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ABSTRACT 

This report compiles the analytical results and sample history of four 
reactor coolant samples,. four reactor coolant bleed tank samples� two reac
tor coolant oleed tank in situ yamma scans, ano one ste�n generator sample 
ontaineo from TMI-2 at various times. Eb&b Idaho. lnc.,. Exxon huc1ear 

loaho Company Inc." Science Applications, Inc." ano Hanford Engineering 

Uevelopment laboratory perfo�o the various analyses. 
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FINAL ANALYSIS DATA 0� TMI-2 REACTOR 

COOLANT SYSTEM AN!J REACTOR COOLANT BLEED TANK SAMPLES 

I NTROOUCTION 

This report is a compilation of the anal�ical results for differe�t 

samples obtained from TMI-2 during the past three years. fo�.:r liquid sam

ples that were taken from the reactor coolant system (�CS) were ioentifieo 

as RCS-1, RCS-2. RCS-3, and RCS-4. Three liquid samples and oae solids 

sample that were taken from the reactor cool•nt bleeo tanks (kC8T} were 

identified as RCBT-A, RCBT-8, KCBT-C, and RCBT-A (solids). One liquid sam

ple was taken fra«• the Once Through Stea. Generator •A.• Two samples were 

in situ giiiM1d scans of reactor coolant b,leed Tanks A and C. four different 

laboratories participated to varying degrees in the analyses of tnese sam

ples. EG&G Idaho, Inc •• Exxon Nuclear Idaho Company. Inc. ( ENICO}, Science 

Applications. Inc. (SAl) . and Hanford Entgineering ueve 1opilent Laboratory 

(HEDL) analyzed various SaiiiPles. The re�sults have been decay corrected to 

the time of s�ling. 

1 
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RESULTS 

Reactor Coolant Sa.ple Analyses 

�eactor coolant system (RCS) liquid samples have been obtained peri

ooically ano analyzeo since the time of the accident to aeasure concentra

tions of radionuclides released to the reactor coolant from the aegraded 

core, ana to observe changes in raaionucliae concentrations in the coolant 

over time. These data are necessary for assessment of raaionuclide releases 

that occurred during the accident. ana they also provide lu11g tena 

information concerning leaching of radionuclides. 

Analyses results obtained on four 2�0-ml RCS sa-ples are presented in 

this report. All samples were draNn from the cold leg sampling line 

upstrean1 of the letdOwn coolers before RCS decontamination processing 

oegan. The sample collection dates were as follows: RCS-1, �rch 29, 

1979; KC�-2, August 14, 1980; RtS-3, August 31, 1981; and RLS-4, March H, 

1982. EG&G Idaho and ENICO analyzed all four samples while SAl analyzed 

only KC��l. Table 1 gives the radiochemical results for the four samples. 

Table 2 gi ves the elemental results and Table 3 gives the anion results anci 

pnysical properties incluaing pH, undissolved solids, conductivity, and 

specific gravity. Additional infon.ation concerning the analytical pro

cedures can be found in References 1, 2, and 3. 

Sample res�lts presented in the tables represent the postaccident con

aition of th� kCS water. Decontamination processing of the water changed 

its radionuclide content. After samples were taken, the cont••inated RCS 

water was processea through the Submerged DeRineralizer Syst� (SUSJ using 

two of the Reactor Coolant Bleed Tanks (RCBT) for interi• staging. The kCS 

proce!l.sing began May 'l , l!IUZ ana was cOIII)letea Feoruary 8, 1�3. The RC� 

was processea in a bleed and feed manner in order to keep the reactor core 

floooed. A 189,270-L oatch of KLS was Jet down to one of the bleed tan.:s 

(RCBT-C) with si•rltaneous makeup fr• another bleed tank (RCBT-A). The 

contan1inatea RCS water was processed throuyh the SUS and into the Rt8T -A. 

