed depending on the design of 
the F/HETF Evaporator. However, the same degree of volume reduc
tion would also result in higher operating costs for a total evapo
ration process by forcing the brine stream concentratiori to go up 
to about 30 wt% at the waste concentrate outlet. 

10.3 Ion Exchange vs. Reverse Osmosis 

As shown in the waste generation tables in Section 5, ion 
exchange produces waste concentrate (regenerant) equal to about ll% 
of the initial feed volume. This concentrate would go to the 
F/HETF evaporator. This volume is projected on the basis of 
average feed concentrations, and an even larger volume would be 
produced if the feed concentration were increased. 

Reverse osmosis is expected to recover about 95% of the 
initial feed water, generating a waste concentrate volume equal to 
5.6% of the initial feed, including ion exchange polishing. There-· 
fore, about 5.4% of the initial feed volume would be prevented from 
going to·evaporation, saving the incremental power cost. Reverse 
osmosis and the nececessary pretreatment equipment need about 
6 KWh/m3 to operate, and ion exchange requires at least 0.1 KWh/m3. 
Using these numbers and the concentration factors above, ion 
exchange and reverse osmosis break even energetically when the 
evaporator uses about 93 KWh/m3. 

Reverse osmosis becomes more and more favorable as evaporation 
costs increase. Furthermore, evaporation costs would be equivalent 
for reverse osmosis and ion exchange, even if reverse osmosis were 
to operate at only 90% recovery. The electrical energy cost of 
operating reverse osmosis in the F/HETF for one year, at the rate 
of 6 KWh/m3, is about $75,000. 
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• TABLE A-1 

Radioacti9ity Released to Basins in F Area 

Annual Maximum Allowed 4 mrem/yr 
Guidelines (1984) A11erage Drinking 
Normal Release* Total Concentration Water Stq. 

Nuclide· (Ci/zr> Volume (L/'[!_) (pCi/L)** (~Ci/L) 

Sr-89' 0.2 6. 5 X 107 to 3,080 20 
<0.05 1.3x 108 

Sr-90 0.4 6.5 X 10 7 to 6,200 8 
(0. 1 1.3x 108 

Zr-95 4.0 6.5 X 107 to 62,000 200 
.4.0 1.3x 108 

Nb-95 4.0 6. 5 X 10 7 to 62,000 300 
4.0 1.3x 108 

Ru-103 2 6.5 X 107 to 30,800 200 
.2 1.3x 108 

• Ru-106 20 6.5 X 107 to 308,000 30 
5 1.3x 108 

I-131 0.8 6. 5 X 107 to 12,320 3 
1 1.3x 108 

Cs-'134 0.3 6.5 x· 107 to 4,650 20,000 
(0 .01 1.3x 108 

Cs-137 4.0 6.5 X 107 to 62,000 200 
(1.0 1.3x 108 

Ce-141 0.1 6.5 X 107 to 1, 540 300 
(0.01 1.3x 108 

Ce-144 1.0 6. 5 X 10 7 to 1,540 30 
(0.01 1.3x 108 

Pm-147 0.5 6.5 X 107 to 7. 690 600 
<O .1 1.3x 108 

*Maximum reported during 1982 and 1983 

** Based on guideline release le11els and lower range of the 11olume estimate 

• 
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'TABLE A-1, Contd 

Annual 
Guidelines (1984) 
Normal Release* Total 

Nuclide ( Ci/yr) Volume (L/yr) 

Other 
B/y 0.5 6.5 X 107 

<O.l* 1.3x 108 

Am-241 0.02 6.5 X 107 
0.02 1.3x 108 

Cm-242 0.01 6.5 X 107 
0.01 1.3x 108 

U-235, 0.2 6.5 X 107 
U-238 0.2 1.3x 10 8 

Pu-238 0.02 6. 5 X 107 
0.02 1.3x 108 

Pu-239 0.02 6.5 X 107 
0.02 1.3x 108 

Total a 0.2 6.5 X 107 
0 .. 2 1.3x 108 

* Maximum released during 1982 and 1983 

** Based on guideline release levels 

A-4 

to 

to 

to 

to 

to 

to 

to 

• 
Maximum Allowed 4 mreni 
Average Drinking 
Concentration Water Std. 
(pCi/L)** (pCi/L) 

7,690 1500 

'308 5 

154 5 

2,080 5 

308 5 

308 5 

• 3,080 15 

• 



• TABLI! A-2 

Radioactivity Released to Basins in B Area 

Annual Maximum Allowed 4 mrem 
Guidelines (1984) Average Drinking 
Normal Release* Total Concentration Water Std. 

Nuclide (Ci/:z:r) Volume ( L/:z:r) <eci/L)** (ECi/L) 

Cr-51 5.0 l.Sx w-s to 33,300 6,000 
4 l.3x w-s 

Co-58 1.0 6. 5 X w-s to 6,670 9,000 
(0.03 1.3x w-s 

Co-60 1.0 6. 5 X w-s to 6,670 100 
(0.5 l.3x w-s 

Zn-65 0.8 6. 5 X lo- 8 to 5,336 300 
(0. 1 l.3x 10-8 

Sr-89 0.4 6.5 X 10-8 to 2, 640 20 
0. 1 l.3x 10-8 

• Sr-90 1.0 6.5 X 10-8 to 6,670 8 
(0.5 l.3x 10-8 

Zr-95 1.0 6.5 X 10-8 to 6,670 200 
(0.2 l.3x 10-8 

Nb-95 1.5 6.5 X 10-8 to 10,000 300 
(0.3 l.3x 10-8 

Ru-103 1.5 6.5 X 10-8 to 10,000 200 
(0.2 l.3x 10-8 

Ru-106 7.5 6.5 X w-s to 50,000 30 
<3.0 l.3x w-8 

Sb-'124 0.2 6.5 X 10-8 to 1, 333 60 
Sb-125. 0.15 l.3x 10-8 

I-131 0.4 6.5 X 10-8 to 2,667 3 
(0.03 1.3x w-s 

Cs-134 1.5 l.Sx w-s to 10,000 20,000 
(0.1 2.0 X 10-8 

Cs-137 9.0 l.Sx w-s to 60,000 200 
(2.5 2.0 X 10-8 

• *. ~ximum released during 1982 and 1983 
** .Based on the guideline release levels 
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TABLE A-2, Contd • 
Annual Maximum Allowed 4 mrem 
Guidelines (1984) Average Dr in king 
Normal Release* Total Concentration Water Std. 

Nuclide (Ci/:z:rl Volume (L/:z:r) (ECi/L)** (~Ci/L) 

Ce-141 0.4 1.5 X 10-8 to 3,333 300 
0.01 2.0 X 10-8 

Ce-144 2.6 1.5x 10-8 to 17,333 30* 
0.4 2.0 X 10-8 

Pm-147 1.0 1.5x 10-8 to 10,000 600 
<o .5 2.0 X 10-8 

Other 0.8 1.5x 10-8 to 5,333 1500* 
6-y <0.2 2.0 X 10-8 

Al~ha 

Am-241 0.002 1.5x 10-8 to 13 5 
2.0 X 10-8 

Cm-242 0.001 l.Sx 10-8 to 6.7 5 • Cm-244 2.0 X 10-8 

U-235 0.005 l.Sx 10-8 to 33 5 
U-238 2.0 X 10-8 

Pu-238 0.009 1.5x 10-8 to 60 5 "" 
2.0 X 10- 8 

Pu-239 0.006 1.5x 10-8 to 40 5 
2.0 X 10-8 

Total 0.2 1.5x 10-8 to 1,333 15 
Alpha 2.0 X 10-8 

*Maximum released during 1982 and 1983. 

**Based on the guideline release levels. 
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APPENDIX B 

F/HTF FEED CHEMISTRY 

Table B-1. F-Area Effluents 
(Trebler Monitor Analyses) 

Table B-2. F-Area Effluent 
Point Source Analyses 

Table B-3. H-Area Effluents 
(Trebler Monitor Analyses) 

Table B-4. H-Area Effluents 
Point Source Analyses 
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APPENDIX B, EXPLANATION OF DATA TABLES 

B.l Format 

The Data Tahles are divided into four major sections of· ten 
pages each. The. sections. represent the results of two separate 
sampling programs in each of the two separations areas as follows: 

Table B.l. Trebler samples from F Area. These represent 
composites of all effluents to the F-Area seepage basins for the 
week ending on the sample date (normally Friday); 

Table B.2.. Trebler samples from H Area·. These also represent 
a one-week composite of the effluents to the seepage basins. 

Table B.J. F-Area composite samples: These were taken in the 
second half of the sampling program, and represent the composition 
of the waste water from individual sources in F Area. Evaporator 
samples were taken from the overheads, not the feed stream. 
Samples were taken proportionally from each batch, over a one-week 
period. 

Table B.4. H-Area composite samples are one-week composite 
samples of effluent wastewater from H Area. 

All four tables are divided as follows: 

Page 1 - Summarizes the analysis of each sample, including charge 
balance, percent error in charge balance, and the impact of pH on 
the analysis. Two pH measurements are reported if available, the 
first taken at SRL, and the second as reported by Envirodyne 
Engineers. A pH was also calculated. by assuming that inaccuracies 
in the charge balance may be accounted for by pH variability for 
samples outside the 3-11 pH range. 

Page 2- Conductivity, oxidation-reduction potential vs. SCE 
(Eh), total inorganic carbon (TIC), total organic carbon (TOC), 
ammonia (NH 4), anionic total inorganic carbon (as ppm of carbon x 
total charge frequency, acidity (phenolphthalien), alkalinity 
(methyl orange), and the fraction of TIC present as the monovalent 
and divalent anions are reported. 

Page 3- Mercury (Hg), potassium (K), nitrite (N0 2), fluoride (F), 
chloride (Cl), sulfate (S0 4), phosphate (P0 4), and nitrate (N0 3) 
are reported in parts per million. The ADD sample numbers are also 
reported for these analyses (by atomic absorption and ion 
chromatography) for archival purposes. 

B-2 
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Page 4- Metals analyses are reported in parts per million, 
inclurting sodium (Na), calcium (Ca), magnesium (Mg), total iron 
(Fe), total phosphorus (P), aluminum (Al), total silicon (Si), 
dissolved silicon smaller than 0.45 un (Si (si(sol) ), nickel (Ni), 
manganese (Mn), and zinc (Zn). The ADD sample number is also 
recorded for these and other analyses that were performed on the 
same sample by inductively coupled plasma, but the ADD sample 
number for the dissolved silicon concentration is not reported 
here. 

Pages 5-6 - These pages report the rest of the metal concentrations 
which were measured in acid-stabilized samples by inductively 
coupled plasma. All units are parts per million (mg/L). 

0 

Page 7 -Tritium, gross alpha and nonvolatile beta-gamma are 
reported all in units of counts per minute recorded for a 1.0 mL 
sample. I-129, I-127, and Tc-99 analyses are reported in parts per 
million, as measured by neutron activation analysis. Sr-90 was not 

·measured. Cs-137 and Co-60 were analyzed by gamma pulse height 
analysis (with WPTD/WDTD counting equipment) and the results are 
reported in units of UCi/L (or nCi/mL). 

Pages 8-10 - Reports other gamma emitters detected by gamma pulse 
height analysis in nCi/mL (or UCi/L) . 

B.2 Symbols and Abbreviations 

Blanks 

Na 

< 

Formality conversion 

Si (sol) 

[Cr] addnl contr 

represent no sample available or the 
analysis was not performed. 

synonymous with a blank; Used to prevent 
errors in computer calculations. 

Analyte was not detected by the analytical 
method and procedure used. 

molecular, atomic or ionic weight. Used 
in calculations of ion balance. 

also Si(filt). The amount of silicon in 
an unstabilized (no acid) sample which 
passes through a 0.45 un filter. 

chromium is a significant factor in the 
charge balance equation and is treated as 
a monovalent anion . 
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B.-2 Symbols and Abbreviations, Contd 

Norm (+) 

Norm (-) 

Trebler monitor 

ARU 

GP 

RBOF-TARG 

Resin class 

moles/liter of pos1t1ve (cationic charge) 
calculated value. 

moles/liter of negative (anionic) charge, 
calculated. 

A sampling station designed to monitor the 
waste water going into the seepage basins. 
There are two, one in F Area and one in 
H Area. 

- •Acid recovery (or recycle) units.. Large 
evaporators in both separations areas for 
the purpose of concentrating nitric acid. 

general purpose (evaporators). 

(CLNG and RNS) cleaning and rinse 
solutions from tritium target cleaning. 

(and REGEN) solutions from ·resin classifi
cation and regeneration after reactor area 
service. 

B.J Analytical Detection 

Following are some of the estimated detection limits for the 
methods and procedures described above. 

Ammonium 
TIC/TOC 
Hg 

K 

N0 2 
F 

Cl 

504 
P0 4 
Nd 3 

Metals 

<1 ppm 
(3 ppm 

estimate 20% accurate at !0 ppb (sensitive to about 
o. 5 ppb) 
<10 ppb 

<2 ppm 
<1 ppm 
<1 ppm 

<2 ppm 
<2 ppm 
<1 ppm 

see values in Data Tables 

Radionuclides -
Tritium - background variable from 20-200 c/m/mL 
Gross alpha - <1 c/m/mL (recorded as d/m/mL) 
Beta-gamma - <1 c/m/mL (recorded as d/m/mL) 
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QA Analytical Precision 

Concentration 
Measured 

Method Analyte N RSD ( %) (ppm) 

!CO Ca 5 2.9 8.8 

ICP Na 5 1.5 116 

ICP Sr 5 4.8 0.15 

IC N0 3 4 2.9 314 

IC Cl 4 38.0 11.5 

IC N0 2 4 47.0* 13. 1 

* Variation of relative standard deviation expected 
due to systematic loss of nitrite to oxidation • 
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TABLE D-ol 

F-Ares Effluents (Trebler Monitor Analyses) 

smi>Lf MTE (wple) NIRI• 1011- CHG Bl'l 'ERO pH (1ST) PH (21io) pH (Cillc) H30o Cit-

F-MEA Tli£BLER 9-D-83 3.52£-2 4.1CE-2 -s.eoe:-3 15.2 1.52 1.44 3.0:i!E-2 3.31£-13 
F-MEA ~ll.ER 9-3Q-83 Error Error Erroi Error Na Error Error Na 
F-MEA T~ll.ER 1Q-14-63 3.74E-2 3.97E-2 -2.31E-3 6.0 2.55 2.29 2.8:i!E-3 3.5sE-12 
F-MEA TRESLER 1Q-Zl-6l 1.93E-2 2 .4:i!E-2 -4.9-E-3 22.7 2.36 2.36 2.03 4.37E-3 2.29E-12 
F-MEA ~il.ER 1Q-28-83 Na Me Na Na 12.24 Error 5.75E-ri 1.74E-2 
F-MEA ~ll.ER 11-4-83 8.20E-2 l.51E-2 6.69E-2 137.8 11.!12 12.8-4 12.88 1.20E-12 8.32E-3 
F-MEA T~ll.ER 11-U-83 1.76E-2 8.61E-3 9.0€-3 68.9 1Ui0 12.07 l2.U 2.~1E-J.i 3.98E-3 
F-MEAT~ER 12-~83 1.55E-2 1.56E-2 -l.<llE--4 0.9 2.76 2.73 1.7E-3 5.73E-12 

"" F-MEAT~ER 12-16-83 3.09E-2 2.78E-2 3.0:i!E-3 10.3 6.02 6.0"- 9.55E-7 i.oE-8 
I 

cr-

fM/1fiPlE. F-MEII (TO 12116) . 3.«lE-2 2.46E-2 9,;ge-3 3.7E;.l 2.93 4.89E-3 3.7lE-3 

MAXI71111 Vll.lf e.20E-2 4.1CE-2 6.69E-2 1.38E•2 12.24 12.8-4 . 12.88 3 .O:i!E-2 8.32E-3 
MIMD1ll1 Vll.lf 1.55E-2 8.61E-3 -5.80E-3 9.08E-l 1.52 2.36 1.44 1.20E-12 3.3i..E-i3 

. sAtPI..E MTE (~le) NIRI• · 1011- CHGk iERO pH p11 (HiST) pti (clllc) H3()o !Ji-

·' 

.. 
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• • • 
. TABLE B-1, Contd 

~PLE MTE (~le) CCND Eh TIC TCC lf14 TIC R::WITV 1\.KPUNII'I' C~ITIC HcmtTIC 
(PHICNIC) as CI!C~ as Ca003 

WI Pill' 
Farl'lllli ty ca~version l.tiD Ul{) 12 12 17 12.00 100.011 1.00.09 

F-MfA -m:BLER 9-23-83 121100 587.0 2ll 0 4.32E-4 Na Na 1.95E-9 1.~E-s 
F-MfA -m:BLER 9-30-83 LND Ul{) 50 0 Ul{) Na Na Ul{) l.tiD 
F-MfA TREBLER 10-14-8:5 5500 5.41.0 18 0 28 2.87E-3 Na Na 2.01lE-8 1.60[-4 
F-MfA TREBLER 10-21-8:5 4600 462.0 15 25 1.55E-3 Na Na 1.35E-8 1.03E-4 
F-MfA TREBLER 1G-:28-8:5 15500 24.0 Na Na Na Na Na Na 9.1l0E-1 9.66£-3 
F-MfA TREBLER U-4-83 7800 -288.0 17 513 30 3.37E•1 0 4l2.5 9.80E-1 2.00E-2 
F-MfA -m:BLER U-11-8:5 2280 -273.5 15 215 14 2.9E•1 0 :10 9.59E-l 4.08E-2 
F-MfA -m:BLER 12-9-83 2500 235.0 29 6 9 7.51E-3 Na Na 3.o40E-8 2.59E-<I 
F-MfA TREBLER J.r.16-8:5 2200 43.6 36 5 1.15E•1 Na Na 6.18E-5 3.20E-1 

"' I ..... rNFJWliE F-MEA (TO 12116) 6.66E•3 1.66E•2 

nAXD'IIII Wl.UE 1.55E+4 5.87E•2 3.60E•1 5.13E•2 3.00E•1 3.37E•1 
MIND'IIII ~1\.UE 2.2(£+3 -2.88E•2 1.50E•1 0.0 ll.OOE•O 4.32E-4 

~PL.E MTE ·~:slll'lple) lXHl Eh TIC TOC lf14 TIC R::WITVIl.KPUNII'I' 

l.tiiT~ILLICM'ISA.ITER 
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TABLE II-' 1, Coiltd 

Sl'nPLE DATE (s8J'11)1e) POOl! Hg (PPII) ~ P00/1 N02 F C1 $04 P04 N03 

ForMality conversion 200.59 39.1 <16 19 35.5 96 95 62 

F-MEA TREBLER 9-23-83 39862 5.00E-3 1.06E-1 39848 0.0 0.0 0.0 0.0 0.0 2.54E•3 
F-MEA TREBLER 9-3Q-83 4:)915 <.0001 4:)899 0.0 0.0 0.0 0.0 0.0 6.74E•3 
F-MEA TREBLER 10-14-83 41392 <.0001 41387 0.0 0.0 0.0 0.0 0.0 2.46E•3 
F-MEA TREBLER 10-21-83 41497 <.0007 41492 0.0 0.0 0.0 0.0 0.0 1.50E•3 
F-MEA TREBLER 10-28-83 41774 1.20E-2 41769 1.57E•1 0.0 0.0 0.0 0.0 3.13E•2 
F-MEA TREBLER 11-4-83 42643 l.lOE-2 42636 0.0 0.0 9.61E+O 2.65E•O 0.0 2.26E•2 
F -MEA TREBLER 11-11-83 42734 <.001 1.11E+O 42n7 0.0 1.24E•1 0.0 3.26E+O 0.0 9.02E•1 

.;; F -MEA TREBLER 12-9-83 43867 2.80E-3 6.91E-1 43861 0.0 0.0 0.0 3.08E•1 0.0 9.27E•2 
I F-MEA TREBLER 12-16-83 44135 3.00E-3 7.84E-1 44129 0.0 0.0 0.0 0.0 0.0 1.67E•3 

00 

t:WE!W>CE F-l'ftA (TO 12/16) 4.22E-3 6.73E-1 1.96E+O 1.55E+O 1.20E•O 4.59E+O 0.0 1.22E•3 

MAXIMl.l1 VI'LUE 1.20E-2 l.llE+O 4.41E•4 1.57E•l 1.24E•l 9.61E+O 3.08E•l 0.0 6.74E•3 
MINIMl.l1 VI'LUE 0.0 1.06E-l 3.98E•4 0.0 0.0 0.0 0.0 0.0 9.02E•1 

Sl'nPLE DATE (S<Irl>le) POOl! Hg ~ 1'0011 N02 F C1 $04 P04 NOJ 

• • • 



• • • 
TABLE B-1, Contd 

SAIPL.f t\1\TE (Sl11111e) Ill Oil Sodiun Ca ng Fe p AI. Si Si(sol) Ni nn Zn 

Fornality conversion 2l 41.1 24.3 55.8 31 26.98 28.1 28.1 58.7 54.~ 65.:s7 

F-MEA TREBI.ER 9-278l l9860 l.LOE•2 4.10E-1 S.OOE-2 3.45E•O 3.28E•O 2.73E-l 6.10E-l 4.10E-l <0.05 <.01 3.00E-2 
F-MEA TREBI.ER 9-31>-83 40913 ? ~·2 4.SOE-1 6.00E-2 2.4lE•l 3.40E•O l.l3E•O 3.70E•O Ul() < 4.00E-2 2.46E-l 
F-MEA TREBI.ER 1D-14-8l 41391 7.54E•2 7.53E-l 7.20E-2 7.47E-1 1.81£•0 l.OOE•O 1.58E•O 1.62E+O <.05 1.53E-2 3.00E-2 
F-MEA TREBI.ER 11>-21-83 41496 3.42E·~ 3.62E-1 5.40E-2 8.64E-1 4.40E•O 2.55E-1 6.60E-l 5.50E-l 5.00E-2 2.SOE-2 1.00E-2 
F-MEA TREBI.ER 11>-28-83 41773 l. 90E•l 0.0 0.0 o.o 1.36£•0 9.62E-1 3.86E•1 2.24E•l .<.05 <.1 6.86E-1 
F-MEA TREBI.ER 11-4-Sl 42642 l.&E•l 0.0 0.0 0.0 9.20E-1 0.0 7.61E•O 7.41E+O < < l.16E•O 
F-MEA TREBI.ER 11-U-83 42733 3.83E•2 4.90E-l 7.40E-3 2.30E-1 1.34E•O 1.01E•O 2.87E•O 2.56E+O 2.17E-1 < 6.53E-2 
F-MEA TREBI.ER 12-~Sl 43868 2.95£•2 5.53E-1 1.4lE-1 6.10E•O 3.17E•O 7.56E-1 3.11E•O 3.11E+O < 4.16E-2 9.05E-2 

