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Reactor Techno logy  Summary 

/ I  ', . .  

MARK VII-A FEEL, FAIWRES occurred in April - two SRP dlngot 
and eleven SRP ingot. 

TBE CURRENT SRP INGOT FAILURE RATE is  2.5 times the over-all ingot 
failure rate. 

THE SRP IIGUI FAIIURE RATE PER UNIT OF EXPOSURE has been much hi&er 
at high exposee than at l o w  exposure. 

ALL MARK VII-A FAIIS) SLUGS THAT HAVE BEES DISASSEMBIXD were located 
in the lower half of the slug column. 

ROOETOP RATIOS OF 1.10 TO 1.20 w i l l  be maintained in the R-6 cycle t o  
produce lower sheath temperatures. 

TEE MARK VII-A S" 
Area beginning with the K-4 cycle. 

LTMIT was reduced t o  13S°C in K 

A HIGH LFVEL FLUX MOlJITOR with m@etic amplif'ier relay's on all three 
shutdown circuits was placed in service in K Area. 

FOUR 

A PROCESS WATER HEAT EXCHANGER LEAK occurred in L Area. 

~ 

OXIDE RODS were charged t o  K reactor. 

A 200-250 e FIIEER SHOUIS BE ADEWATE TO RplovE MODERAlloR TUFBIDITY, 
based on small-scale f i l ter  tests in L Area. 

TEE PERFORATED END-FI"G DESIGN TESTED I N  L ARE% did not eliminate 
the wide range in the power coefficients of flat. 

TEE POWER COEFFICIENT OF W T I V I T Y  OF A MARK V I 4  CHARGE was deter- 
mined t o  be -0.00066$ &/k/MV 

THE POWER COEFFICIENT OF REACTIVITY OF 
mined t o  be -0.00061$ Ak/k/W. 

A SUMMARY OF RADIATION fiEvELs DURING s " S  since'April 1356 is  
presented. 

. -  

.. 

For 
detai ls  

see 

78 

83 

83 

54, 87 
4 

69 

-71 

71 

104 

101 

119 

122 

134 



Fcr 
deta i i s  - see . . Reactor Technology, Summary 

126. 142 

150 

LA!PTICE AND sHIEI;DIlTG CAUULATIONS FOR TEE PrPR are presented. 

A PEKnmTYpE IN-LUlE pH MEIER was installed in PArea. 
-- 

, 

A TRITIUM mODUCTION RATE FOR MARK VI-J W E T S  Of W ~ S  Ob- 
153 tained after approximately 345 of the material fram the IC-2 charge XES 

processed. 

CHANGES IIQ PUJTOIJNM PRODUCTION RATES for various t 
for various operating conditions are reviewed. 

ges and 154 

.. 



Separations Techno logy Summary 

SOLVENT EXiBACTION IM F AFWl has been operated on a five-day-week 
basis at  ldv rates following startup last month. 
tamination appe 

SWR!If.JP PROBLEMS i n  F Area were overc 
niques of operation. 

FlRST CYCLE RATE i n  F Area varied from 5 t o  10 batche 
irradiated feed that  had been cooled between- 130 t o  330 days. 

DISSOLVING PROCECURES were' modified and an analytical method devel- 
oped t o  prevent the loss of a dangerous amount of plutonium to  the 
head-end cake. 

REFLUX OF I)fuTONIUM i n  the lB bank, because of n i t r i t e  carryover i n  
the UP, accumulated approximately 

I stripped. Analytical samples and the neutron monitors followed the 
accumulation q d  stripping successfully. 

NEU3F4ON MONITORS on the 24 bank indicated a loss of plutonium. 

TEE PROJECT FOR SHIPMENT OF HIGE ACTIVITY WASTE t o  ORNL was re- 
estimated a t  the request of AEC. 

-- 8 

1 b s s e s  and decon- 
during steady s ta te  operation. 

xtent by tech: 

. ,  

before the bank was 

. F-AREA RERum FACILITIES contained approxlmtely 500 grams of plu- 
tonium and 2700 pounds of uranium for rework a t  the end of the 
month. 

A SO$ SOLUTION OF F&RcIUs SULFAMA!E'decomposed after se 
storage. Provisions have been made t o  store dilute and acidified 

- 

ABOUT 14 GRAMS OF MEPlUNIUMwere decontaminated and concentrated by 
cation exchange, following solvent extraction of neptunium that  had 
been separated ear l ier  on the experimental agltated anion exchange 

For 
de ta i l s  

see - 
202 

202 

202 

204 

4 

206 

207 

21 1 

214 , 

215 

21 6 

218, 
219 

221 

222 

http://SWR!If.JP


For 
deta i l s  - see . Separations Technology Summary 

PUJTONNM TRIFIXJORIDE PRECIPI'IIATIONS were performed on the first feed 
in the new JB-Line with low waste losses and good filtration rates. 

TEE RECOVERY AMION EXCHANGE TEST FACIETY operated satisfactorily on 
s l a g  and crucible solution during the first runs. 

PREPAFWIONS FOR PROCESSING ENRICHED URANIUM IN H AREA are nearing 

vent changeout almost comp 

TEE FIRST COLD DISSOLVING TEST ,AND COLD URANIUM RUNS in solvent ex- 
traction are in progress. 

224 

' 

- 227 

229 completion. Necessary equipment changes, equipment cleanout, and sol- 

229 

KARK VI, WUX VI-J, AND CONTROL ROD SLUG8 were processed in Building 
232-H at an average rate of 1.3 B/D. 

I THE USE OF CURRENT-QUALITY MARK VI-J SWGS appears to cause an MBR 
The increase from the Line 2 n o m 1  of 

stack stripper system recovered 
compared to a normal 

TBE ISOTOPIC AJRITY of diffusion c o l d  feed has dropped from 
to 

NINETY-FIVE =CENT OF THE GAMMA ACTIVITY in an extraction furnace 
was removed by 1$ nitric acid flushing, in .preparation for fttrnace 
repeir . 
THE NORTH FURNACE OPERATIOM WAS DISRUFTED by failure of additional 
bottom heaters. 

ONE 'JEERMAL DIFFUSION COwMm was rendered inoperable temporarily 
failure of the raffinate drawoff valve. 

4 
238 

to about 
per run from M k  VI-J batches, 239 

per run. 

as a result of Mark VI-J processing. 238 

238 

239 

242 

STACK KISSES averaged per run. Unusually large contributions 
were made by the furnace discharging and charging operation, and de- 
canning of Mark VI-J hollow slugs. 

MULTISTAGE DmSEEI CAPACITY for 
dicted from data at lower feed compositions. 

!FEE ISOTOPE EFFECT ON DIFFlTSER PERFORMAmCE caused a 

ously reported. 

243 

245 

reduction in 
245 deuterium processing capacity instead of the capacity loss previ- 

- - *-J>*,.J.J2d - Ah-* - - --. 



For 
details 

250 
GETTER BED STUDIES indicate that zeolite i s  an acceptable substitute 
for  charcoal as a low temperature adsorbent for  hydrogen. 

CONTENTS OF A SECOND SIX-INCH !ZEOLITE BED were successfully trans- 
ferred t o  a standard bed for Line 2 recovery. 

THE NET TRANSFER OF BEAVY WATER from the Extraction Area to  the DW 

pounds of D& per day. 

THE EAST WING EXTRACTION UNITS were shut darn on April 10 by e short 
c i rcui t  in the main 440-volt breaker. 
switchgear should eliminate wing shutdowns caused by malfunction of 
the emergency cross-tie system. 

. .  
247 

Plant was 30,889 pounds of D&, equivalent to  an average of 1030 253 

254 Revisions i n  the electrical  

255 TUBE BUNDLE9 FROM BUILDING 411-D w i l l  be used to  replace extensively 
corroded bundles from raw-water-cooled exchangers i n  Building 412-D. 

A SYSTpl FOR VENTING FIXED TUBE SHEETS i n  raw water heat exchangers 
is  being installed i n  Unit 23. 

SUUWR PIUGGAGE OF M p i A C T I O N  EQJIPMENT was reduced during the past 

, 

256 

year due to  improved feedwater deaeration and installation of a . 256 
SUl3l .r  trap. 

257 CORROSION OF WELDS AT TRAY SUPPORT RINGS was seen f o r  the first time 
i n  an extraction tower during inspection of Unit 23. 

UNIT COST OF REWORKING degraded heavy water has been determined. 259 

260 



En g in  e e r i n g Ass i s  ta n c e . S  u mma ry 

Raw Materials Technology 

PITTING REJECT R4TE FOR MAREl VII-A-SRP SLUGS increased from 0.55 t o  
about l2$. 

. Am EDDY P E E ? E W I O E 3  TESTES has been used t o  inspect the outer 
cladding of 10,Ooo -sIIp slugs. 

Q J J . .  AND FmSKING YIELDS of single-weld Mark VII-A-SC slugs were 
equivalent t o  thos standard double-weld slugs. . , 

MARK V I - J  AND MARK VI FUEL TUBE YIEISS were 86.8s and 92.s. 

MEAsuREMEmT OF BOT W S  ozi fuel  tubes is now possible using an ioni- 
zation chamber attached t o  the Building 3 2 1 - M  fluoroscope. 

THE AISHA OXIDE MOmoHyDRATE produced on ammonia-treated 
fue l  tubes has a possibly undesirable fibr 

GRAPHITE MOLDS fo r  Li-Al  b i l l e t s  show considerable deterioration. 

ONE-PmE BOTTOM END FITTINGS were adopted for  control rods. 

For 
de tails 

see 

307 

310 

313 

306 

317 

317 



. . . Engineering Assistance Summary 

For Ehgineering Assistance 
details 

see 

321 D-COLLIMN POISON -PIA!E absorbed thermal neutrons satisfactorily. 

AIP AU!FOMA!TIC FIIM BADGE READER is undergoing evaluation. 

A ATLSE-TYPE READER FOR POCKET DOSIMFllERs offers several advantages 
over the string electrometers now in use. 325 

C m  FOR USE Dl IRRADU!J!ING COBALT -PELLEIS have been designed. 

R& TEEAT PRODUCE SOLID SWARE SPRAY PATTERNS have been tested ;or 
use in flooding the reactor room floor t o  cool a dropped fuel  element. 

AN ASSEMBLY OF FOUR STEEL SLeEvEs on 3" centers appears satisfactory 
for  use in taming mechanization in Building 313-M. 

MARK VII-A EKES FAIIED st later than expected internal pressures in 
hydraulic burst tests. 

IRRADIATED SUES WITH CO- MARK VILA CORES showed large length 
decrease and warp increase as c a p r e d  t o  control slugs with rolled 
cores. 

328 

330 

330 

332 

332 

338 

MARK VII-A, SLUGS FAILED during Apfil. 

TEE DouBLe-EEsD SUJG WEISIKG MACHIME has been modified and t e s t  w e l d s  
are now being made. 

' 



I 

' .  
Health Physics Su:rnm'aty 

*. * 

FUEL ELEMENT FAILURES presented major radiation control problems i n  
both plant l i f e  and environment. 

CONTROL OF RADIOACTIVITY RELEASE t o  the effluent stream was compli- 
cated i n  C Area by lack of freeboard i n  the seepage basins. 

25-PROCESS CONVERSIONS resulted i n  burial of highly radioactive ob- 
solete equipment, flooding of Sections 5, 6 and 7 i n  the hot can- 
yon and highway contamination. 

AIRBORNE C 0 N T " A T I O N  i n  F-Ares canyon sample aisle was traced t o  
opening of the hot canyon railroad tunnel door. 

HIGH LEVEL PIUTONIUM work was successfully continued in B-Line, H 
Area. 

BOMB FALLOUT continued a t  relatively high levels. 

For 

see 
details . - 

417. 418. 419. .. 422 

418 

407. 'cog. 
41 1 

407 

' 411 

41 6 
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Laboratories S u m k r y '  

I ,  : !  
...:,f /! 

AN ANALYTICAL PROCEDURE BAS BEEN DE?IELO& FOR THE D E E R M I R W I O N  OF 
MERCUFX IN MIDERATOR at  the ppb concentration level. 

2s-PROCESS EQUIP~ENT DEVELOPMENT AND PERSONNEL 
stant ia l ly  complete 

ANALYTICAL PROCEDURES FOR THE DETERMINATION OF 
ALUMDTUM U Y S  have been evaluated and are in 

THE 21-620 MASS SPECTROMETER HAS BEEN ACCERED 
in routine uperation. 

TRAINING & ~ e  Sub- 

MAGNESIUM IN MAGPJESIUM- 
use.. 

W M  THE VENDOR and is 

For 
details 

see - 
502 

503 

506 

507 

4 
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techn ica l  Assistance 
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Reactor Performance Summary 

C Area R Area P Area L Area K Area 

Fuel (No. of Elements 
and Mark lumber) 

Maximum Pouer Attained, $ ' 86 
-age, f 91 .4 
Shutdovns , lo. 

Charge-Discharge 1. 
Unscheduled 1 

Effective Tubes, avg lo. 474 

Activity. 1000 c/m/ml 220 
Conduct ioitJr, nticromho/cm 0.60.. 

Isotopic P u r i t y ,  mol $ D& 

E# Mded (Drums), l b  22 
Turbidity, ppm 100 

Power a t  whlch Computed. $ 84 
Process Water Temp. *C 

Moderator 

Deuterium Generation, scf/day 16.8 

H S  Removed (Di8t lUat ioh) .  lb 219 
99.67 

EX Data (avg of a l l )  

EX In le t  86.2 
HX Outlet 37.4 

EX Outlet 71 07 
HX In l e t  15.8 

Cooling Water Temp, 'C 

Heat Transfer Coefficient, 
P e d ( &  1 (ft2) ( *e 1 560 

Heat Removed by Shields, $ 0.25 

86 85 85 87 
82.1 73 02 84 .O 80.4 

0 1. 1 0 
4 6 2 5 

470 1 472 464 * 524 

322 235 104 240 
0.06 0.10 0.15 0.0% 

28 33 36 45 
99 65 99-68 99.66 99.80 - 
123 5 1  80 58 
22 20 61.5 20 

3 50 115 37 10 

79 

-85.5 
39.5 

72.3 
18.8 

575 
0.25 

80 84 

85.7 . 86.3 
40 .O 37.1 

71 -7 70.6 
19.4 15.8 

546 543 I 

- 0-33 . 0.27 

77 

81.9 
38.3 

67.9 
17 9 

516 
0.12 

Plenum Pressure. ps lg  96.4 99 .o 96.3 100.0 . 87.0 
Cooling Water Plow. $ 964 975 990 989 980 
Total Process Water Plow. $ 1020 1011 1015 1003 1065 
Fuel Flow, $ 958 9% 955 942 .998 
Avg Channel or Element Blou, $ 

Zone I O.lCrC5 0.- 0.454 0.W7 0.439 

Zone I11 291 . 289 293 .288 
zone IV .269 . 210 270 0208 0 

zone v . a 3  0175 . 211 0 193 0 

zone h 0.176 0.267 0.175 0 0 

Spikes 1.58 1.58 - 1.58 1.62 1.47 
Sparger-Jets 2.67 2.67 2.67 2.67 2.62 
Special VI-J 0 0 1.60 0 0 

Zone If .362 373 0367 0359 0 . 341 
0 

Charge-discharge was in i t la ted  folloulng a fuel  failure.  
** High value associated u l th  R-6 startup. 
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-_ OPERA!l!IIOG SUMMARY f 

Operation of R-5 cycle continued a t  power levels of 81 to 86$ unt i l  the 
cycle was terminated by a Mark VII-A fuel element failure on April 21 a t  
an exposure of 35.55. Reactor operation was also in tempted  by a Mark 
VII-A fuel failure on April18. The subsequent reactor shutdown lasted 
31 hours. 

I n i t i a l  c r i t i ca l i ty  for  the R-6 cycle was attained on April 25, and B 
power level of 7% was achieved 
cension is continuing. 

il 29. The R-6 i n i t i a l  power 8s- 

Operating power levels during the April portion of the R-5 cycle were 
limited by approach t o  the pump shaft break and elbow cavitation tempera- 
ture limits. 
operating l imits i n  the following table. 

Typickl and maximum operating conditions are compared Kith 
4 

Condition 
BulkModerator, O C  

Pump Shaft Break, O C  

Reactor Effluent, O C  

Channel o r  Quadrant EffXuent, O C  

Mark VII-A 

Mark I 
Mark VI-S 

Observed Values 
*. Limi t  , Typiical* Maxirmrm 

101 96 98 
110 110 110 
90.5 88.4 89.2 

105 99.2 100.3 
103 92.2 95.8 
105 98.2 99.2 

Burnout Safety Factor' 
Mark VII-A 1.4 2.7 2.0 
Mark VI-S 1.4 3.0 2.9 

Mark VII-A ' ISOH 1 130 137 
Mark VIyS 1€Q 131 

Sheath Temperature ,  ' C  

00366 0.00302 0.00321 
0 00224 0.00185 

,Number of Effective Tubes 0 

Power, 6 0 83.5 0 

EXPOsure, 6 0 23.9 0 

River Water Temperature, O C  0 17.5 - 
* R-5 cycle, April 6. 
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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 f 0.03 to reduce sheath 
temperature in the lower half of the Mark VII-A fuel columns. 
top ratio will be adjusted as thecycle progresses to correct for fuel 
burnup.) 
ure rate. 
perature is being attained w i t h  this method of operation. 

(This roof- 

This action has been taken i n  an effort to reduce the fuel fail- 
A 5' to 10°C reduction in the maximum Mark VII-A sheath tem- 

ASSEKBLY 

The following table lists components charged and discharged during the 
R:5-6 outage and lists components recycled in the R-6 charge. 

Components Charged 
Fuel Elements 
Msrk VII-A 
Mark VI-S 
Mark I 
Mark V (TA 1-723) 
Mark' V-A (TA 1-707) 

MarlcV (Zr Clad) ( T A  1-735) 
. SPR (TA 1-744) 

Discharged Recycled 

Total 4 

Control Rods 
1.0$, 17-Sl~g 
3.5$, 16-Sl~g 
le%, 841% 
1.5$, 6-Sl~g 
3.5$, 6-Sl~g 

Total 4 

Miscellaneous 
Target Thimbles (TA 1-654) 
Insulated Slugs (TA 1-687) 

* This Mark VII-A element was charged on April19 to replace a 
4 - 6 9  1O-Sl~g Shadow Rods 

failed fie1 element. 
x+ Fuel and targets autoclaved 40 hours and steam dried 9 minutes. 

MODERATOR 

Laboratory analyses of moderator isotopic purity increased abruptly on 
April 13 from 99.64 to 99.68 mol $. Laboratory results for the 15-day 
period prior to 'the increase were' almost constant at 99.64 mol $. Analy- 
ses remained at approximately 99.68 mol $I 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 

. 

... __...- ..---d 
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in the normal sampling techniques. A, pro 
more meticulous control of sampling and s 
termine the cause of these abrupt changes in  the indicated isotopic purity. 

ing during m y  to de- 

FUEL ELDENT FAIwlREs 

Two Mark VII-A fuel fai 
cycle. 
lowing table. 

ccurred during the April portion of the R-5  
Pertinent data concerning the failures are summarized in the fol- 

R-5 Fuel Element Failures 

Failure Number + 52 55 

Date 4/18 4/= 
Coordinates ( X,Y) 19,a 
Channel D 
Type Fuel Elqent 

Reactor EQOSU~~,  6 34.6 35.5 
 ax slug Power in Channel, $ 
AT Increase, O C  2.7 4.4* 
Flow Decrease, Segmental Recorder, 8 1.75 2.0* - 

Ingot VII-A-SRP Ing; 

0 . 00300 0.00308 

, "  
Activity Dgcrkses, 8 

' Low Energy Gamma 07 40 
Blanket Gas 276 50 
Seal Head Tank 173 0 
Single Channel Gamma 8 0 
Delayed Neutroq 0 0 

Inoperative 

before shutdo 

ed in faildl fuel ele 
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. _. DISASSEKBLY - DECO"ATION FACI~ZTY 

which have occurred i n  R-Area since the long shutdown (July 15, 1958). 
e following tabulation describes the current status of all f'uel failures 

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

Date of 
' Failure Failure 

No. and Type* s ta tus  
Q-tube i n  isolation tank contains.19 slugs. lbd 
f i t t i n g  has not been removed. 

31 10/21/58 Q-tube ih isolation tank contains 24 slugs. End 
(Dingot) - f i t t i ng  has not been removed. 

34 12/31/58 
(Dingot) 

36 2/6/59 
(Dingot) 

37 2/9/59 
(Dingot) 

38 2/22/59 

39 2/26/59 
(Dingot) 

- 3/10/59 

52 4/18/59 
(Ingot) 

55 4/u/59 
(Ingot) 

(Dingot) 

SPR 

Q-tube in isolation tank contains 28 slugs. End 
f i t t i n g  has not been removed. 
Canned for  sh ipen t  to high level cave. 

Shipped t o  high level cave. 

Q-tube i n  isolation tank contains 50 slugs. 
tube was dropped and is damaged t o  the extent that  
the remaining slugs cannot be removed by standard 
methods. End f i t t i n g  has been removed. 
Shipped to high level cave. 

Q-tube in isolation tank contains 5 slugs. All . 
slugs are stuck. 
Shipped t o  high level cave. 

Q-tube i n  harp in disassembly basin. 

Q-tube in isolation tank contains 16 slugs. 
f i t t i n g  has not been removed. 
Q-tube in harp in disassembly-basin. 

e 

The Q- 

. 

End f i t t i n g  has been r d v e d .  

End 

* A l l  fai lures were Mark VII-A-SRP except fo r  the failure of March 10 
which was a Technical Division Power tube. 

An air-water mixture was flushed throw the decontamination f ac i l i t y  via 
the filter vessel (bypassing the anion and cation deionizers) on April 7 

~ i n  an effor t  to reduce the radiation levels a t  the D-3' valve, the f i l t e r  
i n l e t  l ine  and the discharge line. 
fobowing table. 

Results of the purge are shown in the 
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EQUIPMENT IbPBOVEMENTS 

Discharge Line 12 1.2 
F'ilter Inlet Line 10 3 

The following table sukarizes the equipment changes which have been made 
i n  the decontamination fac i l i ty  during April. 

k 

- Date Component Type Change 
4/J2 Anion Regenezkt ed 
417 Filter Replaced 

417 Cation Replaced 

4/21 , Fi l te r  Replaced 

Radiation Intensity 

1.5 rlhr a t  3" 
0 mr/hr, a t  6' 

4 

0 Installation of individual count rate meters and alarms i n  the cooling 
water gamma monitor system was completed. ~ 

. !  
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PAREA 

OPEWTTNG SUMMARY 

The reactor was operated a t  power levels of 79 to  8% during April. 
cumulative exposure of the P-6 charge was 37 .76  a t  the end of April. 
Shutdowns occurred on April 3, April16, April 21, and April 30 because 
of Mark VII-A fuel failures. Reactor power was limited by pump shaft 
break and Mark V I L A  channel effluent temperatures. Operating limits 
and observed values fo r  April were as follows: 

The . 

Observed Values 
Condition Limit Typical* Maxirman 

Bulk-Moderator, O C  . X O l  95.2 99.0 
Pump Shaft Break, O C  110 108.8 110.0 
Reactor Effluent, O C  92 88.0 90.0 
Channel o r  Quadrant Effluent, O C  

j _  

100 98.7 Mark V I L A  
Mark I 
Mark VI-S 

Bumout Safety Factor 
Mark VII-A 
Mark VIiS 

Sheath Temperature, O C  

Mark VII-A 
Mark VI-S - 

Slug Power, Q 
Mark VII-A 
Mark I 

N u m b e r  of Effective rubes 
Pow-, 6 
Exposure, 6 
R i v e r  Water Temperature, O C  

4 

100 . 0 
100 . 1 105 98.6 

103 88.4 92.6 

1.4 2.6 2.4 
1.4 3.1. 2.3 

leO* 135 140 
160 125 133 

. 0.00366 . 0 .OO319 0.00341 
0.00224 0.00160 0 . 00179 

0 471 0 

0 83 - 
0 28.1 0 

0 16.3 - 
* P-6 cycle, April15. 

' ~ -wc Limit is local boiling if it occurs below 180°C. 

FUEL EU"l FAILURES 

Four Mark VII-A Atel failures occurred during April. 
taining t o  the failed elements is'presented in the following table. 

Information per- 
- 

.. 



P-6 Fuel Element Failures 

released i n  the emergency basin. 
3 slugs were removed from the bottom of channel C with the slug removal 
tool. 

The bottom end f i t t i n g  was cut off and 

The remaining slug (17th from the top of the column) could not be , 

Failure Number 3 49 

Date 413 
Coordinates (X,Y) 34.54 
Channel D 
Slug Position from 15 
Type Fuel Element Mark V I L A  MPrk V I L A  

Ingot Ingot 

53 
4/21 
30D42 
C 
17 
Hark V I I - A  
Ingot 

-59 
4/30 

D 
UnknOWl** 
Mark V I I - A  

15D45 

Ingot 

19.8 28.7 31.5 37.7 Reactor Exposure, $ 
Slug Power a t  Time of Failure 0.00285 0,00256 0 00253 0.00273 

AT Increase, .Ct 

I 

( M a % )  ( M a )  I 
4.4 1.5 2.8 3 -0 

Flow Decrebse, Segmental Recorder, $ 0 0.8 1.0 0 
1 

Activity Increases, $ 
Lou Energy Qamma 
Blanke t Qas 
Seal Head Tank 
overrlou ~ a n k  
Ten-Minute Delay Line 

Single Channel Qamma 
Delayed Neutron 
Cyclone Qamma 
Drip Pan 

0 
25 
14 
6 
4 

12 17 

19 14 
0 3 
11 3 

16 24 

& 0 0 4 
0 0 0 0 
Inoperative Inoperative 10 6 
Inoperativett 21 t t ? 

Quatrefoil in fuel railure container. 
** Quatrefoil w i l l  be put in a fuel  fa i lure  container. 
t Based on comparison with previous lkpolnt temperature data. 

tt A small par t ic le  collected in the d r i p  pan showed an activity of 2.5 r/hr. 
+ Response obtained with moderator but insignificant response from fa i lure  

because the instrument was on an insensitive scale. 
tt Element has not been discharged from reactor. 



ASSEMBLY 
.' 

Small pin holes were discovered in the top end f i t t ing welds of four 
' quatrefoiImhen water squirted from the holes when the assemblies were 

hydraulically tested for individual channel flow. The quatrefoils have 
been rejected for reactor use but-will be saved for metallurgical exami- 
nation. 
P-7 cycle. 

# 

. 

These quatrefoils were being assembled for irradiation in  the 
I 

4 



61 

LAREA 
s 

op.ERATR?G SUMMARY 

The L-4 cycle w a s  terminated on April 1 at an exposure of 33.615 when a 
Mark VII-A f i e 1  failure occurred. 

Initial c r i t i c  the L-5 cycle was attained on April 5 .  The reac- 
r levels of 80 t o  854 during the-month. Reactor 
Quadrarrt effluent temperature l imit  and the pump 

ca l  and maXirmrm operating conditions experienced 
during A p r i l  are compared with the operating limits in the following 
table. 

Observed Values 
Condition . Limit Typical* Maximum 

Bulk Moderator, O C  90.6 94.7 
Pump ShaFt Break, O C  107.7 109.1 
Reactor Effluent, 'C 85.6 88.4 
Channel or Quadrant E 
Mark VII-A 100 96.8 99.9 
M a ' r k I .  105 96.6 .? 99.4 
Mark VI-s - 103 96.5 99.5 
Mark V I 4  103 08.5 91 

1.4 4.0 3.3 
Mark VI-S , . 1.4 3.3 2.4 
Mark VI-J 1.4 3.6 3.2 

0 
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Six unscheduled s h u t d m  occurred during the month. 
shutdown and the equivalent l o s t  time at nominal parer are l i s ted  in the 
following table. 

The cause of each 

Reactor Shutdowns 
Power Level Time 

Before Lost, - hours - Date T k e  Shutdown, $ Cause 
4/6 9:08 AM 43 S-Foil Header Pressure - Low. In- 8.2 

stnzment mechanic inadvertently 
bumped supply valve control, and the 
valve closed. 

sibly hydraulic noise in S-foil 
header pressure instrumentation. 

sibly hydraulic noise in S-foil 
header pressure instrumentation. 

5:20 PM 65 S-Foil Header Pressure - Low. Pos- 5.7 

' 4/7 =:os AM 65 *S-Foil Header Pressure ' -  Lw. Pos- 31.25 
4 

4/21 4:OO PM 02 Heat exchanger failure 81.8 

4124- 3:2S EM 2 Heutron Flux - l l O $ .  High Level 3.2 
Flux Monitor spike - cause ualcham. 

4/26 1 : l O - P M  80 Mark VII-A fuel f . 45.0 
* See Heat Exchanger Leak section of t h i s  report. 

wc See Fuel Failures section of this report. 

The cause of the "S-Foil Header Pressure - Low" scrams is being investi- 
gated. 
with a s t ra in  gage pressure c e l l  and high-speed recorder. The average 
pressure at 785 power is 78 psi with variations between 71 psi and 81 psi. 
The frequency of the varistions is about t w o  cycles per second. The se t  
point for  the Scram If circui t  is currently E$ belar the average header 
pressure rather than the normal sett ing of lo$. 
section of this report fo r  further details.) 

