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ABSTRACT 

This report compiles the analytical results and sample history of four 
reactor coolant samples" four reactor coolant bleed tank saruples~ two reac
tor coolant Dleed tank in situ gamma scans, ano one ste~n generator sample 
olJtaineo from 1MI-2 at various times. Eb&b Idaho. lnc." EXxon huc 1ear 
idaho Company Inc." Science Applications, Inc." and Hanford Engineering 
Uevelopment laboratory perfo~o the various analyses. 
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FINAL ANALYSIS DATA O~ TMI-2 REACTOR 
COOLANT SYSTEM ANlJ REACTOR COOLANT BLEED TANK SAMPLES 

INTRODUCTION 

This report is a compilation of the anal~ical results for differe~t 
samples obtained from TMI-l during the past three years. fOLr liquid sam
ples that were taken from the reactor coolant system (~CS) were ioentifieo 
as RCS-l. RCS-2. RCS-3. and RCS-4. Three liquid samples and oae solids 
sample that were taken from the reactor co01.nt bleeo tanks (keST) were 
identified as RCBT-A. RCBT-B. RCBT-C. and RCBT-A (solids). One liquid sam
ple was taken frow. the Once Through Stea. Generator -A.- Two samples were 
in situ g .... scans of reactor coolant b,leed Tanks A and C. four different 
laboratories participated to varying degrees in the analyses of tnese sam
ples. EGIG Idaho. Inc •• Exxon Nuclear Idaho Company. Inc. (ENIeO}. Science 
Applications. Inc. (SAl). and Hanford Enlgineering uevelopilent Laboratory 
(HEDl) analyzed various sl1lllPles. The re~5ult5 have been decay corrected to 
the time of s~ling. 
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RESULTS 

Reactor Coolant S!!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 degraded 
core, and to observe changes in raaionuclide concentrations in the coolant 
over time. These data are necessary for assessment of radionuclide releases 
that occurred during the accident. and they also provide lUlig tena 
information concerning leaching of radionuclides. 

Analyses results obtained on four 2~U-mL ReS sa-ples are presented in 
this report. All samples were draNn from the cold leg sampling line 
upstreanl of the letdOwn coolers before ReS decontamination processing 
Degan. The sample collection dates were as follows: ReS-l, ~rch 29, 
1979; KC~-2, August 14, 1980; RtS-3, August 31, 1981; and RLS-4, March H, 
1982. EG&G Idaho and ENleO analyzed all four samples while SAl analyzed 
only KC~~l. Table 1 gives the radiochemical results for the four samples. 
Table 2 gives the elemental results and Table 3 gives the anion results ana 
pnysica1 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~ ReS water. Decontamination processing of the water changea 
its radionuclide content. After samples were taken, the cont •• inated ReS 
water was processed through the Submerged DeRineralizer Syst~ (SuSJ USing 
two of the Reactor Coolant Bleed Tanks (ReBT) for inter,. staging. The RCS 
proce!l.sing began May "I , 19b1 ana was cOllPletea Feoruary 8, 1~3. The Re~ 
was processed;n a bleed and feed manner in order to keep the reactor core 
floooed. A 189,270-L oatch of KLS was let down to one of the bleed tanKS 
(RCBT-C) with siIMrltaneous makeup fr .. another bleed tank (RCST-A). The 
contanlinated ReS water was processed throu9h the suS and into the RelT -A. 

