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Docket No. 50-320 
Defueling Hydraulic System Fluid Testing 

GPU Nuclear letter 4410-85-L-0208, dated October 24, 1985, stated that results 
of hydraulic fluid testing for borated fluids would be provided prior to 
hydraulic system operations. 

In evaluating the various fluids under consideration, several factors were 
considered: 

o Boron source remains mixed with the hydraulic fluid 
o Compatibility with RCS chemistry and processing 
o Compatibility with canister recombiner catalyst 
o Compatibility with hydraulic system 

In order to evaluate these factors, GPU Nuclear performed testi~g on four 
candidate fluids. Tests included: 

0 

0 
0 

Fluid il!llurities 
Mixing abHJty 
Analysis interference on Technical Specifications requi.red laboratory 
analysis (e.a., boron, pH, Cl-) 

0 Effects on processing media 
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o Effects on recombiner catalyst. 

October 29, 198~ 
4410-85-L-0215 

o Short term corrosion with hydraulic system materials 
o Hydraulic properties 

Based on the tests described above, two acceptable fluids were identified from 
tne four candidates. The two acceptable fluids are: 

o A mixture of Borate Ester und UCON W5-34 in a 25/75 volumetric ratio, 
respectively 

o Boration of UCON WS-34 with Boric Acid 

Results of the tests are given in Attachments 1 through 4. Attachment 1 is a 
copy of an internal memorandum (4240-85-0298, dated August 2, 1985). This 
memorandum gives results for UCON W5-34 testing on miscibility, boration, 
stability, RCS compatibility and other tests. Attachment 2 is a table of 
general chemical properties for various. candidates. Review of Attachment 2 
indicates that the 25/75 Borate Ester/UCON mixture _is similar to original UCON 
parameters and is consistent with solution compatibility and boration 
requirements. Attachment 3 is a summary of corrosion test data completed to 
date for candidate fluids and the effect on hydraulic system components. Note 
that Attachment 3 presents preliminary data obtained via telecon with 
Westinghouse. Attachment 4 is a summary of tests run t.o date on these two 
fluids to determine the effect on recombiner catalyst performance and updates 
GPU Nuclear letter 4410-85-L-0210. 

While UCON ~S-34 mixed with Borate Ester has some advantages relative to 
potential long-term corrosion questions and the chemdstry principle of mixing 
organic borates with the organic fluid, GPU Nuclear is planning to utilize 
UCON WS-34 borated with boric acid. GPU Nuclear has encountered procurement 
delays in purcnasing the Borate Ester with some further delays anticipated 
while testing for doron-10 content. Considering the minimal tecnnical 
differences between the two mixtures and the desire to support a timely start . 
of defueling, GPU Nuclear has elected to use UCON WS-34 borated to a range of 
4350 to 6000 ppm boron. 

Sincerely, 

TMI-2 

FRS/RBS/eml 

Attachments 
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ATTACHMENT 1 
(4410-85-L-0215) 

12 Pages 

Sub1ect: Tests of UCOil WS-34 
Hydraulic Fluid 

Memorandum 

Date: August 2, 1985 

From: Radiochemical Engineering Supervisor -
K. J. Hofstetter 

Location: THI-2 Plant Engineering 
Bldg. 222 

To: Manager, Design Engineering -
R. l. Rider · 

4240-85-0298 

Most concerns regarding the use of CCON WS-34 hydraulic fluid for the 
defueling tools raised by Site Operations (Reference 1) and Recovery 
Operations (Reference 2) have been addressed by on-site laboratory tests 
of the product. I agreed to take the lead in attempting to resolve the 
questions through laboratory tests and to provide written input to Design 
Engineering on the results of the testing (Reference 3). Attached are 
the results of the tests performed to date . 

Summarizing the test results: 

I The hydraulic fluid is soluble in reactor coolant. 

I It tends to separate under elevated temperatures and possibly 
radiolytic conditions . 