"' F-MEA TREBI.ER 12-16-83 44134 7.00E•2 1.78E•O 1.55£-1 2.44E•O 1.59£•0 1.99E•O 2.16E•O 2.12E+O 4.3lE-1 4.23E-2 2.87E-l 
I 

'"' 
rN~ F-MEA (TO 12116) 7.90E•2 5.43E-1 5.99E-2 1.73E•O 2.23E•O 7.8lE-1 7.15E•O 5.02E+O 8.72E-2 1.55E-2 2.95E-1 

nf'D!II'Iun v~LE 1.90E•3 1.78E•O 1.55E-l 2.40E•l 4.40E•O 1.99E•O 3.86E•1 2.24E•1 4.3lE-1 4.Z3E-2 1.16E+O 
niHII'Iun v~LE 1.10E•2 0.0 0.0 0.0 9.20E-1 0.0 6.10E-l 4.10E-1 0.0 0.0 l.OOE-2 

SAIPL.f t\1\TE ( Slll1lle) 11)011 Sodi.un Ce ng Fe p AI. Si Si(So1). Ni nn Zn 
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TABLE B-1, Contd 

Sll'IPLE DATE (s~le) Cr Sa Cu Pb Cd Co Sr Zr Vb La Li Be 

ForMality conversion 51.996 1}7.3 63.5 207.2 112.4 58.9 87.6 91.2 88.9 138.9 6.94 9.01 

F-PREA TREBLER 9-23-83 <.01 <.003 <.01 <.03 <.01 <.01 4AJE-3 4.20E-2 <.01 <.005 ( .005 <.003 
F -PREA TREBLER 9-30-83 2.BOE-2 <.003 <.01 2.70E-1 <.01 <.01 4.90E-3 <.005 1.20E-2 <.005 l.30E-2 3.70E-3 
F-PREA TREBLER 10-14-83 <.01 4.90E-3 <.01 <.03 <.01 <.01 4. 70E-3 <.005 <.01 (.005 <.005 <.003 
F -PREA TREBLER 10-21-83 1.00E-2 1.03E-2 9.00E-3 1.03E-1 0.0 0.0 4.30E-3 4.70E-3 2.14E-2 3.00E-3 0.0 0.0 
F -PREA TREBLER 10-28-83 <.01 <.03 <.01 <.03 <.01 <.02 l.B4E-2 <.005 <.01 <.005 <.005 <.003 
F-PREA TREBLER 11-4-83 ( 4.90E-2 ( < ( ( < ( < ( ( < 
F -MEA TREBLER 11-11-83 1.60E-2 1.50E-2 2.75E-2 2.65E-1 < ( ( 1.40E-2 6.70E-2 1.44E-2 1.27E-2 ( 

"' 
F -PREA TREBLER 12-9-83 ( ( ( ( ( ( 3.00E-3 ( ( < ( ( 

I F-PREA TREBLER 12-16-83 
~ 

7.54E-2 2.16E-2 4.26E-2 5.49E-1 ( 1.84E-2 1.00E-2 2.25E-2 1.14E-1 1.75E-2 1.44E-2 ( 

0 

IWEPIIJla: F-PREA (TO 12/16) 1.27E-2 1.26E-2 9.89E-3 1.15E-1 0.0 2.30E-3 5.60E-3 1.04E-2 2.53E-2 4.36E-3 3.39E-3 0.0 

MAXIMltl Vl't.UE 7.54E-2 4.90E-2 4.26E-2 5.49E-1 0.0 1.84E-2 1.B4E-2 4.20E-2 1.14E-1 l.75E-2 1.44E-2 3.70E-3 
MINll'lltl Vl't.UE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.0 

Slt!PLE DATE (~1e) Cr Ba Cu Pb Cd Co Sr Zr Yb La Li Be 
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TABLE B-1, Contd · 

sti'IPLE DATE (sanple) B Ti u v y 

ForM4lity conversion 10.8 47.9 238 50.9 88.9 

F-MEA TREBLER 9-23-83 2.30E-2 <.003 1.16E•O <.01 <.01 
F-MEA TREBLER 9-30-83 <.005 6.50E-3 1.19E•O 1.21E-2 <.01 
F -MEA TREBLER 10-14-83 0~5 <.003 7.19E-l <.01 <.01 
F-MEA TREBI..ER 10-21-83 0.0 3.00E-3 1.56E·O 7.50E-3 l.OOE-3 
F-MEA TREBLER 10-28-83 4.1SE·v <.03 <.5 <.01 <.01 
F-MEA TREBI..ER U-4-83 < < < < < 
F-MEA TREBI..ER 11-11-83 ( l.lSE-2 .72(1.2) 1.30E-2 ( 

F-MEA TREBI..ER 12-9-83 < < ( ( ( 

"' 
F-MEA TREBI..ER 12-16-83 1. 78E-2 1.60E-2 8.47E-1 3.28E-2 ( 

I 
~ 

~ 

(!NEARPfl:. F-MEA (TO 12116) I 5.24E-l 3.81E-3 5.36E-l 6.66E-3 1.2SE-4 
' ' 

MAXIMLM VALUE 4.15E•O 1.60E-2 1.56E•O 3.28E-2 l.OOE-3 
MINIMLM VALUE : 0.0 0.0 0.0 0.0 0.0 

I 

.SI'l1PLE DATE (SMOPle) 
1 

B Ti u v y 



TABLE B-1, Contd 

~PLE DATE (saMPle) POOII T 8 B-G I-U9 I-127 Tc-99 Sr-90 Cs-137 Cc-60 

ForMality conversion 3 d/n/nl d/n/Ml (PPM) PPM PPM 90 137 60 

F-MEA TREBLER 9-23-83 39854 7 .OOE+O 2.30E•1 
F-MEA TREBLER 9-30-83 41222 2.18E•5 
F-MEA TREBLER 10-14-83 41396 1.80E•l l.l6E•2 
F-~A TREBLER 10-21-83 41501 1.28E•5 1. 90E•1 1.85E•2 <0.03 <0.145 
F-MEA TREBLER 10-28-83 41778 1.83E•5 1.20E•l 3.60E•1 <.01 1.30E-1 
F -MEA TREBLER 11-4-83 42641 3.66E•5 0.0 3.20E•1 <0.03 <0.148 
F -MEA TREStER 11-11-83 42732 1.48E•5 7.60E•1 4.80E•l <0.03 Na <0.221 

"' F-MEA TREStER 12-9-83 43865 8.03E•4 1.20E•l 5.40E•l 1.43E-3 
I 

F-~A TREBLER 12-16-83 44133 1.7910•5 0.0 4.80E•l <.01 0.0 3.60E-3 < -"' 
AVEARffiE H~A (TO U/16) J..81E•5 1.80E•1 6.78E•l 0.0 Nd 0.0 2.51E-3 0.0 

MAXIMll! V~UE 3.66E•5 7.60E•1 1.85E•2 0.0 Na 0.0 0.0 3.60E-3 0.0 
MINIMll! V~UE 8.03E•4 0.0 2.30E•1 0.0 Nd 0.0 0.0 1.43E-3 0.0 

~PLE DATE (saMPle) roD/ I T • P-G I-129 I-127 Tc-99 Sr-90 Cs-137 Cc-60 a 

• • • 



• • • 
TABLE B-1, Contd 

SA'IPLE oim (sa'1ple) Ru-11lt! S!-89 Zr-95 Nb-95 Ru-103 I-131 Cs-134 Ce-141 

I 
I 

ForM.ality conversion • 106 : 89 95 95 103 Dl 134 141 

F-MEA TREBLER 9-23-83 
F-MEA TREBLER 9-30-83 
F -MEA TREBLER 10-14-83 
F-MEA TREBLER 10-21-83 
F-MEA TREBLER 10-28-83 
F-MEA TREBLER 11-4-83 
F-MEA TREBLER 11-11-83 

"' F -MEA TREBLER 12-9-83 1.05E-2 7.77E-3 7.16E-3 2.90E-3 
I 

F-MEA TREBLER 12-16-83 7 .92E-3 1.27E-2 1.21E-2 1.87E-3 - < ( < w 
I 
I 

AVEARAGE F-AREA (TO 12/16} 9.21E-3 0.0 1.02E-2 9.63E-3 2.38E-3 0.0 0.0 o.o 
I 

I 

MAXIMIJ'I VALUE 1.05E-2 0.0 1.27E-2 1.21E-2 2.90E-3 0.0 0.0 0.0 
MINIMIJ'I VALUE 7 .92E-3 0.0 7.77E-3 7.16E-3 1.87E-3 0.0 0.0 0.0 

sn!PLE DATE (sarple) Ru-106 Sr-89 Zr-95 Nb-95 Ru-103 I-131 Cs-134 Ce-141 



TABLE B-1, Contd-

Sfl'IPLE MTE (saMPle) Ce-144 Pn-147 U-235 K-40 Ra-228 Nb-97 Sr-85 Kr-85 Zn-65 Ptt-241 Xe-133 Co-58 

ForMality conversion 144 147 235 40 

F-MEA TREBLER 9-23-83 
F-MEA TREBLER 9-3o-83 
F-MEA TREBLER 1o-14-83 
F-MEA TREBLER 10-21-83 
F-MEA TREBLER 10-28-83 
F-MEA TREBLER 11-4-83 
F-MEA TREBLER 11-11-83 
F -MEA TREBLER 12-9-83 

"' F-MEA TREBLER 12-16-83 2.46E-3 I -,. 
AVE~ F~MEA (TO 12/16) 0.0 0.0 0.0 2.46E-3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

MAXIMl11 VI'I..UE 0.0 0.0 0.0 2.46E-3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
niNIMl11 VI'I..UE 0.0 0.0 0.0 2.46E-3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Sfl'IPLE MTE (W~Ple) Ce-144 Pn--147 U-235 K-«J Ra-228 Nb-97 Sr-85 Kr-85 Zn-65 AM-241 Xe-133 Co-SS 

• • • 



• • • 
: TABLE B-1; Contd 

5ll'IPLE DATE ( sanple) Mn-54 Cr-51 Fe-59 · Ar-41 Bi-214 Sc-46 Sr-92 Ag-110 Sn-113 Eu-154 Na-22 

For~ality conversion 

F-MEA TREBlER 9-23-83 
F-MEA TREBlER 9-3Q-83 
F-MEA TREBlER 10-14-83 
F-MEA TREBlER 10-21-83 
F-MEA TREBlER 1Q-28-83 
F-MEA TREBlER 11-4-83 
F-MEA TREBlER 11-11-83 

"' 
F-MEA TREBlER 12-9-83 

I - F-I'~EA TREBlER 12-16-83 l.OSE-3 

"' 
IWEIW« F-AREA (TO 12116) 0.0 0.0 0.0 0.0 l.OSE-3 0.0 0.0 0.0 0.0 0.0 0.0 

MAXIMLI'1 Vlt.UE 0.0 0.0 0.0 0.0 l.OSE-3 0.0 0.0 0.0 0.0 0.0 0.0 
MINIMLI'1 Vlt.UE o.o 0.0 0.0 0.0 l.OSE-3 0.0 0.0 0.0 0.0 0.0 0.0 

Sl'l'IPLE DATE (SU~Jle) Mn-54 . Cr-51 Fe-59 Ar-41 Bi-214 Sc-46 Sr-92 Ag-no Sn-113 Eu-154 Na-22 



TABLE B-2 

F-Area Effluents (Point Source Analyses) 

F -MEA SA1PLES DATE (s!M'IP1e) NCR1• tml- CHG BI'L \ERRCR pH pH (2nd) pH (celc) H30+ (}i-

ForMality conversion • 

F-MEA MIJ (TANKII61~) 12-10+83 7.57E-2 6.64::-2 9.32E-3 13.1 1.13 1.19 7 .41E-2 1.35E-13 
" 1-12-8~ Ha 6.95E-2 1.57 2.69E-2 3.72E-13 
" 1-29-~' 1.94 

F-MEA CP EWP Ill (706-1/707-1) 12-10-83 9.70E-l Na 12.20 6.31E-13 1.58E-2 
F-MEA GP EVAP 112 (706-2/707/2) 12-10+83 2.18E-2 Na 11.10 7.9~-12 1.26E-3 .. (111&2) 1-12-84 Na 3 .63E-l 0.82 1.51E-l 6.61E-14 

1-29-~. Ha 6. 74::-5 7.14 

C-13 HVORATE EVAPCAATCR 12-22-83 8.92E-2 8.14::-2 7.81E-3 9.2 1.05 1.09 8.91E-2 1.12E-13. 
1-12-~ Na 7.22E-2 1.31 4.90E-2 2.04E-13 

"' .. 1-29-84 Ha l.llE-1 I .... 
a-

C-1-8 CNERHEAOS 12-22-83 Ha 7.34::-2 1.44 3.63E-2 2. 75E-13 

241-F EVAPORATCR 11-2-83 Ha 2 .63E-5 6.30 . 5.01E-7 2.00E-8 
11-11-83 5.99E-3 Na 9.27 9.55 5.37E-10 1.86E-5 

l-EU 12-22-83 3.09E-2 2.29E-2 8.07E-3 30.0 1.51 1.64 3.09E-2 3.24::-13 
1-12-~ Ha 3.33E-2 1.81 1.55E-2 6.46E-13 
1-29-~ Na Na 

1-CU 12-10+83 3.90E-2 7.10E-2 -3.20E-2 58.3 1.41 1.15 3.89E-2 2 .57E-13 
1-12-~ Ha ·5.88E-2 1.80 1.58E-2 6.31E-13 
1-29-84 Na 2.33E-2 1.92 

F -MEA LIUICRV UASTE 11-18-83 2.2~-3 1.94E-3 2.92E-4 14.0 7.70 -(see 1st) 2.00E-6 5.01E-7 
12-16-83 Na Na 8.17 6. 76E-9 1.48E-6 
12-22-83 3.3~-3 6.92E-3 .• -3.58E-3 69.9 9.47 3.39E-10 2.95E-5 

~PLE DATE (=i>le) NCR1• tml- CHG BI'L %ERRCR pH pH (2nd) H30+ (}i-

• • • 



• • • 
TABLE B-2, Coutd 

I 
I 

SRIPl£ DATE (S411lle) ~CtlD Eh llli4 TO:: TIC ~IDrTV IUIUNITV C03/TIC HC031TIC TIC 
For~ity conversion l.Od Util 17 12 12 100.09 100.09 (NCRIIUTV 

CJ' FREE 
I>NIDNS) 

F-MEA IWlU (Tif001614) 12-10-83 30500 329.6 26 69 81 3715 0 7 .96E-10 6.07E-6 4.10E-8 
1-12-84 21500 299.2 No 7 10 2.19E-9 1.67E-5 1.39E-8 
1-2~84 8200 -23.4 

F-MEA CP EVFf' Ill (706-lfi07-1) 12-10-83 11500 -317.0 No 0 130 9.89E-1 1.06E-2 No 
F-MEA CP EYFf' 112 (706-2fi0712) 12-10-83 1200 -253.0 0 16 No 0 130 8.81E-1 1.19E-1 No 

.. (111&2) 1-12-84 >50000 44.9 No 111 19 3.90E-10 2.97E-6 4.71E-9 
• 1-2~84 24 -333.4 

C-1-3 HYDRATE E~TCR 12-22-83 34JOO 334.0 0 215 65 4390 0 6.62E-10 5.05E-6 2.74E-8 

"' • 1-12-84 42000 314.8 1.20E-9 9.19E-6 3.83E-j I No 32 5 
~ . 

1-2~84 ..... 

C-1-8 ()IERI£~$ 12-22-83 25550 8.0 No 16 7 1.62E-9 1.24E-5 7 .23E-9 

241-F EVIV'CAATCR • ll-2-83 10 42.0 No 7 0 Na 0 l.lSE-4 4.73E-1 0.0 
ll-ll-83 ,65 -136.0 58 17 11 0 20 9.90E-2 9.00E-1 l.OlE-3 

l-EU 12-22-83 1950 308.0 0 98 2 1385 0 l.91E-9 1.46E-5 2.43E-9 
• 1-12-84 11500 -14.4 No 81 2 3.81E-9 2.91E-5 4.84E-9 

1-2~84 

l-eu 12-10-83 16000 314.0 0 19 81 2075 0 l.52E-9 l.16E-5 7.81E-8 
• 1-12-84 11000 -13.5 75 8 3.72E-9 2.84E-5 1.89E-8 
• 1-2~84 ' 8800 -19.1 

F -MEA LA.Kil.V UASTE 11-18-83 0 80 . 10 0 59.3 8.65E-3 9.77E-1 8.28E-4 
12-16-83 190 -82.0 No Na No No No No .. 12-22-83 -220 -157.0 0 185 55 0 llO l.48E-1 8.51E-l 5.26E-3 

SRIPl£ DATE (S411lle) CCtlD Eh NH4 TO:: TIC ~IDrTV IUIUNITV C03/TIC H:03/TIC TIC 



TABLE B-2, Contd 

~PLE DATE (sanple) P00/1 Hg K Prot I N02 F Cl S04 P04 NOJ 
For~ity conversion 20059 39.1 46 19 35.5 96 95 62 

F-MEA ~ (11614) 12-L0-83 44483 l.SOE-2 l.SOE-2 <14478 1.86E•1 4.71E+O 4.87E+O 0.0 0.0 4.0SE•3 .. 1-12-84 .<5424 2.80E-2 1.70E-2 .<5411 0.0 0.0 9.52E•1 0.0 0.0 4.14':•3 .. 1-29-84 46735 1.29E-1 2.80E-2 46730 0.0 52(10?) 0.0 0.0 0.0 2.33!:•3 

F-MEA CP EVAP Ill (706-1/707-1) 12-L0-83 44437 4.60E-2 9.0SE+O 44432 0.0 0.0 6.53!:+0 1.33!:•1 0.0 0.0 
F-MEA CP EVAP 1/2 (706-2170712) 12-L0-83 <14476 9.00E-1 2.55E+O <14470 0.0 0.0 5.96E+O 0.0 0.0 3.12E•2 .. (111&2} 1-12-84 .<5441 5.80E-2 4.50E-2 45434 9.20E•1 1.06E•1 0.0 0.0 0.0 2.24:•4 

1-29-84 46ns 2.20E-2 2.50E-2 46no 0.0 0.0 0.0 0.0 0.0 4.1SE+O 

C-13 HVORATE EVAPCRATCR 12-22-83 44451 l.OOE-3 1.20E-2 44446 0.0 0.0 0.0 0.0 0.0 5.05E•3 
1-12-84 '5449 1.20E-3 5.60E-3 44485 0.0 0.0 0.0 0.0 0.0 4.4SE•3 
1-29-84 46738 0.0 0.0 0.0 0.0 0.0 6.87E•3 

"' C-1-8 OVERHEADS 12-22-83 '5410 9.00E-4 3.00E-3 .<5403 0.0 0.0 4.06E•l 0.0 0.0 4.4SE•3 I 
~ 

00 
241-f EVAPCRATCR 11-2-83 Na Na 42667 0.0 0.0 0.0 0.0 0.0 1.63!:+0 

11-ll-83 42674 <.001 3.60E-l Na "" Na Na Na Na 

l-EU 12-22-83 44429 3.00E-3 2.00E-2 44417 0.0 0.0 0.0 0.0 0.0 1.42E•3 
1-12-84 .<5433 1.30E-3 2.80E-2 45426 0.0 3.85E•l 4.05E•l 0.0 0.0 2.00E•3 
1-29-84 46n9 2.70E-3 2 .50E-2 

1-CU 12-10-83 Na(EST K•} Na 2.00E-2 44463 0.0 0.0 0.0 0.0 0.0 4.40E•3 
1-12-84 .<5402 1.20E-3 0.0 45395 2.44:•1 0.0 0.0 0.0 0.0 3.61E•3 
1-29-84 46748 2. 70E-3 1.97E-2 46743 0.0 0.0 0.0 0.0 0.0 1.44:•3 

F -MEA LIO'IlRY UASTE 11-18-83 42991 <.001 9 .50E+O 42986 0.0 0.0 7.35E+O 0.0 0.0 9.98E+O 
12-16-83 Na 44121 0.0 5.80E-l 4.32E•O 8.02E•O 0.0 0.0 
12-22-83 44127 3.00E-4 2.56E+O 44441 0.0 0.0 6 .53E+O 1.33!:•1 0.0 0.0 

~PLE DATE (SMIP1e) Pf)[)ll Hg K Prot I N02 F C1 504 P04 · NOJ 

• • • 



• • • 
TABLE B-2, Contd 

SAMPLE DATE (Sa"lPle) . !(Jf)ll Sodiun Ca Mg Fe p Al· ·Si Si(Sul) Ni Mn ln 
Fornality conversion 2} 4:).1 24.3 55.8 31 26.98 28.1 28.1 S8.7 54.94 65.37 