2 



TABLE 1. RAOIOCHEMICALRESULTS fOR RCACTOR COOLANT SAMPLES 
h.Ci/mL )a. b 

RCS-lc RCS-2c 
March 29. 1979 August 14. 1980 

1~ 1.7 t 0.1 8.5 t 0.4E-2 
7.2 to.1E-4 7.0 t 0.7E-5 

5~n 4.0 t E-4 

:~: 1.0:t 0.lE-2 3.0:t O. ,E-3 
~.O t 0.2E-3 7.0 t 1.0E-5 

6~1 . 1.4 t 0.11::;'4 <3£-5 
9QSr 8.0 t 0.lE-2 2.4 t 0.lE+1 

~~. 7.0:t 1.0E-2 .-
11%n 9 

_. 
--

~~~b 2.4 :t O.5E-2 
. I 7.4 t 0.2E-5 7.1 t 0.2E-Q 
13~s 9.6:t·0.1E+l . 5.3 t 0.1 

. 137Cs 3.5 t 0.lE+2 3.1 t 0.11::+1 
144Ce 2.0 t 0.1£ .. 1 5.8 t 0.lE-2 

234 2.6 t 0.21:'.-6 <8E-ij 23~ 7.7 t 2.0£·7 <2£-8 
23SU 1.4 t 0.8£-6 4.0 t 1.0E-8 

. Utotal -- --
·.238p 6.4 t 0.3E-6 9.0 t 5.01::-8 239.24~~ 7.1 t 0.1£-5 5.6 t 0.9E .. 7 
.·241Am 8.1 t 0.4£-7 5.3 t 0.7E-7 

242em 1.3 t. 0.3E-7 <3E-7 
24'(m . . 1.1 :t 0.2E-7 8.0 t 5.01::-8 

I. Activities are decay corrected to sampling dates. 

RCS-3 
August 31. 1981 

3.7 t 0.lE-2 __ d 

<2E .. 2 

<3E-2 

1.4 t O.lt:+l 
<2E-l 
<2E-2 
<21::-2 

<4E-2 
<6E-6 

2.2 t 0.1 
1.8 t 0.11:.+1 

<2E·, 

b.Errorsreported are from counting statistics only and are at the 10' confidence level. 

RCS-4 
March 8. 1982 

3.1 t 0,lt~-2 

.. 
9.4 t 0.7t.-4 --

--
1.5 :t: 0.11:.+\ ------

.-
1.6 t O.'t.-b 
1.6 t 0.1 
1.6 t 0.11::+1 _. 

--< 1 E-2 .. g/mL --
1.4 ± O.~t-l .. g/mL 

--
2.2 :t: 0.31::-6 

--.-

c" Values represent a comb1nat ion of l1quid and solid sample results from Eb&G Idaho. EldCO. and SAl. 
d. Not detected or not ana 1yzed for. 



TABLE 2. tLEMt.~TAL ANALYSES RESULTS fOR REACTOR CUULANT SAMPLt5 

ReS-1 RCS-2 RCS-3 RCS-4 
March 29. 1979 August 14, 1980 August 31 p 1981 March H. 1982 

Liquid Solid Liquid Solid Liquid Solid Liquid Solid 
Element .i!s/mL) 'wt%l ~H9/mL) lwt%l l!!s/mq lwt') i!!s/mq ~wt%1 

Lf 
__ 4 

0.5 -- 0.35 
Il 2300 3500 -- 3860 22 3373 0.4 
Na 1050 0.1 to 5 795 NOb 944 966 
Mg 0.2 0.1 to 5 0.9 0.1 to 5 1.6 0.4 0.21 0.07 
Al 3 0.1 to 5 4 <0.1 <1 2 1.7 

Si 3 0.1 to 5 3 0.1 to 5 6.0 2 25 0.4 
K <0.1 <0.1 <5 <1 --Ca 1 0.1 to 5 3 0.1 4.3 -- 2.6 .. -
Cr 0.1 to 5 .- ND 0.3 5 <1 
Mn 0.1 to 5 .- 0.1 to 5 <0.2 1 <1 

Fe <1 >5 13 >5 1.4 14 1.3 25 
. Hi O.l-to 5 -ND <1 1.7 0.4 

Cu <0.1 <0.1 <1 0.3 <1 0.03 
Zr 0.1 to 5 ND 1.6 ... <1 0.3 
Ag .. - <0.1 .. ND <1 ... <1 0.04 

Cd -- -- -- <2 <~ u.4 
In 0.1 to 5 -- NU <5 5.5 
Sn 0.1 to 5 NO <5 -- <10 
Gel -- <1 1.6 

a. Not analyzed for. 

b. Not detected. 



TASLE3. ANION ANALYSES RESULTS AND PHYSICAL PROPERTIES FOR REACTOR COOLANT SAMPLES 
, ,b.g/mL) 

RCS-l RCS-2 RCS-3 RCS-4 
,March29. 1979 August 14. 1980 August 31. 1981 March 8.,1982 

'Anions 

Cl-·3 2.1 <0.1 <8 <15 

PO 4 <10 <1 <2 <0.9 

, NO .. 
,3 10.3 3.1 0.6 1.6 

U'I ' SO ·2 
"ct 

28 23 12 9.8 

, -2 15.6 8 7.7 C204 ' •• 
~ , 

F- <1 <0.5 <0.1 .... 
Physical properties 

pH 8.42 7.94 7.59 7.7 

Undissolved solids 68.3 128.4 19.3 213 

Conductivity 2.98 itS 2.72 "s 2560 tI s 2560 tI S 

Specific gravity 1.0054 1.0080 1.0085 1.0093 



A total of nine RCS processing runs were required in order to obtain 
