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L. V. Barker December 29_ 1960
Supervisor, Coolant Testing
TESTING SUBSECTION

KER-4 OPERATING REPORT
.... TEST K-4-'8

PT-IP-300-A

IRRADIATION OF TWENTY-INCH NATURAL URANIUM TUBE AND TUBE
ELEMENTS WITH HOT-HEADED END CLOSURES

A. Test Objective

The objective of the test was to deter_nineand evaluate the behavior of
eight 20-inch fuel elements during irrs_iation using the hot-headed end
closures. Only the inner tuba of the eL_.mentemployed the hot-headed
closure with the outer tube being closed with a normal welded end closure.
The adaptation of the hot-headed closure ;o the outer tubes had not been
completed at the start of the test. De.ails of the hot-headed end closure
are available from Drawing Number SK-3-9365.

B. Tube Charge Order

The loop was charged on April 25, 1960 in the following order:

Position Number of Pieces Material

1-downstream 1 8-inch stainless steel perf
2-21 20 8-inch carbon steel spacer
22 - I 8-inch stainless steel perf
23 i 20-inch tube & tube element

24 ! 8-inch stainless steel perf
25 1 20-inch tube & tube element

26 1 8-inch stainless steel perf
27 1 20-inch tube & tube element

28 1 8-inch stainless steel perf
29 1 20-inch tube & tube element

30 1 8-inch stainless steel perf
31 1 20-inch tube & tube element
32 1 8-inch stainless steel perf
33 i 20-inch tube & tube element

34 1 8-inch stainless steel perf
35 i 20-inch tube & tube element

36 1 8-inch stainless steel perf
37 1 20-inch tube & tube element

38 1 8-inch stainless steel perf
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c. Mock-UpEKposure

At the start of the test long term testing was being conducted on coupons

of stainless steel, carbon steel, Inconel X, Monel X, Titanium, and zirconium.

Additional coupons of carbon steel and zirconium were charged during the

test. Coupons are to undergo further testing before discharge and examination.

D. Operatin_ Conditions

The following were the desired operating conditions for test K-4-8.

i. Flow - 60 gpm

2. Pressure - 1600 psi at tube outlet

3. Temperature - 288 C at tube outlet

4. pH - i0.0 + 0.5

E. Termination of Test

The test was terminated on November ll, 1960 after the fuel elements h_d

attained approximately 70 per cent of goal exposure. The test was ended

before goal exposure was attained to make room for the testing of fuel
elements with brazed end closures._ The brazed end closure has been chosen

for NPR fuel elements and no testing had been done on this closure at the

time of the discharge of K-4-8.

F. Water _ualit_

i. Control
,,

The loop water quality was maintained primarily by routing a portion

of the main loop flow through an ion exchange colu/nn charged with

XE-154, a high pH mixed-bed resin. An alternate ion exchange column
was charged with XE-150, a neutral pH mixed-bed resin. The neutral

column was used to "clean up" the loop water when the loop had been

drained and refilled. Each column required new resin approximately

45 days after the start of the test. The average clean-up flow during
the t_st was approximately 3 gpm.

Additional pH control was maintained by the addition of lithium hy,,droxide

solution directly into the loop by "bombing". The volume of each bomb

was approximately 70 ml. with a lithium hydroxide concentration of 50 gm/1.

A total of 128 'hoombs" or 8.96 gallons of the lithium hydroxide solution
was added to the loop during the test.
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The high pH resin was exhausted on May 26, 1960o Water quality and

pH control was maintained by feed and bleed until a reactor outage

permitted replacement of the ion exchange resin on June 5, 1960. A

lithium hydroxide solution was injected into the loop make-up flow

with a positive displacement pump equipped with a stroke length control.

The regular loop make-up pump operated continuously to maintain the

liquid level while water was bled from the loop at the rate of 1 gpm.

By varying the stroke length of the lithium hydroxide injection pump

the loop water pH w8_ maintained at an average of 10.09 during opera-

tion. The feed solution for the injection pump had a concentration

of 45 grams of lithium hydroxide per liter of water. A total of 145.7
gallons of solution was added during this period of feed and bleed

operation.