F-AREA MU 12-10-8} 44482 l.71E-l 6.28E-2 0.0 2.27E-2 9.64E•O 1.31E-l <.01 <.01. l. 7SE-1 < 8.15E-2 
1-12-84 45418 < < < 8.79E-2 6.94E•O < < < < 3.30E-2 ( 

1-29-84 46734 l.}2E-1 < l.O?E-1 1.27E-l 4.43E-l ( ( ( < ( 6.62E-2 

F-AREA CP EVI4' Ill (706-1/707-1) 12-10-83 444}3 2.21E•4 2.21E-l 0.0 4.74E-l 1.63E•1 7.57E•l 9.28E-1 8.57E-l 2.42E-1·5.69E-2 1.}7E-1 
F-AREA CP EVI4' 112 (706-2170712) 12-10-8} 44475 '.98E•2 1.4JE•l 1.79E•O }.09E~l 9.87E•O 2.27E•l 1.23E•O 4.08E-1 2.72E·O 4.31E•O 8.54E-r .. (111~2) 1-12-84 45440 4.84E•O 5.49E-2 < 2.81E-l 4.41E•O < < < ( 4.15E-2 < 

1-29-84 46724 l.52l·0 < < 8.4JE-2 4.34E•O < ( ( ( l.02E-2 5.}8E-2 

C-13 HYDRATE EVI'KAATLR 12-22-83 44447 2.81E-1 1.16E•O 9.SOE-2 l.l4E-1 6.94E•O 2.24E-1 <.01 <.01 4.32E-1 ( l.34E-1 .. 1-12-84 45448 ( ( < 5.07E-2 5.87E•O < < ( < < ·( 

"' 1-29-84 46739 ( < ( 1.03E-1 1.35E•O 3.34E-2 < ( ( . < 6.99E-2 
I 
~ 

"" C-1-8 OVERHE!fJS 12-22-83 45409 0.0 0.0 0.0 4.05E-2 2.91E•O 0.0 < ( ( 3.08E-2 < 

241-F EVAPORATOR ll-ll-83 42668 1.01E•O 1.08E•O 7.62E-2 0.0 4.62E-2 8.89E-1 2.04E•O 2.06E+O < ( 3.62E-2 
ll-11-83 42673 1.16E•O 4.69E•1 4.50E-1 9.50E-2 1.02E-1 1.25E•O 2.37E•O ACIOSAMP 1.57E-1 < 5.65E•O 

l-EU -12-22-83 44428 0.0 l.14E-1 0.0 2.59E-2 3.86E•l 2.94E-l <.087 <.089 1.34E-1 < l.33E-1 
1-12-84 45432 < l.17E-l < 1.35E-2 1.4lE•1 1.89E-l < ( l.51E-1 2 .87E-2 < .. 1-29-84 46728 ( ( < 8.39E-2 l.25E•O < < ( ( < 6.28E-2 

l-eu 12-l0-83 44464 1.98E-1 1.69E-l 0.0 5.18E-2 9.60E•O 2.49E-l <.021 <.021 2.60E-1 1.24E-2 9.30E-2 
1-12-84 45396 <.05 l. 74E-l ( 2.35E-2 1.22E•1 2.29E-l < ( 2.49E-1 4.l5E-2 ( 

1-29-84 46747 ( < ( ( l.19E•1 1.89E-1 <.077 ( 6.92E-2 < 6.18E-2 

F-AAEA LAUNORV IJASTE ll-18-83 42987 }.79E•l 5.43E-l 2.64E-1 5.63E-l 1.23E•O 2.49E•O 1.07E•1 l.OSE•l ( 1.41E-2 1.77E-1 
12-16-83 44122 6.32E•l 1.63E•O 9.61E-1 3.59E-l 2.83E•O 3.9SE-l 1.65E•l 1.6SE•1 1.01E-1 1.15E-2 1.84E-1 .. 12-22-83 44442 7.06E•l 1.48E•O 6.00E-1 4.74E-1 1.03E•O 5.48E-l 1.64E•1 1.64E•l 2.60E-1 1.03E-2 1.71E-1 

SlnPLE CI'ITE (:wtp1e) !fJOII Sodiun Co Mg Fe p Al Si Si(Filt) Ni nn Zn 



TABLE B-2, Contd 

Sll'IPLE DATE (sa"~Ple) Cr Ba Cu Pb Cd Co Sr Zr Vb La Li Be 
For~ity conversion 51.996 137.3 63.54 207.19 112.4 58.93 87.62 91.22 88.91 138.91 6.939 9.012 

F-MEA ARU 12-1Q-83 2.05E-2 1.21E-2 1.22E-2 1.86E-1 < 1.20E-2 < < 4.53E-2 6.10E-3 1.51E-2 < 
•• 1-12-a.l < 1.16E-2 < < < ( 2.06E-2 ( 2.03E-2 3.45E-2 ( 7 .90E-3 

1-29-a.l < 1.16E-2 ( ( < < ( < < ( < ( 

F-MEA CP EV~ Ill (706-11707-1) 12-10-83 2.55E-l 1.21E-2 2.54E-2 3.79E-1 ( 1.39E-2 ( 6.30E-3 5.42E-2 6.40E-3 l.OSE-1 < 
F-MEA CP EV~ lf2 (706-2/707/2) 12-1Q-83 6.68E-1 2.67E-1 4.03E-1 5.57E•O 2.37E-2 9.23E-2 1.20E-1 l.SOE-1 5.10E-1 6.75E-2 6.02E-2 7.90E-3 

CP 1&2 1-12-83 ( 1.16E-2 ( ( ( ( 1.53E-2 ( 2.03E-2 2.13E-2 ( 5.10E-3 
"1-29-6<1 ( s.aoE-3 ( < ( ( ( < ( < < < 

C-13 HVOIIATE EVI'KRATCR 12-22-83 4.87E-2 1.21E-2 1.57E-2 3.17E-1 ( 1.60E-2 3.70E-3 < 5.73E-2 7.80E-3 1.51E-2 < .. 1-12-a.l < ( < < < < 6.50E-3 < < 8.10E-3 < < 

"' 
1-29-a.l 2.20E-2 < < 8.32E-2 < ( < ( < < < ( 

I 
N 
0 C-1-8 CIVERHEillS 12-22-83 < s.aoE-3 < ( < ( 1. 83E-2 < 2.90E-2 4.20E-2 < 7.10E-3 

241-F EV~TCR 11-U-83 < < < S.SOE-2 < < 3.30E-3 S.OOE-3 3.12E-3 6.10E-3 < < 
11-11-83 ( l.OOE-2 < 1.11E-1 < < 2.92E-2 6.70E-3 3.41E-l l.OOE-2 < < 

l-EU 12-22-83 3.91E-2 < 1.57E-2 3.80E-1 < < < ( 3.00E-2 ( < < 
1-12-a.l 3.83E-2 1.16E-2 ( 3.61E-1 ( < 2.38E-2 1.87E-2 5.27E-2 3.62E-2 < 7.10E-3 
1-29-6<1 < < < < ( < ( ( < < < < 

1-CU 12-10-83 3.12E-2 1.21E-2 2.27E-2 3.72E-1 < 1.59E-2 < 7.10E-3 6.32E-2 1.02E-2 1.50E-2 < 
1-12-a.l 4.nE-2 1.75E-2 < 4.66E-1 < 1.24E-2 6.96E-2 2.42E-2 9.93E-2 7.92E-2 < 6.30E-3 
1-29-6<1 2.63E-2 < < 2.61E-1 < < ( S.OOE-3 < < < < 

F-MEA LPIJI<JRV UASTE 11-18-83 < 4.70E-3 ( < < < < < < ( 1. 40E-2 < 
12-16-83 1.23E-2 1.08E-2 1.72E-2 1.56E-1 ( < 7 .10E-3 7 .SOE-3 < 7 .56E-3 1.44E~2 < 
12-22-83 2.43E-2 1.82E-2 2.63E-2 3.42E-1 < 2.00E-2 6.90E-3 8.90E-3 7.25E-2 1.33E-2 l.SlE-2 < 

Sll'IPLE DATE (S<IMPle) Cr Be Cu Pb Cd Co Sr Zr Yb LC Li Be 

• • • 



• • • 
TABLE B-2, Contd 

s.<nPLE DATE (sanple) B' Ti u v y. 

Fornality conversion 10.81 47.9 23a.03 50.94 173 .0~ 

F-MfA MU 12-10-83 2.65E-2 5.BOE-3 ( 1.05E-2 < 
1-12-84 < < < 1.04E-2 < 
1-29-84 < < < < < 

F-MEA GP EV~ Ill (706-11707-1) 12-10-83 8 \oE-2 1.07E-2 2.97E·O 2.78E-2 < 
F-MEA CP EV~ 112 (706-2/707 12) 12-10-83 1!19E-1 1.37E-l 4.48E•O 2.62E-l 2.51E-2 

l-12-84 3.30E-3 < < < 
l-29-84 1.41E-2 < < < < 

C-13 H'IDRATE EVAPCAATCR 12-22-83 5.07E-2 9.40E-3 < 1.44E-2 < 
" 1-12-84 < < < < < 
" l-29-84 . < < 1.05E•O < < 

"' 1 
C-l-8 CNERHEI'()S 12-22-83 < < < < 1.02E-2 

N - · 241-F EVAPORATCR 11-U-83 < < < < < . 
" < 5.BOE-3 < < < 

l-EU 12-22-83 8.21E-2 4.BOE-3 4.85E•O 2.16E-2 < 
l-12-84 < 9.lOE-3 4.87E•O 3.14E-2 < 
l-29-84 < < 6.51E-1 < < 

1-cu 12-10-83 3:48E-2 9.40E-3 1.16E•O 1. 91E-2 < 
l-12-84 3.58E-2 1.07E-2 5.37E•O 3.l2E-2 l.39E-2 

" 1-29-84 < < 4.28E•O 1.27E-2 < 

F-MEA LPW!:RV IJASTE 11-18-83 3.79E-2 1.66E-2 < < < 
12-16-83 5.66E-2 3.50E-3 < < < 
12-22-83 7.14E-2 l.53E-2 < l.82E-2 < 

s.<nPLE OA TE ( saMPle ) B Ti u v v 



TABLE B-2, Contd 

~PLE DATE (saf1lle) POOII T a o-c I-129 Tc-99 
Fornality conversion 3 d/n/1'11 d/n/111 (PPM) PPM 

F-MEA MU 12-1Q-83 44484 2.20E•5 2.01l:•1 4.01l:•l 
1-12-84 45415 1.65€•5 0.0 9.51l:•l 
1-29-84 46737 1.82£•4 0.0 S.lr£•1 

F-MEA CP EVI'f' Ill (706-1/707-1) 12-10-83 44438 8.65€-6 4.01l:-<J 1.31l:•2 
F-MEA CP EVI'f' 112 (706-2/70712) 12-10-83 44477 1. 79E•7 9.21l:•1 6.06E•2 .. (111G2) 1-12-84 45438 2.l7E•4 0.0 0.0 

1-29-84 46727 l.20E•5 0.0 0.0 

C-13 H'IORATE EVAPCilATCR 12-22-83 44452 3.30E•3 6.01l:•O 1.20E•1 
1-12-84 45446 l.90E•2 0.0 0.0 
1-29-84 46742 9.00E•1 

"' C-1-B OVERHEAOS 12-22-83 45407 l.60E•2 0.0 2.00E-<l -, 
N 
N 

241-F EVAPCRATCR 11-2-83 42672 2.28E•5 2 .OOE-<J · 5 .20E•1 <0.03 <0.155 
11-11-83 

l-EU 12-22-83 44430 2.84E•3 0.0 2.00E-o 
1-12-84 45430 4.00E•1 4.01l:-<J 0.0 
1-29-84 

1-CU '12-10-83 44467 1.18E•5 0.0 S.OOE-<J 
1-12-84 45398 0.0 0.0 
1-29-84 46750 2.00E•1 

F-MEA LAJNORV IJASTE 11-18-83 42993 <BKGO 2 .Oil:-<J 6.00E-o. <0.006 <0.029 
12-16-83 44125 2.40E•2 0.0 3.00E•O .. 12-22-83 44445 9.49E•2 6.01l:•O l.OOE-<1 

~PLE DATE (=lJle) AOOII T a o-c I-129 Tc-99 

• •• • 
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SA1PLE DATE (saMPle) Cs-137 Co-60 Ru-106 Sr-89 Zr-95 Hb-95 Ru-103 I-131 Cs-134 Ce-141 
For"ality conversion • (rCi/"1) (rCi/"l) (rCilnl) (nCilnl) (nCilnl) (nCilnl) (nCi/nl) (rCi/"l) · (rCi/nl) (rCi/nl) 

H~lEA ARU 12-10-83 < < < < 8.49E-2 8.15E-2 1.61E-3 < < < 

1-29-84 < < < < 2.44E-1 l.SSE-1 < < < < 

F -MEA CP EVIf' Ill ( 706-l/707 -1) 12-l0-83 2.43E-3 6.43E-3 5.29E-2 < 7.00:-2 9.69E-2 7.15E-3 < < < 
F-MEA CP EVIf' 112 (706-2170712) 12-10-83 < 4.54:-2 l.92E-1 < 4.4lE-l 5.6SE-l 3.04:-2 < < 3.57E-3 .. {11162) l-12-84 ( < < < 2.79E-3 4.0E-3 < < < < 

l-29-84 < < < < 9.56E-3 l.OlE-2 6.7SE-4 3.5SE-4 < < 

C-13 H'roRATE EVIf'ORATffi 12-22-83 l.OSE-3 < < < < < < < < < .. 1-12-84 . '< < < < < ( 7.06E-4 < ( < 
l-29-84 

"' C-l-8 OIIERHEI'CS 12-22-83 < < < < < ( 6.88E-4 < < < I 

"' '"" 241-F EVAPORATOR ll-2-83 
ll-11-83 

l-EU 12-22-83 8.80E-4 < 9.75E-3 < < ( < < < < .. 1-12-84 <2.52E-4 < < < < <3.72E-4 < < < < 
l-29-84 '< < < < < < < < < < 

1-cu 12-10-83 ·< < 2.96E-3 < < ( < < < < 
1-12-84 < < < < < 5.19E-4 < < < < 
l-29-84 

F-AAEA l..IU«RV IJASTE ll-18-83 < < < < < < < < < < 
12-16-83 4.4SE-4 < < < < < < < < < .. 12-22-83 < < < < < < < < < < 

SA1PLE DATE (sal'l'le) Cs-137 Co-60 Ru-106 Sr-89 Zr-95 ltb-95 Ru-103 I-131 Cs-134 Ce-141 



TABLE B-2, Contd 

SA'IPLE DATE {sanple) Ce-144 Pn-147 U-235 K-43 Ra-228 Nb-97 Sr-85 Kr-85 Zrr-65 ~-241 Xe-133 Co-58 
ForMality conversion (nCi/nl)(nCi/nl)(nCi/nl)(nci/nl)(nCi/nl)(nCi/nl)(nCi/nl)(nCi/nl)(nCi/nl)(nCi/nl)(nef/nl)(nCi/nl} 

F-MEA ~ (T~K/1614) 12-10-83 < < < < < < < < < < < < 

.. 1-29-84 < < < < 4.93E-4 < < < < < < < 

F-MEA GP EV~ Ill (706-11707-1) 12-10-83 9.76E-3 < < < < < < < < < < < 
F-MEA CP EV~ 112 (706-21707 f2) 12-10-83 8.98E-2 < < < < < < < < 1.04E-2 1.65E-3 3.13E-3 .. (111&2) 1-12-84 < < < < < < < < < < < ·( 

1-29-84 < < < 4.02E-2 < < < < < < < < . 

C-13 HVORATE EVAPCAAT~ 12-22-83 < < < 3.35E-3 < < < < < < < < 
1-12-84 < < < < 4.82E-4 < < < < < < < .. 1-29-84 

"' I 
N ..,. C-1-8 OVERHEMS 12-22-83 < < < < < < < < < < < < 

241-F EVAPCAAT~ 11-2-83 
11-11-83 

l-EU 12-22-83 < < < l.93E-3 < < < ( < ( < < 
1-12-84 < < < < < < < < < < < < .. 1-29-84 < < < < < < < ( < < < < 

1-CU 12-10-83 < < < 4.224-2 < < < < < < < < 
1-12-84 < < < < < < < < < < < < 
1-29-84 

F -MEA LIUIORV IJASTE 11-18-83 < < < < < < < < < < < < 
12-16-84 < < < < < < < < < < < < 
12-22-83 < < < < < < < < < < < < 

SA'IPLE DATE (sanple) Ce-144 Pn-147 U-235 K-'10 R...-228 Nb-97 Sr-85 Kr-85 Zrr-65 An-241 Xe-133 Co-58 

• • • 
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~PLE DATE (sanp1e) Mn-·54 Cr-51 Fe-59 Ar-41 Bi-214 Sc-46 Sr-92 Ag-110 Sn'-113 Eu-154 Na-22 
Fornality conversion (nCiln1)(nCi/n1)(nCilnl)(nCi/n1)(nCi/n1)(nCiln1)(nCi/nl)(nCi/nl)(nCi/nl)(nCi/n1)(nCi/nl) 

F-I¥U:A MU (TANI(I/614) 12-10-83 < < < < < < < < < < < 

1-29-64 < < < < < < < < < < < 

F-1¥U:A CP EVAP lfl (706-11707-1) 12-10-83 < < < < < < < < < < < 
F-1¥U:A CP EVAP 112 (706-2170712) 12c10-83 l.16E- T < < < < < < < < < < .. 

(lfl~2) 1-12-64 < < ( < < < < < < < < 
1-29-84 < < < < < < < < < < 

C-13 HYDRATE EVAPCAAT~ 12-22-83 l.09E-3 < l.83E-3 l.62E-3 < < < < < < < .. 1-12-84 < < < < < < < < < < < 
1-29-84 

"' I 
N C-1-6 CNERI£~S 12-22-83 < < < < l.l2E-3 < < < < < < "' 

241-F EVAPORAT~ 11-2-83 
11-U-83 

l-EU 12-22-83 < < < < < < < < < < < 
-- ------ --- .. 1-12-84 < < < < < < < < < < < 

1-29-84 < < < < < < < < < < < 

l-eu 12-10-83 < < < < 9.37E-3 < < < < < < 
1-12-64 < < < < < < < < < < < 
1-29-84 

F-MEA Ll'l.tl!:RV IJASTE 11-18-83 '( < < < < < < < < < < 
12-16-84 .< < < < < < < < < < < 
12-22-83 :< < < < < < < < < < < 

~PLE DATE ( sanp1e) Mn-;4 Cr-51 Fe-59 Ar-41 Bi-214 Sc-46 Sr-92 AQ-110 Sn-113 Eu-154 Na-22 



TABLE B-3 

H-Area Effluents (Trebler Monitor Analyses) 

SlnPLE OATE(sarpl.At) NIRI• t«RR- CHC elL 'ERRCR pH (1ST) pH (2Ml) pH (Calc) tf3l» (II-

tt-MEA TIIEBLER 9-2)-83 l.l6E-2 5.83E-3 7.80E-3 80.2 1.96 •(SEE 1ST) 2.50 l.lOE-2 9.12E-13 
tt-MEA TAEBLER 9-31>-83 En or Error Ell' or Error '-"D En or Error Ell' or 
tt-MEATREBLER 11>-7-83 En or Error Ell' or Error I.JID En or Error Ell' or 
tt-MEA TAEBLER 11>-14-83 l.l7E-2 3.15E-2 -1.97E-2 91.3 2.25 2.35 1.60 5.62E-3 1.78E-12 
tt-MEATREBLER 11>-21-63 4.!17E-3 8.49E-3 -3.S2E-3 52.3 2.36 2.10 4.37E-3 2.29E-12 
tt-MEA lREBLER 11>-:18-63 4.21E-3 5.37E-3 -l.L6E-3 24.2 2.44 2.32 3.63E-3 2.75E-12 
tt-MEA TAEBLER 11-4-83 2.02E-3 2.24E-3 -2.22E-4 10.4 5.48 4.80 3.65 3.31E-6 3.02E-9 
tt-MEATREBLER 11-U-63 6.74E-3 8.65E-3 -L.91E-3 24.8 2.36 1.62 2.20 4.37E-3 2.29E-12 
tt-MEA TREBLER 11-18-63 2.:18E-2 Na Nil Na 2.02 1.08 Error 9.55E-3 1.04E-12 
tt-MEATREBLER 12-2-83 7.04E-3 1.40E-2 -6.92E-3 65.9 2.43 1.97 3.72E-3 2.68E-12 

"' tt-MEA lREBLER 12-!r83 2.59E-3 2.0!lE-3 4.99E-4 21.3 2.76 2.65 2.91 1.74E-3 I 5.73E-12 
N 

tt-MEA TIIEBLER 12-16-63 3.85E-3 8.22E-3 -4.37E-3 72.4 2.49 2.12 3.24E-3 3.08E-12 "' 
IWERPI:E H-MEA (TO 12116) 6.22E-3 9.05E-3 9.05E-3 9.05E-3 2.37 2.32 4.24E-3 3.80E-10 

nAXII'Itll Yll.'-" l.l6E-2 3.15E-2 3.15E-2 3.15E-2 5.48 4.80 3.65 1.10E-2 3.02E-9 
MINII'Itll Yll.'-" 2.02£-3 2.0!lE-3 2.09E-3 2.0!lE-3 1.96 1.08 1.60 3.31E-6 9.12E-13 

