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Reactorl Technology. iSummory, ~

THIRTEEN MARK VII-A FUEL FAIIIJRES occurred in April - two SRP di.ngot
and eleven SEP ingot ‘

,THE CURRENT SRP INGOT FAIIIIRE RATE is 2 S times the over-a.ll ingot
‘ fa.ilure rate.

THE SRP INGOT FA.IIDRE RATE PER UN’IT OF EX.POSURE has been much higher

Ciiat high exposure tha.n a.t low exposure. »

ALL MARK VII-A FATLED SLUGS THAT EAVE BEEN DISASSHEBI.ED were located
in the 1ower half of the ‘slug columm.

ROOFTOP RATIOS OF 1.10 TO 1. 20 will be ma.inta.ined in the R-6 cycle to
produce lower sheath temperatures.

THE MARK VITI-A SEEATE TEMPERATURE LIMIT was reduced to 135°C in K
Area 'begimxing with the K-4 cycle. ’

A HIGH LEVEL FLUX MONITOR with ma.gnetic a.mplifier relays on &all three
shutdowvn circuits was placed in service in K Area.

'FOUR NEPTUNIUM OXIDE RODS were . charged to K reactor.

A PROCESS WATER HEAT EXCHANGER LEAK occurred in L Area.

A 200-250 FT? FILTER SHOUID BE A.DEQUATE TO REMOVE MODERATOR TURBIDITY,‘

based on sma.l.‘!.-sca.le filter tests in L Area.

THE PERFORATED END-I-"I'ITJNG 'DESIGN TESTED IN L AREA did not el:l.mina.te
the wide ra.nge in the power coefficients of flow.

. THE POWER COEFTICIENT OF REACTIVITY OF A MARK VI-J CHARGE was deter-
‘ mined to be -0. OOOGS% Ak/k/MW .

— THE POWER COEFFICIENT OF REACTIVITY_ OF A MA.RK VII-A CHA.RGE was deter- _

" mined to be -0. 00061% Ak/k/Mw

S

A SUMMARY OF RADIATION IEVELS DURING SHUTDOWNS since April 1956 is
. presented.
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details
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.. Recctor Technology: Summaty

IAITICE AND SHIEEDING CALCULATIONS FOR THE PTFR are presented.

———

; A PROTOTYPE IN-LINE PH METER was. installéd 1n PdArea.,,’

A TRITIUM PRODUCTION RATE FOR MARK VI-J TARGETS of e . was ob-

tained after a.ppro:d.ma.tely 34% of the material from the K-2 charge was
processed. , _

CHANGES IN PLUTONIUM PRODUCTION RATES for various types of charges end
for various operating conditions are reviewed. ’ :

DELETED VERS“”_?_ sl
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Separations Tec!hnoilo'gy Summary o . details
¢ ' S see

SOLVE'NT EXTRACTION IN F AREA has been operated on a five-day-week -
- basis at low rates following startup last month.. lLosses and decon- 202
tamination appear satisfactory du.ring steady state operation. ‘ ” :

' STA.R'IUP PROBLEMS in F Ares were overcome to some extent by tech-

niques of operation. 202

’ 5FIRST CYCIE RATE in F Aree varied from 5 to 10 batches per day on

irradiated feed that had been cooled between 130 to 330 days. 202

DISSOLVING PROCEWRES were’ modified. end en analytical method devel-
oped to prevent the loss of a dangerous amount of plutonium to- the 204
head end cake. = :

REFIUX OF PIUTONIU’M in the 1B bank, beceuse of nitrite cerryover in o

_ the 1AP, accumulated epproximately - ' before the bank was 266

. ~-stripped. -Analytical samples and the neutron monitors followed ‘the
T accumulation and stripping successfully : _ v
’ 'NEU'IRON MONITORS on the 2A bank indicated a loss of plutonium. 207
THE PROJECT FOR SEIPMENT OF HIGH ACTIVITY WASTE to ORNL was re- 211
estimated et the request of AEC.
o F-AREA RERUN FA.CILITIES contained approximately 500 grams of plu- . '
tonium and 2700 pounds of uranium for rework at the end of the - 4

month.

A 50% SOLUTION OF FE'RROUS SUII-"AMATE decomposed a.fter several months - _
‘storage. Provisions have been made to store dilute and acidified 215
ferrous sulfamate which is more stable. = ' '

SILICA GEL REGENERATION with sodlum citrate on & test basis removed
. epproximately 50% of the total Zr-N'b sy In contrast to essentially : 216
g complete removal 'by oxalic acid. _

'.['ESTS 0 RECOVER NEPTUNIUM from HAW concentrate by a bismuth phos- ’ 218
phate precipitation process were concluded with the achievement of = 219’

i satisfactory yields and decontamination. Ml

~ SOLVENT EXTRACTION PROCESSING of the bismuth phosphate-neptunium I 221 -
- —precipitates vas in progress at the end of the month.

A.'BOUT 14 GRA.MS OF NEPIUNIUM were decontaminated and concentrated 'by

cation exchange, following solvent extraction of neptunium that hed 222
“been separated earlier on the experimental agitated enion exchange

‘ beds. . ‘ o . . T
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. e Sepotcﬂons Technology Summary

. PUJTONIUM TRIFIUORIDE PRECIPITATIONS were performed on the first feed

in the new JB-Line with low waste losses and good filtration rates. _

TEE: RECOVERY ANION EXCEANGE TEST FACI‘L.’IY operated sa.tisfa.ctorily on

s].ag a.nd crucible solution during the first runs.

PREPARATIONS FOR FROCESSING ENRICHED URANIUM IN H ASEA are nes.ring ‘
completion. Necessary equipment cha.nges, equipment cleanout ., and sol-
vent cha.nseout a.re a.lmost completed , .

THE FIRST COLD DISSOLVING TEST AND CoLD URANIUM RUNS 1n solvent ex-

aRE 'tra.ction ere in progress.

MARK VI, MARK VI-J’ » AND CONTROL ROD SLUGS were processed in Buildins

232-E et en e.vera.ge rate of 1.3 B/D. o . e
- THE USE OF CURRENT-QUALITY MARK VI=J SIUGS appears to cause an MER
increese from the Lipe 2 normal of : to about ~ The :
.stack stripper system recovered per run from Mark VI-J batches,
compared to e normal Per run. , :

THE ISOTOPIC FURITY of diffusion column feed has dropped - from

to ‘as a result of Mark VI-J processing.

NINETY~-FIVE PERCENT OF THE GAMMA ACTIVITY in an extraction fu.rns.ce

' was removed by 1% nitric acid flushing, in preparation for fu.rnace

rep&ir .

THE NORTH FURNACE OPERATION WAS DISRUPTED by faillure of additional
bottom heaters.

ONE THERMAL DIFFUSION COUJMN was rendered inopera.ble tempora.rily by
failure of the raffinate drawoff valve.

. STACK IDSSES aversged  per run. Unusually large contributions

were made by the furnace discharging and cha.rging opera.tion, and de-

-canning of Ma.rk VI-J hollow slugs. -

MJLTISTAGE DIFFUSER CAPACITY for = 'gre'a.ferv'tha.n pre-

~dicted from data at lower feed compositions.

THE ISOTOFE EFFECT ON DIFTUSER PERFORMANCE cs.used. e = reduction in

- deuterium processing ca.pacity instea.d of the capacity loss previ-

ously reported.
DELETE?_.Y“‘R“% ON




' GETTER BED STUDIES indicate that zeolite is en ac¢eptable substitute
for cha.rcoa.l’ es a 1ow tempera.ture edsorbent for hydrogen.

Ry
‘w‘,,

CONTENTS OF A. SECOND SIX-INCH ZEOLI!['E BED were successfully ‘trens-
‘ ferred to a sta.nda.rd bed for Line 2 recovery.

THE NET TRANSFER OF HEAVY WATER from ‘Ehe Extraction Area to the DW
Plant was 30,889 pounds of D20, equiva.lent to an average of 1030
pounds of D20 per day. . ,

THE EAST WING EDCTRACTION UNITS were shut down on April 10 by & short
circuit in the main 440-volt bresker. Revisions in the electrical
switchgear should eliminate wing shutdowns caused by malfunction of
the emergency cross-tie system. '

TUBE EUNDLES FROM BUILDING 411-D wili,be used tor replace extensively

corroded bundles from raw-w,ater-cooled exchangers in Building 412-D._

A SYSTEM FOR VENTING FIXED TUEE SH:EETS in raw water heat exchangers
is being installed in Unit 23. ‘ :

SULFUR PLUGGAGE OF EXTRACTION EQUIFMENT waes reduced during the past
year due to improved feedwe.ter deaeration and installetion of a )
sulfur trap.

CORROSION OF WELDS AT TRAY SUPPORT RINGS was seen for the first time

in an extraction tower during inspection of Unit 23.
~ UNIT COST OF REWORKING degra.ded heavy water has been determined.

REWORK UNIT EVAPORATOR has performed satisfactorily since sta.rtup on
Apr:l.l 13.

For
details
gsee
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Engineering Assistan‘ce"‘SUmma'ry ~

. Raw »Ma{:erials zTechno‘log’y

PITTING REJ'ECT RATE FOR MA.RK VII-A-SRP SIUGS increased from O. 5% to
about 12',%

AN EDDY CURRENT PENEIRA!I‘ION TESTER bas been used to inspect the outer

~ cladding of 10, OOO Ma.rk VII-A-SRP slugs.‘ ,

QUALI'I’Y AND FINISHING YIELDS of si.ngle-weld Ma.rk VII-A-SC slugs were
equiva.lent to those of standar;l dmble-weld slugs

MARKVI-JANDMARKVIFUELIUBEYIEIDSV&ﬁBSB%&.nd923%

‘ME!ASURE’MENT OF HOT SPOTS on fuel tubes is ncw possible using en loni-
zation chamber attached to the Building 321-M fluoroscope.

THE ALPEA ALUMINUM OXIDE MONOEYDRATE FIIM produced on ammonia-treated
fuel tubes has a possi’bly undesira.‘ble fibrous structure.

GRAPHITE MOLDS for L:I.-Al billets show considerable deteriora.tion
ONE-PIECE BO‘ITOM END FITI‘INGS were a.dopted for control rods

1000 CEEMICALLY-MILIED MARK VI-J TA.RGETS SIUGS gave an over-all yleld
of 67.2h.

For
details
see
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313

« 302, 303
306

‘ 306
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317

317
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. . . Engineering Aisistance Summary

Engineering Assistance

'D-COHJMN :POISON :FLATE absor‘bed thermal’ neutrons sa.tisfactorily

AN AUTOMAIIC FIIM BADGE READER is undergoing eva.luetion.

’A PULSE TYPE READER FOR POCKE.'I' DOS]:METERS offers several a.dva.nta.ges
over the string electrometers now in use. : ,

’ 'conmmms FOR USE IN IRRADIATING COBALT »PEII.E.TShave, been deeigne&.

NOZZLES THAT PRODUCE SOLID SQUARE SPRAY PATTERNS have been tested for -
use in flooding the rea.ctor room floor to cool a dropped fuel element.

AN ASSEMBLY OF FOUR STEEL SLEEVES on 3" centers eppea.rs sa.tisfectory

for use 1n ca.nning mechanization in Building S15-M.

MARK VII-A SLUGS FAII.ED et lower than expected internal pressures in
hydraulic burst tests. .

IRRADIATED SLUGS WITH COEXTRUDED MARK VII-A CORES showed large length

decrease and warp increase as compared to control slugs with rolled
cores, ; :

TEIRTEEN MARK VII-A SIUGS FATLED during April.

THE DOUBLE-END SLUG WELDING MACHINE has been modified and test welds-
are now being made.
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Health Physics Summary
FUEL ELEMENT FAILURES presented major radiation control problems in
both plant life and environment. '

CONTROL OF RADIOACTIVITY RELEASE to the effluent stream was compli-
cated in C Aree by lack of freeboard in the seepage basins.

25-PROCESS CONVERSIONS resulted in buriel of highly radioactive obe-
solete equipment, flooding of Sections 5, 6 and 7 in the hot can-
yon and highway contaminetion.

ATRBORNE CONTAMINATION in F-Area canyon sé.mple, eisle was traced to
opening of the hot canyon railroad tunnel door.

HIGH LEVEL PLUTONIUM work wes sucAcessfully continued in B-Line , B
Areea. : : '

BOMB FALLOUT continued at relatively high levels.
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Laboratories Summar y‘: For
R : ; detalls
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- AN ANALYTICAL PROCEDURE HAS BEEN DEVELOPED FOR THE DETERMINATION OF Sz
MERCURY IN MODERATOR at the ppb concentration level. :
25-PROCESS EQUIPMENT DEVELOPMENT AND PERSONNEL TRAINING are sub=- 503
stantially complete.
ANALYTICAL PROCEDURES FOR THE DETERMINATION OF MAGNESTUM IN MAGNESIUM- 506
ALUMINUM ALLOYS have been evaluzted and are in use, - : ‘
THE 21-620 MASS SPECTROMETER HAS EEEN ACCEPTED FROM THE VENDOR and is 507

in routine 0peration. '
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Technical Assistance

Reactor Performa.nce Summa.ry

"RAres P Area L Area K Ares ¢ Area

Fuel (No. of Elements
and Mark Number)

Maximunm Power Attained, § 86 86 85 85 81

Innage, § . . . S 82.1 73.2 - 80.4 -
Shutdowns, No.°* ‘ a , '
‘Charge=Discharge : 1% -0 S 1 0
" Unscheduled 1 4 6 2 5
Effective Tubes, avg No. _ 474 70 . . 472 - 46y 524
Moderator ‘> . . :
Activity, 1000 ¢/m/mi . . 220 . 322 - 235 104 240
Conductivity, micromho/em ~  0,60%* 0,06 10,10 0.15 ~0.0%
‘Deuterium Generation, scf/day  16.8 28 - 33 - 36 45
Isctopic Purity, mol ¥ DO 99, 67 _ 99.65 99.68 99.66 99.80
HZ0 Removed (Distillatioh), 1b 219 123 51 8o 58
‘B0 Added (Drums), 1b 22 ‘22 20 - 61.5 - 20
Turbidity, ppm 100 350 115 37 - 10
EX Data (avg of all) o o
Power at which Computed, ¥ 8% 79 8o 8 T
Process Water Temp, °C . - o
. HX Inlet 86.2 85.5 85.7 -~ 86,3 81.9
. HX Outlet 37.4 39.5 k0.0 37.1 38.3
Cooling Water Temp, °C :
EX Outlet 71.7 72.3 71.7 . 70.6 67.9
. EX Inlet 15.8 18.8 C19.4 15.8 17.9
Heat Transfer Coefficient, v
peu/(hr)(££2) (*c) ‘ 560 575 546 5435 - 516
Heat Removed by Shields, $ 0.25 . 0.25 . 0.33 - 0.27 0.12
Plenum Pressure, psig 96.% 99.0 - 96,3 - 100,0 - .- 87.0
Cooling Water Flow. % 964 975 990 98 980
Total Process Water Plow, % 1020 1011 1015 1003 -~ 1065
Fuel Flow, % : 958 949 955 - 942 - 998
Avg Channel or Element Plow, § , R B o
Zone I 0.445 - 0.448 0,454 0847 . 0,439
Zone II : 362 313 367 359  0.3%1
- Zone III v L W29l .289 0293 288 -
" Zone IV : +269 .210 270 2208 -
Zone V .23 175 211 0,193 -
Zone VI - 0.176  0.267 0.175 - -
Spikes 1.58 1.58 - 1.58  1.62 1.47
Sparger-Jets 2.67 2.67 2.61  2.67 2.62
Special Vi-s e - 1.60 .- -

. Charge-discharge was initiated following a ruel railure.
%% High value assoclated with R-6 startup.

| DELETEDXEB@.‘?}Y» '
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'OPERATING SUMMARY . |
Operation of R-5 cycle continued at pover levels of 81 to 86% until the
cycle was terminated by a Mark VII-A fuel element failure on April 21 at
en exposure of 35.5%. Reactor operation was also interrupted by a Mark

VII-A fuel failure on April 18. The subsequent reactor shutdown lasted
31 hours. ' ' _ :

Initial eriticality for the R-6 cycle was attained on April 25, end e
power level of 76% was achieved on April 29. The R-6 initiel power as-
cension is continuing. T e - ' ) ‘

Operating power levels during the April poftion of the R-5 cycle were
limited by approach to the pump shaft bresk and elbow cavitation tempera-
ture limits. Typical and maximum operating conditions are compared with

operating limits in the following table. : N
» ; : Observed Values
Condition : S Limit . Typfecal* = Maximum
_Bulk Moderator, °C S 1 6 .~ g8
Pump Shaft Break, °C E 110 110 . 110
Reactor Effluent, °C ‘ 0.5 88.4 89.2
Channel or Quadrant Effluent, °C | ' : : '
Mark VII-A _ 105 99.2 - 100.3
Mark VI-S , 103 92,2  95.8
Mark T : - 105 , 98.2 . g9.2
Burnout Safety Factor ’ o -
Mark VII-A ' 1.4 2.7 2.0
Mark VI-S - 1.4 3.0 2.9
Sheath Temperature, °C , s L
‘Mark VII-A | 0 180%* - 130 - - 137
Mark VI-S » 160 1290 13 ’
Slug Power, % » R S
Mark VII-A- -~ .. . -0,00366 0.00302 . 0.00321
Mark T e o 0.00224 = 0.00167 -. 0.00185
.. -Number of Effective Tubes - o e 474 -
"Power, $ ' - . 83.5 -
Exposure, % - 23.9 -

" River Water Temperature, °C . o 17.5 -
' * R-5 cycle, April 6. = |
". %% Or local boiling, 150°-170°C. .. -
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The axial flux distribution in the control zone of the R-6 reactor charge
is being maintained with a rooftop ratio of 1.10 £+ 0.03 to reduce sheath
temperature in the lower half of the Mark VII-A fuel columns. (This roof-
top ratio will be adjusted as the-cyele progresses to correct for fuel
burnup.) This action has been taken in an effort to reduce the fuel fail-
ure rate. A 5° to 10°C reduction in the maximm Mark VII-A sheath tem-
perature is being attained with this method of operation.

ASSEMBLY

) The'following teble lists‘components charged and»discharged_during the
R:5-6 outage and'lists components recycled in the R-6 charge.

Components - - Charged - Discharged ~  Recycled
Fuel Elements ? ‘
Mark VII-A
Mark VI-S
Mark I
Mark V (TA 1-723)
Mark V-A (TA 1-707)
SER (TA 1-744)
- Mark V (Zr Clad) (TA 1-735)

Total =

Control Rods
1.0%, 17-Slug
"3.5%, 16-Slug
1.5%, 8-Slug
1.5%, 6-Slug
3.5%, 6-Slug ,

Total —

Miscellaneous _ :
Target Thimbles (TA 1-654)
Insulated Slugs (TA 1-687)
4.9%, 10-Slug Shadow Rods

% Thig Mark’ VIIqA element was charged on April 19 to replace a
faliled fuel element.
*%* Fuel and targets autoclaved 40 hours and steam dried 9 minutes.

MODERA'IOR ‘

Laboratory analyses of moderator isotopic purity increased abruptly on .
April 13 from 99.64 to '99.68 mol % Laboratory results for the ls-day
period prior to ‘the increase were almost constant at 99.64 mol %. Analy-
ses remained at approximately 99.68 mol % until April 25. No explanation
is afforded to account for this indicated change in purity. Abrupt in-
creases were not experienced in other laboratory analyses of isotopic
purity using the same instrumentation, and no known change has occurred

.,...4-...-‘
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in the normal sampling . techniques.

S5

A progrem.has ‘been initiated to begin

more meticulous control of sampling and sample handling during May to de--
_termine the cause of these ebrupt changes in the indicated isotopic purity.

FUEL ELEMENT FﬂIIURES

Two Mark VII-A fuel failures occurred during the April portion of the R-5

cycle.
lowing table.

' R-S Fuel Element Failures

Date o
_Coordinates (X,Y)
" Channel S

Type Fuel Element

Reactor Exposure, ¢ e

Max Slug Pover in Chennel, $ _

AT Increase, °C - .

Flow Decrease, Segmental Recorder, %

 Activity Decreases, %.
- Low Energy Gamma

' Blanket Gas -
Seal Head Tank
Single Channel Gamma -
Delayed Neutron

‘.Ten-Minute Delay Line J
.Gas Chromastograph (TA 1-692)
(Krypton pesk) - °
Blanket Gas Beta (TA 1-435)
Planchet, e/min/ml »

,?;Instrument to Give First Indication

—of Failure- L e
Time of Initisl Indication, hours ,
before shutdoim - o

Time of Initial Detection, hours _"

before shutdown

Failure Number ","

.9

Pertinent data concerning the failures are summarized in the fol-

A

- 0112

* Approximately half of these changes occurred during the last ten
minutes of reactor operation. FERe i

The vertical locations of the failures have not been determined.
- elements ‘were stored in failed fuel element containers s

. 52 .. 55
- 4/18 ¢/

R
VII-A-SRP Ingot VII-A-SRP Ingot
34.6 - 35.5
0.00300 - - 0.00308
2.7 o, 4%

1.75 2.0% .
- 87 40
- 276 50
173 .0
8 0
Inoperative Inoperative
Csm0 . 60 '
Inoperative.‘vg" Inoperative
. Blenket Gas ' Flow and.Temm
~Act. Monitor - .- Monitors
2. 479 | o 1as
1.88 ;.fo 07

‘Both
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D s DISASSEMBLY - DECONTAM[NATION FACILITY

j‘The following tabulation describes the current status of all fuel failures
which have occurred in R-Area since the long shutdown (July 15, 1958).

Status of Fuel Element Failures
~ (Dates are 1958 and 1959)

- Date of
Failure - Failure ’ ' ’
No.  and Type* : ' : Status

30 10/13/58 Q-tube in isolation tank contains 19 slugs. End
(Ingot)  fitting has not been removed.

31 10/21/58 ~ Q-tube in isolation tank contains 24 slugs. End
~ - (Dingot) = fitting has not been removed, -

32 - 10/24/58 Q-tube 'in isolation tank contains 28 slugs.f'Ena

, (Dingot) fitting bas not been removed. T
33 10/31/s8 'Canned for shipment to high level cave. -
’ ~ (Ingot) »
3¢ 12/31/s8 Shipped to high level cave.
' (Dingot) :

36 2/6/589 Q-tube in isolation tank contains 50 slugs. The Q-
(Dingot) tube was dropped and is damaged to the extent that
the remsining slugs cannot be removed by standard .
methods. End fitting has been removed.

37 2/9/59 Shipped to high level cave.
(Dingot)

38 2/21/59  Q-tube in isolation tank contains 5 slugs A1l
(Dingot) . slugs are stuck. End fitting has been removed

39 2/26/59 Shipped to high level cave.
(Dingot) _

- 3/10/59 Qrtuhe in barp in disassembly basin.

: SFR

52 - 4/18/s9 Q-tube in isolation tank contains 16 slugs._iﬂnd
- (Ingot) fitting has not been removed, . _

55 .4/21/58¢  Q-tube in harp in disassembly basin.r
- (Ingot) t

* A11 failures were Mark VII-AFSRP except for the failure of March 10
which was & Technical Division Power tube. :

An air-water'mixture was flushed through ‘the decontaﬁination facility via -
the filter vessel (bypassing the anion and cation- deionizers) on April 7

“'in &n ‘effort to reduce the radiation levels at the D-3 valve, the filter

inlet line and the discharge line. Results of the purge are shown in the
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Redistion Intensity R/br at 3"

Location: % Before ~ After
D-3 Valve - & 50" 12
Discharge Line == = 12 1.2
Filter Inlet Line 10 3

The following table summarizes the equipment changes which have been made
~in the deconta.mination facility during April.

Egzipment Changes

Date Component - Type Change Radiation Intensity
4/2 . o7 Andon Regener\ated ’ /
7 ' aoo mr hr at 3"
4f7 Filter Replaced { 18 m7 Jlir at 6'
; 10 r/hr at 3" .
4/7_ - Cation Replaced { 160 n.u/r /br &t 10" ‘
v : 1.5 r/hr at 3"
4/21 _  Filter  Replaced 8 mr/hr at 6'
implies that flow’ _‘pypassingr Prob-
een by replecing the thin (0.032-inch)

will be of this improved‘design.

EQUIPMENT IWROVH&EINTS AND SYSTEM MODIFICATIONS

"’?The wing equipment improvements and system modifications were com-

- plet

r system was modified to improve system relis-
tion of a high gain preamplifier. The Atomic

@ Installation of individual count rate meters and alarms in the cooling
water gamma monitor system was completed.




58

,PA‘RE..A‘

OPERATING SUMMA.RY

The reactor was operated at power 1evels of 79 to 86% during April . The
cumulative exposure of the P-6 charge was 37. 70% et the end of April.
Shutdowns occurred on April 3, April 16, April. 21 » &nd April 30 because
of Mark VII-A fuel failures. Reactor power was limited by pump shaft
break and Mark VII-A channel effluent temperatures. Operating limits
and observed values for April were as follows: ’

o : - ' = Observed Values
Condition ' S Limit - . Typical* , Maximum

Bulk ‘Moderator, °C .-l - gs.2 99.0
Pump Shaft Break, °C 110 - 108.8 © '110.0
Reactor Effluent,' °C ‘ e 92 Loro 8840 : 80.0
- Channel or Quadrant Effluent, °c . o A ’ a ¢
Mark VII-A S , . 100 88.7 100.0 :
Mark I - T 105 g8.6 100.1
‘Mark VI-8 | 103 88.4 . 92.6
Burnout Safety Factor o ' ~ R
mrk VII-A ) ‘ 104 206 2.4
~ Sheath Temperature, °C : o
- Mark VII-A . - 180%* - 135 © 140
Mark VI-S : » o160 - 125 133
- Slug Power, %- . ' , o B e - A
Mark VII-A » T , .0,00366 .0.00319 0.00341
Mark I 0.0022¢  0.00160  0.00179
. Number of Effective Tubes - 471 -
.. .Power, % - 83 -
Exposure, % - 28.1 -
River Water Temperature, ‘?c - 16.3 -

% P-6 cycle, April 1S.
C I.:Lmit 18 local boiling if it occurs below 180"0.

FUEL ELEMENT FATLURES

Four Mark VII-A fuel failures occurred during April Information per-
: ‘vtaining to the failed elements 1s presented in the followl.ng table.
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P8 Fuel Element Failures

Failure Number - k9 _ 51 . 53 . 59
. Date = L "',f iR ,'a /3. . . 416 — /21 - 4&/30
o COOrdinates (x !) o j L3N, 5u S ..35,50 .- 30,42 . 15,45
Channel S L7 . p . e - - p
Slug Positlon from Top of Channel 5 15 - .. «:Unknown® .- 17 ' Unknown##
Type Fuel Element o " Mark VII-A Mark VII-A Mark VII-A Mark VII-A
: : " . Ingot - Ingot Ingot Ingot
‘Reactor Exposure, % 19.8 28.7 31.5 37.7
Slug Power at Time of Fallure : - 0.00285 . 0.00256 . 0.00253 0.00273
o (Max) ‘ - - (Max)
AT Increase, °Ct by 1.5 2.8 3.0
Flow Decrease, Segmental Recorder, § 0 0.8 1.0 0
. Activity Increases, %
Low Energy Gamma 0 0 -2, 17
Blanket Gas 5. 25 16 24
Seal Head Tank 3 1k 19 14
Overflow Tank 0 6 - 0 3
 Ten~Minute Delay Line 3 b 11 3
Single Channel Gamma 4 .0 0 4
Delayed Neutron . (o] 0 0 0
Cyclone Gamma Inoperative Inoperative' 10 6
Drip Pan ' Incperativett 21 Tt ot

® Quatrefoll in fuel railure container,

## Quatrefoil will be put in a fuel failure container.

t+ Based cn comparison with previous Y-point temperature data, ‘

++ A small particle collected in the drip pan showed an activity of 2.5 r/hr,

+ Response obtained with moderator but insignificant response from failure
becguse the instrument was on an insensitive scale,

tt Element has not been discharged from reacter,

Quatrefoils containing fuel failures 49 end 53 have been disassembled in
the emergency disassembly basin. Failure 49 was disassembled by removing
the slugs from the quatrefoil with the slug removal tool. The quatrefoil
containing failure S3 could not be disassembled in this manner. - The top
12 slugs were removed with the slug removal tool from the channel contain-
ing the failure without difficulty, but the 13th slug stuck. The quatre-

- foil was inverted and bumped on the basin floor. Four more slugs were re-
moved from channel C in this manner, but considerable contamination was
released in the emergency basin. The bottom end fitting was cut off and
S slugs were removed from the bottom of channel C with the slug removal
‘tool. The remaining slug (17th from the top of the column) could not be .
removed, therefore, a l4-inch section of the quatrefoil containing the
failed slug was cut out and mt in a failure can. :

Failure 51 was placed in a failed fuel element container when it was dis-
charged ‘from the reactor on April 17
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ASSEMBLY

- 'Small pin holes were discovered in the top end fitting welds of four

“quatrefoils-whén water squirted from the holes when the assemblies were

hydraulically tested for ind.ividua.l channel flow. The quatrefoils have

" been rejected for reactor use but will be saved for metallurgical exami-
nation. These quatref’oils were being assembled for irrad.iation in the

: P-7 cycle. ' ,

L P E—
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OPERA‘I‘ING SUMMARY

The L-4 cycle was terminated on April l at an exposure of 33.61% vhen a
Mark VII-A fuel fa.ilure occurred. :

- Initial criticality for the L-5 cycle was attained on April 5. The reace-

. ".tor was operated at power levels of 80 to 85% during the month. Reactor

‘power was limited by the quadrant effluent temperature limit and the pump
~ shaft breek limit. Typical and maximm operating conditions experienced
during April are: compared w:l.th the opera.t:l.ng limits in the following

: ronmie oo iehan St _ O‘bs’ez"ved Values
o Condition ... - -~ Limit- =~ Typical¥ Maximum

Bulk Moderstor, °C . . o+ 0 010 101 T 80,6 .7 . 94.T
Pump Shaft Bresk, °C -~ = - 110 ’ 107.7 109.1 ¢
- Reactor Effluent, °C - e - 90.5 85.6 88.4
Channel or Quadrant Effluent , °C S . o .
Mark VII-A , o100 96.8 99.9
Mark T - .. - . .- 105 -~  96.6. .- 99.4
.Mark VI-S SRR ‘ -+ 103 : 96.5 = 99.5
7 Mark Vi-J. . ‘ ... .13 . . 88.5 91
Burnout Safety Fa.ctor ‘ : ) ' '
Mark VII-A =~ = Ce d S BT 2 4.0 3.3
Mark VI-S =~ © . .+ 1,4 3.3 2.4
_ Mark VI-J 1.4 3.6 3.2
' Sheath Temperature, °C L . T -
" Mark VII-A . 1goxx ' 131 142
© Mark VI-Ss - ©,le0° 123 . 139
 Mark VI-J . . . 180 e - 125
Slug Power, $ . . L . e -
 Mark VII-A~ . 0.00366-  0,00316 .~ 0.00349
C Mark I - 0.0022¢ ' 0.00180 _ 0.00184°
. Number of Effective Tubes o 4T .
 Pover, § | | S e
‘Exposure, % " S 4.32

o River Wa.ter Tempera.ture, °c - - 11.8

% L-5, April 13.
** Oor local boiling, 150° to 17o°c

~
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Six unscheduled shutdowns occurred during the month. The cause of each
shutdown and the eq;uiva.lent lost time at nominal pcwer are listed. in the
following ‘table. .

—_— _ Resctor ‘Shutdowns . ‘ :
Power Level v Time

. o ~ Before - o _ , , Lost,
'Dete _Time  Shutdown, 4 ~ ° - Csuse . ‘hours
“4/6 - 9:08 AM 43 S-Foil Header Pressure - Low. In-~ 8.2
. - .. - - strument mechanic inadvertently o
- bumped supply velve: control end the )
, . velve closed. PR :
S:20 ™M - - €5 . 8-Foil Hesder Pressure - Low. Pos- 5.7

sibly hydraulic noise in S-foil
" header pressure.instrumentation.

' 4/7 12:05 AM. 65 "S-Foil Hesder Pressure - Low. Pos-' 31.25
' S R - 8ibly hydraulic noise in S-foil v -8
« ey - header pressure instrtmenta.tionr v :
4/21  4:00 M 82 Heat exchanger failure¥ ‘ 81.8.
4f2¢  3:25 BM 2 Neutron Flux - 110%. High level = 3.2
- T ~ Flux Monitor spike - cause unknqwn .
4/26 1: 10' M &0 Mark VII-A fuel fallure¥x . . 45.0

- % See Heat Exchanger Lea.k section of this report.
#% See Fuel Failures section of this report.

" The cause of the "S-Foil.-Hea.dei' Pressure - Low" screms is being investi-_ :
gated. The pressure variations in the S-foil header have been measured .
with a strain gage pressure cell and high-speed recorder. The average

‘pressure at 78% power is 78 psi with variations between 71 psi and 81 psi.

The frequency of the variations is about two cycles per second. The set

.. point for the Scram II circuit is currently 15% below the average header’
“pressure rather than the normal setting of 10%. (See Engineering Studies
section of this report for further details.) ;

- One hundred and four quatrefoils with perforated bottom end fittings were
charged to the reactor for irradistion during the L-5 cycle (TA 1-732).
Test station and reactor performance data are discussed in the Engineer- ‘
ing Studies section of this report )

A s eF ok e
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The following ta.hle lists the. components charged and discharged during
the L. 4-5 shutdown, a.nd the components to be recycled in L-S.

),4},;' ,rmg o e .
Components o Charged Discharged Recycled

v Fuel Elements
Mark VI-S :
Mark VI-J (1A 1-714) .
Mark VII-A _
Mark 1

L Total -
Control Rods - "
1.0% 16-Slug
3.5% 16-Slug
 14.45 16-Slug
1.5% 8-Slug
1.5% 6-Slug |
Miscellaneous o . o .
49$lO-SlugShadowRods_ . -
IGFM Instrument Rod (TA
1-704)
Septifoil** 2-Piece, Type B

* Includes 104 with perfors.ted ‘bottom end
fittings (TA 1-732).
** Replaced because the septifoil conta.ined
e. 'broken control rod tip.

BEATEDICHANGERIEAK

~ The rea.ctor was shut down a.t 4 OO m on April 21 beca.use of a process
. water lesk (th.ree ga.]lons per da.y) in heat exchanger 44, .

. The first indication of the leak was received at 6 55 AM on April 20 when
_.the System 4A cooling water ‘gamma. monitor recorder rea.ding increased rap-
“1dly from 23% to 29% of full scale and initiated an alarm. The cooling

vater gamma monitor recorder continued to indicate bet'ween 30% a.nd 40% of

Cfald sca.le until the shutdown a.t 4 00 PM on April 21. -

'The following three tests were performed to confirm the lee.k

1. The 4A and- 4B° CWGM pro'bes were interchanged a.nd the high a.ctivity re-
e mained with System 4A. Lo

-'2,.";§‘§_Hourly samples of effluent cooling wa.ter from hes.t exchs.ngers 4A 4B,

“ - and 3A were analyzed for tritium with the Ps.ckerd Tri-Carb instrument
Leboratory results on &ll samples teken between 7:15 AM and 5:15 PM
~on April 21 showed the tritium content to be less than 0.5 microcurie
per liter (the lowest value the leboratory will report). However, the
number of counts (S-minute counting time) registered by the instrument
- for samples from the lea.king ‘heat exchanger was a.pproximately double
the value for the. control samples for nearly every set of samples (see:

,following ta.hle. R DELI‘JTED V&BSK}‘N

) N‘fw—.
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Tritium Content of Cooling Wa.ter Samples Pl

Heat Excha.nger - 3A : : 4A% 4B

Date  Time pc/fZ  Counts¥* puc/f ,Counts** - -pe/l  Counts**
4/20  7:15 AM- <0.5° - 7 <0.5 = - '<0.5 -
‘ - 8:15 <0.5 308  <0.5 650 @ <0.5 - 246 -
9:15 <0.5 - 276 <0.5 601~ <0.5 257
10:15 <0.5 - . <05 - <0.5 -
11:15  <0.5 286 <0.5 . 641 . <0.5 260 -
12:15 P <0.5 - <0.5 - <0.5 -
1:15 <0.5 = 277 <0.5 584 <0.5 . 295
2:15 <0.5 298 <0.5 699 - <0.5: 280
- 3:15 <0.5 280 <0.5 744 - <0.5 . 365
4:15 <0.5 609 <0.5 - 712 '<0.5 270
5:15 <0.5 .S561 . <0.5 741 . <0.5 402 .
6:15 <0.5 © 254 0.51 774 - . <0.5 369
7:15 <0.5 447 <0.5 750 . <0.5 648
8:15 <0.5 316 <0.5 - 750 - <0.5 464
9:15 <0.5 448 0.68 916 ' <0.5 318 ¢
10:15 <0.5 270 0.57 816  .<0.5 248
1:15 <0.5 256 <0.5 ~ 175¢ <0.5 254
4/21  12:15 AM <0.5 290 0.51° 1159 - <0.5 434
1:15 <0.5 . 520 - 0.55 1202 <0.5 - 523
3:15 <0.5 652 <0.5 122 <0.5 678
5:15 . 0.53 71  0.99 1221 0.52  -782
7:15 <0.5 642 0.98 1230 .<0.5 598
8:15 <0.5 s08 ~  0.60 1015 <0.5 453
10:15 <0.5 365 0.80 1045 <0.5 315
12:15 PM  <0.5 606 0.53 1014 <0.5 686

* Dea.king heat exchanger.
e Tota.]. counts for a S-minute period.

3. The cooling water flow to the probe housing was valved off a.nd the
resulting decay observed with both the 4A end 4B instrument probes.
‘The possibility of instrument error was elimina.ted by checking the

decay with the 4B probe in the «LB housing The results e.re 1isted
“in the following table.

Decsy of CWGM Activity Signal -
(L Ares, April 21)- '

L ) - Count Ra.te counts/min o *
Time After 4A Probe In 4B Probe In 4B Probe In

Velve Closure, 4A Housing a.t~_ 4A Housing 4B Housing
- min 8:45 AM 2:30 FM- at 8:45 AM- -at250PM

0 270 . 240 - 175 90

-2 225 185 - 150 - -

4 210, . 180 0 126 0 . T =

S -] 180 ‘165, . 108 . - oo 90

-8 -165 - 153 88 - .

- 10 160 - 153 99 -

12 155 - 150 D -

155 150 - -
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Examination of the cooling water gamma monitor recorder chart and calcu-
* lations based on laboratory tritium analyses indicated that the heat ex--
changer had been leeking at & very low rate (appro:d.mately 0.8 gallon per
day) at least since the .skertup of the L-5 cyc]{e on April 5. The average
" leakage rate for. the 12'héurs. 'before shutdown ‘was 3.1 gallons per day,
and the total moderator lost between the time of the alarm and the time
of shutdown was calculated to be 3,6 gellons. A leskage rate of 0,8 gal-
‘lon per day between April S and April 20 gives a calculated total moder-
ator loss of 15.6 gallons from this heat excha.nger. No loss,was detected
by moderator mventory. BN o

" Heat exchanger 4A (Foster Wheeler OH7832) had been in service. since April
- 1956 and was replaced by & repaired heat exchanger (originally installed
in R Area in 1953, end failed in April 1958).

~ Inspection of ‘the cooling water expansion Jo;nt remo'*é'ed from System 4A
showed pits 10 to 18 mils deep on one of the two stainless steel flange

faces. These pits were similar to but less severe than those observed on

- the flange faces of the expansion Joint removed from System 3B last month.

The pits are presumsbly caused by chlorides present in the asbestos gasket

" materiel. Inspection of the flanges and gaskets was made by Engineering

Assistance Section and is reported in detail in their report.

FUEL FAIIHRES

~ Two Ma.rk VII-A fuel element failures occurred during the month. The first
failure (SRP 47) was en SEP dingot slug (less than 3 pmm Eo) located in
channel B, position X14,Y66. The rea.cto_r was shut down at 10:02 AM, April
© 1, at a reactor exposure of 33,61%. During the 24-hour period prior to

- the failure the maximm slug power in the channel was 0.00280%, the maxi-
‘mm sheath temperature was 142°C, and the maximum uranium metal tempera-
ture was 300°C. There had been two unscheduled shutdowns during the cycle
- prior to the failure. The AT increase’ for this failure was very gradual
“and was not detected until the flow monitor recorder showed & decrease of
14, and the ‘blenket gas a.ctivity 'bega.n to increase,

. The second failure (SRP 57) was an SRP 1ngot slug located in cha.nnel D,

. position X10,Y48. The reactor was shut down at 1:10 M, April 26 at a
reactor exposure of 12.65%. During the 12-hour period before the failure
the maximum slug power in the channel was 0,00284%, the maximm sheath
‘temperature was 132°C, and the maximum uranium metal temperature was 280°C.
There had been four unscheduled shutdowns prior to the failure. The first
three occurred in & 30-hour ‘period immedistely a.fter :Lnitial criticel and.

B before nominal’ reactor power ha.cl been reached.

' The ﬁrst indica.tion of the fa.ilure wes & sha.rp increase on the bla.nket
- gas ‘activity recorder and the low energy gamma monitor recorder.. The lo-
‘cation of the failed element was established by su.rveilla.nce of the tem-
pera.ture end flow recorder cha.rts.
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Instrument: response on the two fa.ilures is sunnna.rized in the following
‘table. ; , \ 4 .

' Fuel Failure Instnment-ResPonse"[ '

Response

Instrument Da.te of Fa.ilure - Ag 1 ~April 26
Activity Monitors, % increase . o S
Single-Channel Gamma Monitor ' s 7
~ Delayed Neutron Monitor o .0 1e
Blenket Gas = N UL 38 - >38
Overflow Tank Room PR ST o. 15
Seal Head Tank ' ; - 40
Low Energy Gamma Monitor . o o 2L 0 >92
10-Minute Delay Line = ; T - 8% - 42
Temperature Monitor -~~~ - . .
Channel AT Increa.se, °c . . .27 - . 3.0
-Flow Monitor ' ' e e
Total Flow Decrease, 4 S o1 3

% Initial response oocurred Just a.fter shutd.own

Both failed. elements were placed in feiled fuel element conta.iners end '
moved to positions sdjacent to the D&E ca.na.l Ga.seous fission products
were vented into the _process room.

. The Kanne chamber indicating stack exhaust a.etivity showed en increase of
a factor of 5 on the first failure and a factor of 100 on the second.
However, prior to the comnection of the vent line on the first failure

bubbles from the failed fuel element container caused radiation levels of-

60 mrad at one foot ebove the surface of the basin water. Radiestion from
the vent pipe on the first container increased to 1000 mrad at 3 inches
and to 1500 mrad at 3 inches on the second. Water activity in the DXE
canal increased by a factor of 14 on the first fa.ilure and by a fa.ctor of
4 on the second o S

The failed elements have notf. been disa.ssembled..

R S —
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‘mspmc'non OF FATLED nmm EXCEANGER

"~ The heat .exchanger (Foster Wheeler OH7835) that fa.iled. in System :SB on

March 24 has been. repaired. The leak occurred 172 inches from the proc-
ess water inlet end (midway between the inner tube ‘sheet and the first
baffle plate) of tube B6123 as viewed from the process water outlet end
of the heat exchanger,  This tube is in the bottom row of tubes but it
is not one of the cormer positions which has been susceptible to vibra.- :
tiona.l fa.ilures 1n the past : ,

The fa.:Lled tube was located by a “Freon" leek detector while the’ shell
side was pressurized with a mixture of "Freon" and nitrogen. The posi-
“tion of the leak in the tube was determined by passing a rod with e
plunger on the end through the tube while using the "Freon leak d.etector
to indicate when the plunger pa.ssed the point of lesk, '

Visua.l inspection of the failed tube along its entire 1engl:h revea.led
that the failure was not csused by vibration of the tube ‘against a baffle
or by vibration.of debris against the tube as was the case in all of the
- past heat exchanger tube failures. Visual inspection and dye penetra.nt

- inspection of the bottom surface of the failed tube in the vicinity of
the leask did not reveal & hole or crack in the tube. It is presumed
therefore that the leak occurred in the top surface of the tube which

" cannot ‘be inspected visua.].‘l.y without removing the tube. The section of.

" tube will 'be removed for meta.llurgica.l examina.tion to determine the cause
of failure. ’
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o OPERATING SUMMARY

The reactor opera.ted &t & maximm power 1eve1 of 85% during April.

K AREA

K-3

"~ cycle was interrupted on-April 1 when & shutdown was initiated to dis-
'charge & failed Mark VII-A fuel element (see Fuel Element Failure section).
The return to power was dela.yed for repla.cement of the thrust sea.l in

B:I.ngha.m pump nmnber S.

A second Mark VII-A fuel element fa.ilu.re was detected at 17 6% power dur-
The reactor was shut down by & "Very Low Flow
signal end the fa.iled. element was discharged.

ing the power ascension.

The K-3 cycle exposure at the time of these failures was 28 3%. ']rne total

~ lost time at 100% nomina.l power, due to both shutd.owns, was a.pproximately

s 97 hou.rs

‘A scheduled shutdown terminated the K-S cycle from a power 1eve1 of 82%

on 1 April 20 st en exposure of 39.9%.

Power levels in the K-3 eycle during’ Apri.l were lmited. by the pump shaft

‘break temperature limit.

Typical and maximum operating cond,itions for the

K-3 cycle are compared with operating limits in the following tab:!.e.

" River Water, °C

Condition Limit

'Bulk Moderator, °C 101
Punp Shaft Break, °C 110
Reactor Effluent, °C o1
Channel or Quadrant Effluent, s °C ,

Mark VII-A 100

Mark VI-S 103

Mark I ‘105
Burnout Safety Factor ’

Merk VII-A 1.4

Mark VI-S l.4
Sheath Temperature, °C o

Mark VII-A 180%*

Mark VI-S 160
Slug Power, % :
- . Mark VII-A 0.00366

Mark I , 0.00224
Number of Effective Tubes - V
Power, % -
Exposure, % -

* K-3 cycle, April 13.

Observed Values

i‘y;pica.l* ; Max imum
96.5 $8.0
108.7 110.0
85.5 " 86.7
98.0 - 99.7
85.6 - 87.4
98.5 99.9
3.15 - 2.48
50_]-1 301—1 R
140 148
121 122
0.00301 0.00312
0.00145 0.00152
464 -
& - -
34.141 -
l7-l ) -

**% Or local boiling, 160°-175°C. -
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Initial critica.l for the K-4 cycle was a.tta.ined on April 23 with the
following ‘control rod configuration. :

Gang .

o . I I 1T
Full Rod, vu 2402 2402 2402

' Pe.rtial Rod, vu 0833 0833 - 0770

All clusters conta.ined. a single 1.5 Wt % pa.rtia.l rod.

0pera.tion during the K-4 cycle was limited by the quadrant effluent tem-
perature limit in the Mark I fuel elements and by the Mark VII-A fuel
element sheath temperature limit. The Mark VII-A fuel element sheath
temperaiure limit was changed from 180°C to 135°C for K-4 and subsequent -
cycles.) (For details refer to the Engineering Studies section of this - -

AFLOW MON I'I‘OR

The transducers were recalibrated for 285" H20 for K-4 cycle as & result
‘of experience in K-3 cycle (see February report, DPSP 59-1-2, pp 81, 1l18-
123). The average cold AP of the K-3 and K-4 charges were identical.
However, because of a lower power coefficient for the K-4 charge, the
average hot AP in K-4 is 270" H20, 15" less than the K-3 average. "It 1is
believed that the power coefficient is lower because the quadrant divider
" “in the quatrefoil bottom end fitting was raised 1/8" for the K-4 cycle to
" prevent interference between the quadrant divider and the monitor pin
(see February report, DPSP 59-1-2, page 85, end March report, DPSP 59-1-3,
PP 69, 89-96) ‘ , R

"Twenty-four deformed 1ea.f springs were repaired dnring the K 3-4 shutdown.
" Since the transducers were calibrated for 285" Hz0 end the AP was 270"
Hzo, the VLF and HAP switches were set for the K-4 cycle 'without difficulty.

i”'FUEL ELEMENT EAILURES . :
~ Twor mrk VII-A fuel fa.ilures occurred during April. Pertinent data on
the failures are shown in the following table.: T
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Fuel Element Failures During April (K-3 Cycle) .