. The pressure variations In the S-foil header have been measured 

(See Engineering Studies 

One hundred and four quatrefoils with perforated bottom end f i t t ings  were 
charged t o  the reactor for  irradiation 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. 

. .  
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The following table lists the components charged and discharged during 
the L:4-5 shutdam, nts t o  b s l e d  in L-5. 

, 

. I  
Components ischarged Recycled ; 

Fuel Elements 
Mark VI-S 
Mark VI-J (TA 1-714) 
Mark VII-A I 

. Mark1 I 

Total - I 

1 

I 
I 
I 
~ 

I 
I LO$ 16-Sl~g 

14.4s 16-Sl~g 
1.5s 8-S l~g  

3.5s 16-Slq I 

1 
1.55 6-Sl~lg I 1 

i 

.. 
I 

Miscellaneous 
4 . 8  1O-Sl~g shadar Rods j 
IGFM Instnrment Rod ('PA 

Septifoil-, 2-Piece, Type B s 

I 

Replaced because the septi  contained I 

1-704) 
# 

* Includes 104 with perforate 
fittings (TA 1-732). 

a broken control rod t ip .  j 

i .I HEM? Exc"GEFl LEAK 

The reactor was shut down at 4:OO 
water leak (three 

AM on April 20 when 

full scale un t i l  

onfirm the leak. 

on April 21 shared the tritium content t o  be less  than 0.5 microcurie 
per l i t e r  (the lowest value the laboratory w i l l  report). However, the 
number of counts (5-minute counting time) registered by the instrument 
for samples front the leak at exchanger was approximately double 
the d u e  for the control es for  nearly every se t  of sanples (see 
following table. *-JJ=mBDxjg$@g@fi L.llr, -- 

k'...V-!m..-. .. 
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Tr i t i um Content of Cooling Water Samples 

Heat Exchanger + 3A 4A* 4B 
Date , Time pc/e counts- pc/a counts- pc/a counts- 
4/20 7:15 AM cO.5 0 <O.S 0 X0.5 0 

- 
8: 15 CO.5 309 KO.5 650 <O .5 246 
9:15 X0.5 276 (0.5 601 < O S  257 

10: 15 <0.5 .. <0.5 0 XO.5 0 

u:15 < O S  286 x0.5 641 <0.5 260 
12:E PM <0.5 0 g0.5 0 < O S  0 

1: 15 XO.5 277 x0.5 584 <0.5 295 
2: 3.5 < O S  298 <O.S 699 <0.5 280 
3:15 < O S  280 <O 05 744 X0.5 365 
4: 3.5 <OS5 609 XO.5 712 a 0 5  270 
5:15 (0.5 561 XO.5 741 c0.5 402 
6: 15 g0.5 ' 254 0.51 774 C0.5 3 69 
7:15 <0.5 447 <O.S 750 (0.5 648 
8: 15 c0.5 316 <O .5 750 <0.5 464 

10: 3.5 <0.5 270 ' 0.57 816 <0.5 248 
u:15 <0.5 256 X0.5 754 < O S  254 

9: 15 <0.5 448 0.68 916 <0.5 318 ' 

4/21 l2:E AM < O S  290 0.51 U 9  <0.5' 
1: 15 <0.5 520 0.55 1202 X0.5 
3:E <0.5 652 * <0,5 -ll22 XO.5 
5:15 0.53 791 0.99 1221 0.52 
7: 15 <0.5 642 0.98 1230 <0.5 
8: W c0.5 508 0.60 lo15 CO.5 

10: 15 KO.5 365 0.80 1045 KO.5 
l2:E PM <0.5 606 0.53 1014 <0.5 

* Leaking heat exchaager. 
iw Total  counts for a 5-mim;lte period. 

434 

678 
782 
598 
453 
315 
686 

523 

3. The cooling water flow t o  the probe hausing was valved off and the 
resulting decay observed w i t h  both the 4A and 4B instrument probes. 
The possibility of instrument error was eliminated by checking the 
decay with the 4B probe in the 4B housing. The results are l i s t ed  
in the following table. 

/ 

f CWGM Activity Signal 
(L Area, April 2l) 

C o u n t  Rate, counts/min 
Time After ,4A Probe In 4B Probe In 4B Probe In 

Valve Closure, 4AHausingat: 4AHoushg 4 B H a u s l n g  
min 8:45 AM 2:3Q PM. at 8:45 AM at 2:30 PM 

. o  270 240 175 
2 225 i95 3.50 

180 3.26 
108 

4 .  . 
6 . 180 165. 
8 165 ls3 99 

99 lo 160 153 
3.2 155 150 . 
14 155 150 

0 .  

- 
0 
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Examination of the coollng water gamma monitor recorder chart and calcu- 
lations based on l&oratorytri t ium analyses indicated that the heat ex- 
changer had been leaking at a very l o w  rate ( a g p r o e t e l y  0.8 gallon per 
day) at  least since t h  of the E5 e on A p r i l  5.  The average 
leakage rate for  .the 3,l gallons per day, 
and the t o t a l  moderat 
of shutdown w a s  calculated t o  be 3.6 gallons. A leakage rate of 0.8 gal- 
lon per day between April 5 and April 20 gives a calculated t o t a l  d e r -  
ator loss of 15.6 gallons framthls heat exchanger. No Aoss was detected 
by moderator inventory, 

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

Inspection of the cooling water expassion Jo 
showed p i t s  10 t o  18 m i l s  deep on one of the'two stainless s tee l  flange 
faces. These p i t s  were similar t o  but less  severe +an those observed on 
the flange faces of the expansion joint removed from System 3B last mon$h. 
The p i t s  are presumably caused by chlorides present in the asbestos gasket 
material. 
Assistance Section and is reported in detai l  in the i r  report. 

s before shutd 
between the time of the alann and the time 

removed fm system 

Inspection of the flanges and gaskets was made by Ehgineering 

FUEL FAIIXTHES 

Two Mark V I L A  fuel  element failures occurred during the month. The first 
failure ( S F 2  47) was an SRP dingot slug ( less  than 3 ppn &) located in 
channel By position Xl4,Y66. The reactor was shut dam at 10:02 AM, April 
1, at a reactor exposure of 33.61s. ,During the 24-hour period prior t o  
the failure the maxiplum slug power in the channel was 0.00280$, the PPSXI- 
wl~ll sheath temperature was 142OC, and the maximum uranlum metal tempera- 
ture was SOOOC. There had been two unscheduled shutdams during the cycle 
prior t o  the failure. The ill! increase-for this failure was very gradual 
and was not detected u n t i l  the flow monitor recorder shared a decrease of 
& and the blanket gas act ivi ty  began'to increase. 

The second failure (SRP 57) was 
position XlO,Y48. The reactor was shut down at 1 : l O  PM, A p r i l  26 at a 
reactor exposure of 12.654. During the 12-hour period before the failure 
the msximUm slug power in the chamel was 0.00284$, the maximum sheath 
temperature was 132°C, and the maxinnm! uranium metal temperature was 280OC. 
There had been four unscheduled shutdowns prior t o  the failure. The first 
three occurred in a 30-hourpriod *edlately a f te r  i n i t i a l  c r i t i c a l  and 
before nominal reactor parer had been r e  

The first indication of the fallure was a sharp increase on the blanket 
gas'activity recorder and the low energy gamma monitor recorder. The lo- 
cation of the failed element~was established by sumelllance of the tem- 
perature and f l o w  recorder charts. 
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t 
I 

Instrument response on the two failures i s  sunmarlzed in the owing 
table. 

r 
I 

-... 
Fuel Failure Instrunent Response i 

Response 
Instrument Date of Failure 4 AprU 1 April 26 

A c t i v i t y  Monitors, $ increase 
S i n g l e - C h e l  G a m a  Monitor 5 7 
Delayed neutron Monitor 0 14 

33 >$e 
0 15 

Blanket G a s  
Overflow Tank Room 
Seal Head Tank 36 40 
Law Energy G a m a  Monitor 21 >92 
10-Minute Delay-Line %* - 42 

Temperature Monitor 
Chnnnel m! Increase, 'C 2.7 3.0 

Flow Monitor 

* Initial response occurred just a f t e r  shutdown. 
Total Flow Decrease, $ 1 3 

f 
i 

i 
I. Both failed'elements were placed in failed fuel element containers and 

moved t o  positions adjacent t o  the M c a n a l .  Gaseous fission products 
were vented into the process room. 

The Kanne chamber Indicating stack e-ust act ivi ty  showed an increase of 
a factor of 5 on the f irst  fai lure  and a factor of 100 on the second. 
However, prior t o  the connection of the vent l ine  on the first failure 
bubbles froan the failed fuel  element container caused radiation levels of 
60 mrad at one foot above the surface of the basin water. Radiation from 
the vent pipe on the f i rs t  container increased t o  1000 mad at 3 inches 
and t o  1500 mad at 3 inches on the second. Water act ivi ty  in the D&E 
canal increased by a factor of 14 on the f i rs t  failure and by a factor of 
4 on the second. 

The failed elements have not been disassembled. . 

I 

I 

i 
1 
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INSFEC'lZON OF FAILED 

.. The heat exchanger ( failed in System 3B on 

the first 

s tube is in the bottom row of tubes but it 

March 24 has been reI.raired. The leak occurred 174 
ess water inlet  end (midway between the inner tube 
baffle plate) of tube 
of the heat exchanger. 
is not one of the c 
t ional  failures in 

The failed tube was located by a "FreoiP leak detector while the shell  
side was pressurized v l th  a mixture of "Freontt and nitrogen, The posi- 
-t ion of the leak in the tube was determined by passing a rod with a 
plunger on the end through the tube while using the "Freon" leak detector 
t o  indicate when the plunger passed the point 

V i s u a l  iaspection of the failed tube.along it 
that the failure was not caused by vibration of the tube against a baffle 
o r  by vibration..of debris against the tube as was the case in a l l  of the 
past heat e x c w e r  tube failures. 
inspection of the bottom surface of the failed tube in the vicinity of 
the leak did not reveal a hole or crack in the tube. 
therefore that the leak occurred in the top surface of the tube which 
cannot-be inspected visually without removing the tube. 
tube will be removed for  metaJJurgical examination t o  determine the cause 
of failure. 

hes from the proc- 
e t  

as viewed from the process water outlet end 

h has been susceptible t o  vibra- ions 

length revealed 

Visual inspection and dye. penetran4 , 

It is presumed 

The section of 

I 
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. OF'ESATINGSUMMARY 

The reactor operated at a maximum power level of 855 during April. 
cycle was interrupted on-Pgril 1 when a shutdown was init iated to  dis- 
charge e failed a r k  VII-A fie1 element (see Fuel Element Failure section). 
The return to  power was delayed f o r  replacement of the thrust seal  in 
Singham pump number 5. 

A second Eizsrk VII-A fuel element failure was detected a t  17.6$ power dur- 
ing the power ascension. 
signal and the failed element was discharged. 

The K-3 cycle exposure at the time of these failures was 28.34. The to ta l  
los t  time at  1004 nominal- power, due t o  both shutdowns, was approximately 
97 hours. 

A scheduled shutdown terminated the K-3 cycle from a power level of 82$ 
on April 20 at an exposure of 39.94. 

K-3 

The 'reactor was shut down by a "Very Low Flow" 

Power levels in 'the K 4  cycle durhg A p r i l  were limited by +e pump shaft 
break temperature l imit .  
K-3 cycle are compared with operating l imits i n  the following table. 

Typical and maximtnn operating conditions for  the 

Condition 
Bulls Moderator, O C  

PLmrp shaft Break, *c 
Reactor Effluent, O C  

Channel or  Quadrant Effluent, 'C 
Mark VII-A 
Wrk VI-S 
W k  I 

b r k  VILA 
Burnout a f e t y  Factor 

Sheath Temperature, O C  

Mark VI-S 

mrk  VILA 
b&k VI-S 

slug mer ,  4 
Mrk VII-A 
Mark I 

Number of Effective Tubes 
Power, $ 
Escposure, 4 
River Water, O C  

Limi t  
101 
ll0 
91 

100 
103 
105 

1.4 
1.4 

180- 
160 

0 .Om66 
0.00224 

0 

0 

0 .. 

Observed Values 
Typical* Maximum 

96.5 98 .O 
108.7 110 .o 
85.5 - 86.7 

98 .O 99.7 
85.6 87.4 
98.5 99.9 

3.15 2.48 
3 .ll 3 .ll 

140 148 
121 122 

0.00301 0.00312 
0.00145 0.00152 

464 0 

82 
34.141 .. 
17.1 0 

- 
. .  

* K-3 cycle, 4 r i l  13. 
O r  local boiling, 160°-1750C. 
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Initial c r i t i ca l  for the K-4 cycle was atta 
following control rod configuration: 

April 23 w i t h  the 

. .  cang - -  I I1 
F'uU Rod, VU 2402 2402 
Par t i a l  Rod, vu 0833 0833 0770 

All clusters conta 

Operation db ing  the K-4 cycle was limited by the quadrant effluent t e m -  
perature l i m i t  in the h r k  I fie1 elements and by the h r k  V I L A  fuel 
element sheath temperature l imit .  The Mark V I L A  fuel element sheath 

cycles. 
repbrt 1 

i 
I 
/ 
i 

I 

i 

temperature l i m i t  was changed from 180°C t o  135'C for  K-4 and subsequent 
(For details refer t o  the Engineering Studies section of ' th is  I 

I 
4 

I I 

I j 

I 

i 

FLOW MONITOR 

The transducers w e r e  recalibrated for 285" &O for  K-4 cycle as a result 
of experience in  IC-3 cycle (see February report, DPSP 59-1-2, pp 81, 118- 
123). The average cold LP 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" G O ,  15" less than the IC-3 average. 'It is 
believed that the power coefficient is lower because the quadrant divider 

prevent interference between the quadrant divider and the monitor pin 
(see February report, DPSP 59-1-2, page 85; 

I 
I 
! 
1 

I 

' 

in the quatrefoil bottom end f i t t i ng  was raised l/8" for the K-4 cycle t o  
! 

i rep , DPSP 59-1-3, 

Since the t 
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hl Element Failures During April'(K-3 Cycle) 

Failure No. + 48 50- 

Date 4/1 4/4 
Coordinates (x, Y) 0 8 , s  15121 

D i n g o t  Ingot 

Channel B A 
Type Fuel Element VILA SRP VII-A SEZP 

Reactor Exposure, 5 28.3 28 .3 
Slug Power at  Time of Failure, $* 
~ i w n n  sheath Temperature, O C *  141 00 
LU! Increase in Offending Qannel, "C 4 e 0  1.1 
n o w  Decrease, Segmental Recorder, Q 2 .o 4.5 
Activity Increases, $ 

Blanket Gas W.6 .. 
overflow Tank 0 0 

Seal &ad Tank 0 0 

Delayed Neutron 0 .. 
Single-channel Gamma 0 - .  

0 .00285 0 .o0063 .. 

0 

4 
t Ten-minute Delay Gamma 4.5 

Low Energy GRXDIU& Not installed N o t  installed 

. * Maximum for the channel. 
* Failure occurled at lax power level during 

ascension following first failure. No act ivi ty  - 
increases were observed. 

A "Inw Flow"-alarm was received from the failed element position one hour 
pr ior  t o  the shutdown for discharge of the failure on April 4. 
actor was being returned t o  power operation following the failure of 
April 1 and the power level was 17.64 a t  this time. A f low reduction of 
3.55 existed as determined by coxupaxison of measured and calculated @'so 
During the next hour the "A" chamel LU! increased by l 0 C  and the flow de- 
creased an additional l$; 
alarm from the failed element. 

A comparison of the observed @'s prior t o  the shutdown with the previous 

curred on 4rfi  4. 

The re- 

Shutdown waa ini t ia ted by a "Very U y  Flow" 

four-point temperature data is presented below for  the failure that oc- i 
i 

Recorder Data (April 4) 1 

t Auxiliary Temperature i 

4-mint Data (mch 27) LE,. "C 
Channel m, O C  9:oo m 1o:oo PM 

A 53 .6 13.6 14.9 
B 53 02 12.2 ' 32.6 
C 
n 

51 .O 12 .O g . 3  
tn 7 11 a 1 3  -9 

t 
*." - .- . I  Y YU. I - 

Channel 
Aminus D 5.75 14.36 22 .l$ i 

i 
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- .  -DELETED - ._ ._ ___. +mRSI@j - . - - .- - 4-.& 

ASSEMBLY 

!be following table s 
shutdown and the c 

izes the componeq 
cycled in K-4. 

es during the K:3-4 

Charged Discharged Recycled 
f i e1  Rements 

Mrk VII-A 
Mark I 
Mark VI-S 

. Total-, 
Control Rods 

1.0$, 16-slug 
3-55, 1 6 - a ~  
14.4s 16-Slug 
1-55, 8-Slug . 
1.5$ 6 -S l~g  

4 

Miscellaneous 
4.9$)* 10-slug 
* Four neptunium oxide rods (TA 1-742) are being irradiated 
in the other sparjets. 

The neptunium oxide rods w e r e  charged dur 
failure on April 1. 
one contains five oxide slugs. 

port tube no 

e shutdown for the fuel 
Three of the assemblies contain six oxide slugs and 

The assemblies replace the shadow rod and 
used in the sparjets. 

I IREIZAB INSTRUMENTATION 

talled in the shutdown circuit  
s modified instnrment differs 
b e t h a t  the three safety cir- 

In the stand- 
is activated 
rod reversal 

the.associated recorder. 
re ion chamber during the 

separate magnetic amplifier relays. 
nitor only the fast shutdown cir  

re received during that 

n 

were attributed t o  malfunc- 
t ion of electronic amplifier tubes in the circuit .  Subsequent circuit  
tests have identified the ion chamber as the cause of this errat ic  be- 
havior. The 
D-2 chamber w i l l  be removed for inspection durinn the next scheduled 

This ion chamber has been in service since October 1954. 
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PUMP SEAL FAILURE 

The thrust seal  on the Bingbam pump No. 5 leaked'excesslvely during hy- 
draulic startup April 3. Attempts  t o  reseat the seal  to  stop the leakage 
by alternating the pump speed with the DC and AC motors were unsuccessful. 
This seal had been in service fo r  20 months. 

Replacement of the seal  delayed reactor startup for  27-hours. The cause 
of failure was determined by inspection t o  be abrasive wear of the s te l -  
l i t e  and carbon seal faces by particulate material. bbderatar turbidity 
is the most probable source of abrasive. 
condition. 

The O-rings were in good 

DISASSEMBLY 

The three neptunium oxide rods (TA. 1-683) were disassembied during April 
w i t h  an underwater rod breaker. One slug from the first rod had jammed, 
previously in a different rod breaker. Thirty-elght of the thirty-nine 
slugs were shipped t o  SRL. 
will be shipped t o  SRL for  processing when a large cask I s  available. 

' 

The breaker assembly with the stuck slug 

MOTION MEAsUREzam PElJDULuM 

The thermal shield was heated F d  cooled ,throughout a range of 25OC t o  80°C 
during the E3-4 shutdown t o  determine i f  mechanical restrictions occurred 
between the pendulum assembly and external meinbers at  operating tempera- 
tures, and to obtain a curve of pendulum motion versus shield temperature 
for  detelmining the zero power reading (or stress free reference) of the 
pendulum motion measurement instrument. 
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 instnnpent should 
show no cha,nge In motion. Actually, as  the shield was heated from 25OC t o  
S0C, the beam motion remained almost constant a d  the pedulum motion in- 
creased approximately 25 mils, thereby indicating that binding existed be* 
tween the beam and sane external member. 
l u m  and beam motion between 53' and 62.S°C indicated that the beam restric- 
tion was momentarily relieved, however binding again occurred as the shield 
was  heated f r o m  73' t o  77°C. 

The, pendulum and beam data ob- 

The l a r g e  change in both pendu- 

This test demonstrated that the K-Area pendulum is not operating properly 
and that it cannot be used t o  determine thermal shield staybolt stress 
unt i l  the binding is corrected. Shield heat load data will be used t o  
control t;hexma.l shield stress until the penduum is repaired. 

. .  
- 
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Pendulu and lam Motion. r l l r  
I I I 1 I I 

60 

I 1 

4 
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OPERATING SUMMARY 

The reactor operated at a maximum power level of 87% during April. 
operating conditions and limits a t  this power level were as follows. 

The 
~ 

Observed Values 
- Condition L imi t  Typical* Maximum 

Bulk Mderator, O C  101 94.9 
Amsp shaft Break, O C  110 108.8 
%actor Effluent, O C  104.2 88.2 
Quadrant Effluent, O C  ~ 

Bkrk VII-A " 100 99.3 
Mark VI-S ' lo3 99.2. 

Burnout Safety Factor 

Sheath Temperature, 'C 

Slug Power, Q 

Number of Effective Tubes I 529 
Power, 6 - 87 
Fxposure, Q 0 18.58 

bhrk VII-A 1.4 2.78 
Mark VI-S 1.4 2.35 

Mark V I L A  180- 140 
Mark VI-S 160 136 

Mark VII-A 0.00366 0.00294 ~ 

River Water, O C  0 15 .o 

98 .O 
109.8 
89.9 , 

100 .o 
102 .a 

4 2.73 
2.20 

146 
144 

0 .00308 .. - 
* C-4 cycle, April 15. 

W+ Or local boiling, U S o  t o  165OC. 

An unscheduled shutdown occurred on April 19 as a result  of a spurious 
signal t o  the VLF safety circuit .  Unscheduled shutdowns also occurred 
on April 21, 23, and 29 as a result of Mark VII-A fuel element failures. 
&e equivalent time l o s t  a t  f u l l  power f r o m  these unscheduled shutdowns 
was 41 hours for the spurious signal t o  the VLF safety circui t  and 100 
hours ( t h r o w  A p r i l  30) for the f'uel element failures. 

F U E L E Z E M E X T F A I L ~  . 

Mark V I L A  fuel element failures occurred on A p r i l  21, 23, and 29. 
f i r s t  failure was detected after attaining a power level of 826 following 
the shutdown on April19 from a spurious signal t o  the VLF 'safety circuit .  
The second failure xas detected at a 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 f i rs t  failure . The . third failure 
was detected after approximately 4 days of operation following the second 

The 

- failure. 
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Information pertaining to the failures i s  given in the following table: 

F'uel Element Failures, C-4 Cycle (April) 

- 

+ 56 58 Failure 
Date of Failure 4/21 4/i3 4/29 
Time of Shutdown 6:OS PM 4':20 AM 
Coordinates (X, Y) 44,78 u , 4 5  
Channel A A 
Type Fuel §lugs SRP Ingot SFS Ingot 
Reactor Eqosure, 4 22.049 22.135 

Increase, *C 4 00- 2 .$ 
n o w  Decrease, 4 1 .5 2 .o*t 

I In i t ia l  Indicator F l o ~ a n d ! C e q  VLE'Safety 

W Slug bwer in channel,* $ 0.00242 0 .OO245 

Seg Recorders Circuit* 
Activity, Increases, 4 

si@- 0 0 
si@. 0 0 

0 
0 

&la-d Neutron 0 
!kn-Minute Delay Line 0 
Blanket Gas 0 0 
overflow Tank Activity . . 0 0 
Seal Head Tank Activity 0 0 

2:04 PM 
22,l2 

me Ingot 
B 

25.940 
0.00293 
1.5 
1.8 

Monitors 
Activlty 

0 
0 

21 
13.5 
10.3 
0 

14.9 
* Maximum slug powers for failures 54 and 58 w e r e  calculated 

from data obtained a t  reactor powers of 824 and 794, re- . 
spectively, j u s t  prior t o  the failures. The slug power for 
failure 56 was calculated from data obtained on April16 at  
a reactor power of 874. No further slug power determina- 
tions w e r e  available for  this position before the failure 
was detected on April 22 at a FeaCtbr power of 52s. 

X+ The to t a l  increase in "A" channel M! was determined by 
d on April 16. 

higher than the next highest 
f 28s (the average of the other channel at  a reacto 

d been the lowest of the four. 

asured after shutdown 

e failed element. 
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The status of disassembly operations on the seven failed fuel elements 
s t o r e d 3  the disassembly basin is pkesented in the following table. 
first four failures occurred during the C-3 cycle and are stored in the 
monitor basin with the stop logs in place. 

The 

Msassembly of Failed Fuel Elements 

SRP Failure Number 
42 . 

43 

44 
46 

status 
The failed slug, the 14th slug froxu the top of the 
"D" channel, is stuck in a short section of the 
quatrefoil which has been placed in a closed con- 
tainer t o  prevent further contamination of the . 
basin. 
One slug is stuck i n  a short section.of the Quat=- 
f o i l  which has been placed in a closed container. * 
The slug position and channel ag-e unknown, although 
the temperature monitor indicated the failure t o  be 
In "D" channel. 
had a dark streak down one side and was also placed 
in a slug container. 
Iias not been disassembled. 
&e or two slugs are stuck in each of two adjacent 
channels 

A second slug, location unbown, 

54 The failed element is stored in a failed fuel ele- 

56 

ment container in the main basin. 
me fai led el&nt is stored on a hanger in the main 
basin. 
the quatrefoil, with a slight depression immediately 
below it, approximately one third'of the distance 
below the tap of the channel containlag the failure. 
The cause of the protuberance is unknown. 
The failed element 'Is stored in'a failed fuel ele- 

There appears t o  be a small protuberance on 

ment container in the main basin. 

The disassembly basin weir act ivi ty  durlng April averaged 0.84 X loo4 pc/cc. 
A maximum weir activity of 2.0 x lo-' pc/cc occurred on April 23 follow= 
h g  discharge of failure ntmiber 56. 

The basin ac t iv i ty-a t  various places near failure 56, wh is stored on 
a hanger in the main basin, is given In the following ~ for  A p r i l  30. t 

. -  
I .. ... 
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Actihty, pc/cc 
Surface of Water 0.96 x 10-4 
Top of Element 11.0 x 10-4 
Bottom of Element 1.2 x 10-4 

The .monitor basin activlty varied from a minimum of 0.15 X 
a maximum of 3.4 x loo2 w/cc during April and averaged approximately 
1.0 x loo2 pc/cc. 
because of the limited capacity of the seepage basin. 

pc/cc to 

However, pumping t o  the seepage basin was intermittent 

I 

4 



78 

En g t n e e r ing S t u d i er 

MARK VII-A FUEL FAIWTRES 

Failure History i 
i 
t 
I 

Thirteen Mark VII-A failures have occurred since last month (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 02. 
VII) are not included, but may be found in the Januasy monthly report 

Failure Frequency. Failures per lhillion slugs irradiated, and production 
loss from the various types of Mark VII-A slug failures are given i n  the 
table below. The failure ra te  for SRP ingot slugs in recent cycles is 
considerably higher than the over-all rate of 38.4. 

Similar data for previous failures (Mark I and Mark 

(DPSP 59-1-19 pp 93-96). 

. ' 

Failures per Failures $ Production 
No. of Million Slugs per Full Loss Due to  

Type Slug Failures Irradiated* Charge* Failure@* 

SRP Ingot (mt) 5 72.0 2.7 9.0 
ttgip Ingot (Std) 15 38.4 . 1.5 5 e 1  = Ingot 1 6 .O 0.23. 0.8 
ttglp Dingot - 12 165 .O 6.3 18.7 

Recent SRP Ingot 
(R-5, P-6, Lk4, IC-3, Cg4) 13 92 3.5 11.3 

All Types 33 47.1 1.8 6.1 

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

Days Lost per Cycle Due to Failure 
50 + dam lost * 

** $ Production Loss = 

Basis: 44 hours (1.83 days) average b s s  in production time 
per failure,  38,000 Ma;rk VII-A slugs per full reactor 
charge, and 50 days average cycle length. 

t -4 Production" slugs manufsctured during Wch-June 1958, 
when high A l S i  penetration rejects occurred during canning. 
("Standard" SRP ingot slugs are those manufactured after 
June. 1958 ) 

tt Based on the assumption that failures 36 and 44 are dingot 

. 

slugs. 



79 

Types of Slugs Currently Being Irradiated. 
being irradiated are shorn in the following %&%le. 

types of slugs currently 

Shutdown Number of Slugs - cycle Dfi te  SRPIngot sc Ingot 
R-6 6/13/59 35,760 1,520 

L-5 5/20/59 34,080 3,360 
P-6 5/11/59 14,880 22,560 

K-4 6/11/59 37,440 0 
c-4 5/15/59 44,640 0 

Slw Failure Examination. Me lographic e- ion of failures 37 a d  
39 (both dingots) was continued i n  the High Level Caves; however, the 
cause of failure has not been determined. 

The following table shows the order i n  which the recent failures will be 
examined. 

