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GEAP-4067

SErION 1

INrRODUCTION

This report covers the S-I-5-B-M fuel irradiation In the GETR Maritime 
loop during tne finnl qunrter of fiscal year 1962 plus the month of July 
1962 to conclude the irrudintion progrum. The dnta are summarized in 
Section XI. Discussions on fuel performance, fuel environment (water 
chemistry), and loop operat ns are included. For detailed data reports 
for this report period. refer to Loop Operation Data Sumary Reports fl+, 
415, 916, and #17. These individual cycle reports include summary graphs 
of signficnnt loop operation parameters and water chemistry data.
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SRCrION II

SUAARY

2.1 Irradiation Su—.ry

PreviousReport*

GEAP-4067

Summary
Report

Mo.

Renctor 
Cycle 
■o.

Reactor
Operatiun

Dutec
Renctor 

MD

S-I-5-B-M
Average Burnup* 

MMD/TonneU

1
2

18
19

12/2/60-12/12/60
No renctor opertion

Total ns of December 31, 1960

266.5
0.0

266.5

141
O

141

2
5
4

20
21
22

1/6/61-2/5/61
3/21/61-5/26/61
5/26/61-5/31/61

Totnl as of Mai ch 31, 1961

815.0
165.7
90-8

1555.6

427
95

710

5
6

22
23
24

4/1/61-*/20/61
5/7/61-6/4/61
6/11/61 -6/30/61

Totel ae or June 50, 1961

535.1
615.0
>62-9

3216.8

287
L.%

-307
1755

I

6
7
8

9

24

25
26
27

7/1/61-7/9/61
7/14/61 -8/13/61
8/18/61-9/17/61
9/23/61-9/30/61

Total as or September 30, 1961

258.5
864.5
804.0
151.0

558.4

150
454
490

—79

-cec«6

9
10
11

27
28

29

10/1/61-10/22/61
10/30/61 -11/26/61
12/2/61-12/51/61

Total as of DacaMber 51, 1961

551.0
749.5
860.2

7545.1

292
367 
^21

5968

11
12
13
14

29
30
31
52

1/1/62
1/10/62-2/4/62
2/19/62-3/11/62
3/17/62-5/51/62

Totnl as or March 51, 1962
•Revised (See Section 5.2}

50.0
702.4
567.1
293.1

9157-7

15 
526 
271 

119 
4739

2-1
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This
Report

Summary
Report 

Ro.

Reactor 
Cycle 

Ro.

Reactor
Operation

Dates
Reactor 

WD

S-I-5-B-M
Average Burnup

MWD/TonneU

1*
15
15
17

52
35
54
35

+/1/62-*/15/62 
4/24/62-5/19/62 
5/31/62-6/21/62 
7/2/62-7/19/62-

Total as of July 51, 1962

424.3
727.0
689.1
*58.0

11*56.1

216
374
3*1
2*7

5907

The Irradlation corresponds to the equivalent of 9149 hours (381 
days) reactor opiraticn at full power.

2.2 Typical Operating Conditions

Total power generation in facility (at 30 Mw reactor power)
Gemma heating in facility outside fuel
Total heat generation in fuel

118 KH

fee— beating in fuel
Fission heating in fuel
Average beat flux (at 50 NW power)
Peak to average heat flux
Peak heat flux (Cycle #5*)
Average thermnl neutron flux (from Physics 

calculaticn)
Total flow
Flow inside fuel channel 
Pressure

9 K
109 KH

6 ku
105 K

Temperature, facility tube inlet
Temperature, facility tube outlet 
Differential pressure across facility tube 
Cleanup loop flov

105,000 Bru/hr-rr2
2.ro

225,000 BrU/hr-e+2

1.55 x 1015 nv
52 gpa

48 gpm (6.5 ft/sec)
1500 psi

505 “F
521 "F

1-5 psl
0.5 gpm

"Includes reactor operation before loop fuel removal only.

2-2
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2-3 Typical Coolant Condition*

Conductivity

Icnic dissolved solids (from 
conductvity )

Turbidity
PH
Chloride

0.2 umho cm--

0.1 PP
< 5 Nephelos 
6.8-7.
< 0.02 ppm

Dissolved oxygen < 0.01 ppm

Dissolved hydrogen 1.8-5.6 ppm

Maritime
Specifications

< 1 ppm

6.5-8-5
<0.1 ppm normal

1.0 ppm, 24 hr. max.
< 0.01 ppm normal

0.05 ppm max.
1.8-5.6 ppm

2.4 Operation Summary

The loop operated continuously durring the report period for the 
full duration of reactor operation (i.e., no loss of irradiation 
exposure hours). All water chemistry conditions with the exception of 
the dissolved hydrogen were maintained within specifications during 
reactor operation (dissolved hydrogen within specif icaticn approximately 
90% of the time). The S-I-5-B-M fuel was removed subsequent to the 
July 19, 1962 shutdown concluding the fuel irradiation.