Feilure No. —» = 48 . 5o%*

Dete. ' S : . 4/1 4/4
Coordinates (X,Y) : : v 08,54 15,21
Chennel - : : - B A
Type Fuel Element B ~  -VII.A SEP. . VII-A SRP -
' : : " Dingot - Ingot
Reactor Exposure, % , 28.3 = 28.3
Slug Power at Time of Ehilu.re, A 0.00285 0. oooes
Maximum Sheath Temperature, °C* 141.0 -
AT Increase in Offending Channel, °C . . 4.0 1. l
- Flow Decrease, Segmental Record.er, % 2.0 4.5
Activity Increases, § RS -
‘Blanket Gas ‘ 13.6 -
Overflow Tank 0 -
Seal Head Tank | o . -
Ten-minute Delay Gamma 4.5 -
'Delayed Neutron o . - ¢
Single-Channel Gamma 0 -

Low Energy Gamms : o Not installed Not installed
- % Maximum for the channel. . '
** Failure occurred at low power level during
ascension following first failure. No a.ctivity
increa.ses were observed. _ :

A "Low Flow" a.la.rm was received from: the failed element position one hour
“ prior to the shutd.own for discharge of the failure on April 4. The re-
‘actor was being returned to power operation following the failure of
April 1 and the power level was 17.6% at this time. A flow reduction of
3.5% existed as determined by comparison of measured and calculated AP's.
During the next hour the "A" channel AT increased by 1°C and the flow de-
creased an additional 1%. Shutdown was initiated 'by a "Very Imr now"
alerm from the failed element.

A comparison of the observed A!I"s prior to the shutdown w:lth the previous
four-point temperature data is presented below for the fa.ilure that oc-
curred on April 4. \
Auxilia.ry Temperature
o L - Recorder Data (April 4)
4-Foint Data (March 27) _ N, °C

‘Channel . = AT, °C ~9:00 PM__ 10:00 M
A - 53.6 - 13.6 14.9
B 53.2 2.2 12.6
c - 51.0 12.0 12.3
P 50.7. . 1. 122

Channel , _ : i :
- Aminus D - 5.7% , 14.3% 22.1%
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| DELETED YE&SLQJBL
 ASSEMELY | o

The following table summarizes the component cha.nges du.ring the K Se4
shutdown and the components recycled in K-«i. : ;

,Components o Charged ‘ Discharged Recycled
- Fuel Elements - ' o R
Mark VII-A .
Mark I
Mark VI-S
o Total -
Control Rods

1.0%, 16-Slug
3-5%’ ls-slllg
14.45 16-Slug

1;5%,' -Slug' - : R . o v
Miscelle.neous SR R R

494, lO-SlugS'hkadow Rods

* ‘Four neptunium oxide rods (TA 1- 742) are being irra.diated
in the other sparjets.

The neptunium oxide rods were charged during the shutdown for the fuel

failure on April 1. Three of the assemblies contain six oxide slugs end
"~ .one’ conta.ins five oxide slugs. The a.ssemblies reple.ce the shedow -rod and
~ support tu‘oe normally used. in the sparJets. ,

 NUCLEAR INSTRUMENTATION

. A modified high level flux monitor was installed in the-shutdown circuit
“during the K:3-4 shutdown (TA 1-601). This modified instrument differs’
"~ from the standard high level flux monitor in-that the three safety cir- -
" cuits are actusted by separate magnetic amplifier. relays. In the stand-

]e.rd high level flux monitor only the fast shutdown circuit is activated
by a magnetic amplifier Telay, vhile the slow shutdown end rod reversal
- eircuits are ‘activated by mercury switches in the.associated recorder.
' 'The modified instrument was connected to a spare ion chamber during. the

K-3° eycle: and no spu.rious shutdown signals were received during that
period. 4 .

The Westinghouse compensated ion chamber (position D-2) s.ssocisted with
high- level flux monitor No. 3 responded erratically during the startup on

. April 4. Spurious alarms had been received on. December 31, 1958 &nd on

- February 22, 1959 from this system, but these were attributed to malfunc-
tion of electronic amplifier tubes in the circuit. Subsequent circuit
tests have identified the ion chamber as the cause of this erratic be-
havior. This ion chamber has been in service since October 1954. The
D-2 chamber will be removed for inspection during the next scheduled

- charge-discharge shutdown. | DELETED VERSIGN

<-‘-./..u
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PUMP SEAL FAILURE

: The thrust seal on the Bingham pump No. 5 leaked’ excessively during hy-
draulic startup April 3. Attempts to reseat the seal to stop the leakage
by alternating the pump speed with the DC and AC motors were unsuccessful.

- This sea.l hs.d been in service i‘or 20 months

, Replacement of the seal dela.yed reactor startup for 27 hours The cause
of failure was determined by inspection to be abrasive wear of the stel-
1lite and ‘carbon seal faces by particulate material. Moderator turbidity
is the most probable source of abrasive. The O-rings were in good
condition : S

DISASSEMBLY

The three neptunium oxide rods (TA 1-685) were disassembled du.r:l.ng April’
with an underwater rod breaker. One slug from the first rod had jammed,
previously in a different rod breaker. Thirty-eight of the thirty-nine
slugs were shipped to SRL. The bresker assembly with the stuck slug
will be shipped to SKL for processing when & large cask is available.

MOTION MEASUREMENT PENDULUM

"I!he therma.l shield was heated and cooled throughout & range of 25°C to 80°C
during the K:3-4 shutdown to detemine if mechanical restrictions occurred
between the pendulum assembly and external members et operating tempera-

. tures, and to obtain a curve of pendulum motion versus shield temperature
for determining the zero power reading (or stress free reference) of the
rendulum motion measurement instrument. The. pendulum and beem data ob-

- tained during this ‘test are shown in figure R-1.

Theoretically, as the shield is heated, the beam instrument should measure
vertical expansion of the shield tank and the pendulum instrument should

- show no change in motion. Actually, as the shield was heated from 25°C to
$3°C, the beam motion remained almost constant and the pendulum motion in-
creased approximately 25 mils, thereby indicating that binding existed bee
' tween the beam and same external member. 'The large change in both pendu-

~ lum and beam motion between 53° and 62.5°C indicated that the beem restric-
tion was momentarily relieved, however binding again occurred as the’ shield
‘was heated from 73° to 77°C. : _

This test demonstrated tha.t the K-Area pendulmn 1s not opera.ting properly
and that it cannot be used to determine thermal shield staybolt stress
until the binding is corrected. Shield heat load data will be used to
control thenna.l shield stress until ‘the pendulum is repa.ired. ,
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. C AREA

OPERATING SUMVIARY

" The reactor operated at a maximum power 1eve1 of 87% during April The
operating conditions a.nq. limits at: ‘this power level were as follows.

Observed Values

. Condition : . _Limit. =  Typical¥ ~Maximum
" Bulk Moderator, °C 10 94,9 . 98.0
Pump Shaft Break, °C ' 10 - 108.8 109.8
Reactor Effluent, °C =~ 104.2 - 88.2 . ‘ 89.9
Quadrant Effluent, °C .~ - .
Mark VII-A R . 100 99.3 . 100.0
Mark VI-S A "103 ' g9.2. . 102.8
Burnout Safety Fa.ctor( ' : - :
Mark VII-A - 1.4 2.78 2.73 ¢
Mark VI-S - - . 1.4 2.35 - 2.20
Sheath Temperature, °C : ‘ o .
Mark VII-A : - 180%* \ - 140 - 146
: Mark VI-S 180 136 144
~ Slug Power, % ' o .
" Mark VII-A 0.00366 0.00294 @ 0.00308
" Number of Effective Tubes - , 529 . - E
Fowver, % ' - _ 87 o -
Exposure, % - 18.58 ' -
River Water, °C - 15.0 -

* C-4 cycle, April 1s.
%% Or local boiling, llS° to 1ss°c.

An unscheduled shutdown occurred on April 19 as & result of a sPurious
signal to the VLF safety circuit. Unscheduled shutdowns elso occurred
on April 21, 23, and 29 as & result of Mark VII-A fuel element failures.
The equivalent time lost at full power from these unscheduled shutdowns
was 41 hours for the spurious signsl to the VLF safety circuit and 100
hours (through April 30) for the fuel element failures.

- FUEL ELEMENT FAILURES
Mark VII-A fuel element fellures occurred on April 21, 23, and 29. .The
first fallure was detected after attaining a power level of 821; following
_-the shutdown on April 19 from a spurious signal to the VLF safety circuit.
‘The second failure was detected at & power level of 52% during power as-
cension following the discharge of the first failure. There was no evi-
‘dence of the second failure (flow or temperature changes) at the time the
. reactor was shut down to discharge the first failure. The third failure
was detected after a.pproxima.tely 4 days of operation following the second
failure. -

RIS NP
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Information perteining to the failures is given in the following table:

Activity, Increases, % -

Fuel Element Failures , C-4 Cycle (April)

, Failure Wumber -» 54 56 - 58
Date of Fa.ilure o 4/21 oafes 0 gfe9
Time of Shutdown , 6:05 PM 4:20 AM 2:04 PM
Coordinates (X,Y) L 44,78 oo 11,45 22,12 .
Channel " ' ' A . A B

. Type Fuel Elugs ‘ - SRP Ingot SRP Ingot  SRP Ingot
Reactor Exposure, $ 22,049 22.135 = 25.940
Max Slug Power in Chan.nel,* % - 0.00242 0.00245 0.00293
AT Increase, °C’ A0 2.5t 1.5

* Flow Decrease, % - =~ 1.5 - 2.0tt 1.8
- Initiel’ Indicator - =~ =~ Flow and Temp VLF Safety Activity

. Single Channel Gamma Mon l 0 (o] 0
" Single Channel Gemma Mon § - 0 o] (o)
_Delayed. Neutron . - 0 . 0 21
° Ten-Minute Delay Line - 0 0 13.5
" Blanket Gas 5 .0 0 10.3
" Overflow Tank Activity -0 - 0 0
Seal Head Tank Activity 0 0 14 9

* Maximum slug povers for failures 54 and 58 were calculated
. from data obtained at reactor powers of 82% and 79%, re-

- spectively, Just prior to the failures. The slug power for

failure 56 was calculated from data obtained on April 16 at:
& reactor ‘power of 87%. No further slug power determina-
tions vere available for this position before the failure
vas detected on April 22 at a reactor power of 52%.

The total increase in "A" channel AT was determined by
comparison with channel - AT's obtained on April 16.

-The "A" channel AT was 2.5°C higher than the next highest

~ three channels was approximately 15.5°C). On April 16 the

"A" channel AT had been.the lowest of the four.
A 2% decrease in flow was indicated on the flow monitor
segmental recorder chart. The AP measured after shutdown -

“was 229" H20 compared with 246" H20 measured prior to the
.C<4" startup. This difference in AP is equivalent to a o
. 3.5% flow-decrease.’ - U

Seg Recorders Circuit# Monitors

- channel et & reactor power of 28% (the average of the other ;'

A fast shutdown occurred at 12: 15 AM from the VLF safety : i

. ecircuit. Criticality was then atteined and ‘the reactor
' -ioperated at a power level of 28% for spproximately 2 hours
<+ before the decision was made to- shut down and discharge C T

r the fa.iled element.
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DISASSEMELY | | |
The status of disassembly operations on the seven failed fuel elements
- .stored in the disassembly basin is presented in the following table. The

. first four fallures occurred during the C-3 cycle and are atored in the
monitor basin vith the stop logs in place. o P

Disassembly of Fa.iled Fuel Elements

. SEP. Failure Number ' R ' Status A

42 The failed slug, the l4th slug from the top of the
- © "D" channel, is stuck in a short section of the
- quatrefoil which has been placed in & closed con-
tainer to prevent further contamination of the
“basin.

43 - One slug is stuck in a short section of the quatre-
: foil which has been placed in & closed container. e
The slug position and channel are unknown, although
the temperature monitor indicated the fallure to be
in "D" channel. A second slug, location unknown,
ha.d a dark streak down one side ‘and was also pla.ced
- in a slug container. -

4 Has not been disassembled. ’
46 One or two slugs are stuck in ea.ch of two adJe.cent

) - channels. v
54 . The feiled element 1s stored in a fa.iled fuel ele-
s '~ ment container in the main basin. :
56 _ The failed element is stored on & ha.nger in the main’

basin. There appears to be & small protuberance on
" the quatrefoil, with a slight depression immediately
below it, eppmximately one third of the distance
below the top of the channel containing the fa.ilure
~The cause of the protuberance is unknown.

- 58 The failed element is stored in'a’ i‘ailed fuel ele-
' . ment container in the ma.in ba.sin._ - : o

The disaseembly ‘basin weir activity during April e.vera.ged O 84 X 10- pe/ ce.
A maximum weir activity of 2.0 x 10-* uc/cc occurred on April 25 follow-
ing discha.rge of failure number 56. - R ,

The basin activity at various pla.ces near - failure 56 » which is stored on
a hanger in the main basin, is glven in the following ta.'ble, for April 30.
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Position' of Sample . Activity, uc/ce

Surface of Water =~ 0.96 x 10-*
Top of Element 11.0 -x 10-4
‘Bottom of Element 1.2 x10-%

The monitor basin activity varied from & minimum of 0.15 X 10-2 uc/cc to
& maximm of 3.4 X 10-2 uc/ce during April and averaged approximately
1.0 x 10-2 uc/cc. However, pumping to the seepage basin was intemittent
;because of the limited. ca.pacity' of the seepa.ge ba.sin.
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Engineering Studies

'MARK VII-A FUEL FATLURES

Failure History

"Thirteen Mark VIIqA failures have occurred since last montb (DPSP 59-1-3,
pp 78-86). This brings the total number of Mark VII-A failures to 33. '
The history of each Mark VII-A failure is shown in the table on pages
80, 81, and 82. Similar data for previous failures (Mark I and Mark
VII) are not included, but may be found in the Jenuary monthly report
(pPsP. §9-1-1, PP 93-96). . _

Failure Freqpency. Failures per million slugs irradieted, end production
" loss from the various types of Mark VII-A slug failures are given in the
table below. The failure rate for SRP ingot slugs in recent cycles is
considerably higher than the over-all rate of 38.4..

Failures per Failures % Production
. No. of Million Slugs per Full Loss Due to
Type Slug Fellures Irradliated* Charge* Fallureg**

SRP Ingot (EPt) = S 72.0 2.7 8.0

. 1SRP Ingot (Std) 15 38.4 . 1.5 _ 5.1
SC Ingot 1 6.0 -~ 0.23. 0.8
t1SRP Dingot ‘ 12 165.0 6.3 18.7
RemtT’s%sxng 33 47.1 1.8 6.1
cen i .
(R-5,P-6,L<4,K-3, c-4) 15 % 3.5 0 113

* Failure frequencies and failures per charge are based on the
number of slugs irradiated through the R-5,P-6,L-5,K-4, and
C-4 cycles except as noted in the last item under "Type Slug."
(The P-6,L-5,K-4 and C-4 cycles are still in progress.)

**,$ Production Loss = Days Lost gg;;cZ:;: ?g:tto Feilure
'~ Basis: 44 hours (1.83 dsys) average loss in production time
per failure, 38,000 Mark VII-A slugs per full reactor
. charge, and 50 days average cycle length.

t "Early Production” slugs manufactured during March-June 1958,
when high A1Si penetration rejects occurred during canning.
("standard" SRP ingot slugs are those manufactured after -

- June 1958.) .
t+ Based on the assumption that failures 36.and 44 are dingot
slugs.
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es of Slugs Currently Being Irradiated. gfhe types of slugs currently
being irradiated are shown in the following table. - '

- . Shutdown- Number of Slugs
Cycle ~ ~ Date = SRP Ingot SC Ingot
"R-6 6/13/59 35,760 = .1,520
P-6 5/11/59 = 14,880 za,sso
L-S 5/20/59 34,080 3,360
K-4  6/11/s9 - 37,440 0
C-4  5/13/59 = 44,640 -0

‘Slug Failure Examihs.tion. Mete.llographic examination of. fa.ilures ,37 and
. 39 5both dingotss was continued in the High Level Ca.ves, however g the
~cause. of fa.ilure has not been determined. 5

" The following ta.ble shows the order in which the recent fe.ilures will be
examined.

Exe.mination Failure . ' ’ s :
Priority Number  Type Slug chle , - Status

1l : 4]‘..7 SRP Ingot P-5 Delivered to High Level Caves
2 49 SRP Ingot P-6 Ready for Shipment to High Level
. "~ -Caves*
3 43  SRP Dingot C-S  Ready for Shipment to High Level
) ‘ Caves*
4 42 SRE\Ingqt . C=3.. Ready for. Shipment to High Level
; T  Caves*
. 5 .83 SRP In‘got' P-6 Ready for Shipment to High Level
i . - Caves¥
- 56 ' &RP Ingot C-4  Slug not Unloaded from Quatrefoil

* These slugs are isolated in the respective disassembly basins and
cannot be shipped until the .activity in the isolated basins has
: been reduced.. Isolated basin activity should be decreased suf-
" fieiently to allow shipment of P-Area. slugs by May 8 and C-Area
slugs 'by May 15. :
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Falle

ure

No,

27

a8

29¢
30
- 31
32
33
34
35

: }6

38
39
4o
b
42
43¢

44t

: us'
k6

b7

48

4 -

50

51
52

53 -

2

History of Mark VII-A Slug Failures

o ‘ . - XY
- ' ‘ Power, £#* Exposure, % Co-

Type Reace Per "Reac- Per (Gang ordi- Posi-

Cycle _ Date Slug* _tor  Poot'! tor Foot! No. nates tion

_Days
Irra-

di-

ated -

P-15 6/14/58 'SRPA 69.6 3570  19.5 1175 . III 33,75 A'T

Pe15 6/21/58 SRP . 70.4 3350 23,0 1295 II 13,39 A1l

P-15 6/23/58 ~ sRP 60 2640 23,3 1256 1I 15,57 Bt
R-2° 10/13/58 'SRP €8 3210 © 15.% 64 1 33,5 Dpft

R-2  10/21/58 SRR 76 3860 19.8 850 II 18,30 Dit
R-2 10/24/58 sSrP¢ 76 3730 21,2 860 I 14,42 Bit -

~ Re2 ' 10/31/58  SmP 8o 3800 24,8 1010 I 20,60 C-12

o

~ 55
6t
57
- 58
59

R-3 12/31/58 SRP¢ 86 2860 34,2 1140  IIT 42,24 D-18
P-4 1/1/59  sc - 8% k200 22.2 1230 I 26,30 D-16

R-4 2/6/59 SRptt 88 4800  26.1 1420 11T 37,21  ctt
R-4 2/9/59  SRp¢ 88 4800 26,6 1450 I 31,57 B=l%
R-% 2/21/59 SRP¢ 87 4500  35.4 1820 IIT 34,18  att
R-4 2/26/59 sRP¢ 85 4800 38,3 2140 IIT 41,21 B-16
L-4 2/27/59. SRPA 88 . 4500 10.% 535 - I 28,54 Dt

P-5 3/6/59 ~ SRP 86 4060  37.7 1780 I 37,39 A-15

c-3 ' 3/12/59  SRP © 90 . 4100 33.4 1560 III 12,72 D-1%
c-3 3/14/59 SRP¢ 90 3900 . 33.% 1480 ‘¥ 3,51 Dpft
c=3 3/14/59 SRP¢ 90 3840 33.4 1450 I 30,42 Unk

K-3- 3/18/59 SRP¢ 87 3950 18.9 - 860 IIr 46,66 BTt -

c-3 3/20/59 SRP 90 3560 38,5 1490 1I 30,18 BIt
L-4 4/1/59 ° SRPe ‘84 4000  33.6 1610 III 14,66 BT
k-3 4/1/59  sRPe- 85 3920 28,3 1310 IIr o8,54 &It
P-6 4/3/59 SRP. 85 3440 19.9 817 I 34,54 D-15
k=3 4/4/59 SRP 85 4o40o 28,4 1350 III 15,21 Att

P-6 4/16/59 SR 83 3650 28,7 1240 I 35,51 DIt
R-5 4/18/59 - SRP° 82 4200 34,7 1780 III 39,21 Att
P-6 4/21/59 SRP 81 3620 31.6 1410 I 30,42 C-17
c-b -4/21/59. SRP 82 3450 22,1 928 Bz 44,78 Aft

. R=5 '4/21/59  ~SRP 78 4260 '35.5 2100 1III 19,21 D'f

c-4 W/23/59 SRP 82 3480 22,1 G40  II ' 11,85 Att

1-§ 4/26/59 SRp 80 - 4050 12,7 643  IIT 10,48 Dt

C-4 4/29/59 SRP 79 %180  25.9 1390  III 22,12 Bit
P-6 U4/30/59 . SRP 78 3850 37.7 18%0 1 15,45 Dtt

® A indicates recanned slug; ¢ indicates dingot slug,

E 2

t

tt
t

"

Reactor power and slug power before shutdown to dischargé'failure. or
before first fallure in event that a second failure occurred during.
startup after discharging a falled element, If fallure was detected
during a scram recovery, the operating power before the scram is gliven,
Multiply all values by 10~°, NOTE: Values are based on maximum flux
in channel 1f failed slug elevation 1s unknown, .
Falled slug elevation unknown.

Fallure was detected during startup arter havins shut down to dis-
charge a falled element. .

Not known whether railed slug 13 an ingot or dingot slug.,

o i
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History of Mark VII-A Slug Failures , contd

ik 2
‘"Ho. of Recorded Recorde [
" Palle  Q-foil . Temperature, Prior . Fleu De= AT Ine

“ure Flow, - . _-°C* - Shlite : crease, crease,  Type of . Date of
' No. _Z% ‘Metal Sheath downs ~__ ges - eces . Failure __'__ Manufacture
27 1% 273 . 132 0 0.75 5.0 - axtat! 0 3/28/58
28 1.7% = 258 120 1 0.5 - 5.0 - pAxtall - 4/1/58
29 1.7 251t 123t 2 1.5 9.0  Side & Axta1l 4/11/58
30 1.83 240 116 0 2,25 3.6 Unknown - 5/21/58-5/23/58
31 1.83 277 130 1 1.5 3.0 Unknown 8/13/58
32 1.83 267  -124 2 3.5 <54 Unknown 8/14/58
33 1.83 2n .122 3 .- 1.0 3.0 Unknown - 6/9/58-6/271/58
34 1,81 250 130 4 1.25 3.3 - Side 9/8/58-9/11/58
35 1.76 300 . 2 1.0 3.7 Axial 10/57
36 1.80 330 139 0;3*  0.75 1 1.0 Unknown -~ 9/5/58-9/11/58
37 1.80 xnst syt ot 2,0 2,0 . Side 9/18/58-9/23/58
38 1,80 290 - 128 2 1.0 - 3.5 . Unknown 9/9/58-9/11/58
39. . 1.80 265 131 3 1.5 3.6 s1ae® ' 9/3/58 *
4o 1.83- . 320 128 0 1.25 3.5. " Unknown S 12/11/58
3] 1.84 301 138 - 2 i 4,0 S14e°® 10/28/58-10/30/58
42 1,69 307 134 0 1.5 3.4 Unknown © o 12/8/58
43 1,69 279% 125t 1 240 1.5 Unknown ©-1/5/59<1/6/59
4y 1,69 278t 125t 1 2,0 0 - - Unknown 12/1/58-1/6/59
45 1.80 315 130 - 1 3.0 10,4 ‘ Unknown . 12/31/58-1/5/59
46 1.69 310 133 2 2.0 7.0 Unknown 11/26/58-11/28/58
47 1.85 293 133 | 2 1.2 2.7 : Unknown 12/15/58
48 1.79 2717 121 . 2 1.25 &7 . Unknown < 12/30/58 .
k9 1.80 270 124 0 . 0.5 - 4,3 Axia1* 1/29/59-2/9/59
50 1.79 282 123 3 k.5 7.3 Unknown' - 1/7/59-1/9/59
51 1.8 273 “ 120 1 015 . 1.5  Unknown 1/9/59=3/9/59
52 1.81 303 129, 1;:1* 1,75 - 2.7 “Unknown .. - 1/30/59 .
55 1.81. 290 135 2 . 1.0  _.2.8 . . S1ae>- - 2/11/59-2/12/59
5% - 1,75 2650 117 0;1% 1,5 < 4,0 - - Unknown = 2/20/59
55 .81 313 133, 2. 2.0 o84 o Unknown . - 1/20/59
56~ 1.75 265t . 118f 1;1 2,0 25 ~ Unknown -2/17/59-2/18/59
1,83 290 . 122 1;3* . 3.0 641 . Unknown = . 2/18/59-3/3/5%
58 1,75 310 . 138 - 2;1* 1.8 .. - 1.5 ;- Unknown - 2/9/59-2/10/59
‘59 1.81 283 . 120 3 o : 5.3 . Unknown 12/11/59-2/12/59

,-% Metal and sheath temperatures were calculated without hot-spot reetora, from op=
erating eondltions which prevailed 1nmed1ate1y berore the railure, unless othere
wise noted. Temperatures are baeed en maximum flux 1n ehannel 1 tailed slug
elevation 1is unknown. S :

-## Recorded 1mmediate1y before ehutdown.
.+ Paillure was detected during etartup after having ehnt down to diecharge a failed
. elements temperetures are based. on operating conditiens at full power before the
rirst failure, - . :
* Number of shutdowns and number of ecrams, respectively.
1 Metallographic examination showed that the failure waa due to a eladding derect,
probably caused by A1S1 penetratien, :
‘Can split along ribs; ecrack between ribs,
Appeared to be a side failure (can split between ribs).
4 Axial channel appeared to be plugged. :
" Appeared to be a side failure,
. This failuna wan incorractlv listed as a side reilure 1n laet nonth'e report,
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History of Mark VII-A Slug Feilures, contd .

'-ﬁblhcrease in Signal on Activity Monitors

Faile Blane Seal 8Singlee Overe= Low T 10-Min Gas -

ure ket Head Channel flow  Ener- Delayed Delay Chroma- Other
No. Gas Tank ¥ Tank gy y_ Neutron Y - tograph Monitors
27. 15 15 - - - - - - -
28 .10 - @ e - - - - - -
29 e e - - - - 6 e -
30 120 50 - 37 - - - - -
31 10 = .- - 88 e e el a8
32 33 o0 - - 1. - - - -
33 13- 6 ) - 22 - - - - -
3% 254 180 .12 8 90 - - - b
35 0 6.5 o 42 1 o - - ocd
36 20 1 0 o 4 : o0 5 éo -

37T 109 48 79 12 - 0 % - 164 -
38 45 15 0 o 2 - o 12 4y -

39 31 7T - - - - ¥ 100 -

. 4o Ho increase detectable because of high background activity, -

5 No activity increases were detected,

42 : .~ Ho activity increases were detected. .

U3 21 .58 - - = 325 160 - - -
44 21 580 - - e 325 160 - -
45 17 10 10 o - o - 7 - -
46 36 106 - 7 - 15 = 13 - -

47 3% 36 5.2 O 2 0 7.8 - -
48 o0 0 0 - - 5 - 350¢

49 4.8 3.4 & - - o 2.5 - -

50 No increase detectable because of high background activity. 10
51 25 1% -0 é - 0 3.9 = -

- 52 275 138 -0 - 87 o - T10 n2f
53 15.7 19.2 0 o 11,8 0 10.8 - 9.7¢
5“‘ O O ° 0 - ° ’ R . - -A ‘ -

55 - 50 ‘ (o] 0 - 40 (o] - . 60 -
56 00 -0 o - 0 - e -
57 8 40 6.533.0% 15.% >92 1.3 42 - -
58 <. 10,3 1.9 O 0 - = 22 . 13,5 - -
-59 5,94

S 24,2 142 3.4 25 169 0 - 31 -

~® Monitor No, 1 and moniter No, 5, respectively,
3 Delayed neutron moniter on Purification line,
b Special blanket gas beta monitor under test
(TA 1-433)., ' ; .

¢ Thyac.- o R

d cyclone gamma monitor. ”
/€ Crane drip pan monitor,
£ Planchet, .




Effect of gggosure on SEP Ingot Feilure Rate

The Mark VII-A-SRP ingot slug failures have been a.na.lyzed to determine

the effect .of exposure on the failure rate. :Figure RE-1 is a compilation
‘of all the Mark VII-A charges that have been irradi.ated and shows the
number of charges that have operated at each exposure level. Figure RE-2
shows the number of equivalent charges of SRP ingot slugs alone, that

have operated at each exposure level. An equivalent charge is defined as
38,000 slugs, which is the approximate number of Mark VII-A slugs in an
R,P,L, or K natural uranium charge. (For example, a charge that contained
19,000 SRP ingot slugs had 0.5 equivalent charges of SRP ingot slugs. )

'Ihe number of SRP ingot failures is slso shown in figure RE-2 at the re-
actor exposure at which failure occurred. . Figure RE-3 shows the ingot '
failure frequency per unit of exposure at each exposure level. ‘Figure RE-4
presents the data of figure RE-3 in integrated form. Figure RE-S presents
the number of failures per year per reactor as a function of cycle ex-
posure for SRP ingot slugs.

Figure EKE-S5 m&icates tha.t the nmnber of fa.ilv.res per yee.r increases with
exposure and that there 1s a sharp increase at about 34% exposure. The
majority of the failure data upon which the curves are based were obtained
at winter power levels during the past winter. .

Axisl Pos:ltion of Failures

Al of the ten Mark VII-A fa.ilures whose a.xia.l positions are known were
located in the lower half of the fuel element, indicating & significant
effect of pa.rhiculer reactor operating conditions on the .likelihood of '
failure., Sheath temperature and bulk coolant temperature are two probe-

“ bly important variables.

Of sbout 168, OOO Mark VII-A-SC slugs irradiated thus fa.r, only one failure
hes been experienced, for & fe.ilure rate of six per million slugs
irradiated. . _

_Because . this rate is &0 much lower tha.n tha.t for SRP slugs, it is pla.nned.
“to irradiste SC slugs in all Mark VII-A charges (beginning with R-7 and
'K-5) in exial positions 12 through 17 of Zone I elements in an effort to
decrea.se the Mark VII-A failure ra.te. _
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Figure RE-3. Fallures/2% Reactor
‘Exposure per 38,000 SRP ingots
versus Exposure {as of Aprll 27,
- 1959)

. No. of Ingot Failures/Charge of

38,000 SRP Ingot Slugs
Irradiated to a Given Exposure
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No. Ingot Failures
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Flgure RE=5. Annual Rate of Ingot
Fallures per Redctor versus Cycle - :
Exposure. [For cperation with full ’
charges (38,000) of SRP lngot o
slugs.) : :
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Reactor Operating Conditions

Of the ten failed Mark VII-A slugs whose sxial position is known, all .
have occurred in the bottom-half of the slug column, the region of highest
sheath tempersture. Annular and axial sheath temperatures of these slugs
are shown 1n the following table.

Slug Sheeth Temperature and iocation’
of Known Mark VII-A Failures

" Feflure Slug Flov = Sheath Temp, °C

Number = Position Zone Slug Type Anpular  Axial
28 1 I SRP Ingot 118: 120
33 12 I SRP Ingot .’ 121 1122
34 18 I SRP Dingot 130 126 -
35 16 I SC Ingot 141 140
37 14 I SRP Dingot 134 134 ..
39 16 I = SEP Dingot 131 - 127
41 15 I _ SEP Ingot 138 136
42 - 14 I - SKP Ingot 134 134
49 - 15 . I SKP Ingot 123 124

- I

83 - 17 " SRP .Ingot 135 - 133

Six of these failures have occurred in slug positions 14, 15 and 16, the
positions having maximum sheath temperature., No failures are known to
have occurred below the 18th or above the 1llth slug, where sheath tempera-
tures are 8° to 15°C below the maximum values (see figure RE—G) Exami-
pation of irradisted slugs has shown the 1a.rgest emount of pitting on
slugs in positions 12 through 17. o

The Mark VII slugs operated at lower sheath temperatures s heat fluxes
and coolant velocities than the Mark VII-A slugs, as shown in the follow-
ing taeble. The four Mark VII-SRP slug failures occurred at axiel posi-

" tions 4, 6, 13, and 14, indicating no strong effect of local reactor
opers.ting conditions on the failure rate.-

Comgarative Operat:lng Conditions of Various Fuel Types
(No Hot-Spot Fa.ctors)

Fuel' _ Max Observed Shesth Temp, °C__ Coolanmt Veloc- Max Hest Flux,
" Type ' Summer Operation Winter Operationm _ity, ft/sec - pcu/ (£t2) (hr)
(Mark) Axia.l Annuler Axial Annular Axia.l Annuler - Axial Annular

VII-A
VII
VIII-A ' A B
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© River

Teap,’
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Figure RE=6.

160

Mark Vil=A Axlal Sheath Temperatures
at 82.5% Power and 20°C River Temperature

Sheath Temp, *c_
10ch  19¢h
¥ax Slug Slug
- 146 135 137
143 132 13
129 132

uv‘r
Temp,

—_

10
20
30

g_h_‘clth Temp, °C

“10ch  19th
‘!g_x_ $lug  Slug
148 141 . 130
144 - 137 128
-140

134 127
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The R-S charge is being operated with a rooftopped axial flux shape '
(rooftop ratio = 1.20) to test the effectiveness of this method of opera-
tion on,reducing sheath temperatures and possibly fuel failures. With
normally flat shapes, & reduction of abaut 5°C is expected in the maximum
sheath temperature. The reduction will be smaller for the humped axisl
flux shapes encountered during the period of minimum reactivity (see

figure RE-7).

Figu.re RE-8 presents observed maximum sheath temperatures for the five

reactors during the past month. The temperatures have been normalized
to & river temperature of 20°C. To reduce the sheath temperature by

- 10°C at a constant river temperature, the required power reduction would
be sbout 8% (cod.e)

Radisl Distribution of Failures

Figure RE-9 15 & histogram showing Mark VII-A-SRP failure rates , plotted
as faillures per million slugs irradiated in each hexagonal ring outward
from the central septifoil. The plot shows & peak near the center of .
Gang I, indicating that the failure rate at that location is approximately
four times the over-zll average failure rate for SRP slugs. The calculated
feilure rates assume present flow-zoning patterns of Mark VII-A charges
and radielly uniform irradiation of SC slugs®. (which were subtracted from
the totel number of Mark VII-A slugs irrediated in each hexagonsl ring),
and are hence subject to some inaccuracy; however, it is not expected

that the errors significantly affect the general trend of the plot.

Several fzets concerning the channels and the AT's of the elements-con-
taining failed slugs have been noted (based on failures 27 through 61):

@ 0f 32 channele containing failed slugs (the channel locations of fail-
ures 43, 44, and 50 are questionsble), 20 (or 62%) had AT's prior to
failure detection which were the highest AT's in the element (& random
distribution would have given & value of 25%). Four-point temperature
data were reviewed from the beginning of the cycles to the time of the
failure for failures 52 through 61. The data disclosed that the normal

-A's of the failed channels for seven of these ten failures were the
“highest in the element at the heginning of the cycle as well as at the
time of failure ,

e 0of the 24 channels surrounding each septifoil, 8 are closer to the
: septifcil than the. remaining 16 (see figure RE—lO)

1 Such is not the case for the SC pluges in P-6 and L-5, for example, but
was true for earlier P charges in vhich the majority of SC slugs have
been irradisted. '
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¥o. of Failures/Million SRP Slugs .-
Irradiated in a Civen Hexagonal Ring

91

280

160t-

240-?.

200

120 .

1

1 R i 1

RSN e |

BRP Siu;t OCaly
lagot and Dingot Slugs” )
Grouped Together -

Includes Patlures 27 Through
61 and Slugs Irradiated Through
R-3, P-6, L-5, k-4, and C-4 Cycles.

TS pets

4. 8 6

ilineugml Ring No. (From Central Septifoll) .

o i R N
9 10 11

‘Figure RE-9. Radlal Disteibution of Mark Vil-A-

“Fallure Rates

NOTE: Of 32 channels containing failures, 22 (or 651) were
located in one of the shaded channels above (33%
. would be expected from random phenomens). Of these
. 22, 19 (or 861) had AT's which were normally the
highest &T's ia the element prior to detection of
failurs. . . T

'Flouu R'E-I_O.. Fallures In Channels Adlécout
~ to a Septifoll ‘




Flow and Tegperature Monitor Performance

‘The table on pages 94 and 95 sumsarizes flow and temperature monitor
performance for the Mark VII-A fuel failures. (A similar table for the

first 29 SRP fallures, including the first three Mark VII-A failures, was '
published in the August 1958 monthly report, DPSP 58-1-8). The ce.lcula- '

tions are based on the most recent CMX flow and tempera.ture monitoring
~data and reactor thermocouple element data..

The ta.‘ole shovs that: -

@ In generel, the calculated flow reduction correspondiné to a given
measured AT increase has been in rea.sona.ble agreement with the observed
flow reduction. _ _

@ The performs.nce of the flow monitor ala.rxn system (low flow aJ.a.m) has
been sa.tisfactory. . , S

‘® The performance of the temperature monitor alarm system (VH and WH) .
“has not been satisfactory. Only 3 VVE rod reversals occurred oxrb of
a total of 9 which should have occurred. o

Calculations to predict vhether the failure occurred in the axial or the
annular subchannel were made, using measured flow and temperature changes
and known monitoring performance. As shown in the table, the predicted

location (axial or ennular) was confirmed by actual exemina.tion in 9 out
of the 10 failures examined to date.: _ o

Figure RE-11 shows the combined influence of both surveina.nce and the
flow and temperature monitor alarm end scram systems on the probability
" of shutting down the reactor for a fuel failure by the time a given in-
crease in fuel channel AT has occurred. The curves show that the pro-
tection afforded by both surveillance and the flow and temperature moni-
~tor alarm and scram systems has been epparently increasing during the
more recent (Mark VII-A) failures. This could be & result of increasing
accuracy of programing or, more likely, of more rigorous surveilla.nce of
the flow end temperature monitor recorder charts.

'Ihe use of & null-'ba.la.ncing meter ra.ther than the present oscilloscope
method of trimming has been recommended as & means of improving the
monitor elarm and rod reversal performance. A schedule for conversion
to 2400-pot temperature monitors in all areas is being developed.

——
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' VIx'xdh‘:;tedAAT Increase, °C

T T 7T 1 T | ; T 7 | R LN LN ]
A Based on First 33 Failures at SRP . S
ol (February Monthly Report, DPSP 59=1-2) R
B O Based on 53 of Pirst 56 Fallures at SRP|
01 Based on 27 of 30 Mark VII-A Failures k :
Only (Failures 27 through 56) ' :
/
6l- -
R 1 o -
2 .
0 I T I T T IO l'HJ I BT FTY TN NI
N B s «10'_ ) 30 ko 50 6o 70 go. 90,_ -95 99

Probah:uity of Shntting Down neactor for a Given AT Increase. £
(Includes Survenlance ot Flow and Temperature nonitora)

Flguro RE-H. Pubebllhy of Sbuning Down Rocctor
fot a Given AT Incroou , o




94
. Mark VII-A Fuel Failure Summary - Monitoring
Slug Location AT in AT Increase, °C
‘ X,Y Chan~ _Subchannel Channel Above
Faile- Co= nel & Cale- - .. Before .. . .. Highest
ure " Pype ordie~ Posi- cula- Ac=  Faile  Indi-. Normal

- _No, Cycle Date  Slug® pates tion? ted??t tual wure, °C’ -cétedi . att

27 = P-15 6/14/58 SRP 33,75 A = A&x Ax . 53.8 4.8 4.8
28 P15 6/21/58  SRP .13,39 A-11 Ax Ax 49,9 5.4 . 5.%
~29%t  P-15 6/23/58 SRR 15,57 B Ax  &x 40.3 | 9.2 - 6.6
30 - R-2 10/13/58 SsRP 33,51 D . Ax - . 43,0 6.4 6.4
31 R-2 10/21/58 SRP¢ 18,30 D  4n 50.9 4.9 &3
32 R-2 10/24/58 SRP¢ 14,42 B . An. 53.5 54 5.4
33 . R-2 10/31/58 SRP 20,60 C-12 Ax - 51,5 - 3,0 1.9
34 - R-3 12/31/58 SRP¢. 42,24 D-18 4n An-  '5T.6 . 3.1 3.1
35 P-4 1/1/59. s 26,30 D-16 4n Ax 62.5 3.7 - 3.7
36  R-4% 2/6/59  SRP*™* 37,21 C An. 61.3 1.7 - L7
37*t R-4 2/9/59  SRPe 31,57 B-l4 4n An 51,6 . 2.0 - .2.0
38 R-4 2/21/5 . SRPe 34,18 A Ax 59.7 = 3.6 33
39 R-4 2/26/59 SRP¢ 41,21 B«16 An  An = 546 3.4 - 0
Ko L-4% 2/21/59 SRP 28,54 D AX , - 59.2 3.5 3.5
3] P-5. 3/6/59 SRP 37,39 4A-15 4An An 60.6 4,0 4,0
k2 c-3 '3/12/59  SRP 12,72 - D-l% Ax 58.3 3.3 3.3

u3't  c-3  3/14/59  SRPs 31,51 Channel questionable. S
4t co3  3/14/59 SRP¢ 30,42 Channel unknown; recorder out of index,
45 K-3 3/18/59 . SRPs 46,66 B = Ax 51.3 9.2 7.9

46  Cc-3 3/20/59 SRP 30,18 B Ax 54,2 1.0 6.0
47 L% u4/1/59 SRP¢ 14,66 B An 57.4 1.7 1.7
48 K-3 4/1/59 . SRPe 08,54 B Ax - 52,0 5.3 5.3
49 . p-6 4/3/59 SRP 34,54 D15 Ax = Ax 51,3 K3 39
-50** K-3 4/4/5¢ ~ -SRP 15,21 Channel unknown~ ‘recorder chart illegible,

51 P=6 4/16/59 SRP 35,510 D An 54 4 1.5 O
52 R-5 4/18/59 . SRP 39,22 A  an . 56,3 1.6 1.6
53 P-6 kB/21/59 SRP 30,42 C€-17 An An ~ 57.0 3.4 3.4
55 R-5 4/21/59 . SRP 19,21 D Ax - T 65,4 4,5 4,5
56t Cco4 ' 4/23/59 SRP 11,45 A @ Ax 15,0 2.8 | 2.2
T 57 L5 4/26/59 SRP 10,8 D - an 51.1 2.8 2.8

LA ) indicates dingot slug; other slugs are ingots,

#% Not known whether this is a dingot or ingot slug, s
Tt Position 1 1s the top slug in the channel; position 20 is the

' bottom slug, If slug poaition 13 not given, it has not yet been
- determined,

.1t Ax = axial subchannel; An = unitormly plugged annular subchannel,
The “calculated" subchannel for each failure is the one which '
would have given most nearly the flow and temperature changes

. actually observed,
t The values given represent the AT increase above the highest
- rnormal AT for the fuel element, When a AT increase 1s 3°C, a
- VH alarm should have fired; when 1t is yeg, a VVH alarm should
have fired, .
14 Power ascenaion in progress,




- Mark VII-A Fuel Failure Summary Mbnitoring, contd

Flow Decrease,j

R From
Faill- " Re=
ure From cors
No, ~_AT* ders
27 1.7 VvV
28 2.2 %
29. B4 1Y
30. - 3.1 2%
31 3.0 1%
32 3.1 3%
33 1.2 1
34 1.7 Y
35 1.9 1
36 09 ¢
37T 1.3 2
38 1.2 1.
39 2.0 1%
40 1.2 1
Y 21 !4
k2 1,0 1
3 - 2
4y 2
45 4o 3
46 3.0 2
k7 1.0 1,2
48 2.4 1Y
49 1,6 e
50
51 0.9 ¢
52 0.9 1%
- 53 1,9 -1
55 1,6 2"
56 4,2 1%
57 2 3

From
Meas-

ured
APQI
4,623

- 15

§.0

2.5
.25

3.2

.25

1.9 |

k.0

2.0

4T'3.5?1;

.~ Alarm Respbnﬁef

BT

95

E calculated Real AT Chanses and. uaxmum
Effluent: Temperatures. *Q, ‘based onstt

Flow

.__9‘ COODOO @O OO @ OO PO OO OCO ©C QOGO oc@oo IE

-~

0@ ©O0O0O00C §OOOO OOOOO OOOOO COOCOO OOOO

%

.60;-0040,0‘0 ©OCOO0OO0OO 0O0O0OOO COOOO ©O0O0O0O0 00O O

VIF HAP VH VVH AAT

. Recorded AAT  Recorded - Measured.
.and CMX Mon- - Flow . AP
Temp .~ itoring Data® _Reduction Change
JELf. AAT  Eff AAT  Eff
0 ‘ 10,3 100.2 5.5 95.4 - .-
o Jo}] 12.8 98,9 2.3 '83.4 8.1 94,2
0 Ob 45,0 120,0 6.8 81.8 25.0 100.0
. ® 0° 18,4 102,0 11,5 95.1 13.5 9T.1
e [0 13.3 10.2 5.8 102.7 . 10,7:.107.6
® O 14,6 112.2 17,2 14,8 15,6 113.2
® 0 6.2 9.5 53 90.6 .- . .
0. 0 7.8 104.9 5,7 102.8 5.0 102.1
0 0 9.6 1129 5.0 108.3 9.6 112.9
2 0. 0 - B17103.5 3.3 02,7 2.2 103.6
0.0 o 5,0 91,3 T.T 9%.0 11,2° 97.5
L o T+5° .97.3 6-3 96.1 Lo -
P00 T.5 96,4 B2 ‘97,1 0 88,9
o [0 ‘103 111.6 2.1 103.4 8.6 109.9
0 0 703 97-2, ; ‘703 97-2 - -
0 0 ' :
0 0 X T , :
o [6] 3.8 12,6 20,3 101,1 21,2 102.0 -
o [0 2.0 106,0 12,2 97.2 11.4 96.4
0 0 ' l!».} 103."" 5.3 104.“’ - T -
® ® 146 968 59 8,1 - -
0 0 9.4 937 0 84,3 2.3 866
.6 o , -
0 0 3.7 101, 2,9 100.3 9.3 106,7
o o 3.9 102.7  T.1 1059 - . . =
-0 .0 8.7 110.0° 4,5 105.8 18,0 119,3
0 0" 9,5 89,2 7. 868 10.1 89,8
e @ 3.8 98,6 12.2 101.0 . - -
0.0 10,0 1&9.5 2.4 WM,9 7.7 47.2
.0 0 . 8.4 1010 ‘12, 9:.105.5 13.4 106.0

. 'l'heoreucal .flow reductiona vere obtained ‘from OMX eempenture uonuoung e!ticuncy dat.a snd the AT u- :
The vnlues ¢1ven assume that the flov reduction occurred in

crease observed on the temperature sonitor.
the channels indicated in the “"Channel and Position" ‘and the "Subchannel, - c;lculuted" eolumnsg,

In cale

 culating these flov decreases, R-4 (SRP) and P=S (SC) thermocouple element data were used to determine
the true axial end annular AT's end flows pricr to the fallure.

redistribution of fuel heat when flow vas reduced in one of the lubchauneh.

## Dash (=) indicates no data available.
‘t @ indicates that the alarm fired; O 1ndicatea that t.hz nlam did not ftre.

- alarm should have fired but aid mot, -

It vas alsoc assumed ‘that there vas no

Boxed. sero udlcateu that the

" 1 The values given assume that the flov réductton oceurnd enurely 1n the ehanneh indteated 1n t.he o
- “Channel and Position” and the "Subchanne]., Calculated” columns. -

$ For the effected subchannel, . o

& The flow reduction based on AP's was Imt correct because mdual 1nd1eated fov reductions (AP changea)
‘had cccurred on many of the fuel elements in the same region prior to the failure,
b Pover ascension vas in rrogreu and the percent power meter vas advanced 5% (approximately 3°C increase

in alarm point),

" @ Percent pover meter ldvanced tvtee sfter first VH alarm ( wul equivalent incresse of 3° to 4'c in alarm

point).

a !!ccord.ed. flov deereued ﬁ during 16-hour period preceding failure detectlon, then behaved crnucnuy
after failure detecticn while AP measurements were being made.
- ® Recorded flov decrease masked by 2% recorder notse.
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MARK VII-A REDESIGN

',Tempera.ture mea.surements fram Mark VII-A specia.:l. thermocouple tubes have
indicated that at the beginning of the cycle the annular AT''s are about
12 to 15% higher than axial AT's. (See February monthly report, DPSP
59:1-2, p 100.) Reactor safety would be :unproved 1f a.nm:la.r and a.xia.l

. £@'s could be equalized.

. A larger Ma.rk VII-A q;ua.trefoil has been designed vhich has a 0. 020-1nch-
larger channel ID, resulting in equal annular and axial AT's. The result-
ing quatrefoil extrusion is larger and the upper four inches will be roll-
" ed down to fit current design tube sdapters. The current design tube -
‘adapter (ST MDX-4-1241, rev 9) must be used because it is the largest

: “which will fit into the semipermanent sleeve, and it is undesirable to

- decrease the thin wall section of the adapter (from 0.030 to 0.015 inch)
- to a.ccomnodnte the larger extrusion. =

.. The "rolled down" section of the extrusion will not restrict channel flowg
- because the top of the slug column will be 2 to S inches below the "rolled
" "down" section (see figure RE-12). Also the slugs should be just as easy,

- -if not easier, to load or unload because the slug column centerline and
crossflow sleeve centerline will be closer. All dimensional tolerances
- on the large Mark VII-A ex‘brusion will be the same as the current Mark
* - VII-A tolerances, -

The new Mark VII-A design will result in an J.'L% increase in snnula.r flow,
a 3.2% decrease in axiel flow, and & 3. 4% increase in total plenum flow.
' These flow changes will equalize axisl and ennuler MT's., '

Proposed Mark VII-A extrusion dimens:l.ona.l changes are tebulated in the
- following teble and are given on drawing ST MDX-5-2430, rev 3.