Examination Failure . 
R i o r i t y  Number  Type Slug Cycle status 

1 41 SRP Ingot P-5 Delivered t o  High Level Caves 
2 49 P-6 Ready for Shipment t o  High Level 

3 43 SRP D i n g o t  C-3 Ready for Shipmenteto High' Level 

SRP Ingot C-3  Ready for Shipment t o  High Level 4 42 

5 ~ 53 P-6 Ready for Shipanent'*to High Level 

6 SRF Ingot c-4 d from Quatrefoil 

cannot be shipped until the a c t i v i t y l n  the isolated basins has 
been reduced. Isolated basin activity should be decreased suf- 
ficiently t o  allow shipment of P-Are 

Cave@ 

Cave* 

Caves* 

Caves* 

* These s isolated in the res ve disassedaly basins and 

S ~ S  by M8y 15. 
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History of Mark VII-A Slug Failures 

L Y  Days 
Bail- Pouer. $+* Exposure. $ CO- Irra- 
w e  Type Reac- Per Reac- Per Gang ordi- Posi- di- 
Ho Cycle Date Slw* t o r  Foott tor  Foott No. d nates t ion ated 

27 P-15 6/14/58 S k A  69.6 3570 19.5 1175 III 33.75 Att 28. 
28 ’ P-15 6/21/58 SRP 70.4 3350 23.0 1295 II 13.39 A-11 35 
29t P-15 6/23/58 SRP 60 2640 23.3 1256 11 15.57 Btt 37. 
30 R-2 10/13/58 SRP 68 3210 15.4 64.4 I 33.51 D~~ 25 
31 R-2 10/21/58 
32 R-2 10/24/58 
33 R-2 10/31/58 
34 R-3 12/31/58 
35 P-4 1/1/59 
36 R-4 2/6/59 
379 R-4 2/9/59 
38 R-4 2/21/59 
39 R-4 2/26/59 
40 6 4  2/r1/39 

- 

SRP* 
SRP* 
SRP 
SRP* 
sc 
sRP* t 
SRP+ 
SRP* 
SRP* 
SRPA 

76 3860 
76 3730 
80 3800 
86 2860 
84. 42,200 

88 4800 
8 8 4 8 0 0  
87 4500 
85 4800 
a8 4500 

19.8 850 11 
21.2 860 I1 
24.8 1010 I 
34.2 1140 I11 

26.1 1420 111 
26.6 1450 I 

22.2 1230 I 

35.4 1820 III 
38.3 2140 I11 
10.4 535 I 

18.30 
14.42 
20.60 
42 24 
26.30 

3 7 a  
31.57 
34.18 
41.2l 
28 .9+ 

Dtt 32 

C-12 41 
D-18 45 

Btt 35 

0-16 28 

C t t  34 
B-14 374 

B-16 54 
Att 49 

D t t  14 

8 .  

..- 

46 C-3 3/20/59 SRP 90 3560 38.5 1490 I1 30.18 B t t  46 

48 K-3 . 4/1/59 SF@@. 85 3920 28.3 1310 I11 08.54 Btt 39 
49 P-6 4/3/59 SRP 85 3440 19.9 817 I 34.54 D-15 25 

’ 50 11-3 4/rc/59 SRP 85 4040 28.4 1350 111 15.21 At* 39 

47 L-4 4/1/59 ‘ SRPo ‘84 4000 33.6 1610 111 14.66 B t t  47 

51 P-6 
. 52 R-5 

53 P-6 
’ 54 c-4 

~ 55 . R-5 
56t C-4 
57 6 5  
58 c-4 
59 P-6 

4/16/59 SRP 83 3650 28.7 1240 I 35.51 Dtt 38 

4/21/59 SRP 81 3620 31.6 1410 I 30.42 C-17 43 
4/2l/59. SRP 82 3450 22.1 928 BZ 44.78 At* 28 
4/2l/59 SRP 78 4260 35.5 2100 111 19,21 Dtt 47 
4/23/59 SRP 82 3480 22.1 940 If 11.45 A t *  30 
4/26/59 SRP 80 4050 12.7 643 111 10.48 D t t  22 
4/29/59 SRP 79 4180 25.9 1390 I11 22.12 Et* 37 
4/30/59 SRP 78 3890 37.7 1890 I1 l’5.45 D t t  52 

4/18/59 SRP 82 4200 34.7 1780 III 39.21 ~ f t  w 

A indicates recanned slug; 4 indicates dlngot slug. 
** Rcaotor power and slug power before s h u t d m  t o  discharge failure,  or 

before first fai lure  in event that a second fai lure  occurred during 
startup a f te r  discharging a failed element. 
during a scram recovery, the operating power before the 6 c r a  is given. i If fa i lure  was detected 

t Multiply a l l  values by 1P6. NOTE: Values are based on maximum fiux 1 

I 

1 

in channel L f  fa i led slug elevation is unknown. I 
1 tt Palled slug eltvatlon unknown. 

t Failure was detected during s t a r t u p  af ter  having shut down t o  $18- 

charge a fai led element. I 
tt Not knoun whether failed slug l s  an Ingot or dlngot slug. i 
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History of Mark VII-A Slug Failures, contd 

Pail- +roil  Temperature, Prior De- AT ~ n -  
w e  Flou, - 924 Shiit- crease, crease Type of Date of 

Mekal Sheath 100. $ downs $44 .C44 Failure Manufacture 

27 1.74 273 132 0 0.75 5 00 Axial ' 3/28/58 
28 1.74 258 120 1 0.5 5.0 k k i a l '  4/1&/58 
29 1.74 251t 123t 2 1.5 9.0 Side & Axial' 4/11/58 
30 1.83 240 116 0 2.25 3.6 Unknown 5/21/58- 5/23/58 

r 

8/13/5a 31 1.83 277 130 1 1.5 3 -0 
32 1.83 267 .124 2 3.5 -5.4 Unknown a/1w8 
33 1.83 271 122 .3 1.0 3.0 Unknown 6/9/58-6/27/58 

Unknown 

34 1.81 250 130 4 1.25 3.3 Side 9/8/58-9h 1/58 
35 1.76 310 141. 1 1.0 3.7 Axial 10157 

36 1.80 330 139 013' 0.75 1.0 Unknown 9/5/58-9/11/58 
37 1.80 315t . 13@ 0;4* 2.0 2.0 Side 9/18/5&9/23/58 
38 1.80 290 128 2 1.0 3.5 unknown 9 / 9 / 5 ~ / i  1/58 
39 1.80 265 131 3 1.5 3.6 S ide2 9/3/58 

42 1.69 307 134 0 1.5 3.4 Unknwn 12/8\58 

40 1.83 320 128 o 1 025 3.5 UnknOUn 12/11/58 

41 1.84 301 138 2 0 4.0 Side' 10/28/58-10/30/58 

43 1.69 v g t  125t 1 2.0 1.5 Unknown 1/5/59-1/6/59 
44 1.69 2.0 0 -  Unknown 12/1/58-1/6/59 
45 1.80 315 3 00 10.4 Unknown 12/31/58-1/5/59 

46 1.69 310 133 2 2 .o 7 .O Unknovn 11/26/58-11/28/58 
47 1.83 293 133 . 2 ' 1.2 2.7 Unknoun 1 2 1 ~ 5 a  
48 1.79 277 121 2 1.25 . 4.7 Unknown 12/30/5a . 
49 1.81 270 . 124 0 0.5 4.3 kid4 1/29/59-2/9/59 
50 1.79 282 123 3 4.5 7.3 ilIlkllOWn' 1h/59-1/9/59 

51 1-81 273 120 1 1.5 UnknoVn 1/9/59-3/9/59 
52 1.81 303 129 l:la 1-75 2 -7 Unknown 1/30/59 . 

54 1.75 26 Unknown 
55 1.81 s i  UnknOWn 

56 1.75 2 6 9  l l8t  181. Unknovn 
. 57 1.83 290 122 183' , 3.0 unknown 

53 1.81 290 135 2 Side' - 2/11/59-2/12/59 

4 Metal pnd Sheath 'temperatures were calculated without hot-spot ra  

wise noted. Tempe 
elevation is unknown. 

t o  discharge a railed 
a t  fu l l  power before the 

Metallographic examination showed that the failure was due t o  a cladding defect, 
probably caused by AlSi penetration. * Can s p l i t  along ribs; cr-ack between r ibs .  
Appeared t o  be a Side fa i lure  (can s p l i t  between r ibs) .  ' Axial channel appeared t o  be plugged. ' Appeared t o  be a side rallure. 

L *hi= f'ailii-r wan incamectlv l isted as a side failure in l a s t  month's report. 
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Faii-  
me 
NO. - 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

History of Mark VII-A Slug Failures, contd 

$ Increase In Signal on Activity Monitors 
Blan-. Seal Single- Over- Lou 1 0 - M I n  ffaa , -  

ket Head Channel flow mer-  Delayed Delay Chroma- 
Gas Tank y Tank gs y Neutron tograph y -- 
15 15 0 0 0 0 0 0 

0 0 0 0 0 6 0 

10 - 0 0 88 0 0 0 .  

0 0 19 0 0 

0 0 22 0 - 0 

33 0 
13 6 

254 180 12 8 90 0 0 0 

0 6.5 0 4.2 11 0 0 0 

20 11 0 0 4 0 5 60 

45 15 . 0 0 20 0 12 44 
37 7 0 0 4 100 

L 10 - 0 0 0 0 0 

0 0 0 0 120 50 37 

log 48 7;9* 12 0 0 14 164 

Xo increase detectable because of high background activity.  

100 ac t iv i ty  Increases were detected. 
Ho ac t iv i ty  increases were detected. 

21 580 0 - 325 160 
21 580 0 (I 0 325 160 0 

17 io 10 0 0 0 7 
36 106 - 7 0 15 13 0 

34 36 5.2 0 21 0 7.8 - 
14 0 0 0 0 

4.8 3.4 4 - .. 0 2.5 9 

Bo increase detectable because of high background activity.  

25 14 0 6 0 0 3 .9 - 
275 138 0 - 87 0 0 710 
15.7 19.2 0 0 11.8 0 10.8 - 
0 0 0 0 0 0 '  - 0 

50 0 0 - 40 0 .I 60 

0 0 0 0 0 0 0 0 

8 40 6.5:3.0+ 15.4 3 2  14.3 42 

0 

0 
0 5 

10.3 14.9 0 0 - -  21 13.5 
24.2 14.2 3.4 2.5 16.9 0 3.1 I 

+ Monitor NO. 1 and monitor NO. 5, 
a Delayed neutron monitor on Purlficatlon l ine.  
b Special blanket gas beta monitor under t e s t  

C Thsac. 
d cyclone gamma monitor. 

(TA 1-433). 

e Crane d r i p  pan monitor. 
f Planchet. 

I 

Other 
Monitors 

0 

1oe 
0 

1121 
9 .P 
m 

0 

5.9d 
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Wfect of Eqosure on SFiP Ingot FELilure Rate . 

The Wrk VII-A-SflP ingot slug failures have been a k y z e d  t o  determine 
the effect of exposure on the failure rate 
of all the MWc VII-A9charges t h a t  have be 
number of charges that have operated at each exposure level. Figure FiE-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 Wrk V I L A  slugs in an 
R,P,L, or K natural uranium charge. (For example, a charge t h a t  contained 
19,0oo SIip ingot slugs had 0.5 equivalent charges of SRp ingot slugs.) 
'Ihe number of SRP ingot failures is also shown in  figure RE-2 a t  the re- 
actor exposure at which failure occurred. Figure RE-3 shows the ingot 
failure frequency per unit of exposure at  each exposure level. 
presents the data of figure RE-3 in integrated form. 
the number of failures per year per reactor as a function of cycle ex- 
posure for  SRP ingot slugs. 

gure m-l is a coqilation 
and shows the 

Figure FE-4 
F'igure RE-5 presents 

Figure XE-5 indicates that the number of failures per par increases wsth 
exposure and that there i s  B sharp increase a t  about 34% exposure. The 
majority of the failure data upon which the curves are based were obtained 
a t  winter power levels during the past wlnter. 

Axial Position of Failures 

All of the ten h r k  VII-A failures whose axial positions are known were 
located in the lower half of the fuel element, indicating a significant 
effect of particular reactor operating conditions on the .likelihood of 
failure. 
bly important variables. 

Sheath temperature and bulk coolant temperature are two  proba- 

Of about 168,000 Nark VII-A-SC slugs irradiated thus far, only one failure 
has been experienced, for  a failure rate of six per million slugs 
irradiated. 



84 





86 

Flguro RE-5. Annual Rat. o f  Ingot 
Fallurot por Roactor vortus Cyclo 
Exposure. [For oporaHon with fu l l  . 
ckargoa (38,000) o f  S I P  Ingot 
alugs.) 

. 



Reactor Operating Conditions 

Of the ten failed h r k  -VILA slugs whose axial position is known, a l l  
have occurred in the bottom-half of the slug column, the region of highest 
sheath temperature. Annular and axial sheath temperatures of these slugs 
are shown in the following table. 

. 

Slug Sheath Temperature and bcat ion 
of &own k r k  VII-A Failures 

Failure 
Number 

28 
33 
34 
35 
37 
39 
41 
42 
49 
53 

slug 
Position 

ll 
3.2 
18 
16 
14 
16 
15 
14 

1 7  
is . 

< 

Flow - Zone Slug- 
1 SRPIngot 
I SRPhgot 
I SRPMngot 
I scIngot  
I SRPMngot 
I SRPDingot 
I SRPIngOt 
1 SKPIngOt 
1 SRPkgOt 
I SRP.Ingot 

Sheath Temp, O c  

AMular A x i a l  -- 
118 I 120 
121 122 
3.30 126 
143. 140 
134 3.34 
131 127 
138 3.36 
154 134 
3.23 124 
135 . 133 

Six of these failures have occurred ' in  slug positions 14, 15 and 16, the 
positions having maximum sheath temperature. 
have occurred below the 18th o r  above the l l t h  slug, where sheath tempera 
tures are 8' t o  1 5 O C  below the maximum values (see figure KE-6). b a n i -  
nation of irradiated slugs has shown the largest amount of pit t ing on 
slugs. in positions 12 through 17. 

No failures are known t o  

The lkrk V I 1  slugs operated at lower sheath temperatures, heat fluxes 
and coolant velocities than the Mmk VII-A slugs, as shown i n  the follow- 
ing table. 
tions 4, 6, b, and 14, indicating no strong effect of local reactor 

me four Mwk VII-SRP slug failures occurred a t  axial posi- 

- 

1' &IC Observed Sheath Temp, O C  Coolant Veloc- Max Heat Flux, 
me Summer Operation Winter Operation i ty ,  Ft/sec cu/(ft2) (hr) Axial Annular h i a l  Annular A x i a l  Annular Lid Annular - - - -- 

VII-A 
VI1 
I 
VII I -A  I 

VI 
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rsa, .C 
100 200 .. 100 260 

m T  SHAPE .Hm81D SEim 

I I 8 .  I I 

- 

- 
4 

- 4  

\ 
I 
I 
I 

- 

- 

- 
I I 

1.0 2.0 1.0 2.0 
U S  

b 

Ffguro RE-6. Mark VII-A Axta l  Sboatb focporaturar 
at 82.5% Powor and 20.C Rtvor foaporaturo 

Uvar Sheath Tam. *C 
T-P. U t h  19th 

lo 146 U S  u 7  
20 143 132 134 
30 110 129 U 2  

& @ X r n W  
lo 148 l41 130 
20 144 137 128 
30 140 134 127 
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The R-6 charge is being ed w i t h  a roo 
(rooftop ra t io  = 1.20) t o  test the effectiveness of this method of opera- 
t ion on,reducing sheath temperatures and possibly fuel failures. 
normally flat shapes, -a reductio of abaut s0c 3s expected in the mm 
sheath temperature. 
f lux shapes encountered during the period of minimum reactivity (see 

Figure RE-8 presents observed maximum sheath t e w r a t u r e s  for  the five 
reactors during the past month. The temperatures have been normalized 
to  a river temperature of 2OoC. To rkduce the sheath temperature by 
10°C a t  a constant r iver temperature, the required power reduction would 
be about 0% (code) 

d axial f lux  shape 

With 

The reduction w i l l  be smaller for the humped kial. 

figure FLE-7). 

Radial Distribution of Failures 

Figure RE-9 is a histogram showing Hark VII-A-SRP failure rates, plotted 
as failures per million slugs irradiated in each hexagonal r iq  outward 
from the central septifoil.  The plot shows a peak near the center of 
Gang I, indicating that the failure rate a t  that  location is approxinmtely 
four times the over-all average failure rate for SRP slugs. 
failure rates assume present flow-zoning patterns of Mark VII-A charges 
and radially uniform irradiation of SC slugs' (which were subtracted from 
the t o t a l  nunber of a r k  V I L A  slugs irradiated in each hexagonal ring), 
and cke hence subject t o  some inaccuracy; however, it is not expected 
that the errors significantly affect the general trend of the plot. 

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

O f  32 channels containing failed slugs (the channel locations of fail- 
ures 43, 44, and 50 a m  questionable), 20 (or 62%) had a ' s  prior t o  
failure detection which were the highest LD's in the element (a random 
distribution would have given a value of 25s). Four-point temperature 
data were reviewed from the beginning of the cycles 'to the time of the 
failure for  fai lures 52 through 61  
M ? * s  of the failed channels for se 
highest in the element at the beginning of the cycle as well a8 at  the 

The calculated 

e data disclosedthat the normal. 
f these ten failures were the 

rounding eac t i fo i l ,  - 8  are closer t o  the 
ing 16 (see figure FE-10). 

' Such is not the case for the SC plugs in P-6 and L-5, for example,.but 
was true for  ear l ie r  P charges in which the madority of SC slugs have 
been irradiated. 
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i iguro  RE-7.  Varfatfon o f  Shoath Tomporaturo 
W i t h  Rooftop Rat10 a t  83% Powor and 18.C 
Rfror fomporaturo 

%€I. *c 
I I I I I I 

0 I - A S O A M o r P r l  
0 I-Aru nn0ftopp.d 

A K A r -  

m m  Thoorotie~l Ila V ~ l w r  

- 

for 20% Uvor rcmp '. w -  

lbo - - 

- 
8 

. .  
I I I I I 

lz0 76 80 84 88 92 ;* 
Powr. X 

Ffguro RE-8. Obrorrod Mark VI1 
Toaporaturoi, Apri l  1959 



k. of ~al lurerhli l l lon Sm Slugs 
ItrruIlated in a Given B u u g O ~ U l  h g  
2aoL I 1 I I I 1 I I I 1 I I 

. .  
SRP Slugs only 
Ingot and Dingot Slug# 
G r o u p e d  Together 
Includes Failures 27 Through 
61 and Slugr Irradiated zhrcugh 
R-5. r-6. L d .  11-4. and C-4 Cycler. 

4 5 6  7 - 8  
Eexagoaal Uag No. (From Central Septlfoil) 

Figure RE-9. Radial Dlrtribution of Mark VII-A- 
Fai lure Rater 

m: OE 32clunnelr containing fallurer. 22 (or 69I) uere 
f O C A t a d  la one O f  tba shaded chair above (3X 
would be expected ita randma p h m a n a ) .  O f  there 
22. 19 (or 86%) had AT.1 whlch were n o w l l y  the 
highest OT'r in th. element prior to detection of 
f allura. 

91 

4 

Figure R E - 1 0 .  Failurer in Channelr 
to a Sept i fof l  

Adfocent  
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Flow and Tempe rature bbnitor Performance 

The table on pages 94 and 95 summarizes f l o w  and temperature monitor 
performance for the Mark VII-A fuel fai lures .  
first 29 SRP failures, including the first three bkrk VII-A failures, was 
published in the August 1958 monthly report, DPSP 58-1-8). The calcula- 
tions are based on the most recent CMX flow and temperature monitoring 
data and reactor thermocouple element data. 

(A similar table for the 
> 
f 
1 

'Ihe table shows that: 

0 In general, the calculated flow reduction corresponding to a given 
measured a increase has been in reasonable agreement with the observed 
f l o w  reduct ion. 

The performance of the flow monitor alarm system (low flow earn) has 

The performance of the temperature monitor alarm systen; (VH and VVH) 

been satisfactory. 

has not been satisfactory. Only 3 VVH rod reversals occurred out of 
a t o t a l  O f  9 Which Should haw Occurred. 

Calculations to predict *ether 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 annular) was confirmed by actual examination in 9 out 
of the 10 failures examined t o  date. 

Figure RE-U shows the conibined influence of both surveillance and the 
f l o w  and temperature monitor alarm and scram systems on the probability 
of shutting down the reactor for a fuel failure by the time a given in- 
crease in fuel channel c91 has occurred. 
tection afforded by both surveillance and the flow &d temperature moni- 
t o r  alarm and scram systems has been apparently increasing during the 
more recent (Mark VII-A) failures. This could be a result of increasing 
accuracy of programing or, more likely, of more rigorous survei31Rnce of 
the flow and temperature monitor recorder charts. 

The use of a nUll-balancing meter rather than the present osc~lloscope 
method of trimming has been recommended as a means of improving the 
monitor alarm and rod reversal performance. A schedule for conversion 
to 2400-pot temperature monitors in all areas is being developed. 

The curves show that the pro- 

. 

1 
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i A Based on B l r s t  33 Failures a t  SRP 
(February .Honthlr Report, DPSP 59-1-2) 

Based on 53 &f Blrst 56 Failures a t  SRP 

Only (Failure8 27 through 56) 

0 
0 Based on of 30 Mark V I L A  Failures 

" 1  

2 

0 
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W k  V I L A  Fuel Failure Summary - Wnitoring 
3 

Y 

Fail- 
w e  
No. Cycle Date - 
27 P-15 6/14/58 
28 0-15 6/21/58 
29 ** P-15 6/23/58 
30 R-2 l0/13/58 

31 R-2 
32 R-2 
33 R-2 
34 R-3 
35 P - 4  

36 R-4 
37** R-4 
38 R-4 
39 R-4 
40 E 4  

Slug Location 
X,Y Chan- Subchannel 
Co- ne1 k Cal- 

Type ordl- Posi- cula- Ac- 
2---- Slu nates tiont tedt* tual  

33*75 A Ax Ax 
SRP .13,39 A-11 Ax Ax 
SRP 15s57 Ax Ax 
SRP 33.51 D Ax 

10/21/58 
10/24/58 
10/31/58 
12/3 1/58 
m / s 9  

2/6/59 
2/9/59 
2/21/59 
2/26/59 
2/27/59 

D An 
B An 
c-12 Ax 
0-18 An 
0-16 ~n 

C An 
E-14 An 
A Ax 
8-16 ~n 
D Ax 

&T i n  
Channel 
Before . 

w e .  'C 
B a i l -  

53.8 
49.9 
40.3 
43 .O 

AT Increase, *C 

' Highest 
Above 

fndl-. Hornpal 
cated AT+ 

4.8 4.8 
5.4 5.4 
9.2 6.6 
6.4 6.4 

- 

50.9 4.9 4.3 
53.5 5.4 5.4 

" 51.5 ' 3.0 1.9 
An- '57.6 3.1 3 0 1  

Ax 62.5 3 a7 3 .? 
61.3 1.7 1.7 

hn 51.6 2.0 2.0 
59 07 3.6 3.3 

An 54.6. 3 a4 0 
59 .2 3.5 3.5 

4 

46 
47 
40 
49 
sot* 

51 
52 
53 
54i+ 
55 

c-3 
b 4  
K-3 
P-6 
K-3 
P-6 
R-5 
P-6 
c-4 
R-5 

3/20/59 

4/3/59 
w4/59 

4/16/59 

4/1/59 
4/1/59 

4/18/59 
4/21/59 
4/21/59 
4/21/59 

SRP 30,18 B Ax 54.2 7.0 6.0 
m b  14,66 B An 57 04 1.7 1.7 

08,54 B Ax 52.0 5 .3 5.3 
SRP 34,54 0-15 Ax Ax 51 03 4. 3 3.9 
SRP 15,2l C h a n n e l  unlmoh; recorder chart i l legible .  

SRP 35,51 D An 54.4 1.5 0 
SRP 39,2l A A n  56.3 1.6 1.6 
SRP 30,42 C-17 Iln 57.0 3.4 3.4 
SRP 44,78 A Ax 44.7 3 07 2.5 
SRP 19,21 D l k r  ~ 5 5 4  4.5 4.5 

56** C-4 4/23/59 SRP 11.45 A ' Ax 15.0 2.0 2.2 
- 57 L-5 4/26/59 SRP 10,48 D An 51.1 2.0 2.8 

b indicates dingof rlug: other slugs are  ingots. 
++ Hot ham whether this is a dlngot or lagot slug. 

I t Position 1 is the top slug in the channel: position 20 is the 
bottom slug. 
de termlned. 

The "calcul'ated" subchannel for each fa i lure  Is the one which 
would have given most near ly  the flow and temperature changes 
actually observed. 

normal AT for  the fuel  element. When a AT lnarease Is )*C, a . 
VH alarm should have r u e d ;  when it Is 4.C, a VVH alarm should 
have fired. 

If slug position is not given, it has not yet  been 

tt Ax - axial  subchannel; An = uniformly plugged annular subchannel. 

* !Phe values given represent the AT increase above the highest 

T t  Power ascension ln progress. 
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Mark VII-A Fuel Failure Summary - Monitoring, contd 

Calc Real AT Changes and Maximum 
Effluent .TemperatWe8, .C. based on:tt 

From From Recorqed U T  Recorde Measured. 
Flou Decrease, $ 

and CMX Mon- AP Fail- Re- Meas- Alarm Reaponset 
,Chamre w e  From cor- ured Flov ltorlnu Data9 Temp Reduction 

HO A 9  ders AP*+ LF VLF HAP E M T  E f f  M T  E f l  M T  E f l  d - - - - - -  

28 2.2 1.5 0 0 0 B 12.8 98.9 2.3 '88.4 8.1 94.2 

3 0 .  3.1 2% 2.5 0 0 0 . 0 Oc 18.4 *lo2 11.5 95.1 13.5 97.1 

32 3.1 3% 3.25 0 0 14.6 112.2 17.2 114.8 15.6 113.2 

34 1.7 1% 1.1 0 0 0 0 0 .7.8 104.9 5.7 102.8 

36 0.9 f' 0.5 0 0 0 0 0 4.1 103.5 3.3 102.7 2.2 101.6 

27 1.7 1 4.ga 0 0 0 10.3 100.2 5.5 95.4 - - 
29 5.4 1% 4.0 0 0 0 0 ob 45.0 120.0 6.8 81.8 25.0 100.0 

31 3.0 1% 2.5 0 0 0 0 @ 13.3 110 5.8 102.7 10.7. 107.6 

33 1.2 1 .. 0 0  0 0 0  6.2 91.5 5.3 90.6 

35 1.9 1 1.9 0 0 0 0 0 9.6 112.9 5.0 108.3 9.6 112.9 

38 1.2 1 .. 0 0 0 0 7.5 97.3 6.3 96.1 - 0 

39 2.0 1% 4.4 0 0 0 8.8 102.6 6.7 100.5 19.5 113.3 

41 2.1 @ 1.8 0 0 0 0 @ 10.3 111.6 2.1 103.4 8.6 109.9 
42 1.0 1 0 0 0 0 0 7.3 97.2 7.3 97.2 0 

43 2 -9.4 0 '  0 0 0 0 
44 2 -6.4 0 0 0 0 0 .  
45 4.0 3 3.1 0 0 0 0 1.8 112.6 20.3 101J 21.2 102.0 

46 3.0 2 1.9 0 0  0 O m  1.0 106.0 12.2 97.2 11.4 96.4 

37 1.3 2 2.9 0 0 . 0 0 0 5.0 91.3 7.7 9460 11.2 97.5 

40 1.2 1% 0 0 0 0 ' 0 0 7.5 96.4 '8.2 97.1 0 88.9 

47 1.0 1.2.  - 0 0 0 0 0 4.3 103.4 5.3 104.4 - .. 
48 2.4 1% - o o o 0 0 . 14.6 96.8 5.9 88.1 - 0 

49 1.6 e 0.5 0 0 .  0 0 0 9.4 93.7 0 84.3 2.3 86.6 
50 . . O  0 0  

51 0.9 t 1.9 0 0  0 0 0  3.7 101.1 2.9 100.3 9.3 106.7 
52 0.9 1% - 0 0  '0 0 0  3.9 102.7 7.1 105.9 0 L 

05.8 18.0 119.3 
86.8 10.1 89.8 

0 , o  0 0 

the true ax ia l  urd .Mu3dr AT*# and f low pr ior  to the failure. 
redistribution of fuel bent v k n  flow van reduced in  one of the rubchennels. 

It vas a l r o  asaumed that then vas m 

** Dash (-1 indicates dah avallabh. 
t 0 indlcates tha t  the alarm fired; 0 lndicntea that the elam did mot fire. &xed war0 indicates that the 

alarm should have fired but did not. 

"channel and Foeition" rod the "8ubchaane1, Calculated" columna. 

had occurred on many of the fuel  element. in the same region prior to 

in aharia point). 

point). 

a f t e r  fa i lure  detection W i l e  U measurrmenta were belng -de. 

i t  The values given assume that tha flov on OCC ky i n  the r indica the 

I For the affected rubchannel. . 
a Thc f l o w  reduction based on A?*r uar not correct becaue gradual indicated ir lw redukticns (U changer) 

b Power ascension was i n  pmgrers and the percnnt pover wter YIIB advanced S$ (appmximkly  3% increase 

c Percent povcr meter advanced tvicc a f t e r  first VH alarm (tot.1 equivalent increase of S to 4.C in alarm 

d Recordeh flow decreased & during l&hour pried preceding f a l l w e  dekct loa ,  ttrm behaved er ra t ica l ly  

Recorded flow decrenoe anaked by 2$ recorder mise.  

h i l u r e .  
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MARK VI I -A  REDESIGN 

rature measurements froxu Mark VII-A special thermocouple tubes have 
indicated that at the beginning of the cycle the annular M l ' s  are about 
12 t o  15s higher than axial M l ' s  . 
M ! * s  could be equalized. 