I It does not interfere with the laboratory boron determination. 

t It should not interfere with OWCS filtration or demineralization. 
/ 

I It can be borated with boric acid. 

I There should be no significant increase in H2 gas generation. 

Before using the UCON WS-34 after boration, I suggest that tests on the 
anti-corrosion properties and hydraulic performance be performed. I also 
recommend that an accurate analysis for tramp impurities (chlorides, sul
fates, heavy metals, etc. ) be performed on the fluid prior to use . I am 
persuing the testing program at GPU Systems laboratory under the assump
tion that boration of the fluid is required. 
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R. l. Rider 
Page 2 

August 2 , 1985 
4240-85-0298 

I would like to thank the Unit 2 Chemistry Department for their support in 
organizing these tests and to George Huber for performing them·. If there 
are any questions on these tests or the results, please call me at extension 
8709. 

!&If!~~ 
Ext . 8709 

KJH/dch 

References: 1. Memo 4240-85-0241 - Hofstetter to Rider, dated June 25, 1985 
2. Memo 4370-85-2106 - lake to Rider, dated June 25, 1985 
3. 11emo DEOE-0856 - Rider to Hofstetter, dated July 17, 1985 

cc: Site Operations Director - S. levin/ 
Deputy Manager - C. W. Hultman v 
Task leader, Reactor Disassembly & Defueling - D. R. Buchanan~ 
ttlnager, Site Engineering- R. E. Gallagher i/ 
Manager, Recovery Operations - D. M. lake 
Manager, Plant Engineeri ng - R. P. Warren 
Chemistry lab Service Manager - K. l . Harner~ 
Technical Analyst - J. J. Schork v 
Analytical Support Engineer- V. F. 8aston v' 

.~ ....... , ... ~.,. - t· •. 
.,..,...,lit.a~;:'"ta~.~~ ·~· .. ........ (J' 

Attachment: Attachment 11 - Summary of laboratory Tests 
Attachment 12 - Memorandum 4212-85-0106, dtd July 15, 1985 
Attachment 13 - Memorandum 4212-85-0118, dtd July 29, 1985 
Att~chment 14 - Calculation Sheet (4) 

--- .A... .... -~·- ....... -



:---------------------------

Attachment #1 

SUMM~RI_QF LABORATORY TESTS OF UCON WS-34 HYDRAULIC FLUID 

All tests of the UCOr~ WS-34 have been performed by TMI-2 chemistry department 
personnel. (Results attached) GPUflC has received minimal information from the 
manufacturer. Union Carbide, because it is a proprietary product. We are await
ing confirmation of composition pending disclosure agreements between GPt.:~~C and 
Union Carbide. Product informiltion circulars. describe it as a high molecular 
weight polyalkylene glycol which contains no water yet is water soluble . The 
density of the fluid is 1.03 gm/lc; it is more dense than water . The fluid 
containing the 2-octanol antifoaming agent had a lab measured density of 1.014 
gm/cc. 

Solubility Tests: While the manufacturer states that the product is soluble in 
waifer, welles~ it for solubility i n RCS coolant (i.e . • 5000ppm B adjusted to 
pi! 7.6 with sodium hydroxide). Water from SPC-T-5 was used for the solubility 
tests. Two different hydraulic fluid concentrations in RCS coolant were chosen 
which should provide boundary conditions. The first concentration was 1~ by 
volume of hydraulic fluid in simulated coolant which would be the approximate 
concentration if the entire 220 gallons of UCON WS-34 were discharged to the 
coolant and it was uniformly d istrfb~ted by the owes throughout the reactor vessel 
coolant volume. The second concentration was 15% by volume of hydraulic fluid in 
reactor coolant which would simulate those conditions when the coolant boron 
concentration was reduced from 5000ppm to 4350ppm. This would represent a loca 1-
ized dilution of the coolant caused by the introduction of the unborated fluid. 