Table of Proposed Dimension Changes

Inches
‘ Itenm Current  New  Change
Channel ID = ‘1,450 - 1.470 +0.020
Channel 0D ‘ ©1.530 1.540 +40.010
. Wall Thickness ‘ - 0,040 - 0.035 =-0.005
‘Common Wall Thickness 0.040 - 0.035 --0.005

Quatrefoil Extrusion 0D 3.638 5.668 - +0.030
-~ Rib Cirecle Eccentricity 0,008 ° 0.008 +0,001
"Rib Circle ID 1.235 . 1.235 0
© Slug o ~ Seme in A1) ResPects

The proposed conversion schedule from current type Ma.rk VII-A elements
to the new type Mark VII-A elements is given in the table on page 98.
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_ Conversion Schedule for Large Mark VII-A -

Iten - v : - - Completion Date
. @ Quatrefoil ' ‘ '
‘Design * S
' Reducing-roll Development ’ ‘ 3/2 to 4/6
Extrusion : ' R ' 2/24 to ¢/6
. Quatrefoil Assembly R . 4/20 to 5/15
_Purchase Requisition oo ' '
First 20 Extrusions : : , 4/7
. First Full Charge i 5/18
TA Authorizing Developnent , . ’ 5/13
,Developnent by Alcoa - o
Tools and Dies . R 4/13 to 5/22
Process Development E ‘ - 5/25 to 7/3
Fa:brica.tion S R L '
First 20 Tubes for Testing R By 7/10 -
First Full Charge o 8/10 to 8f/28 *
Thermocouple Tubes ' A 7/20 to e/ae '
Subsequent Charge-- - - - -~ - o 8/1-
'® CMX Testing , :
Flow Test Current Mark VII-A with Modified ’
"B" Boattail 5/15 to 6/15
Flow and Temperature Mbnitoring L 7/17 to 8/10
Extended Flow Tests . S 7/17 to 11/30

© Irradiation

"First- Full Charge e ‘ o ‘
Assembly , / 9/14 to 10/9
Irrediation P-10 Cycle 1013 ’

- Subsequent Charges - one reactor only until '

inventory of current design qua.trefoils
used.

R-5 SPECIAL IRRADIATIONS

‘Terget Alloy Thimbles (TA 1-654) - Five thimbles containing target alloy
(es described in DPSP 58-l7j were discba.rged at the conclusion of the
R«5 cycle after atta.ining a GVR of approximately 115 during three cycles
of irredistion. The highest target .slug core temperature measured during
the R-5 cycle was 129°C, Six similar target a.lloy thimbles: (described in -
DPST 59-316) vere charged to the: R-e cycle._“
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. Insulated Slugs (TA 1-687). Eight insula.ted .6lug assemblies were irredi-
ated in the R-5 cycle,: ’" »four for the first cycle and four for the third

" eycle. -All insulsated- slugs were recycled into the P.-G cycle. Typical
opere.ti.ng data are shown in the following table. :

. Insulated Slugs o

_ - ‘Slug Elevation, = ..
Position  Assembly. inches below Resctor Maximm Slug Average
X Y - Number reactor midplane Power, ¢ Power, %/ft BOSF

51 65 . 3 . 64 .. ..86 . - 0.00107 2.3
5. 79 - 8 ) - 86 .00095 2.6
04 S8. . 8 .68 86 ~ .00095 2.6
25 89 - 9 R Ak 86 ~ - .00088 2.5
43 11 1 83 86 <7 ,00077 3.2
08 74 12 89 86 7 - .00085 2.9
25 05 13 69. 86 ~.00088 2.8
02 . 44 14 63 ‘ 86 - .00075 3.3
Predicted e

by TA " - e 86 . 0.00086 2.8

‘Mark V-A (TA 1-707). Three Mark V-A assemblies,' each having twelve sub-
channel effluent temperature thermocouples, were charged to the R-5 cycle
and irradiated for one cycle. Typical operating data are shown in the

- following table, No further Ma.rk V-A irra.diations are planned before R-8.

" Mark V-A Fuel Element

‘ . 7. 'Predicted
- Position -»X27 Y45 X27 YSl’ X26 Y48 By TA
 TFEN Number . = . 60 ~ 61 . 62 . =
" Reactor Pover - .° .86 . 86 8 - . 8
Plenum Inlet Temp, °C  37.0 37.0 37.0 e
‘Average AT, °C ... 54,1. - 53,7  53.0..  S57.3.
Average Effluent o S T T
Temp, °C 91.1  90.7  90.0  94.3
__Average Effluent Temp, e : S . ‘
°C Measured by Sub- S ~ 3
channel Thermocouples 89.5 = 88.1 88.0 -
Assembly . Pover, % .~ 0.200 0.198  0.196  0.206

Assembly Power Relative Lo o : :
. to Adjacent Mark VII-A 1.16  1.16 1.16 1.12
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,r,Four—Foot Extrusion Clad Ma.rk v (m 1-723)
" charged to R-5 and irradisted . for one cycle. :

One 4-foot, Mark V was. -
The natursal uranium fuel

tube with extrusion-clad a.lmninum cledding was irradiated to determine
the feasibility of extrusion-cladding long tubuler patural uranium fuel

elements. Typice.l operating d.a.ta. are shown in the following table.
Mark V 1-"uel Elements
o 4-Foot Long
R Zr-Cle.d. Natura.l ~ Extrusion-Clad
Type Element - Ura.nium Fuel Tu'be Mark V )
Position X14,Y66 X12,Y78
TA Number 1-735 1-723
~ Reactor Power, % - - : . 86 86 -
~ Plemum Inlet Temp, °C = - - 38.3 -38.3
Predicted . Predicted
‘ Actual By TA Actusl By TA
Average AT, °C ' '53.6 58.5 15.0% 23.9%
Average Effluent Temp, °C 91.9 96.8 53.3 62.2 :
Assembly Power, % 0.136 0.146 0.0408  0.0666
Assembly Power Relative R o , .
to Adjacent Mark VII-A . 0.75  0.80 0.35 - 0.52
* Includes 2.3°C temperature rise due to

heating from bulk moderator.

Zirconium-Cled Natural Uranium Fuel Tube (TA 1-735).

One zirconium-cla.d

natural uranium fuel tube was charged to the R-5 cycle to determine if
this type of fuel tube has greater dimensionsl stability than U-2% Zr

fuel tubes with Zircaloy cladding. Operating

data are shown in the above

ta.ble. The irra.dia.tion of this fuel tube is continuing in R-6.

Specie.l Irradiations. A list of the special
in the following teble.

irra.diations in R-G is given

ey
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§pecie.l Imdia.tions in R-S

e RS ’Element Position Lo
TANumber.,’l‘};De Element o Ne. - X Y - . - Remarks

1-687-  Insulated Slugs = IS-3 - 51 65 Charged to R-3 - B
: IR . 6. .45 79 . Charged to R-3
8 ~ .04 58 Charged to R-3
9~ 25.89 Charged to R-3
11 - 43 11 - Charged to R-5
.12 .08 74 Charged to R-S5
B 13 =+ 25 05 .Charged to R-5 -
14 02 44 Charged to R-5-

1-755  zr Clad Mark V  TFEN 64 14 66 Charged to B-5
1-744 . Power Rea.ctor RN SRR

_Fuel Tube .. _. SPR-6 . 30 48 -Cha.rged to R-B
1-65¢  Target Alloy = - Pl o e : '
Thimbles .. TA-7 .21 41 Five 14. 4S Slugs, cha.rged
8. 25 65 4Five 14.45 Slugs,. charged
o0 - 7 to Re6 . o
-9 - 27129  Five 14, 4S slugs, charged
oo 7 to Re6 - : :
10 .28 62 Five 14, 45 Slugs," charged
oo T to Re6 : '
11 33 59 Four 11.78. Slugs, cha.rged.
I S ©..to R-6 .
~12 35 41 Five 7.85 slugs ’ cha.rged
SR _toR-G

PERFORATED END mees

A test group of 104 Zone I, Mark VII-A elements with perforated end fit- -

tings was charged in L-5 cycle. The perforated end fitting, drilled with

ma.ny small orifice holes rather than & few large holes, was designed in -
‘an attempt to eliminate the difference in power coefficient of flow from
‘fuel element to fuel element in the reactor. Figure RE-13 shows the lo-
A ca.tion of the perforated end f:l.tting elements in L-S cycle. -

7 Figure RE-14 compe.res the power coefficients of flow for the perfora.ted.
end fittings with the power coefficients of standerd Mark VII-A elements

in similar positions in L-5 cycle. ' The data indicate that negligible -

benefit was obtained from the: perfora.ted end. fittings in reducing the -
power coefficient sprea.d. E TR :
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The fact that no large benefit was obtained from thé perforated end fit-

tings in reducing the power coefficient spread may be the result of a

large mating distance effect for these elements. In sddition to the in-

- crease in end fitting AP &s & result of & real flow increase from cold
-to hot reactor’ conditibn,s , "the end fitting ¢P/is also affected by mating
- distance changes (distance from the bottom of the fuel element to the ’
~ ghoulder of the monitor pin) as & result of thermal expsnsion of the
- reactor components. Figure RE-15 shows the mating distance curve for the

perforated end fitting elements as determined by CMX end shows the rela-
tively la.rge effect of mating distance on the power coefficient for these

. elements. CMX bas been requested to red.esign ‘the perforated end fitting
- to eliminate the. present large mating distance effect and to investigate
- the power coefficient variations in the crossflcw,t;ank

" tnd Pitting &M, n. Hd :
g | T T — T T

Range of Effects .
. . on Pover Coeffi- : [}
210 - ) . »clent.,ﬁnov § -1
A-A (Short Tube - '
 Biggest Cap)  -5.1
, n-n(wng'mbe- .
e Ehortest Gap) .~ -1.3
2o} L - - ]
B (Hot)
190} «1.3% Mov o S |

0.2 - 04 N c.6 . 0.8 ;,o 1.2
- ‘ - ihttng Di-tance, uche- - ’

Figure RE«15.  L-Reactor Mc"ng Dldauca E"ocu,
Porforaud End Flnlng Elomouu (CMX Da!a)




104

MODERATOR FILTRATION o
" Results from the most reéeﬁt piioﬁ-sca.le__g_:l.lfration test in L Area

(test No. 8) show that, by utilizing the proper type of .filter aid and

filter medium, a full-scale moderator filter can be designed which will

- normally maintain the turbidity level of the reactor moderator below
S ppm. [, ST

As an-example, test Fo. 9 results indicate that a 200 £t filter would

operate 2} months under high turbidity gemeration rates (3.4 1b turbidi-

ty/day) before requiring replacement. Because such a filter would be
substantially less expensive to install and operate than evaporators or

centrifuges, it has been proposed to proceed with design and installation

of moderator filters in the 100 Areas. Details of the test and the
. scale-up estimate.are rresented in the following section. ‘

Results of Filtration Test No. § o M o .

The Alsop,.1l.1ll £t2 , sealed-disc filter with Alsop type 40 cellulose
discs as the medium (rated to remove 20-25 micron particles) was the
same type filter used in test 8 (see last month's report). The medium
is porous enough to prevent rapid pluggage by the small (0.1-5 micron
diameter) turbidity particles, but dense enough to retain the filter aid.
The filter aid used in the test was Johns Manville Fibra-flo 1C, which
is filter-cel diatomaceous earth plus 73% by weight asbestos fibers.

The asbestos fibers act as & bonding medium in the ceske of diatomite
particles, thus making the cake mechanically more stable and resistant
to damsge by channeling. The literature indicates that asbestos fibers
improve particle retention in some -epplications, and that while asbestos
increases the compressibility of the ceke, the effect is small for 7%%
asbestos concentration.

The test was sterted by establishing flow of turbid (210 ppm) resctor

moderator through the filter at 0.201 gpm (0.181 gpm/ft®) and immediately

valving filter aid slurry into the feed stream. During the first hour
of operation, S6 grams of filter aid were edded to form & 1/16" precoat |
on the medium to minimize plugging the medium. For the remainder of the
test, filter aid was added contimuously (as slurry) at a rate of 8.85

g/hr , or 1.26 g of filter aid per g of actual turbidity. The filter flow’

vas adjusted hourly to 0.201 gpm and the AP recorded. Correcting for -
the flow decrease between valve adjustments and flow contributed by the
slurry feed, the integrated aversge flow of turbid moderator to the fil-
ter was 0.175 gpm. ’ L - o

Turbidity and AP data for the course of the run are presented in figure
RE-16 ernd the following table. The test ran for 60 hours, at which time
the AP was 21 psi and the filter contained 600 g of filter aid (540 §/f‘l:.2
or 1.19 1béft2; and 119,400 ppm-gal of turbidity (107,600 ppm-gal/ft

or 0.83¢ 1b/ft). It is estimated that the filter was full of solids

at the end of the test, equivalent to & 1/2"-thick cake on each filter
disc. Six bundred end fifty-five galloms of filtrate was collected, of
which 28.7 gallons, or 4.4%, originated in filter aid slurry. The

et
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table shcws that except for the first 37 minutes of the precoating period,
'complete cla.rification of the moderator was a.chieved throughout the test.

The rate of AP build.up was su'bsta.ntially less in test S than in previous
tests, as shown in figure RE-17. This may be due to (1) more complete ,
retention of the turbidity particles which reduced or eliminated plugging
of the medium, or (2) less tendency of the filter aid particles to plug
the medium because of the matting property imparted in the filter aild

cake by the asbestos fivers. _

. The equipment opera.ted satisfactorily except for the. slurry tank agita.tor.
Following an initial fallure of the variable speed agitator, the slurry '
tank was stirred successively with & broom handle, repaired agitator,
helium bubbler, and new agitator, without noticeable effects on the test
results. Reloceting the inlet sample velve, and installing restricting
orifices in both the outlet and inlet sample taps eliminasted the possi-
bility of pressure surges in the filter as a result by sa.mpling
manipule.tions.

- Turbidity Analyses for Test &

Turbidity, ppm

Date Time Before Filter After Filter
4/15 2:20 Pm* 200 1.
2:45 M - 2.0 .
3:10 BM 212 <0.5 °
7:00 BM 220 <.5
10:30 M 200 < .5
4/14 + 2:00.AM 210 < .5
: . "6:00 AM 210 < .5
10:05 AM 220 < .5
2:15 PM 182 .- <.5
- 6:0T PM 200 < .5
10:25 n 167 < .5
4/]5 - 2:00 AM ) 170 < .5
6:00 AM 190 < .5
10:50 AM 174 - < ,L,5
2:00 M- 178 . .< .5
6:00 PM 174 < .5
. - 10:00 FM 162 < .5
4/16 2:00 AM =3 b . - <0.5

* Test sta.rted at 2:08 FM, April 13.

Full-Scale Moderator Filter

The approximate size e.nd cycle léngth of a full-sce.le moderator filter :
has been calculated. by ma.king the following assumptions:

1. The turbidity genera.tion rate in the rea.ctor is 3.4 l‘b/da.y. ‘This
was the K-2 rate, which is the highest sustained rate of turbidity
genera.tion experienced thus far.
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2. It is desired to maintain the turbidity level in the bulk moderstor
. at 5 ppm or less. : : _ -
‘3. The filter is operated up to 60 psi AP.

4. Extrapolation of test 9 results A'from 21 psi to 60 ‘psi' AP is velid, -
- ie, the cake specific resistance is predictable at high AP. ' ,

A material balence shows that under these turbidity generation conditions
a filter flow of SO gm is required to keep the ‘turbidity in the reactor
below S ppm. Extrapolation of the AP curve of test 9 (figure RE-17) in-
dicates that, at 60_psi AP, the corresponding amount of retained turbidity
would be 1.57 1b/ft°. The calculated extrspolation assumes that the AP
vs retained turbidity relationship in figure RE-17 holds at high AP,
With the sbove 'a.ssumgtions'it is seen that a 273 £t2 filter operating at
S0 grm (0.183 gpm/ft®) would last (273 £t2 X 1.57 1v/ft2)/(3.4 1bfdey) =
126 days. A 200 ft® filter operating at SO gmm (0.25 grm/ft?) would
reach 60 psi AP when retained turbidity was 1.23 1b/ft<. Thus a 200 £t
filter would last (200 X 1.23)/3.4 = 72 days before the flow decreased .
-~ below 50 gpm at 60 psi AP, :

Additioﬁal tests are plaﬁnéd for the L-Area pilot facility in order: to
confirm the results of test 9. The design of the full scale facility
will be carried out concurrently. ~ - ’ o ’

POWER LEVELS FOR FORECASTING _

Figure RE-18 shows the predicted lowest hydraulic power limit as a func-
tion of inlet cooling water temperature for Mark VI-J and Mark VII-A
charges for all five reactors. These curves are based on data accumilated
during the R-1,2,3,4; P-3,4,5; L-4; K-2,3; and C-1,2,3 cycles and are '
made contimious by extrapolating data from the above cycles to all inlet

~ cooling water temperatures shown on figure RE-18. These curves will be
used for production forecasts. They are based on the following reactor
flows: : : : C

. . - Pump Shaft = Pump or Elbow |
CW Flow, IW Flow, Break Reduction Cavitation

Ares - Fuel g P! __Factor, R _Limit, °C
RFIK VII-A  ~96 ~1007 0.81 | 91.0
C = VII-A  ~9%6  ~1027 .80 . 108.0
RPIK VI-J ~966  ~ 827 .83 94.4

c VI-J ~966 ~ 980 0.81 D 108.0
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PAR POND

- Test Heat Exchanger. After 130 days of operation, the heat transfer co-
‘efficient of the test heat exchanger decregsed from ebout 490 to 416
peu/(br) (££2)(°C). Tests have been performed to determine the effective-
ness of oxalic acid for removing the film built up on the. tube bundle. a
(See December monthly report, DPSP §8-1-12, p 107 and March monthly re-
‘port DPSP 59=-1-3 ’ p 117 for description of test equipnent e.nd film ‘
buildnp). :

Fisure RE~-192 shows a plot of heat exchanger heat transfer coefficient
versus time for the period of the oxalic acid addition tests. On April
8, 70 ppm of oxalic acid was added to the cooling water for about
hours. The heat transfer coefficient of the test exchanger increased
from 416 to 427 pcu/(br)(ft?)(°C). The heat exchanger tubes were in-
spected and part of the reddish-brown film previously observed had been
removed. The measured heat transfer coefficient increased from 430 to
446 peu/(br)(£t2)(°C) following the inspection period. -

L3
On April 22, efter an a.d.ditional two weeks of opere.tion with 1o further
change in heat transfer coefficient, 100 prm of oxalic acid was added
for 3%— hours and the heat transfer coefficient increased from 446 to 472
peu/(br) (££2)(°C). The oxalic acid concentration was increased to 200
rrm for one hour and then increased to 300 prm -for one hour. No further
increase in coefficient was seen during the 200 ppm and 300 ppm ecid-
addition periods. - The tube bundle was removed and inspected. ~The tubes -
were completely clea.n; no trace of the reddish-brown film remaiped.

These test results indicate that 100 ppm of oxa.lic acid e.d.ded over &
period of 3-% to 7 hours should remove eny film formed. on the process
heat exchanger tubes by Par Pond water.

_ SCRUP. CA.SK HEAT CAPACITY

The results of & heat ca.pacity test performed in P Area on February 6 in-
dicated that the finned SCRUP cask (ORNL drawings DS828S and D21292) has
& heat dissipation capacity of 35.8 watts per °C AT between the cask
water and the external still atmosphere. This corresponds to a capacity
of 1.86 kv in a 100°F atmosphere and the cask water at the 90°C limit. -
The test was performed in accordance with the procedure outlined in RTM-
1720, ' The :SCRUP cask will not be used for SNAP shipments as originally
planned because the IMF cask is dimensionally edequate end has & higher
‘heat dissipation capacity (4.2 kw)
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OXIDE FII.M RESISTANCE OF' MARK VI-J’ IUEL

Equipment has been installed in the K-Ares. d.isa.ssembly basin to determine

whether the heat transfer coefficient of irradiated Mark VI-J fuel is

significently different from that of fresh fuel. There is & possibility

that aluminum oxide on the surface of irradiasted fuel causes the heat -

transfer coefficient to be considerably less than that of fresh clean

- fuel. The equipment, which was described in last month‘s report, p 326,
ha.s been operated successfully with aluminum dummy fuel elements. -

s Difficulty has been experienced in inserting the steem and water ses.l
plugs into irradiated fuel elements, and the equipment has been dismantled
temporarily to ellow e.d.d.itiona.l machining of the Plug surfaces.

* The equipnent utilizes Mark VI-J fuel tubes in outer housings (the stem
and orifice assembly and innmer housing - basket assembly are removed).
Steam is forced into the inside of the fuel tube while water is forced
through the outer annulus. The steam flow rate is controlled so that

" van interface of steam and water exists inside the fuel tube several incl;es

. from the bottom to allow complete steam condensation. The steam and
]wster flow rate, pressure, and temperature are measured., end the amount
.of heat transferred from the steam to the water is calculated from the
-steam cond.ensa.tion rate.

™o dumuv elements have been tested with the equipnent. One of the dummy
fuel tubes was smooth and the other was sandblasted to epproximate the
surface pitting observed on the Mark VI-J fuel tubes from flow Zome I of
the K-2 cycle. The observed over-all heat transfer coefficlents for both
dunmy elements at various water flow rates are shown in figure RE-20.

INCREASED FLOW IN MARK Vi-J FUELEIEMENTS

‘Present blanketed Mark VI-J' cha.rges are restricted. by fuel element de-
‘sign and reactor flow zoning to a process water pump flow of sbout 937%.
Pover 1s limited in these charges by the shaft bresk limit and by fuel
effluent temperature. These power limits could be increased 3.6% to :
5.2% power by widening the coolant annuli, thereby increasing the coolant
‘flow (two cases for such a red.esigned. Mark VI element were described in
the report for November 1958, DPSP S8-1-11). It was shown in the report
for December 1958, DFSP 58-1-12, that when total flow is increased, the
pover limit imposed by surface heat flux (BOSF) is reduced considerably
‘below the present BOSF power limit. This pronounced decrease in BOSF is -
caused by the adverse effects of geometry, velocity, end pressure on the
‘burnout heat flux correlation presently used at SRP.

It was shovn in last month's report thet the revised Bernath ‘burnout hea.t
~ flux correlation (DPW 59-133) differed only slightly from that presently
used &t SRP; in addition, SRL has proposed & new correlation in DP-355,
‘based on burnout test data, which yields significantly-higher values of
' Mark VI-J burnout heat flux than either the revised Bernath method or the
present SRP method. . Accordingly, the BOSF's for the two cases of in-
creased Mark VI-J flow have been recalculated for the condition of winter
operation at the shaft bresk 1imit. The results are shown in the follow-
’ ing table. , ' o '
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_ .Case 1 Case 2 Cese 3
Reactor Power (Shaft =~ . : ‘
. Break Limit),* % - 85.6 89.2 90.8
Total Pump Flow,** % - 93T 1014 -1059
.Fuel Element Flow : o : S
(Zone 1),** % o : 1.756 0 1.940 2.051
Rooftopped Axial Flux Shape‘l"l' _ PR
SRL (DP-355) 2.6, . 2,03 1.81
Bernath (DFW 59-133) ; 2.24 1.54 1.26
Chopped Cosine Axial Flux Sha.pe A : ‘ :
SRL (DP-355) _ 2.32 1.74 1.50
Bernath (DFW 59-133) : 2.2 - 11.45 1.14.
Antirooftopped Axial Flux Shapet S _ :
SRL (DP-355) '1.86 1.48 1.32
Bernath (DEW 59-13.’5) - - 1.66 1.14 0.93

* River temperature = 9°C.
** Al]l flows are based on the K=Area hyd.ra.ulic
system. '
t BOSF's include hot spot fa.ctors. The hot spot
. factors for the SRL and the Bernath correlations
are based on the same nonidealites described for .
the Mark VI element in TA 1-575..
1+t Rooftop ratio = 1l.4.
% Rooftop ratio = 0.7.

N .

As shown in the preceding table, the BOSF calculated by the SRL correla=-
tion decreases less rapidly with increasing pump flow than the metkod of
DFW 59-133. With present operating limits (BOSF of 1.4) and calculation
methods, the method of DFW 59-133 indicates that element redesign for
either of the two higher flow cases is impractical because of the severe
- reduction of BOSF es pump flow increases, even with highly rooftopped
flux shapes. Similarly, though adoption of the SRL correlation would
not result in as much of a reduction in BOSF as is calculated with the
present SRP correlation, the redesign is still impractical because the
 calculated velues of BOSF are too close to the present limit of 1.4 for

high flows and edverse axial flux shapes. -Present knowledge of Mark VI~
J operaticn does not permit relexation of the 1.4 limit on BOSF.
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.C=5 CH.A.BGE DESIGN

‘The C-5 cha.rge wi].l be a Ma.rk VI cha.rge designed to make use of the maxi- -
_ mum amount of Mark VI fuel and target material now in the 300-Arez inven-
tory. - The nominsl fuel concentration for the charge will be 16.70 wt ¢
oralloy rather than 16.90 wt % as is specified for the standard Mark VI
charge. The Technical Standard limits on oralloy concentration of indi-
vidual tubes will be relaxed so that fuel tubes can be accepted in the
range of 16.70 + 1.20 wt %. In other respects the charge will be stand-
~ard. The fuel and target will be matched for the standard bucklings of
. 963 microbucks in the control zone and 833 microbucks in the buckled
zone., The charge will have standard control system and shadow rods and
will have twelve poison tubes in the buckled zone initially that will be
replaced with spike elements after & reactor exposure of 10 to 20%. The
. margin of control for the charge will be about 51 microbucks and the
attainable cycle- exposure will be about 54. 4% o :

SPIK'E ELEMENTS FOR R-S AND P—7 CHARCES '

- To ma.ke use of the maximum number of Ma.rk Vi fuel tubes which are now in
the 300-Ares inventory, it will be necessary to use some fuel tubes which
bave & fuel -concentration greater than 18.00 wt % oralloy. - These tubes
‘can be used as spike elements in en unreflected Mark VII-A charge without
‘1limiting reactor power. However, restrictions must be placed on the way
" in which these tubes are handled in the Assembly and Disassembly Areas.
The rules for handling Mark VI elements ere based on handling fuel tubes
which have & fuel concentration no greater than 18.00 wt % oralloy. The
hendling rules for Mark VI-J fuel elements, based on & maximum fuel con-
“centration of 27.0 wt $ oralloy, will be made epplicable for handling the -
‘spike -elements for a charge if the fuel concentration of e.ny element is
gres.ter tha.n 18 00 vt % ora.'l.loy. o : ‘ , : ,

: "The R-S ‘and P-7 cha.rges wvill use Ma.rk VI-S sp:l.ke elements with @ fuel con-
‘centration greater than 18.00° wt % orelloy. The average concentration of
the group of 24 new Mark VI-S elements in each charge will be about 168.00.
Wt % oralloy. The fuel concentration of individua.l elements will be with-
in the reange’ of tO 20 wt % from th;is a.verage concentration. o
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MARK VI-J SCRAM TEST

A scram test was performed at the end of the K-2 cycle to determine the

kinetic behavior of a Mark VI-J: charge. Neutron and gamma flux transients,

fuel effluent and reactor effluent temperature transients, end an infer-

ence of moderator flow patterns and velocities were reported in the Feb-

ruary monthly report (DPSP 59-1-2). The following ana.lysis is concerned
with bu].k moderator tempere.ture cha.nges a.fter & scram.

Moderator tempera.tures vere measured at 31 thermocouple positions during
‘the scram test. - The primary purpose of the test was to determine the de-
lay (transport lag) and response times of the bulk moderator to permit
accurate analysis of the kinetic reactivity bebavior of the reactor.

Representative temperature transients are presented in.figure RP-1 for three
_spatisl locations near the radial center of the reactor. 'Analysis of.
these and other temperature transients showed that the flow &t any given
spatial location was. displacement-type (very little mixing) flow and could
not be descri'bed by & simple exponentia.l rele.tionship with time a.nd power.

- To detemine e more suitable ma.thema.tica.l deseription of the 'beha.vior of

. moderator temperastures during the scram, the reactor was divided into 31
regions with one monitored thermocouple near the center of each region.
Each region was statistically weighted, and the statistically weighted
average temperature of the moderator was determined as a function of time
(seé figure RP-2). The statistical weights used were as follows:

Redial Welghts _ Axiel Welghts
" GengI  0.28 +6' level 0.10 -

Gang II ~ 0.26 +3' level  0.25

Gang III 0.3l . 0" level  0.30

. 001.5 -3‘ level 0.25 :
: ~ -6'"level 0.10

The statisticel weights used to calculate the bulk moderator temperature

affect the response time of the bulk moderator. For example, if the ra-

dial statistical weights were sltered to 0.25 for Gangs I and II, 0.30

for Gang III, end 0.20 for the buckled zone, the response time would be

 epproximetely 10% longer than for the ebove case., This result is caused
“by the fact that the fast-acting central portion of the tank is weighted
less hea.vily then the region corresponding to Gang III. .

Calculeted moderator tempera.tures for an 8-second and & lOQSeeond response -
time and a l.l-second delay time also are presented in figure RP-2. The .

- best f£it to calculated curves indicated & moderator tempera.ture response

~time of 9.0 £ 1. 0 seconds with & delsy of 1.1 * 0.3 seconds ‘after power
begins to decrease (2 0 % 0.3 seconds after the scram time).
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The celculated curves were derived from the expression-

: Tm/'l‘mo - TF PI Ty - PI
o dt - PI Tmo-PI)
vhere: _ o 7

Tm = Moderator temperature at time ¢t
T, = Initial mo'dera.tor temperature -

'PI = Plemum inlet tempera.ture
Tp = Fuel effluent temperature, detemined empirically from

& flat zone tube as [59(0.8e-1.1t + 0.2e=0.08t) 4+ 30]
TF, = Initial flat zone effluent temperature :
A= .

'Response ‘[consta.nt of the moderator

It is seen from the above eq_ua.tion that the effluent tempera.ture of the
flat zone fuel elements was used as the driving force for bulk moderator
temperature changes. The initiel 0.5°C decrease in measured bulk moder-
ator temperatures during the first second after the power decrease (1.0
to 2.0 seconds after the scram) is a.ttributed to the loss of neutron end
gamma heating in the moderator.

A plot of moderator deley time as & function of spatia.l location in the -
tank is presented in figure RP-3. The delay times are measured in seconds
from the instant power began to decrease rapidly until the moderator tem-
. perature at & given point began to decrease rapidly. This plot may be
‘used to study flow pa.tterns a.nd velocities in the bulk moderator.

MARK VI-J POWER COEFTICIEINT oF REACI'IVITY

The power coefficient of reactivity of & Mark VI-J cha.rge (with blanket)
was measured at several power levels during the K-2 cycle. The coeffi-
cient was determined both by the rod oscillation and the xenon transient
‘ techniques, a.nd the test results are presented in figure RP-4. :

'Because the extra.polated power coefficient at zero power is very close to
the same value for both the rod oscillation and the xenon transient tech-
‘niques, abd because the results of the moderator coefficient test indicate
& temperature coefficient that is independent of temperature, it is felt
‘that the relatively constant pover coefficient as measured by the xenon
transient technique is accurate. The average power coefficient as meas-
ured by xenon tra.nsients is -0, oooss% & [k /MW for Mark VI-J.

(Text continued on pege 122.)
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The discrepancy between the rod oscillaetion results and the results of
the xenon transient calculations is attributed to the effect on the re-
‘activity of the temperature oscillations being out of phase with the re-
activity of -the rod oscillation by more than 180°. This effect of the
temperature oscillations could cause a large error in the determination
of control rod worth by the rod oscillation technique. The magnitude of
the error would be dependent on the moderator flow characteristics of
the particular type of charge. A program has been started to evaluate
the probable magnitude of this error and to determine if the error can

" be predicted with sufficient accuracy to allow the future use of rod

-oscillation to determine the reactivity worth of control‘ rods.

The xenon transients were calculated using the latest method of ca.lcu-
lating the value of 6 (MW/kg). The refinements included increasing 6 by
10% to account for neutron spectrum hardening end by 3% to eccount for &
value of 194 Mev/fission instead of the value of 200 Mev/fission that is
assumed in the Xenon Tables. This 13% increase in @ results in a 13% '
increa.se in the megnitude of the xenon transient.

L 3
A power coefficient of -0. 00066% Ak/k/MW agrees extremely well with known
values of the moderator and coolant temperature coefficients. The meas-
ured moderator temperature coefficient of reactivity was -0.0195% &k/k/°C.
This moderator coefficient is & combination of two temperature coeffi-
clents: & .coolant channel coefficient of =0.005% &k/k/°C, end a bulk mod-
erator coefficient of -0.0145% Ak/k/ °C. The temperature changes per MW
for the average coolant channel temperature and the average bulk moderator
temperature ere approximately 0.024°C and O. 0392°C, respectively. The
power coefficient as calculated from the above tempera.ture coefficients
and tempera.ture changes per MW would be:

(0.024)(-0. oos) = «0.000568
go 0392)(-0.0145) = -0.000120
-0. oooees% Ak/k/MW

This is in good a.greement with the experimenta.l va.lue.

MARK VII-A P(MER COEFTICIENT OF REACTIVITY

The power coefficient of & Mark VII-A cha.rge was. mea.sured in R rea.ctor
during the R-3 cycle at a power level of 85%. The. coefficient as deter-
mined by xenon transient and by rod oscillation techniques was -0.00061
and -0.00065% &k/k/MW, respectively. .Since the rod oscillation technique
for measurement of control rod worth is suspected to contain errors that
are dependent on moderator flow characteristics (see preceding section on -
Mark VI-J power coefficient of reactivity), the coefficient that was de- .-
termined by -the xenon transient method should be used. .The xenon tran-
sient was corrected ‘by a value of 1.13 to account for neutron spectrum
bardening and the change in the value of Mev/fission.




ROD REFLACEMENT IN MARK VII-A CHARGES

- Control Rods. Replacement of control rods in Mark VII-A charges having
an exposure greater than; 50% vas discussed ip.the Jamuary monthly report
- .(DPSP 58-1<1). The a.na.lysis reported there vas “too limited in scope, con-
‘sidering only the reactivity of Gang I with SRP fuel, to provide an ade-
quate or econamic replacement schedule, An extension of the analysis has
‘been made to include reactivities of all three gangs with both SRP and SC
fuel, : .

 The number of half rods of a gang which must be replaced during the charge-
discharge prior to the start of the cycle is determined by the curves of
figure RP-5. These curves show the maximmm of the average exposure of the
rods in a gang with which a cycle may be started as a function of the an-
ticipated length of the cycle. Rods must be changed until the average rod
exposure in the gang is less than the mumber read from the appropriate
curve, This method of rod replacement will insure that at the end of the
cycle, the half rods will be capable of holding sufficient buckling to
permit good flux shaping (ie, Qma.x/Qavg less than 1. 30). .
The curve relsting to half rod productivity and costs vhich was published
in the January report shows that the worth of production mimis rod costs

* varies little between rod exposures of 24% and 48%. Thus during a shut-
down between cycles, if cha.rge-discha.rge time is not limiting or if e
septifoll must be visited anyway, all half rods with exposures greater
than 24% should be replaced. In addition, half rods should not be exposed

beyond 48%.

Full rods should be replaced after alternate cycles unless they receive
an exposure of 12% et insertions greater than 500 veéder units. If this
condition occurs, the rods should be changed et the end of the cycle in
~which the exposure is obta.ined

Shadow Rods. ~ The function of the shadow rods is to prevent flux peaking
in fuel adjacent to the sparjets. To provide adequate protection against
. flux pesking, the exposure of 4.9 wt % Li-Al shadow rods will be limited
to 60%. ‘A curve of flux pesking versus exposure is presented in figure
 RP-6. The curve was obtained by combining curves of: (1) peaking versus
reactivity worth of shadow rods, end (2) reactivity worth of 4.9 wt % rods
versus exposure. There have been 4.9 wt % shadow rods exposed to 60%, at
- which time the pea.king vas 0.8%, corresponding to sbout 0.5°C in effluent
" 'tempera.ture. .No problem was encountered with this emount of . pea.king, but
the peaking should not be allowed to ‘be grea.ter than the 0 5°C. '




124

. Aversge Half Rod !iponun. h 4
O ; o

e,
S 2
~~§~'~, SRP Type Fuel
o ~
L
-~
"N

20 }=
S~
N
§§'
10 R
g, .
- I ) :
N e """"n'u, S
) B . o "uu S
(] Uy
;-— Gang II1
\ \ ) *cang I
susisn Gang II
” =
20}~
10~
o ! | : L _ -
30 - 38 . 4 - Ls

ln:lctpnécd chlc Length, T

Figure RP=5. Limlts on Average ﬂclf

Rod Exposure




-1 1 — [ SN N — 1

Lo 7 .- 80, B 120
: o Exposure, % - ]
Flgure RP=6, Percent Peaking.versus Exposure of 4.9 wt %
Shadow Rods ' :




126

OFERABILITY OF MARK VII-A, MARK V-A, AND MARK IX LATTICES

A general survey-has been made to determine the relative flux shaping :
characteristics of the Mark VII-A, Mark V-A, and Mark IX as fuel assemblies
for PTPR lattices. The buckling aveilable with lattices of these elements

" was calculated and compared with the buckling necessary for various de- '
grees of axial flux flattening. This comparison is given in figures RP-7,
-RP-8, end RP-9, in which the buckling values are plotted ageinst M es a
parameter., Each figure corresponds to a particular reasctor height.

Buckling Availsble, The buckling availsble is the materisl buckling of &
flat-zone, zero-rod configuration of the fuel assemblies. The bucklings
were obtained from the curves of buckling versus lattice spacing in fig-

" ure RP-10. The Mark VII-A and Mark V-A curves were published in last

month's report (DPSP 59-1-3, p 124). The Mark IX curves have been added.
These curves assume a regular, triangular lattice as in the buckled zone.
To derive the flat zone buckling, the buckling read from the curves at the
- appropriate lattice spacing (see following table) must be corrected for .
the irregularity of the flat zone type lattice (a 1:6 ratio of number of
control positions to fuel positions was considered). The corrected buck-
lings are plotted in figures RP-7, RP-8, and RP-9. . :

 Equivalent Flat Zome Lattice Spacing

Buckled Zone Equivé.lent Flat Zone

‘Spacing, in. Spacing, in.
7.00 - 17.56
. 1.25 . 7.84
7.50. ' - 8.10
7.75 8.37

8.00 8.64

In the determination of the migration area (M2 = IZ + t), the value of I2
for & flat zone lattice was taken to be 1.25 times the value for the cor-
responding buckled zone lattice. (Buckled zone values were shown in last
month's report.) The 1.25 factor is correct for a 7-inch buckled zone

lattice spacing and is thought to be & good approximation to spacings at
least as large as 8 inches, The velues of T for flat zone lattices were
determined from the equation given in last month's report. :

The five points on ea;ch "buckling svaeilsble" curve correspc‘:ndi to the five
lattice spacings given in the preceding table. (The smallest lattice
spacing corresponds to the lowest MZ, etc.) B
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Bucklmg Necessary. Losses in reactivity (Akeff/keff) expected in the
operation of the "PTPR are listed in the following table, .The basis for
the value of the loss is listed along with the loss itself. .These losses
of reactivity were converted to buckling losses by means of the following
equation,-in vhich the: fe.ctor 1.06 1s the reciprocal of the nonleskage
probability' : _ ; , _ :

» . :
B = eff X 1.06

Keer :
PTPR Reactivity Losses |
| keff R
: Value :
Loss ’ % Eeff ~ Basis
Xenon . 2.76 Current VII-A
Semarium : 0.53 - Current VII-A
Moderator temp N R
coefficient 0.94 . VII-A to 65°C.
Metal temp ' ' .
coefficient 0.28 o Twice current VII-A
Miscellaneous 0.3 vUnexplained current VIiIi-A 1oss
Tote.l 4.86

In addition to the losses, the axial buckling and the buckling held by
control rods in flux shaping must be supplied. (The radiel buckling is
zero in the flat zone.) The buckling necessary to support the axial flux
shape depends upon the desired flatness of the flux shape, which is meas-
ured by the ratio of the maximm to the average exial flux (qma.x/qavg)
Axial flux shapes with half rods positioned for minimm %max/davg were
calculated for several strengths of half rods and for several reactor

heights, In all cases the full rods were positioned to 200 veeder units.

The ratios of full rod length, half rod length, and the length of 1000
veeder units to the height of the reactor were taken to be the same ss
with current Mark VII-A charges. The sum of the bucklings held in rods
R) a.nqg in axial leakage (B"z) is given in figure RP-1l es functions
vg. - .

To determine a “‘buckling necessary" curve for & pa.rticula.r qma.x/ qavg end
reactor height, the value of B°cg + B°y was teken from the curves of fig-

. ure RP-1l. This value was added to the va.lue of ABZ which was determined
" as a function of M’ from the eq_uation g

The “buck.ling necessary" curves are more or 1ess a.vera.ge curves., The

" worse condition of axial flux sha.ping expected during a cycle would occur -
. .with the full rods e.t a.bout 350 veeder units. This case will be investi- .
' ga.ted

" Since this snalysis was primarily concerned with the PTPR, no considera- -

tion was given to the sparjets a.nd. their associated: shadow rods.
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REFLECTOR CAICUI.A.TIONS

Additional radial flux, ca.lcula.tions were ‘made  for: the Pressurized Tube
Production Reactor using the 1Iil Abner IEM 650 routine. The neutron -
leskage ‘from the reactor core and the tritium production in producer
tubes located at the outer boundary of the reflector were determined as
functions of reflector thickness, The machine routine was described in
last month's report (DPSP 59-1-3, PP 125-128)

The total neutron leakage was obteined by the following exprenss'ion:_z ‘

DFIVM SIS 'vDstR°st
fordv +Z ﬁsdv Zg[opav + zsﬁsdv

Total Leakage = '.

whe;ce; . L 'Fast Leakage| ‘! Slow Lea.l_:a:g_e’
" F, S are subscripts referring to the fa.st and slow neutron groups,
respectively , e

dS 1is a surface increment

dv is & volume increment

D 1g the diffusion coefficient  : SN
® 1s the neutron flux o
VR “is the redial component of the gradient operator

z kis the a.bsorption cross section ‘

This expression differs slightly from the one given in last month's re-
port and is teken as the more appropriate one for this analysis. The
gradient of the fast and slow fluxes and the volume-weighted fluxes were
detemined directly from the ca.'l.cula.ted flux shapes. L

Figure RP-12 is a plot of 1eakage as a function of reflector thickness.
The difference between the total lea.ka.ge from the core (buckled zone) and
the total leakage from the reflector is equal to the sbsorption in the
reflector. This difference increases as the reflector thickness is in-
creased. The bottom curve represents the slow leakage from the reflector.
It shows that for increasing reflector thicknesses, the fast 1eakage from -
“the reflector approaches zero. : , .
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The slow neutrons leeking from the reflector ca.n be utilized for tritium
production, if lithium elements ("producer tubes") are arranged around
the outer boundary of the reflector. In calculating the production to be
gained through the use of producer tubes it was assumed that & ring of
producer tubes would ebsorb 804 of the slow neutrons lesking from the
reflector. .

;Re].e.tive productivity va.lues were detemined by the method given previous- |

ly for both the producer tube and no producer tube cases, . Relative produc-

” tivity, or fractional increase in production,. is plotted in figure RP-13
.as & function of reflector thickness, Without producer tubes, an increase
in tritium production in control rods occurs as the reflector thickness
18- 4increased. Tritium production in producer tubes only, which is propor-
tional to the "slow leakage from reflector" curve shown in figure RP-12,
" reaches & maximum at & reflector thickness of approximately 35 centimeters.
- The result is a flattening out of the "relative productivity with producer

o tubes” curve of figure RP-lS,'which has & maximm at approximately 60

centimeters of reflector. ' With producer tubes.the gain in production from
an increase in reflector thickness from 40 to €0 centimeters is rela.tively
small, :




134
NUCLEAR PHYSICS
TRENDS IN ARFA RADIATION LEVELS

A knowledge of trends in area radiation levels and system activities dur-
ing shutdown, in relationship to operating parameters, is of interest in
connection with current and future maintenance of reactor equipment. In-
 formation concerning radietion levels in the 105 Buildings during charge-

- discharge shutdowns 1is availeble from the "Area Activity Ievels - Monthly
. Reports," which were issued by Reactor Technology Section from April 25,

1956 to October 14, 1958, and from DPSOL 105-1226, "Status of Reactor

System Radioactivity," which replaced the monthly reports. A document

 entitled "Trends in Radiation Levels - 100 Areas," April-21, 1959,

~ (DPSP 59-886) has been issued. It summarizes this radiation level in-
formation for each of the 100 Areas and ensbles grephic analysis of trends
in radietion levels during shutdown as associated with the following

operating parameters: v
® Reactor Power = Opne Day Prior to Shutdown

® Cycle Exposure at Shutdown }7

* @ Process Water Activity - One Dey Prior to ‘Shutdovn
® Turbidity Prior to Sautdown '
® Type of Fuel

Figures RP-14 through RP-18 enmera.te the e.ctivity data for five specific
.locations and a single process water system (System 3). Then data are

- considered to be representative of system activities in general Further
detalls are given in DPSP §9-886. _ )

General conclusions vhich result from an inspection of the data are &as
fo].‘l.ows ' .

® Radistion levels during shutdown have increased in 211 arees since
April 1956 and are associated prima.rily with incree.ses in process

weater a.ctivity.

) Increased process wa.ter activity is associa.ted with increased cycle ex=-
posure and turbidity. .

® General trends in radistion levels following shutdown correlate fa.irly
well with process water activity prior to shutdown; fluctuations in
radia.tion levels and hot spots correlate with tur'bidity and fuel ele-

ment failures .

® No extensive buildup of long-lived e.ctivities in the process water
piping is indicated. '
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- CYCLONE GAMMA MONITOR

A Cyclone Gamna. Monitor was installed 1n P Aree. under TA 1-538 during
‘the P:13-14 shutdown (March, 1958) and is being evaluated as a replace-
ment for the S:Lngle Channel Gamma Monitors. - Both systems monitor the

- gross process water activity and are intended to provide rapid indication
of fuel failures which have relased large smounts of fission products to
‘the moderator. The Single Channel Gamma Monitors utilize porous stainless
steel filters which must be replaced periodically because of pluggage.
Replacement of the filters is a difficult maintenance task (SWP) and is

- normally performed only during reactor shutdown. The Cyclone Gamma
'Monitor does not contain filters and is designed to enable backflushing
during reactor operation for the reduction of background activity. How-
ever, pluggage of the cyclone system has been a problem a.nd effective
ibackflushing has not been accomplished. — ,

The Cyclone Gemms Monitor conta.ins & cyclone eettling pot which is con-
.nected to the heat exchanger inlet line for System 4. The sensing ele-
‘ment consists of an ion chamber which is located near the settling cham- ®
ber.  The signal from the chamber is amplified by & Beckman micromicro-
‘ammeter and is displayed on & Brown recorder in the central control room.
Normal system flow 1s approximately 0.25 gpm and the delay time from the
'rea.ctor i1s gbout one minute. :

‘Several hydraulic modifications have been made to the prototype system
" and were reported in the August Monthly Progress Report, DPSP 58-1-8,
page 145. Since the completion of the modifications, five fuel elements
have failed in P Area. None of the elements released & significant amount
of fission products to the moderator as indicated by the process water
activity monitors; the maximm sctivity increase observed was 1l percent.
(LEGM). The cyclone monitor responded to only the most recent fallure
(April 21, SRP No. 53). The Brown recorder trace indicating the response
of the monitor is shown in figure RP-19. The response of all the process
water activity monitors for the five failures is siven in the following

table.

Process Water anitoi' Response

Percent Increa.se

Fallure Cyclone Low Ene Energy ~ Single Channel Ten-Minute
Number ~Date Monitor Gemma Monitor Gaxma Monitor Delay Monitor
'35 11 o 1 B S 0
4 36 no activity released - - no activity released
49 4/3 - 0 -0 0 3
51 4/16 o 0 ~ o 3.9
S35 . 4/4 8.7 1 0 . 10.8




141

o

e

N ]
i 8

s
s

——d

lo_spénu of Cyclone Gamma Mo'n.ltoi{

. to Fusel Fellure No.

Figure RP=19,

53




142

 The ba.ckflﬁshing difficulties currently experienced with the cyclone moni-

tor will be investigated during the forthcoming P:6-7 shutdown. The in-
ability to backflush can result from (1) pluggage of the cyclone settling
pot, (2) pluggage of the flush drain line, or (3) malfunction of one or
more valves. If the investigation indicates that turbidity has caused
the pluggage of the system, a larger cyclone settling pot and increa.sed.
diameter hydraulic tubing will be tested..