2-5
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SECTION III

MARITIME FVEL OPERATION

3-1 Heat Generation and Peak Hea* Flux

The total heat generation in the fuel can be calculated by two 
methods. that is, either from the experimentally observed loop coolant 
flow and temperature measurements, or from the reactor core neutron 
flux calculations extended out to ’he loop fuel position in the reactor 
pool. The first method yielded an average fuel heat generation for the 
report period of 109 KW whereas the latter method yielded an average of 
99 KW (see Appendix). The data repesent improved agreement between 
the two methods resulting from the use of new techniques in calculating 
the neutron flux in the loop fuel.

The peak heat flux during the report period occurred during 
reactor Cycle #54 when the peak to average ratio was 2.20 (radial 
peaking factor 1.59 and start of cycle vertical peaking of 1-58 at 
18 inch reactor control rod benk position). For Cycle #34, the average 

p 
heat flux was 101,000 BTU/hr-ft with the peak heat flux at 225,000 
BTU/hr-r t2.

5 -2 Burnup

The S-I-5-B-M fuel burnup through the previous quarter (ending 
March 51, 1962) was increased to 4729 MWD/Tonne U from a previously 
reported value of 4376 .MWD/Tonne U. Previously the burnup was 
calculated from computer programmed physics calculations scaled to the 
experimentally observe! heat generation. The new value was determined 
by simplified calculation utilizing the definition of burnup directly 

as follows:
MWD MWD Fuel Element Fission"Power Output

Average Burnup = ---------------Tonne U ’ in ArTembV-------------

( Test Assembly 
Fission Power,

)( I MW,( GETR MWD
KW/\.1000 KW/V50 MW GETR Power Level

6600

10

gtn U in Assembly 
» gm U/Tonne U

_ 0.0050 (GETR) ( Test Assembly )
--2- /Fission Power, KW/

5-1



GEAP-4067

The test assembly fission power is taken as the total power calculated 
from the loop- flow and differential temperature measurements (reactor 

at 50 vw) minus the 15 KW calculated gamma heating in the loop from 

reactor core radiations.

The average burnup during the report period was 1178 MWD /Tonne ’J 

bringing the total to 590? MWD/Tonne U for the complete irradiation. 
The peak burnup can be estimated based on time weighted peaking factors 
(averaged over a reactor cycle as a function of reactor control rod 
position) The estimated vertical peaking factor is 1.+ which, with a 
radial peaking factor of 1.39, results in a time weighted peak-to- 
average ratio of 1-95- The peak burnup is therefore estimated to be 

(1.95)(5907) = 11,500 MWD/Tonne U.

5.5 Differential Pressure Across Facility Tube

The differential pressure aciess the facility tube has remained 
within the range of 1.0-2.0 psi throughout the fuel irradiation. me 
variations from cycle to cycle nave not shown a trend toward increased 

differential pressure.

3.4 Fission Product. Check of Cladding Integrity

The fission product levels during each cycle since the irradiation 
began have remained essentially constant. A sample taken July 6 gave 

the iodine-155 level of 210 disintegrations per minute per milliliter 
of loop coolant (apm/m) and the iodine-151 at 14 dpm/ml- The levels 
are consistent with those expected from background surface cor'amina- 

tion of the fuel.

5-2
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SECTION IV

MARITITE FUEL ENVIRONMENT - COOLANT CONDITIONS

4.1 Conductivity

The conductivity was in the range of 0.15-0.60 umho cm-1 .1 during
reactor operation with a typical value of 0.20 umho cun - 

ponding ionic dissolved solids were typically 0.10 ppm.

The corres-
The conduct!- Iri ty during loop startup for Cycle 434 was temporarily as high as

5 umho cm with a gradual decrease to a final value of 0.15 umho cm 

L. the end of the cycle.

4-2 pF

The pH renained in the range of 6. 8-7.4 as measured by the 

colorimetric method at the loop location.
■

4 3 Chi orldgs

\
The chlorides as measured daily by nephelometry at the loop loca­

tion were 3 ess than 0.1 ppm during loop operation with the typical 
value less than 0.02 ppm. Weekly laboratory analyses yielded less than 
C.02 ppm chloride by the Hellige turbidimeter method except for one 

analysis at O.O56 ppm.