• • • 
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TABLE B-3, Contd · 

I 

Sll'IPLE DATE (sOMPle) C~OI Eh TIC TOC t.ti4 TIC I'CIDITY ALKALINITY C03/TIC HC03/TIC I 
(IW~IC) OS CaC03 OS CaC03 

Jli)M p .... 
Fornality conversion • 12 12 17 12 100.09 100.09 

H-MEA TREBLER 9-23-83 2000 530.0 4 1 28 1.6'10-4 772 0 5.381:-9 4.11:£-5 
H-MEA TREBLER 9-30-83 UNO Ut{) 4 3 10 Error 116 116 Error Error 
H-MEA TREBLER 10-7-83 UNO Ut{) 7 2 10 Error 116 Na Error Error 
H-MEA TREBLER 10-14-83 5600• 545.0 16 1 1.281:-3 116 116 l.OSE-8 8.0(£-5 
H-MEA TREBLER 10-21-83 2400 1 462.0 3 6 3.09E-4 116 Na 1. 35E-8 l.03E-4 
H-MEA TREBLER 10-28-83 2000· Sl0.0 0.0 116 116 1.62E-8 1.24E-4 • 
H-MEA TREBLER 11-4-83 100 91.0 0 5 2 0.0 0 1.3 1. 781:-5 1.2(£-1 
H-MEA TREBLER 11-11-83 1085 269.0 0 4 2 0.0 350 0 1.35E-8 l.03E-4 
H-MEA TREBLER 11-18-83 3600 292.0 8 10 2 3.77E-4 1050 0 6.181:-9 4.71E-5 

"' H-MEA TREBLER 12-2-83 4100 272.2 42 26 10 5.09E-3 550 0 1.59E-8 1.21E-4 
I H-MEA TREBLER 12-9-83 850 235.6 10 10 2 2.59E-3 127 0 3.4(£-8 2.59E-4 N _, 

H-MEA TREBLER 12-16-83 1650 250.0 10 12 1.39E-3 116 116 1.82E-8 1.39E-4 
: 

AVERAGE H-AREA (TO 12/16) 1.96E•3 3.62E•2 

MAXI!1LI1 VALl£ 5.60E•3 5.45E•2 1.60£•1 1.20£•1 2.80£•1 2.59E-3 
MINI!1LI1 VALUE l.OOE•2 9.11:£•1 0.0 1.00£•0 2.00£•0 0.0 



TABLE B-3, Contd 

SMPLE DATE (~1e) ;a)( I Hg (PPM) ~ Pro/1 N02 F C1 S04 P04 NOO 

Forn~i~y conversion - 200.59 39.1 46 19 35.5 96 95 62 

H-MEA TREBLER 9-23-83 39863 2.80E-2 7.98E-1 39849 0.0 0.0 0.0 0.0 0.0 3.56E•2 
H-MEA TREBLER 9-30-83 1()916 7.30E-2 <W900 0.0 0.0 0.0 0.0 0.0 3.31E•2 
H-MEA TREBLER 10-7-83 41236 2.80E-l 41231 0.0 0.0 0.0 0.0 0.0 8.39E•2 
H-MEA TREBLER 1D-14-83 41<Ul2 <.0001 41397 0.0 0.0 0.0 0.0 0.0 1. 95E•3 
H-MEA TREBLER 1D-21-83 41487 3.20E-2 41482 0.0 0.0 l.30E+O 3.91E+O 0.0 4.8BE•2 
H-MEA TREBLER 1Q-28-83 41764 4.00E-2 41759 0.0 1.07E•O 1.96E+O 6.32E+O 0.0 3.1BE•2 
H-MEA TREBLER 11-4-83 42718 < .001 1.44E+O 42711 7. 79E+O 0.0 4.02E+O 1.19E•1 0.0 8.04E•1 
H-MEA TREBLER 11-11-83 42726 <.001 8.50E-1 42719 0.0 0.0 4,15E+O l.19E•1 0.0 4.93E•2 
H-MEA TREBLER 11-18-83 42883 l.OOE-3 1.14E•O 42878 Na Na Na Na Na Na 
H-MEA TREBLER 12-2-83 43605 2.30E-3 1.67E+Q 43597 0.0 0.0 0.0 0.0 0.0 7.31E•2 
H-MEA TREBLER 12-9-83 43836 1.68E-2 6.89E-1 43830 0.0 0.0 0.0 8.47E+O 0.0 6.69E•1 

"' H-MEA TREBLER 12-16-83 
I 

44144 3.97E-2 6.33E-1 44138 0.0 0.0 8.40E-1 0.0 2.70E•2 2.70E•2 

"' 00 

A\IER>a: H-MEA (TO 12116) 4.27E-2 1.03E+Q 7.0BE-1 9.73E-2 1.12E+O 3.87E+Q 2.45E•1 '5.3BE•2 

MAXIMlf1 Vl't.l£ 2.80E-1 1.67E+Q 7.79E•Q 1.07E+O 4.15E+Q 1.19E•1 2.70E•2 1.95E•3 
MINII1lf1 Vl't.l£ 0.0 6.33E-1 0.0 0.0 0.0 0.0 0.0 6.69E•1 

• • • 
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SAIPL.E 

Fornal:i t)' conwersi.on 

It-MEA TREBLER 
It-MEA TREBI.ER 
It-MEA TREBI.ER 
It-MEA TREBI.ER 
It-MEA TREBI.ER 
tt-MEATREBI.ER 
tt-MEATREBI.ER 
tt-MEATREBI.ER 
tt-MEATREBI.ER 
tt-MEATREBI.ER 
It-MEA TREBI.ER 
tt-MEATREBI.ER 

PM:IWE H-MfA (TO 12116) 

nAXU11.11 Vll.U: 
niNUILI'I Vll.U: 

LNnSoniU.mRinSA.nER 

• • 
MTE (UI'\?le) I'ODII · Sodiun Ce ng Fe p AI. Si Si(sol) Ni nn Zn 

• 

9-2,..83 
9-3D-83 
1D-7-83 
1D-14-63 
1D-2l-63 
1D-28-63 
11-<1-83 
11-U-63 
11-18-63 
12-·2-83 
12-9-83 
12-16-63 

23 4) .l 24.3 50 .8 31 26.98 28.1 

39861 1.83E•1 1.52E•O 2.70E·1 6.4JE·1 6.60E·1 6.94E-1 4.27E•O 
40914 6.10E•O 2.30E•O 3.00E-1 1.29E•O 7.90E-1 9.50E-1 2.80£-o 
41235 1.17E•1 1.44E•1 3.33E•O 2.2lE•1 8.00E-1 1.12E•1 1.31E•1 
41401 6.15E•1 1.59E•1 4.45E•O 2.54£•1 1.05£•0 1.24E•1 1.63E•1 
41485 8.72E•O 2.37E•O 3.4JE·1 8.60E·1 S.30E-1 4.50E·1 2.78E•O 
41763 9.08E•O 1.62E•O 2.75E-1 S.64E-1 4.SOE-1 2.S3E-1 3.75E•O 
42712 3.SSE•1 S.90E•O 3.36E-1 0.0 8.SOE-2 0.0 4.73E•O 
42720 1.04E•1 3.30E•1 6.09E·1 7.28E·1 2.89E-1 S.81E·1 4.77E•O 
42882 1.59E•l z.,;E•2 2.56E•O 1.34E•O S.50E·1 2.4SE•O S.OSE•O 
43604 · 1.2SE•11.64E-1 2.63E•O 7.21E•O 7.80E-1 7.73E•O 1.1€•1 
43837 1.13E•1 2.15E-O 2.04E-l 3.81E·1 3.24E·1 7.7lE-1 2.88E•O 
44143 9.15E•O 1.2SE•O 1.4BE·1 3.50E-1 1.23E•O 1.01E•O 3.73E•O 

28.1 

4.32E-D 
UICl 

1.3:lE•1 
1.6:lE•1 
2.82£-D 
4.75E-o 
4.88E-D 
4.62E-D 
4.7SE-o 
1.1:lE•1 
2.71E-o 
3.7€-o 

S8.7 54.94 6S.:37 

<.OS 1.50E-1 4.00E·2 
< 2.50E-1 3.44E·1 

1.60E-1 ·1.12 1.86E•O 
1.08E-1 3.20E•O 1.60E•O 

0:0 3.50E-1 1.70E·1 
<.OS S.lOE-2 6.54£-2 

1.67E-1 2.15E-1 1.75E·1 
1.88E-1 4.67E-2 3.90E•O 
2.10E-1 1.77E-1 2.65E•1 
3.81E-1 1.~E•D 1.98E•O 
1.:37E-1 1.44E-1 1.13E-1 
2.98E·1 3.21E-1 1.10E-1 

1.~·1 2.80E•1 1.29E•O S.07E•O 6.28E-1 3.21E•O 6.30E•O 6.12£-o 1.:37E-1 S.55E·1 3.07E•O 

6.15E•1 z.,;E•2 4.45E•O 2.54£•1 1.23E•O 1.24E•1 1.63E•1 1.6:lE•1 3.81E·1 3.20E•O 2.65E•l 
6.10E•O 1.2SE•O 1.4BE-1 0.0 8.50E·2 0.0 2.78E•O 2.70E-D 0.0 0.0 4.00E·2 
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S~PLE 

ForMality conversion 

H-MEA TREBLER 
H-MEA TREBLER 
H-MEA TREBLER 
H-MEA TREBLER 
H-MEA TREBLER 
H-MEA TREBLER 
H-MEA TREBLER 
H-MEA TREBLER 
H-MEA TREBLER 
H-MEA TREBLER 
H-MEA TREBLER 
H-MEA TREBLER 

AVERAGE H-AREA (TO 12/16) 

• 

MAXIJ1Lt1 Vl'l.UE 
MINIJ1Lt1 Vl'l.UE 

DATE (saMPle) Cr Ba Cu Pb Cd Co Sr Zr Yb La Li Be 

• 

9-23-83 
9-3o-83 
1D-7-83 
10-14-83 
1D-21-83 
1D-28-83 
11-4-83 
11-U-83 
11-18-83 
12-2-83 
12-9-83 
12-16-83 

51.996 137.3 63.5 207.2 112.4 58.9 87.6 91.2 88.9 138.9 6.94 9.01 

<.01 l.25E-2 1.08E-2 <.03 <.01 <.01 7.00E-3 <.005 1.38E-2 <.005 <.005 <.003 
l.20E-2 3.80E-2 <.01 <.03 <.01 <.01 9.30E-3 <.005 <.01 <.005 6.30E-3 <.003 
3.50E-l 4.10E-1 2.80E-l 5.40E-1 9.00E-3 6.90E-2 9.99E-2 1.50E-2 1.10E-l 2.70E-2 2.40E-2 1.20E-2 
3.55E-l 2.49E-l 2.26E-1 5.32E-1 <.01 6.84E~2 6.10E-2 1.46E-2 1.09E-1 3.60E-2 2.35E-2 9.70E-3 
2.00E-2 2.00E-2 1.70E-2 0,0 l.OOE-4 S.OOE-4 9.70E-3 0.0 8.40E-3 7.00E-4 0.0 4.00E-4 

<.01 <.003 <.01 <.03 <.01 <.01 6.80E-3 <SE-3 <.01 <.005 <.005 <.003 
< 1.51E-2 l.l9E-2 1.71E-1 < < 8.80E-3 9.30E-3 8.21E-2 1.12E-2 l.27E-2 < 
< l.50E-2 2.10E-2 1.87E-l < < 2.40E-2 9.70E-3 2.63E-l l.lOE-2 l.27E-2 < 
< 1.90E-2 1.47E-2 9.00E-2 < < 1.31E-1 < 1.26E•O 7 .OOE-3 < < 

7.53E-2 2.09E-1 2.07E-1 5.29E-1 < 7.24E-2 6.26E-2 2.92E-2 1.74E-l 4.80E-2 2.74E-2 7.60E-3 
1.94E-2 6.10E-3 l.OSE-2 5.56E-2 < < 8.90E-3 < 2.11E-2 < l.SSE-2 < 
3.69E-2 2.16E-2 2.72E•O 3.17E-l <.01 1.47E-2 5.70E-3 l.SlE-2 7.37E-2 1.03E-2 1.44E-2 < 

7.24E-2 8.46E-2 2.93E-1 2.02E-1 7.58E-4 1.88E-2 3.62E-2 7.74E-3 1.76E-1 1.26E-2 1.14E-2 2.48E-3 

3.55E-1 4.10E-1 2.72E•O 5.40E-1 9.00E-3 7.24E-2 1.31E-l 2.92E-2 1.26E•O 4.80E-2 2.74E-2 1.20E-2 
0.0 0.0 0.0 0.0 0.0 0.0 5.70E-3 0.0 0.0 0.0 0.0 0.0 

• • 



• • • 
TABLE B-3, Contd 

Slt!PLE DATE (s~le) B ii u v y 

norMality conversion • 10.8 47.9 238 50.9 88.9 

H-AAEA TREBLER 9-23-83 <.ODS <.003 <.5 <.01 <.01 
H-AAEA TREBLER 9-30-83 <.005 <.003 < .5 <.01 <.01 
H-AAEA TREBLER 10-7-83 0.0 7,10E"2 2 .70E-2 6.20E-2 
H-~EA TREBLER 10-14-83 2.33E-2 2.94£-2 <.5 5.65E-2 7.76E-2 
H-AAEA TREBLER 10-21-63 0.0 0.0 0.0 2.30E-3 
H-AAEA TREBLER 10-28-83 2.06E•C <.003 <.5 <.01 <.01 
H-AAEA TREBLER 11-4-63 < 4.70E-3 ( ( < 
H-AAEA TREBLER 11-U-63 < 6.70E-3 ( ( < 
H-AAEA TREBLER 11-18-83 < l.OOE-2 < < 2.60E-2 
H-AAEA TREBLER 12-2-63 5.30E-2 1.45E-2 < 2.34E-2 l.OOE-1 
H-AAEA TREBLER 12-9-83 9.90E-3 5.30E-3 < 1.25E-2 < 

"' 
H-AAEA TREBLER 12-16-63 1.35E-2 9.4lE-3 <0.5 l. 97E-2 <.01 

I ...., -
AVERAGE H-AREA (TO 12/16) 1.80~-1 8.00E-3 5.92E-3 1.16E-2 2.4lE-2 

I 
MAXIMU'I Vll.UE 2 .o6f.·o 2.94£-2 7.10E-2 5.65E-2 l.OOE-1 
MINIMU'I Vll.UE 0.0 0.0 0.0 0.0 0.0 



TABLE B-3, Contd 

SI'I'IPLf DATE (~le) 1'00/1 T • p-c I-129 I-127 Tc-99 Sr-90 Cs-137 Co-60 0 

ForMality conversion • 3 d/n/1'11 d/n/nl {PPM) PPI'I PP11 90 137 60 

H-MEA TREBLER 9-23-83 7.00E•O l.90E•1 
H-l'llfA TREBLER 9-30-83 41406 4.47E•5 <0.03 <0.155 
H-MEA TREBLER 10-7-83 41219 3.33£•5 <0.03 <O .162 
H-l'llfA TREBLER 1D-14-83 41406 6.48E•5 4.20E•1 4.20E•1 <0.03 <0 .141 
H-l'llfA TREBLER 10-21-83 41491 1.33£•5 0.0 l.OOE•1 <0.03 <O .210 
H-l'llfA TREBLER 10-28-83 41768 2.76E•5 3.20E•1 5.60E•1 <.01 9.GOE-2 
H-l'llfA TREBLER 11-4-83 42716 6.09E•4 3 .20E•1 6.00E+O <0.03 No <0.193 
H-l'llfA TREBLER 11-11-83 42724 1.58€•5 <BKCO 6.00E+O <0.03 No <0.234 
H-MEA TREBLER 11-18-83 42885 l.34E•5 <8KCO 1.20E•1 <0.005 Na <0.023 l.15E-2 < 
H-l'llfA TREBLER 12-2-83 43603 2.96E•5 3.90E•1 4.30E•1 2.85E-2 <2.41E-4 
H-l'llfA TREBLER 12-9-83 43834 1.49E•5 3.10E•1 3.00E•1 2.39E-2 <2.7E-4 

"' H-l'llfA TREBLER 12-16-83 44142 3.28€•5 3.00E•O 4.00E•1 4.33£-2 < 
I 

w 
N 

A\IERI'I::E H-AREA (TO 12/16) 2.69E•5 

MAXIMI.I'I Vl'i..UE 6.48E•5 4.20E•l 5.60E•l 0.0 4.33£-2 0.0 
MINIMI.I'I Vl'i..UE 6.09E•4 0.0 6.00E•O 0.0 2.39E-2 0.0 

• • • 



• • • 
TABLE B-3, Contd 

' Sll'IPLE DATE (s~p1e) Ru-106 Sr-89 Zr-95 Nb-95 Ru-103 I-131 Cs-134 Ce-141 

I 
ForMality conversion • 106 89 95 95 103 131 134 141 

I 
H-Area Trebler 9-23-83 
H-Area Trebler 9-30-83 
H-~A TREBLER 10-7-83 
H-MEA TREBLER 10-14-83 
H-~A TREBLER 10-21-83 
H-MEA TREBLER 10-28-83 
H-~A TREBLER 11-4-83 
H-~A TREBLER 11-11-83 I 
H-~A TREBLER 11-18-83 2.8,8E-3 ( < < < ( ( ( 

H-~A TREBLER 12-2-83 <2.13E-3 < < ( < ( 8.24E-4 < 
H-~A TREBLER 12-9-83 4.iOE-3 < <3 .52E-4<2 .33E-4<2 .52E-4<2 .74E-<46 .33E-4 <3 .62E-4 
H-~A TREBLER 12-16-83 I< ( < ( < ( 8.78E-4 ( 

"' I 
I 

w I w 
AVERAGE H-MEA (TO 12/16) I 

I 
MA><IMlJ'1 VALl£ qOE-3 0.0 0.0 0.0 0.0 0.0 8.78E-4 0.0 
MINIMlJ'1 VALl£ q.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 



.TABLE B-.3, Contd 

Sl'llPLE DATE (s~le) Ce-144 ~-1•7 U-2YS K-40 Ra-228 Nb-97 Sr-85 Kr-85 Zn-65 l'rt-241 Ke-133 co-sa 

Fornaiity conversion • 144 147 . 235 40 

H-Area Trebler 9-23-83 
H-Area Trebler 9-3()-83 
H-~A TRESLER 1()-7-83 
H-~A TRESLER 1()-14-83 
H-~A TRE8LER 1()-21-83 
H-!'I<EA TREBlER 10-28-83 
H-~A TRE8LER 11-4-83 
H-I'I<EA TREBlER 11-11-83 
F-~ TRE8LER 11-18-83 < < < 3.21E-3 < < < < < < < < 
H-~A TRESLER 12-2-83 < < < 4.91E-3 5.12E-4 < < < 3.22E-3 < < < 

til H-~ TRESLER 12-9-83 <1.54E-3 < <3.61E-4<3.83E-34.10E-4 < < < < < < < I 

't H-~A TREBlER 12-16-83 < < < < < < < < < < < < 

AVE~ H-~A (TO 12/16) 

MAKIMll1 Vl't.UE 0.0 0.0 0.0 4,91E-3 5.12E-4 0.0 0.0 0.0 3.22E-3 0.0 0.0 0.0 
MINIMll1 Vl't.UE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

• • • 



• • • 
TABLE B-3, Contd 

SA'IPLE DATE (sanp1e) nn-54 Cr-51 Fe-59 Ar-41 Bi-214 Sc-46 Sr-92 Ag-110 Sn-113 E~-154 No-22 

H-Area Trebler 9-23-83 
H-Area Trebler 9-3D-83 
H-MEA TREBLER 10-7-83 
H-MEA TREBLER 10-14-83 
H-MEA TREBLER 10-21-83 
H-MEA TREBLER 10-28-83 
H-MEA TREBLER 11-4-83 
H-MEA TREBLER 11-ll-83 
F-MEA TREBLER 11-18-83 .< < ( ( ( < ( < ( ( ( 

H-MEA TREBLER 12-2-83 ,< ( ( ( ( < ( ( ( ( ( 

H-MEA TREBLER 12-9-83 ( ( < ( < < ( ( < ( ( 

"' 
H-MEA TREBLER 12-16-83 ,< < ( ( ( ( < ( < ( ( 

I 
'-' 
\J' 

AVERAGE H-AREA (TO 12/16) 

MAXIMll1 Vl't.UE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
MINIMll1 Vl't.UE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 



TABLE B-4 

B-Ares Effluents (Source Analyses) 

H-MEA SII1PLES . MTE ($811)le) N!R1• tGn- CHG Bit. 'ERRCR pH (1tt) pH (2nd) pH (calc) H3Qo Ill~ 

H-MEA PRU (211-H) 11-U-t3 6.93E-2 4.3t£-2 2.63E-2 46.8 1.20 0.74 1.43 6.31E~2 1.58E-13 
• 11-L8-t3;· 1.0t£-14 

H-AREA GP (211-H) 11-2-83 4.19E-4 1.91E-.4 2.28E-4 74.7 6 .9!; 4.53 1.1:1E-7 8.91E-8 
• 11-U-t3' 3.27E-2 6.4:1E-2 -3.15E-2 65.0 12.76 12.42 1.74E-13 5.75E-2 

11-l8-t3 

"' I H-AREA 242-H (lH) EWII'CIIATal 11-4-83 3.76E-4 l.58E-7 ~.76E-4 199.8 7.20 6.31E-t 1.58E-7 w a- • 11-U-t3 l.82E-3 1.591:-3 2.33E-4 13.7 7.50 7.41 3.16E-t 3.16E-7 
11-L8-t3 9.64E-2 2.<18E-2 7 .16E-2 U8.2 1.02 (see lst) 1.62 9.5SE-2 1.05E-13 

• 11-29-e3 

242-28H (2H) EWII'CIIATal 11-U-t3 l.87E-3 S.33E-.4 1.::1€-3 Ul.3 8.95 9.25 1.1:1E-9 8.91E-6 
• 11-L8-e3 1.62E-3 l.1:1E-3 S.OlE-4 . 36.5 9.29 5.13E-l.O 1.95E-5 