FOOD IRRA'DIATION FACILITY MA.RK VI-J FUEL .

The food irradiation facility is designed to use Ma.rk VI fuel elements

as & gemma source. These elements are arranged in two concentric.rings
of nine elements each. Because of scheduled operations, Mark VI elements
will no longer be available. Criticality considerations preclude the use

' of 18 Mark VI-J elements without modifica.tions to the food machine. .

-A possible means of ad.a.pting the machine to the use of Mark VI-J elements

is to use only a single ring of nine elements. Calculations were made

to determine the gamma dose rates for 8 Mark VI-J elements after an ex-
posure of 80%. These data are presented in figure RP-20 as & function

of time after shutdown. Calculated and experimental values for 18 Mark VI
elements after an exposure of epproximately 40% are shown for comparison.
The ratio of the dose rate from 9 Mark VI-J elements, to the dose rate
from 18 Mark VI-J elements, determined. from fig'u.re RP-20 are summarized

" in the i’ollowing table. :

- Time . a8 Merk VI-J Elements (one ring)
. After Shutdown (Gamma Dose Rate Ratlo: 18 Merk VI (two rings '

1 day 0.81 ’ ' c

1l week 0.90

2 weeks 0.94

4 weeks 1.00 -

2 months 1.09

1.14

3 months o

_ SHIEE.DING CALCULA.TIONS FOR PTPR

Calculations were made to determine the concrete shield. heat load from

capture gammas in the thermal shield and from plle gammas for several
'~ shield thicknesses and compositions. Results of the ca.lcula.tions are

shown in figure RP-21 and in the following ta.ble.
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o . ... . _ Heat to Concrete,
' Shield Composition - SRR o (Btg/(hr)(ftz)

'@ A 57 cm thick homogeneous mixture of 50.50 stain- o
- less steel:Ez0 with & 43 e reflector. - - R 9;
® A 57 cm thick homogeneous mixture of 50350 stain- S B
“less steel:Dz0 with a 45 cem reflector. - 31 -
_’0 An interpola.tion of the 57 cm Dzo case ebove - to S
50 cm thick. - - 63

® A 50 ém thick homogeneous mixture of 50:50 stain-
less steel:D20 with 40 cm reflector and & 3-inch-
thick producer tube region Just inside the inner
shield wall consisting of a single ring of l-inch-
diameter 4.5% Li-Al rods with & 3-inch center-to-
center spacin§ (Zgepe of producer tube region .
was .0312 cm

@ A SO em thick 50:50 stainless steel:D;0 mixture
consisting of two solid 4.5-inch-thick stainless e
steel plates separated by 9 inches of D20, and a ' :
3/4-inch stainless steel tank wall separated from
the outer 4.S-inch plate by 1 inch of D0. Re-
flector thickness was 40 cm. : 24

@ Sleb case above with 1% boron added to the second
4.5-inch steel plete. - 18

® Slsb case sbove with 1% boron added to the tank

29

The resulte shown &bove are approximate because of the assumptions which
were made to simplify the calculations. More eccurate calculations will
be made on the IEM 650 at SRL when suitable codes for gamma shielding
problems are programed. One set of codes which will be investigated was
devised by Alco Products , Inc. and is described in APAE-Memo-142,

A description of the method of each calculation follows

mcponential Neutron Attenua.tion in Shield. S0: 50 sta.inless steel .vater

mixtures of various thickness were assumed for D0 and Hx0. Neutron
~attenuation used was based on FDP experimental data. Each neutron capture

was assumed to produce 8 Mev of 7 Mev single-point spectmm gamma ' rays.

Heat to the concrete is shown in figure RP-21 as a function of shield
thickness., A reactor pover of 200% vas assumed. .

- Pile Gammas. 50 50 stainless steel 'water mixtures of various thickness
- were assumed. FEach fission was assumed to produce 21.75 Mev of 2.5 Mev
single-point spectrum gemma reys. Heat to the concrete is shown in

i‘igure RP-21 as & function of shield thickness. “Reactor power is 200%.
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Two-Group Theory. Numerical integration using thermal flux values was
- ‘calculated with the Lil Abner code on the IEM 650 as the source term.
Flux plots used for the S7 cm D;0 and HzO cases may be found in the WOrks
Technical Monthly Progress Report :for March, DPSP §9-.1-.3. Each neutron
cepture was assumed to produce 8 Mev of 7 Mev single-point spectrum gamma
rays. Heat to concrete is showvn in the preceding table for a reactor
power of 200%. BHeat produced by neutron capture in the concrete is not
included although it becomes significant at neutron flux levels of greater
than about 10*° n/em®/sec in the concrete. Shield problems calculeted by
this method and results ere ghown in the preceding table. B ; '
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MODERATOR CHEMISTRY

CHARACTERIZATION OF TURBID MODERATOR

Twenty-five additional moderator samples have been analyzed by the tech-
nique of filtration through Millipore paper described in last wonth's re-
port (DPSP 59-1-3, p 141). In general these data confirmed the results
,reported last month, and have yielded additional results. :

Particle Size Distribution. Twenty-five new samples showed the same medi-
an values‘(with same standerd deviations) of the "average," "minimum," and
"maximum"” turbidity particle size as were reported lest month. The parti-
" ele size distribution ‘of moderator turbidity below 4 microns 1is thus
constant. - v .

Data taken in P Area during & scram showed the same abrupt rise in the
“large particle index" within a half hour after the scram that was re-

 ported last month for C Area. This indicates the appearance in the modera-
tor of particles of size greater than 10 microns after the scram. )

Amounts of Elements. Nineteen samples have been analyzed for content of

- elements by the filtration technique (including those reported last month).
. The amount of solids in these samples renged from 14 ppm to 448 ppm. A

, . plot of ppm of manganese in the solids fraction against ppu of solids gives
points scattering about a straight line through the origin, slong which the
ratio (ppm of Mn)/(ppm of solids) is constent. Furthermore the spread of
"velues of this ratio is substantially less than the spread of values of

(ppm of Mn)

For other elements the scatter is large (over 1 to 2 decades) so that ex-
istence of & straight line correlation is not at once evident. In some
‘cases the scatter ‘is significantly reduced by dividing by ppm of solids
" (indicating & partial correletion) while in others it 4s increased (as
 would ‘be’ expected if there were no correlation). .

_.The results of this type of treatment of the data are as follows-t

: s : Element - Mn I Fej Cr'” : Na _'f Curi Mg
£ Grams/Kg of Solids ~  0.012 1.3 . “0.048  £0.076 = 0.1  low
- Degree of Correlation o high - low ~ medium.. low . . none - none
% of Total Element in RPN S SRS SRRPES S T SRR
'~ Solids Fraction = 76 >83 . >86- .40 . .. ST. O

Sl the -spread is’ expressed by the ratio of highest to lowest value (ig-
noring the tails of the distribution) the spread of (ppm.Mn)/(ppm solids)
is less by a factor of 2.6 than the spread of (ppm Mn).
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The elements B, Li, Ni, U are not ordinarily detected in turbid modera-
. tor. The Al content of the solids is too high to be measured by the spec-
trographic method in current use, substantially all (99 9% of it is found

in the solid fraotion. : _

The amounts of elements in the filtrate fraotion are more or less inde-
: pendent of the amount of solids present ’ the values being as follows:

E_lenent-plil_v_gg Mo Na Cu_ - Pe B _Co cr_ L1 = _Ni U
ppb 20 2 0 3 <2¢ <« . <10%s . <2""~* <s* C<2ee <29 <508

* Normally below the listed limit of detection in the filtrate
B Always below the listed limit of detection in the filtrate.

L Radioisotopes. * Five samples'vere analyzed radiochemioally using the fil-

- tration technique (including the two reported last month). These were

- barely sufficient to show the correlation between amount of activity car-
"~ ried by the solids and the emount of solids. The mmerical values summae -
rized below must be considered approximate. .

" Isotope —» Nac2h  Mno56 re.zg  Co=60  Cr=51 zr-g‘i 0.5 Mev*

Cpm/Mg of Solids - 600 5. .- 12 D ] 10 - ~2.5

. Degree of Correlation -  med- ‘'med ° - high ~  low - none none
% of Total on Solids 5 ol 95 - 97 . 88 9T 96
Cpm/M1 in Filtrate . high 30 30 30 30 20 - 30

* Calculated as Ru-103

| The rangeof values for the filtrate (except ’Na-24)v is rather low, and the
values are independent of amount of solids. This may be the effect of cor-
rosion in the radiochemicsal analysis but this is not 1likely.

Efficiency of Filtration Technique. All of the work reported a‘oove was
done using a 1.2 micron-pore diameter Millipore filter. Some of the data
suggested that this filter was not removing all of the solids. To check
' this possibility, aliquots of the same moderator sample (C Area, taken
April 4; turbidity = 16 ppm) were filtered, ome through 1.2 micron and one -
" through 0.3 micron-pore diameter Millipore paper. The decay curve of &
-y planchet of each of these two aliquots was detemined Analysis of
these decay curves showed that :

® The O. S-Micron paper removes about half of the long-lived activity
' passed by the l.2-micron paper

9 The 0.3-micron paper passed about the same amount of Mn-SS and of Na-24
(or 15-hour half-life isotopes) as was passed by the 1.2-micron paper.

Deionizer Effluent. A pair of samples consisting of reactor effluent and
deionizer effluent drawn nearly simultaneously from R Area and another
. pair from P Area were analyzed by the filtration technique. .
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 The enalysis for elements showed Cr, Cu, Mn and Fe to be contained in the
solids fraction, which was not removed by the deionizers. ‘The concentra-
tions of remaining elements were too near the limits of detection to give
any relisble indication of the effect of the.delonizers on their concen-
tration. Lo A SARTHRETE S SRS S ‘ - :

Radibéhedicél analyéisvchfhese.samples gave the fbllowing decontamination
factors, calculated.as ratio of activity in the filtrate fraction of the
~ deionizer effluent-to that in the filtrate f:action o£~reactor;effluent:

" Isotope = Nac2h - Mno56 Fe 59 ' Co=60 = Cre51 Zr=95 0.5 Mev

© DecanlowFacter . . . -

" present Data . ka4  M7.. » > s ~12 o ~25

| Nonturbid Samples® - 4000 4362 -5 o1 e e -
* Dete previously reported in RTR 85 (DPSP 58-814), based on |

- two pairs of nonturbid samples (filtration technique not used).

,‘fOffthe present_daté,fonly the value for Na-24 can be considered to be és-
.- tablished with any precision. The remaining values serve only to indicate
that there is substantial removal of radioisotopes by.thg'deionizers.

CHLORIDES IN MODERATOR

The high initial corrosion rate of aluminum components as measured by deu-
terium evolution could conceivably result from presence of chlorides in the
moderator, which cause pitting corrosion. - The concentration of dissolved
chloride has been determined during C&D shutdown and the first few days
after startup, twice in L Ares and once each in R, P and C. Samples were
" taken on &t least &4 days for each shutdown. w '

For the L:4-5 shutdown, 14 samples were taken -- one per day starting at
the beginning of the shutdown (April 2) and continuing until April 14, _
five days after full power was reached. The concentration of chloride re-
mained less than the 0.1 ppm limit of detection throughout this period.
The deuterium evolution rate showed the usual pesk at startup (65 scf /day

" maximum on April 8 as compared to 36 sef/day on April 11). S

of thé él‘sﬁmpiés obtained from the other fdur shutdowns, two each gave’
0.3 and 0.2 ppm and one gave 0.1 ppm of chlorides. .One gave 0.6 ppm, but

& resample on the same day gave <O0.l1 ppm. -~

It therefore seems unlikely that chlorides dissolved in the moderator are
contributing in any major way to the genersl occurence of high initiel

- aluminum corrosion. Data so far sccumulated do not rule out the possi-. A
~ bility that it mey contribute to increased corrosion in individual reactor
cycles, T ‘ : C -
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- .JNLINE pH SYSTEM ‘
- The prototype inline pH system which is designed for contimious PH measure-
' ment of process water, was installed in Building 105-P (TA 1-678). A block
diagram of the equipment as arranged for operation is shown in figure RP-22.
The system consists of three parts: (1) 'flov essembly and electrodes, (2)
PH wmeter, and (3) recorder. The flow assembly contains a glass pH elec-
- trode, a reservoir type reference electrode, and & thermo-compensator.
. The pH meter measures the potential between the glsss electrode and the
-reference electrode. - This potential varies with the pH of the process
- water circulating through the flow assembly. The thermo-compensator is a
resistance thermometer which adjusts the pE meter reading to compensate
- for changes in the electrodes caused by temperature. The strip chart re-
-corder provides a continuous record of pH. A diagram of the piping end
.equipment arrangement is shown in figure RP-23. L

The pH meter was placed in operation on April 1S, Measurements of process
‘water pH since that time have been recorded during a resctor shutdown, a
reactor startup and during normal reactor operation. ' The pH has varied -
from 6.8 during shutdown to 7.8 during normal reactor operation.  Because
the inline pH system has been in operation only 10 days, insufficient re-
sults have been collected to determine upper and lower limits of process
water pH and the variation with reactor parameters. These factors will
be determined &s more experience is gained. ' : )
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- © . Sample Stok Drsin

Elcuu'lP-23. pH System «- Equlémcnt Arrangement and Flow Dlcgram
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- PRODUCTION PHEYSICS

TRITIIM PRODUCTION . e

Mark VI-J Target Production Rate. About 54% of the targets from the K-2
discharge have been processed through the 200 Area. A tritium production

* rate of - was derived from the He-4 yield of this material.

[The predicted velue, given in DPSP 58-1393 (RIM 1684), was ]
~The measured tritium yield was  less than . (The Material
Balance Ratio was . ) The Separations 'I.‘echnology Section has postu-
_1ated that the missing tritium is trapped in the fom of water, and can
be recovered ' ,

Coxg_parison of Mark VI and Mark VI-J. The measured Mark VI-J target pro-
duction rate may be combined with other recent observations to provide e
realistic estimate of the advantage of Mark VI-J operation over Mark VI
operation. Rlanketed, unspiked charges operating at 80% power, to expo-
sure levels of 42% (Mark VI) and :72% (Mark VI-J) are assumed for the
comparison. The tritium production rates are J.:lsted in the follcwing«
table. .

Rate, m'g/m'

Source ‘Mark VI Mark VI-J
Targets o R .
~ Control Rods
Blanket s

Total

Both target production ra.tes are measured values. The‘ control rod pro-
"duction rate’ for Mark VI was derived from the curves given in DPSP 58-1138
(RTM 1621), which agree with 200-Area measurements. "The control rod pro-
duction rate for Mark VI-J was derived from the average reactivity held
.in rods during K-2. The two blanket production rates are consistent theo-
retical estimates, supplied by SRL. - (Neither has been measured.) -

The K-2 cycle exposure was 724. If this ie assumed to be the sta.ndard

‘Mark VI-J cycle exposure, then Mark VI-J operation would generate

 times as many MWD per year as Mark VI operation at 42% per cycle. The
net advantage of Mark VI-J over Mark VI may therefore be summarized as
follows°

_Item - - Pezy'c':ent(}ain',.
gmn/MWD ”

 MWD/year -

en/year -

DELETED VERSION
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PLUTONIUM PRODUCTION

Total Production in Natural Uranium Charges. Natural uranium charges

produce tritium (in control rods and spikes) as well as ‘plutonium. Both

" products must be included to provide a useful index of neutron econamy.

One such index is the total production rate, which may be expressed in _

units of grams of plutonium per reactor MWD (by equating an atom of trit-

{um to an atom of plutonium). Measured values of this total production

- rate have been derived from Accountebility records to indicate the changes

- in neutron economy which have taken place during the history of SRP re- :
actors, and to compare the measured rates with what should be expected

theoretically. Past production was divided into three categories: low

ngs. operations, high g/‘l’ operations (except for Mark VII-A charges), and

" those Mark VII-A charges which had been processed in the 200 Area ‘through
. February 1959. The measured total production rates are listed below.

Category Fuel Rate; §/MWD
lowngs  Mark I, VII ' .
High g/T Mark I, VII

Current Mark Vii-A

The measured rate for low ngs operation is a.bout " higher than the cur-
rent theory would. predict. The high g/T (I, VII) rate agrees with theory.
The Mark VII-A rate is asbout than the theoretical rate. In each

- case, the comparison with theory is based entirely on plutonium production,.
" because empirical rates are used to predict tritium production. The com-
perison is considered valid because plutonium represents about of the
total production from natural uranium charges. The decrease in total pro-
duction- rate, from the early low ngs. operations to the present, is attrib-
“utable prima.r:l.ly to the higher specific exposure in current charges.
Details are given in DPSP 58-1005. _ o

" Revisions of Plutonium Production Rates.
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Glos;c ry of Terms

FUEL ASSH&BLIES

Quatrefoil loaded with solid slugs of na.tural ura.nium

Two concentric tubular fuel elements of ‘natural uranium.
Series flow of coolant (down the outer amnulus, up the in-
termediate annulus, then down the center of the. assembly)

Two concentric ‘columns of individually cled ef-mch-long
[Tubes cled at SRP (triple- -
dip bonding) are designated Mark V-A-SKRP, and tubes cled

" at Sylcor (bot-press bonding) are designated Mark V-A-SC. 1

Tubular fuel element of U2°°-Al slloy with an internal
column of solid I.i-Al ta.rget slugs.

Similer to Mark VI except that: (1) the fuel alloy has &
higher uranium content, (2) hollow-core, larger diameter
target slugs ere used, and (3) the basket tube and deed .
annulus are elimina.ted

Similar to Ma.rk VI except that the target a.lloy has a lower
lithiunm content. (This element' is used to spike low-
reactivity fuel charges. )

Quatrefoil loaded with hollow slugs of nature.l uranium,
(Slugs cenned at SRP (triple-dip bonding) are designated
Mark VII-SRP, and slugs canned at Sylcor (hot-press bonding)
are designated Mark VII-SC.]

Similar to Mark VII except that the hollow slugs and quatre-
foil are larger to permit operation at the higher coolant
flows provided by the Bingham pumps. [Slugs are designated
Mark VII-A-SRP or Mark VII-A-SC , on the same basis as Mark
VII slugs.]

Power rea.ctor ‘fuel element

Tubular fuel element » natural uranium (used for SEL test
elements) . : ,

, MSCELI.ANEOUS
Save.nna.h River Labora.tory development facility for 100 A.reas. V
Heavy Water Components Test Rea.ctor. » '

Pressurized Tu‘be Production Rea.ctor. ,

Ratio of the Li-6 content of & Li-Al alloy to the Li-s con-
tent of an equal volume of Li-Al a.lloy conta.ining 10wt %
na.tu.ra.l lithium,

Sylva.nia-Corning Nuclear Corporation. '
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Natural Uranium Prq‘ceésingv'

'FROCESS STATUS .

Solvent éXtréction of: irradlated uranium in the ’Jtuxi'bo mixer-settlers in
F Area started on April 6 and continued intermittently, with numerous

. shutdowns in asddition to the scheduled weekend shutdowns. Performance

was generally irregular for several hours following startups until steady .
state operation was attained; losses and decontamination were satisfactory

‘during all periods of steady state operation. : First cycle rate varied be-

tween five and ten batches per day with better control of flow rates and
of bank stebility at higher rates. By the end of the month, techniques

.were developed which to some extent minimized the ‘startup problems.

. Plutonium refluxed in the 'lB bé.hk on one occasion until it was estiﬁaﬁed
-that = had accumulated, and the bank was stripped. ' The buildup had
persisted for several hours in spite of large increases in the emount of

ferrous sulfemate fed to the bank. Procedures were modified to provide

-additional protection from overad justment of 1AF with nitrite which could .
" have caused the reflux. A loss of of plutonium to the 2AW oc-

curred, presumably because insufficient sodium nitrite was availsble for

. 2AF edjustment. Both occurrences were recorded on charts showing neutron
readings. : , :

1 Te'sts of the,bi'smth_phosphate process for recovery of meptunium from high

activity waste were successfully completed in H Ares, and solvent extrac-
tion of neptunium from solutions of bismuth phosphate product cakes was
demonstrated in the second plutonium cycle. Recycle of neptunium through

- the second cycle is in progress, to obtain the required dgconta.mination

before transfer to B-Line. - E
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C DELETED
FEED MATERIAL VERSIQN__
e -
s Characteristics of Feed
_ Reactor Charge - _R15 R __R-2_ P-3
Composition, vt % : o ' ' o R -
Merk I - s T . - 100 a e e
Vork VII 00 e St -

Plutonium Content

% of Estimated Content _ e e
Processing Period. 32t - 4f3 4/3 - 4/10 4/8 - *x 4/10 -

t -

Cooling 'I‘ime,* days - 330 . 144 - - 149 130
Raw Metal Solution,* 7 c/m/ml il , L : o
Zr 0.18 X 10° 1.2 x 10° 2.3 x 109 2.8 x 10°
11 SR el o 0.36 X 10° 2.2 x 10° 4.1 x 10° 4.7 x 10°
Ru - . 0.10 X 10® 2.0 x.10® 4.4 x 108 6.5 x 10°
I S ~ nil - _7.3x102.‘,27x10"' 1.7°X 105
u-237 . - o mil D TR ‘12 . 70 .
sex109 8.3 x 10° .

Gross - . 0.55 x 10° 3.6 x 10°

' * At start of’ processing period. ’
** Still in process. SR

DISSOLVING

Hydrostatic tests early in the report period showed that the column gasket

was intact on esch dissolver. The problem of low dissolver vacuum was
corrected by replacing the gaskets in the off-gas jumpers. Dissolver 6.1D
currently is processing P-3 materiasl while 6 4D is processing R-2 dingots

" under Test Authorization 2.228.

Materisl balance calculations based onwcomposite raw metal solution acidi-
ties indicated possible acid deficiency on three dissolver cuts and low -
.acid (less than 0.8%) on two others during the month. Since the precision
~of the acid analysis in raw metal solution is only about 80% and an indi-
vidual cut may represent only 15% to 29% of the raw metal solution come
posite, material balance calculations are subject to considerable error.
The following precautions were taken to prevent the loss of & dangerous

amount of plutonium'to the head end centrifuge cake" o

. Transfers to head end were limited to no more than 1200 grams of plu-
©tonium from the questionable cuts.

] Analyses indicated that the plutonium in the rev metal solution had not
' hydrolyzed to any great extent.

® In one: instance, comparison showed the ‘ratio of plutonium to uranium in
the centrifuge run tank to be essentially identical to that in the raw
metal solution hold tank. This indicated that no significant emount of
plutonium had been lost to the centrifuge ceke. ,

'DEL Fonsy ";";'_ oo d
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Dissolving end points were revised zs & precaution ageinst potentislly
acid-deficient cuts. The final specific gravities for the first.and
second cuts are now 1.70 and 1.71, respectively; the former values were
1.715 and 1.730. The Laboratories Section developed a routine coutrol
analysis to determine the smount of hydrolyzed plutonium in the raw metal
solution by comparing the emount of TTA-extractable plutonium with the °
gross alpha count corrected for urenium and smericium. Experiments with
~ hydrolyzed plutonium [determined spectrophotometricelly to be free from
"Pu (IV)] show that only 10% to 20% of the hydrolyzed materisl is extracted
by TTA. Although the analysis 1is crude and may indicate hydrolysis where
.none exists, it should reliably detect dangerous amounts ‘of hydrolysis
(ie, greater than 33%).

‘The uncertainties in the material balance celculations for the acidity
and uranium content of an individuasl cut also affect the regulation of
- dissolver heel and cut size. The amount of acid used per di&solver cut

“was increased 5% to obtain larger cuts and to limit excessive heels.

: Analyses of coating waste solutions were very erratic during the month

- with uranium values ranging between 0.19 and 6.9 g/l and plutonium be-
tween a : © _With time as & parameter, there

is no apparent trend in the analyses, and for individual batches no cor=-
relation between uranium and plutonium-concentrations. Aversage losses

to coating waste for uranium and plutonium for the report period were

0.24 and " respectively. v ,

Dissolving Summary, F Ares

Dissolver - _6.10 6.4D"
' First Cut o , -
Uranium Dissolved, batches/cut 3.1 O 40e
Avg Cut Time, hours . 11.65 ‘ ©l2.81
Avg Cut Acidity, % ENOg 0.76 1.16
Ac1d Economy, mols HNOg/mol U 4.68 -7 A
Second Cut e o
Uranium Dissolved, batches/cut 3.70 3.80
. Avg Cut Time, hours ' 12.5 14.08
Avg Cut Acidity, % ENOa . 3.52 2.06
‘Acid Economy, mols ENOs/mol U 4.61 4.61
Rew Metal Solution : . R
Avg Acidity, $ ENOg = o ’ S 1.77
Acidity Renge, $ ENOg . ~ ~ 0.81 - 4.40
5 ON
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HEAD END

A new jumper was installed on the precipitetion tank to a.llow permanganate
to be added at the tip of" the agitator blade, as was successfully done in

" H Area. Visual inspection of the.centrifuge effluent during one cold .

“ureanium-run with the new ,jumper a.nd a feed re.te of about 100 l’o/min showed
no signs of cake ca.rryover. o , . ,

B Eigh range P trensmitters were installed in the ll-lc skimmer control
' system to permit use of ‘the normal skimmer controls at the higher pres=
sures required ‘to move the skimmers. The higher pressures sre related
“-to the use ‘of stronger return springs in the ectuator mecha.nism. Opera-

" tion thus’ fs.r appears sa.tisfactory.

| SOLVENT EXTRACTION

The first cycle inventory of cold ura.nium was depleted April 3, end ir-
rediated uranium was processed in the first cycle starting April 6. The

. gamma sctivity of the 1AF increased gradually from & startup value of

- 6.4 X 107 ¢/m/ml to the current value of 1.2 X 10° ¢/m/ml as shorter-
codled material was processed. - First cycle end stree.m losses and decon-
temination factors were satisfactory during all periods of steady state
operation despite initial poor control of saturation in the 1A bank. De-
contemination factors across the first. cycle decreased from the unusually
" high initiel velues, as fission product activities built up throughout the
'process, to values more indicative of normal operation.

o COnsidera.ble difficulty was experienced throughout the report period with

the migration of uranium toward the agueous-out ends of the 1A, 1B, :
1D banks during ‘weekend shutdowns; this-migration appears responsible for
the "agueous block” of the 1A bank reported last month as well as blockage
of the 1B bank during the early part of this month. Following hot startup
on April 6, an excessive amount of uranium was contained in the 1BP, and:
100 pounds of uranium was lost to the 1DW; as. & result of the uranium in
the 1BP, sbout 3000 pounds of 2EP was recycled to head end; the ratio of
wranium to plutonium was 4.6:1 in the recycled 2BP compared to a Technical
‘Standard limit of 1:1 and & normal value of less’than 0.02:1. It has been
postulated that ‘the uranium bearing aqueous phase migretes through the
interstage weep holes during shutdown periods a.s & result of hydraulic
pressure gra.dients within the benks _ .
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Prior to the shutdom on April 10, the urenium and plutonium were stripped
from the 1A and 1B banks to prevent startup losses to the 1AW and recur-

- rence of uranium contamination in the 1BP; the 1BX acidity was increased

to 7.5% to compensate for the acid lost beceuse of the absence of 1AP dur-
ing the flush. No uranium or plutonium losses were detected during shut-
down end immedistely following startup on April 13 but the gamma activity
of the 1AP and 1BP increased asbout 400-fold, presumably due to low .startup

~ saturation in the 1A bank and the presence of fission products in the scrub

stages following the flush. A similar shutdown procedure was used on

" April 17 except that the 1A bank was ‘only partially stripped.. Fission

product contamination of the 1BP relative to the 1AF after. this startup
was about the same as tha.t from the previous, more extensive stripping

of -the 14 bank.

Uranium migra.tion data obtained dquring 1D bank shutdowns ( suma.rized in

" the following table) indicate that uranium is partially stripped. from the -

migrating equeous when operating the impellers after shutdown, resulting
in lower losses at startup. Further testing is planned to leave the

impellers running following high ssturation conditions at shutdown since
it is not yet established how much the migration of uranium is affected

o by saturation and how much by running the impellers. Use of the technique

on the 1A bank is planned.

Mig‘ation of Ura.nium in the 1D Bank

Stage 18 (IOV), g/f . motay

Shute ’ Immediately 6 Hours 12 Hours Prior to Hours " Hrs Impellers
‘down  Stage 11 After After ~°  After = Following  Shute Operated After
Date .Sp Gr* - Shutdown Shutdown ~ Shutdown Startup  down Shutdown##
/3 1.0 - - o= T 13,5 5% 0
4/8 1.25  1.8x 1073  ug.k - 9% . 6 .0
4/9t 1.27  1.9X10% 12 137 165 . 17 0
k/10 1.05. 1,8X 107 . - 2.7 X 103 0.8 52 12
/1 1,10 1,4x 10" gox 10°3 0.2 2,7 28 - 16
1.05 0.8x107° . - 2.3 st 12

LYY B

' ' ® Specific gravity is indicative of the relative saturation
at shutdown; the normal desired operating condition corre-
-sponds to a specific gravity of 1.25 1n stage 11.

&% Impellers at 1/2 normal speed.
t Aquecus ocutlet stage interface raised prior to shutdown.

On April 14, approximately 98% of the plutonium fed to the lB bank re-

fluxed for a 37-hour period, ending with the shutdown of the first cycle
for a 1B bank flush. Approximately of plutonium collected in the
bank before shutdown. The reflux appesred caused by destruction of the
ferrous ion in the bank presumsbly as & result of nitrous ascid extraction
in the 1A bank. The exact source of the nitrous acid is unknown; however,
the 1AF sdjustment procedure was revised to prevént accidental addition

of nitrite to the 1AF after the usual simner period.

st s s e
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Approximately of plutonium were: lost to the 2Aw while feeding

a batch of 2AF that may not have been properly adjusted with sodium ni-
trite. This batch of feed was adjusted in & tank not used previously

~ and all or part of the a.d.justment material (~ lOO l’b) may have fi1lled the
. piping from the hea.d ta.nk to the canyon. ' - -

Initial checkout of the ]:B bank neutron monito was still in progress at
the time the 1B reflux started so that reflux conditions were not imme-
diately recognized. However, subsequent close review of the monitor

.charts showed the progress of the inventory buildup in the 1B bank. Al-

though, recent performance of the dusl-channel 1B monitor has been satis-

fectory, minor modifications still are needed to decrease the degree of

fluctuation in the recorded. count rate.

The original FoArea 24 bank monitor was used for sta.rtup beca.use the new
duslchannel monitor was not ready in time. The 0ld monitor showed good
response to the large 2AW loss reported above by & sharp .drop in indi-
cated neutron count as the bank inventory was depleted. This monitor
later failed and was replaced with the old H-Area 2A bank: ‘monitor since
the new dual-channel monitor was not opereble upon installation The
"tube-train," as designed, apperently resulted in excessive noise level
at low neutron count rates. Redesign of the tu‘oe train is in progress

PELETED yERston
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Process Performance

Period. - ye - 4/8 " 4/9 - 4/15  4/16 - 4/22

Decontamination Fa.ct_ors
- RM/1EU (x 10® )

Gross 7 7.4 ‘5.1
Zr-Nb 9.5 . -
~ Ru. 1.9 -
- CGross y SRR 2% AN P | 4.0
Zr-Nb A I 5.2 5.6
IAF/IDF (x 103) R ) S .
Gross ¥ 100 - 46,4 0.52
Zr-Nb o - - 35.0 . 0.39
' o - '97.0 . 1.36:
lDF/lEU (x 102) R . S ' :
Gross ¥ - - 0.02 ©0.22 15
Zr-Nb - - - - - 0.25 -
" Ru L T - - 0.15 -
RM/2BP (x 105) » :
. Gross * - 38 _ 16
Zr-m: - . 46.2 18.5
- 10.2 5.4
1AF/1.BP (x 103) _ :
Gross 7 54.5 61.9%% 1.93%
Zr-Nb . . - R - 1-43
Ru - - 5.96
1BP/2BP (x 10%) _
Gross r*% - 0.02 7.7 8.8
Zr-Nb ' - T - 10.9
Ru . - - 0.44
End Stream Quality
‘ 1EU, ¢/m/ml
Gross 7 80 150 - 220
- Zr-Nb ' - 100 o
Ru - : 50
2P, c/m/mg - | |
© . Gross y* 752 - 592 ‘ g62
‘Zr-Nb 592 - 438 . 768
"Ru 60 154 , 184
Pu to Ra.ffinate, % ‘ '
" 1w
1w
2AW

* Corrected for Pu gamms activity :
** Omits material produced immediately after
. startup and during 1B bank flush.
+ Omits material produced during first 2¢ hours
after startup '

..—-/"‘

.‘.- - ""’J_
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Flowsheet and Opera.ting Conditions, F Area.

(Sta.tus on Apr:i.l 23)

2AF < Second Plutonium Cycle Feed -

Impeller . | - - . Nominal Flov Ratio Rate,* Game
Bank | Speed, rpm | - Stream Component Wt % by Wt Batchea/Day | Activity,.  ¢/m/ml
1 . 250% “ur UN 38.9 . , T '
' : HNOg 5.0 1.0
- L1AX - TBP 30.0 - T2.08%
1A8 HNOy 17.2 0.553
0, . 0.63 .
18 250 18 e . 10,354
Fe Sulfamate 4.2
1BS TEP . 30.0 0.496%
1EP - - -
1c 225» 1cX ENOsy 0.063 3.83
pL IS 200" ¥ CUN - 39.8 BV
Co S *HNOg T 0.4t S -
Fe Sulfamate | - 0.065 “1.0
10X - -TBP 30.0 1.890%
©1D8 " Ha0 100 " 0.090%
- 1D§" HNOg 17.2 - - 0.193#
1= 225 1EX HNO5 0.06 3.600
1EU - - - .-
27 350 24F ENOs 23.2 1.00 15e
T2AX - TEP 33.0 . 0.333
2AS HNOs " 3.7 0.315
2B 233 28X Hydroxylamine 0.41 0.250
. Sulfate
2BP - - -
® Varied during mnph.
-~ Glossary of Terms = Separations “Areas "
RM Dusolvér Solution 2AX « Second Plutonium Cycle Orguuc Extnctmt
1AF - Pirst Cycle Feed © 2A8 « Second Plutonium Cycle Aquecus Scrub -
1AX - First Cycle Organic l:x'tracta.nt .-, 2AW - = Second Plutonium Cycle Aqueous Waste
148 « First Cycle Aqueous Scrub. - 2BX "= Second Plutonium Cycle Aqueous Strip .
1AV « First Cycle Aquecus Waste ~ “2BP = Second Plutonium Cycle. Aqueous Product
1AP - First Cycle Extraction Bank Product - @BW - Second Plutonium Cycle Spent 301vent
C1BX - Partitioning Bank Aqueous Extractant .- 10F .« Second Uranium Cycle Feed
1BS - 'Partitioning Bank Organic Scrub . *© ~ ™ '1DX" - Second Uranium Cycle Organic Extractant
1EP « First Cycle Aqueocus Plutonium Product - 1DS - Second Uranium Cycle Aquecus Scrub (Stage One)
. 1BU - Partitioning Bank Organi¢ Uranium Strem iDS' « Second Uranium Cycle Acid Scrub (Stage Four)
-1CX = Pirst Cycle Agquecus Strip = 1DW  « Second Uranium Cycle Aquecus Waste
" 1CU « First Cycle Aqueous Uranium Prod.uct 5 1EX  « Second Uranium Cycle Aqueous Strip
1CW - First Cycle Spent Solvent - - : 1EU = Second Uranium Cycle Aquecus Product
m: «.8acond Uranium Cycle Spent Solvent
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, 181C
LOSSES . L A, S O A . .
Average Waste Iosses (To Building 241 Tanks)
 From Head End =~ = - e

oo : B 0.03
From Low Activity Waste = =~ = 0.77
From High Activity Waste .. =~~~ 10.29

-~ SOLVENT RECOVERY : I ,
- The F-Area second plutonium end second uranium cycle solveit inventories
- were increased with edditions of 24,000 pounds and 17,000 pounds of H-Ares
second uranium cycle solvent on April 10 and April 13, respectively. The
solvent was added to the acid washer in each system in the Bldg 211 area.

- Laboratory examination indicated that the H-Ares solvent was equivalent

to present F-Area solvent in terms of plutonium end uranium retention.’

" Activity in Process Solvent.

‘ Period — 4/2 - 4/8 4/s - 4/15 4/16 - 4/22
lst Cycle, Unwashed* T
Gross 7, ¢/m/m - - = . -
“Zr-Kb, % - - ..
Ru, % S - - .
1lst Cycle, Washed = B
Gross 7, ¢/m/ml 210 440 1700
Zr-Nb 7,2, 34 - - 15
- Ru 7,7 | 66 - - 85
. TBP, vol ¢ 31.6 31.0 30.9
Z Number <5 - -
2nd U, Washed ‘ R
. Gross 7, ¢/m/fml - - 20 - 130 270
Z Number S - - _ -
. 2nd Pu, Washed ' , e
7y ¢/m/ml » 25 470 . 850
- _TBP, vol % . 33.8 32,5 . 32,9
- ‘2 Number = - S B T PR,

* 1CW',Ba.mp1erv‘ha'srnot yet been installed. -

N
- o A
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WASTE DISPOSAL

Over-all operation of the continuous evaporators in both the high activity
and low ectivity waste systems continues to be good. The high waste -

.- volumes reported for high activity waste are attributed primarily to the

. intentional low volume reduction factor (& ratio of 16 volumes of feed to

- ome volume bottoms) used to check the decontamination performance of this

system. At the end of the report period, fission product equilibrium was
attained with condensate gamms activities in the range of SO0 to 1500
‘¢/m/ml; the system gross gamma decontamination factor (feed to condensate)
is estimated to be 5 x 10°, which is lower then anticipated and essentielly
the same as that: obtained with the old batch type evaporators. .

; The contents of the low activity waste evaporator were transferred to re-
run for product recovery during the period and this system ‘has not yet
regained its equilibrium concentrations. '

Eight grams of plutonium were discarded to waste through the laboratory
waste system this month. v

¢SHIPMENT OF HAW ™ ORNL

7In connection with the development of & new order-of-magnitude estimate
for & minimum facility to ship acidic high activity waste to ORNL, the
_following ‘requirements were included in the scope:

@ Isoletion of an existing 5500-gallon tenk in the Building 211-F lsbora-
' tory waste pit from the rest of the laboratory waste tankage and piping

o Installation ‘of & new Ssoo-gallon storage tenk in the spare cell adJoin-
ing the existing tank (one of the two §500-gallon tanks would serve for
collection and storage vhile shipments vere belng made from the other)

o Installation of a. lOO-gallon transfer tank eqnipped to- receive waste by
‘“‘Jet transfer frcm one .of the 5500-gallon storage tanks, A

'1OyEquipment for transferring the waste from the loo-gallon tank through
o 'shielded lipes to ORNL Soo-gallon ghielded flasks on & truck-trailer. ‘

@ Installation of e covered loading shed and a concrete pad, with =X drain
o _and sump o -

' "0~Installation of S-inch storage tank fill and return 1ines, approximately
400 feet. total, from ‘Section 18, Building 221-F hot canyon (lines to be
"provided with standard waste line encasement) s

e Installation of & new waste pit sump with a Jet to return only to one
of the storege tanks., , o

] Installation of additional shielding, eqnivalent to about two feet of .
- concrete, above the cells housing the storage and measuring tanks.
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® Installation of & ruthenium trep and & waste tank type filter for the
tank ventilation air, to reduce potential air‘borne a.ctivity discharge
into the recycle vent system from the tanks. -

An importa.nt consideration is that the opera.tion of this fa.cility for

~ -gtoring end shipping wastes must not interfere with or compromise the
' normsl operation of the laboratory waste facility, or compromise any other ‘
. production operation, (eg, by spresding contamination in the area).

It ie estima.ted. that the installa.tion would permit shipment of wa.ste with

' the desired 180 to 210 days' total decay time at an average rate of sbout
' 3500 gallons per month, assuming & total cooling period of 135 days by the

time the waste is moved to the new facility. It is estimated that approxi-
mately six months would be required. to complete the facilities a.fter pro-

:ject a.uthoriza.tion.

ACID RECOVERY

‘ The gamma a.ctivitj' to the acid recoirery unit, although low, has been in-

creasing slowly during the period. Overhead condensate activitles have ,
increased from O to 890 B c¢/m/ml, while the recovered acid activities have
reached 1000 7 ¢/m/ml. Fission product analyses indicate that 80% of the
recovered acid activity is Zr-Nb ) whereas the condensate e.ctivity is pri-
marily I-131. .

B UN'DEPGROUND WASTE STORAGE

Status of Wa.ste in Underground Ta.nks

Fill, Ma.ximnn ‘Temp, °c

Tenk inches Sludge Supernstant R Remarks
1.F 269.7 . 32. 32 - Cooling water through 1/8" orifice,

) — S all 36 coils. o
2-F 267.2 28 26 Full flow of cooling wa.ter through one -

set of 17 vertical coils and two hori-
zontal coils. All others have 1/8" -

: , orifices.
3-F  204.0 2. 28 Full flow of coolins wvater throush all
S-F 7.0 34 30 Full flow of cooling water through a.ll
) : : 36 coils. :
‘7-F. 270.4 = = . 27 ' Low level waste. Cooling water through

1/8" orifice, all 36 coils.

8-F 209.5 - ' 29 o Low level waste. Cooling water through

1/8™ orifice, ell 36 coils.
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Building 241-F Cooling Water .

‘Meximum  Minimum - Specification

NezCr0, PER 760 710 500 to 1000
B 0.3 5.9 >7.2

WASTE TRANSFERS

‘Wa.steVVolumes s F Area‘.ﬁ b
(3/20 through 4/23)

Tre.nsfers gal/batch

Strea.ms 10" Bldg 241 -, Actual  Flowsheet
Hish level : T v
HAW Evaporator B 1g9%* 132
LAW Eveporator, Continuous . 22%% ' 51
- LAW Evaporator, Batch o 27,5, e
Head End - ; . 24.8 0 7 26
Ferun A , 14.4 -
Buildup in Bldg 241 216 -
Low Level S :
Coating Waste . 233t 187
. . GP:-Concentrate . . : - 8.8 -
- Lab Waste Concentrate - , 8.0 -
Silica Gel - 1t -3
Buildup in Bldg 241 . 2gsg -

* A 439 increase above - flovsheet attributed. to
‘concentration changes. '
** Low volume resulted from tra.nsferring evapora-
tor contents to rerun for product recovery.
..~ 1 contains 20 gal/B of B-Line recovery waste. .
"+t High volume due to citrate regeneration of -
’ silica. gel ‘column. : :
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RELEASE OF RADIQACTIVITY TO THE ENVIROM'IENT

Seepa.ge Basins, F Ares. The following table shows the e.ctivity discha.rged

to the F-Area. seepage ba.sins.

Activity Discharsed to Basins, 3/19 - 4/15

Nonvolatile B, curies 2.18
_I-131, curies - 0.12
pH of Water Discarded During Month 1.8

Avg Seepage and Eveporation FRate, sal/day 44,000
Level in Ba.sin No. 3 on 4/23, inches 18

Activity in Basins, 4/15 ‘Besin No. 1 Pasin No. 2 Basin No. 3

1-131, curles/ec -~ 37.2 x10-*2 4.0 x 10-1’“- 2.0 x10-12
- Nonvolatile B, curlesfkc 5.14 x 10-1© 4,61 x 10-*° 3.34 x 10-1°

Seepage Ba.sin PH, 4_/15 1.s 18 . 3.5

Stack Relee.ses 5, F Area.. Release of I-J.Sl from the F-Area. stack totaled

0.7 72 curie for the period April 3 through 15

RERUN
At the end of the report period, 2700 pounds of ura.n:L\m end

of

plutonium were in rerun. Rerun receipts for the month are shown in the

following table.

Rerun Feceipts end Volume of Waste to Building 241-F

‘No. of % of Total % of Rerun
Trans- Wt Received Waste to

* Yaste from precedins month.

Source Reason , fers (78,333 1b) Bldg 241-F
Sumps Process leaks, o o :
'spills, flushes . 85 23.4 "100% .
Solvent Recovery  Metal loss to 1CW 1. 31.8 o
LAW Evaporator = Pu loss to 2AW 3 ‘ 0
2nd Pu Cycle (10. S) Aqueous waste from o -
2BW tank 2 1.1 0
,@BP RunTank Organic accumulation 1l S N 0
~ B-Line Waste Off-standard 2EP ‘ -
: : solution ' 1 ' 15.5 0
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Approximately 700 pounds of unirradiated uranium was returned to head end

' with no known edverse effects on March 26, following an inspection which

showed the concentrated solution to be clear with no indication of sus-

_pended solids. . This. urenium bad been received in rerun in an acidified
‘carbonate wash. solution from the first stage hot solvent washer and was
concentrated by evaporation. : ( :

“,COLD FEED PREPARATION

" The initial shipment of 50% ferrous sulfamate, after seversl months'

- storage, assayed only 23% ferrous sulfamate and was discolored end con-

~ tained large amounts of yellow sludge. During this storage period, in- .
frequent elevated temperatures and agitation were used to dissolve crystals;
these conditions apparently'contributed to oxidation of the ferrous sulfa-
mate, which now appears unsuitsble for use. A fresh shipment of 50% solu-
tion was diluted to 30% ferrous sulfamate and acidified to 0.5% HNOs. No
degradation of the diluted and acidified ferrous sulfamate has been ob-
served since it was received on March 26. As further precautions, steam
has been blanked from the storage and make-up tanks, egitation of the hold
tank has been minimized, eand instrument air has been shut off to the
storage tank. ,

A4 X 3' ecid measuring tank has been installed over the 3.7% HNOS make-

up tank to increase the accuracy of measuring the esmount of 50% HNOs added
to the 9' X 36' horizontal make-up tank. Addition of the relatively small =
amount of acid directly to the large make-up tenk, was not considered
sufficiently accurate to maintain the close acid tolerances required on

the critical 2AS stream,.; e :

A-LINE

The lest batch of H-Area uranium has been processed, end the E-1-1 storage
tank has been flushed. One off-standard lot of urenium trioxide resulted
when total metallic impurities exceeded the maximum limit. The increase
in metal coincided with processing of low-uranium-concentration (35 g/t)

" flush material from H Area., The off-standard material will be blended
with future production.

Backpressuring of silica gel column S-S-l with water failed to relieve the
. plugged condition noted last month (DPSP 59-1-3, p 240), end this column -
was shut down after processing 431 column volumes (1,161,000 pounds) of

; - EU concentrate; approximately 10 curies of Zr-Nb were adsorbed by this

column since the last regeneration. Sodium citrate was used under TA

. 2«271 as & substitute for oxalic acid. (citrate will not precipitate ura-
nium at 75 g/z) in regenerating e silica gel column to evaluate citrate

for use in the refining of enriched uranium.
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. Column S-8-1 was regenerated with 15 column volumes of 0.1M sodium cftrate

followed by the usual six column volumes of 5% oxalic escid. The detailed
conditions and results of this test'are given in the following table. Note
that 50% of the total Zr-Nb removed from the column was taken off in the
first 4.3 column volumes of citrate; the remaining volumes (10.7) removed

- very little Zr-Nb, even though the column was held with citrate on the gel

for & period of 24 hours (during which the second batch of citrate was made
up and analyzed).  The remaining Zr-Nb was removed during the oxalic scid
flush. Radiation profiles of the column before and after the citrate test

‘and ‘after the oxalic acid flush showed maximum readings of 4500, 1200, and

450 mr/hr, respectively. The first 6.9 column volumes of citrate and 2.2

‘volumes of oxalic acid were neutralized and sent to the Building 241-F

waste tank; the remeining solutions were sent directly to the seepage
basin. e R

Results of Silica Gel Colwuun Regemeration

Test Procedure

Column | | 5-8-1

_ Period Column Used . 2/4/59 - 3/2¢/s9
Curies Absorbed 0.1
Total Curies Eluted 8.4 .
Sodium Citrate 0.08 to 0.109M; PE 6.3 to 6.6; fed at 7
‘ | . & (30-minute residence time) and 85°C
Oxalic Acid © 5.0%; fed et 1.5 grm and 85°C |
Test FResults ) -
i Material _Column Volumes Fed Curies Eluted
Sodium Citrate 2.16 - 3.88
| 2.16 0.19
2.54 0
2.70 ' 0.09
2.70 : 0.02
- _2.70 0
o Subtotal —» 14.96 ' 4,18
Water Flush o ~9 |
Oxalic Acid . 2 3.40
Subtotal - -S.94 . 424

 Weter Flush B




. Reactivity Ratio , o - 0.
‘Uos, % L 21 9.
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Finished Product Analyses. The most sisnificant of :the ana.lyses of the

' \'finished oxide shipped during the Period are summarized in the following

) AQ-Line Finished Product Anslyses

«,§Pe_¢ification - __Pange . Average

‘Parts Pu/pr Lo <0 0 -
Farts Fe/mpU ' - 70 - 225 123
Parts Total Metal Impurities/mpU 50 142 - 327 211
Activity Level, % Aged Natural Uf - - '
Bete : S <100 1.3 - 4.7 3.3
Gamma ~ < ;» o <100 7 - 45 24

92 - 0.95  0.93
9 - 98.6  98.26
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PLANT TESTS OF NEPRINIUM RECOVERY

~"BiPo4 Precipitation Plus Solvent Extraction.