2 



TABLE 1. RAOlOCHEMICAL RESULTS FOR RCACTOR COOLANT SAMPLES 
haCi/ml )I• b 

RCS-1C RCS-2C 
March 291 1979 August 141 1980 

1� 1. 7 t 0. 1 8.5 t 0.4E-2 
7.2 t 0.1E·4 1 .o t o.7E-5 

S�n 4.0 t E·4 
:�: 1.0 :t O.lE-2 3.0 :t O. 'E·J 

�.o t o.zE-3 7 .o t 1.0E·5 
6�1 . 1.4 t 0.11::;.4 <lE·S 9QSr 8.0 t 0.1E·2 2.4 t 0.1E+l 
��· 7.0 :t 1.0t·l --
11Jsn g --

--

���b 2.4 :t O. 5E-2 
. 1 7.4 t 0.2E·5 7. 1 t 0.2E-() 

13�5 9.6 :t. 0.1£+1 . 5.3 t 0.1 
. 137cs 3.5 t 0.1£+2 3.1 t 0.1 E+1 144Ce 2.0 t 0. 1£-1 5.8 t 0.1E-2 

234 2.6 t 0.21:.-6 <8E·i; 23� 7. 7 t 2.0£·7 <2E·8 23SU 1.4 t 0.8£·6 4.0 t l.OE·S 
. U total -- --

·. 238p 6.4 t 0.3£·6 g , o t s.oE-s 239,24�� 7.1 t 0. 1£ -5 5.6 t 0.9£·7 .. 241Am 8.1 t 0.4E·7 5.3 t 0. 7E-7 242em 1.3 t. O.JE-7 <3£-7 24'(m · . 1.1 :t 0.2E·7 tl.O t 5.01::·8 

a. Acttv1t1es are decay corrected to sampling dates. 

RCS-3 
August 311 1981 

3.7 t 0. 1E·l 
__ d 

<2E .. 2 

<3E·2 

1.4 t 0.1t:+l 
<2E·1 
<2t-2 
<21::·2 

<4E·2 
<6E·6 

2.2 t o. 1 
1.8 t 0.11:.+1 

<2E·' 

b. Errors reported are from counting statistics only and are at the 1a confidence level. 

RCS-4 
March 81 1982 

3.1 t o. 11�-l 

.. 

9.4 t o. 7t.-4 
--

- -

1.5 :t: O.ll:.+l 
--
--
--

.. 

1.6 t o.,t.-o 
1.a t o.l 
1.6 t o. 11::+1 

-· 

--
< 1 E-2 aa g/mL 

--
1.4 ± o.�f-1 ,.g/mL 

--
2.2 :t: o.JE-6 

... 
--

c. Values represent a comb1nat ion of 11qu1d and solid sample results from Eb&G Idaho, EldCO, and SAl. 
d. Not detected or not analyzed for. 



TASLE 2. tLEMt�TAL ANALYSES RESULTS FOR REACTOR COOLANT SAMPL£5 

RCS-1 RCS-2 
March 2 9, 1 979 August 14, 1980 

L1quid Solid Liquid Solid 
Element !!s/mL) 'wt%l �H g/mL) lwt%1 

Lf •• a 
ll 2300 3500 --
Na 1050 o. 1 to 5 795 NOb 
Mg 0.2 0.1 to 5 0.9 0.1 to 5 
A1 3 0.1 to 5 4 <0.1 

S1 3 0.1  to 5 3 0.1 to 5 
K <0.1 <0.1 
ca 1 0.1 to 5 3 o. 1 
Cr 0.1 to 5 •• ND 
Mn 0.1 to 5 -- 0.1 to 5 

Fe <1 >5 13 >5 
. Ni 0.1-to 5 -No 

Cu <0.1 <0.1 
Zr 0.1 to 5 ND 
Ag -- <0.1 ... ND 

Cd -· -· --
ln 0.1 to 5 -- NU 
Sn o. 1 to 5 NO 
Gd -· 

a. Not ena1yzed for. 

b. Not detected. 