4 • 4 ssolved Oxygen

The typical dissolved oxygen concentration was less than 0.01 ppm 

(indicated range of 3-8 ppb) as measured by the thallium column method 
at the loop location. The oxygen was highest during startup of Cycles 

433 and #34 with the data at a maximum of 20 ppb and 50 ppb respectively.

Data on the loop oxygen were obtained from three sample points, 

the main loop separator (valve SSV-121), the cleanup loop ion exchanger 

inlet (valve SSV-125), and the cleanup locp ion exchanger effluent 

(vlve SSV-124). Data obtained from the three sample points generally 

agreed within 2 ppb oxygen during the normal loop operation with the

4-1
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1

conductivity at 0.2 umho cm During the early part of the Loop

operation for Cycle #34 where the conductivity was somewhat greater 
than 1 umho cm-, the best. results were obtained with the ion exchanger 

effluent sample point SSV-124 since the best accuracy is obtained when 

the inlet conductivity .or the analyzer is low.

I The dissolved oxygen in the demineralized and deaerated make up 

water was monitored routinely and the data varied betveen 3 and 60 ppi 

oxygen. The oxygen in the makeup water had little (if any) observable 

effect on the oxygen in the main loop.

A new dissolved oxygen analysis panel was installed in the sample 

station during the April shutdown prior to reactor startup f r Cycle 
#35. The new panel utilizes the same type thallium colurn as previously 

used but incorporates provision for direct readout in terms of ppb O2 

s.nd for sample temperature compensation. The new sample analy s panel 
has proven to be hignly satisfactory and the thallium meth d use is 
believed to be the most sensitive and accurate method known in the

observed oxygen range 

4.5 Dissolved Hydrogen

The dissolved hydrogen was within specification (1-8-3.6 ppm) for 
approximately 90% of the loop operation time during the report pe i. 
The hydrogen was maintained by nearly continuous operation of the 

hydrogen addition compressor. During startup of reactor Cycle #3 
from May 28 to June 1, the indicated dissolved hydrogen was be 1 w 

specification, generally less than 0-5 ppm- The hydrogen addition 

compressor was in operation during this period, however, sugee st ing 
tha; the hydrogen wae within specification. The absolute pressure 

gaug. on the total gas sampler was later found to be sluggish in 

operation and may have given a false low indication f the diss. ived 

hydrogen concentration.

4-2
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A nev total gas sampier panel was installed prior to reactor start- 
up for reactor Cycle 453. The new panel operates on the same basic 
principle a-- the orignal equipment but is designed for simpler 

operation.

The sampler is designed to degas a sample by introducing the 
sample into an evacuated chamber partially filling the chamber «itha 
known volume of sample. Gas coming out of solution contributes a ens 
pressure inside the sampler which is measured with an absolute pressure 
gauge. The absolute pressure is proportional to the amount of gas 
originally dissolved in the sample (corrections are required for water 
vapor pressure and temperature). The calibration of the sampler was 
determined by calculation based on an equilibrium between the es and 
water phases of the s mpler (partial pressure of gas in liquid phase 
of sample volume equs1 to partial pressure of gas in ga phase) 
Calibration tests using water saturated with air show that scmewhat 
more gas remains dissolved in the water phase of the sampler than is 
calculated on the basis of equilibrium conditions thus limiting the 
accuracy of the method. The method is sufficiently accurate how ver 
for operational control of the dissolved hydrogen concentration and 
the procedure has the advantage of being simple, reliable, and easily 
performed by loop operators at the loop locat ion.

4-3
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SECTION V

WOP opgucicw

The loop operate contnuously during the report period for the fall 
duration of reactor operation (1-e-, no loss of irradiation exposure hours). 
The nev equipment for the sample station briefly described in the qarterly 
report for the second quarter 1962 (October-December 1961) (GRAP-5905) uns 
inaraiied during the between cycle shutdovn in April 1962. The equipment 
provides better accuracy for the conductivity and dissolved oxyen measure- 
ments ard ta stapler and more reliable for use at the loop location.

5-1
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SECrIoN VI

FUELITERIMRXAMINATION

Th* First interiz exnminat ion of the S-I-5-B-M fuel assembly una 
perforzed in September, 1961, efter 2809 M/D/Tonne Urnnium exposure (Ref. 3). 