‘l‘hree ba.tches of EAW con-

 Centrete have been treated in Building 221-H head end equipment by the

BiPO, precipitation process (described in the past four monthly reports).
The dissolved product cake from the first two of these batches was sent
through one pass of d.econta:pina.tion in the second plutonium cycle.

_ The 'pre'cipita.tion tests are sunmarized in the following two tebles end
.. figure S-1; for completeness ’ the date for run 1 (reported. 1e.st month)
- are includ.ed

BiP04 Performa.nce Date

o L Np Loss, % , -DF - Curies in Feed
Run Strike N (Based on =" ~ Curies in Product
No. No. = Type Strike Feed to Run) ~Zr-Nb BRu  Gross
1 1 Byproduct 2.4 3.7 1.3 2.4
2 Product ‘ 26. 7% .6 66.4 8.2

3 Product 0.9 0.8 1.2 0.7

S A1l Strikes - 30.0 10.6  96.9 14.3

-2 1l Byproduct 6.5 0.9 1.4 1.0
' 2 Product 3.5 3.0 19.7 4.4
3 Byproduct 4.9 11.3 1.4 - 8.1

4 Product 1.9 . 5.8 71.0 ‘8.8

All Strikes = 16.8 170. 2661. 300.

3 1 Extrection 8.8 5.4 144, 8.3
2 Byproduct 2.8 8.1 1.3 6.9

3 Product 2.8 2.1 18.8 = 2.6

All Strikes — 14.4 92, 3570. 148.

All Strikes plus
precentrifugation¥* » -

* High loss ceused by operating error.

131. 4000. 215.

** This run hed & centrifugasl clarification before the
first strike (due to an opersting error - see text)
. which increased the over-sll DF slightly, as shown.
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Run )
Feed - w b Preduct » Froduct ] : Produce
"34.0 - 32.5 23.0 P 23.0
S ; < ‘
WVaste ‘ . Wasta - Waste
o B -
. o8 0 e B
Run 2
Feed - 1 produce ] ) Product _Produce | Product
36 LY e " [aos ] pe [lfduee o, 2.0
) : SN NN U I 1
’ w.:u . Warzg EE . Wsgta Wasta
24 3 1 IR 1} S
- Run 3
Teed P Product o Product N Product
a,s 18,3 RUN R i 18,6
Veite Vaite . Vasce R
L ee e

Flgure S=1. Neptunlum Material Balances, l':l‘PO4 Teshs
(All values shown are grams of neptunium) o

. ‘Prﬁduct Bt;';h S
- e ‘ )ypfo@yc: Strike
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Concentration of Reagents at Time of Strike

Run No, 3

Run No. 1 Run No. 2 T Exa ,
o ' Byprod Froduct Product Byprod Product Byprod Product traction Byprod Product
Constituent . Strike Strike Strike Strike Strike Strike Strike Strike Strike Strike

ENOs, M 1.3 1.7 1.0 1.4 0.8 1.5 1.6 0.8 . 1.9 1.1
NaB105, M. .. 0.006 0 o 0,006 0°  0.005 0O 0 0.005 O
Total B, g/£* 5.0 1.3 = 1.9 5.1 2.0 4,8 1.8 2.5 - 5.5 2.0
~ HzPOy, M 0.16  0.57 0.58 0,12 0,57 -0.12 0,55  0.55 - 0.12 0.53
Fe(SOsNHz)p, M O ‘0,014%% 0,032 0 0,032 O 0.11 0.039 O 0,069
(Nnu)251ré, 0 0.035 0,055 O 0,054 0 0.052 0.038' 0 0.049

* Includes all Bi contributed by NaB10; and Bi(NO,);OE Eg0.
. #* Ferrous sulfamate was erronecusly low; 0.03M ferrous sulfamate should have been added. :

Test precipitations were sa.tisfa.ctory rega.rding ylelds, except for two
operating errors. The first error was the addition of en insufficient

© quantity of ferrous sulfemate in the first product strike of run 1; this

 resulted in a high loss (26.7% of batch). The second error was the mis-
valving of the H PO, addition during en sttempted extraction strike; be-
cause no HsP04 reeched the precipitation vessel, no cake was formed and
essentially all the product remained in the centrifuged solution (most of
this "waste" solution was returned to the process as the féed for run 3).
For normal byproduct strikes the average loss was 4. 2% per strike, and
for normal product strikes the average loss was 2. 3% per strike; in view
of the unusual history of. the feed to the one extraction strike made (see

. egbove), 1t msy be assumed that the average loss for & normal extraction

~ strike would. be less than the 8. 8% cbserved. .

'Decontamination factors for run 1 were sdversely affected by contemination
from the head end equipnent Evidence for this is the fact that the prod-
uct ceke solution from the last strike of run .l contained brown-black sol-
ids (probably MnO-) end that the streams leaving this strike contained 2.8
times as much fission produtt ectivity es did the feed to the strike. On
later runs, when equipment conteminstion was reduced, process DF's improved
~ end became less varisble. The activity of the solution sent to the Warm
_ Ca.nyon for solvent ex'bra.ction is shown in the following table.

. BiPQ. Test - Activity of Feed and Prod.uct Solution

_ . " Weight, _ Gamma Activity, ¢/m/ml
Stream 1b Sp Gr Zr=Nb Ru - Gross
" Run 1 HAWC Feed . 8689 - 1.29 1.01 X 100 4,51 x 10° 1.56 x 1010
Run 1 Product (arter 3 strikes) gzl 1,26 8.56 X 10 %.19 x 107 9.80 x 1o8
Run 2 HAWC Feed 7960 1.51 8.80 X 10° 5,00 X .102 1.4% x 10t°
Run 2 Product (after U strikes) 8344% - 1,25 4.71 X 10 1.71 X 10° 4.,37X 10
Run 3 HAWC Peed .. : 6150  1.28 8.93 x 109 3.13 x 10 1.4% x 100

‘Run 3 Product (arter 3 strikes) 8824 1.26 4,74 X% 107 5.38 X 105, 4,65 x 107
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. The waste volume generated 2y the BiPOs precipits.tion runs ws.s 30,791 gal-
~ loms ‘(to Building 241-H).” This volume is not indicative of the waste vol-
- ume to be expected from & routine opera.tion, ‘because many extra flushes

and decontaminations: were ma.de end because only slkaline eveporation was

~used. It is estimated that a routine three-cake BiPO, treatment of . HAW
- concentrate in F Ares would raise Purex waste output by 150 + S0 gallons
of ‘high level waste per canyon batch, and that this figure might be re-
duced if, for example, the acid from tank decontemination could be re-
turned to the HAW evs.pors.tor instea,d of neutralized and sent to waste,

‘Three bs.tches oi‘ neptunium-bes.ring cske solutions from the hea.d-end bis-

muth phospbate treatment were received in the 2AF feed vessels for solvent
extraction decontemination. Recovery during processing of the first ceke
solution from bead end under the reducing high acid flowsheet (see follow-
ing section) was poor with at ledst S0% of the neptunium appearing in the
2AW waste stresm. It is believed that this loss was due to the presence
of residusl MnOo. ceke (contemination from head end equipment, see preced- .
ing ps.ra.gra.phs) in the feed solution, as evidenced by subsequent inspec-
tion of samples of this materisl, which destroyed the reductant (ferrous
sulfamate) added to the feed by its oxidizing ebility. The 2AW containing -
the loss has been concentrated in the LAW system and will be reprocessed
in the second product cycle. Laboratory tests on the concentrate indics.te
ths.t the neptunium is extra.cte.ble in e, reducing solution. .

Before the second BiPoq, ceke solution was processed the solution wes

: divided 4dnto two equal batches so that & solid bismuth phosphate precipi-
tate (visible in semples of this meteriel) could be dissolved by adding
more 50% ENOz and by heating to 70° to 75°C. Prior to being fed to the
cycle, the solution was diluted to 5.6M acid and the reducing strength
was established to essure that en edequate:ferrous sulfamate adjustment

" - hed been made. Recovery from the first batch of .this solution was good

‘based on waste stream analysis,. 2AW anslysis indicating a loss of only
0.5% and 2BW enalysis indicating & lose of sbout 2. Results from the

_second batch ere pending. The 2AS ferrous sulfamate concentration was

inereased to 0.1M for these two batches to prevent loss to 2AW. No other - »
-flowsheet modifications were made. '

 The ' combined 2BP from the first two BiPO.«,, ceke solutions snd the recovered
2AW concentrates will be reprocessed for further decontamination. .Gross
. gamma DF for the two ceke solutions processed was about 224 (on a volume

- -basis , 2AF:2BP) from the one pass through the extraction cycle., The third
.-heed-end ceke solution will 'be processed sepa.rately as a finsl demonstra.—

"tion run
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~ Solvent Extraction and Cation Exchange Recovery. The neptunium recovered
" 1n the recent tests of a stirred-bed anion exchanger in Building 221-E

- (see the February monthly report, DPSP 59-1-2) was deconteminsted by sol-
vent extraction in the second plutonium cycle, and the neptunium-rich 2BP

 was transferred to HB-Line coupling for concentration and further decon-

‘tamination. The purpose of these operations wvas to provide process in-
- formation regarding the behavior of Np in solvent extraction and cation
exchange flowsheets. A total of 13.7 grams of deconteminated Np was ob-
~ tained from these tests and shipped to SRL. Two solvent extraction flow-
sheets were tested; a reducing, high acid flowsheet using ferrous sulfa-
- mate, end an oxidizing, low acid flowsheet using ceric sulfate, . both shown
in detail in the following table. : T

. Second Product Cyéle Flowsheet for Decontemination of Np

Oxidizing _'_I'Z'e&ucving (Revised)*
‘Relative . .~ = - - Relative =~ B
Flow, vol Composition - Flow, vol Composition
24F 100  2.0M ENOg; . 105  5.0M ENOg;
. - 0.015M Ce(SO04)2 0.015M FS
24X 80  33% TBP 59 - 33 TRP
2AS 20 0.5M HNOs; 14 1.0M HNOg;
~  0.015M Ce(SO4)2 0.015M FS
'2BX' - 40 0.0IM ENO; 20 0.10M ENOs

* Added FS to the 24S.

Neptunium solution from the anion exchange tests (stored in & 2BP hold
tank) was processed in two separate batches, The first batch consisted
" of 62% of the material end was processed by three reducing runs followed
by en oxidizing run., The remaining materisl was processed by two oxidiz-
ing runs followed by two reducing runs. Decontamination and recovery
performence for each run are shown in the following teble, -~

Decoxitamina.tion and Ré.covery of Np in Second Product Cycle

Finel 2BP

o SR . DF . . %  Gross vy,
Pass Flowsheet = Gross y _ Zr-Nb  Ru ' Recovery* c¢/m/ml#*
1 Reductioni 260 . 110 2580 45.5 ‘
, 2 Reduction 1.9 - 1l.6 2.4 50.8 :
Batch 1 '3 Reductiont 3.4 3.2 3.3 39,1 4020
4 Oxidation 5.7 6.3 2.3  T4.4
; 1 Oxidestion - 130 >10,000 80 103.6 _ |
s 2 Oxidation 6.3 =~ <1 . 6.1 73.7 -
Bateh 2 5 Reduction 2.5 1.2 2.6  83.8 8040
4 Reduction 1.8 <1 2.3 73.6

* For each batch, based on feed to first pass for that batch.

** Gross gamma in feed to batch 1 and batch 2 = 2.18 X 107 ¢/m/ml.
t No FS in the 2AS on these runs; refluxing was high,

- tt Low apparent DF attributed to contamination of 2BP when recycled ~
from pipe hold-up of preceding feed material (esti;nated et 7% by wt).
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Over-ell neptu.nium recovery wes 74% from both bs.tches , based on final
enalysis of the 2BP sent to B-Line. The apparent poor recovery during
the first three reducing runs 1s attributed to reflux in the scrub sec-
tion of the 2A bank due:to: the lack of ferrousisulfaemate in the 2AS scrub
stream. Addition of reductsnt to the scrub stream during the two reduc-
1ng runs of the second ba.tch elimina.ted the reflux condition.

Over-sll gross gamma DF for four pa.sses ws.s 9500. for the first ba.tch and
4000 for the second batch, resulting in final gross. gamme sactivity in the
- 2BP of 4020 c/m/ml (88% Zr-Nb) and 8040 c/m/ml (14% Zr-Nb), respectively.
.As expected, the low acid flowsheet favored zirconium-niobium decontemi-
- nation and the high acid flowsheet favored ruthenium decontamination.
" Gross DF's for the first pass of each batch were 260 and 130, respective-

C ly, while the succeeding pa.sses netted. DF's in the range of 2 to 5

- The 2BP resulting from the solvent extra.ction runs made with enion ex-

.change eluate was: processed in the HB-Line cation exchange coupling fa-
cility. The volume reduction across the coupling step was 250 end the
- gross DF was 9.5 (97.0 for Zr-Nb and 5.5 for Ru). Pertinent de.ta. are
summarized in the following table. '

Coupling Coupling Product Eluate
Quantity ' Feed o Cut 1 Cut 2 - Cut 3 Qver-all
Volume, £ -~ © 4580 .. L g4 - W30 b 5& 18,28
Np Ccmcentration. g/Z . 0.00411 - . 1,26 0.24 ‘0,16 - 0.75
Np, € ‘18,8 L1191 0.7 | = 13.7
_ Gamma; ZreNb, ¢/w/ml 2,70 X 107 .69 x 107 1.64 x 10 1.88 x 10’ 6.73 X 107
Gammas Ru, ¢/m/ml . 3.25 X 107 1.33°X 107 2,69 X 10° 6.42 X’ 10F 1,48 x 107
Gamma; Gross, e/m/ml . §.72 X 103 1,28 X 105 2. 91& x 105 6.77‘x 10-“ '1».5'2 x 10°

. ‘The ¢olumn feed was- e.d.justed to 0.0025 ‘to 0. OOSOM Fe( SOSNEg )2 before ab-
> ~'sorption. Absorption was’ performed at 2 l/m:!.n, gbsorption waste losses
. totaled 0.5 gram. Thus, since 18.8 grams were. fed and 13.7 grems were.
“eluted, there are still 18.8 - (13.7-+ O. S) = 4.6 grams unaccounted for.
Some of this materisl may ‘have been left on the column, in which case it
‘mey appeer ‘next month when the 2BP from solvent extra.ction of the bismth

phospha.te product is processed
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Plufoniuh Isolation chd Recovery (221-F)

VPROCESS—STATUS

The JB-Line was put 1nto operation at the end of the month although con-
struction still was in progress at startup. Coupling performance gener-

- ally was satisfactory although some concentrates containing excessive
- ‘uranium were obtained (the acceptable limit is about 0.3% of the plutoni-
~um). ‘The first plutonium trifluoride precipitations went very well with

low waste losses and comparatively short filtration times. A small smount

of hydrolysis wes observed in the first roasted cakes, which indicated

.that the drying and roasting cycles should be modified. -Three test re-
ductions were made with cerous trifluoride before plutonium production
started. The first reduction ylelds were somewhat low, so in eddition to
drying changes, the amount of iodine booster was increased for subsequent
runs. The finsl quality of these buttons still is to be determined. The

- anion exchange test facility in recovery continued to operate well. The
. ‘cation exchange system.was contaminated by high-salt waste solutions and

is being cleaned

COUPLING

 The stastup of the JB-Line coupling facility was made without incident.
_At the initial operating conditions, the average performance for the col-

"~ umn load of wvas: product fraction of recycle frac-
tion of end loss of - These original feed solutions contained
low plutonium concentrations (down to . ) and relatively high uranium

concentrations (up to - of the Pu) " The coupling concentrates that went
into the first JB-Line buttons containéd residusl urenium contamination to
the extent of 0.5 to 1.0% of the plutonium. It became epparent that better
uranium decontamination in coupling would be needed becsuse uranium is not
decontaminated further by the fluoride precipitation; thé observed contami -
nation is sufficient to bring ‘the buttons below the ecceptable assay of
99.5% plutonium. At the end of the month, coupling was being operated for
maximum uranium decontamination (which means & lower throughput rate)

Work on the various coupling instruments continued The liquid level in- -
dicators (capacitence probes) still gave varisble readings although the
situation was improving. The neutron counters on the column segments and
various vessels also were giving erratic readings. The in.line gamma eb-
sorptometer for measuring plutonium concentration gave good precision al-

_though the original laboratory calibration with uranium solutions had a

bias of about 3.7 g/¢ compared with plutonium analyses from the old ab-
sorptometer and from lesboratory alpha counting; when recalibration is com-
Pleted, the instrument should be giving rapid and accurate -analyses.

. . ) .. . 1’
e RSION
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VWET CHEMISTRY N

APrecipitation of plutonium trifluoride was started at the end of the month
end chemically, at least, operetion sppeared to be quite satisfactory. Re-
 sults from the first runs with respect to filtration times and losses are

- shown in the following table. -

Filtration of Plutonium Trifluoride

Run No.f" Batch, grems o Time, minutes i<>L¢SSeS,‘gramg_:

w8

2 - 63

3 18
4 It S ST [ B

* The first run was made in two parts because
the concentrate feed rotameter plugged at 80%

through the original run.

;'The filtration times were slightly less than the estimated design time,
and the losses were less than the nominal design value of 0.1%. The fil-
trates listed above were neutralized and sent to ‘waste; the only JB-Line
solutions sent to recovery were the sluminum nitrate-nitric acid flushes
of the precipitators and boats. A noticeeble feature of these runs was
the difficulty in removing the plutonium trifluoride from the precipi-
tator after a run. A coating was left on the walls of the first stage
vessel and on the overflow line to the second stage, in addition, epproxi-
mately T .. settled and remained on the bottom of the second stage

.after normal- filtration, g0 that excessive volumes ‘of ‘washes were required.

. The Jets which were designed to- assist removel of the settled slurry were
. ineffective as installed, and- ‘modifications of the washing technique and
jet design are being studied.. To prevent high losses from oxidetion of
residusl plutonium trifluoride between runs,. ascorbic ecid (0 oeM) was
‘added to the diluent solution which is left in the vessels.“ The pro-

o cedure appeared to be: satisfactory end losses did not increase materially

. ‘on successive runs., The: standard flush of aluminum nitrate and nitric

. acid was used in’ order to clean the precipitator before the weekend shut-

. down, and the plutonium trifluoride dissolved rapidly and completely.

The maJor difficulties o) far have’ been with equipment. Although the con-‘
struction schedule had been accelerated tremendously, there was insuffi-
cient time for many cold runs before actusl operation started and meny
items were still incomplete or not functioning properly. The ‘system was
not flushed enough to remove all particulste matter and the rotameters on
the precipitator feed lines clogged sufficiently often to interfere with

- the first runs. As mentioned above, the flushing Jets also were plugged.

DELETED
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Many minor modificatlons were made to the precipitation system during the
testing period before the facility was put into use. The two major modi-
7 fications were made to the plastic second stage precipitator vessels.
The vent system was changed to evoid collepsing the vessel under vacuum
" as was reported last month., In addition, the supporting steel frames were
strengthened because the vessels expanded when they were filled with so-
lution so that the sllowable limit for nuclear safety was exceeded (3.5
inches maximum internal width). The original steel frames bulged as well
_as the plastic sides in the areas between the support grid. Additionel
lattice members were added midway between the original verticasl members
in order to strengthen the frame, and these also supported smsll bearing
plates which pushed against the sides in the widdle of the original ex-
posed ereas. After modificstion, the vessels expanded from 3-1/4 inches
to & meximm of 3-7/16 inches, vhich is within the limit. The revised de-
sign was considered in detail for its effect on criticality and does not
require any changes in the present precipitator bateh limits or operation.

The cske drying stations functibned properly in tests and during the first
regulsr runs. -Air flow and heat control were satisfactory, and ‘the design
drying cycle of € hours at 70° to 80°C was used. The first cakes were
 somewhat discolored after roasting end indicated that further drying was
‘needed to prevent hydrolysis, so the drying period was lengthened for the
subsequent runs. , o o T T

Y

ROASTING AND REDUCTION

" Operations started in the new wechanical line following e short period of
" testing. In the various cold tests, temperature response on the roasting
" furnaces was excellent, the ceke transfer stations operated seatisfactori-
ly, end dummy charges charges in the reduction: furnaces hested at the de-
‘signed rate, which would give firing times of 40 to 50 minutes (this can

be varied further by changes in the power level). S

Three reductions of cerous trifluoride were made and the equipment oper-
_ ated satisfactorily, although the slag and crucibles conteining iodine
'~ were very difficult to remove from the pressure chamber. The smount of
_iodine added as & booster was variled to simulate different totsl heats of
reactions in plutonium reductions. o : DR
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o Reduction of Cerous Fluoride
S R e o
dfCold'Run'No. L Total Heat of Reaction o Results
© €=l . . Approximated the reduction . a) reduction yield.
0 of . as PuFg using  b) Properly formed button.
R "~ Iz/wmol Pu and ~ ¢) Slag and cruecible very
'v,“excess Ca (flowsheet) ' - difficult to remove
v - from pressure chamber.
C-2 ’ Approximated 1/3 the reduc- Va)‘ Incomplete reduction -
' ' tionof . ~of Pues = nobutton. .
- PuFg with no Io added. b) Slag vurned when ex-
' o ‘ , } posed to the cabinet
; atmosphere.
R - S c) Charge dumped easily.
- C=3 . Approximated the reduction a) reduction yield.
g’ . of - as PuFa, with : b; Properly formed button.
' ' Ig/mol Pu and ¢) Slag and crucible very
_excess Ca. : difficult to remove

- RECOVERY

I DU S ~ : ~ from pressure chamber.

Buttons vere obtained from the first three plntonium trifluoride reduc- |
tions. Reduction ylelds were ' ' The first button |
‘was very rough and poorly formed, but the others were properly formed.

The quality enslyses have not been: completed on any of these buttons.

‘The roasting cycle on these first runs was 1.5 hours at 600°C, and the

reduction charge contained - mol Ia/mol Pu. Contrery to the experience
with cerium, the reduced charges all were relatively easy to dump and the

iodine ‘booster ratio was raised to mol Iz/mol Pu for subsequent runs.
' (The line was still under construction during the cerium tests, and it is
- possible that the combination of high iodine and high humidity were re-

sponsible for the original difficulties in dumping.) The purple plutoni-

©um trifluoride cakes hjdrolyzed to some extent in the roasting operation,
a5 indicated by the formation of the yellow-green oxide. ' It is known
‘that an excess of the oxide lowers the reduction yield so efforts are
o *being made to reduce the hydrolysis, end modifications of the drying and
'Féithe roasting cycles are being considered , , I

-‘i:Process performance of the anion exchange test facility was generally
“"satisfactory during the first 12 runs. The majority of the difficulties
- encountered were ‘wmechanical in nature and are attributed to poor perform-

ence of the equipment., The average product concentration was

" - while the losses averaged The average recycle was low, at

A complete heel elution made on one of the columns indicated that a heel

- of approximately . remained after & normwsl product elution.

‘DELETED VERSION
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. Filtretion of silice from the slag a.nd crucible solution has been s.dequa.te
and there is no indication that pressure drop through the anion columns is
increasing. One of the anion columns periodically seems to give improper

-operation and ‘also may be the source of a small amount of resin found in
the product stream. = High ebsorption losses (which were recycled) and low

‘product concentrations were experienced on this unit and correspond to the

‘behavior of the cation columns when the follower plate is not moving and
the bed fluidizes. If performs.nce does not improve s the unit will be

- ‘replaced.

The present’ concentra.tion of a.lumimnn in the s.nion product prevents direct
processing of these solutions in the JB-Line precipitation process. Previ- .
ous work indicates that an aluminum content less than 100 ppm of plutonium
- mst be attained to evoid harmful effects on plutonium density end ngs;

- and the sluminum in the anion product is currently averaging 595 ppum.

Cross-contamination between the feed material and the product stream may -
be occurring in the piping and column headers. The bed wash procedure is
being varied to insure maximum decontamina.tion from aluminum, '

Precipitation of plutonium hydroxide, high absorption losses, and high
aluminum contemination in the cation exchange system were caused by so-
lution from the waste neutralization tank. This materiel had boiled out

of the tank and the drain on the vessel vent header was plugged so that

the solution ran back into other vessels. The cation system experienced
high eluminum contamination in the concentrate (ranging from 800 to 100,000
" ‘ppm of plutonium) end high ebsorption losses (as much as 10%) for several

: ,weeks , and efforts to detemine the source of the difficulties had failed.

'I‘he ‘cause fina.lly was found when one ca.tion feed ba.tch lost its usus.l
light-blue color during ebsorption end white solids were observed in the
feed rotameter. Subsequent analysis showed that the feed ‘'was basic. A
thorough flushing program was undertaken and revea.led that epproximately
700 grems -of plutonium had precipitated in the cation feed tanks and col-
lected on the column filters. This material was dissolved by the high-
ecid flush solution and recycled. A materizl belance has accounted for
96.2% of the product involved in the incident. The discrepancy, epproxi-
mately 50 grams, may be due to errors in a.nalytics.l results and tenk vol-
umes. Although this type of incident is particularly hazardous with re-
spect to criticality, there was no indication that any of the recovery
-tanks epproached their respective nucleer safety limits, and the regular
batch control system appeared adequate. To prevent & recurrence of the
incident, & blank was instelled in & line from a currently unused tank
from vhich some waste might have been transferred. Also, the addition
rdte of caustic during neutra.lization will be controlled to prevent the
neutralization tenk temperature from exceeding 70°C. -Revisions to the .
vent system are being considered ’ o :
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Enr?c ':ed Uranium Processi‘ng

PROCESS S'I'ATU S :

Egzipment cha.nges required to switch from Purex to recovery of enriched
- urenium were largely completed, and cold runs to check out the new proc=
- ess were in progress ‘at the end of the month In rerun," plutonium and
uranium that came from flushes of the canyon sumps &t the conclusion of
Purex operations ere being held for extraction in second product cyele
after the neptunium extraction runs are completed. ]

DISSOLVING

- One ‘of the two dissolver ¢columns for processing of Mark VI elements has
been installed in the canyon, end cold dissolving tests were started at
the end of the month The second column will be received e.bout the end
of May.. . T e .

Before installastion, the first column was pickled on the water side of
the condenser coils with 30% HNOs at 135° to 140°F for 16 hours, Follow-
ing the pickling the coils were hydrostatically tested at 150 psig; no
les.kage was observed The column wes insta.lled on dissolver 6. lD.

: Dissolver Pot Residue Inspection of the dissolver pots imnedie.tely a.fter
- the columns were removed showed scattered metal pieces, mainly quatrefoil
components, partially submerged in what eppeared to be a black sludge.
After the pots had been open to the atmosphere for several weeks, the
sludge had dried, leaving & fine powder on the dissolver bottom.” During
an unsuccessful e.ttempt to sample the powder, the layer was estimated to
be no more than 1/8 inch deep. It was decided to leave the metal pieces .

end powder in the dissolvers; the amount of metal, estimated as less than

100 1b, does not reduce the dissolver volume significa.ntly or interfere
- with installa.tion of the colm:nn insert. o , _

'Pla.ns for Cold Ru.ns An extensive series of cold dissolving runs 1s con-
- sidered necessary because of the great difference between the Mark VI .

e elements and the natural uranium elements dissolved for Purex operations, o
It is p]:e.nned to develop the following i.nformation during these runs: :

"l. ‘I‘he relation between element submergence ( the length of- element ex-
- . posed to-acid), ca.ta.lyst concentration a.nd dissolving rete.

2 The relation between dissolving ra.te end foam height

3. 'A method for determining the end point at which dissolving should be’
stopped. In dissolving natural uranium, -specific gravity is used to
determine the end point, but in dissolving of Ma.rk VI elements there

, will be little cha.nge in specific gra.vity.
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4. Retention of catalyst on the. element fragments. Two dissolvings will '
be made for eech charge of elements; the first will dissolve 20% of
the charge; the second, & heel cleanout, will dissolve the remainder.
"The heel cleanout cut will be transferred to & hold tank and them re-
turned to the dissolver for the next large cut. Catalyst may plate

_ out on the element fregments near the end of the' lerge cut and re-

’ ‘dissolve in the next heel cleanout cut. Catalyst retained in the
heel solution could cause a rs.pid ree.ction when returned. to the
dissolver. : : -

‘Cold ‘runs in dissolver 6 4D will be ms.de with bundles of a.luminum tubing,
as follows

o Run 1. Four Bundles (28 elements) Procedure will ‘oe based on SRL
: experience with dissolving at TNX ' BRI ,

. @ Run 2. Four Bundles. . Catalyst concentration end s.ddition ra.te will

N . be altered, depending on experience in first run, -

“® Run 3. Four Bundles. Finsl check of proposed sta.rtup procedure, based
‘on runs 1 and 2, . -

® Run 4. Two Bundles. Simulate dissolving procedure for Mark V’I_-J,
elements. ' : T ' }

This will leave two 'bundles for checkout of dissolver 6 :ID when the second
colum is availsble, : .

'The changes made in heed end process piping for neptunium recovery runs
were removed end standard piping was reinstalled. Piping revisions nec-

- essary for the change over to the enriched uranium process were completed
"‘'and the system was lesk-checked with water. The 10.3C centrifuge is out
of service s.wa.iting completion of repairs to the high pressure spray pump.

The first cold rum, consisting of & solution of Al(NOs)s, ENOa and suffi-
cient "Ludox" (810> suspension) to form & geletin ceke, was completed on
April 24. No uranium was added to this run. No cake was observed in the
‘centrifuge feed sample but it is questionsable that cake could be detected
visually because of the nature of the cake and the small volume of cake
and sample involved. : Further runs. will be made with solutions conta.ining
U-238 to obtain process and ceke wash da.ta. -

SOLVENT MRA.CTION .
B Following removal of Purex solvent from the lA, 1B, s.nd 1C 'banks an ex-
tensive flush of the 1A heat exchanger-Heck:na.n hat piping and lA bank was
made on March 25 to March 30.  This work completed the first cycle clean-
“out progrem for conversion to the processing of enriched uranium. The
flush procedure, which was similar to the flush made in March 1958, con-
sisted of the following individual flushes.
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® The heat exchanger-Hackman hat piping wa.s flushed with 3000 1b of 5%
. HNOs - 5% NeNO» followed by:150 1b of 30% NaNO» and hot process water

to remove eny deposits of MnOp end urenyl hexahydrate.
® Both the heat exchanger-Heckman hat end the scrub inlet were flushed
with 14,000 1b of 10% NeOH at 70° to 75°C followed by process water to
remove eny deposits of siliceous material., : - S
® 4 final cleenup flush was made with 5000 1b of §0% HNOg &t 65° to 70°C
- followed by process water. - L ST S
‘Material ‘removed by the verious flushes is indiceted in the following
table. o o B

Flush Pu, g U, 1b Gamma.l gross curies

g
5% ENOs - 5% NeNOz 0.1 - 2.4 x 10* (844 Zr-Nb)
104 NeOE 0.3 0.3 2.9 x 10* .(95% Zr-Nb)
© 2.2 0.5  3.2x10° (84% 2r-Nb)

- 50% ENOs

The ‘elumimm cold run for the',\eﬁriched'u:anium recovery process was started
in first cycle on April 24, Operation to date has ghown need for only &

few minor sdjustments in the flow control end recording instrumentation,

B The colorimeters and neutron monitor demonstrations will be made during

" the cold natural ursnium end first hot runs, respectively.

. SOLVENT SYSTEMS .

‘ Pu.rex‘; solvent was removed from the first cycle and second uranium cycle
during the period.. . About 208,000 pounds of solvent that came from first
‘¢ycle end from skimmed solvent tank 511 were sent to the ‘buriel ground
for storage and eventusl burning or reuse. About 70,000 pounds of solvent
.from the second uranium cycle were sent to F Ares. . - .

~ The solvent washers were charged with normel wash solution, ie, 2.5% car-
bonste in the canyon weshers end 0.63% nitric acid in the Building 211-E
acid washers, Make-up of solvent for ‘the recovery of enriched uranium

" begen after the Purex solvent had been removed. Ultresene (110,000 pounds)

was sdded to the first cycle system, flushed through the batch washer and
decanter, and recirculated through the 1A and 1C banks to collect any re-
maining Purex solvent before -the TBP concentratlon was sdjusted. After
‘this flushing and circuletion, the TBP concentration was 1.2 end the

' gezma ectivity was in the range of 500 to 800 ¢/m/ml. Sufficlent TBP has
been sdded to this solvent to bring the TBP concentration up to ebout 2.3%.
The allowsble TBP concentration of the first cycle solvent is 2.5 + 0.25%.
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Sixty thousa.nd pounds of Ultresene were edded to the second cycle and
circulated similarly, resulting in en unadjusted TBP concentration of

‘- gbout 2%. -The initial TBP adjustment brought the TBP concentration up

to ebout 5¢. The allowable TEP concentration of second. eycle solvent is
7.5 £ 0.75%. This solvent attained & gamms activity of lOO -to 200 ¢/m/ml
during this period of circula.tion. T , o ,

,Solvent from the Purex second product cycle has been :Lntemittently used
in the neptunjum recovery program. Since the feed activity approximated
that of Purex 1AF, there was an incresse in the solvent gamma ectivity
up to & meximm of 3.3 x 10*° ¢/m/ml, compared to 200 to 400 c¢/m/ml during
Purex operation. This solvent will not be used for recovery of enriched.

- ursnium’or reused for normal Mex plutonium recovery.

OUTSIDE FACILITIES = e
Hydrostatic Testing. The GP evaporator heater, the EU evaporator: reboiler,
and the acid recovery unit reboiler were hydrostatically tested et 45, 38,

‘and 42 psi, respectively, eccording to the ASME code for un.fired pressure o
vessels. All three units are in se.tisfs.ctory condition. - - :

Solvent Remova.l. Solvent found in miscelle.neous tanks throughout Build-
- ing 211 Areas has been collected in tank 717 where it is being skimmed be-
fore it is sent to the burial grounds. - Following removal of the solvent
that had collected in the recycle sump, the sump was visua.lly inspected

end found free of solvent

Solvent entrained in 1EU ves skimmed from the EU concentrste tank and the
tank was flushed with Ultrasene to remove the remeining TBP; this Ultra-

. sene was also skimmed, Prior to skimming the tank, water flushes were

added to remove the uranium remaining in the agueous heel, ‘I’hese flushes
stripped the uranium in the solvent from 47 g/z to 2.4 g/z -

ACID RECOVERY UNI'I‘

~ The reboiler of the acid recovery unit vas inspected end repa.ired, dete.ils
. are shown in the following table. Following repairs the re'boiler was
. hydrostatica.lly tested and found satisfactory.
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~ Acid Recovery Unit Reboiler Inspection and Repa.ir

Item Needing Repair Type of Attack .- Method of Repair

Vertical seam weld on.SS Shei [ e

(Process Side). . -

Top . - R Knire line and pitting ) *

Bottom e  Honeycombed, - T .
Inside seam weld on nozzles -

tc column, . T

Top & Bottom -~ - Cracked .75% of circumference. *
Inside seal weld around tube ‘ ] : :

sheet. T S

Top & Bottom (Process 81de) Corrosion down center of weld L

~100% of circumference.
Weld on face of top rlange to EERE C

column, - Severely honeycombed, . L
Inside seal weld on nozzle in - Cr e
bottom reboiler head, Corrosion down center of weld. *
24 Tubes leaking at top tube ‘Leaking between tube and Welded In 19 chill

sheet. ' sheet. o ~ . bloeks (Total 38
: BRI ' ' chill blocks &
plugs) and weldead
balance of the 153
tubes to top tube

: : o : sheet,

Inside carbon steel shell Pitting corfosion where con- 6"=wide 38 band was
(steam side) from bottom - densate stands when unit is  welded around oute
tube sheet to 2“ above , not operating. _ side of carbon steel
sheet - - ; . .-w.... ... Shell above the

: : tube sheet,
Head flanges (l42") on reboiler Leaking air intc unit during Installed an'Asbestos;

were gasketed with Blue . . operation, and acid out when "Teflon" envelope -
African Asbestos gasket, = ' unit down. » ‘ : gasket in place of
' ‘Blue African

e Asbestos.s#

," Ground out and welded. S S
B el To obtain surrioient pressure to seal the new 5askets it was necessary
o replace ‘the orisinal bolts (ASTM A193 B.8) with bolts of higher '
. tensile strength (ASTM A193-B.8 coldedrawn to a Brinnell hardness of _
320). Both types of bolts are type 304 stainless steel. ) -

‘ ’SILICA GEL COLUMNS, H AREA ' . 4
Dummy runs a.re proceeding in the silica. gel columns A dumm.y regeneration '

_ run.using water was made at flows up to 5 grm. The steam to the regener-
_.ent heater had to be controlled manually because the steam control valve
- was oversized.., This difficulty is being corrected. A maximm flow rate

" of 10 g was obta.ined ‘@uring the d.unnny dilute nitric e.cid. wash. Dummy
feed runs are :Ln progress. . .
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* WASTE TRANSFERS

Waste Volumes, H Area =
~(3/15 through ¢/21).

Actual_Transfers,

. Streams to Bldg 241 ___gallons
High Level o '
HAW Evaporator 3,579%
LAW Evaporator = 1,069
Head End : ) -
Rerun** (Tank lOH) T 14,210
~ (Teank 14H) 18,729 -
Buildup in Bldg 241t . -
Low Level . - :
Coating Waste . :
GP Concentrate , 2,368]

Buildup in Bldg 241t

* NeOH and water flushes of 1lst cycle plus dis-
card of 2nd stage evaporator bottoms
** See rerun section.
t Change in level in Bldg 241 tank is small and
incremental increases cannot be determined
accurately.

UNDERGROUND WASTE STORAGE

'Status of~Waete in'Underground'Tanks*‘

- Finl, Maximum Temperature, °C , -
Tank _inches Sludge Supernatant Remarks

9-E
. 10-E

11-H

12-E
13-H

dklﬁ-ﬁ

268.0
268.25%%

274.5

264.75

202.25

142.0

36
80

35.5

89

37.5.

117

37

35.5"

37

42

45

Cooling water through 1/8" ori-
fices, all 36 coils.

Water through 28 vertical coils,
1 vertical valved out, § verti-

cal end 2 horizontal coils have B

failed,

Low level waste, cooling water o
_ through 1/8" orifices, all 36

coils,
Full cooling water flow through

- all 36 coils.

Low level waste; cooling water

" through 2 horizontal coils.
-7 Full cooling water through all.

41 coils.,‘;,

* Pluggage of the level dip tubes in Building 241 pump pit tank 4

has occurred. frequently since the processing of bismuth phosphate
weste, '

#% On April 6 gbout 3 inches of waste were jetted from tank 10 to

tank 12 without incident.
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- The "necklace alarm” on waste ta.nk 14-E eneraized indicating the presence
-of. liquid shorting .the. pro’bes. & visuel check indicated liquid in the

. south riser but none in the north riser. A sweb was dipped into the lig-

uid and found to be conteminated to only ~270 c/m of activity, indicating
“the liquid had not come from the tank. Upon sta.nding the observed liquid

- eveporated from the annulus; however, the slarm did not deactivate, The

ceuse of the current alerm is unknown. The water table level in the area
of the tenk is 277'8" above sea level which is 16 inches below the top
of the steel ennulus pan. The water teble movement in this ares is being
exemined to detemine if :Lt could a.ccount for the liquid in the tank

' a.nnulus.

(74

' Building 241 Cooling Water, H Ares
S . Maximum Minimum  Specification
NezCrQg, prm - 800 824 >500
PH’ . S 1007 . 10045 T >7.0
Rerun Receipts and Waste Volume -
. % of Total
. - Wt Received
o P S R No, of in Rerun Rerun Waste
Source . - - ' Reason . Transfers (581,000 1b) Volume, gal
1AF Adjustment Tank Special product k2 85.0 30,791¢
‘Raw Metal Tank .7 PFlush .. : 1 , 0.6~ -
Vent Scrubber = Routine change = 1 1.6 -
‘Sumps e - Process leaks &
v . ; flushes## o oo . 8.‘_} -
* Head End Strike Tank Flushes to remove - . '
o . -~ special product waste 5 3.7
1AW Decanter © . Solvent removal 2 0.1
S X111 Decanter - Solvent removal 2 0.6 -
-~ Rerun g - Plushes : S - . : §91
Rerun ’ . . ‘Solvent washing and v
’ miscellaneous - - : 1 557 ’

o This volume is somewhat larger than optimum since ‘additional waste was
generated arbitrarily as an operating convenience, or ‘because of gross
operating errors (eg, misvalving of 33904 discussed on page 220).

- % ppproximately 2680 grams of plutonium were received in rerun from sumps - -
‘during the period. About 120 grams of this have been concentrated and
. are being stored in condensate tank 11,4 HE; this tank will not be used.
in enriched uranium ‘processing, - The balance is being held in rerun -
until flushes of the canyon cells are complete, o
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- The rerun solvent was pr'épa.red for discard to the burial ground by wash-
"ing it with NepCOgs, ENOs, and oxalic acid., A final slkalipe wash was re-
quired es the activity of the solvent was greater after the acid wash;

o this was probably due to removal of activity from the vessel walls. See
* the following teble. After the solvent is removed from rerun, the canyon

 floors will be washed to rerun. The rerun station will then be flushed
-with Ultrasene to remove TBP. . Following the Ultrasene flush the rerun
:sta.tion will be flushed in turn with NaOH BNOa , end wa.ter

- Rerun Solvent We.shing

. Gross 7, Zr-Nb ¥ ‘Ra v,
v . g/m/ml c/m/ml ¢/m/ml
'1st Half of Solvent: .

“Before Wash 3.5 x107 1.8 x100 2.0 x 107
| | 3,75 x 107 1.8 x 107 2.2 x 107
‘rouowing ¢ washes, 2%% Naec:o3 1.30 x 107 4.3 x 10° 8.8 x 10°
1.26 X 107 4.6 x 10° 4.6 x 10°
Following 1 wash, 5% ENO, 2.4 x10° 9.3 x10° 8.3 x10°
Following 1 wash, 5¢ oxalic ecid 8.5 x 10° 2,7 x10° 7.1 x 10°
8.5 x 10® 2.0 x 10® ' 6.9 x 10°
Follawing 3 alkaline washes, - . '
244 NezCOs, plus 30 dsys decay 1.99 X 10° 2.48 x 10° 1.84 x 10°

ond Half of Solvent: ' | o
Before Wash 1.2 x 107 9.0 x 10 3.5 x 10°
1.1 x10° 8.1 x10°® 3.6 x 10°
Following & wa.shes, 24 NepCO, 1.1 x 107 9.3 x 10° 2.8 x 10°
Following 1 wash, 5% ENOz 5.0 x 107 4.9 x 107 3.5 x 107
' Following 1 wash, 5% oxalic acid 6.9 x 10° 3.6 x 10® 3.3 x 10°

- Following .3 elksline vashes , 28 :
NaoCO5 plus 30 days decay 3.72 x 1o° 1.36 x 10°  1.17 x 10°
o o : 3.04 X 10 1.15 x 10° 1.37 x

=
%
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RELEASE OF RADIOACTIVITY TO ENVIRONMENT -

Activity Dischsrged to Seepage Basins, H Area

Activity Discharged to Ba.sins 3/19 to 4/22, curies
‘Nonvolatile B o _ , - , . l.91
I1-131 S Lo R . 0.32

" Activity in Basins on 4/15, curies/cc -_.~ .
I-131 Activity .

Basin No. 1 - o 6.6 X 1072

- Basin No. 2 SRR S0 4.8x°107%
Basin No. 3. © . - e 2.7 x 1072

Nonvolatile g
Basin No. 1 4.4 x 10-%°
Besin No. 2~ - , . 5.5 x 10710
Basin No. 3 - | 1.2 x 10°°
Seepage Basin pH : :

"- Basin No. 1 : 2.2
Basin No. 2 , 2.6
Basin No. 3 T 9.8%

PE of Weter Discarded during Month 2.0

Average Seepage and Eveporation Rate, gal/day - . 74,000

Level in Basin No. 3 on 4/22, in. 134.0

* Approxima.tely 1800 1b. of 60% nitric acid were a.dded to
" -Basin No. '3 in an attempt to reduce the pH. Water was
circulated from one part of the basin to another et
1000 to 1500 grm during eddition of the acid. Prior
“to the scid additions the average pH in the ‘basin was:
‘gbout 9.5. -During the additions the. TH increased to

.. gbout 10.5 then decreased to between 9.0 eand 9.5. It
- 18 assumed that sections of the basin which had not
been sampled were strongly a.lka.line thus preventing a
y red.uction :Ln pE . . : ,
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Tritium Process Direct Assistance

 MARK VI-J FROCESSING -

No slug breekage and very little éhipping was observed during the de-
cenning of twenty-four charges of Mark VI-J slugs. Product loss from
decanning averaged approximately . .per slug. The unmachined interi-

"~ or of all slugs was coated with & white powder, presumably oxide from
‘reaction with eir sealed in the hollow space. - -

All charges were satisfactorily melted, includins ten with & banded par-

“tial second layer containing 1/4 of the total charge

HIGH EURITY ERODUCT IRDGRAM

Plens are completed for- the production of epproximately of
tritium vith an ebsolute purity (neglecting He-3) of 99.9% or better, to
be used in calorimeter determinations. - The column feed, column, and
rroduct collection systems are to be evacuated, outgassed, and leak check-
ed prior to processing this materisl. The columns will be operated with
a raeffinaste loss of from of the product fed to "sweep” all deu-
terium and nearly all protium into the raffinate stream. The raffinate
will then be collected end rerrocessed at the conclusion of the program.
Product rates are expected to be comparable to normal operation producing
product averaging tritium with less than loss to the raffinste.

FURNACE WASEING

In'preparation for repair, the activity level in the ﬁorth furnace wes

- reduced sbout 95% by & two-hour treatment with 1% nitric ecid, followed

by & complete water flush and a short water rinse. A weighted crucidle

 inserted in the furnace reduced the volume of acid required to 45 gallonms.

The gamms activity rediated from the drum of collected weshings was 4.2
r/hr at three inches, probably due to Zn~65. The drum contained about
one curie of Zn-65 and sbout 100 curies of tritium. According to the
stack monitor, less then 1 cc of product was lost to the furnace hood
during treatment. .

DELETED VEM
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S 2D YERSION :
" Wet: end Dry-Stored CR Slugs

' Byproduct = : ' : -
Mass 18 o <0.01 0.02 :
18 01 .02
21 . .08 .02
22 : W01 .02
2 .05 | .03
28 .02 _ .04

FRIMARY SEPARATION

. After a steedy decrease in pesk first stage backpressures early inm the .
‘month, the diffuser was given en eir trestment. No lasting improvement
was achieved because of & nmumber of pump fallures immediately following
the activation. The extraction Sprengel pump drive motor failed during .
run 8, end during the next two runs (9 end 10), diffuser Sprengel pump 233B
was inoperable because of & sheared pin in the drive assembly. The high
 first stage backpressures resulted from the reduced pumping cepacity for
stage 1 of the diffuser. During run 13, the drive belt slipped off
the motor pulley of extraction pump 223A and was not replaced for two
- runs. ~ Since the start of Mark VI-J processing, diffuser operation has
- been quite uniform, except during pump failure, showing no evidence of
. decreasing permeability.

 BYPFRODUCT LOADING

Loading of one-tréiler vwas completed. Analyses of cylinder banks are
- shown in the following table. ' ’

oy iED yER ~—0N

Ll Al S

BEES
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Z BED RECOVERY

Dete from two recovery runs completed this month are summarized in the
following table. In the second run, the tritium recovered was equivalent
to . per extraction run compared to the largest prior recovery of

per run This bed had been used to recover tritium from twelve
Mark VI-J runs, end part of this incresse is believed d.ue to an increase
in tritium oxid.e from these Mark VI-J extractions. S

DELETED VERSION
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" 'In the lest recbvery‘fuﬁ;'the:circulstins gas stream bypassed the Z bed

during cooling to reduce the quantity of methanes readsorbed on the ‘bed. :
To further reduce the quantity of hydrocarbons recycled through the stack
stripper = Z bed recovery cycle, recovery byproduct will be stacked
directly, bypassing the stack stripper. laboratory data indicate that
orgenic materisls may poison the CA vessel in the stack stripper system.
The reduction in hydrocarbons is also expected to reduce diffuser element

poisconing, resulting in more uniform diffuser performance and fewer air
activation treatments. o

STACK LOSSES

Stack losses are summerized in the following teble. - Totel losses de-
creased from . last month to . this month, because
of the fewer runs processed. Losses averaged about run both

months. No Z bed recovery byproduct was stacked during this period.