(See FebntaFy mdnthly report, DPSP 
\ 59-1-2, p 100.) Reactor safety would be improved if anuular and axial 

A larger Mark VII-A quatrefoil has been designed which has a 0.020-inch- 
larger channel I D ,  resulting in equal annular and axial M " s .  The result- 
ing quatrefoil extrusion is larger and the upper four inches w i l l  be rol l -  
ed dam t o  f i t  current design tube adapters. The current design tube 
adapter (ST MDX-4-1241, rev 9) must be used because it is the largest 
which w i l l  fit into the semipermanent sleeve, and it is undesirable t o  
decrease the thin wall section of the adapter (from 0.030 t o  0.015 inch) 
t o  accommodate the Larger extrusion. 

The "rolled dam" section of the extrusion will not restrict channel flow6 
because the top of the slug column will be 2 t o  5 inches below the "rolled 
dam" section (see figure RE-12). 
if not easier, to load or unload because the slug column centerllne and 
crossflow sleeve centerline w i l l  be closer. All dfmensional tolerances 
on the large Mark V I I - A  extrusion w i l l  be the sanie as the current Mark 
VII-A tolerances. 

The new Mark V I I - A  design w l l l  result in an ll$ increase in annular flow, 
a 3.2$ decrease in axial flow, and a 3.4$ increase in t o t a l  plenum flow. 
These f low changes w i l l  equalize axial and 89I1111a.r M l ' s .  

Proposed Mark M I - A  extrusion dimensional changes are tabulated in the 
following table and are given on drawing ST MDX-5-2430, rev 3. 

Also the slugs should be just as easy, 

Table of Proposed Dimension Changes 

Inches 
Current New Change -- I t e m  

Channel ID 1.450 1.470 4.020 
Channel OD 1.530 1.540 4.010 
Wall Thickness 0.040 0.035 -0.005 
Common W a l l  Thickness 0,040 0.035 -0.005 
Quatrefoil Extrvsion OD 3.638 3.668 4.030 
Rib Circle Eccentricity 0.008 0.009 4 , 0 0 1  
Rib Circle ID 1.235 1.235 0 
Slug Same in All Respects 

1 

The proposed conversion schedule frm current type Mark VI I -A elements 
t o  the new type Mark V I I - A  elements is given in the table on page 98. 
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Figuro RE-12. Mark VI I -A Rodorign 
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Conversion Schedule for  Large Mark VII-A 

I t em Completion Date 
0 Quatrefoil 

Design 
Reducing-roll Developnent 312 t o  416 
Extrusion 2/24 t o  416 
Quatrefoil Assembly 4/20 t o  5/15 

Firs t  20 Extrusions 
Purchase Requisition 

417 
F i rs t  FWl Charge S/l8 

TA Authorizing Developnent 5 / u  - 
1 4/W t o  5/22 Development by Alcoa 

Fabrication 

Tools and Dies 
Process Development 5/25 t o  713 

Firs t  20 Tubes for  Testing 
Firs t  Full Charge 8/10 t o  8/28 ' 
Thermocouple Tubes ~ 

By 7/10 

7/20 t o  8/28 
Subsequent Charge 911 -b 

"B" Boattail 5/15 t o  6/15 

0 CMX Testing 
Flow Test Current Mark VII-A with Modified 

Flow and Temperature Monitoring 
Extended Flow Tests 

7/17 t o  8/10 
7/17 t o  U/30 

0 Irradiation 
'Firs t -Ful l  Charge 

Subsequent Chsrges - one reactor only un t i l  

Assembly 9/14 t o  1019 
Irradiation P-10 Cycle lo/= 

inventory of current design quatrefoils 
used. 

R-5 SPECIAL IRRADIATIONS 

Target Alloy Thimbles (TA 1-6S4). Five thimbles containing target alloy 
(as described in DPSP 58-1700) were discharged at the conclusion of the 
R-5 cycle af'ter attaining a GVR of approximately U S  during three cycles 
of irradiation. The highest target slug core temperature measured during 
the R-5 cycle was l29OC. 
DPSP 59-316) were charged t o  the R-6 cycle. 

Six similar target alloy thimbles (described i n  . 

. _  

. .  
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s d l i e s  were irradi- 
four for  the third 

he%R-6 cycle. Typical 

Posit ion Assembly . 
X Y Number - -  

51' 3 

04 58. 0 
25 89 9 
43 u u 
08 74 l2 
25 05 13 

45 79 6 

_ _  

02 44 14 
Predicted 

Slug Elevation, 
inches below 

reactor midplane 

68 
71 
63 
69 
69. 
63 

Reactor Slug 
Power, 4 Power, $/ft 

r .86 0.00107 
86 .00095 
86 . oO095 

86 . 00077 
86 .o0085 

86 .o0075 

86 00098 

86 00088 

06 0.00086 

Average 
Boa? 
2.3 
2.6 
2.6 
2.5 
3.2 
2.9 
2.8 

- 

3.3 

2.8 

Mark V-A (TA 1-707). Three Mark V-A assemblies,' each having twelve sub- 
channel effluent temperature thermocouples, were charged t o  the R-5 cycle 
and irradiated fo r  one cycle. 
follaring table. No further Mark V-A irradiations are planned before R-8. 

Typical operating data are sham in the 

Mark V-A Fuel Element 

Preaicted 
i t ion + X27,Y45 X26,Y48 By TA 

60 
' I  86 

TFE3? Rmiber 
React or  Power 
Plenum met Temp, * 37.0 

54.1 

Tenrp, O C  91.1 

channel Thermocouples 89.5 89. 89.0 

Average Effluent Temp, 
*C Measured by Sub- 

Assembly- Power, $, 0.200 0.198 0.196 0.206 Assembly Power Relative 

- 

jacent Mark V I L A  1.16 1.16 1.16 1.12 

I 
I 

i 
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. Four-Foot Extrusion Clad Mark V (TA 1-723). 
charged t o  R-5 and irradiated f o r  one cycle. The natural Uranium fuel  
tube with extmion-clad alufninum cladding was irradiated t o  determine 
the feasibi l i ty  of extndon-cladding long tubular natural Uranium fuel  
elements. 

One 4-foot, Mark V was. 

Typical operating data are shown in the following table. 

Mark P Fuel Elements 

.. - 

4-FOOt IdXlg 

Mark V 

I 
N a t u r a l  Extntsion-Clad 

Type Element +Uranium Fuel Tube 
Xl4,Y66 Xl2,ne 

TA Number 1-735 1-723 
Reactor Power, $ Plenum Inlet  Temp, O C  38.3 38.3 

86 86 ' 

Predicted 4 Predicted 
Actual By TA Actual BY TA - 

Average M?, O C  53.6 58.5 15.w 23.9* 
Average Effluent Temp, 'C 91.9 96.8 53.3 62.2 
Assenbly Parer, $ O.l.36 0.146 0.0408 0.0666 
Assembly Puwer Relative t o  Adjacent Mark --A 0.75 0.80 0.35 0.52 . 

* Includes 2.3OC tmperature r i s e  due t o  
heating from bulk moderator. 

Zirconium-Clad N a t u r a l  Uran ium Fuel Tube (TA 1-735). 
n8tW uranium fuel  tube was charged t o  the R-5 cycle t o  determine if 
this type of fuel  tube has greater dimensional s tab i l i ty  than U-2$ Z r  
fuel tubes with Zircaloy cladding. 
table. The irradiation of this fuel  tube is continuing in R-6. 

One zirconium-clad 

Operating data are shown in the above 

Special Irradiations. 
in the following table. 

A list of the special irradiations In R-6 is given 
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TA N-er 
1-687 

1-735 
1-744 

... 

65 Charged t o  R-3 

ll Charged t o  R-5 

05 Charged t o  R-5 
44 Charged t o  R - 5 '  
66 Charged t o  R-5 

74 C h a r g e d  t o  R-5 

PERFORATED END FITTINGS 

A t e s t  group of 104 Zone I, Mark VII-A elements with perforated end f i t -  
tings was charged in E 5  cycle. 
maay small  orifice holes rather than a few large holes, was designed in 
a i i  attempt t o  eliminate the difference in p e r  coefficient of f l o w  from 
fuel element t o  fuel element in the reactor. Figure RE-l3 shows the lo- 

. The perforated end fitting, dril led with 

t ing elements in L-5 cycle. 

s the power coefficients of flow for the perforated Figure RE-14 c 
end fittings with the power coefficients of standard Mark VII-A elements 
in similar positions In L-5 cycle. - 
benefit was obtained 
paver coefficient 

The data indicate that negligible 
nd fittings in reducing the 

i 
1 

i 
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Figuro RE-1.3. Mark VII-A Porforatod End f i t t ing  
Locations, L-5 Cyclo 

b a r  Coafficianc, f flow 

Ftguro RE-14. Zono I Powor Coofflciontr 
'o f  Flow, 1.5 CYCIO 

I 
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The fact that no large benefit was obtained from the perforated end fi t-  
tings in reducing the power coefficient spread may be the result of a 
large mat- distance effect for  these elements. In addition t o  the in- 

- crease IA end fitting AP 88 a result of a real flow increase from cold 
t o  hot f i t t i ng  also affected by mating 
distance bottom e fuel element t o  the shoulder of the -monitor pin) as a result of . t h e m  e e l o n  of the 
reactor components. Figure RE-15 shows the mating distance curve for  the 
perforated end f i t t i ng  elements as determined by CMX and shows the rela- 
t ive ly la rge  effect of mating distance on the power coefficient for these 
elements. CMX has. been' requested t o  redesign the perforated end f i t t i n g  
t o  eliminate the present large mating distance effect and t o  investigate 
the power coefficient variations in the crossflow tank. 
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Results from the most recent pilot-scale-filtration t e s t  i n  L Area 
( tes t  Mo.-9) show that, by uti l izing the proper type of j . f i l ter  aid and 
filter medium, a full-scale moderator f i l t e r  can be designed which w i l l  
normally maintai 
5 Plrm. 

. 

turbidity level of ,the reactor moderator below 

As an"exsmple, t e s t  No. 9 results indicate that a 200 ft2 f i l t e r  would 
operate 
ty/day) before requiring replacement. 
substantially less expensive to install and operate than evaporators or 
centrifuges, it has been proposed t o  proceed w i t h  design and installation 
of moderator f i l t e r s  i n  the 100 Areas. 
scale-up estim&te.are presented i n  the following section. 

months under high turbidity generation rates (3.4 lb  turbidi- 
Because such a filter would be 

Details of the t e s t  and the 

Results of F i l t r a t ion  Test No. 9 

The Alsop, 1.3.l ft2, sealed-disc f i l t e r  w i t h  Alsop type 40 cellulose 
discs as the medium (rated to  remove 20-25 micron particles) was the 
same type f i l t e r  used i n  test 8 (see last month's report). 
is porous enough to prevent rapid pluggage by the small (0.1-5 micron 
diameter) turbidity M i c l e s ,  but dense enough to retain the f i l t e r  aid. 
The f i l t e r  aid used i n  the test w a s  Johns Manville Fibra-flo l C ,  which 
is f i l t e r -ce l  diatomaceous earth plus 7% by weight asbestos fibers. 
The asbestos fibers act  as a bonding medium i n  the cake of diatomite 
particles, thus making the cake mechanically more stable and resistant 
t o  damage by channeling. 
improve particle retention i n  some-applications, and that while asbestos 
increases the compressibility of the cake, the effect  is small for 7s 
asbestos concentration. 

The t e s t  was started by establishing flow of turbid (21: ppu) reactor 
moderator through the filter at  0.201 g p s ~  (0.181 p / f t  ) and immediately 
valving filter aid slurry into the feed stream. 
of' operation, 56 grams of f i l t e r  aid were added to form a 1/16" precoat 
on the medium to minimize plugging the medium. 
t es t ,  f i l t e r  aid w a s  added continuously (as slurry) at a ra te  of 8.85 
g/hr, or 1.26 g of f i l t e r  aid per g of actual turbidity. 
w a s  adjusted hourly to 0.201 gpm and the AP recorded. Correcting for 
the flow decrease between valve adjustments and f l o w  contributed by the 
slurry feed, the integrated average f l o w  of turbid moderator to the f i l -  
t e r  w a s  0.175 gpn. 

The medium 

The l i terature  indicates that asbestos fibers 

Ixtring the first hour 

For the remainder of the 

The f i l t e r  f l o w  

Turbidity &ad &SP data for the course of the run are presented i n  figure 
RE-16 and the following table. The t e s t  ran for  60 hours, at which time 
the 
or 1.19 1b{f't2J and 119,900 --gal of turbidity (1Q7,600 ppn-gal/ft 
or 0.834 1 /f t  ) . 
at the end of the tes t ,  equivalent to a 1/2"-thick cake on each f i l t e r  
disc. 
which 28.7 gallons, or 4.44, originated i n  f i l t e r  aid slurry. 

w a s  21 psi and $he f i l t e r  contained 600 g of f i l t e r  aid (540 B/ft2 
It is  estimated that the filter w a s  full of solids 

Six hundred and fifty-five gallons of f i l t r a t e  w a s  collected, of 
The 

\ 
t 
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table shows that except for the first 37 minutes of the precoating period, 
complete clarification of the moderator was achieved throughout the test .  

The rate of AP buildup w a s  substantially less i n  t e s t  9 than i n  previous 
tes ts ,  as shown i n  figure RE-17. 
retention of the turbidity particles which reduced or eliminated plugging 
of the medium, or (2) less tendency of the f i l t e r  aid particles to  plug 
the medium because of the matting property imparted i n  the f i l t e r  aid 
cake by the asbestos fibers. 

This may be due to (1) more complete 

The equipent operated satisfactorily except for the slurry tank agitator. 
Following an i n i t i a l  failure of the variable speed agitator, the slurry 
tank was s t i r red successively with a broom handle, repaired agitator, 
helium bubbler, and new agitator, without noticeable effects on the t e s t  
results. Relocating the in le t  s-le valve, and install ing restricting 
orifices i n  both the outlet and Inlet  sample taps eliminated the possi- 
b i l i t y  of pressure surges i n  the f i l t e r  as a result  by sampling 
manipulations. 

4/14 

a/= 

4/16 

Turbidity Analyses for Test 9 

Turbidity, ppm 
Time Before F i l t e r  Af'ter F i l t e r  ' 

2:20 Pw 200 1.5 
2:45 PM 0 2.0 
3:m PM 212 4.5 
7:oo PM 220 - < 05 
lo:= PM 200 < 05 

* 2:oo.AM 21Q < . 5 ;  
6:OO AM 210 < 05 

2:s PM 182 - < 05 
6:OT PM 200 c 0s 

m:OS AM 220 < 05 

lo:= €ill 167 < 05 

170 < 05 
190 < 05 

2:oo AM 
6:OO-M ' 
10:s AM 174 c 05 
2:oo PM 175 .< .s 
6:OO PM 174 < .s 
1o:oo PM 162 c .5 

2:oo AM , 211 4.5 

* Test started at  2:08 %April 13. 

Full-Sc ale Moderator F i l te r  

The approximate size and cycle length of a full-scale moderator f i l t e r  
has been calculated by making the following assumptions: 

1. The turbidity generation rate i n  the reactor is 3.4 lb/day. 
was the K-2 rate, which is the highest sustained rate of turbidity 

This 

generation experienced thus far. - 
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2. It is desired to maintain the turbidity level in the bulk moderator 
at 5 ppn or less. 

3. The f i l t e r  is operated up to 60 psi AP. 

4. Extrapolation of t e s t  9 results from 21psi to 60 p s i &  is valid, 
ie,  the cake specific resistance is predictable at  high AP. 

A material balance shows that under these turbidity generation conditions 
a filter flow of 50 g ~ m  is required to keep t&e -turbidity in the reactor 
below 5 ppm. Extrapolation of the fSP curve of t e s t  9 (figure RE-17) in- 
dicates that, at 60 psi &, the corresponding amount of retained turbidity 
would be 1.57 lb/ft2. 
vs retained turbidity relationship in figure RE-17 holds at  high AP. 
With the above assumgbions it is seen that a 273 f t2  filter operating a t  
50 g p  (0,183 gp/fz ) would last (273 f t2  X 1.57 lb/ft2)/(3.4 lb/day) = 
126 days. A 200 f t  f i l t e r  operating at  50 gpn (0.25 p / f t 2 )  would 
reach 60 psi AP when retained turbidity was 1.23 lb/ft . Thus a 200 ft2 
f i l t e r  would last (200 X 1.23)/3.4 = 72 days before the flow decreased , 
below 50 gpm a t  60 psi AP. 

Additional tests are planned for  the L-Area pi lo t  facil i ty i n  order to 
confirm the results of t e s t  9. 
w i l l  be carried out concurrently. 

The calculated extrapolation assumes that the AP 

The design of the full scale f ac i l i t y  

POkTER LFVEIS FOR FQRECASTIETG - 

Figure RE-18 shows the predicted lowest hydraulic power limit as a f b c -  
t ion of in le t  cooling water temperature for Mark VI-J and Mark VII-A 
charges for all five reactors. 
during the R-1,2,3,4; P-3,4,5; E41 K-2,3; and C-1,2,3 cycles and are 
made continuous by extraplating dgta from the above cycles t o  all in le t  
cooling water temperatures shown on figure Fl3-18. These curves w i l l  be 
used for production forecasts. They are based on the following reactor 

These curves are based on data accumulated 

flows - : 

PUJ'Q shaft Pump or  Elbow 
k? Flaw, ' Iw Flow, Break Reduction Cavitation 

Area Fuel 4 C Factor, R Linit, O C  

RPTX VII-A -966 -1007 0.81 91.0 

RPLEC VI-J -966 - 927 .83 94.4 
C VI-J -966 - 980 0.81 109.0 

C VII-A -966 -1027 0 8 0  108 . 0 
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PAR POmD 

Test Heat Exchwer. After 130 days of operation, the heat transfer co- 
efficient of the t e s t  heat exchanger decreqsed from about 490 to 416 
pcu/(br)(ft2)("C). Tests have been performed to determine the effective- 
ness of oxalic acid for removing the film bui l t  up on the tube bundle. 
(See December monthly report, DPSP 58-l-I2, p 107 and March month4 re- 
port DPSP 59-1-3, p 117 for description of t e s t  equipment and film 

Figure RE-19 shows a plot of heat exchanger heat transfer coefficient 
versus time for the period of the oxalic acid addition tests.  
8, 70 ppn of oxalic acid w a s  added to the cooling w a t e r  for about $ 
hours. The heat transfer coefficient of the t e s t  exchanger increased 
from 4 E  to 427 p c ~ / ( h r ) ( f t ~ ) ( ~ 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 pcu/(hr) (ft2) ("C) following the inspection period. 

On April 22, after an additional two weeks of operation with no M e r  
change in heat transfer coefficient, 100 p p  of oxalic acid w a s  added . 
for 36 hours and the heat transfer coefficient Increased f rom 446 t o  472 
pcu/(hr)(ft*)(OC). 
p ~ p n  for  one hour and then increased to 300 -.for one hour. No further 
increase in coefficient w a s  seen during the 200 ppm and 300 acid- 
addition periods. The tube bundle w a s  removed and inspected. -The tubes 
were completely clean; no trace of the reddish-brown f i lm  remained. 

buildup) 

On A il 

4 

The oxalic acid concentration w& increased to 200 

These t e s t  results indicate that 100 ppm of oxalic acid w e d  over a 
period of e to 7 hours should remove any film formed on the process 
beat exchanger tubes by Pas Pond water. 

ERUP CASK EXXI! CAPACITY. 

The results of a heat capacity t e s t  performed in P Area on Febnrary 6 in- 
dicated that the finned SCRUP cask (QRNL drawings D8289 and D21292) has 
a heat dissipation capacity of 35.8 watts per O C  &E between the cask 
water and the external s t i l l  atmosphere. This corresponds to  a capacity 
of 1.86 kw in a 100'F atmosphere and the cask water at the 90°C l i m i t .  
The test w a s  performed in accordance with the procedure outlined in RTM- 
1720. The SCRUP cask w i l l  not be used for SNAP shipments as originally 
planned because the TElF cask is dimensionally adequate and has a higher 
heat dissipation capacity (4.2 kw). 
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OXIDE FfIM RESISTAmCE OF MARK VI-J FUEL 

Equipent has been installed i n  the IC-Area disassembly basin t o  determine 
whether the heat transfer coefficient of'irradiated Nark VI-J fuel  is 
significantly different from that of fresh fuel. There is a possibility 
that aluminum oxide on the surface of irradiated fuel  causes the heat 
transfer coefficient t o  be considerably less than that of fresh clean 
fuel. The equipment, which w a s  described i n  last month's report, p 326, 
has been operated successfully w i t h  aluminum dummy fuel elements. 

Difficulty has been experienced in inserting the steam and water seal  
plugs into irradiated fuel elements, and the equipnent has been dismantled 
temporarily to allow additional machining of the plug surfaces. 

The equipmat ut i l izes  Mark VI-J fuel  tubes i n  outer housings (the stem 
and orifice assembly and Inner hausing - 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 

from-the bottom to allow complete steam condensation. 
water flow rate, pressure, and temperature are measured, and the amaunt 
of heat transferred f r o m  the steam t o  the w a t e r  is calculated f rom the 
steam condensation rate. 

Two &nmy elements have been tested w i t h  the e q u i p n t .  
f'uel tubes w a s  smooth and the other w a s  sandblasted to approximate the 
surface pit t ing observed on the Mark VI-J fue l  tubes from flow Zone I of 
the K-2 cycle. 
dunnny elements at  various water flow rates are Shawn in figure RE-20. 

- 

. an interface of steam and water exists inside the fuel  tube several incbes 
The steam and 

One of the dumY 

The observed over-all heat transfer coefficients for both 

INCREASED F I O W  IN MARK VI-J FUEL 

Resent blanketed Mark VI-J charges are resGicted by fue l  element de- 
sign and reactor flow zoning t o  a process water pump f l o w  of about 9374. 
m e r  is limited in these chsrges by the shaft break limit and by fue l  
effluent temperature. 
5.e p e r  by widening the coolant anztuli, thereby increasing the coolant 
f l o w  (two cases for such a redesigned Mark VI element were described i n  
the report for  Rovember 1958, DPSP 58-1-ll). 
for December 1958, DPSP 58-1-12, that when total flow is increased, the 
power l i m i t  -sed by surface heat flux (BOSF) is reduced considerably 
below the present BOSF power limit. 
caused by the adverse effects of geometry, velocity, and pressure on the 
burnout heat flux correlation presently used a t  SRP. 

It w a s  shown in last month's report that the revised Bernatd burnout heat 
flux correlation (DEW 59-w3) differed only slightly f r o m  that presently 
used at SRP; i n  addition, SRL has proposed a new correlation i n  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. 
creased Mark VI-J f l o w  have been recalculated for the condition o.f winter 
operation at the shaft break limit. The results are shown i n  the follow- 
ing table. 

These power limits could be increased 3.64 to 

It was shown i n  the report 

This pronounced decrease i n  BOSF is  ~ 

._ 

Accordingly, the BOSF's for  the two cases of in- 
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Over-All Heat 
Transfer Coefficient, 
PCu/(hr)(ft2)(.C) 

l60( 

1400 

I I I 

4 



Case 1 Case 2 
Reactor Parer (Shaft 

T o t a l  Pump Flow,- 4 937 1014 
Fuel Element Flow 

Break L&lIt),* 4 85.6 89.2 

(zone 1),= 4 1.756 1.940 
Hnirmtm BOSF 

Rooftopped Axial Flux Shapett ~ 

SRL (DP-355) 
Bernath (DFW 59-133) 

SRL (DP-355) 
Bernath (DFW 59-133) 

Bsrnatb (DPW 59-133) 

Chopped Cosine Axial Flux Shape 

Antirooftogped Axial Flux &ape* ' 

SRL (DP-355) 

2.56 2.03 
2.24 1.54 

2.32 I. 74 
2.12 1.45 

1.86 1.48 
1.66 1.14 

* River temperature = 9OC. 
* A l l  flows sre  based on the IC-Area hydraulic 

system. 

Case 3 

90.8 
1059 

2.051 

1.81 
1.26 

1.50 
1.14 

1.32 
0.93 

t BbSF's include hot spot factors. 
. factors for tbe SRL and the Bernath correlations 

are based on the same nonidealites described f o r  
the Mark VI element i n  !I!& 1-575. 

The hot spot 

tt Rooftop rat io  = 1.4. * Rooftop ra t io  = 0.7. 

\ 

As shown i n  the preceding table, the BOSF calculated by the SRL correla- 
t ion decreases less rapidly with increasing pump f l o w  than the method of 
DPW 59-133. With present operating limits (BOSF of 1.4) and calculation 
methods, tfie method of DFW 59-133 indicates that element redesign fo r  
either of 'the two higher f l o w  cases i-s impractical because of the severe 
reduction of BOSF as pump flow increases, even w i t h  highly rooftopped 
flux shapes. Similarly, though adoption of the SRL correlation would 
not result i n  as much of a reduction i n  BOSF as is calculated with the 
present SRP correlation, the redesign is s t i l l  Impractical because the 
calculated values of BOSF are too close to the present limit of 1.4 for  
high .flows and adverse axial flux shapes. 
J operation does not permit relaxation of the 1.4 limit on BOSF. 

Present knowledge of Mask VI- 
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REACTOR PHYSICS 

-C-5 CEARGE DESIGN 

The C-5 charge will be a Mark VI charge designed t o  make use of the maxi- 
mum amount of Mark VI fuel and target material now in  the 300-Area inven- 
tory. The nominal fuel concentration for the charge w i l l  be 16.70 wt 4 
oral loy rather than 16.90 Kt $ as is specified for  the standard Mark VI 
charge. 
vidual tubes will be relaxed so that fuel tubes can be accepted in the 
range of 16.70 f 1.20 w t  6. 
ard. 
963 microbucks in the control zone and 833 microbucks in the buckled 
zone. 
w i l l  have twelve poison tubes in the buckled zone in i t i a l ly  that wil l  be 
replaced with spike elements after a reactor eqosure of 10 t o  20$. The 
margin of control for  the charge will be about 
attainable cycle exposure will be about 54.44. 

The Technical Standard limits on oralloy concentration of indi- 

In other respects the charge-will be stand- 
The fuel  and target wi l l  be matched for  the standard bucklings of 

The charge will have standard control system and shadow rods and 

microbucks and the 
* 

S P m  EZEMEDES FOR R-6 AND P-7 CHARCES I 

To make use of the maximum number of Mark V I  fuel tubes which are now in 
the 300-Area inventory, it wi l l  be necessary t o  use some fuel tubes which 
have a fuel.concentration greater than 18.00 w t  $I oralloy. 
can be used as spike elements i n  an unreflected Mark VII-A charge without 
limiting reactor power. However, restrictions must be placed on the way 
i n  w h i c h  these tubes are handled in the Assembly and Disassembly Areas. 
The rules f o r  handling Mark VI .elements are based on handling fuel tubes 
which have a fuel concentration no greater than 18.00 w t  $ oralloy. The 

These tubes 

spike elements fo r  a 
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MARC 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. 
fuel effluent and reactor effluent temperature transients, and an infer- 
ence of moderator flow patterns and velocities were reported in the Feb- 
ruary monthly report (DF'SP 59-1-2). The folloKing analysis is concerned 
with bulk moderator temperature changes after a scram. 

Moderator temperatures were measured at 31 thermocouple positions during 
the scram test. 
lay (transport l&) and response times of the bulk moderator to permit 
accurate analysis of the kinetic reactivity behavior of the reactor. 

Representative temperature transients are presented 3n.f igure Rp-1 for three 
spatial locations near the radial center of the reactor. Analysis of 
these and other temperature transients shoved that the flow at asy given 
spatial location was displacement-type (very little mixing) flow and could 
not be described by a simple exponential relationship with time and porn. 

!k detexmine a more suitable =thematical description of the behavior of 
moderator temperatures during the scram, the reactor was divided into 31 
regions w i t h  one monitored thermocouple near the center of each region. 
Each region was statistically weighted, and the statistically weighted 
average temperature of the moderator was detexmined as a f'unction of time 
(see figure Rp-2). 

Neutron and gamma flux transients, 

The primary purpose of the test was to determine the de- 

The statisticd weights used were as foUows: 

Radial Weights Axial Weights 
' - 1 .  0.28 +6' level 0.10 

Gang I1 0.26 +3' level 0.25 
Gang I11 0.31 0' level 0.30 

0.15 -3' level 0.25 
-6' level 0.10 

Bz 

The statisti'cal 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 altered to 0.25 for Gangs I and If, 0.30 
for Gang 111, and 0.20 for the buckled zone, the response time would be 
approximately lo$ longer than for the above case. This result is caused 
.by the fact that the fast-acting central portion of the tank is weighted 
less heavily than the region corresponding to G.ang III. 

Calculated moderator taperatures for an &second i d  a 10-second response 
time and a 1.1-second delay time also are presented in figure RP-2. The 
best fit to calculated curves indicated a moderator temperature response 
time of 9.0 f 1.0 seconds with a delay. of 1.1 f 0.3 seconds "after power 
begins to decrease (2 .O f 0.3 seconds after the scram time). 