the desired RCS 137Cs concentration of 0.5 .Ci/mL.4 The total 137Cs and 
90Sr activity removed was 6370 and 12,100 Ci, respectively.5 Other para.
eters may affect the rate of decrea$e of RCS decontaaination. A General 
Public utilities Nuclear Corporation study of letdown data provides several 
conclusions concerning leaching of radionuclides fra. the T"I-2 core debris 
into the RCS.6 

Reactor Coolant Bleed Tank S!!ple Analyses 

The Re8T samples consist of three liquid sa-ples and one solidS 
sample. The liquid samples consist of the following: RCST-A, RCBT-B, and 
ReST-C, Which were collected fra. Tanks A, 8, and C on Decellber 20, 1979, 
January 28, 1980, and February 4, 1980, respectively. These bleed tank 
samples were taken before RCST water was processed throuyh EPICOR II and 
were filtered prior to collection. The filtered solids were destroyed. 
The three liquid samples were analyzed by EG&G Idaho and Exxon Nuclear 
Ioaho Company (EIICO). 

On receipt of the samples, a visual description was made and photo
graphs taken. Each sample was .aRua11y 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-ptef10n filter, ana a 1.2-. 
and a 0.45 .. mll1ipore 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 _as
ured. During filtration, each s~lebeca.e progressively colorless, and 
the filter papers became coateo with yellowish or greenish-blue solids. 
Table 4 presents the filtered s~le voh_s, total solids, and particle 
sizedis~ribution for the three ~C8T samples, as well as for all the ReS 
samples and a sallp1e obtained fra. the Once-Through Ste_ Generator -A
(OTSI:i-A). 
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TABLE 4. TOTAL SOlIDS AND PARTIClE SIZE DISTRIBUTIONS DF FILTERED SAMPLES 

Particle Size Distribution 
III 

Total 
Solids 0.45 to 1.2a 1.2 to 5 >5 

Sample lllg/ml) (II ) till hl 
RC8T .. A 156 .. 4 22 52 26 
RC8T .. 8 157.7 21 41 38 
RCST-C 265.4 32 27 41 
RCS-l 68.3 30 21 49 
RCS-2 128 .. 4 85

b 
15 0 

ReS-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 frOll 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 (HfUl). One sample was -as received
for the particle size analysis and the other sample was haaogenized for the 
raoio~hellical analysis. 

Particle size analysis yieloed a mean particle diameter of 4.3 JIll, 

indicating a transfer of very su.ll particulate material out of the ReS to 
the RCBTs. Radiochellical analYSis indicated that solids did contain quan
titiesoffission products. fuel. and core material that were not apparent 
in the liquid analysis. Table 5 gives the radi och.i cal results for all 
four samples, including .the liquids and solids. 

Elemental analysis results for the RCBT liquids. SOlids, and dissolved 
solids are reported 1n Table 6. HEUI.. obtained dissolved solids by 
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TABLE 5. RADIOCHEMICAL RESULTS FOR REACTOR COOLANT BLEED TANK SAMPLt::Sa,b 