- Charge=-discharge losses increased to an average of “per run.
 Losses attributable to the decanning of Mark VI-J slugs averaged

per run during the period in which these elements were processed.

<Since reinstallation of the stack lineeair purse system, raffinate losses

as calculated from mass spectrometer analyses have agreed within
with the stack monitor indications. Prior to the air purge, these
measurements of reffinate losses differed by as mnch es a factor of ten.

Reassembly of the booster eJector pump in the stack stripper system has

- been completed following modifications to the first stage mercury return

line. The pump has been out of service for some time because of problems:
encountered in modifying the first stage and in replecement of English-
thread bolts inadvertently lost during handling of the pump parts. An O-
ring of Viton, an elastomer with exceptional temperature tolerance, wes
installed in the inlet flange on & test basis. 'After an adjustment of
the power input to the pump as determined by messurement of the mercury
boiler pressure, the pump will be returned to service.

DELETED_VERSION
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The zeolite bed in the sta.ck stripper system was replaced after process-

ing waste from 52 runs. - ...

- étack"'tbss"' Summary

Operation
Discharge-charge -
First Evacuation
Byproduct
Raffinate
‘Miscellaneous
Total per Run
Total Combined loss
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EXTRACTION IMPROVED@T FROGRAM.

- Assembly of the experimental extraction system veas completed., Following
 calibration and checkout of individusl _components, the operability of

the system was demonstrated by & dummy run with en unirrasdiated slug and .
subsequently by extraction and separation of geses from a single, low
content Mark VI slug.

Initial extraction studies will be aimed at determining whether losses,

- incurred in extracting uncleaned, clad elements, eg, Mark VI-A or unde-
canned slugs, can be reduced or eliminated by processing at low furnace
pressures. It is believed that the low pressure extrection process will

‘reduce the extent of tritium exchange with hydrated oxides on clad ele-
‘ments and improve the yields which would otherwise be obtained with or

‘without prior cleening. o

RECOVERY OF FRODUCT FROM NONSTANDARD ZEOLITE BEDS

.Oxides of hydrogen 1sotopes were transferred from a Line: l, 6" zeolite
bed (232-E~-I-ST-F) to & standard 4" bed, and the receiver bed was de-
livered to the Separations Department for subsequent recovery in the
Line 2 recovery system. The transfer run was terminated after the.6"
 bed had been heated to & final temperature of 700°C, and no further de-
- sorption was detectable. :

STACK LOSS FROGRAM

Results of recent laboratory stripping studies (see last month's report) -
showed that trace quantities of hydrocarbons in the feed gas to the stack
stripper system contribute to a reduction in the efficiency of the strip-
- per operation. Preliminary:laboratory runs were made with feed obtained
from the Line 2 recovery system, which was umisually rich in hydrocarbons,
principally methanes. However, since it was felt that the (relstively)

- high concentration of methane in recovery byproduct might lead to mis- .
leading results in enalyzing stripping problems, normal byproduct ma- .
terial was used for ell runs this month. However, the concentration
levels of hydrocarbons were too low to permit an evaluation of catalyst

. performance on the basis of mass spectrometer data, and ion chamber data

were. generally inconclusive beceuse of shifting backgrounds.-

The stripping procedures used in the normal byproduct runs were identical
to those in earlier studies. Feed was circulated, at a constant pressure
_of 700 mm, first through Hopcalite (at 500°C) for onme hour, and then
through zeolite (at 25°C) for an additional hour. Data from the first
 three runs ere summarized in the following table end figure S-4. Data
indicate that concentrations of all trece constituents were of the same
order of magnitude as the normal analyticé&l error of the mass spectrome-
 ter (£0.1%). Conversion efficiencies calculated from the changes in
_ total tritium sctivity, as measured by ion chamber, were 100%, 46%, and
87% for runs 6, 7, and 8. However, the accuracy of these measured
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Circulating Time, minutes

Figure S=~4. Clrculating Stripper System (685 mm)

~==w=Ion Chamber Background
A Hopealite Cut In; Zeolite Bypassed
B Zeolite Cut In; Hopcalite Bypassed
€ Ind of Run :
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efficiencies is questionable in view of shifting backsround levels. As
- can be seen from the curves in figure S-4 the shift in lon chamber back-
. ground for run 7 was of the same order of masnitude as the apparent de-

.~ erease in conversion efficiency. In general, the shepe of the concentra-

| }tion-time ‘curves in figure S-4 indicetes en epproach to equilibrium on
. both the Hopcalite and zeolite. beds, paralleling the behavior obtained
‘_with recovery byproduct. .

- Before the start of the recent series of runs, blank samples were ob-
- tained from the system with helium circulation through the hot Hopcalite

;land zeolite beds. Results showed an apparent desorption of Mass 44, pre-
- sumably carbon dioxide, from the Hopealite, which subsequently disappeared
.on the zeolite when contacted with this absorbent. -After a fourth run

. has ‘been completed with normal byproduct feed, the conversion efficiency

of the Hopcalite will be checked indepéndently with elemental protium
end/or tritium. The Hopcalite will then be contacted- with eir in en ef-
fort to recover ell material adsorbed on the bed. '

Mass Spectrometer Data
,lConcentration inf%i .

Run No.-» . _6 7. 8
Hydrogen .. RIS : SR
Initial Feed 0.07 0.01  0.02
After Hopcalite Circulation . .08 .06 - 01 -
After Zeolite Adsorption ) c .06 13 .01
- Tritium (Mess 6) IR E L
" Initiel Feed B T .04 14 .05
_After Hopcalite Circulations .08 . .05 .0l
After Zeolite Adsorption .~ .03 '.05 .02
1Tritiated Methane (Mass 18) 2 '
Initial Feed , - .05 .11 .02
- After Hopcelite Circulation R .12 .05  0.01
.4 - After Zeolite Adsorption o 07 - r.lQ . WD
" Total Methenes (Mass 16 - 19) NESTEIND T R
© v Initial Feed R 07 .11 0.05 .
After Eopcalite Circulation; S .14 . .05 02
- After Zeolite Adsorption . i';,;, --407 - 2010 .- L05
* Carbon Dioxide (Mass 44) R I ER ISR R
Initiel Feed ; W1l 02l Ll2
After Hopcalite Circulation W18 0.10 . .15

After Zeolite Adsorption y,f'_ - 0.04rff~t_nn>3"o.o7i

-~ A new catalyst vessel was loaded with the Baker hydrogenation catalyst

- (0.5% palladium on activated alumina) which was scouted in March 1958,
" as a potentisl oxidation ‘catalyst.  The. catalyst will be installed in the
" leboratory system to determine its performance es & ‘high temperature oxide
conversion catalyst in comparison with Hopcalite. Equipment is also being
assembled to obtain information on the effect of coadsorbed methane and/or
carbon dioxide on the adsorption capacity of zeolite for water. ' '
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GETTERING STUDIES

The laboratory progrmm to develop & substitute gettering,material was
completed with a series of runs in which the effect of adsorbed water
on the capacity of zeolite for protium adsorption was investigated. In
~all five runs completed, type 5A zeolite was loaded with 10.5 g of Ex0/100
g of adsorbent. The adsorptive capacity for protium at -195°C was re-
duced by 50% to 70% of the capacity of dehydrated zeolite st equilibrium
vapor pressures ‘between SO and 300 microns. However, the trend of the
curves illustrated in figure S-5 suggests that the reduction in‘adsorp-
tive capacity decresses rapidly to e negligible amount as the equilibrium
- vapor pressure increases above 400 microns. These results, although sig-
A"nificant, are not sufficiently critical to prejudice the use of zeolite
...as & getter. .The capacity of water-loaded zeolite at 260 microms is com-
‘pareble to that presently attainable with charcoal et 100 microns. An
' increase in equilibrium pressure of this magnitude would not interfere
with the _process as presently’ operated. :

On the basis of work completed to date, type SA zeolite appears superior
to charcoel as e getter in nearly all. respects. The specific advantages
of zeolite are as follows: _ ' o

'» The potential explosion hazard inherent in low temperature adsorption
of oxygen by charcoeal (as the result of air inleakage) is not present
with zeolite. . .

» The cepacity of dehydrated zeolite is sreater than that of charcosl
throughout the entire range of pressures studied, and the capacity of
water-loaded zeolite is adequate for the proposed application.

» The rate of adsorption by zeolite is greater than that of charcosl.
‘Equilibrium is attained over zeolite in approximately one-half the
time required with charcoal (20 to 22 minutes versus 45 minutes)

» The higher bulk density of zeolite as compared with charcoal permits
the adsorption bed to be charged with 80% more adsorbent, increasing
the effective adsorption capacity by the same percentage, and compen-
sating for any potential reduction in capecity as the result of

hydration.

4> Zeolite has a slightly higher sorptive capacity for helium, a potential
impurity in the Building 234-E process, than does charcoal (see last
- month'® s report).

» Zeolite can ‘be desorbed satisfactorily at temperatures as low as 150°C,
comparable to the required desorption temperature of charcoal.

Additional work will be aimed at determining the sorptive -capacity at
=78°C. Refrigeration of the bed with a-dry ice-triclene mixture would
effect & considerable cost savings through elimination of the large
'quantities of liquid nitrogen consumed during each adsorption. . '
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Figure S-5. . Effect of Water Vapor on Hydrogen Adsorption
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Mechanical Assistance

“CANYON ACME NUTS e
The top threads on the canyon vessel studs are sometimes smashed by the

- beveled ends on the acme nut when the nut is impacted. Two vessels in

' Building 221-F have required repairs because of. smashed threads. It has

. been recommended that the beveled ends of the threads at the botton of

the mut be machined to blunt ends (Higbee cut). The blunt end of the

 threads will withstend impact forces without deformation of the threeads.
One such nut was tested in Building 717-F under most severe conditions
.a.nd ca.used no da.mage to the stud. ,
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o Building 412 A
s : -:Mareh CApril¥
‘Performance Index 980 1020
*¥Bldg Ges Quality, ¢ E.S 98.8 . g9.8
- First Stage . B T A T
Operating Time, % - 87,0 o es, 7
Ges Flow, 1000 1b/hr 651 649
- - Liquid Flow, gpm to CT-1 - 343 - 341
- KTl 18th Tray Temp, °C 130 . 134.5
© CT=lGes Inlet Temp, °C 33,8 - 334
¥*%CT-1 Base Conc, mol % D0 - 0.05¢ 0,051 -
**PC-1C Ges Inlet Press., psig - 291 ' 288
. **Flow Limitations: ~ o B
: CT-1 Cerryover -0 A
FRCp-1 Wide Open 8 8
CT-1 Level. Control 0 0
Second Stage ‘ S
Operating Time % 96.8 95.4
Ges Flow, 1000 lb/h.r : 196 194
*¥%CT-2B Base Conc, mol % Dzo 7.6 1.7
*¥Flow Limitations: ek -
CT-2B Loading -0 0
-~ FRCp=2 Wide Open s - 6
- CT=2A Level Control - - 0 0
CTD-2B Level Control 1l 0
FRCp~¢ Wide Open 2 2

- * Dovntime for overhaul 6 unit-days.
- %% Represents month-end figure, all
others are monthly average. .

f PROCESS PERFORMANCE I
ﬁ 'I'he net transfer of heavy water from the Extraction Area to the DW Plant |

 during April was 30,888 pounds of D.0, .an average of 1030 pounds per day..
Hot tower temperature was increased from 130°C to 135°C on April 1 to in-. -

-crease productivity.  As a result, the average Performsnce Index was sbout

a7 -4% greater than last month despite greater equipment outage. ,A‘_sumnary, of
o Extraction Area operation is given in the above table. L : :

L.

. Unit 23 was shut down du.ring the period April 11 to April 17 for repairs
. -to the demaged 11th tray of HT-l, replacement of the leaking SC=1A tube

‘ bundle, a.nd general overhaul end hydrostatic test.’
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A1l four units in the esst wing of Building 412 were unintentionslly shut
dowvn on April 10 by & failure in the electricel switchgeer. Normal opera-
tion was restored in e.ll four units within 12 hours. i

. Unit 27 was shut down on ApriI 13 to repls.ce a floating head ge.sket in
~ the SC-1B heat exchanger. A large tube-to-shell lesek of HoS was detected
B prior to the wing shutdown on April 10. Eydrostatic test of the tube: .
bundle revea.led no lesking tubes. The floating head gasket was repla.ced
and the unit returned to normal opera.tion on April 14.

A siege of severe ca.rryover was experienced on April 4 which persisted
until April 10. Process flow rates were decreased by 2 to 9% in both
steges to. combat carryover from the first stage cold towers end the at-
tendent losding in second stage cold towers. The worst condition was
Passed by April 7 end flow rates were gradually returned to meximum by
April 10. Average production rate during the G-dsy siege was ebout 4%
below normsl . : _

The Rework Unit was shut down du.ring the. period April 8 to April 17 for
lack of suiteble feed materisl. Operation was resumed when the Rework
Unit eveporstor had purified enough feed material to assure continued
operation. The eveporator was started on April 13 and purification of
ebout 62,000 pounds of high conductivity feed ma.teris.l was completed on
April 30. .

»SHUTDOWNS AND FA]I.IIRES

. During the month of April there were 7 partial or complete unit shutdowns
compa.red with 9 in Merch. Following is a 1list of causes of shutdowns.

Ijumber of jhutdowns Hours Downtime
Entire 2nd Stege Entire  2nd Stage

o Unit © . Only - Unit Only
Eydrostatic Test end Overhsul 1 - 154 3
- Electricel Feilure 4 - 40 S
Gasket Feilure (27 SC-1B) 1 - 40 4
- Electrical Faillure¥* 1l SRR D R -3
' Totel Downtime - 249 15

* An a.dditional 13 hours of this shutdown occurred in March

'The east wing shutdown on April 10 occurred vhen the ms.in 440-volt cir-
- cuit breaker developed & gshort-circuit to ground. An inspection of the
- section of the damaged bus bar indicated poor, contact existed between

the "C" phase bus and the corresponding main bresker contact. It is be-
"~ lieved that arcing end overheating at the point of poor contact reached
the proportions necessary to ionize the surrounding a.ir, which afforded
a low-resista.nce peth to ground. . 3
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REVISIONS IN ELECTRICAL SWITCHGEAR
Revisions ere. being ms.de in the emergency electricel tie system that per-
~ mits the transfer of-power between wings in Building 412. In the past,

‘ ,malfunction of the tie system has caused shutdoin of one wing when elec-
 tricel difficulties occurred in the other wing. The revisions can be

~ made without additional equipment shutdown. A sumns.ry of the principal

: che.nges to be msde is es follows- ‘

) The crash circuit for the gas blowers will be revised to prevent shut-

_down of blowers during feilure of the 440-volt system. The blower crash
circuit will be wired directly to the crésh switch. The blower crash '
relays -have been blocked in the closed position until & unit shutdowm
provides the opportunity to complete-the necessary wiring. During the
interim, the blowers will ha.ve to be shut down ms.nus.lly when a unit is
crashed.

® Tie breakers s.nd velve brea.kers will be.converted to ms.nual operstion.
. Key interlocks will be provided to prevent closing both velve and tie

breekers st the seme time. This will eliminate the present, although

remote, possibility of parslleling sepa.rste power sources through the
' 440-volt switchgea.r.

- . @ The sutomatic features of both valve end tie brea.kers, which are in-

activated by the cha.nges described a.bove ’ will be removed at the first
wing ‘shutdown. .

 REPLACEMENT OF TUEE BUNDLES -

:It is 'pla.nned'to'reple.ce e:‘c'l:.exrsivel;r~ c‘orroded‘ tube bundles from raw-water-

o cooled heat exchangers in Building 412 with tube bundles from Building

. 411. -Use of the bundles from Building 411 will delay the expense of &
large scale retubing progrem for sbout two. years. Otherwise, complete
retubing of sbout four SC-1 tube bundles from Building 412 could be ex-

.. pected during 1959 because of extensive corrosion. One bundle hes &l-

) _ready been retubed this year with type 316:SS tubes et a cost of sbout
-$20,000. . A summary: is shown below of the condition of the twenty SC-1

, tube bundles now in service in Building 412 or being held as spares.

“);‘_0 2 bundles are ex:tensively corroded a.nd probebly will require complete
» retubing : , . . _

;..Q 12 bundles ha.ve a. lmown history of severe corrosion or have ha.d leaks
in tubes that have since been plugged or: repleced. onnrnd

PRSP O

'0 4. bundles ha.ve been in service for less than one yea.r. S
"0 2'bund1es have not ‘been inspected R Ry ,
Four SC-l tube bundles that - show little .or no corrosion will be maints.ined

as spares at &ll times for Building 412, All bundles removed from Build-
ing 4ll will be inspected visually and with the Probolog. = -
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TUBE SEEET VENTS FOR RAW WATER EXCEANGERS

| ~ Tube sheet vents on raw water- exoha.ngers ‘are being activated to‘ prevent

accumuletion of chlorides, corrosion sludge, and stegnant water at the

fixed tube sheet. Such accumulstion may have caused the stress-cracking
. of tubes in 21SC-1A in early January. . Nozzles to permit ectivation of

' the tube sheet vents in Unit. 23 were instelled during the recent routine
~ overhaul. Piping will tie the existing vent port on the fixed tube sheet

of each rew water exchanger to the new nozzle; each nozzle is loceted on

- .the raw water.outlet line downstream from the flow control velve. Flow

indication will be given by a bulls-eye flow indicator. Calculetions
indicate that a vent flow rate of 20 gpm meximum per exchanger can be ob-

 tained with this piping. 'The total cost for activating the vent ports on

all SC-l's, SC-2' s, and AC-2' 5 in Building 412 was esti.mated e:b $1500

A less expensive installation, tha.t tied the vent port into an existing

nozzle upstream of the control valve, was tried in QSSC-.'LB. This instal-

- lation did not permit sufficient flow.

SUI.FUR PLUGGAGE

Opersting difficulties from sulfur pluggage have- ‘decreased during the -
past year. Improved deaerstion of feed water to the Extraction Aree has
reduced substantially the formation of sulfur in the units. Instellation

of & trap has csused the sulfur formed to accumulate in a less trouble- _

some loca.tion at the base of CT-2B.

roved Deseration. Improvement in vecuum deaerator performa.nce in the
Weter Treatment Plent is attributed to two fectors. First, both extensive
maintenance end improved performance checks of the deaerator system have
reduced the emount and durstion of upsets in the system. Second, the
decreased loed on the deserstors from the shutdown of Building 413 has

apparently improved degserator efficiency. :

Fifteen months ego, “the oxygen concentration of feedwater was seldom -
lower than 0.1 ppm. This concentration of oxygen will react with bydrogen
sulfide to form 250 pounds of sulfur in one unit during & year. The oxy-
gen concentration during the past year, after improvements in deseration,
has everaged less then 0.05 ppm, which is equivalent to en ennual depo-
sition rate of :less than 125 pounds of sulfur per unit. Previously, 300
to 400 pounds of sulfur have been removed from the CT-1 during overhaul.
In Units 22 a.nd 23, only about 25 pounds were removed from this location.

’ Sulfur Trep. . Du.ring the' round of unit overhauls last year & sta.ndpipe,

designed to trap sulfur in the base of CT-2B, was installed in the liquid
outlet nozzle of CT-2B in four units. Prior to the installation of the
traps, épproximately 200 pounds of sulfur were removed from the CTD-2B,
vhich receives liquid lesving the base of CT-2B. Since this emount of’
sulfur filled the drum, it was freguently necessary to "hot flush" the

... .- CTP-2B pump end the associsted piping in order to dislodge the sulfur
o which overflowed from the drum, .
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The recent overhaul of Unit 23 afforded the first opportunity to inspect

& trap; this trap was installed 9 months ago. Approximately 300 pounds

. -of sulfur were removed from the trap in the base of.CT-2B and only § .
" ‘pounds were found in cm:-as. In contrast the:;major portion of the sul-

- fur removed from Unit 22, which had no trep, was from CTD-2B. Unit 22 .
“was inspected Just 6 weeks shead of Unit 2.‘5 and hed operated for & period
of 7 months since the last overhaul. < men

 Removal of sulfur in excess of the estimated 125 pounds per yeer formed

- 1s attributed to accumilation of sulfur in the unit during the pe.st six
‘f years end incomplete removel during previous overhs.uls .

~ UNIT 23 INSPECTION

ARoutine overhaul, hydrostatic test, and inspection of Unit 23 vas carried

out during April 11 to 16. The unit wes last inspected ¢ months ago. The
sigxificant results of the inspection are summarized below :

First Stage Hot Tower. The wall of the liquid drawoff box at the llth
tray was corroded and perforated over the entire surface. This wall was
made of carbon steel instead of the specified type 304 SS. Perforstion

_ and disintegration of epproximstely 15% of the wall had allowed an excess
of liqudr to flow from the hot tower into the humidifier section. This

‘ damage wes the saxe as that observed in Unit 22 last month ‘

'First Stage Cold Tower. 'I'he i‘irst separation of lining from the weld
metel et e tray support ring was observed in CT-l, manufectured by Wyatt
Metel end Boiler Works. About ¢4 feet of weld separation was present at

" the ring supporting the. bottom tray.

About 98% of the horizontal welds end 25% of the vertical welds were
corroded No separation of lining wes observed at vertical welds.

o sexmples of lining welds were removed with the Weld Prober from the
base of CT-l where separation of the horizontel welds hed ocecurred.
Visual inspection end examination by. dye penetration of the samples and

| . sample cavities revealed no cracking of the cerbon steel base metal.

" 'The samples were sent to the Engineering Assistance Section for metsl-v

' lurgicel exsmination. =

: Waste Stripper. The bottom downcomer (across the center of the tower)
.eand the associsted seal pan and weirs were demaged in a manner indicative
of rapid condensation of stesm in the bottom of the tower. This damage -

was elso seen in Unit 22 but has not yet been traced to any m:msual oper- -
eting condition. 50 R T B
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- Stripper Exchengers. No pluggage was found between the turbulence pro-

 moters end the tube walls in the SX-l's. Severe pluggage at this location

- h=zd ceused shutdown of Unit 22 sbout one week efter overhaul. Two pro-
-moters from SX-1C in Unit 23 were exemined for erosion end found to have -
& maximm of 5 mils wear (original thickness; 40 mils) since they were in-
. stalled 9 months ago.- The turbulence promoters were left in service and
no indicetion of pluggage has been noted during the first two weeks of
opera.tion efter overhaul. -

: :‘Secondary Condensers, vSC-lA a.nd SC-lB.' -Hydrosts.tic‘test' showved 22 lesk-
'~ ing tubes in SC-lA. Severe pitting and pluggege had occurred along the
entire length of tubes located on the periphery of the bundle. No visual
demage or pluggsge was found in SC-1B. A Probolog exsminstion elso re-
vealed no corrosion of SC-1B. . .

~ FRCp-3 Reducer. Corrosion and erosion 3/8" deep hs.d occurred on the 3-
inch flenge of the FRCp-3 reducer since it was last: inspected 9 months '
- ago. The reducer was repls.ced.» - _

BUILDING 412, PURGE TOWER SYSTEM INSPECTION

. The purge tower system in Building 412 was shut- down on April 8 for rou-
tine hydrostatic test and inspection. No increase in the pitting of the
type 516 SS cledding in PT-1B had occurred since the last ingpection 6
months ego. At that time, pinpoint pitting of the cle.dding on the top
'nhes.d end walls mea.sured e ms.ximm depth of 3/16" '

i The weld cep on the discha.rge tee of the purge tower pump felled epproxi-.

‘mately one week before the pump was shut down for inspection. This cap.
was eroded in an area 4" in dlemeter and 3/8" deep. The lesk was through
& heirline cra.ck et the thinned section. - L '

. BUILDING 413, PURGE TOWER SYSTEM DISPECTION

: The Building 413 purge tower system was hydrosta.ticslly tested end in-
spected an April 21. Inspection of these facilities followed six months
of operastion in stripping carbon dioxide from inert ges. No corrosion
- or pltting was observed on a.ny of the type. 316 Ss cladding in PT-lA or

- PT-1B.

: BUII.DDIG 412, RICE LIQUOR AND WEAK LIQ,UOR STORAGE
TANKS (RLT AND WLT) INSPECTION _

The RLT and WLT Tenks in Bullding 412 were hydrosts.tically tested and:
inspected on April 27. The tanks were last inspected approximately one
yeer ago. A : v ) o
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There was no corrosion or pitting of the type 316 SS cladding on the

walls of either the RLT or WLT. The bottom dished heads on both tanks
were generally roughened and corroded 1/64" to 1/32" deep. No other

| cos'r OF REWORKING DEGRADED EEAVY WATER

The basis for & schedule of chs.rges for reconcentre.ting heevy wa.ter from
off-Plant sources has been calculated using the Rework Unit operating ’
experience during the last six months of 1958 for both costs end produc-
tion rate. The production rate was edjusted to reflect an enticipated
ennusl outage of 7%. A breekdown of the reworking costs per pound of
D-0 received is’ presented in the following teble as & function of the
concentration of ma.teria.l to be reworked. o

The tota.l mnit cost 1s accmnula.ted from three different expenses: the

cost for separative work, the scheduled disca.rds , and the handling
: losses. These three items are explained in more detail below.

" @ The units of seperative work req_uired to separe.te the. degre.ded moder-

gtor into 99.75 wt % D20 product end 2.5 wt % D20 waste is shown as &
 function of the initial concentration in column 3 of the following

teble. The cost for separstive work in dollars per pound of D0 re-

ceived is shown in column 4. This cost includes &ll of the direct

charges for operating the Rework Unit end e.n.oca.ted overhead a.nd de-
i precia.tion cha.rges. 7 . ,

'@ The scheduled disca.rd of D0 waste is shown in colmnn 2 as. percent of

‘the DO received. The cost for replacing this loss is based on replece-
ment from the stockpile vhere the production cost was assumed to be’
~ $2¢.35 per pound ($28.00 less the 15% service charge added by the AEC).

® The hendling loss, shown in colum 6, was ‘estimated from the experience
-~ in 1958 end is for nonscheduled losses such as lesks, spills, etc.

“This cost was also 'based on replacement of the nzo from the stockpile
et $24:55per pound , o

The total cost per pound of D20 received is shown in column 7. 'l‘his is |
e production cost to which a service cha:rge will be added by the AEC to ,

' form & cha.rge schedule.
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Moderator Rework Cost )
Cone S : o Cost, $(Ib degraded Da received
Received, Scheduled Separative Separative Scheduled Handling
wt % D-O Discard,* ¢ Work Unitsg** Work - - Discard lLoss = Total
10 235.1 19.138 - 7.06" - 5.62 0.47 13.15
20 10.3 15.474 - 5,71 2.51 .38 = 8.60
%0 -~ 6.0 12,808 4,72 . 1.46 . W31 6.49
40 3.8 - 10.888 4,02 0.83 . o .27 5.22
50 2.6 9.382. - 3.46 0.63 - .23  4¢.32
60 - 1.7 .~ 8.108 . . 2,98 ..  0.41 - - ,20 - 3,60
70 1.1 . ..6.,946 . 2,56 - 0.27 .- ~e 17 3.00
80 .. 0.8 5.780 2,13 - 0.15 - .14 2.42
- 90 0.3 4,392 . l.62 . 0.07 1L 1.80
1 - 0.1 3.386 . l.24 . 0.02. . 08 1.34
. g8 nil - 1.452 0.5¢ nil 0.0¢  0.58

% D0 discerded as % of D0 in material received. ‘

. #% Units of work required to separate each pound of ‘D0 in mate-
rial received into fractions at 99.75 wt % D20 end 2.5 wt % -
D;0. Calculations were besed on Cohen's Value Function. See
"Theory of Isotope Separation," Karl Cohen, 1951, Nationsl.
Nuclear Energy Series.\

- REWORK EVAPORATOR OPERATION

Satisfactory perforuwnce has been obtained thus far with the evaporator
recently installed for purification of Rework Unit feed and product.

- Emphasis has been on & production run to obtain & quantity of feed for
the Rework Unit and consequently & number of characteristics of the '
equipment have not yet been defined

During the period April 13 to April 30, asbout 62,000 pounds of degraded-
heavy water were processed. The conductivity of this materisl was re-
duced from 625 micromhos to 2 micromhos. Thus far, the throughput has
been limited to & maximum of 240 pph by a steam flow restriction at the
pressure regulating valve ahead of the calandria. ; :

Tbe buildup of solids in the calendris was controlled by & small purge
to meintain the solids content at less than 10% to control foaming.
About 2 drums of calsndris purge liquor were accumulated during the pro-
duction run. Eventually, this purge liquor will be processed in the ‘
evaporator end the solids content increased further. The D0 will then
be displaced from the calendris with E 0 and the residue discarded.

The purification factor, defined by the ratio of solids in the calandria
to the solids in the condensate, has been as high &s 130,000 but the ac-
curacy of this figure is limited by ability to analyze the condensate.

- A normal heat transfer coefficient in the celendria of 400 to 500
Btu/(hr)(£t2)(°F) was obtained during the production run with e calendria
temperature difference of 14° to 16°F. :
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Glossary of Tehﬁs - GS Area

- Flowiretorder-controller, first stage process gas
_ Flow recorder-controller, second stage process gas
- Flow recorder-controller, first stage liquid
- Flow recorder-controller, second stage liquid

. First stage cold tower

Second stage cold tower (column A)

Second stage cold tower (column B)

Second stage cold tower drum

First stage hot tower
Second stage hot tower (column A)
Second stage hot tower (column B)

Purge tower - lower section
Purge tower - upper section

Waste stripper

" Stripper heat exchanger
~ Liquid heater

Primary condenser
Secondary condenser

" Blower aftercooler - second stage
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Raw Materials Technology
MARK V-A FUEL
: MA.RK V-A HOT-PRESS BONDING

-A program has 'been initiated to cont:l.n:ue the Ma.rk. V-A hot-press bonding
development carried out by the Technical Division. It is desirable to
gain additional cledding end irradiation experience and to contimue to
investigate the economics of the Mark V-A element. A Test Authorization
is now being circulated for approval, which will euthorize the cladding .
and irradietion of &s many as 12 assemblies, or ree.ctor positions, in
ea.ch natura.l uranium cha.rge in R Area over a one-yea.r .period..

. Initia.ny, cores wi].l be fa.‘orice.ted et NLO by ex’cruding oversize tubes
- and machining the cores to final size. Cores provided previously by this
process contained large inclusions, or voids, which interfered with nickel

" plating at Sylcor. Revised casting procedures and less-impure charge ma-
.terie.]. are being evaluated es methods of improving core quality. .

Long uranium tubes , extruded to size by the America.n Brass Compeny, will
be used if satisfactory cores are not immediately available from NLO.

.. The cores will be beta-treated usihg air cooliﬁg through the beta-to-a.lpha.
B ‘transition temperature until an improved hee.t treatment is available. ‘

Cladding and weld:l.ng will be done at Sylcor.

MARK VI-J AND MARK VI FUEL

Mark VI-J Reject Summary, 3/26 - 4/22

. Kumber - Number Yield, ¢
Type RejJect Inspected Re.jected. This Month last Month
Casting 48 0 . o0 100
. Core Machining 48 o) 100 ‘ . 100
Tube Faebricaetion 105 11 . 89.5 - 78.5°
Tube Finishing 79 ' 1l 98,7 88.2
2 8.3 - - 94.6

NIG _ 119 7
Over-all Yield —» 86.8 73.7
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Mark v: Reject Sumary, 4/2 g 4/22

_ Number * Number - ' Yield ¢
ol Ty'pe ReJect S Inspected ‘Bejected - This Month Fas to 12/24/"‘
. Casting ' ‘192 & ver, 9 100
* Core Machining ;,1ea_ e 1000 99,3
- Tube Fa.brication 87 8 94,3 . 85.4
. Tube Finishing . *-so_ = 0 1oo o995
S : Over-all Yield 92, 3 ;.,f "es.a‘

' i']:ncreased fa.brication yield: for bcth Ma.rk VI-J and Mark VI fuel vas due

B ;}to fewer reJections for tube blisters. o

comomrrs N |
‘.'rubmg of ty:pe uoo alumimm a.lloy, for Mark VI-J inner sheath fabrica-

~tion, was test extruded to finished diameters with & port.hole die. Ade-

 quate diemetral control, within $0.005", was obtained. Recrystallization
‘across weld lines appeared complete (see figure EA-1l) on tubing from the -

~ - initial billet thraugh the die, However, subsequent extrusions had poor

surfeces and an excessive (36") length of coring, Coring end laminations "
in the porthole-extruded inner sheath ‘tubing are shown in figure EA-2.
‘Because of these defects associated with the porthole-extmsion of sheath
materisl, inner sheath requirements will be met using ma.nd.rel—extruded

‘ tubing that remxires machining to finished. diameters.

~ CORE TEICKENING

A new end plug a.lloy of type 5050 a.hmimm (1 O - 1 a% ma.gnesium, remain- -
der eluminum) was recommended to reduce the core thickening tendency in
Mark VI-J tubes, Two test billets conta.ining type 5050 aluminum plugs
were extruded. A 16° plug-core interface was selected because of its
good control of end-defect .configuration on Mark VI tubes., Preliminary

‘destructive results indicate that the front defect , shown in figure EA-3,

- is satisfactorily centered and. exhibits no thickening. However, the rear

‘defect (plug thickened), shown in figure EA-4, appears different from any
- previously observed. . Thickening would occur when the hardness of the hot
 plug exceeded that of the core, This could result from the progressive
- increase in billet temperature normally ‘experienced during extrusion,
When the front interface passes through the extrusion die there is & match
of plug and core hardnesses, whereas the higher temperature -of the rear
- "interface results in a hardness mismatch. Subsequent tests will be run

- with lower extrusion temperatures and different rear. core-plug interface

a.ngles .
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 Neg EA-8918-M

Approx ‘3x - P P
Figure EA-1, Recrystallized Weld in Po‘nh‘el'o—E‘x'md'odi Inner Sheath Tu;c

Neg EA-9542-M

Approx 1Xx
Figure EA:2, Transverse Cre_is Section of inner Sheath Tubing

11 inches Behind Billet-fo-Billet Interface. Note coring and

: ; laminatiens.
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AT R T

Neg EA-10239-M
Flgun EA-:. Ftent End Dof.c' of Mcrl: VI-J Fuol Tulu Showlng
e Nermel Tapered, Centered Core Section '

Bt g Leee ) 2r e -
R T s ‘r:;.,‘ B
P .

Apprex 3X l . Neg EA-102H1-N

Flguu EA-4. Rear End Defect of Mark Vi-J Fuel Tube Showing
Thlckoning of Typo 5050 Aluminu:n End Plug
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* ATUMINUM OJCEDE FIIMS

| As reported. :I.n last month's report, films produced by the boiling ammonia
solution treatment were difficult to identify. SRL has now identified

' most of the samples, formerly marked as unidentified, as the desired alpha |

aluminum oxide monohydrate film, Identification was possible because of
& new chemical film stripping technique tha.t supplied better samples for
-X-ray diffraction. ’

: In view of: these results ’ the s.unnonia. trea.tznent a.ppea.rs to produce the
‘desired f£ilm in acceptable thicknesses. However, the corrosion protection

- afforded by this £ilm remains undetermined. Electron microscope examina-
“tions have shown the film is built up of fibers extending outward from the

© f£1lm surface, as compared to a large crystalline structure for the mono-

hydra.te film produced by steam autoclaving. The fibrous structure may not
" be as corrosion resistant as the crystalline structure. Loop tests of the
various oxide films are being initisted by SRL at the Babcock end Wilcox
Research Station, Alliance , Ohio, to determine corrosion merits of the
verious films, _

FIUOROSC OFE MODIFICATION

An ionizs.tion chamber, febricated by the Instrument Assista:n.ee Section,
was installed in the Building 321-M fluoroscope. This will be used in the
determination of the density of "hot spots" found in Mark VI end Mark VI-J
. fuel -elements. "Hot spots" were first reported in the monthly report for
December 1957, DPSP 57-1-12, and heve since been found infrequently.
The ionization chasmber, with & Beckman emplifier and & recorder, messures
the difference in current produced by the X-ray beam passing through &
high density area as compared with an edjacent normal density area. The
current difference will be cali'bre.ted so that specifica.tions authorized
in TA 3-399, "Nonuniform Tube Concentrations," can be followed.




' DELETED VERSIGN

' MARK VII-A SLUGS! |7

MA.RKVII-A-SRPYIELDS | T R -

"About 115 OOO Mark VII-A-SRP glugs vere’ “canned during April.i “]helover-
a1l yleld was 63.6% compared to 68.5% for March. The major causes for
rejects were poor bonds, X-ray and pits, as shown in the following table.

~

R .. % Defective
ReJect Ap_ril March
Nonseat 3.4 4.9 |
~ Spire Demage 1.5 2.6
. Poor Eond 5.0 - 3.1
Nonbond - l.8 3.4
© Xeray - 10.2 - 8.5
- Pits . - 7.1 . 0.5

,.'X-Ray Rejects. Beginning April 14, the X-ray re.ject rate declined from a
Ievel of about 15% toa level of 8% This decrease is attributed to the

B i‘ollowin.g

1. Close attention to a.luminum component cleaning, particularly degreasing

‘ ;§‘2 An operation evaluation test designed to determine the effect of opera-
tor va.riability on reject rates and yields

In ‘the operator evalua.tion test. » the operators hold their assignments

’ jduring the canning. of an entire 100-slug lot rather than rotating assign-
~* ‘ments. This same test was run twice before. X-ray re.jects were decreased
,‘j;’and yields vere increased during both tests. ' _

" ‘Further work will be done to. develop an optimum operator assigmnent
= schedule.

Nonbonding It was. reported last month that a correlation was observed
‘Petween nonbonding and the tin content of. the AlSi dip bath. The same
correlation was found to exist between nonbonding and the ‘tin content of

. A151 canning bath during April. -When the tin content of the canning bath
‘increased to. (maximum allowed - ‘ponbonds increased from 1% to
© 25%. 'The nonbond re.ject rate dropped to 11: when this A‘LSi was discarded

o end replaced with virsin A]-Si" WL

" Spire Pitting. The daily pitting reJect rate, as determined by finsl in-
~gpection, . increesed from less than 0.5% to a maximum of 12.0% in April.
These pits show intergranuler corrosion end have been. found only in the

"~ gpire. The pits first show up. after the slug has been canned -and most of

"~ ‘them are found within ope inch of the top of the. slus.:; Fisu.re EA-S shows
* these pits’ as they appear on & ‘spire. :
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Destructive exemina.tion of selected samples show the pits to be as much
as 0.015 inch in diameter and 0.004 inch deep.. Figure EA-S shows a
section throush a ty'pica.l pit. s

To determine whether the sta.inless steel spring inserts affected the
‘pitting reject rate, 600 cores were canned without springs in the. spires.
- The spires with no springs bad no visible pits after canning, while spires
: containing springs had numerous pits » . as shown below., A

Percent Defective .

C No.. . T ) Spire .

» - of Slugs Pitting* Nonsea.tins Demage X-ray Nonbonding
No springs 600 . . 0.0 . 8.9 . 6.2 101 1.9
Springs - E ' :
(control) 800 +10. O 2.5 2.8 9.9 . 0.5

* Estimated since slugs have not been a.utoclaved end final
‘inspected. ' Pits are more readily seen on an sutoclaved
. surface. '

. Spire damage was higher when no springs were used, confirming eﬁ'arlier
tests. The higher nonseating reject ra.te was caused by floating of the
unweighted spires. ,

It has been reported that water, in contact with stain.less steel and
aluminum at high temperatures, will cause rapid galvanic corrosion. To
check this, 200 slugs were shallow-quenched keeping the spire chimney
above the quench water level so that no water splashed into the spire.
Another 200 slugs were deep-quenched by submerging the slug and allowing
water to enter the spire. The sha.llow-quenched slugs appeared to be free
from pits vhile the deep-quenched slugs appeared to have numerous pits

in the spires. Final results will be determined after the test and con-:

~ trol slugs have been autoclaved. All slugs are now being sha.llow-quenched
to prevent water from entering the spire _

CA.NNINGSIEEVES"

'Lots of 100 Ma.rk VII-A canning sleeves from each of the three current
sleeve fabricators have been studied for dimensionsl changes during their
‘first fifteen canning cycles. Inside diameter mea.surements were taken
after each cycle and compared to the original average sleeve size. The

- results, shown in the following table for the initial and final measure-
ment, show the Gougler sleeve to be dimensiona.lly more stable than either
the Martin or Slocomb sleeve.: The Gougler sleeve is fabricated from

-~ SAE 1025 steel; the Martin and Slocomd from SAE 101S.  Since’ the diffe
“in steel composition is believed to be an important factor affecting sl/
- 1ife, the gleeve steel specification has been chansed from SAE 1015 to
SAE 1025 for current orders. S




. v S TSN Ty

Ay

L L0 XIS S dey

Nt
LY _.r'.’wi'!a.

3 <R

’ ‘. . o ‘ . ¥ 3 - X s ‘%i: .?& _. = ‘.\:331.,;'%1 i%b-. L h

309

Approx 10X . Neg EA=10352-M
. Figure EA-5. Typical Cluster of Pits in @ Mark VII-A-SRP
Canned Slug Spire, After Autoclaving o '

" Approx 500X : = | Neg EA~10410-H
T Figure E”A-G;‘ Phg'emi‘e‘rvogbrvepl\\ 'qf:’e Typical Pit. ('l;ho pitis
: 0.004 ineh'dicg_ end 0.00S inch in diumouvr.) o -
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An order of sleeves currently being fabrica.ted by Slocomb from SAE 1025
steel will be checked for an increase in cycle life. ‘The previous "half-
life" for Slocomb SAE 1015 sleeves was 20 to 35 compared to about 80 for
the Gougler SAE 1025 sleeves. , —

Inches '

Sleeve Fabrica.tor - ¥ertin  Slocomd réougler
Initia.l ID . 1.2138 1.2138 1.2133
~Final GBID , 1.2131 1.2124 1.2134
ID Change = -0.0007 -0.0014 +0.0001

2 BOND- PENE'I'RATION TESTING-

- A lsboratory model of an eddy current penetration tester has been used to
inspect the outer cladding of about 10,000 slugs. The tester was set to
" reject a slug containing a groove-type penetration having e 0.060-inch-wide

' base and extending to withir 0.010 inch of the outer cladding surface.

Twelve slugs have been rejected by the penetration tester. Destructive
examination of the slugs revesled penetrations in some of the rejected
slugs as shown in figure EA-7. The maximum penetrations found in these
slugs ranged from 0.004 inch to 0.029 inch, with minimum cladding thick-
ness of 0.007 1nch to 0.030 inch.

The tester will be modified to 1nspect the outsid.e and inside cla.dding

as soon as the necessary equipment .can be fabricated and installed. It
is expected that this modification will be completed by May 15. Design
- and fabrication of the Mark VII-A production bond-penetra.tion tester is

proeeed.ing

‘AAUTOCLAVE AN'D REACTOR FAILURES

E Six Mark VII-A-SRP slugs failed the autocla.ve test for a failure rate of
. 0.9 per 10,000 slugs tested. '.['he failure rate for March was 3.0 per
10,000. ' ' o

. A fa.ilu.res during April, which have been examined metaJJ.urgica.ny, were

found to be ca.used by A181 penetration of the spire wa.ll

: There were no Mark VII-A-SC slug e.utoclave failures during April.

TA 3-395/1-662, DOUBLE-EN‘D WELDING OF FUEL SLUGS

Two hundred slugs were weld.ed during April. Several mechanical cha.nges
were found necessary and the machine was shut down for modiﬁcation (see
Engineering Assistance portion of this report.) :Necessary equipment
changes have been made and welding should resume the first week in May.
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“Apprex . 3X :

Figure EA;7. 'AISI‘ P enetration Inte

.. Neg EA=10209-M

Cladding of Mark VII-A-SRP Slug
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TA 3-418, BLOOMING AND CONTINUOUS-MILL PRACTICE

About 5,000 Mark VII-A-SRP and 3,000 Mark VII-A-SC fuel cores fabricated
‘from rod rolled by & new sched.ule of blooming-mill end continuous-mill
passes have been canned and finished. The new schedule comprises 19
rather than 21 bloaming-mill passes and gives & uniform reduction per
pass through the continuous mill.

- Detailed canning and finishing data for -the Mark VII-A-SRP test cores were
reported in the March monthly report, DPSP 59-1.3, p 310. Results showed
test cores were comparable to standnrd coreg 1in ca.n.ning q_uality.

Dat,a. are reported. below for the Ma.rk VII-A-SC test cores. Process yields
for standard production from the same period are reported for comparison

. _Test . Standard
. . No. Cores %
Cores Produced . : 3024 - -
' Process Yield . 1869 61.8 76.0
Surface Quality ReJects 1078 35.0 - 16.0
Dimensional Rejects 22 0.7 - 6.0
. Machining’ Re,jects o 77 2.5 2.0
- Syleor o ST
- Cores canned , ' 1830 0 - -
. Canning Yield o ’ 1463 95.6 96.6
Cores Finished : . 1463 0 - -
Finishing Yield. e ' _1306 - .;89.3’ 93.2

The data show that the NLO process yields were signiﬁ.ca.ntly lower for ,
the test cores than for the control cores. Sylcor canning and SRP- finish-
ing ylelds for both test and control groups are tomparable, ‘within normal
variations. ‘ _

Metallurgical examination of a.s-received core blanks and finished slugs
showed that both metal quality and canned. slug quality were comparable
. to regular prodnction material. » .

A further fabrication evaluation: ma.y be made pending the completion of
irrediation tests in the R-6 reactor cycle.

MARK VII-A-SC YIELDS

. - . . No..of Slugs Yield, ¢ -

Canned &t Sylecor - 9,805 96.4 (96.6)*
 Finished ot SRP 18,091  91.8 (83.2)*

* Last month's yield.
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TA 3.384 SPECIALLY HEAT-TREATED MARK VII-A-SC SLUGS

“‘About 40,000 core blanks were heat-treated during the month. This in-
crease over the normal 17,000 to 20,000 per month was due to an increase
in forecasted Sylcor production and anticipated requirements of the forth-
coming alpha canning tests at SRP. - One core blank per NLO shipping box
(310 cores) was destructively examined for transformation and grain size.
. No untransformed cores were found, and grain size was between 0.2 to
0.3 mu. The success in controlling grain gize was due to an improved
method of operating the bronze furnace.. The current procedure requires -
a startup period of ebout two hours to establish operating temperatures
before beginning core heat treatment. The rate of heat treatment now
. .used is three cores per 55 seconds, but either 2 or 4 cores per SS seconds
~ ‘may be run by edjusting the furnace heat input. However, & continuous
rate of 4 cores per 55 seconds can ‘significantly shorten furnace life end
. ‘cause unscheduled shutdowns. TR

| TA 3-442/1-695, SINGLE WELD SYLCOR SLUGS—IRRADIATION TEST
Approximately 2400 single-weld Sylcor sluge have been finished for irra-
‘diation in the P-7 reactor cycle. Finishing yields and relect rates for
these slugs were equivalent to those of standard double-weld slugs as
shown below.r ’ ‘ - , " .

b ﬁ »D'efective .-In=-Process

S . No. ,Poor Pomds Fework _Yield, %
Single-weld ' 2338 4.1 e.2 ' g0.2

Double-weld (control) 2000 3.6 4.0 80.9

Metallographic examiﬁation of ten acceptable single-'-weld slugs showed
their quality to be slightly better than that of @oub;e-weld slugs. Data

are summarized below. -

Minimum "Ihic;k'ness , inch

No. Je.cket‘ (off core) Jacket (off cap) Weld Throat
- | Examined _Ave Min = _Avg  _Min - _Ave _Min
Single weld - 20  0.038 . 0.036. 0.031L ~ 0.02¢ 0.030 " 0.007

Double veld -~ 21 = 0,038 ~ 0.031 = 0.029 0.012 10.013 - 0.000
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A group of 860 single-weld slugs were welded without Preliminary machining
of the interface. 'The finishing yield of the ummachined slugs was sbout
12% higher than for the machined slugs. Reject rates for both poor bonds
and rewelds were lower &s shown: below. ' . : S ‘

Defective o P

. No, of L In-Process

’ Slugs rBonds Rewelds _Yield, %
Not machined . 860 3.3 1.3 - 93.8

.Machined ) 700 7‘7" "8’0 o 823

Meta.llographic examina.tion of welds from five slugs ea.ch -of both un-

* machined and machined single weld slugs showed an average weld throat

~ thickness of 0.035 Inch for the ummachined slugs compared to 0.026 inch
' for the machined slugs. Unmachined and machined single weld slugs are
compared in figure EA-S. '

The unmachined slug welds were found to contain only one interface as
compared to two for the machined slugs. The better yield and increased

- weld throat thickness of the ummachined slugs spparently result from more
: metal being available to cover the interface during welding. Based on

" these results, machinins of single-weld slugs prior. to welding 15 being
d.iscontinued. , o ,

Production of further single-weld slugs has been stopped pending post-
irrediation examination of 300 single-weld slugs irradiated in the P-6
reactor cycle. If the results of this examination ere acceptable, twenty
thousand single weld slugs will be ma.nufa.ctured for exposure in the P-9
reactor cycle. y




Approx 10X LT Neg EA=g522-Ht o
. MACHINED PRIOR TO WELDING

dpprex 10X 77 Neg EA-92BS.M .