If the entire 220 gallons were discharged to the coolant. the fluid would have 
to be restricted to a coolant dispersion volume of -147~ gallons in order to 
decrease the boron concentration to 4350ppm. 

The results of the solubility tests of the 1% solution showed that the hydraulic 
fluid sank to the bottom, but went into solution with minimal mixing. A slight 

.:._e::.~ --- foaming occured ~but quic.kly disappeared. The solution remained clear on standing. 

The 15% hydraulic fluid in SPC-T-5 water showed similar properties in that it 
initially sank to the bottom but went into solution with mixing. The solution 
was slightly cloudy. 

These two tests demonstrate that UCO~ WS-34 is soluble in reactor coolant up to 
152.: by volume. The solubility is not immediate. however. and the solution appears 
cloudy at the higher concentration (see later discussion on turbidity). 

lleat ing Tests : In order to simulate long term exposures to coolant at elevated 
tem8eratures-and radiolysis conditions, the 15 ~ by volume solution was heated to 
·80 C and observed. Initially the solution turned cloudy and an apparent pre
cipitate formed. Upon continued heat i ng the solution separated into two phases 
with the l1y~raulic fluid on the bottom. The two phases remained separated upon 
cooling until they were mixed by stirring. 

This suggests thdt the hydraulic fluid may separate from the coolant under extend
ed elevated temperature and radiolysis conditions and drop to the lower regions 
of the reactor . 

- 1 -
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Analysis Tests: The 1 ~ solution of hydraulic fluid in reactor coolant was anal1zed 
for the Tech-Spec related species and compared to the analyses of the original 
SPe-T-5 solution. This test was intended to uetermine potential interferences on 
the laboratory analyses for bora, and to detect any high level of impurities that 
might be introduced into th~ coolant. The results are as follows: 

r.nc11ys is SPe-T-5 1: < v ;v) ue::m ws- 3~ in SPe-T-5 --·-
B (ppm) 5030.!100 5100!100 
pH 7.75 !0.01 7.79.!0.01 
CL- ( ppi:l) 1. 44!0. 02 1.64!').04 (2.44!0.04) 
so~-, (ppm) <1 0 <10 
P0.- 1 (ppm) <1.0 5.9 !0.1 
TURB (:ITU) 0.36!0.01 0.85!0.01 
TOe (ppr:~) 647! .!3~ 

ThP boron analyses were within the analytical errors demonstrating no interference 
at this concentrdtion level. The pH, eL, P0.- 3 and turbidity all increased. The 
chloride analyses showed a continued increase in absorbance (2.44ppm after 2 hours) 
indicating an interference in the spectrophotometric method. The turbidity in the 
sample is probably responsible for the elevated P0.- 1 determination. r:ote that 
while the solution appeared clear, there was an increase in turbidity in the sample. 

The general conclusions are that a 1: by volume solution of hydraulic fluid in 
reactor coolant will not seriously affect the analyses of coolant samoles for boron 
and introduce no high level of impurities. The pH and chloride analyses required 
by Tech Spec may be somewhat affected. 

Filter Tests: 

In order to determine the effect of the ueON WS-34 inadvertantly introduced into 
t he coolant on t he owes filters, a filtration test was performed in the laboratory 
using 0.45 micro~ Millipore filters and a vacuum filtration apparatus. Approxi
mately 150 ml of the 1: ueo~ in coolant solution was filtered through the 1.8 em' 
f ilter with no plugging nor visible residue on the filter paper. The TOe (total 
organic carbon) analysis of the filtrate was 6082 ! 3";; ppm which indicated less 
than 6t of the organic materia 1 was retained by the filter. 

This test suggests that the ueON WS-34 will not plug the OWeS filters at low 
concentrations in reactor coolant. 