RCS-3 
August 311 1981 

Liquid Solid 
l!!slmq (wt') 

u.s --
3860 2 2  

944 
1.6 0.4 

<1 2 

6.0 2 
<5 

4.3 --
0.3 5 

<0.2 1 

1.4 14 
<1 
<1 0.3 

1.6 ... 
<1 ... 

<2 
<5 
<5 --
<1 

RCS-4 
March H, 1982 

Li qu id Solid 
ies/mq �wt%1 

0.35 
3373 0.4 

966 
0.21 0.07 
1. 7 

25 0.4 
<1 --

2.6 ... 
<1 
<1 

1. 3 25 
1.7 0.4 

<1 0.03 
<1 0.3 
<1 0.04 

<� u.4 
5.5 

<10 
1.6 
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TABLE 3. ANION ANALYSES RESULTS AND PHYSICAL PROPERTIES FOR REACTOR COOL ANT SAMPLES 
· . (lag/mL) 

· Anions 

Cl·.3 

PO 4 

· NO. 
' 3 

'so •2 
.. «\ 

' ·2 C2 04 . 

F· 

Physical properties 

pH 

Undissolved solids 

Conductivity 

Specific gravity 

RCS-1 
. March 29, 1979 

2.1 

< 10 

10.3 

28 

•• 

<1 

8.42 

68.3 

2.98 us 

1.0054 

RCS·2 RCS·3 
August 14, 1980 August 31, 1981 

<0. 1  <8 

<1 <2 

3.1 0.6 

23 12 

15.6 8 

<0.5 <0.1 

7.94 7.59 

128.4 19.3 

2.72 11S 2560 a& s 

1.0080 1.0085 

RCS·4 
March 8, · 1982 

<15 

<0 . 9 

1 .6 

9 .8 

7.7 

.... 

7.7 

213 

2560 a& s 

1.0093 



A total of nine RCS processing runs were required in order to obtain 

the desired RCS 137
cs concentration of 0.5 uCi/mL.

4 
The total 137

cs and 
90

sr activity removed was 6370 and 12,100 Ci, respectively.5 Other para.

eters may affect the rate of decrea$e of RCS deconta.ination. A General 

Public utilities Nuclear Corporation study of letdown data provides several 

conclusions concerning leaching of radionuclides fra. the TMl-2 core debris 

into the RCS.
6 

Reactor Coolant Bleed Tank Saaple Analyses 

The RCBT samples consist of three liquid sa-ples and one solids 

sample. The liquid samples consist of the following: RCBT-A, RCBT-8, and 

RCBT-C, wnich were collected fra. Tanks A, B, and C on Decellber 20, 1979, 

January 28, 1980, and February 4, 1980, respectively. These bleed tank 

samples were taken before RCBT water was processed throuyh EPICOR 11 and 

were filtered prior to collection. The filtered solids were destroyed. 

Tne tnree liquid samples were analyzed by EG&G Idaho and Exxon Nuclear 

Iaaho Company (ENICO). 

On receipt of the samples, a visual description was made and photo

graphs taken. Each sample was .anually shaken and divided approxi.ately in 

half; one half was archived, and the other half was taken for filtration 

and subsequent analysis. To detenline the quantities of solids and to 
obtain a measure of the particle size distributions of the solids, eacn 

sample was filtered through a series of three preweighed filters. The 

three filters, in order of use, were a 5.0-p teflon filter, ana a 1.2-. 

and a 0.45-. millipore membrane filter. After filtration, the three 

filters for each sample were individually weighed, the quantities of solids 

on each filter were calculated, .and the volumes of the filtrates were .eas

ured. During filtration, each sample beca.e progressively colorless, and 

the filter papers became coatea with yellowish or greenish-blue solids. 

Table 4 presents the filtered sample vohaes, total solids, and particle 

size dis�ribution for the three �CBT samples, as well as for all the RCS 
samples and a sa��ple obtained fr• the Once-Through Ste• Generator •A• 
(OTSI:i-A). 