NOT MACHINED PRIOR TO WELDING

" Figure EA-8, Comparison of Machined &nd Unvme.chin‘ed Siﬁglp-WQId Slugs
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TA 3-408,. RAMMED CRUCIBI.ES FOR MELTING Li-A.l

Rammed cruci’oles are being evalua.ted in an attempt to find one which will

‘have & longer useful life than present preformed clay-graphite crucibles.

Rammed crucibles are not preformed but are fabricated in Place by ramming

refractory cement between the induction coil and an iron core. The core

is subseq_uently removed and the crucible is sintered with a gas torch.

Two types of rannned crucibles have been evaluated. The first, ra.mmed
mullite, could not be hardened satisfactorily by availsble sintering tech-
niques (see February monthly report, DPSP 59-1-2, p 317). Evaluation of

a second rammed crucible made of Ajax 108 refractory cement (40% elumina,
60% silice) was begun during April. Operating performance during 8 heats -
run in this crucible to date was satisfactory, and no significant deterio-

. ration of the crucible occurred. However, iron contamination was higher

than usual (1000 vs SO0 ppm) in metsl from the first two heats, apparently
due to contamination by the crucible. Analyses are being made on the re-

~ wmaining heats to determine whether contamination is continuing or only oc-
‘ curred on the first few heats. A , :

If iron contamination decreases, the cruci‘ble will be evalua.ted throughout
its useful life. If results are satisfactory, & crucible for the 350-
pound-capacity vacuum furnace will be constructed and tested.:

: GRAPHITE MOLD " DE'IE'RIORATION

The rate of deterioration of graphite molds increased significantly when
outgassing of molds in the new Stokes furnaces was ‘begun in October 1857.
Deterioration is apparently ‘the result of heating by induction rather than
resistance heaters as were used in the old outgassing furnaces, The in-

duced currents create hot spots in the molds causing localized oxidation

or loss of binder. Graphite from the damaged areas is released as inclu-
sions into the ingots cast in these molds. .

To prevent inclusion pickup ) molds of either zirconia-coated or uncoated

- steel are being evaluated. Two Li-Al pigs cast to date in a steel mold

vhich had been flame-sprayed with zirconia, picked up some zirconia con-
tamination on the surface. Removal of this contamination by chemical
milling is being evaluated Do e : D

Ingots from uncoated steel molds were found unsatisfactory previously be-
cause iron contamination and extreme cold shutting were present on the in-
got surfaces. Though contamination was only present on ingot surfaces, it
penetrated the ingots deeply at folds formed by the cold shuts. This iron
contamination was removed by scalping the surface deeply, lowering metal
yields. Chemical milling of billets, however, may permit removal of the
iron from the surface without removing appreciable quantities of Li-Al.

An uncoa.ted steel mold has been designed and ordered. Evaluation- will be-
gin in about one month. . ' .
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TA 3-585/1-622, onn-P*i:Ecs yso‘rm o mess FOR CONTROL sons

' Control-rod one -piece bottoml end fittings with d.ou‘ble-taper cones (de-

scribed in the March 1958 monthly report, DPSP 58-1-3, p 326) were adopted

- for full production use. Since their adoption, epproximately 200 rods
" ‘with these. fittings ‘have been fabricated. The only production difficulty

encountered was the occasional stripping off. of the nose of the fitting

" during rod swaging. When this happened, the rods had to be manually

pushed rather than mechanically pulled through the swager. This. aiffi-
culty may have ‘occurred because the swager collet did not grip the nose
of the fitting tightly Stripping of the fitting nose does not affect
rod quality since this nose is machined off subsequent to swaging. To
eliminate this problem, the following cha.nges are being eva.lua.ted.

0 Redesign swager collet.

.o Fabrica.te fittings from a stronger a.lloy such as 1100 a.lmninm.

-

L Alter swager to permit pushing rods through the swager mecha.nically

A 3-420/2—258/1-719, CHEMICAL Mm.ms os Li-Al BARS
rApproximate]y 1000 chemically-milled Mark VI-J slugs ha.ve ‘been febrics.ted

for the L-6 reactor charge. As shown below, over-all yield for these slugs

- was the same as that for normal slugs febricated during November and Decem-

ber 1958.
jﬂ Yield (Pound Basis)
~Normal . _ Chemically- D
: - Machined Slugs, Milled Slugs - Improve-
Opera.tion 11/13 to 12/17/68 - _to ¢/17/59 = __ment
Casting - - . es,8 CLoeT.2. . 4l.4
' Billet Preparation . es.,3 . _91.5. | . +2.2
. Extrusion and COmposition . .80 0 . . 830, .. O
- Straightening . .0 . 8.7 -10.3
- Core Machining or Milling o 182 .. 8,0 .. . +5.8
" “Canning, Single and Double* 7100 . 2000 . 0
.- Final _Inspthion* R - 0.0 lOO'O\',‘.u.v o 0
S Over-a.ll Tield o 61, 2 o celR o

- * Corrected for reaected slugs ss.lva.ged by recanning. ;

. Potential over-all yield for chemically milled slugs is about 78 to 85%
- The lower yleld obtained to date resulted primarily from severe cracking
‘of bar stock at roll straightening. ‘Details of the fabrication are given

‘Extrusion. "A cobalt-steel ID nandrel insert for thé porthole- extrusion

die was used in place of the pormal tool-steel insert in en attempt to
reduce- ID surface galling. However, the nev mandrel did not improve core
ID surface, and sbout 8% of all chemicelly milled cores were rejected for
this defect. The use of slower- extrusion speeds will be evaluated.
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‘Straightening. Extensive cracking occurred -during straightening of the
extruded tubing using the SRL roll-straightener. This resulted in. re-
Jection of about 10% of the as-straightened tubing. In addition, about
5% of the milled cores were rejected for. excessive warp when roll pressure

- was reduced to minimize cracking.

Metallographic examination indicated that the principal cause of cracking
wvas low extrusion temperature. This resulted in poor recrystallizstion
. across the weld interface, and large-grained, brittle alloy. An asddition-
&l cause was found to be inclusions in occasional billets which effectively
- reduced the veld area of the extruded tubing, A section of tubing which
‘cracked along the weld line during straightening is shown in figure EA-9. -
Poor bonding at the interface is apparent, as are excessive inclusionms. .
- A sectlon-of nonfailed tubing, broken at the veld line for examination,
is shown in figure EA-10. The excellent bonding and absence of inclusions .
‘are apparent. A comparison of the grain size of failed and nonfailed tub-
ing is shown in figures EA-1ll and EA-12, ' : T o :

Cracking was largely eliminated by increasing the billet temperature to
850°F for extrusion. Sources of inclusions in billets are being investi-
. gated. : / ST - o
Chemical Milling. About 0.002 inch was removed from the OD and ID of each
core by milling for 3 minutes in Oakite 160. Cores were then rinsed, de-
smutted in nitric acid, thoroughly rinsed and hot-air dried. The cores =
vwere degreased prior to milling to remove identification ink end oil from
© the roll-straightening operation. No cores were rejected for defects at-
tributable to the milling operation. ' [ S '

TA 3-421, CEEMICAL MILLING OF CAST Li-Al INGOTS

-Eveluation of chemical milling of ingots in Building 320-M in preparation -
for extrusion was continued (for initial results, see February monthly re-
~ port, DPSP 59-1-2, p 318). Chemical milling can increase yields, reduce
costs, and permit removal of inclusions from areas which ‘normally are not

machined, such as the primary pipe. '

To date, approximately 60 ingots have been milled in ‘this manner, Ansly-
- ses of bar extruded from 15 of these ingots showed no contamination result-
- ing from chemical milling. Bar from the chemically milled billets will be
examined for metallographic appearance. If the bar is satisfactory, slugs
from chemicelly milled billets will be evaluated for reactor and separa- .
tions performance. - .
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Figure EA-9. Mark VI-J Tubing Which Failed at Weld Interface During Roll-

Straightening. Note leck of bonding at interface, and numerous small
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Figure EA-10. Weld Interface of Mark VI-J Tubing Which Did Net Fail During
Roll-Straightening. Note excoellent bonding at interface, and lack of
inclusions. '
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Cmpprexiox . ¥eg EA-10268-¥
- Figure EA-11, 'Cross Section of Mark Vi-J Tubing VVlhI:eh‘CVrcckoc_l During A

Roll-Straightening. Note lack of recrystallization across weld interface,
and relatively large grain size, . R

Neg EA-10269-M

Figure EA-12. Cross Section Showing Weld Interface of D‘dcrk Vi) Tqbin’g
Which Did Not Fail During Roll-Straightening. Note complete recrystal.
-Hzcﬁo}nvecro_'s)s weld interface, and relatively small grain size.
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Engineering Assistance - Instrument

. g4 SEPARATIONS AREAS: -

BLACKNESS llfli.IS‘I'}"JR FOR DISSOLVER COLUMN -INSERT

An instrument was built to measure the neutron s.bsorption efficiency of
the boron stéel plate in the bottom of the insert for the D Column in
Building 221-H. During tests in Building 717-F, before the insert was
installed in the column, the boron steel plate decreased the count rate
of the instrument by & factor of about 4, indicating thermal neutron sb-
sorption equivalent to the sheet of cadmium vhich was used during cali-
bration tests. The cadmium was 1/32 inch thick, so there was & negligi-
ble transmission of thermal neutrons through it. :

The blackness tester consists of a dual probe assembly containing a Po-Be
neutron source with & paraffin moderator in one probe, and a fission
counter with e preamplifier in the other. The preamplifier signal is fed
to & linear emplifier and e scaler. The probe assembly is designed for
.remote handling by the hot canyon crane so that future rechecks of the
neutron absorption efficiency of the insert may be made in the canyon.
Figure EA-13 shows the blackness tester arrangement.,

During the test the probe assembly is 1owered into the column insert un-
til the boron steel plate is between the neutron source and the fission
counter. The neutron count rate is then compared with similar readings
taken with only the stainless steel upper portion of the insert between
the source and the detector. _

EEALTE PEYSICS

AUTOMATIC FILM BADGE READER

The Film Reader portion of the ha.ndling system for £ilm badges has been
checked out and operated successfully in the Building 735-A leboratory.
Except for the densitometer output circuit, all parts of the reeder, in-n
cluding the IBM card punch ’ have been thoroushly tested.

The reader determines the radiation dose a.nd the ba,dge number of the . :
wearer and punches the data on IBM cards. - Once the unit has been loaded
with film trays, all operations are eutomatic. The equipment, shown in
: figure EA-14, consists of an IBM type 026 card punch and & rack-console
" ‘containing the reading head and the electronic circuits. The films are
“introduced into the machine at tabletop level in trays conteining SO
. pleces each.\ ‘The reading head is located directly sbove the tray. The

~“control and computer functions are located in the rack sections above

the reading hee.d ‘while the power supplies are below.

* (Text continued on page 325.)
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. Figure EA-1S. 1s & block diagram of the reader. Identification is made

by means of binary-coded dots on the upper portion of the film. The
‘location and number of dots viewed by the photodiodes and -interpreted
by binary-to-decimal code converters. determine the badge number to be

' printed out on the cards. The lower portion of the badge 1s darkened

" by the radiation exposure. This darkening is measured at two locations:
in an open window where both beta end gamma radiation darken the film,
and between silver shields where only the gamma rays penetrate. Fhoto-

cells measure the amount of light transmitted through the two regions

' on the f£ilm and feed the information to two computers. The computers
determine the dosage and make corrections for the gamma exposure on the

. beta-plus-gamms portion of the film. .The outputs of the computers are

" in the form of voltages which are digitized by an analog-to-digital con-

" verter to allow punching in IBEM cards. |
A stepping switch scans the code converters end the a.nalog-to-digitai

converters in sequence to permit serial reproduction of the numbers on
the punched cards. ' ‘ _

PULSE READER FOR POCKET DOSIMETERS

- A modified version of an inétrmnent designed at Hanford is béing evaluated

as a reader for pocket-type rediation dosimeters. It measures the pulse

required to recharge the dosimeter to a precisely controlled voltage. Ex- -

posure of standard Landsverk pocket-dosimeters can be read over a range

of 1 to 170 milliroentgens. Increments of 2 mr can be distinguished easily
on the meter indicator. The instrument also provides an analog output
voltage suitable for IBM sutomatic data recording equipment.

The pulse reader will replace the General Electric “string electrometéf, "
which is no longer commercially available. The nev instrument has the
following advantages over the GE electrometer:

® Small emounts of. diécha;_rge, can bepm‘ore éccurately‘ me‘asuféd by deter-

mining the amount of charge required to bring the dosimeter to a stand-
- ard voltage, rather than by measuring the remaining charge and calcu-
lating a small difference in two large pumbers. s |

® The pulée rea.aer is 811 electronic and should operate more reliably.

.»Rea,divn'g end charging are performed at :'bhe same time.

[ The output signal is suita.blé foi' automatic_‘da.t_a-‘processﬁing_ equipmént.

P
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Figure EA-16 is & block disgram of the pu.lsé reader. To measure the ra-

‘diation exposure received by & dosimeter, the dosimeter is mserted into

the reader well, where it is charged to a precisely controlled reference -

‘voltage. Since the dosimeter had been charged to exactly this voltage

before being exposed to radiation, the potential difference between the

' ~ exposed dosimeter and the reference voltage is a measure of the exposure.

This voltage difference eppears as a pulse at the input of the emplifier

"-during the charging operation.  The pulse is amplified, inverted, and
 transmitted to & pulse stretcher circuit where & large capacitor is
- - charged to the maximum height of the pulse. This capacitor potential 1is
. ‘measured by a vacuum tube voltmeter and resd out on & calibrated meter.
- . The meter reading is maintained without noticeable change for several
.minutes and is not affected by removal- of the dosimeter from the reader
- ~well, A reset switch is provided to discharge the ca.pacitor in prepara-
~ tion for the next reading. -

*

2
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Engineering Assistance - Mechanical
REACTOR AREAS

COBALT IRRADIATION

Slugs, to contain cobalt pellets during irradiation in & sparger-jet po-

. -sition in the production reactors, have been designed to avoid loss of
the smell individual pellets in case of accidental physical damage to

the slug. The pellets are contained in drilled holes in aluminum sleeves,

as indicated in figure EA-17. The holes are peened-over to contain the

pellets, and the sleeves are then assembled on an aluminum rod which is

threaded on both ends. The end sleeves are threaded, and when screwed

on the rod form an assembly completely containing the cobalt pellets.

The assembly is then double-canned, with welded plugs on the ends of both -

cans. The individual slugs will be inserted in a sparger-jet tube for '

irradiation in the reactors. Three sizes of pellets ere to be irradisted,

the epproximate number and density of loading being as follows:

" Density, Total

- pellet Dimensions, inch No. of grams per  Pellets  Cobalt,
Diameter length Slugs inch of slug per Slug . grams
1/16  1/16 1 . 11.8 4800 - 118
1/8 1/8 4 18,8 .- 702 620

1/a 1/4 5 - 1s.5 3L - 115

1513

SPRAY NOZZLE TEST

Spray nozzle tests are being run to determine the best type nozzles to
use for cooling a fuel element which may fall on the reactor tank top or
process room floor during discharge of the fuel. ‘ A

Of the six nozzle designs tested, & Spraying ‘Systems Company No. I%H2SOSQ,
full-jet square-spray nozzle appears to give the best coverasge. The test
‘was run with the nozzle at a height of 26 feet from the ground, at nozzle
.engles of 0°, 30°, and 45° from the vertical. The nozzle has a flow ca-
pacity of 23, 27, and 36 gpm of water at pressures of 10, 15, and 25 psig,
respectively The data indicate that the square nozzles should be oper-
ated at 25 psig and located approximately 15 feet apart to have the re-
quired coverage of 0.4 ‘pound of water per hour per square inch of floor
area. . v

" Further tests are under consideration to determine if the ventilating eir
flow in the process room will disturb the spray pattern.-
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MARK VI-J mmocoumz FUEL TUEE o

A new Mark VI-J themocouple fuel tube des‘.l.gn has been developed for use
in L Area. The design, which is shown in figure EA—lB, is similar to the
type instelled in K Area (see July 1958 monthly report, DPSP 58-1-7), ex-
cept for the flow splitter type bottom £itting end the "Jones" comectors
used in the top fitting to fa.cilita.te thermocouple connection after in-

' sta.'L'La.tion in the reactor.

Four prototype tubes will ‘oe fa'brica.ted for :lnsta.lla.tion. ;I .

CANNING LINE QUAI.ITY IMPROVEMENT o

Test results on the canning sleeve assembly' show tha.t & 3-inch, ra.ther

than a 2i-inch center-to-center sleeve spacing, is required for minimum
adherence of AlSi to the assembly. To minimize the heat load require-

ments by reducing the amount of metal to be heated each cycle, & sleeve

assembly consisting of a single: support pla.te using retainer r:lngs as
sleeve fastening devices will be tested _ ,

A group of 100 new steel sleeves (50 as-received 25 with one retainer-

-ring groove, and 25 with two retainer-ring grooves) has been processed

through 25 canning cycles in Building 313-M to determine the effect of
the grooves on sleeve warpage. There was no significa.nt difference in
fa.ilure of sleeves due to warping. -

" Sleeve Type Original Quantity Warpage Failures

Plain 50 | Ca
l-groove 25 . 9
2-groove = 25 12

" STRENGTH TESTING OF MARK VII-A CORES

Burst tests have been completed on nine Mark VII-A slug cores. The :

- bursting pressures ranged from 42,000 psig to 51,000 psig, giving a max-

- imum calculated stress on the. :l.nside dismeter of 65,000 psi and 79, 000

'."ps:l, respectively. The theoretical internal pressure to burst slugs with-
out defects is a.pproximately 85,000 psig. | The Meta.llurgica.l Assistance

Group is inspecting the slugs to determine the flaws in the material. A
sketch of the test- apparatus appea.red in the January monthly report (DPSP

]
H
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Engineering Assistance - /Mvefo'llotg'ico"l

MOR AREAS .

TA 1-705, IRRADIATION OF COEXTRUDED MARK m;A SLUGS

Four patural uranium Ma.rk VII-A slugs febricated at Nuclear Meta.ls by a
coextrusion process were stripped of cladding at SRP, alpha canned, and
irradiasted during the R-4 cycle to determine their behavior under irra-
diation. These four slugs were placed in positions 9§, 10, 11, and 12 of
channel A, quatrefoil X31,Y75 which contained Mark VII-A-SRP control slugs.
- These slugs were irradiated under the following eond.itions

Cycle Days Avg Powe Jr;t-., j mm/r g
R-4 ;54_; oooss osso

Dimensional changes of the four coextruded slugs are compared with the 12
Mark VII-A-SRP contral slugs from corresponding positions in cha.nnels B,
C, end D in the following table.ir

No. - Avg Dimensiona.l Cha.nge, inch
Type Slug Slugs Length Warp _OD - _ID

| Coextruded 4 -0.163 +O 037 ' +0.009 -0.00S 7
SRP Control 12 +0.005 +0.010 +0.003 0.000

The length decrease observed on coeicti'ndeci slugs ves fredictecl by growth
index values determined by the Technical Division prior to irradistion.
Photographs of these four slugs are shown in figure EA-19. '

MARK VIiI-A SIIK} FAIIURES

Thirteen probable slus failures , &8 indicated by flow, temperature , &nd '
activity monitors, occurred in April Infoma.tion now availeble is shown
in the following ta.ble. v
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Feilure = . 8RP = Coordinates = - - Days '

. No. Cycle Date . Type . X X Che.nnel Exposed E_posure , %
47 - L-4 4/1 Dingot 14 66 B 41 33.6
48 . K-3. 4/1 . Dingot -08 54 - B . 39 28.4
49 . P-6 4/3 Ingot. 34 .54 D 25 - 19.9
S50 ' K3 4/4¢ Ingot 15 20 = A" 39 . 28.5
51 . P-6 416 Imngot . 35 S1- D - 38 28.7
52 R-5° 4/18 Ingot 33 2 0 A 44 34.6
53 -~ P-6 4/21 Ingot = 30 42 . C- = 42 31.6

54 C-4 4/21 TIngot - 44 78 - A 28 . 22.0

- 55. R-5 4/21 Ingot 19 21 D41 35.5
56 C-¢ 4/23 Ingot 11 45 A 30 22.2
ST ~ 1-5 4/26 Ingot 10 48 D o2 13.7
S8 C-4 "4/29 Ingot. 22 12 = B 31 = 25.9
5 P-6 4/30 Ingot 15 45 D - 37.7

ME!EAIIUR}ICAL EXAMZNATION OF IRRA'DIATED SLUGS

Feilure 37. Mark VII-A-SRP medium hydrogen (3. 1 to 5 ppn) dingot slug,
serial number 3N32907 , which failed on February ¢ during the R-3 cycle,
was destructively examined by the Technical Division in the high level .
caves. - Small cracks were observed in the core. No extensive general
corrosion -of the aluminum cladding was evident. A de:tj'inite ceuse of the
fa.ilure has not 'been detemined. ' S

Photographs of the fa.:l.lu:ce are shovn i.n ﬁgures EA-20 through FA-23,
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Approx 15X : - Heg ,SRIp19976

Figure EA.22, Enlcrq&d Section. $h.9wlng Small Radial
Cracks in Core of__;l"-"q'_l;ldu'N'o. 37 o

3
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Approx 15X © Neg SHL-,-19760

Figure EA-23_. En.lcrgod Section Shew.l_ng ‘Cireumfo'nnﬂavl

Cracks in Core of Failure No. 37
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| FULFLO FILTER CASES, 3?‘:’421 o1-1; BUILDING el-r

A Fulflo filter case 12-1/4" oD by 40-3/8" high and fabricated from 0. 120"
thick AISI type 304L stainless steel was examined after fsilure caused by

corrosion and penetration of the wall. The filter uses glass wool filter
cartridges to filter 50% ENOs; at room temperature. This filter case oper- .

ated for approximately 2-1/2 years and then lay idle for spproximately
1-3/4 years. During the latter period the filter cartridges were not re-
moved from the filter case end the equipment was not cleaned or drained.

Results of the' examinations are 1isted below: .

1. Corrosion and failure were caused by chloride pitting. The attack -
probebly occurred during the 1-3/4-year period in which the filter
was not in operation and was coated 1nternslly with a sludge which
conta.ined up to 14,000 pp.n chlorides,

2, New gls.ss wool filter certridges contained. 1.8 ppm tota.l chlorides.

3. Analysis of the case wall is typical for AISI type 5041’.. stainless
~ steel. - JS o :

It was recommended that :ﬁltercas‘es’having. similar serv:lce history be

inspected; that operating procedures provide for frequent filter changes

and sludge removal; end that filter cases be thoroughly cleaned before
being pla.ced in standby.

INSPECTION OF NITRIC ACID FEBOILER, EP 341.22, EUILDING 211-E

On March 30, leskage occurred through the carbon steel shell of the re-

~ boiler just above the bottom tube sheet. A temporary patch was placed

- over the lﬁ-"-diameter hole and operation was continued until April 14,

~ The reboiler had operated for approximately 3-3/4. years in hot 30 to S0%
- ENOz. Parts of the reboiler exposed to acid are AISI type 309SCb stain-
less stee]. while the remainder includ:Lng the shell, 1s ca.rbon steel.

" _Visua.l inspection of the component pa.rts of the reboiler showed the fol-
Type SOQSC‘D 'welds on the acid sid.e a.t the top and bottom of the res
‘boiler were corroded and cracked. Welds exhibited honeycomb attsck,

- knife line attack, preferentiel attack down the center of velds, and_
‘ pitting attack at weld craters. g , . , ,

2. Type 309sCb ’base meta.l (shell and tu'be sheet) ‘was slightly etched.
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5. A corroded band approximately 1% inches wide was found in the carbon -
_steel shell between the bottom of the condensate drain line and the
_top of the lower tube sheet, Corrosion is attributed to attack from
HNO3 which lesked from the tube side to the shell side

4, A hydrosta.tic test showed 26 leaks a.t the rolled. tube Joints in the
tube sheet at the top of the reboiler. Crevice corrosion from HNO4
- 1s the primary cause of these leaks, . o . -

The reboiler is presently being repaired.

—VSEPARAIOR PLATE 'I‘ESTS

Specimens of ca.dmimn sheet are sandwiched between pla.tes of stainless

. steel in a test to determine if ‘galvenic corrosion of the cadmium occurs
in presence of water. Previous results were described in the February

v monthly report, DPSP 59-1-2 : _ f _

Examins.tion a.fter 90 days exposure at room temperature in unconteminsted
_ basin vater revealed corrosion everaging less than 0.0001 inch/mo along
- one edge of the cadmium specimen. The stainless steel suffered no de-

tectable corrosion. o ,

Beca.u.se corrosion eppeered only in an area where contact between the
stainless steel end cadmium was good, additionsl s.ssemhlies are now being
tested in which the cadmium sheet conta.ins ra.ised spots to insure inti-
mate contact. ,

DOUBLE-END SIIJG WELDING

- Approximately 100 good Ma.rk VII-A slugs wvere double-end welded early in
April. The appearance of these welds was generally good except for a

few extremely small pinholes which disappeared after etching and for the B
arc pulloff area which was rather rough due to high current Metallurgi-
cal quality was good. .

-Certain mechanical and electricsl changes seemed desirable for more re=-
~ liable operation and still better quality, however, -and the following
modii‘ica.tions were made. 4

1. Circuits were cha.nged. to permit e lower preheat current and higher
- first-step weld current. This both reduced pitting of - slug at arc
- sta.rt ,» and maintained short. preheat time.

2. A pneumatica.uy-a.ctuated rheostat was added to the weld current con-.
: trol circuit to permit a gradual reduction of weld current during the
arc pulloff. A smoother, more uniform ’weld is produced.
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S. An air cylinder was added to automatically retract one torch to per-
mit slug loa.ding ) A foot operation was Zthus elimina.ted

4, TIncreased pover to'rotate the slug was provided by ‘driving both slug
supporting rolls through en added idler roll. « Rotation stoppage was
eliminated, _

5. Larger air cylinders with hydraulic controls were provided on torch
‘pulloff mechanism.« Jerky and unreliable action was eliminated.

6. Slug guide roll shaft was redesigned to provide a sturdier a.nd more
accurate’ mechanism. <

" The a’oove cha.nges permitted better que.lity and greater reliability dur-

ing test welds on several hundred slugs. Additional slugs are being

welded, &and sample welds are being emined in the Metallurgical
Laboratory.

ISOTHERMAL HEATING OF LITHI[M ATUMINUM CONTROL ROD SLUGS

In the normal as-extruded condition, 1ithilm-a.hminum control rod cores
may contain some lithium in supersaturated alumimum solid solution. Dur-
ing reactor service, precipitation of additionsl beta phase (Li-Al) from
this supersaturated solution could alter the properties of the alloy and
affect its behavior in the reactor. Sample control rod slugs of 3.5 nor-

mal wt % lithium are being hee.ted in va.rious vaye to determine what struc-
tural changes occur.

In one slug heated isothermally at 500"0 for 240 hours, ‘additional beta
phase was precipitated along grain boundaries of the aluminum solid so-
. lution, as illustrated in figure EA-24. The structure of an as-extruded
core with no heat treatment is shown for comparison. ‘

This work is continuing

,FAIIUBE OF MARK VII-A-SRP SIUGS IN AUTOCIAVE TES'I.‘ _
"Metallographic examination oi‘ Mark VII-A-SRP slugs which failed during
autoclave testing has shown that weld pinholes and A1S1i penetrations of
the ‘aluminum ‘sheath are major causes of failure, The frequency of fail-
~ures due to AlSi penetrations through the spire near the top end of the
slug has increased sharply since January 1959 For example, of 9 fail-
“ures examined since January: end found to be caused by AlSi penetrations,

all were through the spire ’ a.nd 8 of the 9 occurred near the top end of
- the slugs. - .° S B

]

N
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| X-RAY xs'xmém 'LABORATORY

* GROWTE mDEx Da'raméum oxvs

'Data necessary for the calculation of growth index (a measure of the pre-
ferred orientation in uranium and probable stability during irrsdiation)
have been determined for 160 samples from 16 Mark VII-A fuel cores. These
cores included as-received SRP cores and specially heat-treated Sylcor
cores. : :

Calculations completed to date indicate that the typical as-received,
alpha-rolled, uncanned, SRP uranium fuel core has a growth element of
5.31, a shrinkage element of 5.47, and a growth index of -0.16 in the
direction of the fuel element axis. - In the circumferentiel direction,
- the growth ‘element is 3. 67, the shrinkage element is: 2 80, and the growth

index is +0.87.
Growth index values will next he determined for SRP fuel cores after can-

_  ning by the triple-dip process. The cores tested will have known fabri-

cation histories and will be from the same NLO rods as the as-received
cores reported above.

'iThe data obtained will. provide complete characterization of the preferred

 orientation pattern of the standard Mark VII-A-SRP fuel slug. We may then

be able to evaluste, prior ‘to actual reactor exposure, the effect of
changes in NLO or SRP procedures on slug stability during irradiation.

.EFFECTS OF SPECIMEN EREEARAEION ON DIFFRACTION MEASUREMENTS

Present procedures for preparing specimens for diffraction reqpire abra-
sive cutting, automatic metallographic polishing, and electrolytic etching;

Diffraction tests show that approximately 0. Q06 inch must be removed by
polishing to eliminate any effect on orientation of abrasive cutting.
,Pj*Approximately 0.0001 inch (3 minutes in mixed acid-glycerine etch at 0.5
_‘famp/cm ) mist be removed to eliminate any effects of polishing

-aASAMPLING SIZE DETERMINATION

!d:Fbr as-received, alpha rolled, natural uranium, ingot fuel cores, one fuel"
- . element from each rod appears to be an adequate sample.. Eight samples '
from each fuel core, rather than the 16 now taken, seem to be edequate.- -

5
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VARIATION IN ORIENTATION WITHIN A SINGLE CORE

'There .seems to 'be no correlation between the growth element, shrinkage
‘element, and growth index and the position from which & sample is taken
from an alpha-rolled , natural uranium fuel core. Figure FA-25 shows the

. variation of growth end shrinkage elements and growth index of transverse
ﬁsections taken at 27 different places along a fuel core. o

MISCELLANEOUS

. ‘BOILER FAILURE, BUIIDING 284-F

. Boiler No. 2 in Building 284-F wvas’ shut down when a leak occurred in a

carbon ‘steel water header.

. Eb;amination of the header revealed many deeply gouged areas in the -ﬁ-—inch
‘wall. These gouges vere made during maintenance work in January when cear-
“bon steel fins were ‘cut off using oxyacetylene cutting torches and vere

- replaced with’ stainless steel fins.

~ The lesk and the gouged areas were repaired by welding. In addition,
- several cracked fillet welds Joining the new stainless fins to the header
- were ground out and repaired. ' ,

ELLIOTT FAN TURBINE, EP 284F-808
An Elliott fan turbine drives the forced and induced draft fans for boiler
No. 2 in Building 284-F. Steam leakage was observed at the casing Joint,

‘and an examination showed the lower casing was cracked at 4 'blind bolt
holes. This is shown in figure EA-26.

The bolts which were used to join the upper and lover casings were mea-
sured and found to be 1/16 to 1/8 inch longer ‘than the combined flange
. thickness on the upper casing end tapped bolt hole depth in the lower
casing. Stresses caused from tightening the bolts during installation
and from expansion and contraction during turbine operation probably
caused the cracking at the bolt holes.

'The casing will not be repaired but will be assembled with ‘shorter bolts
and returned to service.A It was recomnended that a spare tur'bine casing

o ‘oe purchased.
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INSPECTION OF DEEP WELL PUMP PARTS WELL 905-37F
*t wdo : .&“\ ‘&u

jTrouble in deep ‘well pﬁmf:905-37F was indicated by a loss in head and
water flow. Tests prior to removal showed that there was a hole through

~the carbon steel casing. ‘The pump had been in service for approximately
2 years, during which time pump components were exposed to water of pH
4,2 containing 42 ppm carbon dioxide. Inspection of this pump epproxi-
mately 1 year ago had revealed no noticeable corrosion of the pump_parts;
however, the impellers, the wear rings, and the one length of shaft se-
curing the impellers had been replaced due to damage from excessive

vibration.

The pump was removed, and the shafts, shaft couplings and ‘sleeves, column

casing snd couplings, impellers and impeller bowls were examined.’ These

parts were covered with a thick deposit having an extremely high chloride

content (30 ppm on shafts and 6000 ppm on impellers and impeller bowls).

. Results of the visual examination are summarized in the following table.
Corrosion of the shaft next to the couplings and sleeves is sttributed

. to galvanic action.

.This investigation is being continued.
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Pump Part

‘8" Schedule 80
Carbon Steel
i.COIumn Casing

AISI type W16
SS Shafts, Monel
Shaft Sleeves,
and Everdur
Couplings

SAE 40 Impellers
and SAE 62 Im-
peller Bowls

Cast Iron Column
Couplings

Inspection of Deep Well Pump 905-37F

Visual Insgection Re;ults '

Top end of the fourth section from the4
top of the well was severely eroded
through the wall of the casing. This

was due to. improper seating of the case

ing in the cast iron coupling, Other

sections of pipe contained heavy layers.

of rust on both the inner and ocuter
surfaces, Slight surface roughening
was round‘beneath'the rust,

These components were'covergd with a
brownishered deposit which was adherent

~to small localized areas on only the

shafts, Pitting a maximum of 1/16"-

_deep was found in the shaft material
‘next to the Everdur couplings, next to

the Monel sleeves, at pipe wrench ine
dentations, and beneath adherent sura
face deposits, Everdur couplings were
uncorroded; however, the top end of 3
sleeves was pitted.

Both were covered with a thick adherent
deposit, A reddish-brown deposit was
found on the bowls, and a blulshegray
deposit was found on the impellers,

The surface beneath the deposit showed
no pitting or evidence of erosion.

Showed evidence of graphitlc correosion.

Remarks

Fourth segtion‘or.column
casing was replaced,

When the,present>shaft1ng
for this pump can no .

~longer be used, it will

be replaced with AISI
type 410 SS shafting con-
taining sleeves and cou-
plings of the same mate-
rial, A strap wrench

" 'will replace the pipe

wrench for turning the
shaft and couplings.

SAE 40 impellers were re-
placed with SAE 62 bronze
impellers,

Cast iron couplings were

replaced with SAE 62
bronze couplings.
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"Area Survey

STATISTICS

R P L .K _C
'SWP's Processed 727 S40 594 648 - 452
Extended SWP's in Effect 54 52 56 k6 51
Surveys o 1583 964 1226 959 913
Air Samples ‘ . 261 202 587 307 196
Personnel Contamination ' .

Cases 6 2 2 2. 3
Vessel Entry Permits 8.0 0 0
Industrial Hygiene Surveys 7 4 - 6 1
H-3 Blo-Assay Analyses o o o o 0
Pencils Processed 1400 874 1300 1360 1400
Praining Sessions o703 T ‘486

GENERAL -

REACTOR AREAS

.
1481

T3
3240
5533

20

3502
19

E

1524

95

k231
1408

11
2259

5752 - :

Total

Year

M/A April  to Date
47 6,058 21,377

23 - 457 -

508 13,807 50,105 -
125 8,715 30,373
o .21. T
) a1 105
12 65 287
0 2,255 10,038
16 15,404 54,959
311

3 59

Reactorioperations contimied to be plagued by fuel elémeﬁf féilures.
- There were thirteen failures, with three failures occurring in P Ares
‘and four in C Area. Better containment of radiocactivity was experi-

However, "herps” were not available in all cases. 7
summarizes the failed fuel element experience for this period.

enced since the majority of the failures were discharged into "harps.”
The following table
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' FAIEED FUEL EEEMENT EXPERIENCE

" Weir Factor Emerg : Estd . , : Pailed
Date _ Water  Increasé  Basin VCuriee Estd Curies Fuel
- of. . Vented Maximum = in Weir  Maximum ' ' to Nonvolatile Elenent
, Fail- ©in Activity, . Water Activity,  Seepage  Beta to . Dis-
Area ure "Harp® e/ml Activity _ue/ml . - Basin- Effluent* ~_assembled
R 4/18 Yes 4,0Xx 10::7 . ko - A 2k, 0 In Progress
R U4/21  Yes 2.5X10. 200 (C&D) - e 24,0 t
P 4/3 No 1.0 X 10'2 Negligible 1.0 X 1072 s 1.5 _ Completed
P 416 Yes 5.0X10; . 10 3.0 X 1072~ e st
P 421 -No  5.0X 10:2 10 10x107t 1 1.5 Completed
L 41  Yes .1.0X10 12 - No Basin i 6.5 t
L &/26 Yes = 1,5X 10’2 50 - No Basin LA 0 . t
K 421 No 2.0 X 10:5 10 1.0X10 : 2,0 33,0  In Progress
K &%  No  6.,5X10 20 7.5X10 2.0 330 t
¢ i/22 Yes iad Negligible 3,0 X 10 55¢ - 2945 . t
c 4/21 No tt Negligible 3.0 X 10 : '55¢ - 29,5  Complete
cC W25 Ko . +t " Negligible 3,0 X 10 2 55¢ 29,5 St
€  4/29 Yes 2.0 X 10 3 5.0 x 10 55¢ 29;5, +

. Total releases to efrluent during the report period
- %% Not pumped.
t Not started, :
"t No gignificant increase in weir activity. o
t Activity from previously reparted failures, -

Frequent reesctor outages end subsequent scheduled work in radiation zones
~ resulted in & total of 720 authorizations to exceed-the daily control
-1imit for whole body radiation exposure. This was & factor of two in-
crease in the number of authorizatiOns es compared to the previous six
‘months average.- : _

On separate occasicns in R, P and C reactor buildings gaseous ‘airborne
activity was detectable ir clean aress. . These observations were con-
‘current with fuel.element failures. Low level skin, clothing and ‘equip-
“ment contamination resulted. - The contaminants ‘were short-lived and
appeared to be dasughters of- even ‘shorter-lived gaseous precursors.. The
most probeble csuse for this radioactivity in clean areas wes & tempo- ‘
~ rarily unbalanced air flow. ;.- o . .

R AEEM\

" Routine oPeration of the R-Area isolation and decontamination facility
continued to be hampered with severe contemination problems.. Concentra-
“tion of- nonvolatile beta activity in the isolation tank ranged fraom
4.5 X 10= je/ml to 2.5 x ‘10~ ‘we/ml, Smearable comtamipetion in the
- work ares was as high as 5 rad/hr at 3", necessitating the continued use
of air supplied plastic suits. Containment of radiocactive contamination
in the vicinity of the work aree was a maJor problem. ‘Plans for facility
: equipment improvement include' ST - ‘ : .
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@ Complete enclosure of the isolation tank from the floor to the ceiling_
with necessary access doors. _

| Adequate ventilation to maintain the enclosure under negative pressure

with respect to disassembly - air being exhausted through adequate
particulate filters. A

o Breathing'air menifold..

® Separate clean water supply.,

‘ ', ‘® Additional electric hoists with positive protection to prevent raising

irradiated fuel components from the. basin.

‘e Shielding for’ exposedApipingf

. Better underwater tools.

"Harps vere removed from the disassembly and isolation basins on.a mum-
_ber of occasions for shipment to other areas for containment of failed -
elements. Since “harps" cannot be completely decontaminated prior to re-
moval from these basins, it 1s necessary to wrap them to prevent spreed

. of redicsctive contaminstion during handling and transporting. Maximum

contamination encountered was 40,000 ¢/m es measured by Thyac on & paper
towel smear. The maximum radietion level was 4 rad/hr at 3".

The reactor remained ‘down for charge-discharge operations following the
second fuel element failure of the R:5 reactor cycle. Scheduled work -
with high radistion exposure rates included the replacement of thermo-
couples in the =40' level pin room. FPersomnel exposure rates averaged
700 mred/hr to the head, with hend exposure rates of 1.2 rad/ar. Mexi-
mm tritium eir concentrations were as high as 3.5 X 10~ uc/cc, neces-
sitating the use of plastic suits. :

Routine processins of an Instrument mechanic s film badge indicated an ex-
‘posure of 1.8 r for a two-week film badge period. The exposure patteran on
_the f1lm vas unusual and could only be duplicated under carefully comtrolled

“conditions with the rediation flux incident -on the badge in the same

plane as the film. The film image was duplicated using & Co=-60 field
calibration source. Special Hazards Committee investigation concluded
that the. employee 8 badge hed been tampered with during the badge period.

P AREA
The reactor ves shut down on three separate occasions to discharge sus~
pected fuel element failures. Only one of these elements was placed in '

2 "herp" since "harps" were not availeble on two occassions. The two
failures which were not contained in "herps" were completely disassembled
in the emergency basin. Less than one curie of nonvolatile beta activity
was released to the effluent streem as & result of these failures. The.
failure which was discharged om April 21 wes apparently severe and resulted
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in water: contamination in the emergency basin as high as 1. 3 X 10‘1

Following disassembly of this failure, a "rigging choker" which was cone-
teminated to 15 rad/hr at 3" was removed from the emergency basin with-
out proper controls. This resulted in extensive contamination of a
Reactor Department operator as well es widespread clean area contamination.

vaater from the SCRUP railroad cask containing spent U-238 fuel elements
from Chelk River was pumped to the seepage basin prior to unloasding the
‘cask. Water samples taken prior to pumping showed nonvolatile beta con-
. 'centrations of 2.6 X 1077 c/ml. " The-cask was flushed-for four hours,
_using clean makeup water, reducing the concentration of activity in the
cask by a factor of 30. Additional flushing will be dome prior to remove
- ing the elements  for shipment to the Separations Area for processing.

- .Two commercisl trailers (Rowe Transfer Company) which were used in the
shipment of irradiated Mark VII-A material to Oszk Ridge were returned to
the vendor after extensive decontamination including replacement of the
wooden floor.

L AREA

The reactor remained down for charge-discharge operations, L:4-5 outage, ‘
following a fuel element failure. Radiation exposure rates were compar=-
eble to those experienced during the last reactor outage for the purpose
of cherge-discharge. Scheduled work required respiratory protection on
.& number of occasions due to extensive contamination, perticularly at O'
level following C&D. operations and at =20! level on the repair of the

C-l fission chamber. R _

The reector was shut'down due to leaking heat exchanser'4qA._ The radias-
tion exposure rates during replacement of the heat exchanger were lower
by a factor of two than those experienced during the L:4-5 outage. This
~improved condition was attributed primerily to a new evaporator which
was installed in purification approximately two months ago. ' ,

frControl rods with long reactor exposure were broken 4in the dry cave, '
.These control rods showed considerable swelling and warping, outgassing

'Auwas observed from the slugs after bresking and storing under vater. - -

Tritium concentrations as high as O. 1 ue/cc were observed when bubbles 7
burst at the surface of the disassembly basin water outside the dry cave,
No positive tritium bio-assay samples were encountered. co _ ,

vDisassembly of three special rods irradiated during the’ K:2 cycle and
-discharged from the reactor aspproximately four months ago wes completed
in the emergency basin. ' Bubbles of redicactive: gas reasding as- high as

S rad/hr burst at the surface during the disassembly operation., Gemme
scans of the gas indicated primarily xr-es.. . : '
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Disassembly of three fa.iled Ma.rk VII-A fuel elements in the emergency
besin contimied, with water contamination as high as 7.2 X 1072 pe/ml,
nonvolatile beta. Smearsble contamination on tools as high as 800

‘ mrad/hr » and as high as 20 mra.d/hr from surfaces in the work area neces-
- sita.ted the use of plastic a.ir sum:lied sults.

The rea.ctor ves shut dmrn for the scheduled. K 3-4 ch.arge-discha.rge oper-

" - ations. Radiation ‘exposure rates were comparable to those experienced

during the K:2-3 outage. Whole body exposure rates of 1000 mr/hr were
experienced during replacement of thermocouples in the «40' level pin
room. Tritium air concentrations of 7.3 X 10 nc/cc necessitated the
use of plastic suits. Unplugging of" ‘septifoil, sparger end transducer

lines was-carried out in radiastion fields averaging 1 r/h.r ‘This neces-

sitated & large number of authorizations to exceed the daily control
limit. Seals were changed on the overflow tank room pump -~ with
exposure rates as high as 500 mr/hr R

C AREA

Work was completed on the disassembly of two of the four feiled fuel
elements stored in the emergency disaessembly basin. Plastic suits were
worn for msjor portions of the work because of high air activity. Floor
contamination of 5 to 10 mrad/hr at 3" was measured on paper towel
smears. Ropes and hoists removed from the basin were contaminated to
1500 mred/hr at 3" and required replacement or decontamination. Activity

in the basin water rea.ched & maximum of 3.1 X lO u.c/ml.

Leskege through the ‘stop logs to the disassembly basin and thus to the
effluent was reduced by pumping from the monitor basin to the seepage
basin, but only intermittent operation was possible without overflowing
the seepage basin. An estimated 55 curies were pmped to the seepage
ba.sin and 30 curies released to the effluent.

A hesat exchanger removed. from L Area wa.s repa.ired in the stack area.

The Stokes vacuum dryer wes used effectively prior to work and no sig-
nificant tritium eir activity was encountered as the work progressed,
eliminating the need for plastic suits. However, particulete eir ectivi-
ty necessitated the continued use of essault masks. On one occasion the
floor of the work area was contaminated to 1100 mred/hr at 3" when the
heat exchanger heads were removed. Detection was irmediate and contami-

‘- '~ nation was not spread outside the imedia.te work area.

400 AREA

'Inste.lla.tion of the evaporator was completed in the 420-D rework facility.

Alr activity reached a maximum of 9.5 X 10" pe B-3/cc during tie-in of
this equipment and required the use of plastic suits. Repairs to leak=-

“ing pump seels caused air activity problems during the report period.

Nine Ma.intena.nce end Production Department persomnel had tritium. assimi-
lations above S5 uc/z , which is the maximum uptake riormally experienced
during routine operations. The meximum uptake experienced under the
controlled working conditions was 18 nc/z. ‘ _



407

SEPARATIONS AREAS

i"iGENERAL"

-The special product program resulted in significantly higher- radiation
levels (up to 5 r/hr) in H-Area warm cenyon, B-Line, and the solvent
handling system. . , )

_Mbre than an estimated 0.1 gram of plutonium was released to the control
hut in the transfer of a precipitator between H and FB-Lines.

Leskage from the ‘solvent trailer resulted in contamination of 8 narrow
strip of roadway between the burial ground and H Area. . ,

Difficulty in operation of the mixer settlers in Building 221-F caused
. radiation. levels to increase above normal levels by factors as high as
30. " - - "

~ CANYONS -

:-An inadequate air pressure differential, between the hot canyon and hot
»canyon sample aisle, and the high gamma activity of process streams were
of primary concern to Health Physics following the startup of Building
221-F. : e .

On ‘more than thirty occasions, airborne fission product contamination in
the hot canyon sample alsle exceeded the maximum permissible concentration
(MPC) for. personnel without respiratory protection; the maximum was ap-
;proximately 2 x 10-8 pc/cc. ‘Repeated tests indicated that when the rail-
.road tunnel door was opened, the eir pressure in the canyon ‘became positive
. with reference to the sample eisle; hence, air flowed from the canyon up
through the samplers into the sample aisle. No air activity was experi-
" enced in the sample aisle after air flows were adjusted to. maintain the
_canyon at & negative pressure with respect to the aisle. ‘

~’As a. result of erratic mixer-settler operation, gamma ‘aetivity 1in process

' streems was ebnormally high during the latter part of this report period.