RCIST-A KC8T-li RCST-I.: KCbT -A (So licls) 
December 20. 1979 January 28, 1980 February 4, 1981 August 26, 1981 

h!.CilmqC b! C1 lmL}c btCilmL1C l!..C1 ig} 

1~ 2. 1 :t O. 1 £-1 2.6 t O.lE-l 1.6 :t 0.lE-1 
__ d 

1.1 t O. 1 E-4 3.3:t 0.lE-4 1.6 :t 0.lf-4 

:~: 2.9 :t 0.2 
2.1 :t 0.~E-4 6.3 :t 0.6E-5 3.1 :t 0.4t-5 --

:~~ 4.6:t O.S£-& 3.9 :t O.lE+l 
1.S :t O. a.-5 <3£-5 <3E-5 

9Qsr 1.4 :t 0.1 3.6:t 0.2E-1 5.4 :t 0.3E-1 1.8 :t 0.tt+3 
co .106Ru/Rh 2.5 :t 0.1£+2 

11C1l1Ag . -- .- e=:.5:t 0.3 
113sn -. .. - S.3 :t 2.1E-l 

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

ND 

13~ 7.7 :t 0.1 1.9:t O. 1 1 • 1 :t O. 1t. + 1 'i..7 :t O.lE+l 
137e: 3.4 :t 0.lE+1 3.8:t 0.lf+1 b.l :t 0.1E+1 ~ .6 :t O. 1 f +2 

14~ 1.5 :t O.2~-2 5.6 :t 0.8E-4 1.5 :t. 0.11i-3 7.S:t 0.1£.+2 
154-e . Eu ... 1.4:t 0.2 

23~ <5E-8 <t:lE-S 4.0:t 2.0f-7 't..6 :t 0 • .1E-2 
23~ <2E-S <2£-8 <2E-8 'i. ~ :t 1. 1 E-4 
236ij S.9:t 1.3E-4 
23" 7.8 :t 3E-S 7.0 :t 3.0E-S 5.0:t 1.0E-7 b.O :t 0.7~-3 
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TABLE 5. (continued) 

. . 23AA 

. 239.24o;;~ . 

24lpu 
242pu 

241 
24~. 
244Cm 

RCBT-A 
'. December 20, 1979 
_ (eCi/mL)c 

1.3 t 0.2~-6 
1.0 t O.lE·,S 

2.1tO.l£"7 
8.C t 2.0E·8 
2.3 :I: 0.5E·a 

RCBT-B 
January 28, 1980 

,:!ClImL)c 

4.7 t 0.6t-8 
1.7 t 0.SE-7 

<6E-8 
7.0 t 2.0E-7 
2.0:1: 0.SE·7 

a.Act1vities are decay corrected to sampling dates • 

RCbT .. C . 
February 4, 1981 

(e C1 /mLlc 

<lE .. 7 
6.9 t 0.Bt.-7 

.-
2.7 t 0.tt-8 
9.0 t 3.0E-8 
1.0 t 0.5t.-8 

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

• 

RC8T-A (SolidS) 
August 26,1981 

(;illLg) 

4.5 t 0.3E .. 1 
2.4 t 0.2 
7.5 t 0.7E-1 
6.2 t 0.6£+1 
1.1 t 0.'1E-4 

.. ---

e. Values represent a combination of liquid and so lid sample results from E~G Idaho and EMCO • 

.. d. Not detectfld or not analyzed for. 



TAHLE 6. ELEMENTAl ANALYSES fUk REACT OK COOlANT BLEED TANK SAMPLES 

RCBT-A Solids 

ReST-A RCBT-8 RCBT-C Dissolved Solids Unaissolvea Solios 
(pSblll} i_g/ml~ '_g/RIll '_g/S) Ie!!) 

Li 
__ a 

4 
S 1400 760 860 <30,,000 1,000 

!'to. 36U 42J 383 100 
l1g 2 2 0.9 200 

Al 1 U.~ I 6.000 Z.OOU 
5i 2 2 3 600 

K <u.1 <0.1 0.3 40 
Ca· t) 8 5 400 

Ti 50 
If IU 
r' ",r 300 
~m 30 

Fe <0.6 <0.6 <0.6 6,000 3,aou 
Co 6 

Ni 3.000 :;00 
\.,;u 30 

in 60 
lr 2.OUU 

Mo leJ 
AIj 8,000 

Cd 
In 30U 

Sn 100 
Go 

a. Not detected. 

lU 
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dissolving a l-g sample of the homogenized solids uSing repeated evapora
tion with nitric and hyorof1uoric aciDs. Additional infonaation 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 KCbT liquiG 
samples. 

Two in situ ganma scans of RCtST-A ano RCIST .. C were collecteo by SAl 
ouring August 1981. Table ~ gives the results. keference 8 provides 
aoaitional infonaation on the gaaaa scans. 

TABLE 7. ANIOH ANAlYSES AND PHYSICAl PROPEHTIES FOR ReBT LIQUlu SAMPLES 
<pg/ .. ) 

Anion:.. 

SO -2 ... 