11-29-113 

~PLE MTE (~le) N!R1• tGn- CHG Bit. 'ERRCR pH {1ST) H3()o Ill-

RBCF-TMC CLNG+RIIS 1111265 12-'r83 8.20E-2 7.58E-2 -1.57E-2 19.9 1.42 1.27 3.8t£-2 . 2.63E-13 
FIL l£R B~la'LUSH (FBIIll266) 12-'r83 1.:lOE-1 l.78E-1 -5.03E-2 32.7 12.41 3.9BE-13 2.!;1E"2 

RESIN CLASS RBCF 12-'r83. 7.44[-3 5.1:1E-3 2.25E-3 . 35.8 11.28 11.62 5.25E~l2 1.91E~3 
RESIM·RECEN RBCF 12-'r83 4.19E-l 2.9(£-1 l.29E-1 ~.4 u.n 13.27 l.70E"l3 ~.8!1N 

t£IOOZER RINSE 12-'r83. 2.16E-2. 1.71E-2 ~.B6E-3. ·19.7 12.24 12.33 !;.75E~l3 "1.7-4£"2 

• • • 



• • • 
TABLE B-4, Contd 

II-MEA Slt!PI.ES MTE (Wllle) CCffil Eh lfi4 .. · ra: TIC I¥:IDITYILKA1NITYC05/TIC HC05/TIC TIC 
Fornal.ity CClnYarsi.on !.tiD u~ 17 12 l2 100.09 100.09 (NIRIIUTY 

a FREE 
ANI~) 

II-MEA Mil (211-H) ll-U-83 8500 :507 .. 0 - ·o 63 20 2200 0 9 .35E-10 7 .13E-6 1.1!1E-8 
ll-18-83 0 271 69 

H-MEA IJ' (211-H) 11-2-83 I 7 23.0 1 7 0 0 .1 5.21£-4 8.0CE-1 o.o 
" ll-U-83 12800 -349.0 35 31 0 9.9JE-1 2.9E-3 0.0 

ll-18-8::1' 
I 

0 56 0. --. - 0_. 1S 1.01E-<l I -
I 

I 

H-MEA 242-H (1H) EloW'QIAT(R ll-4-83 115 -20.2 2 6 0 9.3E-4 8.71£-1 0.0 

"' • 11-U-8::1' 188 -32.7 4 30 10 0 46 1.81£-3 9.33E-1 7.81E-4 
I • iNa 0 6.18E-10 4.7lE-6. 3.93E~ w ll-18-8::1' Ne 7 14 10 1200 ..... • 11-29-8::1' 

242-28H (2H) EloW'a!AT<R 11-U-8::1' :• -U8.2 27 22 6 0 7)',5 5.0IE-2 9.48E-1 5.2E-4 
• 11-18-8::1' 105 -147.0 23 69 l2 0 72.9 1.03E-1 8.91£-1 1.11E-3 
• ll-29-8::1' 

I 

I 
Soii'IPL.E MTE (~l.e) .CIJ'ID Eh lfi4 TOO TIC 1¥:IDITYILKA1NITYC05/TIC HC05/TIC TIC 

(free -) 
I 

RBC.f-TMO CI..HOoRIIS #11265 12-9-83 17000 n2.o Na Ne Na Me Nil Na Na Na 
Fll TER BI¥:1G'LUSH (FBII11266) 12-9-83 5500 -~7.0 Na Ne He He Na Nil Na Na 

RESIN ClASS RBCf 12-9-83 408 263.0 Me Ne Na Ne Na Na Na Na 
RESIN RECflj RBCf 12-9-83 10500 -351.0 He Me He Me Na Nil Na Nil 

IEIOOZER RINSE 12-9-83 3700 -~0.0 Na Ne He Me Na Nil Na Na 
I 



TABLE B-4, Contd 

11-MEASIIIPI.ES 
Fornali t,y ccn~~ersl.Dn 

II-MEA MU (211-H) 

H-M:A IF (211-H) 
• 
• 

H-illlfA 2-12-H (lH) E~Tal 
• 

"' . 
I 

"" .. 
00 

2<12-28H (2H) E~Tal . 

~PLE 

RS(F-TPIIC CLNG+RIIS 1111265 
FILTER BACKFLUSII (f'Btll1266) 

RESDI CLASS RSCF 
RESDI RECEN RSCF 

IEIOOZER RINSE 

• 

DATE (~le) 

11-U-83 
11-18-83 

11-2-83 
11-U-83 
11-18-83 

11-4-83 
11-U-83 
11-18-83 
11-29-83 

11-U-83 
11-18-83 
11-29-83 

DATE (sars~le) 

12-~83 

12-~83 
12-~83 
12-~83 
12-~83 

Pm# 

<12665o 
"3000 

<12no 
"3844 
<12983 

<12682 
<12694 
"3008 
"3201 

<12702 
"3852 
"3200 

1111111 

"3859 . 
43875 
44105 
44U2 
44120 

Hg 
200.59 

. l.OIE-3 
5.0IE-2 

<.001 
2.75E-1 

<.001 

2.0IE-3 
<.001 

z.oa:-2 
2.91E-1 

0.0 
6.0IE-4 
3.JIE-l 

Hg (PPII) 

K 
39.1 

e.oa:-2 
3.91E-1 

7.01E-2 
9.37E-1 
l.O!E-1 

7.31E-1 
6.71E-1 
6.3CE·l 

5.31E-1 
3.57E-l 

K 

S.OIE-4. 6~~3E-1 
8.01E-4 4.44E-1 
3.0IE-4 1.25E+O 
l.OIE-4 5.3JIE•1 . 
2~01E-4 1.41E-1 

• 

Pm# 

<12658 
<12995 

<12703 
"3838 
<12978 

<12675 
<12687. 
"3003 

<12695 
"3846 

PIDII · 

"3853 
43869 
44100 
44107 
44U4. 

N02 
415 

0.0 
0.0 

5.50:+0 
0.0 
0.0 

o.o 
0.0 
0.0 

0.0 
o.o 

~.N02-

. - 0.0 
0.0 
0.0 
0.0 
0.0 

F 
19 

0.0 
0.0 

0.0 
0.0 

6.01f-1 

0.0 
0.0 
0.0 

0.0 
0.0 

. F 

0.0 
1.3BE•l 

0.0 
0.0 
0.0 

Cl 
35o.5o 

o,o 
0.0 

0.0 
0.0 

).99E+O 

0.0 
9.92E-1 

0.0 

0.0 
0.0 

Cl 

1.74E+O 
1.07E•2 
2.7eE+O 

0.0 
0.0. 

S04 
Sl6 

0.0 
0.0 

1.02E+O 
1.83E•l 

o.o 

0.0 
1.62E•1 

o.o 

0.0 
0.0 

504 

1.44E•1 
2.02E•2 
5.67E+O 
2.44E•3 
2.31.E+O 

P04 
55 

0.0 
o.o 

0.0 
o.o 
0.0 

0.0 
6.04E+O 

0.0 

0.0 
0.0 

P04 

3.44E+4 
6.72E•3 

N113 
62 

2.67E•3 
2.05E+4 

3.11E+O 
3.8eE•2 
l.M+O 

0.0 
2.75E•l 
l.54E•3 

0.0 
0.0 

Nll3 

0.0 
z.oze+z 

1.;3E·2 . 1.38E~1 
0.0 1.12£+4 
0.0 1.6<E•1 

• 



• • • 
TABLE B-4, Contd 

H-MEA Slt!PLES DATE ( sar.,l.e) IU[IIt Sodiun Ce ng Fe p Al. 51 Si(Sol) Ni nn Zn 
Farnelit)l conversion ~ 41.1 24.3 !:>5.8 31 26.98 28.1 28.1 58.7 54.!14 65.37 

H-MEA MU (211-H) 11-U-83 42664 2.56£-1 1.20E•2 8.73E-1 3.22E-1 ~.61£•0 8.69E-1 2.72£-1 2.40E-l 1.00E-1 1.67E-1 2.08E•1 
11-18-83 ~96 1.~·1 8.70E-2 0.0 2.~E-i 5.8€•0 0.0 0.0 <.01 0.0 7.08E-1 6.00E-2 

I 

H-M:A IJ> (211-H) 11-2-83 42656 1.05E•O 4.4JE•O 6.39£-1 ~.56E-1 o.o 2.1SE-1 0.0 0.0 0.0 2.80E-2 7.28E•O 
• 11-U-83 43845 7.02E•2 2.89E-1 0.0 1.06E-1 7.49£•0 5.41E-1 2.34£-1 .304• 3.05E-1 7.05E-2 1.60E-2 
• 11-18-83 42982 1.30E•O ~.5lE•1 4.36£-1 ~.79E-1 1.82E-l 0.0 0.0 <.01 0.0 <.01 5.4JE-2 

H-M:A 242-H (lH) EVIII'CMTCR 11-4-83 42677 1.68E•O 3.00E•O 2.04£-1 0.0 8.36£-2 0.0 2.28E•O 2.60E+O 1.39£-1 < 6.68E-2 
• 11-U-83 42688 3.28E•1 2.59E•O 1.81E-1 0.0 2.06E•O 0.0 2.45E•O 2.48E+O 9.85E-2 < 2.85E-1 

"' n 11-18-83 4J004 3.53E•O 1.51E•O 3.25E-1 2.66E-1 o.o 1.5lE•O 2.74E•O 2.63E+O < 1.82E-1 I < 
w • 11-29-83 43202 8.78E•O 2.67E-1 ~.64E-2 1.26E-1 5.4JE-2 2.33E•O 4.09£•0 lla 1.65E-1 < 2.5lE-2 "' I 

242-28H (2H) EVIII'CMTCR 11-U-83 42696 1.5lE•O 1.54E•O 5.90E-2 5.90E-2 < 1.1AE•O 2.73E•O 2.51E+O 2.14£-1 < 2.06E-2 
" 11-18-83 43847 3.51E•O 3.47E-1 3.~-2 2.29E-2 1.85E-1 7.85E-1 2.53E•O 2.~+0 1.24£-1 < 2.56E-2 
n 11-29-83 43199 3.76E•O 3.70E-1 6.36£-2 6.64E-2 < l.l.OE•O 1. 78E•O lla 1.45E-1 < 3.4JE-2 

SAIPLE DATE (sar.,l.e) IUDit Sodiun Ce ng Fe p Al. Si Si(sol) Ni nn Zn 

RBCf-TMC ~ANS 1111265 12-~83 43854 6.~•2 3.5lE•O 2.53E-1 2.97E•O 9.4lE•3 1.4lE•2 1.4JE•1 1.3~•1 ( < 2.02E•O 
FILlER BACICFLUSH (FBill1266) 12-~83 43870 2.94£•3 0.0 0.0 1.63E•O 8.8€•2 1.49E•1 3.16E•O 8.59E-l ( < 1.1SE•O 

RESIN ClASS RBCf 12-~83 44101 1.56£•2 ~.49£-1 4.91E-2 6.24£•0 4.01E•1 3.38E•O 1.62E•O 8.89E-1 < 3.23E-2 l.lSE-1 
RESIN RfCEN RBCf 12-~83 44lll 8.'-5£•3 1.09E•3 0.0 0.0 3.UE-1 5.91£-1 3.91£•0 4.11E+O 2.78E•O < 8.60E-1 

IEIOOZER RINSE 12-~83 44115 4.95£•2 1.84E-1 0.0 1.10E-1 9.4lE+O 2.74£-1 2.38E-2 3.60E-2 < < 4.72E-2 



'I' 
~ 
0 

TABLE B-4, Contd 

tt-MEA SltiPLES 
ForMl:i t,y corwe:n:i.on 

tt-MEA Mil (211-H) 
• 

H-MEA a> (211-H) 
• 

H-MEA 242-H (1H) EWII'CRATCR 
• 
• 
• 

242-ZBH (ZH) EWII'CRATCR 
• 
• 

SA'! Pl.£ 

RSCF-TMC MG-RHS #11265 
FlL TER BAC!(FLUSH (FBtlll266) 

RESIM CLASS RSCF 
RESIM RECEN RSCF 

!EIOIIZER RINSE 

• 

DATE(~) 

11-U..t3 
11-18-93 

11-2-83 
11-U-93 
11-18-93 

11-<H3 
11-U-93 
ll-18-9:5 
ll-29-93 

11-U-93 
11-18-93 
11-29-93 

DATE (sarpl.<l) 

Cr Be Cu Pb Cd 
51.996 U7.3 6::1.54 207.19 112.4 

2.13£-2 S.OOE-3 < < 
. < < < < 

< S.OOE-3 < < 
4.11E-2 1.14E-2 2.SOE-2 4.91£-l 

<.01 <.003 <.01 <.OJ 

< 
< 

< 
< 

<.01 

< 4.1l0E-3 < l.:56E-l < 
< S.OOE-3 < 9.12E-2 < 

0.0 0.0 0.0 0.0 0.0 
1.69E-2 g;SQE-3 1.00E-2 1.25E-1 <.01 

< l.SOE-2 l.IISE-2 2.N-l 
< < < 1.58E-1 

1.20E-2 9.50E-3 < 7.50E-2 

Cr Be Cu Pb 

< 
< 
< 

Cd 

12-9-83 ·- 1.14E•3 < < 4.UE•1 < 
12-9-83 1.03E•2 < < 0.0 < 

~-

12-9-83 3.49£•0 < < 0.0 < 
12-9-83 1.UE•O 3.24E-1 < 1.26£•0 < 
12-9-83 9.!15E-l < < 5.18E-2 < 

• 

Co Sr Zr 'l'b La 1.:1 Be 
58.93 87.62 91.22 88.91 138.91 6.939 9.012 

< 6.411E-2 < 7.21E-1 8.4lE-3 < < 
< < < < < < < 

< :S.eot:-2 < < < < < 
< 4.10£-3 2.04E-2 7.41E-2 1.46E-2 1.52E-2 < 

<.01 '<.003 <.005 <.01 <.005 <.005 <.Om 

< 6.30E-} 7 .SOE-3 5.68E-2 8.70E-3 < 
< 1.941:-i. 6.30£-3 4.nE-2 1.UE-2 2.53E-2 

0.0 3.3€-2 0.0 o.o 0.0 o:o 
< 4.00E-3 9.10£-3 1.69E-2 < < 

< 
< 

0.0 
< 

< 
< 
< 

4.80E-3 1.00E-2 5.60E-2 1.25E-2 < < 
3.90£-l 6.20E-3 3.58E-2 8.10£~3 1.'52£-2 < 
8.20E-3 8.10E-3 V8E-2 < < 3.4lE-3 

Co Sr Zr Yb La L1 Be 

3.17E-i. < ~ < < < < 
< < < < < < < 
< < < < < < '( 

< M5E•il 6.e6E-2 6.i6E•O B.soE-2 1.44£-1 < 
< < < < < < < 

• 



• 
TABLE B-4, Contd 

t+-M£1\ SIIIP!.ES 
Forr!al.i cy con.,.nion 

t+-M£1\ l'lll (211-H) .. 

H-MEA ~ (211-H) .. 

H-MEA 2<12-H (1H) E!Ma!Arol .. 
"' " I 

""' 
.. -

2Q-28H (2H) E!Ma!Arol 
" .. 

Soq'!Plf 

RBa'-TIW: CLNG+RNS #11265 
FILTER BACICFLUSH (FBIIll266) 

RESIN CLASS RBa' 
RESIN RfCEN RBa' 

IEIQ{IZER RINSE 

MTE (saople) 

ll-U-8::1 
ll-18-8::1 

11-2-83 
11-U-83 
11-18-83 

11-<1-83 
11-U-8::1 
11-18-8::1 
11-29-8::1 

ll-U-83 
11-18-83 
11-29-8::1 

I 

I 

I 

I 
! 
I 

I 
MTE ($Vflle) 

1 

12-9-83 
12-9-83 
12-9-83 
12-9-83 
12-9-83 

B 
10.81 

< 
< 

< 
< 

<.005 

< 
< 
< 
(. 

< 
< 
< 

B 

< 
< 

1.86E-2 
1.67E-1 

< 

• 
T1 

47.9 

6.00E-3 
< 

< 
l.~E-2 

<.003 

J.OOE-::1 
< 
< 

5.60E-3 

7.80E-3 
B.30E-3 
4.80E-3 

T1 

4.71E-l 
< 

2.UE-l 
B.OOE-2 

< 

u 
2~.0::1 

< 
< 

< 
•I.~E•O . 

<.5 

< 
< 
< 
< 

< 
< 
< 

u 

< 
< 
< 
< 
< 

II 
50,!j4 

< 
< 

< 
J.~-2 

<.01 

< 
< 
< 
< 

< 
< 
< 

II 

4.nE-l 
< 
< 

1.05E~l 

< 

v 
173.04 

< 
< 

< 
< 

<.01 

< 
< 
< 
< 

< 
< 
< 

v 

< 
< 
< 
< 
< 

• 



TABLE B-4, Contd 

IHW\SAIPI.ES 
UNITS 

It-MEA Mil (211-H) 
• 

H-AIIfA !P (211-H) 
" 
• 

H-AIIfA 242-H (1H) EWII'CMTtR 
" 

"' I " ~ 
N 

242-28H (2H) EWII'CMTtR 
" 

~Plf 

RBa-TIIRC CLN~AIIS «.1.1265 
.Fll TER 9ACI3'LUSH (F8111121l6) 

R£SIN CLASS RBCF 
RESIN R£CEII RBCF 

C£IOOZER RINSE 

• 

DATE (~l.e) 

11-U-83 
11-18-83 

11-2-83 
11-U-83 
11-18-83 

11•4-83 
11-U-83 
11-18-83 
11-29-83 

11-U-83 
11-18-83 
11-29-63 

DATE (~le) 

12-~83 
12-~83 
12-Hll 
12-~83 
12-~83 

PCDI# 

<12663 
43002 

<12708 
43842 
<1298~ 

42680 
<12693 
43010 

<12700 
43850 

1111)11 

43857 
431173 
441.06 
44U3 
44U8 

T A ~-c 
dlnlnl d/n/1'11 d/n/nl 

2.29Eo6 0.0 2.01:£+() 
1.0BE-6 

3.06E•4 1.61:£•1 9.01:£+() 
2.6:lE~ 4.21:£•1 1.71:£•1 
4.11:£~ 2 .OC£+0 < 

1.51Eo5 4.81:£•1 6.51:£•1 
1.01:£-5 1.21:£•1 l.OBE•2 
l.1BE-5 

3.49E~ 6.01:£+() 1.21:£•2 
2.67E~ 1.81:£•1 l.2BE•2 

TtiU111 I p-c 

4.5Eo5 0.0 1.3BE~ 
5.91E~ 1.61:£•1 4.9BE•3 
9.32E~ 0.0 l.05E•3 
9.16E~ 1.51:£•1 l.2E~ 
2.9E•3 i.OC£+0 5.41:£•1 

• 

I-129 Tc-'J9 
(PPII) (PPII) 

<0.03 <0.20 
<0.006 <0.033 

<0.03 <0.162 

<0.03 <0.203 
<0.03 <0.193 
<0.006 <0.027 

<0.03 <0.193 

I-12!1 Tc-9!1 

• 



• 
TABLE B-4, Contd 

· H-MEA SA1PLES 
UNITS-t1ICROOJRIESILI'TER (!Ci/nl) 

H-MEA MU (211-H) 

H~A IJ' (211-H) 
• 
• 

H~A 242-H (1H) Ewtl'a!AT'CR 
• 

"' 
.. 

I ..,. " 
"" 

242-28H (2H) Ewtl'a!AT'CR 
• 

SlflPL£ 

R!la'-TARC CLNQollfiS Nll265 
FILTER B~la'UJSH (FBIIJ.l266) 

RESD1 ClASS RBa 
RESD1 RECE1'4 RBa 

OEIOII2ER RINSE 

• • 
DATE (sarople) Cs-1:s7 Co~O ~-106 Sr-89 Zr-95 lll-95 ~-1113 I-1.31 Cs-1:54 Ce-141 

(I'Ci/nl) (!Ci/nl) (!Ci/nl) (!Ci/nl) (!Ci/nl) (!Ci/nl) (!Ci/nl) (!Ci/nl) (!Cilnl) (I'Cilnl) 

11-U-8~ 

11-18-8~ 

11-2-~ <2.E"4 <2.5E-4 <1.29E-~ 
11-u-e~ 1.63E-~ < < 
11-18-8~ 

ll-4-~ 

u-u-e:s 
11-18-83 7 .OlE-2 < 7.861:-3 
11-29-83 7 .47E-1 < 6.02E-2 

11-U-83 
11-18-83 1.4E-1 < < 
11-29-83 4.761:-1 ( 1.33E-2 

DATE (~le) Cs-1:s7 ~0 ~-106 

12-~83 
12-~~ 5.9E-2 1.00E-1 8.78E-3 
12-~83 6.161:-3 1.51lE-2 < 
12-~83 2.21lE-o 5.95E-2 < 
12-~83 5.68E-3 1.95E-2 < 

< 
< 

< 
< 

< 
< 

Sr-89 

( 

< 
< 
< 

0.84E-4 <2.~E-4 <2.12E-4 <2.:54£-4 <4.35E-4 <3.48E-4 
7 .33E-~ 1.06E-2 < < < < 

< < < < 2.51lE-3 < 
< < < < 2.68E-3 < 

< < < < 2.40E-3 <4.41E-4 
( ( < < 8.75E-3 ( 

Zr-95 1Cl"''l5 IV-1113 I-1.31 Cs-1:54 Ce-141 

4.5E-2 9.2E-2 6.0E-3 ( < 5.10E-3 
1.4E-2 2.72E-3 2.oC8E-3 < 5.261:-4 3.50E-3 

< 3.32E-3 < < 1.51E-1 < 
<7.95E-4 9.92E-3 < < < < 



"' I 
~ 
~ 

TABLE B-4, Contd 

It-MEA SII1PLES 
OOTS=I1IC!OlJRIESILITER (nCi/nl) 

tt-'MEA llliU (211-H) 
• 

H.....W:A C1' (21.1-H) 
• 

H.....W:A 2<12-H (lH) EYIII'(J!Afal 
• . 
• 

2<12-28H (2H) EW¥'CRI\TtR . 
" 

5mPLE 

ASa-TPIIC CLNG+RNS #11265 
FlLTER Bll:JFLUSH (FBIIl1266) 

RESIN CLASS RBCI' 
RESIN REcEN ASa 
· !EIOOZER RINSE . 