. -  . .  
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After &e, recoadn 

Flgure RP-2. Stat l r t tca l ly  Weighted Bulk Moderator fomperaturos 



The calculated curves weit3 derived from the expression: 

_ _  
TdT- = A (20- 

d t  - PI 
whe? : 

Tm = Moderator temperature at  time t 
Tmo = Initial moderator temperature 
PI = Plenum inlet temperature 

TF = Fuel effluent temperature, determined empirically fm 
a flat zone tube as [59(0.8e-l*lt + 0.2e00*08t) + 301 

Q0 = Snitlal f lat  zone effluent temperature 
X ='Fksponse constant of the moderator 

4 

It is seen from the above equation that the effluent temperature of the 
f lat  zone fuel elements was used as the driving force fo r  b d k  moderator 
temperature changes. The i n i t i a l  0.5OC decrease in measured bulk moder- 
ator temperatures during the first second a f t e r  the power decrease (1.0 
to  2.0 seconds a f t e r  the scram) I s  attributed t o  the loss of neutron and 
gamma heating in the moderator. 

A plot of moderator delay time a s  a function-of spatial  location in the 
tank is presented in figure FP-3. 
from the instant power began t o  decrease rapidly unt i l  the moderator tem- 
perature at a given point began t o  decrease rapidly. 
used t o  study f l o w  patterns and velocities in the bulk moderator. 

The delay times are measured in seconds 

This plot may be 

2 MARK VI-J POWER COEEFICIENT OF REACTIVITY 

The power coefficient of reactivity of a Mark VI-J chsrge (with blanket) 
was measured a t  several power levels during the K-2 cycle. 
cient was detexrmined both by the rod oscillation and the xenon transient 

The coeffi- " 

the test result a m  presented in figure Rp-4. 

efftcient at  zero power is very close t o  
the same value for  both the rod oscillation and the xenon transient tech- 
niques, a id  because the results of the moderator coefficient t e s t  indicate 
a temperature'coefflcient that I s  independent of temperature, it is fe l t  
that the relatively cops tk t  power coefficient as measured by the xenon 
transient technique is accurate. The average power coefficient as meas- 
ured by xenon transients is -0.0ooS6qb &/k/MW fo r  Ma* VI-J. 

rapolated power 
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The discrepancy between the rod oscillation 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'. 
temperature oscillations could cause a large error in the determination 
of control rod worth by the rod oscillation technique. 
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 methbd of calcu- 
lating the value of 8 (MW/kg). The refinements included increasing 8 by 
lo$ to account for neutron spectrum hardening and by 3$ to account for a 
value of 194 &v/fission instead of the value of 200 Mev/fission that is 
assumed in the Xenon Tables. 
increase in the magnitude of the xenon transient. 

A pcker coefficient of -0.00066$ &/k/MW agrees extremely well with hewn 
values of the moderator and coolant temperature coefficients. 
ured moderator temperature coefficient of reactivitywas-0.0195& &/k/OC. 
This moderator coefficient is a combinstion of two temperature coeffi- 
cients: a coolant channel coefficient of -O.ooS$ &/k/OC, and a bulk mod- 
ektor coefficient of -0.0145$ & / k / O C .  

for'the average coolant channel tanperature and the average bulk moderator 
temperature are approximstely 0.024OC and O.O392OC, respectively. 
power coefficient as calculated from the above temperature coefficients 
and temperature changes per MW would be: 

This effect of the 

The magnitude of 

This 13s increase in 8 results in a 13$ 

4 

The meas- 

The temperature changes per MW 

The 

(0.@4)(-0.005) = -0 .OOO568 
A 

(0.0392)(-0.0145) = -0.OOOl20 
-0 oooS08$ &/k/MW 

This is in good agreement with the experimental value. 

MARK VII-A PCrWER CCEEFICIENT OF REACTIVITY 

The power coefficient of a Mark VII-A charge was.measured in R reactor 
during the R-3 cycle at a power level of 85s. 
mined by xenon transient and by rod oscillation techniques was -0.00061 
and -0.00065$ &/k/MW; respectively. Since the rod oscillation technique 

are dependent on moderator flow characteristics (see preceding section on 
Mark VI-J power coefficient of reactivity), the coefficient that was de- 
.tel.mined by ,the xenon transient method should be used. .The xenon t m -  
sient was corrected by a value of 1.13 to account for neutron spectrum 
hardening and the change 'in the value of &v/f ission. 

The coefficient as deter- 

I for measurement of control rod worth is suspected to contain errors that 
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ROD REPLACEMENT R? MARlc VII-A CHAWZES 
I Control Rods.  Replacement of control rods in Mark V I L A  charges having 

an exposure greater ti e January mnthly report 
(DPSP 59-1-1). The is reported there 00 l u t e d  in scope, con- 
sidering onlythe reactivity of Gang I with SRP Fuel, t o  provide an ade- 
Quate or economic replacement schedule. An extension of the analysis has 
been made t o  include reactivities of a l l  three gangs with both SRP and SC 
fuel. 

The numbeP of half rods of a gang which must be replaced during the charge- 
discharge prior t o  the start of the cycle is determined by the curyes of 
figure RP-5. 
rods in a gang with which a cycle may be started as a function of the an- 
ticipated length of the cycle. 
exposure in the gang is less  than the number rea fram the appropriate 
curve. This method of rod replacement w i l l  insure that at the end of the 
cycle, the half rods w i l l  be capble  of holding sufficient buckling t o  
permit good flux shaping (ie,  BnaX/%vg less than 1.30). 

0% was discussed 

These curves shar the'maximum of the average exposure of the 

Rods must be changed unt i l  the average rod 

I 
I 

4 I 

I 

The curve relating to half rod productivity and costs which was published 
in the January report shows that the worth of production mirms rod costs 
varies l i t t l e  between rod exposures of 24% and 4&. Thus during a shut- 
down between cycles, if charge-discharge time is not limiting or if a 
septifoil must be visited anyway, all half rods with exposures greater 
than 24% should be replaced. 
beyond e. 
Full  rods should be replaced af te r  alternate cycles unless they receive 
an exposure of E$ at insertions greater than 500 veeder units. 
condition occurs, the rods should be changed at the end of the cycle in 
which the exposure is obtained. 

In addition, half rods should not be exposed 

If th i s  

I 
I 
j 

I Shadow Rods. 
in fuel  adjacent t o  the spazdets. 
f lux peaking, the exposure of 4.9 w t  
t o  60$. 
RP-6. The curve was obtained by combining curves of: 
reactivity worth of shadow rods, and (2) reactivity worth of 4.9 w t  6 rods 
versus exposure. 
which time t 

. temperature. 
the p e m  

The Arnction of the shadox rods is t o  prevent flux peaking 

Li-Al shadow rods w i l l  be limited 
To grovide adequate protection against 

(1) peaking versus 

There have been 4.9 w t  8 shadow rods exposed t o  60$, at 
aking was 0.6, corresponding t o  about O S O C  in effluent 

l em was encountered w i t h  this smaunt of peaking, but 

A curve of flux peak3ng vqrsus exposure is presented in figure 

e greater than the 0.5OC. 
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OPERABILITY OF MARK VII-A, MARK V-A, AND MARK IX LA!ITICES 

A general survey has been made t o  determine the relative flux shaping 
characteristics of the Mark VII-A, Mark.V-A, and Mark IX as fuel asseyriblies 
for  ITPR la t t ices .  
w a s  calculated and compared with the buckling necessary for  various de- 
grees of axial flux flattening. 
RP-8, and Rp-9, in which the buckling values are plotted against 8 as a 
parameter. 

The buckling available with la t t ices  of these elements 

This comparison is given in figures RP-7, 

Each figure corresponds t o  a particular reactor height. 

Buckling Available. 
flat-zone, zero-rod configuration of the fuel  assemblies. The bucklings 

The buckling available is the material buckling of a 

were obtained from the curyes of buckling versus l a t t i ce  spacing in fig- 
ure RP-10. 
month's report (DPSP 59-1-3, p 124) .  The Mark IX curves have been added. 
These curves assume a regular, triangular l a t t i ce  as in the buckled zone. 
To derive the flat zone buckling, the buckling read from the curves at the 
appropriate l a t t i c e  spacing (see following table) must be corrected for  
the irregularity of the f lat  zone type l a t t i ce  (a 1:6 ra t io  of ztumber of 
control positions t o  fue l  positions w a s  considered). The corrected buck- 
l i n g s  are plotted in figures RP-7, FP-8, and FP-9. 

The Mark VII-A and Mark V-A curves were published in last 

Equivalent Flat Zone Lattice Spacing 

Buckled Zone Eqplvalent Flat Zone 
spacing, in. spacing, in. 

7 .oo 7.56 
7.25 7.84 
7.50 8.10 
7.75 8.37 

. 8.00 . 0.64 

In  the determination of the migration area (& = L2 + T), the value of L2 
for  a f l a t  zone l a t t i c e  was taken t o  be 1.25 times the value for the cor- 
responding buckled zone la t t ice .  (Buckled zone values were sham in last 
month's report.) The 1.25 factor is correct for  a ?-inch buckled zone 
l a t t i ce  spaclng and I s  thought t o  be a good approximation t o  spacings at 
leas t  as wge as 8 inches. The values of T for flat zone la t t ices  were 
detezmined fromthe equation given in last month's report. 

The five points on each "buckling available" curve correspbnd to  the five 
l a t t i ce  spacings given in the preceding table. 
spacing corresponds t o  the lowest 8, etc.) 

. 

I 

(The smallest l a t t i ce  

I 
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Flguro RP-7.  Avallabl; and Necorrory Buekllnqr wlth  a 

- 
*Reactor Hotgbt of  14 Foot" 
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Flguro RP-9. Avatlablo aad Noeorrary 8ucklIngr w l t b  a 
Reactor Holght of 18 Foot 

&&ling. IUI 
I I 1 I I 1 I 

1 I I ’  I I I I 
7.0 7.s 6.0 6.5 9.0 

ktc ica  Spuiog, inches 

Flguro RP- 10. Buckllng vorsur Latt lco Spaclng 
( Iogular Trtangular Lattfco) 
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zero in the flat zone.) The buckling necessary t o  support the axial f l u  
shape depends upon the desired flatness of the flu: 
ured by the ra t io  of the maxhnm tn *he p----= err( 

~ u c k l i n g  ~ecessary.  ~ o s s e s  i n  reactivity ( h f f / h f f )  expected in the 
operation of the FTPR are l i s ted  in the following table. The basis for 
the .value of the loss I s  l i s ted  along with the loss i tself .  .These losses 
of reactivity were converted t o  buckling l o  
equation, in which the 

i 
I 

probability: I 

or 1-06 is the 

Loss 
Xenon 
samarium 
M e r a t o r  temp 

coefficient 
Metal temp 

coefficient 
Miscellaneous 
Total 

k e f f .  1.06 a IF = k-- x ‘F 
eff 

FTPR Reactivity Losses 

2.76 

0.94 VII-A t o  65°C 
4 

0.28 Twice current VII-A 
0.35 Unexzlained current VII-A loss - 
4.86 

I 

K Shape, which is meas-  
-- -- --- --.-*-- d a l  flux (4maX/%vg). 

* 

Axial flux shapes with half rods msitianed fnr m+lirnUm 9maX/%vg we= 

neigt ~ - _ _ _  y v o A u r ~ ~ ~ ~  GO 200 veeder units. The ratios of full rod length, half rod length, and the length of 1000 
veeder units t o  the height of the reactor were taken t o  be the same as 
with current Mark V I L A  charges. The sum of the bucklings held in rods 
(PCR) and in axial leakage (IFz) is given i n  figure RP-11 as functions 
O f  %&%VU- - -  0-  

To determine 
i&ar k/Qvg and 

n from the curves of f ig-  
& which w a s  determined 

c.---rac -.. ---- ---- 73- 

worse condition of axial f l q  shaping expected during a cycle would occur 
with the full rods at about 350 veeder units. This case w i l l  be investi- 
gated. 7 

Since this analysis was pr&lly concerned with the RPR, no considera- 
t ion was given t o  the sparjets and the i r  associatedshadow rods. 
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REFLECTOR CAUULATIONS 

Additional radial fluxcalculations were made for  the Pressurized Tube 
Production Reactor using the Lil Abner IBM 650 routine. The neutron 
leakage fromthe reactor core " t h e  tritium production in producer 
tubes located at the outer boundary of the reflector were determined as 
functions of reflector thickness. The machine routine w a s  described in 
last month's report (DPSP 59-1-3, pp 125-128). 

The t o t a l  neutron leakage w a s  obtained by the following expression: 

TotalLeakage . - % J V W  0 DSrvRpgds 

- ---. where: 
' F, S are subscripts referring t o  the fast and slow neutron groups, 

respectively 
dS is a surface increment 
dv is a volume increment 

D i s  the diffusion 
Q is the neutron flux 

VR is the radial c'slmponent of the gradient operator 
2 is the absorption cross section _ .  

This expression differs sl ightly from the one given in last month's re- 
port and is taken as the more appropriate one f o r  this analysis.. 
gradient of the fast and slow fluxes and the volume-weighted fluxes were 
determined directly from the calculated flux shapes.- 

The 

Figure =-12 is a plot of leakage as a f'unction of reflector tliickness. 
The difference between the to t a l  leakage from the core (buckled zone) 
the t o t a l  leakage framthe reflector is equal t o  the absorption in the 
reflector. This difference increases as the reflector thickness is in- 
creased. The bottom curye represents the slow leakage fromthe reflector. 
It shows that for  increasing reflector thicknesses, the fast leakage from 
the reflector oaches zero. 



Heutton Leakage, X 
I .. -- 1 I 1 I I I 1 

0 Tom1 Leakage from Core 
A T o u l  Leakage f- Reflector I- o slew Leakage fmm Reflector 

3.0 - 

- 
2.0 - 

4 

1.0 - - 
, 

0.0 I t I I I I I I I 
0 10 20 30 u) 50 60 70 - 80 

Reflector 'Zhiekust. em 

Figuro RP-12. Noutron Loakogo versus Rofloetor thtcknoss 

Rehtive Roductivlty 

1.08 - I I I *  I I I I I I - 
-=mo-=--mm=-n----mll 

1.06 - - 

- 

I I I I I I I 
0 lo 

I I 
90 

.- -- ~ 

20 30 40 50 80 m a0 

R d l t C t O r T h i c b r t S 6 ,  Cm 

Figuro RP-13. Rolativo Productivity vorsus Rofloctor fhicknorr 



133 

The slow neutrons leaking from the reflector can be utilized for tritium 
production, if l i t h i u m  elements ("producer tubes") are arranged around 
the outer boundary of the reflector. 
gained through the use of producer tubes it was assumed that a ring of 
producer tubes w o u l d  absorb 80s of the slow neutrons leaking fromthe 
reflector. 

In  calculating the production t o  be 

c t iv i ty  values were determined by the method given previous- 

Without producer tubes, an increase 
in tritium production in control rods occurs as the reflector thickness 
is ipcreased. Tritium production in producer tubes only, which is propor- 
tional. t o  the "slow leakage from reflector" curve shown in figure Ecp-12, 
reaches a maxiwrm at a reflector thickness of approximately 35 centimeters. 
The result  is a flattening out of the "relative productivity with producer 
tubestt curye of figure Iip-13, which has a maximum at approximately 60 
centimeters of reflector. With producer tubes the gain in production from 
an increase in reflector thickness from 40 t o  60 centimeters is relatively 
S m a U .  

h the producer tube and no producer tube cases. 

ion of reflector thickness. 

Relative produc- 
fractional increase in  production, is plotted in figure RP-13 
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rlucLEm PBYSICS 

TREmDs I N  AHEA RADIATION LEVELS 

A knowledge of trends in area radiation levels and system a c t i d t i e s  dur- 
ing shutdown, in relationship t o  operating parameters, ik of interest i n  
connection with current and f'uture maintenance of reactor equipment. In- 
formation concerning radiation levels in the 105 Buildings during charge- 
discharge shutdowns is available fromthe "Area Activity Levels - Ibnthly 
Reports," which were issued by Reactor Technology Section fKxm &ril 25, 
1956 to  October 14, 1958, and from DPSOL105-1226, "Status of &actor 
System Radioactivity, " which replaced the mnthly reports.- A document 
enti t led ' h n b s  in Radiation Levels - 100 Areaarn &ri l -2 l ,  1959, 
(DPSP 59-886) has been issued. It swmrizes  this radiation level in- 
formation for each of the 100 Areas and enables grephic analysis of trends 
in radiation levels during shutdown as assocfated with the following 

' operating parameters: 
4 

0 Reactor Power - One Day Prior to Shutdown 

0 Cycle Escposure at Shutdown 

* 0 Process Water Activity - One my Prior to  Shutdown 

0 Turbidity Prior t o  shutdown 

0 Type of Fuel 

Figures RP-14 through RP-18 enumerate the activity data for five specific 
.locations and a single process water systein (System 3). 
considered t o  be representative of system act ivi t ies  in general. -her 
details  &re given i n  DPSP 59-886. 

General conclusions which result from an inspection of the data are as 
follows: 

0 M i a t i o n  levels during shutdown have increased in a l l  ere- since 
AprU 1956 and are associated primaFily with increases in process 
kxter activity. 

Then data are 

Increased process water activity i s  associated with'increased cycle ex- 
posure a36 turbidity. 

0 General trends in radiation levels following shutdown correlate fa i r ly  
well w i t h  process water activity prior to shutdown; fluctuations in 
radiation levels and hot spots correlate with turbidity and f'uel ele- 
ment faii-6. 

0 Nt, extensive buildup of long-lived ect ivi t ies  in the process water 
p i p a  is indicated. 
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CYCL0I-E GAMMA MONITOR 

A Cyclone Gama b n i t o r  was installed in P Area under TA 1-538 during 
the P:l3-14 shutdown (M, 1958) and h being evaluated as a replace- 
ment for  the Single channel Gamma kn i to r s .  Both systems monitor the 
gross process water activity and are intended t o  provide rapid indicatim 
of fuel failures which have relased large amounts’of fission products t o  
the moderator. 
s tee l  filters w h i c h  must be replaced periodically because of pluggage. 
Replacement of the filters is a d i f f icu l t  maintenance task (SWP) and is 
normaUy perfomed only during reactor shutdown. 
Monitor does not contain filters and is designed t o  enable backflushing 
during reactor operation for the reduction of background activity. 
ever, pluggage of the cyclone system has been a problem and effective 
backflushing has not been accomplished.. 

The Single Channel Gamma Eibnitors ut i l ize  porous stainless 

The Cyclone Gauxma 

How- 

The cyclone - &nitor conkink a cyclone set t l ing pot which is con- 
nected to the heat exchanger in le t  l ine  for  System 4. The sensing ele- 
ment consists of an ion chamber which is located near the set t l ing cham- 
ber. The s i g n a l  from the chamber I s  amplified by a Beckman micromicro- 
ammeter and is displayed on a Brown kcorder i n  the central control room. 
Normal system flow is approximately 0.25 gpm and the delay time from the 
reactor is about one minute. 

Several hydraulic modifications have been made to the protom-e system 
and itere reported in the August k n t h l y  Progress Report, DFSP 58-1-8, 
page 145. Since the completion of the modifications, f ive fuel elements 
have failed in P h a .  
of fission products t o  the moderator as indicated by the process water 
act ivi ty  monitok; the maximum act ivi ty  increase observed was ll percent 
(ISGM) . The cyclone monitor responded to only the most recent failure 
(April 21, SRP NO. ~ 3 ) .  
of the monitor is shown In figure RP-19. 
water activity monitors for the five failures is given i n  the follovLng 
table . 

’ 

Hone of the elements released a s i d f i c a n t  amount 

The recorder trace indicating the response 
The response of all the process 

Process Water knitor Response 

Failure 
Number 

* 35 
‘ 4 1  

49 
51 

. 5 3  

Percent Increase 

- Date -nitor G m m a  Eibnitor Gamm k n i t o r  Delay k n i t o r  
Cyclone GowEner& Single Channel Ten-Minute 

0 11 4 .  0 
no act ivi ty  released 
0 0 0 3 
0 

no act ivi ty  released 
1/1 
3/6 
4/3 

0 0 3 09 
4/4 9.7 IJ. 0 10.8 , 
4/16 
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The backflushing difficult ies currently experienced w i t h  the cyclone moni- 
to r  w i l l  be investigated during the forthcoming P:6-7 shutdown. 
ab i l i ty  t o  backflush can result from (1) pluggage of the cyclone set t l ing 
pot, (2) pluggage of the flush drain line, or (3) malfunction of one or 
more valves. 
the pluggage of the s y s t e m ,  a larger cyclone set t l ing pot and increased 
diameter hydraulic tubing w i l l  be tested. 

The in- 

E' the Investigation indicates that turbidity has caused 

FOOD IRFfADIATIOH FACILITY - MARK VI-J FUEL 

The food irradiation fac i l i ty  is designed to use Mark VI f i e1  elements 
as a gamma s o m e .  
of nine elements each. Because of scheduled bperations, Mark VI elements 
w i l l  no longer be available. Crit icali ty considerations preclude the use 
of 18 Mark VI-J elements without modifications to the food machine. 

A possible means of adapting the machine t o  the use of Mark VI-J elements 
is t o  use only a single ring of nine elements. Calcdations were made 
to determine the gamma dose rates for 9 Mark VI-J elements m e r  an ex- 
posure of So$. These data are presented in figure RP-20 as a function 
of time af'ter shutdown. 
e l e q n t s  after an exposure of approximately 405 are shown for comparison. 
The rat io  of the dose rate. from 9 W k  VI-J elements, to the dose rate 
from 18 W k  VI-J elements, determined from figure Kp-20 are summarized 
in the following table. 

These elements are arranged in two concentric rings 

Calculated and experimental values for 18 bkrk VI 

9 Bbrk VI-J Elements (one ring) 
18 Mark V I  (two rings) Oamma. Dose Rate Ratio: Time 

After Shutdown 

1 b Y  - 0.81 
1 week 0 0 9 0  
2 weeks 0.94 
4 'weeks 1.00 
2 months 1 .os 
3months . 1.14 

SHIELDING CAUI'ULAIONS FOk F!CPR 

Calculations were made t o  determine the concrete shield heat load from 
capture gammas in the thermal shield and from pi le  gammas for several 
shield thicknesses and compositions. Results of the calculations are 
shown in figure FP-21 and in the following table. 

. -  
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Heat to Concrete, 
(Btu/(hr) (ft2) .. 

9 

31 

63 

f 5o:so stain- 

n of the 57 cm D& case above t o  
50 cm thick. 

0 A 50 &I thick homogeneous mixture of 50:50 stain- 
less steel:&O with 40 cm reflector and a 3-inch- 
thick producer tube Egion just inside the inner 
shield w a l l  consisting of a single ring of 1-inch- 
diameter 4.5$ LI-A1 rods with a 3-inch center-to- 
center spacinf;. 
was .03l2 cm- .) 

consisting of two solid 4.5-inch-thick stainless 
steel plates separated by 9 Inches of D20, and a 
3/4-inch stadess steel  tank w a l l  separated from 
the outer 4.5-inch plate by 1 inch of QO. 
flector thickness was 40 cm. 

4.5-inch steel plate. 

(Z,ff of producer tube region 

0 A 50 QP thick 50:5o stainless steel:&O mixture 
29 

4 

. 
Re- 

24 

18 
0 Slab case above with 18 boron added t o  the second 

0 Slab case above with 14 boron added to the tank 
w a l l .  16 

The results shown above are approximate because of the assumptions which 
were made t o  simplify the calculations Ebre' accurate calculations Will 
be made on the fBM 650 at SRL when suitable codes for  gamma shielding 
problems are programed. 
devised by Alco Products, Inc. and is described in APAE-kmo-142. 

A description of the method of each calculation follows. 

One s e t  of codes which w i l l  be- Investigated was 

SO :50 stainless s teel  :water 

attenuation used was based on PDP experimental data. 
was assuned t o  produce 6 k v  of 7 k v  single-point s p e c t m  gamma zays. 
Heat t o  the concrete is shown in  f i b  Rp-21 as a function of shield 
thickness. A reactor power o 2008 was assma. 

Pile Gammas. 5O:SO stainless tee1 :water &tures -io= thickness 
were assumed. Each fission was assumed t o  produce 21.75 k v  of 2.5 k v  
single-point spectrum gamma rays. 
figure RP-21 as a Function of shield thickness. , Reactor power i s  2004. 

for &O and GO. Neutron 
Esch neutron capture 

Heat t o  the concrete i s '  shown i n  



Two-Group Theory. 
calculated w i t h  the L i l  Abner code on the IB?4 650 8s the source term. 
Flux plots used for  the 57 cm &O and &O cases may be found in the Works 
Technical Wnthly Progress %port .for W c h ,  DPSP 59-1-3. Each neutron 
capture was assumed to  produce 8 k v  of 7 Mev single-point spectrum gamma 
rays. 
power of 200$. 
included although it becomes significant a t  neutron flux levels of greater 
than about 10'' n/cm2/sec in the concrete. 
this method and results are shown in the preceding table. 

Numerical Integration using thermal f lux values was 

Heat t o  concrete is shown in the preceding table for a reactor 
Heat produced by neutron capture in the concrete is not 

Shield problems calculated by 
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MODEMmR CHEMISTRY 

CHARACTERfzATION OF TURBID MODERATOR 

Twenty-five additional moderator samples have been analyzed by the tech- 

reported last month, and have yielded additional results. 

Particle Size Distribution. Twenty-five new s,amples shared the same medi- 
an values ( w i t h  same standard deviations) of the "average," c'minimm," and 
"maximum" turbidity particle size as were reported last month. The pa r t i -  
cle size distribution .of moderator turbidity 'b 
constant; ' . . 

Data taken in P Area during a scram showed the same abrupt r ise  in the 
"large parttcle index" within a half hour after the scram that was re- 
ported last month for C Area. 
tor of particles of size gre 

Amounts of Elements. Ninete n analyzed for  content of 
elements by the f i l t ra t ion  technique (including those reported last month). 
The amount of solids in these samples ranged f rom14  plw to  4 @  ppm. 
plot of p p m  of manganese in the solids fraction against ppm of solids gives 
points scattering about a straight line through the origin, along which the 
rat io  (ppm of Mn)/(ppm of solids) is constant. Furthermore the spread of 
values of this  ra t io  is substantially less than the spread of v a l k  of 

For other elements the scatter is large (over 1 t o  2 decades) so t h a t  ex- 
istence of a straight line correlation is not a t  once evident. In some 
cases the scatter is significantly reduced by dividing by ppm of solids 
(indicating a par t ia l  correlation) w h i l e  in others it is increased (as 
w o u l d  be expecte there were no correlation). 

tration through Millipore paper described In last month's re- 
-1-3, p 141). I n  general these data confirmed the results 

4 microns' is thus 
. .  . .. . .. . 

This indicates the appearance in the modera- 
10 microns after the scram. 

A 

(Ppm of M 4 . l  
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The elements B, L i ,  N i ,  U are not ordinarily detected in turbid modera- 
tor. 
trographic method in current use; Substantially all (39.9$ of it is found 
in the solid fraction. 

The amounts of elements i n  the f i l t r a t e  fraction are mre or less inde- 
pendent of the amount of solids present, 

The Al content of the solids is too high to be measured by the spec- 

v a l b s  being gs follows: 

Element 4 2 a & & CU & B 
RRb 20 2 0.1 3 <2+ a* ao++ e++ <2*+ <SO+' 

* Normally below the l i s ted  the filtrate. 
Always below the l is ted l imi t  of detection in the filtrate. 

Radioisotopes. - Five samples were analyzed radiochemically using the f i l -  
tration technique (including the two reported last month) . ' These were 
barely sufficient t o  show the correlation between amount of activity car- 
ried by the solids and the amount of solids. The numerical values summac 
rized below must be considered 

\ 

Isotope Ha-24 Mn-56 Fe-52 CO-60 Cr-51 Zr-95 0.5.Meer+ 

Cpm/hg of Solids 0 600 5 12 2 10 -2.5 
Degree of Correlation 0 med ned high 1- n0XX none 

Cpm/BIl l n  F l l t r a t e  high' 30 30 30 30 20 30 
$ of Total on Solids 5 94 95 97 88 97 . 96 

* Calculated a~ Ru-103 

The range of values for  the fi l trate (except Na-24) is rather low, and the 
values are independent of amaunt; of solids. 
rosion in the radiochemical analysis but this is not likely. 

Efficiency of Fi l t ra t ion Technique. All of the work reported above was 
done using a 1.2 micron-pore diameter Millipore filter. 
suggested that this filter was not removing dl of the solids. 
this possibility, aliquots of the same moderator sample (C Area, taken 
April 4; turbidity = 16 ppm) w e r e  filtered, one through 1.2 micron and one 
through 0.3 micron-pore diameter Millipore paper. 
p-7 planchet of each of these two aliquots was determined. 
these decay curves shoved that 

@ The 0.3-Micron kper removes about half' of the long-lived activity 

@ The 0.3-micron paper passed about the same amount of 

This may be the effect of cor- 

Some of the data . 