6 
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TABLE 4. TOTAL SOLIDS AND PARTIClE SIZE DISTRIBUTIONS OF FILTERED SAMPLES 

Particle Size Distribution 
lll 

Total 
Solids 0.45 to 1.2a 1.2 to 5 >5 

Sample lllg/ml) (II) llll hl 

RCBT·A 156 .. 4 22 52 26 
RCBT·B 157.7 Zl 41 38 
RCBT-C 265.4 32 27 41 
RCS-1 68.3 30 21 49 
RCS-2 128 .. 4 85

b 
15 0 

RCS-3 19.3 --
RCS-4 213.0 
OTSG-A 97.8 

a. Particle size distributions were performed by filtration. Percentages 
represent mass ratios. 

b. Particle size distributions were not performed. 

In August 1981, when RCBT-A was opened to observe internal surface 

deposition and deter.ine the most effective way to remove contamination 

from the inner tank surfaces. a solids or •slu�ge• sample weighing about 

60 g was ramved frOII the lip of the manway cover opening. Following sam

ple splitting at the INEl, two sa.ple portions were sent to the Hanford 

Engineering Oevelopment Laboratory (HEIJl). One sample was •as received• 

for the particle size analysis and the other sample was haaogenized for the 

raoio�hellical analysis. 

Particle size analysis yieloec:l a mean particle diameter of 4.3 11111, 

indicating a transfer of very su.ll particulate material out of the RCS to 

the RCBTs. Radiochemical analysis indicated that solids did contain quan

tities of fission products. fuel. and core material that were not apparent 

in the liquid analysis. Table 5 gives the radioch•ical results for all 

four samples, including.the liquids and solids. 

Elemental analysis results for the RCBT liquids, so11ds, and dissolved 

solids are reported in Table 6. HEUL obtained dissolved solids by 

7 
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TABLE 5. RADIOCHEMICAL RESULTS FOR REACTOR COOLANT BLEED TANK SAMPLt::sa,b 

RCIST-A KCBT·li RCST-C KCtH -A (So licls) 
December 20, 1979 January 28, 1980 February 4, 1981 August 26, 1981 

h!.CiLmLl
c 

b!CiLmL}c 
btCilmL}

c 
l!..C1igl 

1� 2. 1 :t O. 1 E-1 2.6 t O.lE-1 1.6 :t o.1E-1 __ d 
1. 1 t O. 1 E-4 3.3 :t 0.1E-4 1.6 :t o.lf-4 

:�: 2.9 t 0.2 
2.1 t o.�E-4 6.3 :t 0.6E-5 3. 1 :t o.4t·S -· 

:�� 4.6 :t 0.8E·b 3.9 :t O. 1E+1 
1.8 :t o. lt.-5 <3£·5 <3E-5 

9Qsr 1.4 :t o. 1 3.6 :t 0.2E-1 5.4 :t 0.3E-1 1.8 :t O.tt+3 
co .106Ru/Rh 2.5 :t 0.1E+2 

1 1 CI1JAg . -- -- e=:.s t o.3 1 1Jsn -- .... 8.3 :t 2.1E·1 

�i�b 4.4 :t 0.2£-6 4.4 :t 0.2£-6 7.9 :t 0.7E-6 
1.� :t S-1E+2 

ND 
1 3� 1.1 :t o. 1 1. 9 :t o. 1 1 • 1 :t o. h.+ 1 '1..7 :t o.l£+1 137c: 3.4 :t o.lE+l 3.8 :t 0.1f+l b.l :t o. lE+l � .6 t o. lt-:+2 
1 4� 1. 5 :t 0.2�-2 5.6 :t o.aE-4 1.5 :t. o. 1 t-3 7.5 t o. h.+2 154· e 
. Eu ... 1.4t 0.2 
23� <5E·8 <t:IE-8 4.0 :t 2.0t-7 't. .6 t O.JE·2 23� <2E-8 <2E·8 <2E·8 'i, � :t 1. 1 E·4 2361J 8,9 :t 1.3E·4 23f\l 1.8 :t 3E·8 7.0 :t 3 .OE-8 5.0 t 1.0E-7 b.O t 0.7�-3 
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TABi.E 5. (cont inued) 

. . 23AA 
. 239,24op� . 