Zeolite Test: The 1: (V/V) solution of ue011 HS-34 in reactor coolant was passed 
through a -rocc. test column containing a 1:1 mix of IE-96 and A-S! zeolites to 
test the potential fouling properties of the fluid. The test was run at conditions 
which simulated the owes operations (1 .5 ml/min). TOe analyses of the solution 
prior to and following the resin column testing showt>d no decrease in TOC content 
after 200 colu~n volumt> throughput. This result indicates that the zeolites do 
not remove significant quantities of the hydraulic fluid from reactor coolant. 
This suggests that their deminerillization pedormance should not be adversely 
affected. 

- 2 



·, 

""' '!."''_. 

Boration: After an initial survey of the literature on the possible effects of 
bOric acid addition on the 'J(!ner·dl COIIIJIO'lents of the hydraulic fluid, it was 
decided to attempt to determine the boric acid solubility in the UCO~ WS-34 . 
Since the product contains no ( ·0.21) water, it was presumed that some chemica l 
reaction(s) might occur. One-gram quJntities of crystalline boric acid were 
added to 100 ml of the pure hydraulic fluid. The initial one graru would not 
di~~olve at room temperdture but went into solution when the fluid was heated to 
90° C. Two more one-gram additions were performed which dissolved upon heating. 
The boron concentrJtion of the solution after the addition of 3 grams of boric 
acid is calculated to be ~5250ppm. The solution was observed during cooling and 
tested for supersaturated conditions by vigorious stirring. It remained a stable 
solution. 

The conclusion from this test is that boric acid is soluble in the UCON WS-34 at 
concentrations in excess of 5000ppm B. tlo visual evidence of a chemical reaction 
was observed. 

Gas Generation: No tests of the gas generation rates were conducted. Calculations 
Of t~e hv~rOOCn at.nm den~ity Were performed WhiCh indfr~tP that there iS nO Signif
icant difference between the hydrogen density in potential components in the hy
draulic fluid and water. There should be no abnormal increases in hydrogen gener
ation from radiolytic decomposition of solutions containing hydraulic fluids. The 
results of these calculations are attached. 

- 3 -
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SubJect: Chemica 1 Tests on UCON-WS-34 
hydraulic fluid 

From: G. K. Huber, 
Plant Chemist/Radiochemist 

To: K. J. Hofstetter, 
Radio-Chemical Engineering Supervisor 

Dale July 15, 1985 

Locahon: TMI Nuclear Station 
4212-85-0106 

Belo\~ are the results of the tests that we ran on 0.01% octanol in 
UCON WS-34 (V/V). 

Test Results 

1. SPC-T-5 base line results : 
Boron 5090 ppm ± 10% 
pH 7.75! 0.01 
Cl- 1.44 t 0.02 ppm 
S04 2- '.10 ppm 
P04, - <1. 0 ppm 
turb . 0. 36! 0.01 NTU 

. 2. density of 0.01% (V/V) 2-octanol/UCON WS-34 
a) weighing a known volume of liquid 
~ weight: 5.0698 ± 0.0001 g 

volume: 5.0 ± 0.0250 ml 

density = 5•0698 ± 0•0001 g = 1.0140 ± 0.005 g/cc 5.0 !. 0.0250 cc 
b) hydrometer 

density = 1.0180 ± 0.002 g/cc 

fiOTE: 1 fee 1 that method (a) is a more accurate method, due 
to the tendencies of air bubbles to form along out-side 
surface of the hydrometer. 

3. observations on mixing 
a) 1% (V/V) hydraulic fluid/SPC-T-5 water 

The hydraulic fluid sank to the bottom, but went 
into solution with minimal mixing . A slight foam occured 
with mixing, but this foam disappeared rapidly. The 
solution remained clear on standing . 