, To check 

The decay curve of a 
Analysis of 

passed by the 1.2-micron paper 

(or v - h y  half-life isotopes) as was passed by the 1.2-micron paper.' 
6 and of Na-24 

Deionizer Effluent. 
deionizer effluent 
pair from P Area were anslyzed-by the f i l t r a t ion  technique 

A pair of samples consisting of reactor effluent and - 
; drawn nearly simultaneously from R Area and another 



i 
I I 
l 

The analysis for elements showed C r ,  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 reliable 
tra t ion . 
Radiochemical the fonwing  decontamination 
factors, calc 
deionizer eff 

I 
ionizers on their  concen- 

the f i l trate fraction of the 
action of reactor effluent: I 

Fc-59 Co-60 Zr-95 0.5 Mev 
I 
1 Dccanl 

-12 -25 
, Present Data >>l * - - m 

19onturbid Spmplcs* 4000 43 6: 2 12 
* Data previously reported in  RTR 85 (DPSP 58-814) , based on I 1 

1 

pairs of nonturbid samples (f i l t ra t ion technique not used). 

ent data, only the 
I 
I for Na-24 can considered %o be &s- 

tablished w i t h  any precZsion. The remaining values serve only to indicate 
#at there is substantial removal of radioisotopes by the deionizers. I 

CHLORIDES IN MODERATOR 

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

For the L:4-5 shutdown, 14 samples were taken -- one per day start ing a t  
the beginning of the shutdam (April 2) and continuing unt i l  April 14. 
five .days after f u l l  ------ ---- - 

- . -  -I 

ud m w c r  was reacned. The concentration of chloride, re- 
mained less than the 0.1ppm l i m i t  of detection throughout t h i s  period. 
The deuterium evolution r a t q  shwed the usual peak a t  startup (65 scf/day 
maximum on April 8 as compared to- 36 scf/day on April 11). 

I 
Of the 21 samples obtained from the other 
0.3 and 0.2 ppm and one gave 0.1ppm of ch 
a resample on the same day gave <O.lppm. 

It therefore seems unlikely that chlorides 
contributing in any major way t o  the general occurence of high i n i t i a l  
aluminum corrosion. Data so far accumulated do not rule out the possi- 
b i l i t y  at it may contribute to  increased corrosion in individual reactor 
cycles. 

shutdams, two each gave, 

One gave o.6 ppm, but 

lved in the moderator are 

- es. 
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The protot* inline pE s y s t e m  which is designed for  continuous pH measure- 
ment of process water, was installed i n  Building 105-P (TA 1-678). A block 
diagram of the equipment as d for  operation is shown in figure RP-22 

pH meter, and (3) recorder. The f low assembly contains a glass pH elec- 
trode, a reservoir type reference electrode, and a thermo-compensator. 
The pH meter measures the potential between the glass electrode and the 
reference electrode. This potential varies w i t h  the pH of the process 
water circulating through the f low assembly. 
resistance thermometer which adjusts the pH meter r e a m  t o  capensate 
for  changes in the electrodes caused by temperature. 
corder provides a continuous record of pH. A diagram of the piping and 

.equipment arrangement is shown in figure RP-23. 

system consists of three= (1) fw assembly and electrodes, (2) 

The thermo-compensator is a 

The s t r i p  chart re- 

The pH meter was placed in ape on’Apri1 Measurements of p=ocess 
water pE since that time have been recorded during a reactor shutdown, a 
reactor startup and during n d  reactor operation. The pH has varied 4 

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 w i t h  reactor parameters. These factors will 
be determined as more experience is gained. 
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PRODUCTIOm PHYSICS 
,c c ;"e 

TRITIUM PRODUCTION 
3 

the targets from the K-2 
the 200 Area. A t r l t l u m  production 

the Ee-4 yield of this material. 

(The Material 
ions Technology Section has postu- 

the form of water, and can 

[The predicted value, given i n  DPSP 58-1393 (RIM 1684), was I 
The measured tritium yield was 
Balance Ratio was 
lated that the mis 
be recovered. 

Comparison of Mark V I  and Mark VI-J.  The measured Mark VI-J target pro- 
duction rate may be combined w i t h  other recent observations t o  provide a 
real is t ic  estimate of the advantage of Mark VI-J operation over Mark VI 
operation. Blanketed, unspiked charges operating at  80$ power, t o  expo- 
sure levels of 42$ (Mark V I )  and 724: (Mark VI-J) are assumed for  the 
comparison. The tritium production rates are listed in  the followlnge 
table . 

Source 

Control Rods 

a t e ,  mg/ MWD 
Mark V I  Mark VI-J 

Both target production'rates are m ed values. The control rod pro- 
duction rate for  Mark VI was derived from the curves given i n  DPSP 58-1138 
(FQM 162l), which agree with 200-Area measurements. 
duction rate f o r  Mark VI-J was derived from the average reactivity held 
i n  rods during K-2. 
re t ical  estimates, supplied b 

The K-2 cycle exposure was 
Mark VI-J cycle exposure, t 
times as many MWD per year as Mark V I  operation a t  424 per cycle., The 
net advantage of Mark VI-J over Mark V I  may therefore be summarized as 
follows : 

The control rod pro- 

The two blanlr 

I t e m  

€4- 
W/year  
d r e a r  
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PLUTOIVIUM PFDDCTIOM 

Total  Production i n  Natural Uranium Charges. 
produce t r i t i u m  ( in  control rods ana spikes) as well as plutonium. Both 
products must be included to provide a useful index of neutran economy. 
One such index is  the total production rate, which may be wressed in 
units of grams of plutonium per reactor MWD (by equating an atan of trit- 
ium to an atom Qf PlUtOniUm). Measured ValUeS of this total production 
rate have been derived from Accountability records t o  indicate the changes 
inn economy which have taken place during the history of SRP re- 
acto t o  compare the measured rates with what should be expected 
theoretically. Past production was divided into three categories: l o w  
ngs operations, high g/T operations (except fo r  Mark VII-A charges), and 
those Mark VII-A charges which had been processed i n  the 200 Area through 
February 1959. 

Natural uranium charges 

The measured total production rates We listed below. 

Category me1 Rate, g / W  
I n w  ngs Mark I, VI1 
High g/T Mark I, VI1 

A *  

Current &U%C VII-A 

The measured rate for low ngs operation is about 
rent theory would. predict. The high g/T (I, VII) rate agrees with theory. 
The Mark VII-A rate is about than the theoretical rate. 
case, the comparison with theory is based entirely on plutonium production, 
because empirical rates are used t o  predict t r i t i u m  production. 
parison is considered valid because plutonium represents about 
total production fram natm uranium charges. The decrease in total pro- 
duction. rate, from the early low ngs operations t o  the present, i s  attrib- 
utqble primarily to the higher specific -sure in current charges. 
Details 'are given in DPSP 59-1005. 

Revisions of Plutonium Production Rates. 

higher than the cur- 

In each 

The cam- 
of the 

- 
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dip bonding) are designated Mark V-A-SKP, and tubes clad 
at Sylcor (hot-press bonding) are designated Mark V-A-SC. 1 

Mark VII Quatrefoil loaded with hollow slugs of natural uranim. 
[Slugs canned at SFP (triple-dip bonding) are designated 
Mark VII-SRP, and slugs canned at Sylcor (hot-press bonding) 
are designated Mark VII-SC. 1 
S i m i l a r  t o  Mark VI1 except that the hollow slugs and quatre- 
f o i l  are larger t o  ]?emit operation at the higher coolant 
flows provided by the Bingham pumps. 
Mark VII-A-SRP or Mark VII-A-SC, on the same basis as Mark 

j 
I 

Mark VII-A 
1 

[Slugs are designated 

I VI1 slugs. I 
SPR Parer reactor fuel  element. 
TFEx Tubat3.ar fue l  element, natural uranium (used for  SRL t e s t  

elements). 

MISCELLANEOUS 

CMX S ver Laboratory development 
HWCTR Heavy Water Components Test Reactor. 

PrPR Pressurized Tube Production Reactor. 
Strength Ratio of the Li-6 content of a Li-A1 alloy t o  the Li-6 con- 

tent  of an equal volume of U-f i  a l loy  containing 1.0 Kt $ 
natural l i t h i u m .  t 

i 
Sylcor Sylvania-Corning Nuclear Corporation. 
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N a t u r a l  Uranium Processing 

PROCESS STATUS -- 

Solvent extraction of . i rwdisted uranih in the' Jumbo mixer-settlers in 
F Area started on April 6 and continued intermittently, with numerous 
shutdowns in addition to  the scheduled weekend shutdowns. 
was generally irregular for several hours following startups un t i l  steady 
s ta te  operation was attained; losses and decontamination were satisfactory 
during all periods of steady s ta te  operation. . First cycle rate varied be- 
tween five and ten batches per day with better control of flow rates and 
of bank s tab i l i ty  at higher rates. 
were developed which to  some extent minimized the s ta r tup  problems. 

Plutonium refluxed in the lB bank on one occasion un t i l  it was estimated 
that 
persisted for several hours in spite of large increases i n  the amoimt of 
ferrous sulfamate fed to the bank. Procedures were modified t o  provide 
additional protection from overad,justment of lAF with nitrite which could 
have caused the reflux. A loss of of plutonium t o  the 2AW oc- 
curred, presumably because insufficient sodium n i t r i t e  was available for 
2AF adjustment. Both occurrences were recorded on charts showing neutron 
readings. 

Tests of the bismuth phosphate process for  recovery of neptunium from high 
act ivi ty  waste were successfully completed in H Area, and solvent extrac- 
t ion of neptunium from solutions of bismuth phosphate product cakes was 
demonstrated in the second plutonium cycle. Recycle of neptuniuh through 
the second cycle is in progress, to obtain the required decontamination 

Performance 

By the end of the month, techniques 

. 
had accumulated, and the bank was stripped. The buildup had 

- 
before transfer t o  .B-Line. 

. 
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j Reactor Charge -B R-15 R-2 R -2 P-3 
Composition, w t  4 

Mark I 0 100 0 0 

Mark V I 1  100 - 0 0 

W k  VII-A 0 0 100 100 

$ of Estimated Content I 

Plutoniim Content 

Processing Period 413 - 4/10 418 - ** 4/10 - * 
Cooling Time,* days 330 I 144 149 130 
Raw Metal Solution,* y .c/m/ml 

. -  

Z r  0.18 x ios 1.2 x IO@ 2.3 x loQ 2.8 x lOQ 

1 I nil 7.3 X 102 2.7 X lo4 1.7 x 105 
I U-237 nil 3 12 70 

Nb 0.36 x 10' 2.2 x 10' 4.1 x 10' 4.7 x 10s 
Ru 0.10 x lo* 2.0 x le 4.4 x 10' 6.5 x lo8 

Gross 0.55 X los 3.6 X lo9 6.8 X 10' 8.3 x 10' 
* A t  start of processing pe 
* S t i l l  in process. 

DISSOLVING 

Iiydrostatic tes t s  early i n  thecreport period showed that the column gasket 
was intact  on each dissolver. The problem of low dissolver vacuum was 
corrected by replacing the gaskets i n  the off-gas jumpers. Dissolver 6.m 
currently is processing P-3 material-while 6.4D I s  processing R-2 dingots 
under Test Authorization 2-228. 

Material balance calculations based on composite raw metal solution acidi- 
t i e s  indicated possible acid deficiency on three dissolver cuts and low 
acid (less than 0 . 6 )  on two others during the month. Since the precision 
of the acid analysis i n  raw metal solution is only about 80$ and an indi- 
vidual cut may represent only 154 t o  20% of the a w  
posite, makerial balance calculations &e subject t 
The following precautions were taken t o  prevent the 
amount of pluto t o  the head end cent 

end were limited t o  
tonium from the questionable 

. 0 Analyses cated t h a t  the n the r a w  metal soJution had not 
hydrolyze any great extent. 

0 In one instance, comparison showed the rat io  of plutoniumto uranium i n  
the centrifuge run tank t o  be essentially identical to that in the r a w  
metal solution hold tank. This indicated that no significant amount of 
plutonium had been lost  t o  the centrifuge cake. . 
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Dissolving end points were revised as a precaution against potentially 
acid-deficient cuts. 
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 ccatrol 
analysis to determine the amount of m o l y z e d  plutonium i n  the r a w  metal 
solution by comparing the amount of TIIA-extractable plutonium with the 
gross alpha count corrected for  uranium and americium. Experiments with 
hydrolyzed plutonium [determined spectrophotometrically to be free from 
Pu (IV)] show that only 1% t o  2% of the hydrolyzed material is extracted 
by FIX. Although the analysis is  crude and may indicate hydrolysis where 
none exists, it should rellably detect dangerous amounts of hydrolysis 
( ie,  greater than 334). 

The uncertainties i n  the material balance calculations for the acidity 
and uranium content of an individual cut also affect  the regulation of 
dissolver heel and cut size. 
was increased 54 to obtain larger cuts and t o  lMt excessive heels. 

Analyses of coating waste solutions were very e r ra t ic  during the month 
w i t h  uranium values ranging between 0.19 and 6.9 g/l and plutonium be- 
Ween W i t h  time as a parameter, there 
is no apparent trend in the analyses, and f o r  individual batches no cor- 
relation between uranium and plutonium- concentrations. Average losses 
t o  coatinR waste for  uranim and plutonium f o r  the report period were 
0.24 and respectively. 

The f inal  specific gravities f o r  the first and 

The amount of acid used per dfSsolver cut 

Dissolving Summary, F Area 

6 -4D Dissolver + 6.lD - 
Fi r s t  Cut 

Uranium Dissolved, batches/cut 3.91 
Avg Cut Time, hours 11.65 

Acid Economy, mls H N O ~ / m o l  U 4.68 
AVg Cut Acidity, $ "03 0.76 

4.14 
12.81 
1.16 
4.27 

Second Cut 
Uranium Dissolved, batches/cut 3.70 3.80 
AVg Cut Time3 hours 12 .5 14.08 

3.52 2.06 
4.61 Acid Economy, mols HN03/mol U 4.61 

AVg Cut Acidity, $ 

Raw Metal Solution 
Avg Acidity, 4 HE303 1.77 
Acidity Range, $ "03 0.91 = 4.40 

. .  

. .  
- .  
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n the precipitati t o  allow pemanganate - 
he t i p  of the agitator blade, as was successf'ully done in 
inspection'of the centrifuge effluent during one cold 
tMe new jumper and a feed rate of about 100 lb/min showed 

. .  

range AP transmitters we 
m t o  permit use of 'the normal skimmer controls at  the higher pres- 

11-1C skimmer control 

sures required t o  move t$e skimmers. The higher pressures are related 
to the use of stronger return springs in the actuator mechanism. 
t ion thus-f ppears satisfactory. 

Opera- 

- 
SOLVENT MTRAC 

i 

ntory of cold il 3, and ir- 
radiated uranium was processed in the first cycle start ing A p r i l  6. 
gamma act ivi ty  of the lAF increased gradually from a startup value of 
6.4 X lo7 c/m/ml t o  the current value of 1.2 x loe c/n;/ml as shorter- 
cooled, material was processed. F i r s t  cycle e 
tamination factors were satisfactory during 
operation despite i n i t i a l  poor control of sirturation in the lA bank. De- 
contamination factors across the first cycle decreased fromthe unusually 
high i n i t i a l  =lues, as fission product activit ies built up throughout the 
process1 t o  values more 

Considerable difficulty was experienced throughout the report period with 
the migration of uranium toward the aqueous-out ends of the l&, U, and 
lD banks during' weekend shutdowns; this.  migration appears responsible for  
the "aqueous block" of the lA bank reported last month as well as blockage 
of the 1B bank d u r a  the early part  of this month. Following hot startup 
on A p r i l  6 ,  an excessive amount of uranium was contained in:the lBP, and 
100 pounds of uranium was l o s t  t o  the 1DW; a8 a resul t  of the uranium i n  
the lBP, about 3000 pounds of 2RP was recycled t o  head end; the ra t io  of 
uranium t o  plutonium was 4.6: l  in the recycled 2BP compared t o  a Technical 
Standard Limit of L: 1 and a normal value of less'.than 0.02: 1. It has been 

The 

em Lasses and decon- 
io& of steady s*te 

ive of normal operation. 

sult of hydraulic 
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Pr io r  to the shutdown on A p r i l  10, the uranium and plutonium were stripped 
from the lA and 1B banks t o  prevent s ta r tup  losses to the l A W  and recur- 
rence of uranium contamination in the LBP; the LBX acidity was increased 
to  7.5$ to compensate’ for the acid l o s t  because of the absence of U P  dur- 
ing the flush. No uranium or plutoni- losses were detected during shut- 
down and immediately following startup on A p r i l  W but the gamma activity 
of the UP and LBP increased about 400-fold, presumably due t o  low startup 
saturation in the IA bank and the presence of fission products in the scrub 
stages following the flush. 
A p r i l  17 except that the lA bank was bnly partially stripped. Fission 
product contamination of the lBP relative to the lAF after this  s t a r tup  
was about the same as that from the previous, more extensive s t r ipp ing  

. 

A similar shutdown procedure w a s  used on 

of the lA bank. 

Uran ium migration. data obtained during lD bank shutdowns (sunmaxized in 
the .folloying table) indicate that uranium is partially stripped from the = 

migrating aqueous when operating the impellers a f te r  shutdown, resulting 
in lower losses at  startup. 
impellers running following high saturation conditions at  shutdown since 
it is not yet established how much the migration of uranium is affected 
by saturation and how much by running the impellers. Use of the technique 
on , the lA bank is planned. 

Further testing is pl8med to leave the 

Migration of Uranium in the lD Bank 

Total 
Shut- 12 Hours Prior t o  Hours -Hrs Impellers 
down Stage 11 After After After Polloving Shut- Operated After - Date . Sp Or+ Shutdown Shutdown Shutdown Startup down Shutdown++ 

1.0 0 0 - .  13.5 54 0 

4/9t 1.27 1.9 x 10-3 121 137 165 17 0 
4/10 1.05 1.8 X 10’3 0 2.7 x 10-3 0.8 52 12 

4/17 1.05 0.8 x 10-3 . 0 0 2.3 54 12 

‘I3 4/8 1;25 1.8 X loo3 49 .4 0 49.4 6 0 

4/14 1.10 1.4 X 10’) 80 X 10-3 0.2 2 e7 28 16 

+ Specific gravity is indicative of the re la t ive  saturation 
a t  shutdown: the normal desired operating condition corre- 
apoads to  a apeci i ic  gravity of 1-25 b stage 11, 

44- Impellers a t  1/2 normal speed. 
t Aqueous outlet  stage interface raised prior t o  shutdown. 

On A p r i l  14, approximately 98s of the plutonium fed to the 1B bank re- - 
fluxed f o r  a 37-hour period, ending with the shutdown of the first cycle 
for  a lB bank flush. Approximately of plutonium collected in the 
bank before shutdown. ‘The reflux appeared caused by destryction of the 
ferrous ion in the bank presumably as a result  of nitrous acid extraction 
in the lA bank. 
the LAF adjustment procedure was revised t o  prev&t.accidental addition 
of nitrite t o  the 1AF after the usual simmer period. 

The exact source of the ni t rous acid is unknown; however, 



Approximately of plutonium w e r e  lost to  the 2 A W  while feeding 
a batch of 2AF that may not have been properly adJusted with sodium ni- 
t r i t e .  This batch o eed was aJusfed . in  8 not used previously 
and all or part of t jus-nt material ( 
piping from the head tank to  the canyon. 

0 lb) may have f i l led the 

ogress at  I n i t i a l  checkout of the ank neutron 
the time the lB reflux started so t h a t  reflux conditions were not imme- 
diately recognized. However, subsequent close review of the monitor 
.charts showed the progress of the inventory buildup in  the lB bank. A l -  
though recent performance of the dual-channel 1B monitor has been satis- 
factory, minor modifications s t i l l  are needed t o  decr 
fluctuation i n  the recorded count rate. 

11 

The original F-Area 2 A  bank monitor was used for  startup because the new 
dualchannel monitor was not ready in  time. The old mnitor  showed good 
response t o  the large 2AW loss reported above by a sharpdrop in indi- 
cated neutron count as the bank inventory was depleted. 
later failed and was replaced with the old H-Area 2A bank monitor since 
the new dual-channel monitor was not operable upon installation. 
11 tube-train," as designed, apparently resulted i n  excessive noise level 
a t  l o w  neutron count rates. Redesign of the tube t ra in  is  in progress. 

This monitor 

The 

I 
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. Process Performance 

Period , + 416 - 418 419 - 4/15 4/16 - 4/22 

! 

Decontamination Factors 
RM/m ( x  lo6) 
Gross y .. 7.4 5 .1  
zr-Nb - 9 .5 0 

0 1.7 0 

4 3.7 4 .O Gross y 
Zr-Nb ~ 5.2 5.6 
Ru 0 0.7 0.0 

Gross y 100 46.4 0.52 
Zr-Nb 0 35 .O 0.39 

- Ru 0 -9790 1.36 

RMTM 

lAF/lDF ( x  103) 

lm/lEu'(x 102) 

RM/2BP (x 106) 

lAF/m ( x  103) 

lBP/2BP (x 103) 

Gross y 0.02 0.22 15 
Zr-Nb .. 0 025 0 

Ru 0 0.15 .. 
Gross p - 38 16 
zr-Mb 0 46.2 18.5 
Ru .. 10.2 5 04 

Gross y ' 54.5 6 1 . W  1 . 93t 

Ru .. .. 5.96 

Gross p 0.02 7.7 0.8 
zr-Nb 0 0 10.9 
Ru - - .  0.44 

zr-rn 0 - 1.43 

End Stream uality 
~EU, c/m m~.  

0 100 - Gross y 
zr-Nb 
Ru - 50 0 

962 
768 

592 Gross p 752 
zr-m 592 430 
Ru 60 154 194 

80 150 220 
9 

=, C/dW 

Pu to Raffiaate, 8 
U W  
IDW 
2 A W  

* Corrected for Pu gama activity 

t Omits material produced during first 24 hours 

** Omits material produced immediately after 
startup a d  during lB bank flush. P 

after startup. _ _  - - p - - ;  

. - - . 4 - - j - *4  -- - .  
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Flowsheet and Operating Conditions, F Area 
(Status on April 23) 

Impeller M o m l n a l  FlovRatio 
Bank speed,m stream u t  c by U t  

250, IAF IRI I 38.9 
"OS I 5.0 1.0 

IAX TBP I Jo.0 2.08, 
l A s  mo, 17 -2 0.555 

0.63 
FeSulSuPatc 4.2. 

0.354* 250, lEx mo3 
~ 

lEs I TBP I 30.0 I 0.496. 

Rate ,* 
BatCheS/DaY 

lo. 

Varied during nnnth. 

RM - Disaol&r Solution 
lAF - F i r s t  Cycle ked 
Wf - Fi ra t  Cgch organic Extr~c 
w - P i M t  Cycle Aqueou SCnrb 
U W  - F i r s t  Cycle Aqueou6 V-te 

1BX - Parti t ioning Bank Aqueous 
US - Parti t ioning Bank Organic 
lBF' - F i r t t  Cycle AqueOm Pluto 
LBU - Parti t ioning Bank Organic Uranium Stream 

2BX - Second Plutonium Cycle Aqueous S t r ip  
2Bp - Second Plutonium Cycle Aqueoun Product 
28w - Second Plutonfum Cycle Spent Solvent 
UJF - Second Uranium Cycle Feed 
lDX - Second Uranium C y c l e  Or@mic Extractant 
U S  - Second Uranium Cycle Aqueous Scrub (Stage One) 
lD3' - Bccond Uranium Cycle Acid Scrbb (Stage Four) 

lcx - F i r s t  Cycle Aqueous S t r i p  
lCU - F k r t  Cycle Aqueous U&um Product 
1CU - Fi ra t  Cycle Spent Solvent - . LEU - kcoad  thMim Cycle Aqueous Product 

kDU 
LEX 

- SeCOOd ~ i u m  Cycle Aqueous UMtc - &Cod WMiW Cycle A q u e a  Strip 

2Ap - &cod Plutonium Cycle Feed IEU - Second Uranium Cycle Spent Solvent 
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LOSSES 
I 

Average Waste Usses (To Building 241 Tanks) 
. .  

P u , k U  
0.03 From Head End 

F h n  Low Activity W e t e  0.77 
kwn 0.29 

_ _  - 
FrOm 0 

SOLVElJT RFICOVERY - -  

The F - h a  second plutonium and second uranium cycle solvent 'inventories 
were increased with additions of 24,000 pounds and 17,000 pounds of E-Area 
second uranium cycle solvent on April 10 and April 13, respectively. The 
solvent was added t o  the acid washer in each system in the El& 211 area. 
Laboratory examination indicated that the &Area solvent was equivalent 
t o  present F - h a - S O l ~ e n t  in terms of plutonium and uranium retention. 

- 
I 

- 
Activity i n  Process Solvent. 

Period + 4/2 - 4/0 4/9 - 4/15 4/16 - 4/22 
1st Cycle, kwashed* 

9 0 

0 0 

0 0 

Gross y ,  c/m/ml - 
-IJb, 4 
m, 5 

Z r a b  rt7, 34 - 15 

- 
0 

1st Cycle, Washed 
. Gross y ,  c/m@ 210 440 1700 

7,s 66 0 05 
TBP, vol 4 31.6 31 .O 30.9 
2 Number 6 0 0 

Gross y ,  c/m/ml 20 l30 270 
TBP, vol$ 30.8 30.6 31.3 
2 Number <5 .. 0 

. 2nd U, 'Washed 

2nd PU, Washed 
TI c / d a  25 470: 850 
TBP, vol 4 . 33.0 32.5 
2 Number 6 

* 1CW eampler'has not yet been installed. 
. _  

.. 

. . . - a  :. 3 _ _ -  . - -  



- 211 

WASTE DISPOSAL 

t ion of the contlnuous evaporators & both the high activity 
and low act ivi ty  waste.systems continues t o  be good. The high waste I. 

volumes reported for  high activity waste are attributed primarily t o  the 
intentional low volume reduction factor (a ra t io  of 16 volumes of feed t o  
one volume bottoms) used to  check the decontamination performance of this 
system, A t  the end of the report period, fission product equilibrium was 
attained w i t h  condensate gamma activit ies In the range of 500 t o  1500 
c/m/ml; the system gross gamma decontamination factor (feed t o  condensate) 
is estimated t o  be 5 X lo5, which is lower than anticipated and essentially 
the same as that obtained with the old batch type evaporators. 

The contents of the low act ivi ty  waste evaporator were transferred to  re- 
run for product recovery during the period and this system has not yet 
regained its equilibrium concentrations. 

E i g h t  grams of plutonium were discarded to  waste through the laboratory 
waste system th i s  month. 

SHXPME2E OF HAW TO ORNL 

In connection w i t h  the development of a new order-of-magnitude estimate 
for B minimum f ac i l i t y  t o  ship acidic high activity waste t o  ORNL, the 
following requirements were included in the scope: 

Isolation of an existing 5500-gallon tank In the Building 2ll-F labora- 
tory .waste p i t  f r o m  the res t  of the laboratory waste tankage and piping. 

0 Installation of a new 5500-gallon s t o w e  tank in the spare c e l l  ad joh-  
ing the existing tank (one of the .two 5500-gallon taslks would serve for  
collection and storage while shipments being made f r o m  the other). 

equipped t o  receive waste by 

. 

of a 100-gallon transfer 
55OO-gallon stora 

waste from the thro- 
s t o  ORNL 500-gallon shielded flasks on a truck-trailer. 

,shed and a concrete pad, with a drain 

tank f i l l  and return 1 approximately 
ding 221-F hot canyon (lines t o  be 

of t he  storage tanks. 

0 Installation of additional shielding, equivalent t o  about two feet  of 
concrete, above the cel ls  housing the storage and measuring tanks. 
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0 Installation of a ruthenium trap and a waste tank type f i l t e r  for  the 
tank ventilation air ,  t o  reduce potential airborne activlty discharge 
into the recycle vent system from the tanks. 

An inrport&t consideration is that the operation of th i s  f ac i l i t y  for  
storing and shipping wastes must not interfere with or coxpromise the 
normal operation of the laboratory waste facil i ty,  or compromise any other 
production operation,, ('eg, by Spreqding cotltamination In the .area). 

It is estimated that the installation would permit shipment of waste w i t h  
the desired 180 t o  210 days' to ta l  decay time a t  an average rate of about 
3500 gallons per month, assuming a t o t a l  cooling period of 135 days by the 
time the waste is moved t o  the new faci l i ty .  
mately six months would be required t o  complete the f ac i l i t i e s  a f t e r  pro- 
Ject authorization. 

It is estimated that approxi- 

ACID RECOVERY 

The gamma activity t o  the acid recovery unit, although low, has been in- 
creasing slowly during the period. 
increased from 0 t o  890 p c/m/ml, while the recovered acid act ivi t ies  have 
reached 1000 y c/m/ml. Fission product analyses indicate that SO$ of the 
recovered acid act ivi ty  is Zr-Nb, whereas the condensate act ivl ty  is pri-  

Overhead condensate act ivi t ies  have 

marily I-l31. 

UNDEkXIOUND WASPE STORAOE j 
i -  
, Status of Waste in Underground Tanks 

I 
I .  

mu, 
Tank inches -- 
1-F 269.7 

2-F 267.2 

3-F 204.0 

5-F 7.0 

71F 270.4 

8-F 209.5 

32 32 

20 26 

32 28 

Remarks 
Cooling water through 1/8" orifice, 
all 36 coils. 
Full flow of cooling water through one 
s e t  of 17 vertical  coils and two hori- 
z o n a  coils AU others have I/,'' * 

orifices; 
Full flow of cooling water through all 
36 coi ls ,  

34 30 Full flow of cooling water through a l l  
36 coils. - 27 LOW level waste. cooling water throw ' 

- 29 b w  level waste. Cooling water through 
1/8" orifice, all 36 coils. 

1/8" orifice, all 36 coils. 