241pu 
242pu 

241 
24� . 
244cm 

RCBT·A 
·.  December 20, 1979 

_ (eCi/mL)c 

1.3 :t 0.2�-6 
1.0 :t 0.1E··5 

2.1 :t 0.1£•7 
8.c :t 2.oE-a 
2.3 :t O.SE·B 

RCBT·B 
January 28, 1980 

(!C1/mL)c 

4.7 :t 0.6t·8 
1.7 :t O.SE-7 

<6E-8 
7 .o t 2.0£-7 
2.0 :t O. 5E·7 

a. Activities are decay corrected to sampling dates • 

RCbT·C . 
February 4, 1981 

(eC1/mL}c 

<1£-7 
6. 9 :t o.ar.-7 

·-

2.7 t O.tt·8 
g.o t 3.0E-a 
1.0 t o.sr.-a 

. b. Errors reported are from counting statistics only and are at the lCJ confidence level. 

• 

RCBT-A (Solids) 
August 26, 1981 

(;illLg) 
4.5 :t o.3E-1 
2.4 :t 0.2 
7.5 t o.7E-1 
6.2 :1: 0.6£+1 
1.1 t o.'tE-4 

... 
- -

c. Values represent a combi nation of liquid ana so 11a sample resulu from E�G laaho and EMCO. 

· · d. Not cietectf!d or not analyzed for. 



TAHLE 6. ELEMENTAl ANALYSES FUK REACTOK COOLANT BLEED TANK SAMPLES 

RCBT-A Solids 

RCST-A RCBT-8 RCBT-C Dissolved Solids Unaissolved Solios 

(pg/fnl} i•!J/ml� ,.g/ml} l•!IIS) lei!!> 
Li __ a 4 
s 1400 760 860 <30.000 1,000 

rto. 360 42J 383 100 
Hg 2 2 0.9 200 

Al 1 u.� 1 6.000 z.oou 
Si 2 2 3 600 

K <0.1 <0.1 0.3 40 
Ca. t) 8 5 400 
Ti 50 
1/ lU 

r· ..... r 300 
�m 30 

Fe <0.6 <0.6 <0.6 6,000 3,00U 
Co 6 
Ni 3,000 :;oo 
(.;u 30 

ln 60 
Zr z.ouu 

Mo hJ 
A�j 8,000 

Cd 
In lOU 

Sn 100 
Gd 

a. Not detected. 

lU 
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dissolving a 1-g sample of the homogenized solids using repeated evapora

tion with nitric and hyorof1uoric acios. Additional infor.mation on all tne 

HEDL samples is provided in Reference 7. Table 7 gives �he anion results. 

as well as pH. conouctivity. and specific gravity of the MCbT liquiG 

samples. 

Two in situ ganma scans of RCtST-A ano RCtil·C were collecteo by SAl 

ouring August 1981. Table� gives the results. keference 8 provides 

aoaitional infonaation on the ga.aa scans. 

TABLE 7. ANION ANALYSES AND PHYSICAL PROPENTIES FOR RCBT LIQUlu SAMPLES 

(sa g/IlL ) 

Anion:. 

so -z ... 

PO ... 3 4 

Physical property 

. pH 

Conductivity (sa�/cm) 

Specific gravity 

RCBT-A 

<1.0 

s.o 

<10 

147 

<10 

3.2 

8 .. 00 

1.18 

I.OU21 

11 

Rt:BT-8 · 

£.0 

11.7 

<IU 

�2 

<10 

a .. z 

8.63 

1.33 

l.OU14 

t((.8T-t 

<1.0 

10.3 

<10 

�OS 

<10 

l.O 

8.64 

1 .. 36 

1.001� 



TABLE 8. kCtH A AND C TOTAL ACTIVITY IN CURIES AS Of AUGUST 18,. 1981 a 

Tank 60Co 144Ce £3!f112�UD 239.2�ub 

A 0.19 4.1 0.06 1.0 grams 

c 0.57 20 0.30 4.8 griiiiiS 

a. liaseei on in situ gamma spectrometric measurements. 

o. �ased on Ce/Pu proportionality constant reported in EPRI NP-1494. 