• 

DATE (~le) C~1<1'1 Prt-147 U-2!5 K-4l ~228 Nb-97 Sr-115 l<r-85 . Zri--65 1111-241 Xll"'13l eo-58 
(nCilnl)(nCi/nl)(nCilnl)(nCi/nl)(nCi/nl)(nCi/nl)(nCi/nl)(nCi/nl)(nCi/nl)(nCi/nl)(nCi/nl)(nCilnl) 

u~u-t:5 

11~18-t:5 

11-2-8:5 <l.41E-3 < 
11-U-t:5 < < 
11-l8-t3 

11-ott-85 
ll-U-t3 
ll~l8-t3 < < 
11:29-t3 < < 

11-U-t3 
11-l8-t3 < < 
11-29-t3 < < 

<3.3E-4 4.00£-3 
< < 

< < 
l.SlE-3 < 

< 1.06E-3 
3.13E-4 < 

DATE (~le) Cll"'l-4'1 Prt-147 U-2!5 K-4:1 

12-!r8:5 
12-9-8:5 7.36E-2 < < < 
12-!r8:5 2.32E-2 < < 7 .'I:JE-4 
12-!r8:5 < < 4.17E-3 < 
12-!r8:5 7.55E-3 < < < 

• 

< 
< 

< 

< 
< 

< 

< 
< 

< 

< 
< 

< 
8.67E-4 8.26E-3 1.34£-2 3.03£•0 

< < < < 
( < < < 

~228 Nb-97 Sr-115 Kr-115 

< 2.14E-2 < < 
< 2.92E-3 < < 
< 2.78E-2 < < 
< 3.05E-3 < < 

< 
( 

< 
( 

< 
< 

Zn-65 

8.941:-1 
l.l-4£-1 
l.UE-1 

.l.09E-l 

< 
( 

< 
< 

< 
< 

< 
( 

< 
< 

< 
< 

< 
( 

< 
< 

< 
< 

Pn-241 Mll"'l33 Co-58 

< l.!ii6E-3 l.48E-2 
< 4.62E-4 6.50E-4 
< < 6.!5E-2 
< < 3.50E-3 

• 



"' I .,. 
'-" 

• 
TABLE B-4. Contd 

It-MEA Slf!PLES 
UNITS=IIICAXURIESILITER (nCi/nl) • 

It-MEA PIIIJ (211-H) 
• 

H....W:A a> (211-H) 

.. 

H....W:A 242-H (1H) EVM:RATCR 
" . 
" 

242-28H (2H) EVM:RATCR 
• 

SA'IPlf 

RBCF-TMC ClH~RNS (111265 
FILTER B~la'LUSH (FBIIll266) 

RESIN CLASS RBCF 
RESIN RECEN RBCF 

IEIOOZER RINSE 

• • 
MTE (SIII'llle) 1 nn-~ Cr-51 Fe-59 Ar-41 Bi -214 Sc~ . Sr-92 Ag-llO Sn-11.3 Eu-154 Ne-22 

j<nCim1)(nCi/nl)(nCi/nl)(nCi/nl)(nCi/n1)(nCi/n1)(nCi/nl)(nCim1)(nCiln1)(nCi/nl)(nCi/n1) 

11-U-8:5 
11-18-8:5 

ll-2-83 
ll-U-8:5 
ll-18-8:5 

11-4-83 
11-U-8:5 
11-18-8:5 
11-29-83 

ll-U-83 
11-18-83 
11-29-83 

( 

< 

< 
< 

< 
< 

< 
< 

< 
< 

< 
< 

< 
< 

< < ·. 

< 
< 

< < < 
< 1.06E-:5 < 

< < < 
< < < 

< < < 
< < < 

< 
< 

< 
< 

< 
< 

< 
< 

< 
< 

< 
< 

< 
< 

( 
< 

< 
< 

< 
< 

< 
< 

< 
< 

( 

< 

< 
< 

< 
< 

MTE (~le): nn-~ Cr-~1 Fe-59 Ar-41 Bi-214 Sc-45 Sr-92 Ag-110 Sn-11.3 Eu-1~ Na-22 

12-~83 
12-~83 . 2.06£-l 2.42£-1 1.08£-l 1.07£-1 8.90£-2 1.34£-2 < 6.22E-3 1.45£-3 2.52E-3 8.46£-4 
12-~83 . 1.~E-2 3.00E-1 3.00£-3 2.!~4£-3 8.36£-3 1.26£-:5 5.02£-4 < < < < 
12-~83 2.88£-2 6.21£•0 < ( ( < < ( ( ( ( 

12-~83 · S.:5BE-2 2.14£-2 2.9!1E-2 2.90E-2 < < < ( ( < < 



• 

• 

• 

APPENDIX C 

SYSTEM DECONTAMINATION FACTORS 

Tables C-5.2.1, C-5.2.2 
C-5.3.1, C-5.3.2 
C-5.4.1, C-5.4.2 
C-5.5.1 
C-5.6.1, C-5.6.2 

0 

These tables describe the performance that would be expected 
of each of the F/HETF process alternatives discussed in Sections 
5.2 through 5.6 of this document. Although the values are approxi
mate, they are based on decontamination factors that have been 
observed in laboratory and pilot scale equipment. As such, they 
may be used for purposes of comparison and to provide reasonably 
conservative estimates of F/HETF effluent concentrations • 

C-1 



• • • 



TABLE c-5. 2. r,, Contd 

1000 Ci lAF 1000 Ci lAF 1000 Ci lAF 
First Cycle Release Release Release Current 
Feed ( lAF)* After filt After RO After IXG Guidelines 

Rad ionuc 1 ide % (mCi/ event) (mCi/ event) (mCi/ event) (mCi/yr) 

Beta-Gamma 

Cr-51 
Co-58 
Co-60 
Zn-65 
Sr-89 5.3 48182 2536 3 35/2 
Sr-90 0.38 3455 182 0 35/2 
Y-90 0.38 1900 100 0 
Y-91 8. 75 43750 2303 2 
Zr-95 11.56 5780 116 1 

C"l No-95 22.19 11095 222 2 
I Ru-103 1. 78 1780 36 0 ..,. 

Ru-106 1.38 1380 28 •0 
Rh-106 1.38 1380 28 ·0 
Sb-124 - - 0 . 0 
I-131 - - 0 •0 
Cs-134 0.84 7636 402 0 75/2 
Cs-137 1.13 10273 541 1 75/2 
Ce-141 1.69 845 17 0 
Ce-144 19.69 9845 197 2 
Pr-144 19.69 9845 197 0 
Pm-147 2.16 21600 1137 11 
Other beta-gamma 1.72 17200 905 9 
Total beta-gamma 100 195945 8944 33 
Non Cs/Sr ; 

Beta-gamma 92 126400 5284 
1

29 I 75 
! 

• • • 



• • • 
TABLE C-5.2.1, Contd 

Release Release Pretreatment Filtrate Reverse Released Polishing Released 
Std F Std H Filtration Activity Osmosis by RO Mixed Bed by MB IXG 

Radionuclide (Ci/yr) (Ci/yr) (DF) (mCi/yr) (DF) (mCi/yr) ill). (mCi/vr) 

Alpha 

Am-241 0.020 0.002 20 1.1E+{) 99 1.1E-2 100 1.1E-4 
Cm-242/244 0.010 0.001 20 S.SE-1 99 5.6E-3 100 5.6E-5 
U-235/238 0.200 o.oos 20 1.0E+l 99 1.0E-1 100 l.OE-3 
Pu-238 0.020 0.009 20 1. 4E+O 99 1.5E-2 100 1.5E-4 
Pu-239 0.020 0.006 20 1.3E+{) 99 1.3E-2 100 1. 3E-4 
Pu-240 - - 20 - 99 o.o 100 o.o 
Sum alpha (OBS) 0.270 0.023 20 1. SE+l 99 1.5E-1 100 l.SE-3 
Total alpha 

(guide) o.s 0.2 20 3.5E+l 99 3.5E-1 100 3.5E-3 

'"' Sum alpha/ 
I 

"" Total S-y 



• • • 
TABLE C-5.2.1, Contd 

1000 Ci 1AF 1000 Ci 1AF 1000 Ci 1AF 
First Cycle Release Release Release Current 
Feed ( 1AF) * After filt After RO After IXG Guidelines 

Radionuclide % (mCi/event) (mCi/event) (mCi/event) (mCi/yr) 

Beta-Gamma 

Cr-51 
Co-58 
Co-60 
Zn-65 
Sr-89 5.3 48182 2536 3 35/2 
Sr-90 0.38 3455 182 0 35/2 
Y-90 0.38 1900 100 0 
Y-91 8.75 43750 2303 2 

(') Zr-95 11.56 5780 116 1 
I No-95 22.19 11095 . 222 2 
"' Ru-103 1.78 1780 36 0 

Ru-106 1.38 1380 28 0 
Rh-106 1.38 1380 28 0 
Sb-124 - - 0 0 
I-131 - - 0 0 
Cs-134 0.84 7636 402 0 75/2 
Cs-137 1.13 10273 541 1 75/2 
Ce-141 1.69 845 17 0 
Ce-144 19.69 9845 197 2 
Pr-144 19.69 9845 197 0 
Pm-147 2.16 21600 1137 11 
Other beta-gamma 1. 72 17200 905 9 
Total beta-gamma 100 195945 8944 33 
Non Cs/Sr 

Beta-gamma 92 126400 5284 29 175 



TABLE c-s.z.r, contd 

1000 Ci HAW 1000 Ci HAW 1000 Ci HAW 
High Activity Release Release Release 
Waste (HAW) After Filt. After RO After IXG 

Radionuclide % (mCi/ event) (mCi/ event) (mCi/ event) 

Beta-Gamma 

Cr-51 0 
Co-58 0 
Co-60 0 
Zn-65 0 
Sr-89 0 0 0 0 
Sr-90 6.6 60000 3158 3 
Y-90 0 0 0 0 
Y-91 0 0 0 0 

C"l Zr-95 5.4 2700 54 1 
I 

No-95 1.9 950 19 0 "' Ru-103 0.3 300 6 0 
Ru-106 6.5 6500 130 1 
Rh-106 0 0 0 0 
Sb-124 0 0 0 0 
I-131 0 0 0 0 
Cs-134 3.8 34545 1818 2 
Cs-137 6.7 60909 3206 3 
Ce-141 0.4 200 4 0 
Ce-144 68.2 34100 682 7 
Pr-144 0 0 0 0 
Pm-147 0 0 0 0 
Other beta-gamma 0.2 2000 105 1 
Total beta-gamma 100 202205 9182 18 
Non Cs/Sr 

Beta-gamma 83 46750 1000 10 

• • • 



C"l 
I ..., 

• 
TABLE C-5.2.1, Contd 

Radionuclide 

Alpha 

Am-241 
Cm-242/244 
U-235/238 
Pu-238 
Pu-239 
Pu-240 
Total alpha 

Total alpha/ 
Total B-y 

High Activity 
Waste (HAW) 
Character 
Alpha Curie 
Distribution % 

0 
0 
0 

99.1 
0.43 
0.43 
3.03 Ci 

0.00303 

• 
1000 Ci HAl</ 
Release 
After Filt. 
(mCi/ event) 

1000 Ci HAW 
Release 
After RO 
(mCi/event) 

0 
0 
0 

0 

150.14 
0.65 
0.65 

151.4 mCi 

0 
0 
1.517 
0.007 
0.007 . 
0.153 mCi 

1000 Ci HAW 
Release 
After IXG 
(mCi/ event) 

o.o 
o.o 
o.o 
1.52E-2 
6.58E-5 
6.58E-5 
0.015 mCi 

• 



TABLE C-5.2.2 

Tubular Precoat Filtration (5000 ppm Body Feed) Reverse Osmosis and Mixed Bed Ion Exchange 

Release Release Pretreatment Reverse Released Polishing Released Current 
Std F Std H Filtration Osmosis by RO ltlxed Bed by Mil IXG Guidelines 

Radionuclide (Ci/yr) (Ci/yr) (DF) (DF) (mCi/yr) (DF) (mCi/yr) _ (mC:I,lvr) 

Cr-51 o.o 5.0 1 19 263 1000 0.3 
Co-58 0.0 1.0 1 19 53 100 0.5 
Co-60 o.o 1.0 1 19 53 100 o.s 
Zn-65 o.o 0.8 1 17 47 1000 o.o 
Sr-89 0.2 0.4 17 19 2 1000 o.o 35/2 
Sr-90 0.4 1.0 17 19 4 1000 o.o 35/2 
Y-90 - - 10 19 1000 
Y-91 - - 10 19 1000 

(') Zr-95 4".0 1.0 88 50 1 100 o.o 
I No-95 4.0 1.5 88 50 1 100 o.o 

00 
Ru-103 2.0 1.5 so so 1 100 o.o 
Ru-106 20.0 7.5 so so 11 100 0.1 
Rh-106 - - so 50 100 
Sb-124 o.o 0.2 1 19 11 1000 o.o 
I-131 o.s "0.4 1 19 63 1000 0.1 
Cs.,-134 0.3 1.5 17 19 6 1000 o.o 75/2 
Cs-137 4.0 9.0 17 19 40 1000 o.o 75/2 
ce-141 0. 1 0.4 . 2000 50 0 100 o.o 
Ce-144 1.0 2.6 2000 50 0 100 o.o 
Pr-144 - - 2000 50 0 100 
Pm-14 7 o.s 1.0 . 5 19 16 100 0.2 
Other beta-gamma o.s 0.8 1 19 68 100 0.7 
Total beta-gamma 37.8 36.6 . s.o 23-2 640 258.3 2.5 

-Non Cs/Sr 
Seta-Gamma 32.9 24.7 4.9 20.0 588 242.4 2.4 175 

• • • 



• • • 
TABLE C-5.2.2, Contd 

Release Release Pretreatment Reverse Released Polishing Released Current 
Std F Std H Filtration Osmosis by RO Mixed Bed by MB IXG Guidelines 

Radionuclide (Ci/yr) (Ci/yr) (DF) ! (DF) (mCi/yr) (DF) (mCi/yr) (mCi/yr) 

All!.!!L 

Am-241 0.020 0.002 20 99 1.11E-2 100 1.11E-4 
Crrr-242/244 0.010 0.001 20 99 5.56E-3 100 5.56E-5 
U-235/238 0.200 o.oos 20 ' 99 1.04E-1 100 1.04E-3 I 
Pu-238 0.020 0.009 20 ' 99 1.46E-2 100 1.46E-4 I 
Pu-239 0.020 0.006 20 ' 99 · 1.31E-2 100 1.31E-4 I 
Pu-240 - - 20 I 99 o.o 100 o.o 
Sum alpha . (OBS) 0.270 0.023 20 I 99 1.48E-1 100 1.48E-3 10.00 
Total alpha 

(guide) o.s 0.2 20 99 3.54E-1 100 3.54E-3 10.00 
("') Sum alpha/ I 

"" Total 13-Y 0.007 0.001 



TABLE C-5.2.2, Contd 

1000 Ci 1AF 1000 Ci 1AF 1000 Ci 1AF 
First Cycle Release Release Release 
Feed (1AF)* After Filt. After RO After IXG 

Radionuclide % (mCi/event) (mCi/ event) (mCi/ event) 

Beta Gamma 

Cr-51 
Co-58 
Co-60 
Zn-65 
Sr-89 5.3 3118 164 1.6E-1 
Sr-90 0.38 224 12 1.2E-2 
Y-90 0.38 380. 20 2.0E-2 
Y-91 8.75 8750 461 4. 6E-1 

C"l ·zr-95 u.s6 1314 26 2.6E-1 I - Nb-95 22.19 2522 50 S.OE-1 0 

Ru-103 1.78 356 7 7.1E-2 
Ru-106 1.38 276 6 5.5E-2 
Rh-106. 1. 38 276 6 5.5E-2 
Sb~124 - 0 o.o 
I-131 - 0 o.o 
Cs-134 0.84 494 26 2.6E-2 
Cs-137 1.13 665 35 3.5E-2 
Ce-141 1.69 8 0 1. 1E"-3 
Ce-144 19.69 . 98 2 Z.OE-2 
Pr-144 · 19.69 98 2 2.0E-2 

. Pm-147 2.16 4320 227 2.3E+O 
· Other beta-gamma 1. 72 17200 905 9 .1E+O 
Total beta-gainma. 100 40099 1949 1.3E+1 
Non Cs/Sr 
· Beta-gamma 92 35599 1712 1.3E+1 

• • • 



• • • 
TABLE C-5.2.2. Contd 

1000 Ci HAW 1000 Ci HA'II 1000 Ci HAW 
High Activity Release Release Release 
Waste (HAW) After Filt. After RO After IXG 

Radionuclide % (mCi/event) (mCi/event) (mCi/ event) 

Beta Gamma 

Cr-51 0 
Co-58 0 
Co-60 0 
Zn-65 0 
Sr-89 0 0 0 o.o 
Sr-90 6.6 3882 204 2.0E-1 
Y-90 0 0 0 o.o 
Y-91 0 0 0 o.o 

n 
Zr-95 5.4 614 12 1.2E-1 I -- Nb-95 1.9 216 4 4. 3E-2 
Ru-103 0.3 ' 60 1 1.2E-2 

' 
Ru-106 6.5 1300 26 2.6E-1 
Rh-106 0 0 0 o.o 
Sb-124 0 0 0 0.0 
I-131 0 0 0 o.o 
Cs-134 3.8 2235 118 1.2E-1 
Cs-137 6.7 3941 207 2.1E-1 
Ce-141 0.4 2 0 4.0E-4 
Ce-144 68.2 341 7 6.8E-2 
Pr-144 0 

I 
0 0 o.o 

Pm-147 0 0 0 o.o 
Other beta-gamma 0.2 I 2000 105 1.1E+O 

I 
Total beta-gamma 100 14591 685 2.1E+O 
Non Cs/Sr 

Beta-gamma 83 ' I 4533 156 1.6E+O 



TABLE C-5.2.2, Contd 

High Activity 
Waste (HAW) 1000 Ci HAW 1000 Ci HAW 1000 Ci HAW 
Character Release Release Release 
Alpha Curie· After filt After RO After IXG 

Radionuclide Distribution % (mCi/ event) (mCi/event) (mCi/ event) 

Al~ 

Am-241 0 0 0 o.o 
Cm-242/244 0 0 0 o.o 
U-235/238 0 0 0 o.o 
Pu-238 99.1 150.14 1.517 1.5E-2 
Pu-239 0.43 0.65 0.007 6.6E-5 
Pu-240 0.43 0.65 0.007 6 .6E-5 

n Sum alpha (OBS) 3.03 Ci 151.4 mCi 1.53 mCi 0.153 
I -"' Total alpha/ 

Total B-y 0.00303 

• • • 
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TABLE C-5.3.1 · 

I 

' Ultrafiltration, Reverse Osmosis and Mixed Bed Ion Exchange 
I 

i 
Release Release Pretreatment Released in Reverse Released Polishing Released by Current 
Std F Std H FiltratiC?n Filtrate Osmosis by RO Mixed Bed Mixed Bed Guidelines 

Radionuclide (Ci!..:J.tl (Ci/yr) (DF) (mCi/yr) (DF) (mCi/yr) (DF) (mCi/vr) (mCi/vr) 

Cr-51 o.o 5.0 1 ' 5000 19 263 1000 0.3 I 
Co-58 o.o 1. 0 1 I 1000 19 53 100 o. 5 
Co-60 o.o 1.0 1 I 1000 19 53 100 0.5 
Zn-65 o.o 0.8 1 

I 

800 17 47 1000 o.o 
Sr-89 0.2 0.4 1 .I 545 19 29 1000 o.o 35/2 
Sr-90 0.4 1.0 1.1 1273 19 67 1000 0.1 35/2 
Y-90 - - 2 ' 19 1000 ' 
Y-91 - - 2 19 1000 
Zr-95 4.0 1.0 20 250 50 5 100 0 .I 

() Nb-95 4.0 1.5 20 275 50 6 100 0.1 I - Ru-103 2.0 1.5 10 350 50 7 100 0 .I 
"' 7.5 10 2750 50 55 100 0.6 Ru-106 20.0 

Rh-106 - - 10 50 100 
Sb-124 o.o o. 2 I 200 19 II 1000 o.o 
I-131 . 0.8 0.4 I 1200 19 63 1000 0.1 
Cs-134 0.3 1.5 1.1 1636 19 86 1000 0.1 75/2 
Cs-137 4.0 9.0 1.1 11818 19 622 1000 0.6 75/2 
Ce-141 0.1 0.4 20 25 50 0 100 o.o 
Ce-144 1.0 2.6 20 180 50 4 100 o.o 
Pr-144 - - 2 50 0 100 
Pm-147 0.5 1.0 I 1500 19 79 100 0.8 
Other beta-gamma 0.5 0.8 I 1300 19 68 100 0.7 
Total beta-gamma 37.8 36.6 2.4 31103 20.5 1517 339 4.5 
Non Cs/Sr 

Beta-Gamma 32.9 24.7 3.6 15830 22.2 713 194 3.7 175 



TABLE C-5.3.1, Contd 

Release Release Pretreatment Released in Reverse Released by Polishing Released Current 
Std F Std H Filtr8tion Filtrate Osmosis RO Stage Mixed Bed by MB IXG Standards 

Radionuclide ( c i f..:t.!)_ (Ci/yr) (DF) (mCi£yrl (DF) (mCi/yr) (DF) (mCi£Irl (mCi/vrl 