Th* second interim exnmination mm perform~d on Jz 27, 1962 after 366c 
MD/Tonne Uran exposure and the results are presented la * sepnrate 
report (Ref- 6). Th* fuel vns removed nfter th* renctor shutdoun on July 19 
to conclude the fuml frmdintion.

6-1
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SECrIO mi

CRUDDEPOSITIONFROGRAM

The coupona were rear w ri folloing th tautdown on July 19 terminating 
the coupon exposure period. The coupons were monitored indvidunlly for 
gross rmdintion levela vith a "CPT type instrumeat on July 31 but there wns 
Insufficient time to obtain coupon wight* ata the more mccurate radiation 
level determinmtions before the program termination. The ndditiomal arnlyses 
are planned subject to customer euthori eation to proceed with a final report 
on the chemistry program.

The preliminry data obtained ludiemte lttle dirference in metivity 

levels with respect to surfece fintah but considerable dirrerence relnted to 

exposure period. A total of 5 groupa of coupons taw now been exposed wi th 
6 coupons in ench group (3 coupona of 125 u Inch surfsce roushness ata 5 

coupons of 250 u inch surfmce roughnee* in each group). Th* gross emma 

results on all groupa mre as follow:

AverneActivitz(5©oupons)=R/hre27
Grout GroupExposure 129 F Inta Surface 2>C .ata Surface

1 Firat 865 hours only 1 1

2

3
4

Firat -735 houra only 9-2 9-5

Full progre= 9149 bours 19.2 13-8

Last 4414 hurs only 16.7 16.9

5 Last 82®* hours on Mr *7 *7

As mhou sbove, of the coupons remved at the end of the progrmm, the 
eoupons that hmd been exposed fer the .ill—plate progrum had thm least amunt 
of surface contaminmtion (group 5 had lemst activity of groups 5-5)- It in 
obvious from the data thaL mmny fuctors are involved in the rate cf contam- 
nation buldup ata thmt only a thoroue reviev of factor* such a* initial

7-1
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©upon corrosion rate, type of scnle formntion, actvity in transport, water 
ch—istry, etc-, can yield an accurnte interpretntion of the data.

0
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Total heat generstion in fuel cnlculated from flow tnA tempersture

l. Apparent coolant f wratura rise ecross faciltty 
tuba (facility tube outlet minus facility tube inlet 
temperature) - averege for report period vitr reactor 
at K NW 15.T"F

2. Apparent coolant temperature loam kr>«> facility 
tube vith loop at norml opersting temperature but 
with reactor ntom (average of 5 points on 1-31-62) o.T"F

3. Temperature FiS* due tO reactor operation

5.

Meat ebsorbed by coclant frost tables 
(h, at 521-4"F minus h, at 505"F)-

Flow 8.15 scale unite at 505"F equnls 52.1 em 
from Inatrument calibration curves.

16. AT

19,8 Tr

216-2 -.1 23 60 TF - 20,400

6. Total heat eneration

19.8 FT 20,400 2 • 404,000 ETU/hr

T.

118 K

Gammn hesting outside fuel from reactor emmm radiation 
based on estimnte of 0.5 watte averuge per grem from 
physics caleulations.

Facility tube
2r shroud tube
Coolant

10.900 6
3,040

2,200
15,50 em

(15.5*0 )(0.60 -tta/)G0-) - 9x
1
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8. Total heat generation in fuel

116 K-9 = 109 K

B. Total heat generation in fuel calculated from neutron flux 
(rrom physic* data).

1. Average thermal neutron flux for report period with 
reactor at 30 -1-33 X 1013 nv

z, - 0.5087 cm-- (• 5000 hour)-
Volume/inch of one fuel rod = 2-55 cc 

fiss/sec in
2. XFianion power in " -r « V

5.55 x 10^^ fiss/sec KH
x (0.3087(1.33x1013)(2-55)

5-55 x 101?

-0.2862
3. Pl Mion hent generation in fuel

• (9 rods)(36 in lengtn)(0.286 Kn)

= 93 I

4. Geruma hestng inside fuel from reactor fp—« radiation based 
on estimate of 0.6 watt* average per gram from physics 
calculation*.

U°2 
ss

(9,758 8m)(0.6

7,578 gm
2,180 gm
9,758 gm

trte/gm 16 =61

5. Total heat generation in fuel

93 + 6-99

2
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C- Average Heat Flux.

1. Heat generation in fuel.

2. Heat transfer surface.

109 KW
572,000 BrU/hr

3.54 ft2

GEAP-4067

3. Average heat flux. 105,000 BrU/hr ft2

(

3
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