A0000848 8·83 
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K. J. Hofstetter -2- July 15, 1985 
4212-85-0106 

b) 15: (V/V) hydraulic fluid/SPC-T-5 water 
Again the hydraulic fluid sank to the bottom, but 

went into solution with mixing. A slight foam formed with 
mixing that disappeared on standing . The solution was 
slightly cloudy. -

4. observations on 15% solutions 

a) during and after heating 
The solution turned very cloudy upon heating, and 

what appeared to be a precipitate formed. At approximately 
80° C the solution started to separate into two phases . 
The aqueous phase was still cloudy while the organic phase 
was in small to medium ~ized blobs with a color close to 
the original hydraulic fluid. The organic phase fragmented 
into smaller 'droplets' with stirring but never went back 
into solution. We removed the solution from the hot plate 
when the temperature reached approximately 98° C (note : 
aqueous phase ran on the average 2-3 co hotter than the 
organic phase). On removing the solution from the heat 
two distinct layers formed, with the organic phase on 
the bottom. The two phases persisted until the solution 
reached room temperature, at which time the organic phase 
was redissolved by stirring . This sample appeared less 
cloudy than the 15% (V/V) sample that had not been heated. 
On standing for approximately one day the two solutions 
were the same, after which there was no visible change 
in the solution. · 

. . • _ .. . (" .. . b) sample that was left at room temperature 
.... •J .,;::'J,,. ... • ..... .,. ·-~ ~ • ... 

~ On standing for approximately five days there was 
no visible change in the solution. 

5. Analysis of 1% (V/V) solution hydraulic fluid/SPC-T-5 
Boron 5100 ppm ~ 10% 

fWTi:.S : 

pH 7.79 ~ 0.01 
cl- 1.64 i 0.04 ppm (l) 

S04
2

- <10 ppm 
PO 3 - 5.9 ~ 0.1 ppm (2) 

4 
turb. 0.85 ! 0.01 NTU 

6471 ppm ! 3~ TOC 
(1) The absorbance was steadly increasing with time and 

reached a value of 0. 223 ± 0.001 absorbance units in 
about 2 hours (Cl- = 2.44!. 0.04 ppm). 

(2) This number is possibly due to the turbidity of the 
sample. 

-~- --.. ----
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K. J. Hofstetter -3- July 15, 1985 

4212-85-0106 

6. Filtering of 1: (V/V) hydraulic ·fluid/SPC-T-5 
volume attempted to filter 150 m1(1) 
volume of filtrate 153 m1< 2> 

TOC 6082 ppm ! 3: 
The filtrate was extremely foamy, but there was no 

difficulty in filtering. There was no residue left on 
the filter paper. 

NOTES: (1) We used less than 250 ml in the filtering test due to 
the lack of sample left. 

GKH/ceh 

(2) The volume of the filtrate was greater than the volume of 
sample filtered due to approximately 4 ml of water that 
back flushed when we disconnected the vacuum aspirator . 

~_..e~f 
G. K. Huber 
Plant Chemist/Radiochemist 

cc: K. L. Harner, Chemistry Lab Service Manager 
Writer's File 
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ld ijl I Nuclear Memorandum 

SubJect: UCON-WS-34 Test Results Date: July 29, 1985 

From: G. K. Huber, 
Plant Chemist/Radiochemist 

Locat1on: TMI Nuclear Station 
4212-85-0118 

To: K. J. Hofstetter. 
Radio-Chemical Engineering Supervisor 

Results of second set of tes•s run on UCON-WS-34 Hydraulic Fluid. 

1) Solubility of H3B03 
a) One gram H3B03 in 100 ml UCON-WS-34 containing 0.2 wt % 

2-octanol. 
Boric acid did not dissolve at room temperature. On 

heating solution to approximately 90°C all Boric acid went 
into solution. 

b) Two grams H3B03 in 100 ml UCON-WS-34. 
When one gram H~B03 was added to the solution from 

part (a) all the Bor1c acid went into solution with heating . 
On addition of Boric acid to the hot solution, the solu t ion 
foamed up. 

c) 
~ 

Three grams H3B03 in 100 ml of UCON-WS-34. 
When one gram H3B03 was added to the solution from 

part (b) the solution again foamed up. All the Boric acid 
went into solution with heating. 