. -  
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- 
Building 261-F Cooling Water 

kximum Minimum Specification - 
Na2CrQ4, m 760 710 500 t o  1000 
PH 10.3 5.9 >7.2 

W A S T E  TRANSFERS 

Waste, Volumes, F Area 
. (3/20 through 4/23) 

Transfers gal/batch 
Actual - Flows hee t 

H i g h  Level 
189" 132 

51 

Head End 24.8 26 

HAW Ebporator 
LAW Evaporator, Continuous 22* 
LAW Evaporator, Batch 27.5 - 
Fkm 14.4 L 

Buildup In  Bldg 241 216 - 
GP Concentrate 9.5 - 
Lab k s t e  Concentrate 9 .o .. 

-? I Silica G e l  lltt 
Buildup in Bldg 241 299 - 

I 
i 

Low Level 
233t 187 Coating Waste . 

- 
I 

* A 43s increase above flowsheet attributed t o  
concentration changes. 

wt Low volume resulted from transferring evapora- 
. t o r  contents t o  rerun fo r  product recovery. 

Contains 20 gal/B of E-Line recovery waste. 
+t High mlume due t o  c i t ra te  regeneration of 

I 
. 

-. 
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FEZEASE OF RADIOACTIVITY -To THE ElMFlONhlEEl 
- - .  -_ 

Seepage Basins, F Area. 
t o  the F-Area seepage basins. 

The following table shows the act ivi ty  discharged 

Activity Mscharged to  Basins, 3/19 - 4/15 
Nonvolatile B, curies 2.18 
1-151, curies 0.12 

pH of Water Discarded During Wnth 
Avg Seepage and Mporation Fate, @/day 
Level in Basin No. 3 on 4/23, Inches 

1.8 
44,oOO 
74 

Activity i n  Basins, 4/15 in N o * ' l  &sin No* 2 -sin No* 3 
1-131, curies/cc 37.2 x 4.0 X 10'" 2.0 x 
Nonvolatile B,. curfes,6c .5,14 x lo-'' 4.61 x 10-l' 3.34 x lo-'' 

Seepage Basin pH, 4/15 1.5 1.9 - 3.5 

Stack Releases, F Area. 
0.72 curle for the period April 3 through 15. 

Release of 1-131 from the $'-Area stack totaled 

RERUN 

A t  the end of the report period, 2700 pounds of uranium and 
plutonium were in rerun. 
following table 

of 
krun receipts for the month are shown.1n the 

. .  

Berun Receipts aad Volume of Waste t o  Building 281-F 

No. of 6 of 'Iktal Q of Rerun 
Trans- W t  Received Waste t o  Source Reason - fers  (78,333 lb)  Bldg 241-F 

Process leaks, 
spills, flushes 

Solvent Recovery &tal loss t o  1CW 1 .  31.8 

Pu loss  to  2AW 

5 23 04 '100" 

3 0 

sumrps 

0 

LAW Evaporator 
2nd Pu Cycle (10.5) Aqueous waste from 

2Bw tank 2. 1.1 0 
1.7  0 

0 

Organic accumulation 1 
B-Line Waste Off-standard 2BP 

solution 1 15.5 

* Waste from preceding month. 



Approximately 700 pounds unirkdiated was returned t o  head end 
w i t h  no known adverse effects on March 26, foll6wing an inspection which 

pended solids. This 
carbonate wash S a u t i  
concentrated by evaporation. 

- shoved th*e concentrated .solution t o  be clear with no indication of sus- 
ium had been received in rerun in an acidified 

the first 6tage"hot Solvent was'ner'and was 

COLD FEED P?EPABATION 

The i n i t i L  shipment of 504 ferrous sulfamate, a f te r  several months' 
storage, assayed only 234 ferrous sulfamate and was discolored and con- 
tained large amounts of yellow sludge. During th i s  storage period, in- 
frequent elevated temperatures and agitation were used t o  dissolve crystals; 
these conditions apparently contributed t o  oxidation of the ferrous sulfa- 
mate, which now appears .unsuitable for  use. A'fresh shipment of 504 solu- 
t ion was diluted t o  304 ferrous sulfamate and acidified t o  0.54 "03. 
degradation of the diluted and acidified ferrous sulfamate has been ob- 
served since it was received on March 26. 
has been blanked f r o m  the storage and make-up tanks, agitation of the hold 
tank has been minimized, and instrument air has been'shut off t o  the 
storage tank. 

A 4 '  X 3' acid measuring tank has been installed over the 3.74 "03 make- 
up tank t o  incr6ase the accuracy of measuring the amo& of 50s "03 added 
to  the 9' x 36' horizontal make-up tank. Addition of the relatively small 
amount of acid directly t o  the large make-up tank, was not considered 
sufficiently accurate t o  maintain the Close acid t 

No 

As further precautions, steam 

Btream. '  

A-LINE 

The las t  batch of H-Area uranium has been processed, and the E-1-l storage 
tank has been flushed. 
when to t a l  metallic impurities exceeded the maximum l imit .  me increase 
in metal coincided with processing of low-uranium-concentration (35 e/&) 
flush material from H Area. !Che off-standard material w i l l  be blended 
w i t h  future production. 

One off-standard l o t  of uranium trioxide resulted 

- 

. 

& C k p r e S S U Z $ ~  O f  Sil ica gel COlUmn 5-8-1 
plugged condition noted last (DPSP 59-1-3, p 240), and th is  column 

column volumes (1,161,000 pounds) of 
EU concentrate; approximate uries of Zr-Nb were adsorbed by th i s  
column since the last regeneration. Sodium ci t ra te  was'wed under !Ui 
2-271 as a substitute for  oxalic acid (citrate w i l l  not 'precipitate ura- 
nium a t  75 g/t) in regenerating a s i l i c a  gel column t o  e d u a t e  ci t ra te  
for use in the refining of enriched uranium. 

I 

i 

1 

I 
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- i 
Finished Product e s  of the i 

I finished oxide s following - 1 

. .  
I 
1 

Parts Pu/bpu 

parts Totsl- Mew 
part6 Fe/mpU 

Activity Level, $ 
Beta 
G- 

Reactivity Ratio 
m3, 6 

Specification 
a0 

Impurities/mpU Q50 
Aged Natural U 

a00 

0 

aoo 
0 

1.3 - 4.7 
7 - 45 

0.92 0.95 
97.9 98.6 

Average 
1 

-123 
2u 

3.3 
24 
0.93 

98.26 I 



PLApST TESTS OF mEETu”M FECOVEIIY 

BIPO4 Precipitation Plus Solvent Extraction. 
centrate have been treated in Building 221-E head end ecpipnent by the 
BIPO4 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 decontamination In  the second plutonium cycle. 

Three batches of HAW con- 

. 

The precipitation t e s t s  a r e  summized in the following two tables and 
figure S-1; for  completeness, the data f o r  FUP 1 (reported last month) 
are included. 

1 

. BiPO+ Performance Data 

NP u s e ,  4 Run Strike (Based on 
No . No. Type Strike Feed t o  Run) - -  

B yproduc t 2.4 
Product 26.7* 
Product 0.9 

1 1 

2 1 
2 
3 
4 

1 
2 
3 

A 

‘3 

A l l  Strikes 4 30.0 

Byproduct 6.5 
Product 3.5 
Byproduct 4.9 
Product 1.9 

All Strikes + 16.8 

Extraction 8.8 
Byproduct 2.8 
Product 2.8 

All Strikes + 14.4 
Strikes plus 

precentrifugationw + - 

3.7 1.3 2.4 
3.6 66.4 8.2 
0.8 1.2 0.7 
10.6 96.9 14.3 

0.9 1.4 1.0 
3.0 19.7 4.4 

1.4 8.1 
5.8 71.0 8.8 

u . 3  

170. 2661. 300. 

8.3 5.4 144. 
8.1 1.3 6.9 
2.1 18.8 2.6 t 
92. 3570. 149- 

131. 4000. 215. 

* High loss caused by operating error. 
w This run had 8 centrifugal clarification before the 

first strike (due t o  an operating error - see text)  
w h i c h  increased the over-all DF slightly, as shown. 



2l.9 

i 

Run 

Run 2 
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Concentration of Reagents at Time of Strike 

Run Bo. 3 - Run No. 1 Run No. 2 Ex- 
Byprod Product Product Byprod Product Byprod Product traction Byprod Product 

Constituent Strike Strike Str ike Strike Str ike Strlke Strike Str ike Strike Strike 

mo3D 1.3 1.7 1.0 1.4 0.8 1.5 1.6 0.8 1.9 1.1 
H ~ B ~ o ~ ,  M . 0.006 o 0 0.006 o 0.005 0 0 0.005 o 
Total B i ,  d.+ 5.0 1.3 1.9 5.1 2.0 4.8 1.8 2.3 5.5 2.0 

Fe(S03%)2. M 0 O.Olb+f 0.032 0 0.032 0 0.11 0.039 0 0.069 
(-)2Su6, M 0 0.035 0.053 0 0.054 0 0.052 0.038 o 0.049 

. . H3Po4, M 0.16 0.57 0.58 I 0.12 0.57 0.12 0.55 0.55 0.12 0.53 

+ Includes a l l  B i  contributed bo laBi03 and Bi(NO3)3*5 H20. 
, *+ Ferrous sulfamate WBS erroaeously lov; O.O3M ferrous sulfamate should have been added. 

Test precipitations were satisfactory regarding ylelds, except for  two 
operating errors. The first error was the addition of an insufficient 
m t i t y  of ferrous sulfamate in the f irst  product s t r ike of run 1; this 
resulted in a high loss (26.75 of batch). The second error was the mis- 
valving of the H3PO4 addltion during an attempted extraction strike; be- 
cause no H3P04 reached the precipitation vessel, no cake was fonned and 
essentially a U  the product remained in the centrif'uged solution (most of 
this "waste" solution was returned t o  the process as the feed for  lzlll 3). 
For normal byproduct strikes the average loss was 4.e per strike, and 
for  normal product strikes the average loss w88 2.3$ per strike; in  view 
of the unusual history of the feed t o  the one extraction strike made (see 
above), it may be assumed that the average loss for a n o d  extraction 
strike would  be less  than the 8.8s observed. 

Decontamination factors.for run l w e r e  adversely affected by contamination 
fromthe head end eqpipnent. Evidence for  this is  the fact  that the prod- 
uct cake solution fromthe last strike of run 1 contained brown-black sol- 
ids (probably MI&) and that the streams leaving this strike contained 2.8 
times as much fission produet act ivi ty  88 did the feed t o  the strike. 
l a t e r  runs, when e w p e n t  contamination was reduced, process DF's improved 
and became less  variable. 
Canyon for  solvent extraction is sham in the following table. 

'. 

On 

The act ivi ty  of the solution sent t o  the Warm 

B X  

Weight, Qamma Activity, c/dml 
l b  Sp Qr Zr-Nb Ru Qrosa - Stream 

Run 1 HAWC Feed 8689 1.29 1.01 X 1O1O 4.51 X lo9 1.56 X lolo 
Run 1 Product (a f te r  3 s t r i k e s )  1.26 8.56 X lo8 -4.19 X lo7 9.80 X lo8 

Run 2 HAWC Feed 7960 1.31 8.80-X lo9 5.00 X lo9 l.N X lolo 
Run 2 Product (a f te r  4 s t r i k e s )  8344 1.25 4.71 X lo7 1.71 X 10' 4.37X lo7 

--. Run 3 U k f C  Feed. - 6 1 9  1.28 8.93 X -109 3.13 X l$ 1.N X lolo 
Run 3 Product ( a f t e r  3 strlkes) 8824 1.26 4.74 X lo7 5.38 X 105 4.65 X lo7 

9424 
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The waste volume gene on runs was 30,791 gal- 
icative of the waste vol- 

y alkaline evaporation was - because many extra flushes 

used. It 'is estimated that a routine three-cake BiPOI treatment of HAW 
concentrate in F Area would raise m - e x  waste output by 150 f 50 gallons 
of high level waste per canyon batch, and that this figure might be re- 
duced if, for example, the acid from tank decontamination could be re- 
turned to the HAW evaporator instead of neutralized and sent to waste. 

.Three batches of neptunium-bearing cake solutions from the head-end bis- 
muth phosphate treatment were received in the 2AE' feed vessels for solvent 
extraction decontamination. Recove6y during processing of the first cake 

head end under the reducing high acid flowsheet (see follow- 
with at least SO$ of the neptunium appearing in the 

2 A W  waste stre is believed th 
of residual (contamination head end equipent, see preced- 
ing paragr 
tion of samples of this material, which destroyed the reductant (ferrous 
sulfamate) added to the feed by its oxidizing ability. The 2 A W  containing 
the loss has been concentrated in the LAW system and w i l l  be reprocessed 
in the second product cycle. Laboratory tests on the concentrate indicate 
that the neptunium is extractable in a reducing solution. 

Before the second BiPO4 cake solution was processed, the solution was 
divided into two equal batches so that a solid bismuth phosphate precipi- 
tate (visible in samples of this material) could be dissolved by adding 
more SO$ HmOs and by heating to 70'. to 75OC. Prior to being fed to the 
cycle, the solution kas diluted to 5.8M acid and the reducing strength 
was established to assye that'an adequate ferrous sulfamate ad3ustment 
had been made. Recovery first batch of this solution was good 
based on m t e  stream anal 2AW analysis Indicating a loss of only 

a loss of about S$* Results from the 
e pending. The 2AS ferrous sulfamate concentration was 

ches to prevent loss to 2AW. 

feed solution, as evidenced by subsequent inspec- 

No other 

the recovered 

. .  
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Solvent Extraction and Cation Exchange Recovery, The neptunium recovered 
in the recent tes t s  of a stirred-bed d o n  exchanger in Building 221-E 
(see the February monthly report, DPSP 59-1-2) was  decontamlted by sol- 
vent extraction in the second plutonium cycle, and the neptunium-rich 2BP 
was transferred t o  HB-Line coupling for  concentration ind further decon- 
tamination. The purpose of these operations w a s  t o  provide process in- 
formation regarding the behavior of Np in solvent extraction and cation 
exchange flowsheets. A t o t a l  of 13.7 grams of decontaminated Np was ob- 
tained from these tes t s  and shipped t o  SRL. Two solvent extraction flow- 
sheets were tested; a reducing, high acid f l m h e e t  using ferrous sulfa- 
mate, and an oxidizing, low acid flowsheet using ceric sulfate, both shown 
in detai l  in the following table. s 

Second Product Cycle Flowsheet for.  Decontmhation of Np 

oxidizing Reducing (Revised)* 
Relative Relative 

Flow, vol Composition Flow, vol Camposition 
2AF 100 2.0M HN03; 105 5.0M "03; 

2Ax 
O.Ol5M FS O,Ol5M Ce( SO4)= 

80 33s TBP 59 3% = 
2As 20 0.5M "03; 14  1.0M "03; 

0 . 0 1 5 ~  ce( s01)2 O.Ol5M FS 
2Bx 40 0.om HIT03 20 0.1OM HNO3 

* Added FS t o  the 2AS. 

Neptunium solution from the anion exchange tes t s  (stored in a 2BP hold 
tank) was processed in two separate batches. The first batch consisted 
of 6% of the material and was processed by three reducing rims followed 
by an oxidizing run. The remaining material w t b  processed by two oxidiz- 
ing runs followed by two reducing nans. Decontaminatiotr. and recovery 
performance for  each run are sham in the following table. 

Decontam4tion and Recovery of Np in Second Product Cycle 

Final 2BP 
Gross y ,  -- Ru Recoverp c/m/mlw)c 

DF $ Pass Flowsheet - -, 

1 Reductiont 260 U O  2580 45.5 
4020 

2 Reductiont l .g t t  1.6 2.4 50.8 fJatch 3 Reductiont 3.4 3.2 3.3 39 a 1  
4 Oxidation 5.7 6.3 2.3 74.4 
1 Oxidation 130 >10,000 80 103..6 . 
2 Oxidation 6.3 - c1 6.1 73.7 Batch 3 Reduction 2.5 1.2 2.6 83.8 
4 Reduction 1.9 c1 2.3 73.6 

8040 

* For each batch, based on feed t o  first pass for  that batch. 

t No FS in the 2AS on these nans; refluxing was high. 
Gross gamma in feed t o  batch 1 and batch 2 = 2.18 x lo' c/m/ml. 

tt frow apparent DF attributed t o  contamination of 2BP when recycled 
fKnn pipe hold-up of preceding feed material (estimated at 7s  by Kt). 
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mr-all neptunium recovery was 74s from b 

I batches, based on  fin^ 

analysis of ' the 2BP sent t o  B-Line. The apparent poor recovery during 

tion of the 2A bank 
stream. Addition of 

- 
the first three reducing runs is attributed t o  reflux in the scrub see- the lack of ferroftsi%ulfamate in the 2AS scrub 

ant t o  the scrub stream during the b o  reduc- I 

e second batch eliminated the r e f l u  condition, 

Over-all gross gamma DF for  four passes was 9500 for  the firsf batch and 
4000 for  the second batch, resulting i n  final gross gamma activity i n  the 
2BP of 4020 c/n/ml (88s Zr-Nb) and 8040 c/m/ml (16 Zr-Nb), respectively. 

. A s  expected, the low acid flowsheet favored zirconium-niobium decontami- 
nation and the high acid flowsheet favored ruthenium decontamination. 

' Gross DF's for  the first pass of each batch were 260 and 130, respective- 
ly,-while the succeeding passes netted DF's i n  the range of 2 t o  6.  

The 2BP resulting from the so 
change eluate w a s  processed in the HB-Line cation exchange coupling fa- 
c i l i ty .  The volume reduction across the coupling step was 250 and the 

sumarized i n  the following table. 

extraction - d e  with uon ex- 

~ gross DF was 9.5 (97.0 for  Zr-Nb and 5.5 for  Ru). Pertinent data are 

COUP1 ing Coupling Product Eluate 
Feed cut 1 cut 2 cut 3 Over-all QUantItY 

9.44 4.30 18.28 Volume, .4 4580 

NP, g 18.8 11.9 1.1 Q m a :  

0.24 0.75 Np Concentration, d.4 0.00411 1.26 

c/m~ml  2.70 x 103 4.69 x 103 1.64 x 104 1.88 
Gamma: Ru, c/m/ml 
G a l  Gross, C/%l 

3.25 X lo3 1.33 X lo5 2.69 X los 6.42 
5.72 X lo3 1.28 X 105 2.94 X 165 6.77 

The column feed'was adjusted t o  0.0 
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P lutonium Iso la t ion  and Recovery  (221-F) 

I The JB-Line was put t ion a t  the end of the month although con- 
struction s t i l l  was in progress a t  startup. Coupling performance gener- 
al ly  was satisfactory although some concentrates containing excessive 
uranium were obtained (the acceptable l i m i t  is about 0.3$ of the plutoni- 
um). 
l q w  waste losses and comparatively short f i l t r a t ion  times. 
of hydrolysis was observed in the first roasted cakes, which indicated 
that the drying and roasting cycles should be modified. 
ductions were made w i t h  cerous trffluoride befbre plutonium production 
started. The f i rs t  reduction yields were somewhat  low, so i n  addition t o  
wing changes, the amount of iodine booster was  increased for  subsequent 
runs. The f ina l  quality of these buttons s t i l l  is  to be determined. The 

test f ac i l i t y  in recovery continued t o  operate w e l l .  The 
cation exchange system was  contaminated by high-salt waste solutions and 
is being cleaned. 

f 

The first plutonium trlf luoride precipitations went very w e l l  w i t h  
A s m a l l  amount 

Three test re- 

- anion exchange 

COUPLING 

The startup of the JB-Line coupling fac i l i ty  w a s  made w i t h o u t  incident. 
A t  the initial operating conditions, the average performance for the col- 
umn load of was :  product fraction of recycle f rac - 
t ion of and loss of These original feed solutions contained 
low plutonium concentrations (down t o  . ) and relatively high uranium 
concentrations (up to of the Pu). . The c-oupling concentrates that went 
into the f irst  JB-Line buttons cdntained residual uranium contamination t o  
the extent of 0.5 t o  L O $  of the plutonium. It became apparent that better 
uranium decontamination in coupling would be needed because uranium is not 
decontaminated further by the fluoride- precipitation; thk observed contaml- 
nation is sufficient to briag the buttons below the acceptable assay of 
99.55 plutonium. A t  the end of the month, coupling was being operated fo r  
msximum uranium decontamlnation (which means a lower throughput rate). 

Work on the various coupling instruments continued. The liquid level in- 
dicators ( capacitance probes ) s till gave variable readings although the 
situation was improving. The neutron counters on the column segments and 
various vessels also were giving errat ic  readings. The in-line gamma ab- 
sorptaaeter for measuring plutonium concentration gave good precision al- 
though the original laboratory calibration w i t h  uranium solutions had a 
bias of about 3.7 g/l compared w i t h  plutonium analyses from the old ab- 
sorptometer and from laboratory alpha counting; when recalibration is  com- 
pleted, the instrument should be giving rapid and accurateanalyses. 

-.,.-.. - - 
. .  .:.. . --- 
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WET CHEMISTRY 

Precipitation of plutonium trifluoride w a s  started a t  the end of the month 
and chemlca%fy, a t  least, operation apFeared to  be quite satisfactory. 
sults from the f i r s t  runs w i t h  respect to f i l t ra t ion  times and losses are 
shown in the following table. 

Re- 

Losses, grams 

2 63 
70 
70 

3 
4 

* The f i rs t  run was made in two parts because 
the concentrate feed rotameter plugged at  80% 
through the original run. 

The f i l t ra t ion  times were Slightly less than the estimated des 
and the losses were less than the nominal design value of O.l$: The f l l -  
trates l is ted above were neutralized and sent t o  waste; the only JB-Line 
solutions sent to recovery were the aluminum nitrate-nitric acid flushes 
of the precipitators and boats. 
the difficulty in removing the plutonium trifluoride from the precipi- 
tator after a run. A coating w a s  l e f t  on the walls of the first stage 
vessel and on the overflow line to  the second stage; in addition, approxi- 
mately 
after no 
The jets which were designed t o  assist removal of the sett led slurry were 
ineffective as installed, and modifications of the washing technique and 
Jet  design are baing studied. To prevent high losses from oxidation of 
residual plutonium trif luoride between runs 
added t o  the diluent solution which is l e f t  

on successive runs. standard flush of aluminum n i t r a  
acid was  used in or 
down, and the pluton - rifluoride dissolved rapidly and completely. 

The major difficult ies 
struction schedule had been accelerated tremendously, there was insuffi- 
cient time for  many cold runs before actual operation started and m y  
i t e m s  were s t i l l  incoarplete or not functioning properly. n e  system w a s  
not flushed enough t o  remve a l l  particulate matter and the rotameters on 
the precipitator feed lines clogged sufficiently often t o  interfere w i t h  
the f i r s t  runs. As mentioned above, the fzushing je ts  also were plugged. 

A noticeable feature of these runs was 

sett led and remained on the bottom of the second stage 
Itration, so that excessive plumes of washes were required. 

. cedure appeared to be satisfactory and losses did 

clean the precipitator before the weekend shut- 

far have been w i t h  equipment. Although the con- 

' 

f .- I. 
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 any minor modifications were made to the precipitation s y s t e m  during the 
testing period before the fac i l i ty  was put into use. The two major modi- 
fications were made to  the plastic second stage precipitator vessels. 
The vent system was changed t o  avoid collapsing the vessel under vacuum 
as was reported last month. 
strengthened because the vessels expanded when they were f i l l e d  with so- 
lution so that the allarable limit for  nuclear safety was exceeded (3.5 
inches maximum internal width). 
as the plastic sides in the areas between the support grid. Additional 
l a t t i ce  members were added midway between the original vertical  members 
in order to strengthen the fr&, and these also supported small  bearing 
plates which pushed against the sides in the middle of the original ex- 
posed areas. After modification, the vessels e+ded-from 3-1/4 inches 
t o  a maximum of 3-7/16 inches, which is w i t h i n  the l imi t .  The revised de- 
sign was considered in detai l  for  i t s  effect  on c r i t i ca l i t y  and does not 
require any changes in the present precipitator batch limits or operation. 

In  addition, the supporting s tee l  frames were 

The original s t ee l  frames bulged as well 

The cake drying stations functioned properly in tests and during the first 
regular runs. A i r  f l ow and heat control were satisfactory, and'the design 
drying cycle of 6 hours a t  70' t o  80'C was used. 
somewhat discolored after roasting and indicated that further drying was 
needed t o  prevent hydrolysis, so the drying period was lengthened for  the 
subsequent runs. 

The first cakes were 

- 

ROASTING AND REIxJcTIom 

Operations started in the new mechanical l ine following a short period of 
testing. In  the various cold tests, temperature response on the roasting 
furnaces was excellent, the cake transfer stations operated satisfactori-  
ly, and dummy charges charges in the reductionsfurnaces heated a t  the de- 
signed rate, which would give f i r ing  times of 40 to  50 minutes (this can 
be varied further by changes in the parer level). 

Three reductions of cerous tr if luoride were made and the equipment oper- 
ated satisfactorily, although the slag and c&ibles containing iodine 
were very d i f f icu l t  t o  remove f r o m  the pressure chamber. 
iodine added as a booster was varied to sitnulate different totcl heats of 
reactions in plutonium reductions. 

The amount of 

* .  

. .  
t 

.- .- - 



Cold R u ~  HO. 

c-1 . Approximated the reduction a) reduction yield. 
of as PuFs using b) Properly formed button. 

Ip/mol Pu and c )  Slag and crucible very 
dlff icul t  t o  remove 
from pressure chamber. 

6s Ca (flwsheet). 

c -2 Approximated 1/3 the reduc- a) Incomplete reduction - 
tion of of Pu as no button. 

. FW, w i t h  no I 2  added. b) Slag burned when ex- 
posed to  the cabinet 
atmosphere. 

c)  Charge dumped easily. 
c-3 Approximated the reduction a) reduction yield. 

excess Ca. d i f f icul t  to remove 

' of as M a ,  w i t h  Properly formed button. 
Slag and crucible very 1&0l Pu a d  

- from pressure chamber. 

Buttons were obtained from the first three plutonium t r i f lwr lde  reduc- 
tlons. Reduction yields were The first button 
was very rough and poorly formed, but the re properly formed. 
The quality analyses have not been colzrple 
The roasting cycle on these f i rs t  m was 1.5 hours st 6OO0C, and the 
reduction charge contained -- m o l  I & n o l  Pu. Contrary to the experience 
w i t h  cerium, the reduced charges all were relatively easy to dump and the 
iodine booster ra t io  was raised to m o l  I&ol'Pu for  subsequent runs. 
(!he l ine  was s t i l l  under construction during the cerium tests, and it is 

dlf'f icult ies in dumping. ) The purple plutoni- 
zed to  some extent in the r e s t i n g  operation, 

the yellow-green oxide. It I s  known 
8 the reduction yield so efforts are 

any of these buttom. 

ion of high iodine and high h d d i t y  were. re- 

the difficult ies 
d t o  poor perform- 

ance of the equipment, 

A complete heel elution W. on one of the columns indicated that a heel 
of approximately 

The average product concentration was 
. .  while the losses averaged The average re'cycle was  lbw, a t  

remained after a normal product elution. 
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Filtration of s i l i ca  from the slag and crucible solution has been adequate 
and there is no indication that pressure drop through the anion columns is 
increasing. 
operation and also maybe the source of a small a m o u t  of resin found in 
the product stream. 
product concentrations were eQerienced on this u n i t  and correspond to the 
behavior of the cation columns when the follower plate is not moving and 
the bed fluidizes. If performance does not iqrove,  the un i t  w i l l  be 
replaced. 

One of the anion columns periodically seems t o  give improper 

H i g h  absorption losses (which were recycled) and l o w  

- 

The present concentration of aluminum in the anion product prevents direct  
processing of these solutions in the JB-Line precipitation process, 
ous work indicates that an alumlnum content less than 100 ppm of plutonium 
must be attained to avoid harmful effects on plutonium density and ngs; 
and the alumlnum in the anion product is currently averaging 595 ppm. 
Cross-contamination between the feed material and the product stream may 
be occurripg in %he piping and column headers. 
being *led to  insure maximum decontamlnation from aluminum. 

Precipitation of plutonium hydroxide, high absorption losses, and high 
aluminum contamination in the cation exchange system were caused by so- 
lution from the waste neutralization tank. 
of the tank and the drain on the vessel vent header was plugged so that 
the' solution .ran back into other vessels. 
high alumlnum contamination in the concentrate (ranging from 800 to 100,000 
ppm of plutonium) and high absorption losses (as much as lo$) for  several 
weeks, and efforts to determine the source of the diff icul t ies  had failed. 

The cause finally was found when one cation feed batch lo s t  its usual . 

light-blue color during absorption and white solids were observed in the 
feed rotameter. Subsequent analysis sawed that the feed'was basic. A 
thorough flushing program was undertaken en3 revealed that approximately 
700 grams .of plutonium had precipitated in the cation feed tanks and col- 
lected on the column f i l t e r s .  This material was  dissolved by the high- 
acid flush solution and recycled. A material balance has accounted for  
96.2% of the product involved in the incident. The discrepancy, approxi- 
mately 50 grams,' may be due to errors in analytical results and tank vol- 
umes. Although this type of incident is particularly hazardous with re- 
spect to cr i t ical i ty ,  there was no indication that any of the recovery 
tanks approached their respective nuclear safety limits, and the regular 
batch contmJ system appeared adequate. To prevent a recurrence of the 
incident, a blank was installed in a l ine from a currently unused tank 
from which same w a s t e  might have been transferred. Also, the addition 
rate of caustic during neutralization will be controlled to prevent the 
neutralization tank temperature from exceeding 7OoC. Revisions t o  the 
vent system are being considered. 