2. Water Sample _Analy.sis

Samples of the loop water were taken periodically for laboratory

analysis. The concentrations of the metal ions were determined by

emission analysis while the chloride, sulfate, and silicate ion con-

centrations were determined by wet chemical analysis. Also included

in the wet chemical analysis was the determination of the hydrogen
peroxide and total solid concentrations. Periodic determinations of

the loop water turbidity, specific resistance, and pH were also made.

Routine determination of the dissolved oxygen content of the loop water
was made by the Winkler method.

Table I shows the average impurity concentration in the loop water during

test K-4-8. Graphs 2, 3, 4, 5, 6, 7 and 8 show the individual sample

results of pH, hydrogen peroxide, chloride ion, total solids, dissolved

oxygen, silicate ion, and iron respectively° The concentrations of
hydrogen peroxide and the chloride ion were lower than the detectable

limits for most of the test° The graphs of these impurities are for

that period when there were appreciable concentrations.

The high hydrogen peroxide level occurred during the period when the

loop was operating at minimum temperature due to the leak at the primary

heat exchanger exit tee° (See second paragraph of G_) The dissolved

oxygen content during this period was also high as shown on Graph 6.

The high chloride ion concentration occurred near the end of the test.

This was apparently due to depletion of the ion exchange resin used in

the clean-up column°
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TABLE I

AVERAGE LOOP WATER IMPURITY CONCENTRATIONS

TEST K-4-8

Iron 75 ppb

Nickel <i0 ppb

Chr c_.ium 8 ppb

Copper lO ppb

Aluminum 242 ppb

Zirconium < 4 ppb

Manganese 41 ppb

Cobalt ppb
Calcium 34 ppb

Chloride Ion 0.053 ppm

Sulphate Ion <i ppm

Silicate Ion 0.390 ppm
Hydrogen Peroxide O.53 ppm

Te_al Solids 12.5 ppm

Oxygen 3.53 ppm

Turbidity 0.465 ppm (as calculated

for silica)

Specific Resistance 30_140 ohm-cm

pH lOo 21
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G. EquiPme,n_ Experies_-_

I. P_rimary Pump Replacement

During an outage on A_r_.l 29, 1960 it was noted that the loop

flow was not normal° The loop remained on single-pass during

the next operating period to permit removal of the pumps for

examination. Investigation revealed the upper and lower graphitar

bearings had grown smaller by approximately 0.0015 inches. It
was determined that the bearing growth was due to the graphitar

absorbing sodium dichromate which had been used in the loop water

during a previous test,.1

The number 1 primary pump began over heating and drawing a high

current during a reactor startup on August 5, 1960. The loop

was operated with one pump at reduced temperature and pressure

until August, 8, 1960 while the pump was replaced and the new

pump checked out. The thermal barrier o-ring was found to be

leaking whe,n _he replaced pump was disassembled for repair.

2. Replacement of Air Operated Valve Plug and Seats

Occasionally air opera*,,edvalves which should have a tight

shut-off are found *_o be leaking through. The only satisfactory

means for stopplng the lead,age is to replace the valve plug and

seat. Listed below are *.hose valves which had their plug and

sea_ replaced during Test K-_-8o

Pressurizer vent valve on April 27, 1960

Loop bleed-off flow valve on June 6, 1960

Locp depressurizing v_Ive on August 19, 1960

Pressuzizer vent, va.lve on October 27 1960

3. Change ,.inSystem Relief Pressure

Investigation of the pressure differential between the loop

pressurizer and the process tube disclosed the process tube to

be operating a_ a higher relative pressure than previously

thought. This informa*.,ion made it.necessary to lower the re-

lieving pressure of the system rupture disc and relief valve

combina*_on located on the pressurizer.
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During the out,age of .__ i_ t_oug_o 13., 1960 new relief valve

springs and rupt.ure discs were inst,aAle0 t,o lower the relieving
pressure to 17_0 psi._

W_.th the lowering of the rupture disc relieving pressure and

not, the opera_,_.n,_pressure of th,e loop, the question of rupture

disc reliabi.li+,y and t,_,epossibility of failure dttring operation
was raised. A program was ini_.iat.ed+o replace the rupture discs

periodically dtu_ng t,_e remainder off the t _.... es.._. Used discs were

saved for examination and testing _o determine tc what extent they
are weakened during operation.