Contaminatea Mater was accumulated in the KCBTs due to nor.al plant 
inleakage and to aecontamination activities performed in the Auxiliary and 
Fuel Hanoling builoings. These tanks have a useable capacity of approxi
mately 2�3.900 L. Contaminated water in these tanks has Deen processed 
us in� the EPU.:OR ana the SUS systems. Since 1980. a total of 111192.40� L 

of water has been processed, removing 6,050 Ci of 137cs and 940 Ci of 
Yu

�r. Currently, the kCBTs are useo for maKeup ana letdown duriny SDS 
processing of RCS and reactor building baseaent water. 

Steam Generator Sample Analyses 

The £50-ml liquid steaaa generator sample was colJectea froo the •A• 
Once-Through Steam benerator {OTSG) secondary side on March 1, 1982. An 

inoperao1e sa�npliny valve preventeo sampling from the •s• OT� .. Tne par
ticular interest in the TMI-2 stea. generator liquid sample relates to sul
fur corrosion problems identified in the TMI Unit 1 steaa generators. Tube 
cracking in these steam generators was believed to be caused by an oxidized 
sulfur species. Sample analysis inaicatea no measureable a110unts of reauceo 
sulfur species. This sample was analyzed by both ES.6 Ioaho and ENICO. 
Table 9 gives the raoioch�ical results. Table 10 give� tne elemental anal
yses results, and Table 11 gives the results for undissolved solids, •nions, 
pH, conductivity. and specific gravity. References 2 ana 9 give addithnal 
information. 

http:1.192.40


TABLE 9. RADIOCHEMICAL RESULTS FOR OTSG-·A SAMPLE 
( Uecay correctea to March 1. 1 !:18�) 

Nuclide .ci/•La 

ltt 9.1E-6 

Yusr <5E·5 

1291 <3.5f·� 

1J.4cs <6E-7 

137c5 ti � lE-6 

23!itJ <0. 3E·3 •9/IIL 

Total u <S.OE-2 •9/& 

a. Error reported is from counting staUstics only ana is at the 1cr 
confidence level. 

13 



TAHLE 10. ELEMENTAL ANALYSES RESULTS FOR OTSG-A SAMPLE 

Liquio !)olids 
Element (Jag/Ill.) (wtl) 

Li <0.0005 

B <0.1 

tfa 1.7 

Mg 0.04 0.003 

Al 0.10 

Si <0.3 O.U4 

k O.U6 

Ca 0.16 

Cr <0.1 

Mn <0.1 

Fe 0.02 0.08 

Ni <0.1 

Cu <U.l 

lr <0.1 

Ag <U.l o.uo2 

Cd <0.2 o.ooa 

In <0.1 

Sn <1.0 

Gel <0.1 

Total c s1soa 

Organic c 5600a 

a. Concentration has not been corrected for the HCUH that was aooea to the 
sample prior to shi.-ent to the INEL. Fisher laboratory grade HCOH was 
aoded to make a lS by volu.e solution. The esti•ted. corrected total and 
organic carbon concentrations are respectively. 3580 and 343U 119/llll... 
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TABLE 11. ANION ANALYSES RESULTS ANU PHYSICAL PROPERTIES 
FOR OTSG-A SAMPLE 

Anions 

so -2 
� 

Physical property 

pH 

Unaissolveo solids 

Conducti�ity 

Specific gravity 

15 

IIQ/IIl. 

0.4 

0.17 

o.Ob5 

1.15 

5.�7 ± u.2 

9.7771E+l 

60 11S 

1.0018 � 4.54E-4 

_-··, 
.. ·.;� �' 

· . · < · <2L.:· :rc<ii 
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