 The increased radiation levels in Building 221-F facilities were es -
‘follows:
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» } ' Normal Current -
Location ~ Level, mr/hr Level, mr/hr
Werm crane cab . ' - 4 1 . 6-10
Werm crane walkway 3-10 . 100-150
- 2nd level unshielded solvent lines R during L
transfers : , : 45 900-
2nd level center, Sections 1_2-18 ' 1 10
- WGVC edjacent to low activity waste system . 1 7.
- Tank 901, solvent washer ’ through concretew ‘ R L
shield : ‘ "3 30
Recovered-ecid run tanks .2

. 60
Alr ectivity in the F-Aree warm crane walkway increased to 60 times MPC
when liquid lesked from a faulty connection on the low activity waste

_reboiler. The walkway was contaminated to- 7000 c/m bets and 10,000 d/m
alpha per squasre foot. On another occasion, when the 1D mixer-settler

- feed tank was open for agltator repairs, air asctivity on the walkway was
10 times MPC for & two-day period. - . . -

The F-Aresa centrifuge to centrifuge-run-tank jumper (1ll.lc-1l.2) was placed
in the hot shop for repairs. A dosage rate of 200 rad/hr,a.t 1' required
its transfer to the decontamination cell where the contamination was re-
duced to 45 rad/hr at 1'. Attempts to shield the connectors in the hot
shop were finally deemed impractical and the jumper was returned to the
hot canyon. Follow-up surveys of the hot shop floor, after rinsing with

‘water, showed contamination up to § rad/hr at 5' The floor was decon-
taminated successfully : e o

Fission product contamination was - detected in the Building 221<E hot can-

' ‘yon crane cab after & crane operator found his gloves contaminated. The

loose contamination ranged from 150 ¢/m per 100 square centimeters to a
maximum of 60,000 c/m per 100 square centimeters. The source of contami- :
nation was traced to the ceiling where the north optic tube housing enters
the ceb. Radiation levels up to 100 mrad/hr at 2" were observed at this
location. Analyses of bio-assay samples submitted by crane operators
showed a fission product assimilation (1% MPA) by one operator. The latter
vas working in the ceb at the time EM recorder data indicated that the in- -
cident occurred. Radioanalysis of loose contamination from the crane cab.
showed the presence of radioisotopes of strontium, zirconium-niobium,
.ruthenium, cerium, and cesium. -

Processing of special product meterial in the H-Area canyons resulted in
continued higher than normsl redistion levels throughout Building 221-H.
For example, during a transfer of special product material from the cake
dissolving vessel (12.1) in the hot canyon to the 2A bank feed (12.5)

vessel in the warm canyon, the following radiation 1evels were observed:

® Section ll (Crossover line embedded in the concrete from hot canyon to
warm canyon).
3rd Level Tenk Gallery - 1500 mr/m- et 2" from floor
Hot Canyon Sample Aisle - 3500 mr/hr at 2" from floor -
Werm Canyon Sample Aisle‘- S000 mr/hr at 1* from floor
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@ Warm Canyon Walkway

o One foot over and above parapet in Section 1 - 2000 mr/hr 3
Center of’warm canyon walkway in Section ll - 200 mr/hr o

Similarly, the processing of special product waste streams in low activity
waste evaporator 6.8E resulted in radiation levels up to 700 mr/hr at 1'

. above. the warm canyon walkway parapet and 180 mr/hr in the center of the
walkway. '

: Pluggage occurred in the cake dissolving vessel (12 l) sampler causing a
delay in the special product program. During replacement of the sight-
glass and needles, end in the rodding of lines, radiation levels were noted
as high as 50 rad/hr gt 3". Four employees received authorized body doses

of 200 mred, or hand equivalent, and eighteen employees received guthorized

body doses of 100 mrad, or hand equivalent, while performing the repair
work. The maximum body exposure rate to personnel wes l700 mrad/hr and
the maximum hand exposure rate e2 rad/hr.

“During circulation of the rerun aqueous sampler, 18 lE, air activity
- greater than 100 X MPC for fission products was detected ‘downwind of the
- -sampler. It was discovered later that, due to & leak,; loose ‘contamination
as high as 10 rad/hr per square foot was deposited between the sempler
quonset shielding and the concrete wall. As & consequence, it was neces-
-sary to- replace the sampler sightglass essembly end Christmas- Tree while -
encountering body exposure rates as high es 2 rad/hr and hand exposure
rates as’ high as . 50 rad/hr. 4 ,

Approximately 100 000 'pounds of water was - released from an open cooling
-.water nozzle in Section 6 of the Building 221-E hot cenyon and Sections
5, 6, and-7 of the hot canyon were flooded to & depth of approximately
24".  As s result of the flooding of the 'cells, contaminated water seeped
through the Section 5 and € expansion joint to the lst level clean cor-
- ridor. Radiation levels of 45 mrad/hr et 2" and loose contemination of
. 20,000 ¢/m per square foot were detected at the expansion joint. Some of
. -the ‘contaminated water epparently channeled along the floor expansion

»,'gg[ Joint end ceme to the:surface under the asphalt tile in the regulated
- . -locker room. - Although there was no smearsble- contamination detécted,

l;:~rad13ti°n levels up to 12 000 c/m were detected over the tile-covered
;;expansion Joint. R : » o

';,;_l.m-Lm: - E R
‘mThe following radiation levels were experienced during a8 typical product

run: , ‘ _ §

- o Location o Maxdmum Redietion Level, mrem/hr

3" from the precipitetor cabinet " 15 neutrons
6" above filter boats and drying pans . 235 (200 mrem/hr neutrons plus
35 mr/hr gamma)
3" from the final product 495 (480 mr/hr gamms plus 15
_ ) ~ mrem/hr neutrons)
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Numerous process lesks were experienced inside the JB-Line csbinets dur-
ing startup. On twelve separate occasions, personnel were required to -
remove coupling cebinet panels into contamination conmtrol huts which were
erected in the meintenance room. Outside the control huts, airborne plu-
tonium contamination increased to & maximum of 65 X MPC for personnel
without respiratory protection when waste was packaged neer e control hut
A entra.nce. Personnel involved were wes.ring air-supplied sults.’

'Throush an omission » CWS filters were not installed in the mechanica.l
1ine boat dumper, pen dumper, end pressure chamber cooling cebinets. Ap-
proximately 40 milligrams of plutonium were released to the exhaust sys-
- tem secondary filters. There was no significant release of activity from
_..the secondary filters to the Build.ing 294-F sand filter.

B-LINES » o

' In FB—Line, liq_uid conta.ining a.pproxima.tely 1 milligra.m of plutonium
leeked from the BP-4 precipitator cebinet onto the cabinet supports.
The leak was discovered after an operator who was. working at the cabinet

_ detected contamination to 100,000 d/m on his coveralls and gloves. Plu-

tonium eirborne contamination incressed to ¢ X MEC d.uring the sucoessful
i fdecontamination of the affected erea. .

Installation of an e.ir spa.rge line in the F-Area. recovery recycle hold

. tank required several entries into the cabinet. Approximstely 1.2 milli-

grems of plutonium were released to the contaminstion control hut during
this work. An air sample taken 10 feet from the work site indicated eir-
borne plutonium contamination to 5500 X MPC during removal of the hut.
Four other air sa.mples taken d.uring the same period indicated the spread
"of airborme contamination throughout recovéry. All personnel in the room
~ were wearing assault masks during the hut removel. Nasal smears indicated
. no contamination; however, bio-a.ssa.y samples were requested as & preeau-
tiona.ry measure. _

High. level alpha contamina.tion was released. to -3 control hut d.uring re-

movael of an EB-Line precipitator from the mechanical line for use in FB-

Line. Loose contamination up to 7.6 X 107 c¢/m end airborne alpha ectivity

up to 4000 X MPC for plutonium were detected. An estimated O.1 gram of

product was released to the control hut before this work was completed.

Contemination was immobilized effectively through the use of polyviryl

- acetate emulsion applied to the walls and floor of the control hut. In-

~ the course of the Job & Maintenance mechanic contaminated his left hand
to 7500 d/m elpha when his grossly-contaminated gloves were torn .in re-

moving the precipita.tor agitator. Decontamination of the employee's hand

. was effected.
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During the concentration of specisl-product-bearing streams on resin col-
umns in EB-Line, higher then normal radistion levels were observed in the
feed tank ares and in the coupling facility. The ra.dia.tion level at the
cabinet panel housing. ﬁhe J’I'-22, JT-62, and BP-A Vessels increased to a

. maximum of 80 mr/hr et 3"." The radiation level at these locations is nor-

“ mally no greeter then 6- mr/hr. The radiation level of the vessel contain-
1ing the final special-product<concentrate was 400 mr/hr at 3" and the level
from the outer shipping container was 150 m/hr at 3"

A-»LINE’., BUILDING 211-H L

Purex process solvent wes tra.nsported. by ta.nk truck to Build.ing 221-F for
reuse and to the burial ground for storage in underground tanks. During
one of the.trips to the burial ground, contaminated solvent lesked from
the forward top hatch of the tank truck. A strip of the roadway up to
18" wide end a mile long was contaminated to an average of 2500 c¢/m bete-
gamma from the rallroed crossing west of 200-H Area to the burial ground.
'Rediation levels up to 10 mrad/hr at 3" were cbserved from pools of the

' contaminated solvent at the buriel ground and near the rail.road crossing.
: fSince the usual methods of decontamination were ineffective, the contami-
- nated strip was excavated end repaved. Special Hazards Incident Investi-
-gation Number 100, "Contamination of 200-E Roadway to the Burial Ground,"
provides additional information.

: ,While replacing & check valve in the 6.4D dissolver off-gas line on the
~‘east side of Building 221-E, a Msintenance mechanic contaminated his leg
to 5000 c/m beta-gamma. - The contamination occurred when approximately
one half pint of liquid, having e radiation level of 5 red/hr et 2",
spilled from the line when the check valve was removed. The conta.minated
liguid penetrated two pairs of coveralls and taped canves boot covers.
One of the employee's personsl shoes was contaminsted to 15 mrad/hr at 2"
Nasael smears indicated no contamination; d.econta.mination of his leg was
successful

 BUILDING 241-H

In February, the connectors ‘on an overflow Jumper in pump pit 4 were

* loosened to eliminate the possibility of the overflow of high ectivity

_ waste to the Bullding 241-H catch tank. Because of extremely high redia-
_ tion levels, the -Jumper was not- removed. -The overflow header was-cut and

_ blanked as en alternative. In order to retighten the connectors the cell

" covers were removed egain. - A maximum rediation level of 35 r/hr was ob-
- served directly over the open pit. Personnel were exposed to re.dia.tion
.levels of 500 mr/hr during the rexnoval of the cell covers.. s
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BUILDING 772-F

Data obteined from the analysis of blo-assay samples of personnel working
in the Building 772-F Purex laboratories during & period of high activity
(reported in last month's report) indicated that éight employees assimi=- -
~ lated minute quantities of fission products. The highest assimilation

" was'less than 1% of the maximm permissible body burden.

Upon investigation, it was concluded that the intermittent failure of
the high level and/or low level exhaust blowers was the most logical -
cause of the high air asctivity (28 x MPC). Further informtion was re-
ported in "Airborne Activity in Center Section (Purex Lebs),” Special
Hazards Incident Number 102, Laboratories Section, Building 772-F.

BUILDING 643-G (EURTAL GROUND)

- Several pleces of equipment were decontaminated successfully by sand-

~ blasting at the burial ground. The maximum eirborne contaminstion de-
tected 50' downwind from the job site was 12 X MPC for fisslon products.
All personnel involved in this work wore respiratory protection. The
following table lists the respective contaminstion levels of equipment

deconteminated using this technique:

 Maximum Contemination, mrad/hr

S o 4§efore. . After -

‘ Item - - - Sandblesting = Sandblasting
HE-Area dissolver slug chute rack ~ 600 et 2" 15 at 2"
. H-Area bucket storage racks 5000 et 6" 1lat2”
Eveporator riser plates 300 at 3" 30 at 3"
Reboiler parts o ' 50 et 2" 10 at 2"

While this is an effective decontamination method 1t suffers from the
fact that the radiocactive material removed 1s then disposed over the
grounds. - ’ i L

- BUILDING 232-H - o _ ) |

'An indicetion of effective controls in the 'misdelle.f;’eous products area

- was reflected in the single skin contamination case and the lone assimi-
lation of only 0.2 MFA for the report period.r ‘ SR ' :

The processing of Mark VI-J target elements ; irradiated in two reactor
eycles, increased the rediation-contaminetion problems associated with
work in the decenner ares: A -

® Plastic suits were required for work inside the hood since vacuum clean-
- -ing failed to reduce product concentretions in air to less than 60 x .
1075 ,e/ce. ‘Concentrations of product in eir as high as 600 X 10~S p.C/CC
were noted. This was approximately three times the concentrations nor-
" mally encountered. S ‘ } :
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@ Body exposure rates averaged 100 mrad/hr as compared with a previous

60 mrad/hr.

® Concentrations of product in air increased by | factor of three for

open scrap casks (7000 X 10-5 ue/cc), open crucible casks (5000 x 10'5
pefec), end open slug casks (200 x 10-% ‘yc/ecc).

The north furnace was successfully decontaminated in place with 1% nitric.
acid following the failure of four Calrod heating elements. The ecid was
added through & plestic line from above the furnacé hood, agitated by
moving an empty crucible up and down inside the furnace, end siphoned into -

:f g 55 gallon drum for disposal. Subsequent water, rinses were collected
:similarly. As summarized in the following table, sufficient decontami-

nation factors were achieved: -

: Before f‘ e B ," After o
'sLocation " - “Decontemination, mr/hr g " Decontamination, mr/hr
Front of furnace 300 et 12" 50 at 3"
Bottom of furnace 1000 at 3" 70 at 3"
Back of furnace 800 at 13" . 80at 3’

The radiation level of the drum containing the acid solution was 4.3 r/hr
gt 3". Analysis of this liquid indicated the ma jor component to be Zn-65
in a concentration of 6 “c/ml. Further analysis indiceted 0.33 me/ml or
approximately ‘50 curies of product. “The ‘ma jor steps in this operation

- were performed remotely to reduce redistion exposure to personnel and the

maximm rate to the body was 2 r/hr

fBUILDING 252&?

- Product concentrations 4n air greater ‘than 5 X 10'5 gc/cc in the regulated

corridor were noted on three‘occasions during this period. The maximum
concentration was 80 X 10-3 pc/cc and occurred es e short peek. The source

<o of activity was ettributed to & partially ‘closed damper on the: No. 2 ex-
-~ haust fan. A faulty: solenoid velve caused the damper to be out of adjust- ’
",:ment, Since repair, no increases above background were noted. ‘ : _

DELETED VERSION

e - - et
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300/700 AREA AND MISCELLANEOUS °
BUILDING 736-A CALIERATIONS
April 1959 to Date

| Instruments Calibrated '4 1271 26,948
Instruments Decontamina.ted .. 108 .. 610 .

INDUS'J‘RIAL HYG]ENE

. Amercost No. 33B - Toxicity end Flammability Hazards. The toxicity end

flammability hazards assoclated with the use of Amercoat No. 33 HB were
investigated at request of the Projects Department.. Results indicate

-that toxicity problems will be similer to those of Amercoat 33, while

flammability problems will be greetly reduced due to the higher flash

Lo point of Amercoat 33 HB. .

RADIATION ENGINEERING

.- University of Georgis Co-60 Source. A lBO-curie Co-GO sou.rce » belongins
- . to the University of Georgis for the irrsdistion of small animals, was
- transferred from Building 773-A and installed in a device et the Bush
. .House without incident. -

Eva.lua.tion of Dosimeters. A group of 119 Bendix (200 r) dosimeters and’
aessociated chargers obtained from Civil Defense were evaluated for the -
Atomic Energy Commission. ' The pencils were acceptaebly accurate, but ex-
tremely difficult to charge; chargers were ina.deq_ua.te to’ charge pencils

A report on this evaluation was issued.

Neutron Calibration Equipment. A special A-l linea.r amplifier and scaler
built by Engineering Assistance Group was installed in the Calibrations
Building. This equipment will be used in Hurst ion chamber testing (fast
neutron) dosimeters and neutron flux mea.surem..nts with "long counter.”

Test procedures were established for the Hurst Cha.mbers -and ca.libre.tion
curves were obtained for the "long courter.” The "long counter” will be
used’ in con.junction with special studies relating to neutron dosimetry.

Critica.lity Monitoring Progrem (Neutron Dosimeters). A small "pencil"’
containing several neutron-sensitive foils was developed as part of the

"Savannah River Plant criticality program. The purpose of these foils
18 to measure the neutron spectrum in the vicinity of personnel during

& nuclear incident. By this meens a better estima.te can be made of the

exposure received.
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The pencil is 4% inches long and % inch in diemeter. It contains bare
and cadmium covered indium foils, a cadmium ccvered copper foil, and a
vial containing s.pproximately L grem of sulfur. . «These materials can be
_used to estimate neutrons with energles between 0 'to 0.4 ev, 0.4 ev to
1 Mev, end those above 2.9 Mev, respectively.

The pencil will also contain g small piece of gamma-sensitive cobalt glass
and & vial of sodium fluoride. The cobalt gless hes e range from 102 to
105 r. (The film packet presently used can measuré gamma exposures up to
"10® r.) The sodium fluoridé may be useful in correlating the activation
of body sodium to the moderating a.bilities of the body. :

It is planned to mount these pencils throughout all eritical areas.

At the present time 150 of these pencils are being fabricated for immedi-
ate coverage of all areas. Testing will continue to develop the most
effective combinations of foils which can be housed in this package.

Heavy Water Components Test Reactor. Review of the current design status
of the HWCIR was continued by the Rediation Engineering Group. The HWCTR
HM system end spent fuel basin shielding were reviewed.. The following
conclusions were reached: - EEESE

0 m Sy"tem. The pla.cement of Eea.lth Monitoring ionization chambers in
the Reactor Building 770-U and associated Buildings 771-U, 774-U, and
735«U was studied. A list of recommended locationz in the resctor and
associated buildings was prepared. It was suggested that the HM cham-
bers and the Beckman selector switches be grouped asccording to the ex-

~ pected radistion level in the area in which the chamber is located.

 The recommended EM chamber and Beckman multiswitch arrangements were

‘also listed. A total of 32 chambers and 4 spares were recommendéd for
the rea.ctor building and a.ssocia.ted. fa.cilities. .

- e Spent Fuel Be.sin Shielding. A study was made to d.etermine the rediation
levels expected in the pipe alley if & horizontal day old fuel element
is placed. on the ledge in the spent fuel basin dirsctly ebove the pipe

“slley.  Rediation levels of 2 r/hr at 2' from the ceiling end 110 mr/hr
‘at head height in the pipe alley could be expected. Neither scattered

- radiation nor radiation from process piping was considered in determi-

. ning the expected radiation levels. Existing shielding between the

~spent fuel besin end the pipe alley consists of two feet of ordinary
concrete. An additional two inches of lead shielding on the spent fuel
,basin ledge above the pipe a.lley was recommended.,

’ Inventory of - DgO, Hao Using Reflected Neutrons.‘ A test of the feasibility |

of checking seeled drums, to determine if. they contained Dz0 or Hz0 by

measuring neutrons reflected from & moderated Po-Be neutron source, was

- conducted for du Pont and Atomic Energy Commission eccountebility person-
nel. A 2.6-curie Po-Be source was placed in & pareffin moderstor and moved
next to drums of D20 and Ez0. Readings were tsken from the side of the
drums 90° from the source location. Drums containing heavy water appear
to reflect between 2 and 3 times as many slow neutrons as do similar drums
‘of light water. Considersble more work is required to make a semiquanti-
tative check, but feasibility was demonstrated. .
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Control and Methods
—RECIONAL SURVEY

B |  April - 1959 to Date
'Field Measurements 569 2 105

 Samples Collected -2388 - - 8,486 -
. Semples Analyzed . 4570 16 819
Routine . ==~ - 1243 - ‘-
Speciel ; 2844

“Control . . 483 .

STACK RELEASES

 3/16 - 4/15 © - 1959 to Date

| ‘ _,_’FArea-HAreaf?FA:ea H Ares
’Alpha, me . 2.8 0.2 ° 9.3 1.6
Nonvolatile Beta, me 85 47 168 586

- Redioiodine, ¢ 7 0.8 01 ~ 0.8 3¢

“‘ENVIRONMENTAL RADIOACTIVITY

Bomb Fallout. Deposition ‘of nonvolatile beta on the Plant site during
this report period was estimated to be epproximately 50 curies, bringing
the total deposition since the beginning of the October weapons tests to -
approximately 250 curies. Large concentrations of long-lived bete activ-
ity continued to be observed in environmental samples influenced by fall-
-out of weepons tests debris.‘ v

Ayerage concentration of filterable beta in air during the report period
was 820 X 10~1¢ pc/ce, as compared to an average concentration of 760 X
110-34 pc/ec during the six months since the October weapons tests fallout

- was first detected (October 7, 1958 through April 21, 1959) Decay studies
of beta activity collected on filters during the report period indicated

~ an apperent half life of 75 to 120 deys. .

Concentrations of nonvolatile beta on vegetation reached the highest level
observed since September 1957, but due to the new spring growth were lower
during the latter part of the report period. Average concentrations ranged
from 610 X 10-12 c¢/g in samples collected on March 25 to 130 X 10 12 o/g
in samples collected on April 22. ;
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RADIOACTIVITY IN WATER

Waste Released to Seepage Basins., The following table indicates radio-
.1 active waste released during this report period

3/19 - 4/15 1959 to Date

- FArea ~ HArea =~ F Area H Ares
Mphe, me . .72 . 30 . 28 154
Nonvolatile Beta, ¢ . ' 2.2 2.2 7 18
" Radioiodine, ¢ L0 &2 0 36
Tritium : poooe 3% 2200 BB 1146

,PH (range) L l 7 - 2 4 l a - 2 8 "”,ff’ SRR

'I'he pH of liquid in Basins 1 and 2 in both F and HE Areas has been below

3.0 for the past two months. Soil adsorption of both Pu and Sr is greatly

- reduced -below pE 3.0." pH'is & major factor in soil retention.. Radioac-

--tivity in the sround water has passed beyond the monitoring wells and it

will be necessary to drill more sampling wells to define the: contaminated
area. : .

A summary of- the pH values observed in the 200-Area seepage basin waste
during the last two months is shown 1n the following table.

_pH of 200-Area Seepage Basin Water ,
F-Ares Basin No. H-Area Basin No.

pate 1 2% 3 I 3. 5 -
2fe5- 6.5 - 2.4 2.9 8.4
3/4 23 - - - 2,5 2,8 9.8
3/ 1.3 - - 2.7 2.9 9.6
3/18 1.2 2.3 8.2 2,5 2.7 9.6
3/25 1.8 - = = .2.3 2.7 10.0
4/l 2,0 - - 2.2 2.8 - 8.7
'4/15 1.5 .-1.9 3.5 2.2 2.6 . 9.8
."4/22 1.6 81 2.2 2.6 8.8

*

(]

ampled on& four-week cycle.,‘fs~-*"‘

'Radioactivity Released to Basins and Streams Due to Fuel Element Failures.

Twelve fuel element failures occurred in the reactor areas during the pe- o

“~riod April 1 through April 26.  An estimated 87 curies of nonvolatile bete
. activity were released to Plant streams from the disassembly basins. While

-~ thé policy of isolation of failed fuel elements in "harps" or emergency
besins has aided in reducing redioactivity releases following the discharge
~ of the failed elements, ‘the radiocactivity released to Plant streams as a
" result of C& operations following & rupture is very evident. The effect

-~ of fuel element fallures in each area on releases of radioactive materiels

to Plant streams is shown in the following paragraphs.
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K Area. Two ruptures occurred in K Ares, the first on April 1 end the

- gecond on April 4. Nonvolatile beta ectivity in disassembly basin water
increased by & fector of 10 during the discharge of the second failure
but returned to normal after the element was isolated in the emergency
basin. C&D operations begzn on April 20, 16 days after the last known
failure. S v ' '

. anvoletile.beta'activity in disassembly basin water increased by & fac-
tor of 1000 following discharge of the irradiated load. Gamms pulse
height analysis of basin water indicated that »90% of the gamma ectivity
was due to Np-239. An estimated 30 curies of nonvolatile bete activity
were released to Pen Branch from the disessembly basin. This represents
a tenfold increase in released radiocactivity when compared to previous
discharges of KeAree resctor loads in which no rupture had occurred

©".C Area. Three fuel elements failed in the c reactor during the three _

- days April 21 through April 23, .No appreciable releases of radioactivity
were associated with the discharge of the failed elements, Approximastely
7~ '30 curies: of nonvolatile beta activity were released to Four Mile Creek-

" “during the period March 26 through April 25. This release was due to
bleed-off of radiocactivity from the disassembly basin after discharge of
- & reactor losd on March 22 when C& operations immediately followed the

r“discharge of & series of failed elements.

Approximately 175 curies of nonvolatile bete activity were released -in -
the past two months to Four Mile Creek.as & result of this series of fail-
ures. and the subsequent discharge of the reactor load. Gemma pulse height
enalyses of disassembly basin weir water during the period March 26 through
April 25 indicated that spproximately 85% of the radioactivity released was
Np-239. The remainder was attributable to I-131, Ba-Lal40, Ce-lél, end
radiostrontium in descending order of abundance.

R Area. There were two fuel element failures in R Area, the first on
April 18 end the second on April 21. Discharge of the reactor loed started
on April 23. Approximately 24 curies of nonvolatile beta activity were re-
leased from the disassembly basin to Par Pond through April 25. Disassem~
bly besin water redicactivity remained et 1 x 1071 ue/ml du discharge
of the felled elemente, but increased to & meximm of 1.5 X 10 c/ml fol-
lowving discharge of the full load. Gamma pulse height analysis of the
basin water indicated that about 90% of the gamma activity was Np-239

P Aree. Three fuel elements failed in P Ares. The first oceurred on
- April . 3, the second on April 16, and the third on April 21. Disassembly

basin water activity increased to & maximm of 5 x 10-11 ¢/ml during dis-
" charge of a failed element on April 21 but decreased to 10°12 c/ml within
24 hours. Approximately two curies of nonvoletile beta activity were re-
leased from the basin to Steel Creek during the report period. Discharge

. of the reactor load is not anticipated until the middle of May. Nomvola-
'tile beta activity in the emergency basin increased to & maximum of 1.3 X

107 c/ml following disassembly of the failed element of April 21; stoplog
leakage was held to & minimum by pumping emergency basin water to the -
seepage besin. :
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'L Area. Two fuel element failures occurred in L Area, the first on

" “ April 1 end the Second on April 26. Both elements were placed in “"harps"

"and stored in the’ disassembly basin,. Approximately six curies of non-
: volaﬁlle—beta activity were. ‘released from the” basin to Steel Creek. The
. full reactor load was not’ discharged during the report period so the full
- effect of the failures was not seen.

d"Stream Water. Concentration of nonvolatile beta in the water of each
~ reactor effluent streem and the estimated number of curies flowing pest
each stream sample location is shown in the following table.

‘Nonvolatile Beta in Water, 3/27 - 4/23

, - o ‘AConcentrations,
S . 1% 10715 o/ml _
- : ‘Weekly o Estimated Discharge, .
o - Max - _Avg curies/four weeks
Four Mile Creek at Road A~ 1000 520 12
Pen Branch et Foad A - 6000 1600 37
. Steel Creek at Rorad A = - - 170 130 6

Lower Three Runs at Par L

Pond Precocler = 150% 140*‘ . 3%

* RpArea release discussed above was not
overed by sam@ling period.

A water sample collected on JEnuary 23 from Mill Creek was found to con-
tain tritium with a concentration of 13 x 10-2 pc/f. Additional semples
were collected from Mill Creek on February 19 and February 26 at several
. locations over & distance of sbout six miles. All samples contained de-
"~ tectable amounts of tritium. In each set of samples, the maximum concen-
tration was observed in the sample nesrest the headwater of Mill Creek.

A summary of -these results is shown 1in the following table.'
ol R H-S 1x 10‘3 uq/z
: Date Nb. of Samples Max - Min - Avg
T 2/18 s 30 7. oA
2fe6 13 R 18

Ground water seeping into- e stream ‘&t the headwater contains & larger
percentage of water from‘recent rainfall than ground water seeping in

~ further downstreem. Thus, rainfell appears to have contributed the. trit-
1um found in Mill Creek.w ' L o RN : _
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For comparison with these results, samples were collected on March 19
from 13 headwaters that feed the five major Plent streams. The maximum
concentration of tritium observed in these streams was comparzble to the
- Mill Creek. samples. A resemple of the same locations (13 headwaters) on
April 20 indicated that the average concentration was only 55% es high-

~ as it had been on March 19. Rainfall for the two weeks previous to the
"~ April 20 samples was only 26% of the two-week ra.infa.ll previous to the

~ March 19 samples. ,

A sumery of these results is shown in the foilowing 'i:abléi:

: Co  'E-3, 1 x10™ pc/¢  Reinfall,
Date No. of Semples Mex - Min Avg  inch¥*

3/19 13 -1 9 18 2.3
'ef20 13 18 4.5 10 - 0.6

- ¥ Two weeks previous.

Sevanneh Rivef. The flow ’of radioactivity past’ 'sa:ﬁpling ‘locations up-
stream and downstream from the Plant during the period from March 25
through April 21 is shown in the following table.

Ré.dioa.ctivit*g curies/four weeks

, Location . Nonvolatile Beta H-3
- Upstream From Mouth of Upper |
. Three Runs (control) 12 <1800

Highway 301 Crossing o 2¢ 5500

ZOOLOGICAL SPECIMENS |

Per Pond. Rediostrontium concentrations in the bones of Par Fond fish

- (38 specimens collected) remzined in equilibrium with the radiostrontium
content in Par Pond water and, for the first time since December 1958,
the radiocesium concentrations in the fleshy tissues did not incresase.

A compa.rison with concentrations found in March is shown in the following
table. ‘

Nonvolatile Beta. , 1 X .‘I.O':"2 c/g
Bone L - Flesh .. :
‘Max - Avg Avg Max Avg: Avg .

685 225 220 130 . 60 60
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Par Pond waterfowl (16 ringed-neck ducks a.nd one coot) contained slightly
lower concentra.tions of. nonvole.tile beta in the- bones a.nd the same' concen-
tration in ‘the flesh as reported in Ma.rch. o

- Nonvolatile Beta., l X 10"-2 c/g ‘

Bone - : Flesh
.~ .. Mereh .- =~ .. - March

- 15 20 '  65...25 . 285

Lower Three Runs. -A localized fish-kill six miles below the Par Pond dam

during the latter part of March hampered fish collections and caused the -

_ downstream migration .of some fish. The illegal fish-kill was. apparently
‘due to the use of chemicals 'by persons unknown in e backwater section of -
‘the stream. Three of the 10 fish collected 14 miles below the dam con-

" tained flesh concentrations of raediocesium thet -ranged from 4 to 15 times
“the average - flesh concentration for this location. One of these fish

" collected on March 25 contained 600 X 10-32 ¢/g of rediocesium in the
’flesh, the highest flesh concentra.tion found so far downstream to date.
A comparison with the concentrations found in March is. shown in the fol-
- lowing ta‘ole. : o .

Nonvolatile Beta, 1 X 10"’-2 c/g

’ "~ Bone “Flesh-
- Miles Below = No. of March : March
Pa.r Pond Dam 1 S@le v Max Avg = Avg Mex  Avg Avg
1 .21 1200 520 385 - 765 155 165
6 o2 - 770 645 475 - .80 65 - 205

14 710 - - -380 155 110 600 145 40

Steel :Creek. ‘Concentrations of radiostrontium in the bones of Steel Creek
- fish (2 epecimens), collectéd one mile from the Sevannsh River, were -

- slightly lower than found in March. Trace concentrations of radiocesium
were found in the flesh. A compa.rison with the concentrations found in
March is shown in the following table. e h B

EEan , ANonvola‘cile '.Beta., 1x 10“:"2 c/g
T ~ March - .- . March
. Max 'Avs Avg .= Max Avg Avg

3 3 55 10 10 10
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Four Mile Creek. Ten fish collected from Four Mile Creek, six miles down-
streem from C Ares on March 25 contained generally higher concentrations |

of nonvolatile betae in the bones than were found on March l.‘L., No signi-

ficant change was noted in flesh concentrations as ‘a result of the fuel
element failures in C Area. A comparison of the concentrations before
and after the incident in C. Area. is shown in the following teble.

Nonvolatile Beta 1 x Ib-12 c/g

Bone - - . - .Flesh -
3/25 o3/ 3/25 : 3711
. Mex  Avg Avg Max . Avg Avg

10 45 30 .10 10 0.

- Sevenneh River. ' A fish collected from the “Sevennsh River near the mouth

. of Lower Three Runs on- April 7 contained 110 X 10-12 ¢/g of radiostrontium
-.~in the bones and 35 X 10-12 c¢/g of radiocesium in the flesh, the highest

flesh concentration found in Sevennsh River fish to da.te. Six additionsal

 .fish from this location and nine fish collected sixty miles downstream at

:Stokes Bluff did not contain significa.nt concentrations of radioactivity
- 'in the flesh., A fish collected neer-the mouth of Four Mile Creek on
April 20 contained 115 X% 10~12.¢/g of ‘nonvolatile beta activity in the
bones, the highest bone concentration found at this locetion to date. A
compa.rison with the bone concentrations found in March is shown in the

7 following table .

Nonvolatile Beta in Bone,

- y ‘No. of = . 1 x 1072 ¢/g

- Location - Samples Max = Avg Ma.rch Avera.ge
‘Upper Three Runs T 10 10 10
Four ‘Mile Creek 4 115 50 18
Steel Creek 3 20 15 10
-Lower Three Runs 7 110 30 No Samples |
Eighway 301 1 10 10 107
Stokes Eluff 9

35 15 -_“ 10
Miscelleneous. A turtle collected near E-Area seepage ba.sin on April 3
contained 1000 X 10-12 ¢/g of nonvolatile beta in the bones and shell

and 95 X 10712 ¢/g in the flesh. Gamma pulse height analysis of the
whole specimen revea.led Cs-137 to be the primary ga.mma emitter.,
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CEEMISTRY METHODS -

'SPECIAL STUDIES

Plutonium Bio-Assajv. Following revision of the evaporation-a.nion exchs.nge
procedure, the ratio of the tracks cbtained fram & 0.005 4/m/1S0 ml end &
0,01 d/m/150 ml spike was less than 1.2. In order to distinguish between
these two levels, the procedure was evaluated using 250 ml and 300 ml sem-
ples. Preliminery data indicate that the number of tracks obtained cor-
responding to 0.05 d/m/1.5 £ and 0.10 d/m/1.5 £ is sufficlently ebove the
blank activity to give the proper ratio when the larger semple volumes are
used.

Neptunium Bio-Assa.I. Fina.l evaluaticn of the emmoniacal phosphate
coprecipitation-anion exchs.nge procedure is in progress. This method
includes e : s , : .

: o Coprecipita.tion of neptunium on an ammonia.csl phospha.te precipitate
~ from raw urine.

_® Separation of neptunium from macroquentities of other inorganic ions
on Dowex-2 e.nion exchange resin. :

 J Concentra.tion of neptunium on & sma.ll ares, by electrodeposition

] Autorediography end tra.ck. counting.

Environmentel Strontium-90.. A second status report was prepared summar-

izing a1l dats through March. - Composite soil.semples from all perimeters
were extracted with 6N HCL for & "total" calcium assay. Zero to fifty
percent greater calcium was extracted than was obtained previously by the
"availeble" ammonium ecetate method. = Strontium-80 and Cs-137 assays will
2150 be made on these samples. o '

Tri-Carb Interferences. Eleven. different fission products were Yggserved
by the Tri-Carbd liqué.d scintillation counter. Studied were Sr- I-131,
- Ru~103, Fe-59, Zr-Nb s Ce=-144, Ru-106, Cs-137, Cr-51, Co-€0, and Zn-ss.

Results show that if these ‘are a.'bunda.ntly present s they interfere with
the determinations of tritium in urine. v :

Tritiun Iogs to' Conta.iner.; After & period of two months no 1oss of tritium
was noted where wax or polyethylene containers vere used to hold low level
tritium oxide solution (1 45 uc/z) RS o

i —Cesium-lS? 1in Urine. A method for the quantitative determ.ine.tion’ of cesium
"in urine was completed. A recovery of S1 % 6.7% was obtained. The sensi-

‘tivity of the method is 1.5 ¢+ 0.1 4/m using & low background beta counter.
A detemine.tion of the cesium content for & group of ten employees was :
made. An everage velue of 39.5 e of Cs-137/g potassium was found using
an average of 2.5 grams of potassium per 1500 ml of urine (everage daily
. void). No potassium estimation per semple wes made.
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" Trace levels of Tritium in Urine. ' The study of the background amount and
the nature of tritium in urine was concluded. . An average total tritium
concentration of 0.021 % 0.005 ke per liter of urine was obtained from
the urinalysis of personnel known not to have inhsled or injested any
- radiocactive materials other than those present in food, water and air.

- -A comparison between the amount of tritium found by the combustion of

. urine, 0.019 % 0.003 mc/f end that found in the distillate fraction of

. urine 0.006 * 0.003 We/f indicates the presence of bound tritium in urine.
.~ Flectrolytic concentration of the activity in the distillate verified the
~ presence of tritium. _

PERSONNEL MONITORING

A routine bio-assay sample submitted by & Separations Aree mechanic in-'
dicated a fission product upteke (it was leter confirmed by & resample).
This was the first fission product uptake determined by routine sampling

"~ this yea.r.

Tests indicate plutonium-238 can be recovered through either (coprecipi-

 tation or ion exchange) plutonium blo-assay procedure with the same
0.05 d/m/l § £ threshold es curreatly cbtained with plutonium-239

BIO-ASSAY o |
Bio-assay results are showvn in t]:v.e following table.

- Positive

» Totals Results - Meximm Results 1858 to Date
Semples Anelyzed 2659 - . 10,477
Tritium lo64 137 ( 27 pe/t C 7,937
- Uranium 147 0 <5 pgft o 496
~ Flutonium 365 - g5*  1.10 4/m/750 ml 1,479
Fission Products 125 22 . 932 d/m/225 ml 462
Enriched Uranium 58 2 16 4/m/1.5 £ o 103

* Fifty-one suspected to be due to contamination .
of the samples during a.nalyses. ' R
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STATISTICS

B l; o ?ﬁ;? Film Badge* :;xﬂﬁb 1' .

o Badges ~Lost = 300 to Over
Ares Processed Results 600 mrad - 600 mrad
3,559 12
2,675
1,422

189
2,515
2,802
1,23¢

994 -

985

88¢
: ] 1,517

~ Mise - 1,172
Control 2,476

Total — 22,434
Total Yeer to Date = 69,274 162 127

* Cycles 6, 7, end 8 of 1959.
. %% Over 300 mrad in one week. -
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Investigation of lost film'results showed hb possibility of overexposure.
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Miscellaneous Film

Processed April 1958 to Date

“Neutron Film =~ -~ = 154 510
Finger Rings - 31 ' 97
S X 7 Radioautographs ' 3 6

‘14 X 17 Radioautographs - 163 = 450 -

April = 1959 to Date

Lost £ilm results

Film lost from badge while being worn 7 _ 30
Film exposed to light or fogged . 3 13
ILost complete badge 34 106
Defective film =~ 0 0
Film contaminated and destroyed - 4 9
Film dameged by moisture . 1 4
ILost by Personnel Meters 0 ¢
~ .Badge sent through laundry 0 0
' ‘ Totel — 49 ls2
Special badge pulls 23 88

‘Visitor badges worn by personnel who :
bhave permanent badges - v 1174 , 3099
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Ahdlyﬂcal Summary

Control Labora.tories ' Samples Determinations

Faw Materiels - - - 7 1,400 2,808
Essentiasl Materials ' 128 - 167
Separations , 7,018 16,561
Heavy Water (400 Aree) : o 4,094 = 4,931
Reactor Moderator (100 Areas) 2,173 5,279
Power Department (100 and 400 A.rea.s) - 208 1,056
Metallurgical , - 8,300 -~ 8,300

Total — 23,322 39,102¢

Reactor Moderator Control

Mass spectrometer and pycnometer cross-checks of moderator continued in
good agreement. The average difference observed in 12 sa.mples was
0.012 mol %; the meximm difference was 0,03 mol %.
- An a.nalytica.l procedure has been developed for, the determination of
mercury in moderator &t concentrations in the ppb range. This method,
d.eveloped at the request of the Reactor Technology Section under RTA 435,

is & dithizone extraction procedure, sensitive to 10 ppb of mercury. A
precision of e.pproximately 10% (relative) has been cbtained. -

Metallurgy Control

The status of ESF element inspection facilities is as follows.

BORESCOPES

_ Modifica.tions in L a.nd C Aress will be scheduled after modifications :Ln |
K Aresa are completed..

i COMPARA‘I‘ORS

Unaerwater nitrogen pressure gages have been insta.lled on compa.rators in
K, L, and C Aress.

‘ -'Ihe compa.ra.tor for P Ares has been crated end placed in storage. i

_ L In last month's report this value was reported &s 37,309, this ahould
‘have been 32 ,509.; :
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.On all comparators the scale for measuring the distance between scribe
“marks 1s reversed. This can be corrected but would involve changing the

Din optical system, & major and. costly modification,.: Instead, personnel will .

be retrained to take the reverse: image: into consideration vhen reading the
scale. _

PERISCOPES

The monocular periscope in P Area was installed in the P-A.rea monitor
basin at the request -of Production and will be. used for slug inspection.

The binocular periscope in C Area was installed, but the top of the peri-
scope was returned to the vendor for resilvering of the optiecs.

GAGE ASSEMBLIES

‘Modifications of the gage assemblies in C and L Areas have not been com-
pleted as Construction has not received the replacement parts from the
Federal Products Corporation. :

Sepcrotl'ons Ccnttol

: 25 PROCESS

: Installation of equipment in the three Junior caves modified for
¢ 25=Process control was completed on April 10. _Shift personnel are being
trained in the use of this- eq_uipment. o ' =

A colorimetric method uaing hematoxylin as & color reagent was found
. satisfactory for the determination of" O.lM eluminum (concentration ex-
. .pected in dissolver heel hold tank 8.2). The 2 sigma preoision‘ for 20
determinations on & 0.1M Al(NOs)s solution was ﬂ4%, the bias vas -1. O%

The 25-Process synthetic quality control data for the period March 22 to
~ April 23 are as follows: . o

i : B e L IR S S DR Nu.mber of ‘2.81@3' el A
Sample . N ST Standard ‘Deter= -~ Precision,  ‘Bias,

“'Code Analysis . Method - Value  minations %, T %
8,3 Uranium  Polarograph 3y 6} e/t 63 1.9 =049
8.3 Uranium - Colorimetric = 3,63 8/L °~ 33 15,0 . 2,0
11,8 -Uranium  Fluorophotometric 2 X 10°3 g/f 34 12,4 -l.b
8,3 Mercury = Colorimetric 0.002M ) 51 17.0 0.0
161 - Mercury  Titrimetric . 0.03M 22 0.66 =0.3
8.3 Free Acid Conductometric - 32 16,8 . -
902 TBP _Acid Saturation  2.39% 25 6.5 -0.4
" 904 . TBP Acid Saturation  T.40% 16 4.3 40,07
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Shift personnel have been trained on all 25-Process enelytical methods

‘except the determinstion of plutonium by the lanthanum fluoride - TTA
method and the determination of alumimum by the colorimetric - hematoxylin
method. Specificatlon anslysis group personnel are being trained. on the
pola.rographic determination of ura.niwn. : .

‘The four chemists assigned to shifts to assist in 25-Process sta.rtup are.
being trained in the process and a.na.lytica.l procedu.res. _

- Conversion is completed of the CEC 21-220A mass spectrometer from & sollds
to & gaseous instrument. One gas standard has been prepared and others
have been ordered to cover the expected range of samples. Inadequate
‘resolution of the isotopic pesks required realignment of the ion source B
and resulted in downtime which hindered checkout of the instrument. How-
ever, synthetic samples have been prepared and shift persom:.el are being
trained in sa.mple prepara.tion. « , , ‘

P ) . - .
- All raw metal 'solution samples a.re being analyzed for both ’nonextra.cta.ble
" and extractable plutonium. A gross alpha analysis is used to determine
“total plutonium and a TTA ana.lysis to determine extractable plutonium.

- Difficulty has been experienced with the Mettler balance density eppara-
~ tus located in the JB mechanicel line cesbinet. Although malfunctioning
components have been repaired and the balance checked out by the analyti-
cal balance servicing agency, good agreement between successive weighings
is difficult to obtain. This is primarily due to the sensitivity of the

balance to off-center positioning of the button. Although the balance
is' inferior in precision to the B-Ares balance, it is expected to meet
the Separations Department's requirement of measuring demsity to & pre-
cision of 20.1 unit., The analytical procedure for operation of the cabl-
net equipment and determination of product density is being fomrded .
for e.pproval

An analytical method has been developed for the determina.tion of uranium
in organic samples similar to 1AP; this is e.TBP - thiocyanate colorime-
tric procedure edapted from & 25-Process method. ' _

' NEPTUNIUM. RECOVERY
The acheduled laboratory-sca.le bismuth phosphate precipita.tion tests were
completed on April 17, In the test period, a total of S50 samples were.
received and 110 neptunium determinations made. During production runs,

' some difficulty was encountered in dissolving the BiPO4 cakes and several -
e-test experimen.ts vere therefore made for Separa.tions Technology. '
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. MIsc:m.LANEous PRODUCTS

'I.'hree CEC 21-620 mass speéct:ometers required 1pn source .changes during
" the month due to electrical ghorts or loss of sensitivity. ‘Nine source
changes vere required to repair the three instruments. - As & result, mass

spectrometer, 3H has been returned to operation to facilitate checkout of

'~ ion sources, electronic drevers, end peak selectors, prior to their in-

sta.lla.tion 1n spectrometers by the Instrument Department.
" Raw Materials Control

‘AA.ua.lytical procedu:res for determining the composition of ‘baths and for
assaying lithium-aluminum and uranium-gluminum. alloys were ell u.nd.er

e ‘gtatistical control during- the mcnth.

" 'The scheduled compa.rison program of analyzing Mark VI-J elloy samples
- - by both tin-fusion and vecuum-fusion was started during the first week
o vin Aprﬂ.. Fourteen sa.mples have 'been ana.lyzed by ‘noth methods.

- “"For this comparison. study, three samples are taken from e billet, equal

. port:[ons of each of the three samples are combined and enalyzed for hydro-
" ‘gen as & single vacuum-fusion sample. A portion of each sample is elso

" analyzed by tin-fusion, resulting- in triplicate hydrogen a.nalyses by this
method. The results of this study are as follows:

3111et No. Tin-Fusion vol iﬂa Vacuum-Fhsion, ‘vol % Hz

'366L 32.0 - 12.8

. 502L 18,7 4.9

602L - 22.3 S 1.8

 500L - 23.8 o 29.0

- 560K ‘ 16.7 31.8
835K 0 oo o.e8d oo 32.1

- B96L C 28.4 . 20.2
‘36T . . 214 . .. 220

's83L . . %O . 1.8 .
- 594L 34.6 ; : 38.5
5943 . 25,0 . 1s.0
94Kk 2.8 . o 10.8
C4g7L %82 . 154 _
Avg - . 254 e 18T

These data follow the previously observed pattern in tha.t tin-fusion
values ere generally higher than those by vacuun-fusion and ha.ve somevhat
less scatter. »
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‘The moisture meter essembly (Pz0s conductivity cell) was ‘successfully

‘used to mske preliminasry moisture determinations on gas from the tin-

- fusion outgassing equipment. Before any quantitative measurements could
" be made, the equipment was recalled for use in the 200 Area.

The accelérsted program to anslyze élgminum-ms;gnésim’alloys _fo‘:"ﬁ::a.ghesim',
. content has progressed satisfactorily during this report period. Five
eluminum-magnesium standards (ranging from 1.46% to 5.15% magnesium) were

received from Alcoa. Emission spectrographic anslyses of these standards '

indicate that the 1.46% magnesium standard can be analyzed with a preci-

. gion of #0.05% (sbsolute). The precision increases to $0.50% (ebsolute)
“with the 5.15% standard. Refinement of the spectrographic technique
should improve this precision. A wet chemical technique is also being
used for the magnesium analysis. This method, an ammonium sulfide separa-
tion and S-hydroxyquinoline precipitation, is time-consuming but ‘appears
to be more precise than the emission spectrographic method. A precision

" of #0.1% ebsolute is being obtained on Alcoa standards. The flame spectro-
photometric method has been disappointing to date. Extremely high back-

- grounds from the burning fuel gases have made the megnesium content diffi-
“‘eult to assese. Modifications to the photomultiplier unit of the instru-
ment to reduce background interferences may reduce some of these diffi-
culties. Routine production samples of sluminum-magnesium elloys are
being received and analyzed by the wet chemical method. Suiltable Alcoa

standards are being enalyzed with each group of routine samples &s con- N

~ trols and emission spectrographic anelyses of these samples are being
used as secondary checks. : ' . V

Es‘senﬂqlr M‘dl'erbicls" Control

All essential'matérial shipménts passed the é,cceptance tééts and no
walvers were requested. : ' T

Heavy Water Control

Pycnometer and mass spectrbmeter cross=-checks on Ebctra‘.ci:ién Ares ‘sa.'mples
show satisfactory agreement: ‘ I S

s " Deuterium Oxide,
Method _ mol %

- Mass Spectrometer © 7.39
Pycncmeter : o 7.27 v
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During April the following cross-checks on samples of heavy water were
reported by the 100-Area and 400-Ares lsboratories:

. Wy
'
%

RS

Deuterium Oxide, mol %

100 Area _ _ 400 Area
Pycnometer Mass Spec  Pycnometer Mass Spec
g9.73 99.70 99.70 98.70

82 . 82 - 82 . 87 -

7.76 - 18 1.9

The CEC 21-620 mass spectrometer has been installed in Bullding 772-D
and the various components tested. Two sources, acceptable for use,
have been supplied by the menufecturer. The instrument is being used
for routine analysis. o o
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