4. Replacemen_ of Loop Pip_

On August. 17, 1960 a leak was discovered in a weld on the piping

tee a_ the confluence of _he flows going through and around the

primary hea_ exchaz-gero The loop was operated at minimum tem-

perature until an. outage permitted repair of the weld on August 19,
1960.

On Se_.zemOer !2, ].960 a second leak was discovered at the primary

heat exchanger _e. Thl,__leak was due to a crack in the pipe wall

approximately i2 inches downstream of the tee. The loop was operated
at.minim,_n _em_'erat'are uutil an outage allowed replacement of the

tee _.d approx.ima_ebp- 6 feet of pipe on each leg of the tee on

October 5, L960. Inves'i__ation of these failures has not been com-

pleted as of -I-_- ..... _.,,,

5. Ins_rument_t_ on

On April 26, i960 the _ _+..ea_._.or,was scrammed from a high heat ex-

ch_uger ex,i+ temperat.ure T_,ripon KER-4. The operating temperature

was approximat,ei_4 ].O C below _be _r_p setting immediately before
the reactor was scrammed. T_._e_eac*_or was able to recover from the

scr_m _ud u_,on ra_._ng tke loop t,emper'a_.,ureseveral, bad "blips"

•were received on the hea_. exchanger exit xemperatare recorder. At,

that time iz wa_. th_ugf_z the cL_ps nm.ght,be due to a bad t,hermo-

couple coz..ve,_terox tc poor mzxing of the flows through and aro_ud

the primary b.ea_ = _h_,x....anger resultlng in erratic readings. The loop

was reduced to m_n_am tempera_,ure and a Process Change Authorization

was received tc "'_-__.,_,_.._.._ with _he heat, exchanger exit temperature

_,ripped bypassed a_. that cond_tlcn. The heat, exchanger exit .em-

perature thermccouple converter was replaced while the trip was

bypassed.
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On April 27._ 1960 the reach,or was scrawned from a heat ex-

changer exit temperature trip from KER-3. Checking of the

instrument wiring disclosed ground loops in the heat, exchanger

exit temperature con_ro! syst,em and the pressurizer liquid

level contrcl system on a/A four KER loops. The ground loops

were el.tmina%ed witi[_wiring changes on April 28, 1960. 2 During
this outage_ tD_eheat ex?hanger exit temperature _hermocouple

was relocated further downstream to give smoother response. A

smoother response was noted during subsequent operation indicating

there was a flow mixing problem at the old thermocouple location.

On July 15, 1960 the reactor was again scrammed from a KER-4 hea+

exchanger _rip. This trip was founG to be caused by an induced

signal in the heat exchanger exit temperazure conzrol circuit

from the annunciator wiring. This situation was possible since

original construction because the 105-KE indicator wiring and

annunciator wiring was locar,ed in a common duct o3 Between

July 15_ 1960 and Augus_ 18, 1960 all the signal leads for the

control systems on all KER loops were relocated into their own
isolated ducts. 4

H. Operating H_ s_or7

The _._uelelements were charged fsr a total of 4810.50 hours. Table II

is a listing of the hours operated at, specific conditions and the per-

centage of the total test at = _, _ °_ac:_ ...ond]tion_. Tr.e daily average tube

inlet and tube outlet, temperatures are shown on Graph i.

TABLE II

LOOP O_ERATING HISTORY

TEST K-a-8

Condi tion Hour s Per centage

At run conditions _-705.7 56.2

Minimum temperatare operat_ion 637.35 13.2

reactor op_r ating

Raising loop temperax_re after 358.85 7.4

reactor startup

Lowering loop temperature for 80.4/ 1.6

instrument work or investigation

of abnormalities-reac*..or operatin_
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TABLE II (Con't.)

Condi tion Hour_____s Per cent a_e

Single-pass operation-reactor 357.67 7.4

operating

Lowering loop temperature after 73.76 1.5
reactor shutdown

Recirculating in reactor-reactor 391.73 8
down

Single-pass operation--reactor 272.3 5.9
down

Loop recirculating out of reactor 343.66 7.1
reactor operating

Out of reactor portion of loop down 237.75 5
and cold

Eng'neer, "Coolant Testing
KL Young:pb Testing Subsection

RESEARCH & ENGINEERING SECTION
cc : Distribution
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