Am-241 0.020 0.002 20 1.100 99 l.lE-2 100 l.l!E-4 
Cm-242/244 0.010 0.001 20 0.550 99 5.6E-3 100 5.56E-5 
U-235/238 0.200 0.005 20 10.250 99 l.OE-1 100 1.04E-3 
Pu-238 0.020 0.009 20 1.450 99 1.5E-2 100 1.46E-4 
Pu-239 0.020 0.006 20 1.300 99 1.3E-2 100 1.31E-4 
Pu-240 - - 20 - 00 o.o 100 o.o 
Sum alpha (OBS) 0.270 0.023 20 14.650 99 l.SE-1 100 1.48E-3 100 
Total alpha 

(guide) . 0.5 0.2 20 35 99 3.5E-l 100 3.54E-3 
Sum alpha/ 

n 
Total ll-y 0.007 0.001 

I -.p-

• • • 
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TABLE C-5.3.1, Contd 

1000 Ci HAW 1000 Ci HAW 1000 Ci HAW 
High Activity Release Release Release 
Waste (HAW) · After filt After RO After MB IXG 

Radionuclide % (mCi/event) (mCi/yr) (mCi/ event) 

Beta-Gamma 

Cr-51 0 
Co-58 0 
Co-60 0 
Zn-65 0 
Sr-89 0 I 0 0 o.o 
Sr-90 6.6 I 

60000 3158 3.2E+O 
Y-90 0 0 0 o.o 
Y-91 0 0 0 o.o 

(") Zr-95 5.4 2700 54 5.4E-1 I 
~ Nb-95 1.9 I 950 19 1.9E-1 "' Ru-103 0.3 300 6 6.0E-2 

Ru-106 6.5 I 6500 130 1.3E+O : 
Rh-106 0 0 0 o.o 
Sb-124 0 0 0 o.o 
I-131 0 0 0 o.o 
Cs-134 3.8 34545 1818 1.8E+O 
Cs-137 6.7 

I 
60909 3206 3.2E+O 

Ce-141 0.4 I 200 4 4.0E-2 
Ce-144 68.2 34100 682 6 .SE+O 
Pr-144 0 

I 
0 0 o.o 

Pm-147 0 I 0 0 o.o 
Other beta-gamma 0.2 I 2000 105 1.1E+O 
Total beta-gamma 100.0 I 202205 9182 1.8E+l 
Non Cs/Sr 

Beta-Gamma 83 I 46750 1000 1.0E+l 



TABLE C-5.3.1, Contd 

High Activity 
Waste (HAW) 1000 Ci HAW 1000 Ci HAW 1000 Ci HAW 
Character Release Release Release 
Alpha Curie After Filt. After RO After MB IXG 

Radionuclide Distribution % (mCi/ event) (mCi/yr) (mCi/event) 

Alpha 

Am-241 0 0 0 o.o 
Cm-242/244 0 0 0 o.o 
U-235/238 0 0 0 o.o 
Pu-238 99.1 150.14 1.517 1.5E-2 
Pu-239 0.43 0.65 0.007 6.6E-5 
Pu-240 0.43 0.65 0.007 6.6E-5 
Total alpha 3.03 Ci 151.4 mCi 1.53 mCi 0.153 mCi 

("') 

Total alpha/ I 
~ 

Total (l-y 0.00303 "' 

• • • 
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TABLE C-5.3.1, Contd 

I 

i 
1000 Ci lAF 1000 Ci lAF 1000 Ci lAF 

First Cycle ~elease Release Release 
Feed (lAF) * After Filt. After RO After IXG 

Radionuclide % {mCi/event) {mCi/eve~t) {mCi/event) 
I 

Beta Gamma 

Cr-51 
Co-58 
Co-60 
Zn-65 
Sr-89 5.3 48182 2536 2.5E+O 
Sr-90 0.38 3455 182 1. BE-l 
Y-90 0.38 1900 100 l.OE-1 
Y-91 8.75 ,43750 2303 2.3E+O 

n Zr-95 l1.56 : 5780 l16 1.2E+O I - No-95 22.19 11095 222 2.2E+O ..... 
Ru-103 1.78 ! 1780 36 3.6E-l 
Ru-106 1.38 ' 1380 28 2.8E-l 
Rh-106 1.38 1380 28 2.8E-l 
Sb-124 - - 0 o.o 
I-131 - 0 o.o 
Cs-134 0.84 7636 402 4.0E-l 
Cs-137 1.13 10273 541 S.4E-l 
Ce-141 1.69 845 . 17 1. 7E-1 
Ce-144 19.69 ' 9845 197 2.0E+O 
Pr-144 19.69 9845 197 2.0E+0 
Pm-147 2.16 I 21600 ll37 1.1E+1 
Other Beta-Gamma 1. 72 1 11200 905 9.1E+O 
Total beta-gamma 100 :195945 8944 3.SE+1 
Non Cs/Sr ! 

Beta-Gamma 92 :126400 5284 3.1E+l 

. --· .. - .. -- -· 



TABLE C-5.3.2 

Ultraftltration,. Reverse. Osmosis and. Selective Ion Exchange 

Release Release Pretreatment Released. in Reverse Released1 Polishing Relea.sed, by Cur':.ent 
Std F Std R Filtration Filtrate Osmosis. by R!J .. by' ·z~~lit~ Filt/RO/Zeo Standards 

{mCi/v;.r> 
. ' • ' • "l 

Radionuclide {Ci/yr) {Ci/yr) {DF) {mCi/yr) {DF) {mCilv;~>· {DF). {incilvt:> 

Alpha 

AJD-,-241 0.020 0.002· 20 1.10E+O, 99, 1.l1E-2 1.0. 1.11E-3 
Cm-242/244 0.010 0· •. 001· 20 5 .,50E-1 99. 5.5.6E-3. 10 5 .5,6E-4 
U-235/238 0.200 0,.005 20, 1.0~E+1 99 1.04E-1 10 1.04.E-2 
Pu-238 0.020 0.009 20 1.45E+O 9,9. 1.46E-2 10 1.4~E-3 

"' 
ru-239• 0 •. 020 0.006 20 l.30E-!;0 99 1.31E-2 10 1.31E-3 ,, Pu""240 - - 20. o.o 99 o.o 10 o .• o' ,... 

lO "'?· Sum alpha {OBS) 0.270 0,.023 20. 1 •. 47E+1 9,9 1.48E-1 1.48E-2 
' . 

Total alpha 
{guide) 0.5 0.2 20 3.50E+l 99 3.54E-1 ~0, 3.54E-2 

Sum alpha/ 
.. . 

' 
Total ~-y 0.00.7 0.001 20 99 10, 10 

~ .' 

• • • 



• • • 
TABLE C-5.3.2, Contd 

I 
; 
' :1000 Ci 1AF 1000 Ci 1AF 1000 Ci 1AF 

First Cycle Release. Release Release 
Feed (lAF)* After Filt. After RO After Zeo 

Radionuclide % (mCi/ event) (mCi/ event) (mCi/ event) 

Beta-Gamma 

Cr-51 
Co"'-58 
Co-60 
Zn-65 
Sr-89 5.3 i 48182 2536 3 
Sr-90 0.38 I 3455 182 0 
Y-90 0.38 I 1900 100 1 
Y-91 8.75 I 43750 2303 23 

(") Zr-95 11.56 5780 116 58 I 
I 11095 - No-95 22.19 222 111 

"' Ru-103 1.78 i 1780 36 36 
Ru~106 1.38 1380 28 28 
Rh-106 1.38 1380 28 28 
Sb-124 - I 0 0 
I-131 - I 0 0 
Cs-134 0.84 : 7636 402 0 
Cs-137 1.13 10273 541 1 
Ce-141 1.69 I 845 17 2 
Ce-144 19.69 9845 197 20 
Pr-144 19.69 9845 197 197 
Pm-147 2.16 21600 1137 1137 
Other Beta Gamma 1. 72 17200 905 905 
Total beta gamma 100 I 195945 8944 2548 
Non Cs/Sr I 

Beta-Gamma 92 I 126400 5284 2544 



TABLE C-5.3.2, Contd ·:: 

1000 Ci HAW 1000 Ci HAW 1000 Ci HAW 
High Activity Release Release Release 1000 Ci HAW 
Waste (HAW) After Filt. After RO After Zeo /1E6 gallons 

Radionuclide % (mCi/event) · (mCi/event) (mCi/ event) Df to Release 

Be !!!..Ji_amma 

' Cr-51 0 35 mCi 
Co-58 0 
Co-60 0 
Zn-65 0 
Sr-.89 0 0 0 0 
Sr-,90 6.6 60000 3158 3 1886 
Y-90 0 0 0 0 
Y-91 0 b 0 0 

(') Zr-95 5.4 2700 54 27 1543 ., 
N No-95 1.9 950 19 10 543 0 

Ru-103 0.3 300 6 6 86 
Ru-106 6.5 6500 130 130 1857 
Rh-106 0 0 0 0 
Sb-124 0 0 0 0 
I-131 0 0 0 0 
Cs-134 3.8 34545 1818 2 1086 
Cs-137 6.7 60909 3206 3 1914 
Ce-141 0.4 200 4 0.4 114 
Ce-144 68.2 34100 682 68 19486 
Pr-144 0 0 0 0 
Pm-147 0 0 0 0 
Other beta-gamma 0.2 2000 105 105 
Total beta-gamma 100 202205 9182 355 28571 
Non Cs/Sr 

Beta-Gamma 83 46750 1000 346 2J629 
' 

• • • 
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TABLE C-5.4.1 

Tubular Precoat Filtration (SO ppm Body Peed) and Selective Ion Exchange 

Release Release Pretreatment Released by Selective After Select Current 
Std F Std H Filtration Pretreatment IXG Polish IXG Polish Guidelines 

Radionuclide {Ci/:z:r) {Ci/:z:r) {DF) {mCi/:z:r) (DF) (mCi/vr) (mCi/vr) 
I 

Cr-51 o.o 5.0 1 I 5000 100 50 
Co-58 o.o 1.0 1 1000 10 100 
Co-60 o.o 1.0 1 1000 10 100 
Zn-65 o.o 0.8 1 800 100 8 
Sr-89 0.2 0.4 1.1 545 1000 1 35/2 
Sr-90 0.4 1.0 1. 1 1273 . 1000 1 35/2 
Y-90 - - 2 100 0 
Y-91 - - 2 100 0 

('") 
Zr-95 4.0 1.0 20 250 2 125 

I Nh-95 4.0 1.5 20 275 2 138 
N 
~ Ru-103 2.0 1.5 10 350 1 350 

Ru-106 20.0 7.5 10 2750 1 2750 
Rh-106 - - 10 1 0 
Sb-124 o.o 0.2 1 200 1 200 
I-131 0.8 0.4 1 1200 1 1200 
Cs-134 0.3 1.5 1. 1 1636 1000 2 
Cs-137 4.0 9.0 1.1 11818 1000 12 75/2 
Ce-141 0.1 0.4 20 25 10 2 
Ce-144 1.0 2.6 20 180 10 18 
Pr-144 - - 20 0 10 0 
Pm-147 0.5 1.0 1 I 1500 1 1500 
Other beta-gamma 0.5 0.8 1 1300 1 1300 
Total beta-gamma 37.8 36.6 2.4 31103 4.0 7856 
Non Cs/Sr 

Beta-gamma 32.9 24.7 3.6 15830 2.0 7841 175 



TABLE C-5.4.1, Contd 

Release Release Pretreatment Released by Selective After Select Current 
Std F Std H Filtration Filtration IXG Polish IXG Polish Guidelines 

Radionuclide (Ci/yr) (Ci/yr) (DF) (mCi/yr) (DF) (mCi/yr) (inCi/vr) 

Alpha 

Am-241 . 0.020 0.002 20 1olOE+O 10 1.10E-1 
Cm-242/244 0.010 0.001 20 S.SOE-1 10 S.SOE-2 
U-235/238 0.200 o.oos 20 1.02E+1 10 1.02E+O 
Pu-238 0.020 0.009 20 1.4SE+O 10 1.45E-1 
Pu-239 0.020 0.006 20 1.30E+O 10 1.30E-1 
Pi-240 - - 20 o.o 10 o.o 
Suin alpha (OBS) 0.270 0.023 20 1.47E+l 10 1.46E+O 10.00 
Total alpha 

(guide) o.s 0.2 20 3.50E+l 10 3.50E+O 10.00 
'"' Sum alpha/ 1 
N Total 8-y 0.007 0.001 N 

' 

• • • 
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TABLE C-5.4.1, Contd 

1000 Ci 1AF 
1000 Ci 1AF Release 

First Cycle Release Selective 
Feed ( 1AF) * After Filt. IXG Polish 

Radionuclide % (mCi/ event) (OF) 

Beta-Gamma 

Cr-51 
Co-58 
Co-60 
Zn-65 
Sr-89 5.3 

j 
48182 48 

Sr-90 0.38 3455 3 
(") Y-90 0.38 1900 38 
I Y-91 8.75 43750 438 N 

"" Zr-95 11.56 5780 2890 
Nb-95 22.19 11095 5548 
Ru-103 1.78 I 1780 1780 
Ru-106 1.38 I 1380 1380 
Rh-106 1.38 I 1380 1380 
Sb-124 - 0 
I-131 - I 0 
Cs-134 0.84 I 7636 8 
Cs-137 .1.13 10273 10 
Ce-141 1.69 845 84 
Ce-144 19.69 9845 984 
Pr-144 19.69 9845 984 
Pm-147 2.16 21600 21600 
Other beta-gamma 1. 72 I 17200 17200 
Total beta-gamma 100 227380 54357 
Non Cs/Sr 

Beta-Gamma 92 I 157835 54288 



TABLE C-5,4.1, Contd 

1000 Ci HAW 
1000 Ci HAW Release 

High Activity Release After Select 
Waste (HAW) After Filt. IXG Polish DF 

Radionuclide % (mCi/event) (me 1/ event) 

Beta Gamma 

Cr-51 0 
Co-58 0 
Co-60 0 
Zn-65 0 
Sr-89 0 0 0 
Sr-90 6.6 60000 60 
Y-90 0 0 0 

n Y-91 0 0 0 I 
N Zr-95 5.4 2700 1350 -1:-

Nb-95 1.9 950 475 
Ru-103 0.3 300 300 
Ru-106 6.5 6500 6500 
Rh-106 0 0 0 
Sb-124 0 0 0 
I-131 0 0 0 
Cs-134 3.8 34545 35 
Cs-137 6.7 60909 61 
Ce-141 0.4 200 20 
Ce-144 68.2 34100 3410 
Pr-144 0 0 0 
Pm-147 0 0 0 
Other beta-gamma 0.2 2000 2000 
Total beta-gamma 100 202205 14210 
Non Cs/Sr 

Beta-Gamma 83 46750 14055 

• • • 
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TABLE C-5.4.1, Contd 

High Activity 
Waste (HAW) · 1000 Ci HAll 

Radionuclide 

Alpha 

Am-241 
Cm-242/244 
U-235/238 
Pu-238 
Pu-239 
Pu-240 
Sum alpha 

Sum alpha/ 
Total B-y 

Character 
Alpha Curie 
Distribution 

0 
0 
0 

99.1 
0.43 
0.43 
3.03 Ci 

0.00303 

·Release 
After Filt. 
(mCi/ event) 

0 
0 
0 

150.14 
0.65 
0.65 

151 

1000 Ci HAW 
After Select 
IXG Polish 
(mCi/ event) 

o.o 
o.o 
o.o 
1.50E+1 
6.51E-2 
6.51E-2 
1.51E+1 

• 



TABLE C-5.4.2 

Tubular Preeoat Piltration (5000 ppm body feed) and Selective Ion Exeh~~e 

Release Release Pretreatment Released by Selective After Select Current 
Std F Std H Filtration Pretreatment IXG Polish IXG Polish Gqidelines 

Radionuclide (c:i./yrl (Ci/yr) (DF) (mCi/yr) ill2 (u£i/vr) (mCi/yr) 

Cr-51 o.o 5.0 1 5000 100 50 
Co-58 o.o 1.0 1 1000 10 100 
Co-60 o.o 1.0 1 1000 10 100 
Zn-,65 o.o 0.8 1 800 100 8 
Sr-89 0.2 0.4 17 35 100 0 35/2 
Sr-,90 0.4 1.0 17 82 100 ~ 35/2 
Y-90 - - 10 - 100 0 

() Y-91 - - 10 - 100 0 
I 

N Zr-95 4.0 1.0 88 57 2 28 
"' Nb-,95 4.0 1.5 88 62 2 31 

Ru-103 2.0 1. 5 50 70 1 70 
Ru-106 20.0 7.5 50 550 1 550 
Rh-106 - - 50 - 1 0 
Sb-124 o.o 0.2 1 200 1 200 
I-131 0.8 0.4 1 1200 1 1200 
Cs-134 0.3 1.5 17 106 ~00 ~ 75/2 
Cs-137 4.0 9.0 17 765 100 8 7~/2 

Ce-141 0.1 0.4 2000 0 10 0 
Ce-144 1.0 2.6 2000 2 10 0 
Pr-144 - - 2000 0 10 0 
Pm-147 0.5 1.0 5 300 1 30Q 
Other beta-gamma 0.5 . 0.8 1 1300 1 1300 

Total beta-gamma 37.8 36.6 5.9 12530 3.2 3948 

Non Gs/Sr beta-gamma 32.9 24.7 5.0 11541 2.9 3938 P4 

• • • 



• • • 



TABLE c~S.4.2. Contd 

1000 Ci lAF 1000 Ci lAF 
First Cycle Release After Release After 
Feed (lAF)* Filtration Select ~XG Polis~ 

Radionuclide (%) (mCi/ event>. (mCi/event) 

Beta-Gamma 

Cr-,51 
Co-58 
Co.,-60 
Zn-65 
Sr-,89 5.3 3118 3~ 
Sr-,90 0.38 224 2 
Y-,9(1 0.38 380 4 

C'l Y.,-91 8.75 8750 88 I 
N 
'<'/ zr.,-95 11.56 1314 657 

Nb,..,95 22.19 25?2 1261 
Ru-103 1 '78 356 356 
Ru-~06 1.38 276 276 
Rh...,106 1.38 13800 13800 

Sb-: 124 - 0 
1-.131 - 0 
Cfi!_;l34 0.84 494 5 

Cs-137 1.13 665 7 
Ce-141· 1.69 8 1 
ce.,144 19.69 98 10 
Pr-144 19.69 98 10 
Pm...,147 2.16 4320 4320 
Other beta-gamma 1. 72 17200 17200 

Total beta-gamma 100 53623 38026 

Non Cs/Sr B-y 92 49123 37981 

• • • 
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TABLE C-5.4.2, Contd 

High Activity 1000 Ci RAW 1000 Ci RAW 
Waste (RAW) Release After Release After 
Feed (lAF) * Filtration Select IXG Polish 

Radionuclide (%) (mCi/event) DF (mCi/ event) 

Beta-Gamma 

Cr-51 0 
Co-58 0 
Co-60 0 
Zn-65 0 
Sr-89 0 0 0 
Sr-90 6.6 3882 39 
Y-90 0 ' 0 0 

('") Y-91 0 I 0 0 
I 

N zr-95 5.4 614 307 
"' Nb-95 1.9 216 108 

Ru-103 0.3 60 60 
· Ru-106 6.5 1300 1300 

Rh-106 0 I 0 0 
Sb-124 0 ' 0 0 
I-131 0 0 0 
Cs-134 3.8 2235 22 
Cs-137 6.7 3941 39 
Ce-141 0.4 2 0 
Ce-144 68.2 341 34 
Pr-144 0 0 0 
Pm-147 0 0 0 
Other beta-gamma 0.2 2000 2000 

Total beta-gamma 100 14591 3910 

Non Cs/Sr B-y 83 4533 3809 



~ 
·' "" 0 

• 

TABLE C-5.4•2; Ccintd 

Radionuclide 

Beta-Ga!IDDa 

Am-24i 
Crrr-242/244 
U-23S/23S 
p,j:..238 
Pu"-i39 
Pu'-240 
Total aipii.a 
Totai alpha/total ~Y 

High Activity 
Waste (HAW) 
Character 
Aipha curie 
Distribution, % 

0 
0 
0 

99;1 
0.43 
0;43 
3.03 
0.00303 

• 

1000 ci HA'w 
~elease After 
Filtration 
(mCi/ event). 

0 
0 
0 

150. i4 
(:).65 
0.65 

151 

1000 ci HA.w 
Release After 

• • .. • • "I. d• 
Select IXG Polish 
<mei/event> 

0;0 
o.o 
0•0 
i~5oli+i 
6.511~'-2 
6.51E'-2 
i.5iE+l 

.--::::. 

• 
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TABLE C'-5.5.1 

Multiple Deep Bed Piltratiou,·aeve~se Osmosis! Mixed Bed Ion Kzehauge 
I 

Release Release Pretreatment Released by Reverse Released Polishing Released bj Current 
Std F Std H Filtr'\ition Filtrate Osmosis by RD Mixed Bed Mixed Bed Guidelines 

Radionuclide (Ci/yr) (Ci/yr) (DF) (mCi/yr) (DF) (mCi/yr) (DF) J..mCi/vr) (mCi/yr) 
I 

Cr-51 o.o 5.0 1 i 5000 19 2.63E+2 1000 0.3 
Co-58 o.o 1.0 1 

I 
1000 19 5. 26E+l 100 0.5 

Co-60 o.o 1.0 1 1000 19 5.26E+1 100 0.5 
Zn-65 o.o 0.8 1 800 17 4. 71E+l 1000 o.o 
sr-89 o. 2 0.4 1.1 I 545 19 2.87E+l 1000 o.o 35/2 
Sr-90 0.4 1.0 1 .1 I 1273 19 6.70E+l 1000 0.1 35/2 
Y-90 - - 1 19 1000 
Y-91 - - 1 19 1000 

(") 
I Zr-95 4.0 1.0 10 500 50 1.00E+1 100 0.1 ..., i - Nb-95 4.0 1.5 10 i 550 50 1.10E+l 100 0.1 

Ru-103 2.0 1.5 2 
I 

1750 50 3.50E+l 100 0.3 
Ru-106 20.0 7.5 2 

I 
13750 50 2.75E+2 100 2.8 

Rh-106 - - 2 
! 