On s tanding there was no crystal i zation from the solution from part (c) . 
As a test for a possible super-saturated solution, the solution from part 
{c) was agitated vigorously and no crystal i zation resulted. 

2} Resin test. 1% UCON-WS-34 containing 0.2% 2-octanol (made up 
i n SPC-T-5}. 

flow rate: approximately 1.5 ml/mi n. 

TOC before pass ing through resin column 
TOC after passing through res in column 

8380 ppm :t 3% 
8484 ppm !: 3% 

AOOOOI548 8·83 
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K. J . Hofstetter -2- July 29, 1985 
4212-85-0118 

Note : The previous result for TOC on 1: UCON-WS-34 in SPC-T-5 was 
6082 ppm ~ 3% (see memo R 4212-85-0106). The increase in TOC 
can be attributed to changing from 0 . 01~ (V/V) octanol .to 
0.2% (V/V) octanol. 

If there are any questions please contact me at ext. 8452 . 

G. K. Huber 
Plant Chemist/Radiochemist 

GKII/ceh 

cc : K. L. Harner, Chemistry Lab Service Manager 
Writer's File 
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Parameter UCON 

Kiner.tati!l 34 est 
Viscosity (170 SUS) 

S.G. 1.02& 
(20/20 C) 

Flash Point 465°F 

Boiling Point N. R. 

Water Soluble Yes 

Neut. No . 0.36 
(mg KOH/g) 

Boron (ppm) oc 

Mol. Wt. 720 

Selected General Property Data 

25/75 Vol.% 
Boric Acid Borate Ester 

+ + 
UCON UCON Borate Ester 

65.5 eSt 32.9 eSt 10.3 est 
(304 SUS) (155 SUS) ( 60 SUS) 

N.R. l.g44 1.o5g - (60 F) (60/60 F) 

N.R. N.R. 363°F 

N. R. N.R. 610°F 

Yes Yes Yes 

1.55 1.61 N.R. 

5000 5100 20,400 

- 673 530 

Hough to-
Safe-620 

N. R. b 

1.07 

N.R. 

220°F 

Yes 

N.R. 

oc 

N.R. 

Waterd 

0 . 68 eSt 
( 28 SUS) 

1.00 

N/A 

212°F 

0 

18 

a) Kinematic viscosity values (centistokes & Saybolt Universal Seconds) are at l00°F. 

b) N. R. = Not Reported. 

c) Values are for as received materials not borated to 5000 ppm B. 

d) Water added for comparison only. 
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A TT ACHI-t:NT 4 
(441U-ij5-L-0215) 

CATALYST TEST DATA • 

n:sT 
l. Z( mixture of 25175 IIU x of 

~orate Ester/UCON witn simulated 
r{CS water 

2. 2% mixture of UCON/~oric Acid to 
5000 ppmB witn simulated RCS water 

J. 1Dll'4 mixture of 25/75 mix of· 
~orate ister/UCON 

4. 10U'4 UCUN oorated to ~ '00 p~ 

Comparison witn Data 
Reported via GENO-o~l 

No detectaole difference 

No detectaole difference 

Approximately ~ performance 
using standard 0.3 L/hr gas 
generation rate. However, 
steady state recombiner rate is 
approximately .16 L/hr which 
exceeds design base rate of 
U.ll L/nr. 

Same as NJ. 3 aoove 

• Uata represents prelimdnary results of tests performed oy J. o. Henrie, 
Hockwell International Hanford Operations, Richland Washington. ~ark 
performed under 00£/EG&G contrdct OctoOer 191 1965 through October l4 1 19~~. 
Information obtained via telecons witn D. R. Bucnanan, GPU Nuclear, and 
J. o. Henrie on October 2}1 Uctooer 25, and Octooer 26, l9d5. Preliminary 
written test reports expected by October 31, 19d5. 
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