PO ... 3 

4 

Physical property 

. pH 

Conductivity ( .. ~/cm) 

Specific gravity 

RCBI-A 

<1.0 

5.0 

<10 

147 

<10 

3.2 

8 .. 00 

1.18 

I.OU2l 

11 

RLaI ... a· 

£.0 

11.7 

<)u 

~2 

<10 

.1 .. 2 

8.63 

1.33 

1.OU14 

1((,81-( 

<1.0 

10.3 

<10 

~OS 

<10 

l.O 

8.64 

1 .. 36 

l.OOl~ 



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

Tank 60CO 1 44Ce £3!f.2~uD 239.2~ub 

A 0.19 4.1 0.06 1.0 grams 

C 0.57 20 0.30 4.8 grilllls 

d. liaseCi on in situ gamma spectrometric measurements. 

o. ~ased on Ce/Pu proportionality constant reported in [PRI NP-1494. 

Contaminatea Mater was accumulated in the KCBTs due to nor.al plant 
inleakage and to decontamination activities performed in the Auxiliary and 
Fuel HanCiling builoings. These tanks have a useable capacity of approxi

mately 2~3.900 L. Contaminated water in these tanks has Deen processed 

liS jn~ the EPU':OR ana the SUS systems. Since 1980. a toialof 1.192.40~ 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 SOS 
processing of ReS and reactor building baseaent water. 

Steam Generator Sample Analyses 

The £50-mL liquid steaDa generator sample was colJectea froo the -A· 
Once-Through Steam benerator (OTSG) secondary side on Harch I, 1982. An 

inoperaole saJnpliny valve preventeo sampling frOll the ·6· OT~. Tne par
tlcularinterest in the TMI-2 steillll 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 nomeasureab1e aJIOunts of reaucea 
sulfur species. This sample was analyzed by both E'" Idaho and ENICO. 
Table 9 gives the raoiOCh~ica1 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 addithna1 
information. 

http:1.192.40


TABlE 9. RADIOCHEMICAL RESULTS FOR OTSG·,A SAMPLE 
(Uecay correctea to March 1. 1!f8~) 

Nuclide .Ci/_La 

ltt 9.1E-6 

YUSr <5E ... 5 

1291 <3.5f ... ~ 

134cs <iE-7 

137es ti ~ lE-6 

23!itJ <0.3[ ... 3.g/l1L 

iotal U <5.0E-2 .g/& 

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 ba9/1III.) (wtl) 

Li <0.0005 

B <0.1 

tfa 1.7 

Mg 0.04 0.003 

A1 0.10 

S1 cO.3 0.U4 

k 0.06 

Ca 0.16 

Cr <0.1 

Mn <0.1 

Fe 0.02 0.08 

Hi <0.1 

Cu <u.l 

lr cO.l 

Ag <0.1 O.U02 

Cd <0.2 0.008 

In <U.l 

Sn <1.0 

Gd <0.1 

Total C 5150a 

Organic C 5600 a 

a. Concentration has not been corrected for the HCUH that was aOQea to the 
sample prior to shi.-ent to the llEL. Fisher laboratory grade HCOH was 
aOded to .ake a 121 by vol_ solution. The esti_ted. corrected total and 
organic carbon concentrations are respectively. 3580 and 343U IIg/ .... 
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TABLE 11. ANION ANAlYSES RESULTS ANU PHYSICAL PROPERTIES 
FOR OTS6-A SAMPLE 

Anions 

SO -2 
~ 

Physical property 

pH 

Unaissolved solids 

Conduct;~ity 

Specific gravity 

15 

IIgllll 

0.4 

0.17 

O.Ob5 

1.15 

5.~7 :t U.2 

9.7771E+l 

60 liS 

1.0018 ~ 4.54E-4 

.-'-, 
'. '';~ 

~ , 

'.' '. \ ,<{:",...~f,,;J 
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