50 100 
Sb-124 o.o 0.2 1 200 19 1.05E+l 100 0.1 

I-131 0.8 0.4 1 1200 19 6. 32E+l 1000 0.1 
Cs-134 0.3 1.5 1 .1 1636 19 8.61E+1 1000 0.1 75/2 
Cs-137 4.0 9.0 1. 1 11818 19 6.22E+2 1000 0.6 75/2 

Ce-141 0.1 0.4 10 50 50 1.00E+O 100 o.o 
Ce-144 1.0 2.6 10 360 50 7.20E+O 100 0.1 
Pr-144 - - 10 50 o.o 100 

I 
Pm-147 0.5 1.0 1 . 1500 19 7. 89E+l 100 0.8 
Other beta-gamma 0.5 0.8 1 I 

I 
1300 19 6.84E+1 100 0.7 

Total beta-gamma 37.8 36.6 1.7 44233 24.9 1. 78E+3 247 7.2 

Non Cs/Sr beta-ga~ 32.9 24.7 2.0 1 28960 29.7 9.76E+2 153 6.4 175 



TABLE C-5.5.1, Contd 

Release Release Pretreatment Released by Reverse Released Polishing Rele~sed by Current 
Std F Std H Filtration Filtrate Osmosis byRD Mixed Bed Mixed lied Guidelines 

Radionuclide (Cilirl (Ci/Ir) (DF) (mCi/Irl (DF) (mCi/Irl (DF) (mCi/Irl (mCi/vr) 

Alpha 

Am-241 0.020 0.002 10 2 99 2. 22E-2 100 2.22E-4 
CU>-242/244 0.010 0.001 10 1 99 l.l!E-2 100 1.11E-4 
u-235/238 0.200 0.005 10 20 99 2.07E-1 tno 2.07E-3 
Pu-238 0.020 0.009 10 3 99 2.93E-2 100 2.93E-4 
Pu-239 0.020 0.006 10 3 99 2.63E-2 100 2.63E-4 
Pu-240 - - 10 - 99 o.o 100 o.o 
Sum alpha (DBS) o. 270 0.023 10 29.3 99 2.96E-1 2.96~-3: 10.00 

C) 

I Total alpha (guide) o.s 0.2 10 70 99 7 .07E-1 ..., 
N 

Sum ~lpha/tot B-y 0.001 0.001 

• • • 
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TABLE c~s.s.l, Contd 

I 1000 Ci 1AF 1000 Ci 1AF 1000 Ci 1AF 
First Cycle Release After Release Release 
Feed. (lAF) ~ Filtration After RD After IXG 

Radionuclide (%) (mCi/event) (mCi/ event) (mCi/event) 

Beta-Gamma 

Cr-51 
Co-58 
Co-60 
Zn-65 
Sr-89 5.3 2536 3 
Sr-90 0.38 182 0 
Y-90 0.38 200 0 

n Y-91 8.75 4605 5 
I 

I Zr-95 11.56 231 2 w I 

"" Nb-95 22.19 444 4 
Ru-103 1.78 178 2 
Ru-106 1.38 138 1 

Rh-106 1.38 138 1 
Sb-124 - 0 0 
I-131 - 0 0 
Cs-134 0.84 402 0 
Cs-137 1.13 541 1 
Ce-141 1.69 I 34 0 
Ce-144 19.69 I 394 4 
Pr-144 19.69 

I 
394 4 

Pm-147 2.16 1137 11 
! 

Other beta-gamma 1. 72 I 905 9 I 

Total beta-gamma 100 12458 48 

Non Cs/Sr S-y 92 I 8798 45 



TABLE c~s.s.t, Contd 

1000 Ci HAW 1000 Ci HAW 1000 Ci HAW 
High Activity Release After Release Release After 

Radionuclide Waste (HAW) Filtration After RD MB IXG 
Beta-Gamma % (mCi/ event) (mCi/event) (mCi/ event) 

Cr-51 0 
c~58 0 
Co-60 0 
Zn-65 0 
Sr-89 0 0 0 0 
Sr-90 6.6 60000 3158 3 

Y-90 0 0 0 0 
Y-91 0 0 0 0 

C) Zr-95 5.4 5400 108 1 ., 
"' Nb-95 1.9 1900 38 0 " Ru-103 0.3 1500 30. 0 

Ru-106 6.5 . 32500 650 6 
Rh-106 0 0 0 0 
Sb-124 0 0 0 0 
I-131 0 0 0 0 
Cs-134 3.8 34545 1818 2 

Cs-137 6.7 60909 3206 3 
Ce-141 0.4 400 8 0 
Ce-144 68.2 68200 1364 19 
Pr-144 0 0 0 0 

l!m-147 0 0 0 0 
Other beta-gamma 0.2 2000 105 1 

Total beta-gamma 100.0 267355 10485 31 

Non Cs/Sr 6-y 83 111900 2303 23 

• • tp 
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TABLE C-5•5.1, Contd 

High Activity 
Waste (HAW) 1000 Ci HAW 1000 Ci HAW 1000 Ci HAW. 
Character Release After Release Released by 
Alpha Curie Filtration After RD MB IXG 

Radionuclide Dist. % I (mCi/ event) (mCi/ event) (mCi/event) 
I 

Alpha 
i 

Am-241 0 I 0 0 0.0 

Cm-242/244 0 I 0 0 o.o 
U-235/238 0 0 0 0.0 

Pu-238 99.1 300.27 3.033 3.03E-2 

Pu-239 0.43 I 1.30 0.013 1.32E-4 

Pu-240 0.43 I 1.30 0.013 1.32E-4 '"' ' I 
w 

Total alpha 3.03 151.4 1.53 0.153 V> 

Total alpha/tot a-y 0.00303, 



TABLE C-5,6,1 

Tubular Precoat Filtration and Mixed Bed Ion Exchange 

Release Release Pretreatment Released by Polishing After Mixed Current 
Std F Std H Filtration Pretreatment Mixed Bed Bed IXG Guidelines 

Radionuclide (eifEl_ {Ci/yr) {DF) {mCi[yr) {DF) {mCi[yr) {inCi/vt) 

Cr-51 o.o 5·0 1 5000 1000 5 
Co-58 0.0 1.0 1 1000 100 10 
Co-60 o.o loO 1 1000 100 10 
Zn-65 o.o o.s 1 800 1000 1 
Sr-89 0.2 0.4 17 35 1000 0 35/2 
Sr-90 0.4 1.0 17 82 1000 0 35/2 
Y-90 - - 10 - 1000 0 

(") Y-91 10 1000 0 I - - -
w 

"' Zr-95 4.0 1.0 88 57 100 1 
Nb-95 4.0 loS 88 62 100 1 
Ru-103 2.0 1.5 50 70 100 1 
Ru-106 20.0 7.5 50 550 100 6 
Rh-106 - ..;. 50 100 0 
Sb-124 o.o 0.2 1 200 1000 0 
r-131 0.8 0.4 1 1200 1000 1 
Cs-134 0.3 1.5 17 106 1000 0 75/2 
Cs-137 4.0 9.0 17 765 1000 1 75/2 
Ce-141 0.1 0.4 2000 0 100 0 
Ce-144 1.0 2.6 2000 2 100 0 
Pr-144 - - 2000 0 100 0 
Pm-147 0.5 1. 0 5 300 100 3 
Other beta-gamma 0.5 o.s 1 1300 100 13. 

Total beta-gamma 37.8 36.6 .5.9 12530 11ZOO 52 

Non Cs/Sr beta-gamma 32.9 24.7 5.0 11541 7200 51 175 

• • • 
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TABLE C-5,6.1, Contd 

Release · Release Pretreatment Released by Polishing Released by Current 
Std F · Std H Filtration ·Filtration Mixed Bed Mixed Bed Standards 

Radionuclide (Ci/yr) (Ci/yr) (DF) · (mCi/yr) (DF) (mCi/vr) (mCi/vr) 

Alpha 

Am-241 0.020 0.002 20 1.1E+0 100 1.10E-1 
Cnr242/244 0.010 0.001 20 S.SE-1 100 5.50E-2 
U-235/238 0.200 o.oos 20 1.0E+1 100 1.02E+O 
Pu-238 0.020 0.009 20 1.4E+O 100 1.45E-1 
Pu-239 0.020 0.006 20 1.3E+O 100 1.30E-1 
Pu-240 - - 20 o.o 100 o.o 
Sum alpha (DBS) 0.270 0.023 20 1.5E+1 100 1. 46E+O 

n Total alpha (guide) o.s 0.2 20 3.5E+l 100 3.50E+O 10 I 
w ..... Sum alpha/tot B-y 0.007 0.001 



(") 
I 

"' 00 

• 

TABLE C-5.6.1, Contd . 

Radionuclide 

Beta-Gamma 

Cr-51 
Co-,58 
Co-60 
zn-65' 
Sr-89 
Sr-90 
Y~90 

y..,91 

Zr-95 
Nb-95 
Ru-103 
Ru-106 
Rh-106 
Sb.,.l?4 

·"j:-,131 
Cs-134 

, Cs-137 
Ce-141 
Ce-144 
Pr-144 
Pm-147 
Other bet!'-gamma 

Total beta-gamma 

Non Cs/Sr B-y 

1000 Ci lAF 
First Cycle Release After 
Feed (lAF)* Filtration 
(%) . (mCi/event) 

5.3 
0.38 
0.38 
8.75 

11.56 
22.19 

1.78 
1. 38 
1.38 

0.84 
1.13 
1. 69 

19.69 
19.69 

2.16 
1. 72 

100 

92 

3118 
224 
380 

8750 
1314 
2522 

356 
276 
276 

494 
665 

8 
98 
98 

4320 
17200 

40099 

35599 

• 

1000 Ci 1AF 
Release After 
Mixed Bed IXG 
(mCi/ event) 

3 
0 

0 

9 
13 
25 

4 
3 

3 
0 

0 

0 
1 

0 
1 

1 

43 
172 

278 

27 4 ' 

• 
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TABLE C-5.6.1, Contd 

1000 Ci HAW 1000 Ci HAW 
High Activity Release After Release After 

Radionuclide Waste (HAW) Filtration Mixed Bed IXG 
Beta-Gamma (%) (mCi/event) (mCi/event) 

Cr-51 0 
Co-58 0 
Co-60 0 
Zn-65 0 

Sr-89 0 0 o.o 
Sr-90 6.6 3882 3.88E+O 

Y-90 0 0 o.o 
Y-91 0 0 o.o 
Zr-95 5.4 614 6.14E+O 

(") 

Nb-95 1.9 216 2.16E+O I i w 

"' Ru-103 0.3 I 60 6.00E-1 
Ru-106 6.5 I 1300 1.30E+l 

Rh-106 0 0 o.o 
Sb-124 0 I 0 o.o 
I-131 0 0 o.o 
Cs-134 3.8 2235 2.24E+O 

Cs-137 6.7 3941 3.94E+O 

Ce-141 0.4 
I 

2 2.00E-2 
Ce-144 68.2 I 341 3.41E+O 
Pr-144 0 ! 0 0.0 
Pm-147 0 I 0 o.o 
Other beta-gamma 0.2 I 2000 2.00E+l 

I 

Total beta-gamma 100 I 14591 5.54E+l 

Non Cs/Sr B-y 83 4533 4.53E+1 



TABLE C-5.6.1. Coiltd 

High Aetivity 
Waste (HAW) 1000 Ci HAW 1000 Ci HAW 
Character Release After Release After 
Alpha Curie Filtration IXG 

Radionuclide Distribution, % (mCi/event) (mCi/ event) 

Beta::Qamma 

Am-241 0 0 o.o 
Cm-242/244 0 0 o.o 
U-235/238 0 0 o.o 
Pu-238 99.1 150.14 1.50E+O 
Pu-239 0.43 0.65 6.51E-3 
Pu-240 0.43 0.65 6.51E-3 

0 Total alpha 3.03 151 1.51E+O 
r 
~ Total alpha/total 8-y 0.00303 o· 

• • • 
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·I 

TABLE C-5.6.2 
I 

Tubular Precoat Filtration, Cation Exchange and Anion Exchange 

Release Release Pretreatment Released by Polishing After Dual Current 
Std F Std H ·Filtration Pretreatment Dual Bed Bed IXG Guidelines 

Radionuclide (Ci/yr) (Ci/yr) (DF) (mCi/yr) (DF) (mCi/vr) (mCi/vr) 

Cr-51 o.o 5.0 1 5000 100 50 
Co-58 o.o 1.0 1 1000 10 100 
Co-60 o.o 1.0 1 1000 10 100 
Zn-65 o.o 0.8 1 800 100 8 
Sr-89 0.2 0.4 17 35 100 0 35/2 
Sr-90 0.4 1.0 17 82 100 1 35/2 
Y-90 - - 10 100 0 
Y-91 - - 10 100 0 
Zr-95 4.0 1.0 .·.·. 88 57 10 6 
Nb-95 4.0 1.5 88 62 10 6 

(") Ru-103 2.0 1.5 50 70 10 7 I ..,. Ru-106 20.0 7.5 50 ' 550 10 55 - Rh-106 - - 50 I 10 0 
Sb-124 o.o 0.2 1 I 200 100 2 
I-131 0.8 0.4 1 : 1200 100 12 
Cs-134 0.3 1.5 17 ' 106 100 1 75/2 
Cs-137 4.0 9.0 17 ! 765 100 8 75/2 
Ce-141 0.1 0.4 2000 I 0 10 0 
Ce-144 1.0 2.6 2000 I 2 10 0 
Pr-144 - - 2000' 0 10 0 
Pm-147 0.5 1.0 5 300 10 30 
Other beta-gamma 0.5 o.s 1 ; 1300 10 130 
Total beta-gamma 37.8 36.6 5~9 12530 24.3 516 
Non Cs/Sr 

' Beta-Gamma 32.9 24.7 5.0 11541 22.8 506 175 



TABLE'C-5.6.2, Contd 

Release Release Pretreatment Released by Polishing Released by Current 
Std F Std H Filtration Filtration Dual lied Dual Bed Guidelines 

Radionuclide (Ci/yr) (Ci/vr) (DF) (mCi/vr) (DF) (mCi/vr) (mCi/vr) 

Alpha 

Am-241 0.020 0.002 20 1 10 1.1E-1 
c-242/244 0.010 0.001 20 1 10 5.5E-2 
U-235/238 0.200 0.005 20 10 10 l.OE+O 
Pu-238 0.020 0.009 20 1 10 1.4E-1 
Pu-239 0.020 0.006 20 1 10 1.3E-1 
Pu-240 - - 20 0 10 o.o 
Sum alpha (OBS) 0.270 0.023 20 15 10 1.5E+O 10.00 
Total alpha 

(guide) 0.5 0.2 20 35 10 3.5E+O 
(") Sum alpha/ 
I Total a-:y 0.007 0.001 -1> 

"' 

• • • 
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TABLE C-5.6.2, Contd 

1000 Ci 1AF 
1000 Ci 1AF Release 

First Cycle Release After Mixed 
Feed (1AF)* After filt Bed IXG 

Radionuclide % (mCi/event) (mCi/event) 

Beta-Gamma 

Cr-51 
Co-58 
Co-60 
Zn-65 
Sr-89 5.3 3118 31 
Sr-90 0.38 224 2 
Y-90 0.38 380 4 
Y-91 8.75 I 8750 88 

n Zr-95 11.56 1314 131 I .... Nb-95 22.19 2522 252 ....., 

Ru-103 1.78 356 36 
Ru-106 1.38 276 28 
Rh-106 1.38 276 28 
Sb-124 - 0 
I-131 - 0 
Cs-134 0.84 494 5 
Cs-137 1.13 665 7 
Ce-141 1.69 8 1 
Ce-144 19.69 98 10 
Pr-144 19.69 98 10 
Pm-147 2.16 4320 432 
Other beta-gamma 1. 72 17200 1720 
Total beta-gamma 100 40099 2783 
Non Cs/Sr 

Beta-Gamma 92 35599 2738 



TABLE c-5.6.2. Contd 

1000 Ci HAW 
1000 Ci HAW Release 

High Activity Release After Dual 
Waste (HAW) After Filt. Bed IXG 

Radionuclide % (mCi/ event) (mCi/event) 

Beta-Gamma 

Cr-51 0 
Co-58 0 
Co-60 0 
Zn-65 0 
Sr-89 0 0 0 
Sr-90 6.6 3882 39 
Y-90 0 0 0 
Y-91 0 0 0 

(") Zr-95 5.4 614 61 
I Nb-95 1.9 216 22 
""' ""' Ru-103 0.3 60 6 

Ru-106 6.5 1300 130 
Rh-106 0 0 0 
Sb-124 0 0 0 
I-131 0 0 0 
Cs-134 3.8 2235 22 
Cs-137 6.7 3941 39 
Ce-141 0.4 2 0 
Ce-144 68.2 341 34 
Pr-144 0 0 0 
P-147 0 0 0 
Other beta-gamma 0.2 2000 200 
Total beta-gamma 100 14591 554 
Non Cs/Sr 

Beta-Gamma 83 4533 453 

• • • 



• '; • • • 

TABLE C-5.6.2, Contd 

High Activity 
Waste (HAW) 1000 Ci HAW 1000 Ci HAW 
Character Release Release 
Alpha Curie After Filt. After IXG 

Radionuclide Distribution % (mCi/event) (mCi/event) 

Al~ 
I 

Am-241 0 9 0 
Cm-242/244 0 0 0 
U-235/ 238 0 0 0 
Pu-238 99.1 150. 14 15 
Pu-239 0.43 0.65 0 
Pu-240 0.43 0.65 0 
Total alpha 3.03 Ci 15l 15 

n I 

I 
.p. Total alpha/ 
"" Total B-y 0.00303 



• 

• 
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APPENDIX D 

WMETF FEED ANALYSIS UPDATES 

Tables D-1 F-Area Effluents 
D-2 H-Area Effluents 

D-1 



TABLE D-1 • F-Area Effluents (ppm) 

Anions 

Sample Date 
(1984) F Cl P04 N03 N0 2 so 4 

9-3 31.5 <1 2216 39 
8-9 5.6 3.8 2493 31 65 
8-17 <10 124 4029 22 <so 
9-28 <0.5 (1.0 1824 (5 6 
10-19 (0.5 1.3 909 4.8 13 
10-26 <5 (10 2631 16 25 
11-2 (0.5 8.7 1594 21 13 
11-9 (1).5 (1 721 12 

Average 6.6 18. 6 2052 12.3 27.8 
Maximum 31.5 124 4029 31 65 
Miniimlm <o.5 <1 721 <1 6 

Cations 

Sample Date • (1984) Al Ca Cr Fe Mn Na · Si p Pb 

8-3 0.6 1.2 0.021 51 0. 12 6.7 1.4 5. 1 0.68 
8-9 0.4 0.5 0.018 8.9 0.02 31 2.0 3.7 0.02 
8-17 0.6 1.0 0.023 4.3 0.10 6.0 1.3 4.5 o. 28 
9-28 0.7 1.0 0.024 2.0 0.01 135 2.4 3.6 0. 36 
10-19 0.5 0.4 0.026 9.7 0.03 61 1.6 5.0 0. 10 
10-26 1.0 1.5 0.122 1.1 0.06 11 1.7 3.7 2.2 
11-2 0.6 0.6 0.027 1.9 0.02 36 1.8 3.7 0.41 
11-9 0.7 0.9 0.014 2.6 0.02 14 2.5 3.2 0.23 

Average 0.6 0.9 0.034 10.2 0.05 37.6 1.8 4. 1 0.53 
Maximum 1.0 1.5 0. 122 51 0.12 135 2.5 5. 1 2.2 
Minimum 0.4 0.4 0.014 1.1 0.01 6.0 1.3 3.2 0. 02. 

• D-2 



• TABLI! D-2 

H-Area Effluents (ppm) 

Anions 

Sample Date 
(1984) F Cl P04 N03 N0 2 804 

8-9 1.1 10 2281 32 80 
8-17 NA 99 2853 77 NA 
9-28 (0.5 2.9 75 (5 8.4 
10-19 (l 3.7 229 1.4 9.4 
10-26 <0.2 (0.4 75 (2 10 
ll-2 20 <1 176 <SO (25 
ll-9 (1 6.4 81 <5 ll 

Average 3.6 21 824 28 24 
Maximum 20 99 2853 77 80 
Minimum (0.2 <0.4 75 1.4 8.4 

Cations 

• Sample Date 
(1984) Al Ca Cr Fe Mg Na Si p Pb 

8-9 2.8 3.3 3.4 0.43 o. 29 485 17. 1 24.4 0. 68 
8-17 3.8 1.9 2.5 4.8 0.48 862 37.3 96.3 0.63 
9-28 0. 31 1.7 <0.01 0.66 0.46 4.8 5.7 1.5 0. 12 
10-19 0.50 1.1 0.04 0.93 0. 30 13 4.8 0.7 0.22 
10-26 0. 87 2.5 0.08 o. 69 0.40 7.9 5.3 L2 l. 94- -

11-2 0.50 1.3 0.02 1.1 0.28 19 4.5 1.1 0. 19 
ll-9 0.39 2.2 0. 02 0.66 0.34 18 4.5 0.9 0.22 

Average 1.3 2. 0 0.85 1.3 0.36 201 11. 3 18 0.54 
........ -- -- __ _....__. ... Maximum 3.13 3.3 3.4 4.8 0.48 862 37.3 96 1.94 

Minimum 0.3 1.1 o. 01 0.43 o. 28 4.8 4.5 0.7 0. 12 

D-3 