Previ- 

The bed wash procedure is 

This material had boiled out 

The cation s y s t e m  experienced 

~ 
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Urantu 

m s s  S 

Equipment changes r red t o  switch from M x ' t  
uraniumwere largely completed, and cold rps t o  
ess were in progress -at the end of the month. e m ,  plutonium and 
uranium that  came from flushes of the canyon sumps at the conclusion of 
Fbrex operations a,re being held f o r  extraction in second product cycle 
a f te r  the neptunium extraction runs me completed. 

out the new proc- 

DISSOLWG 

One -of the two dissolver columns f o  processing of Mark 
been installed in the canyon, and c d dis$olving tes t s  were s t e e d  at 
the end of the month. received about the end 
of May. 

Before installation, the first co water side of 
the coniienser coils .with 30$ "03 6 hours. Follow- 
ing the pickling the coils were hydrostatically tested tiit 150 psig; no 
l e  ta l l td  on olver 6.U). 

Dissolver Pot Residue. 
the columns were removed showed scattered metal pieces, mainly Quatrefoil 
components, partially submerged in w h a t  appeared t o  be a black sludge. 
After the pots had been open t o  the atmosphere for  several weeks, the 
sludge had dried, leaving a fine powder on the dissolver bottom. During 
an unsuccessRtl attempt t o  sample the powder, the layer was estimated t o  
be no more than 1/8 inch deep. It was decided t o  leave the metal pieces 

elements 

The sec 

Inspection of the dissolver pots immediately a f te r  

f element ex- 

2. The relation be 

3. A method for  determining the end point at 
stopped. In  dissolving natural uranium, 
determine the end poi&, but 'in dissolving of Mark V I  elements there 
w i l l  be l i t t l e  c - 
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4. Retention of catalyst on the element fragments. Two dissolvings will 
be made for each charge of elements; the first wil l  dissolve 9 6  of 
the charge; the second, a heel cleanout, will dissolve the remainder. 
The heel cleanout cut will be transferred t o  a hold tank and t h e r m -  
turned' t o  the dissolver for  the next large cut. Catalyst may plate 
out on the element f m e n t s  near the end of the large cut and re- 
dissolve in the next heel cleanout cut. Catalyst retained in the 
heel solution could cause a rapid reaction when returned t o  the 
dissolv&r. 

Cold 'runs in dissolver 6 . 0  will be made 
as follows. 

0 Run 1. -Four Bundles (28 elements). 
experience with dissolving at TNX. 

0 Run 2. Four Bundles. .Catdyst concentration and 
be altered, depending on experience In first run. 

es of aluminum tubing, 

Procedure w i l l  be based on SFU, 

ion rate  will 
~ 

0 Rurr 3. Four Bundles. Flnnl  c of proposed startup procedure, based 

0 ~ u n  4. %o ~undlei. Simulate dissoiving e for  Mark VI-J 

This w i l l  leave two bundles for  checkout of dissolver 6.u) when the second 
column is available. 

on runs 1 and 2. - 

elements. 

The changes made in head end process piping f o r  neptuniuu recovery rcl~ls 
were removed and stan- piping was reinstalled. 
essary for  the change over t o  the enriched ura.nlum process were completed 

of service a k t i n g  completion of repairs t o  the high pressure spray pump. 

The f irst  cold run, 'consisting of a solution of Al(NO,),, lN03 and suffi- 
cient "Ludox" (S I&  suspension) t o  form 8 gelatin cake, was completed on 
A p r i l  24,. No uranium was added t o  this run. No cake was observed in the 
centrifuge feed saarple.but it is questionable that cake could be detected 
vis- because of the nature of the cake and the small. volume of cake 
and sample involved. F'urther runs w i l l  be made with solutions containing 
U-238 t o  obtain process and c&e w a s h  data. 

Piping revisions nec- 

The 10.3C centrifuge is out . and the system was leak-checked with water. 

SOL= &TION I 

Follaring removal o? Purex solvent from the lA, 1B, and lC banks, an ex- 
tensive flush of the lA heat exchgnger-Eachnan hat pip- and 1A bank w a s  
made on March 25 t o  March 30: This work completed the first cycle clean- 
out program for  conversion t o  the processing of enriched uranluni. 
flush procedure, which was similar t o  the flush made in March 1958, con- 
sisted of the following individual flushes. 

The 
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0 The heat exchange hed w i t h  3000 l b  of 55 

mO3 = 55 NaNCk f 
to  remove any depos 

the scrub inlet  were flushed 
with 14,000 l b  of l O $  NaOH at 70' t o  75'C followed by process water t o  
remve any deposits of siliceous niaterial. 

NaN& and hot process water 
jdrate . 

-heat exchanger-Hac- 

0 A final cleanup flush was made w i t h  5000 

'Material removed by the various flushes is indicated in the following 
table. 

followed by process water. 

Flush Ar, g' Up l b  Gammn, gross curies 

55 "0, - 55 I k N &  . O . l  - 2.4 x 104 (845 Zr-Nb) 0.3 0.3 2.9 x 104 (955 Zr-Nb) 
2.2 0.5 3.2 x 10' (84s Zr-Nb) 

iched uranium recovery process w a s  started 
in first cycle on A p r i l  24. Operation t o  date has sham need f o r  only a 
few minor adjustments in the f l o w  control and recording instrumentation. 

e colorimeters and neutron monitor demonstrations will be made during 
e cold natural uranium and f i r s t  hot runs, respectively. 

--- ---.--" ' 
for  storage and eventual burnin(, -* &CYOS. 

from the second uranium cycle were sent to 

The solvent washers were 
bonate in the canyon washe 
acid washers. Make-up of o ~ r y  of enriched mium 

d. Ultrasene (110,000 pounds) 
was added t o  the first cycle system, through the batch washer and 
decanter, and recirculated through the 1A and 1 C  banks t o  collect any re- 
maining h e x  solvent before the TBP concentration w a s  adjusted. After 
this flushing and circulation, the TBP concentration w a s  1.q and the 
gamma act ivi ty  w a s  in the range of 500 t o  800 c/m/ml. Sufficient TBP has 
been added t o  t h i s  solvent t o  bring the TBP concentration up t o  about 2.35. 
The allowable !ZBP co the first cycle solvent is 2.5 f 0 . ~ $ .  

- _ - _  

m m  -h solution, ie, 2.55 c ~ -  acid in the mu&ng =-E 

Purex 'solvent had bee 
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Sixty thousand pounds of Ultrasene were added t o  the second cycle and 
circulated similarly, resulting in an unadjusted TBP concentration of 
about 8. 
t o  about 5s. The allowable TBP concentration of second cycle solvent is 
7.5 f 0.7s.  This solvent attained a gamma activity of 100 .to 200 c/m/ml 
durlngthis period of circulation. ' 

Solvent fromthe Purex second product cycle has been intermittently used 
i n  the neptunium recovery program. Since the feed activity approximated 
that of Purex IAF, there 
up t o  a maximum of 3.3 X, 10 
FWex operation. 
uranium or reused f o r  normal Purex plutonium recovery. 

The initial TBP adjustment brought the TBP concentration up 

an increase in the solvent gama act ivi ty  
c/m/ml, compared t o  200 t o  400 c/m/ml during 

This solvent w i l l  not be used for  recovery of enriched 

OUTSIDE FACII3TIES 

Hydrostatic Testing. 
and the acid recovery unlt reboiler were hydrostaticaUy tested at 45, 38, 
and 42 psi, respectively, according t o  the ASME code fo r  W i r e d  pressure 
vessels. 

Solvent Removal. 
ing 2I.l Area has been collected in tank 717 where It I s  being skinnned be- 
fore lt is sent t o  the burlal  grounds. 
that had collected in the recycle S'IIIP~, the surnp was visually inspected 
and found free of solvent. 

Solvent entrained in 1Eu was skimmed from the EU concentrate tank and the 
tank w a s  flushed with Ultrasene t o  remove the remaining TBP; this U l t r a -  
sene w a s  a l so  skimmed. 
added t o  remove the uraaium remainhg in the aqueous heel. These flushes 
stripped the uranium in the solvent from 47 g/l t o  2.4 g/l . 

The GP evaporator heater, the EU evaporator reboiler, 

All three units are in satisfactory condition. 

Solvent found in miscellaneous* tanks throughout Build- 

Following remod. of the solvent 
, 

Prior t o  skbmlng the tank, water flushes were 

The reboiler of the acid recovery unit was inspected and repaired; details  
are shown in the following table. Follaring repairs the reboiler was 

. hydrostatically tested and found satisfactory. 
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Method of Repair 
Vertical seam weld on:SS She 

(Process Side 1 
TOP Knife l i ne  and p i  + 
Bottom Honeycombed + 

Inside seam weld on nozzles 
to  column. 
Top & Bottom ' Cracked -75% of circumference. + 

Top h Bottom (Process Side) Corrosio + 

Inside seal  weld around tube 
sheet. 

Weld on race or top flange t o  

Inside sea l  weld on nozzle In 

24 Tubes leaking a t  top tube 

column. Severely honeycombed. + 

bottom re b o 11 er he ad . Corrosion down + 

sheet. sheet. blocks (Total 38 
Leaking between tube and Welded In 19 c h i l l  

c h i l l  blocks & 
plugs) and welded 
balance of the 153 
tubes t o  top tube 
sheet. 

Inside carbon s t e e l  she l l  6"-wide SS band was 
(steam aide)  from bottom densate stands when unit  is welded around out- 
tube sheet t o  2" above not oper a t  lng . 
sheet - she l l  above the 

P i t t i n g  cor*osion where con- 

side of carbon s t ee l  

tube sheet. 
Head flanges (42") on reboiler Leaking a l r  in to  unit  during Instal led an Asbestos- 
were gasketed with Blue operation, and acid out when "Teflon" envelope . 
African Asbestos gasket. un i t  down. gasket In place of 

Blue African 
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WASTE TRANSFEW 

Waste Volumes, H .Area 
(3/19 through 4/21). 

High Level 
HAW Evaporator 
LAW Evaporator 
Head End 
Rerun* (Tank lOH) 

Buildup in Bldg 241t 
(Tank 14H) 

Low Level 
Coating Waste ' 

GP Concentrate 
Buildup in Bldg 241t 

Actual Traasfers, 
gallons 

3,579+ 
1,069 I 

0 

14,210 
18,729 

0 

2,368 - 
. * NaOH and water flushes of 1st cycle plus dis- 

card of 2nd stage evaporator bottom. 

t Change in level in Bldg 241 tank is small  and 
incremental increases cannot be determined 
accurately. 

* See rerun section. 

. , 

UNDEEROUND WAsllE STORAGE 
I 

i Status of Waste in Underground Tanks* 
, 

Fi l l ,  Elaxirmnn Temperature, O C  - Sludge Supernatant Remarks 
9-H 268.0 36 37 Cooling water through 1/811 ori-  

fices, all 36 coils. 
10-H 268.25* 80 30 Water through 88 vertical coils; 

1 Vertical valved out, 5 verti-  
ca l  and 2'horizontal 'coils have 
failed. . .  

Tank inches - 

l l - H  274.5 35.5 35.5 Low level w a s t e ;  cooling water 
" orifices, a l l .36  

12-H 264.75 89 37 Full coolillg r f low through 

14-H 142.0 117 45 Full' cooling through a l l  

all 36 co i ls .  

through 2 horizontal coils. 
I frow level was cooling water 13-H 202.25 37.5 42 

* -  a- coils. 
* Pluggage of the level dip tubes in Building 241 pump p i t  tank 4 

f has occurred frequently since the processing of bismuth phosphate 

tank 12 without incident. 

was te .  i * On April 6 about 3 inches of waste w e r e  jet ted from tank 10 t o  
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- 
The "necklace alarm!' t;e tank 14-E ener indicating the presence 
-of li@d Shorting .th es. A v i s u a l  che icated liquid in the 
south r i se r  but none' in- the north riser.  A s upped into the l iq -  
uid and found t o  be coptamhated t o  only -270 c/m of activity, indicating 
the liquid had not come fromthe tank. Upon standing the observed liquid 
evaporated from the annulus; however, the alarm did not deactivate. 
cause of the current alarm 1s unknown. The water table level in the area 
of the tank 1s 277'8" above sea level which is 16 inches below the top 
of the s tee l  annulus pan. The water table movement in th is  area is being 
examined t o  determine if it could account for  the liquid in the tank 
annulus. 

The 

Bullding 241 Cooling Water, H Area 

. Maximum Mlnimum Specification 

~WCrck, F P  900 824 >so0 
PH 10.7 10.45 >7 .O 

Rerun Receipts and Waste Volume .. 
$ of Total 

W t  Received 
lo. of in Rerun Rerun Waste 

Source Reason Transfers (581,000 l b )  Volume, g a l  

iAF Adjustment Tank Special product 42 85.0 30,791' 
Raw Metal Tank Flush 1 0.6 0 

Vent Scrubber Routine c h k e  1 1.6 0 

sumps 
flushes ** 11 8.4 - 

Head End Strike Tank Flushes to  remove 
special  product waste 5 3.7 - 

1AW Decanter Solvent removal 2 0.1 0 

1 C U  Decanter . Solvent removal 2 0.6 0 

Process leaks & . .  

- .. 491 Blushes 0 

. Solvent washirg and 
miscellaneous - 0 1,657 

volume is somewhat larger  than optimum since additional waste was 
generated a rb i t r a r i l y  a s  an operating convenience, or because of gross 
operating e r rors  (eg, rnlsvalv- of H3P04 discussed on page 220). 

** Approximately 280 grams of plutonium were received i n  rerun f r q  sumps 
during the period. About 120 grams of this  have been concentrated and 
are being stored 'in condensate tank 11.4 E38 this tank w i l l  not be used 
in enriched uranium processing. The balance is being held in rerun 
un t i l  flushes of the canyon c e l l s  are complete. 

, 
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The rerun solvent w a s  prepared for discard t o  the burial ground by wash- 
Ing it with NeCO3,  "03, and oxalic acid. A final alkaline wash w a s  re- 
quired as the act ivi ty  of the solvent was greater a f t e r  the acid wash; 
t h i s  was. probably due t o  removal of activity from the vessel walls.  
the following table. After the solvent is removed from rerun, the canyon 
floors w i l l  be washed t o  rerun. 
with Ultrasene t o  remove TBP. 
station w i l l  be flushed in turn with NaOH, HNO,, and water. 

See 

The rerun station wfu then be flushed 
Follaring the Ultrasene flush the rerun 

' .  

Gross y ,  Zr-Nb y ,  Ru Y ,  
c/m/ml, c/m/ml c/m/nll 

1st Half of Solvent: 
Before Wash ~ 3.5 x lo7 1.9 x lo7 2.0 x 107 

3.75 x 10' 1.9 x io7 2.2 x io7 
Following 4 washes, 2& N@03 1.30 x lo7 4.3 x 10' 8.8 x 10' 

1.26 X lo7 4.6 X 10' 4.6 x 10' 
Following 1 wash, 55 "Os 2.4 X 107 9.3 X 10' 8.3 X 10' 
Following 1 wash, 556 oxalic acid 8.5 x 10' 2.7 X 10' 7.1  x 10' 

8.5 x 10' 2.0 x 10' 6.9 x 10' 
Following 3 a l i n e  washes, 
2& NQCO~, plus 30 days decay 1.99 x 10' 2.48 x lo5 1.84 x 10' 

2nd H a l f  of Solvent: 
Before Wash 1.2 x io7 9.0 x io6 3.5 'X io6 

Follawing 1 wash, 556 "Os 5.0 x 10' 4.9 x 10' 3.5 x io7 
1.1 X lo7 8.1 X 10' 3.6 X 10' 

Following 4 washes, 2& Na2C03 1.1 x lo7 9.3 x 10' 2.8 x 10' 

Following 1 wash, 556 oxalic acid 6.9 x 10' 3.6 x 10' 3.3 x 10' 
Following 3 alkaline washes, 2& 
I'?a&03 plus 30 days decay 3.72 x 10' 1.36 x 10' 1.17 x 10' 

3.04 X 10' 1.15 X 10' 1.37 X 10' 
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RE- OF RADIOACTI 

Activity Discharged t o  Seepage Basins, E Area 

Activity Discharged t o  Basins 3/19 t o  4/22, curies 
Nonvolatile B 

, 
1.91 
0.32 1-131 

Activity in Bas 

B a s i n  No. 1 
Basin No. 2 
Basin No. 3 

Nonvolatile j3 

14.31 Activit 
6.6 
4.8 
2.7 x .lo-= 

3asb No. 1 4.4 x 10-10 
5.5  x 10-10 
1.2 x 10'10 

2.2 
2.6 
9.W 

-.-. .I 
.-- NO. 2 
lasin No. 3 

_ _  
. pH of Water Discarded duril 

Average Seepage and E------- 
Level in &-*- nT- - 

2.0 

134.0 

ng Month 
vaporation Rate, gal/day . 74,000 

WILI AW. a on 4/22, in. 
. * Approximately 1800 l b  of 60$ nt 

B a s i n  No. 3 in an attempt t o  reduce the pH. 
circulated from one part of the basin t o  another at 
1000 t o  1500 gpn during addition of the acid. 

. t o  the acid additions the, aver4- -- * 
about 9.5. During tk - - - - -  

WE 

Prior - * 

. about 10.5 then decreased t o  between 9.0 and 9.5.  It 
. is m g m e d  +.hn+ arnn+.(--- -0 AI-- I--. - A 

t r i c  acid were added t o  
iter was 

3e pn u tne basin was 
Le clcWtiops the pH increased t o  

y s s ~  ~ a e e c r  were strongly alkaline 
reduction in pH. 
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Tritium Process Orrect Assistance 

MARK VI-3 PROCESSaG 

no slug breakage and very l i t t l e  chipping was observed during the de- 
canning of twenty-four charges of Mark VI-J slugs. Product loss from 
decanning averaged approximately per slug. The unmachined inter i -  
or of all slugs was coated w i t h  a white powder, presumably oxide from 
reaction with air sealed i n  the hollow space. 

A l l  charges were satisfactorily melted, including ten with a banded par- 
t i a l  second layer containing l/4 of the total' charge. 

I 

I 

of Plans are completed for  the production of approximately 
tritium with an absolute purity (neglecting He-3) of 99.9% or better, to 
be used i n  calorimeter determinations. B e  column feed, column, and 
product collection systems are to be evacuated, outgassed, and leak check- 
ed prior to processing this material. The columns w i l l  be operated with 
a raffinate loss of from of the product fed t o  "sweep" all deu- 
terium and nearly all protium into the raffinate stream. 
w i l l  then be collected and regrocessed at  the conclusion of the program. 
Product rates are expected to be comparable t o  normal operation producing 
product averaging tritium with less than loss t o  the raffinate. 

The raffinate 

I 

In preparation for repair, the activity level i n  the north f'urnace was 
reduced about 95s by a two-hour treatment w i t h  15 n i t r i c  acid, followed 
by a complete water flush and a short water rinse. A weighted crucible 
inserted i n  the furnace reduced the volume of acid required t o  45 gallons. 
The gamma activity radiated from the drum of collected washings w a s  4.2 
r/br a t  three inches, probably due t o  Za-65. 
one curie of 211-65 and about 100 curies of tritium. According t o  the 
stack monitor, less than 1 cc of product was los t  t o  the furnace hood 
during t r eahen t  . 

I 

~ 

The drum contained about 
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Byproduct 
Mass 18 

19 
21 
22 
24 
28 
40 

<o 001 
001 
.os . 01 
.os 
002 

co 001 

0.02 
002 
002 
.02 
-03 
.04 
0.01 

PRIMARY SEPARATIOM I 

After a steady decrease i n  peak first stage backpressures e a r 4  i n  the . 
month, the diffuser was given an air treatment. No las t ing improvement 
was achieved because of a number of pump fai lures  immediately foU”owing 
the activation. The extraction Sprengel pump drive motor fa i led  during . 
run 8, and during the next two runs (9 and lo), diffuser Sprengel pump 233B 
was inoperable because of a sheared pin i n  the drive assembly. The high 
first stage backpressures .resulted from the reduced pumping capacity for  
stage 1 of the diffuser. 
the motor pulley of extraction pump 223.4 and was not replaced for  two 
runs. Since the start of Mark VI-J processing, diffuser operation has 
been quite uniform, except during pump fai lure ,  showing no evidence of 
decreasing permeability. 

I 

During run 13, the drive belt  slipped off 
. 

I 

I 
I 

BYPRODUCT .LUADING 

Loading of one t r a i l e r  w a s  completed. 
shown in the following table. 

Analyses of cylinder banks are 

I 

~ 

I 

&--DN - < -  .̂  -- .q SJE?*hjA 
., . ;.-2-- .b 
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2 BED RECOVEBY 

Data from two recovery runs completed this month are summarized in the 
following table. 
to  per extraction run compared t o  the largest prior recovery of 

This bed had been used to recover t r i t i u m  from twelve 
Mark VI-J runs, and part of this increase is believed due to an increase 
i n  tritium oxide from €hese Mark VI-J extractions. 

In the second run, the tritium recovered w a s  equivalent 

per m. 

. 

. -  
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In the last recovery run, the circulating 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 - 2 bed recovery cycle, recovery byproduct will be stacked 
directly, bypassing the stack stripper. 'Lsbofatory data indicate that 
organic materials may poison the CA 
The reduction in hydrocarbons is als 
poisoning, resulting in more unifo 
activation treatments. 

1 i n  the stack stripper system. 
cted to reduce diffuser element 
ser performance and fever air 

STACK IOSSES 

Stack losses are summarized in the following table. 
creased from . last month to this month, because 
of the fewer runs processed. Losses averaged about run both months. Mo 2 bed recovery byproduct was stacked during this period. 
Charge-discharge losses increased to an average of per run. Usses attributable to the decanning of Mark VI-J slugs averaged 
per run during the period I ich these elements were pocessed. 

.Since reinstallation of the 
as calculated frommass spectrometer analyses have agreed within 
with the stack monitor indications. 
measurements of raffinate losses dif as 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. 
encountered in modifying the first stage and in replacement.of English- 
thread bolts inadvertently lost during handling of the pump parts. 
ring of Viton, an elastomer witb exceptional temperature tolerance, was 
installed in the Inlet  flange on a test basis. *After an adjustment of 
the power Input to the pump as determined by measwement of the mercury 
boiler pressure, the pump will be returned to service. 

Total losses de- 

k line a b  purge system, raffiwte losses 

purge, these 

The pump has.been out of service for some time because of problems 

An 0- 



The zeolite bed i n  the stack stripper system was replaced after process- 
ing waste from 52 runs. _ _  

Stack Loss summary 

Operation 
Discharge -charge 
First Evacuation 
Byproduct 
R a f f  inate 
Misce llaneous 
Total per Run 
T o t a l  Combined Loss 



T r i t i u m  Process Improvement 
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-TION IWBOVZ"T PROCRAM 

Assembly of the experimental extraction System was completed. Follaring 
calibration and checkout of individual coqonents, the operability of 
the system was demonstrated by a dummy run with an unirradiated slug and 
subsequently by extraction and separation of gases from a single, low 
content Mark VI slug. 

I n i t i a l  extraction studies w i l l  be aimed a t  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. 
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 cleaning. 

It is believed that  the low pressure extraction process w i l l  

RECOVERY OF PROrXTCT FROM NONSTANDARD ZEOLITE BEDS 

Oxides of hydrogen isotopes were transferred from a Line 1, 6" zeolite 
bed (232-H-I-ST-F) t o  a.stmdard 4" bed, and the receiver bed was de- 
livered t o  the Separations Department for  subsequent recovery i n  the 
=ne 2 recovery system. The transfer run was terminated a f te r  the 6" 
bed had been heated t o  a f ina l  temperature of 7OO0C, and no f'urther de- 
sorption was detectable. 

STACK LOSS PROGRAM 

Results of recent laboratory stripping studies (see last month's re$ort) 
showed that trace quantities of hydrocarbons i n  the feed gas t o  the stack 
stripper system contribute t o  a reduction i n  the efficiency of the strip- 
per operation. 
from the Line 2 recovery system, which was unusually r ich in hydrocarbons, 
principally methanes. 
high concentration of methane i n  recovery byproduct might lead to  mis- 
leading results i n  analyzing stripping problems, normal byproduct ma- 
terialwas used for  all runs th i s  month. However, the concentration 
levels of hydrocarbons were too low t o  permit an evaluation of catalyst 
perforrpance on the basis of mass spectrometer data, and ion chamber data 
were generally inconclusive because of shifting b 

The stripping procedures used i n  the normal byproduct runs were identical 
t o  those i n  ear l ier  studies. Feed was circulated, a t  a constant pressure 
of 700 mm, first through Hopcalite (at SOOOC) for  one hour, and then 
through zeolite. (a t  2 5 O C )  f o r  ern additional hour. Data from the first 
three' runs are sunnnariaed i n  the following table and figure 5-4. Data 
indicate that concentrations of all trace constituents were of the same 
order of magnitude as the normal analytic-iil error of the mass sgectrome- 
t e r  (iO.15) . 
t o t a l  t r i t i u m  activity, as measured by ion chamber, were 1005, .46$, and 
87% for  runs 6, 7, and 8. 

Preliminary-laboratory runs were made with feed obtained 

However, since it was f e l t  that the (relatively) 

Conversion efficiencies calculated from the changes i n  

However, the accuracy of these measured 
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efficiencies is questio i n  view of shifting bac&round levels. As 
cen be seen from the curves in figure S-4 the shift in ion chamber back- 
ground for run 7 was of the same order of magnitude as the apparent de- 
crease i n  conversion efficiency. 
tion-time curves i n  figure 5-4 indicates en approach t o  equilibrium on 
both the Hopcalite end zeoli eds, paralleling the behavior obtained 
w i t h  recovery byproduct. 

tained fromthe system w i t h  helium circulation through the hot Hopcalite 
and zeolite beds. 
sumably carbon dioxide, from the Eopcalite, 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 w i l l  be checked independently with elemental protium 
and/or tritium. The Eopcalite w i l l  then be contacted with air in an ef- 
fo r t  t o  recover all material adsorbed on the bed. 

In general, the shape of the concentra- 

.start of the recent series of runs, blank samples were ob- 

Results showed en apparent desorption of Mass 44, pre- 

8 - 7 

0.07 0.01 0.02 

- 6 Run No.+ - 
Hydrogen 

I n i t i a l  Feed 
After Eopcalite Circulation . .OS .06 001 ~ 

After Zeolite Adsorption ' e06 .13 . 01 
i t i u m  (Mass 6) 
Initial Feed .04 14 0 05 
After Eopcalite Circulations .05 .05 .01 
After Zeolite Adsorption .03 .03 . 02 
Initial Feed .05 . 11 . 02 

After Zeolite Adsorption e 0 7  . 10 m 

> 

. Tritiated Methane (Mass 18) 

After Hopcalite Circulat . 12 .05 0.01 

Dioxide (Mass 44) 

conversion catalyst i n  comparison with Hopcalite. Equipment is  also being 
assembled t o  obtain information on the effect of coadsorbed methane and/or 
carbon dioxide on the adsorption capacity of zeolite for  water. 
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GETTERIEJG STUDIES 

The laboratory gram t o  develop a substitute gettering material w a s  
completed with a series of runs in which the effect  of adsorbed water 
on the capacity of zeolite for protium adsorption was investigated. 
all five runs completed, type SA zeolite was loaded w i t h  10.5 g of ~ & / l o O  
g of adsorbent. The adsorptive capacity for protium at  =195°C was re- 
duced by 50s t o  704 of the capacity of dehydrated zeolite at  equilibrium 
vapor pressures between 50 and 300 microns. However, the trend of' the 
curves i l lustrated i n  figure S-5 suggests that the reduction i n  adsorp- 
t ive  capacity,decreases rapidly to  a negligible amount as the equilibrium 
vapor pressure increases above 400 microns. These results, although sig- 
nificant, are not sufficiently c r i t i c a l  t o  prejudice the use of zeolite 
as a getter. The capacity of water-loaded zeolite at  260 microns is  com- 
parable to that presently attainable with charcoal at  100 microns. An 
increase i n  equilibrium pressure of th i s  magnitude would not Interfere 
w i t h  the process as presently operated. 

On the basis of work completed to  date, type SA zeolite appears superior 
t o  charcoal as a getter in nearly all respects. The specific advantages 
of zeolite are as follows: 

... 

In 

. 

I 

I b Zeolite can be desorbed satisfactorily at temperatures as low as lSO'C, 
comparable t o  the required desorption temperature of charcoal. 

F The potential explosion hazard inherent t n  low temperature adsorption 
of oxygen by charcoal (as the resul t  of air inleakage) is not present 
with zeolite . 

b The capacity of dehydrated zeolite is greater than that of charcoal 
throughout the entire range of pressures studied, and the capacity of 
water-loaded zeolite i s  adequate for  the proposed application. 

b The rate  of adsorption by zeolite is greater than that of charcoal. 
Equilibrium is attained over zeolite in approximately one-half the 
time required w i t h  charcoal (20 to 22 minutes .versus 45. minutes). 

b .The higher bulk density of zeolite as compared w i t h  charcoal permits 
the adsorption bed to  be charged with 805 more adsorbent, increasing 
the effective adsorption capacity by the same percentage, and compen- 
sating for  any potential reduction i n  capacity as the result  of 
hydration. 
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Mechanica l  Assistance 

-. CANYON ACME m s  
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. 
been recommended that  the beveled ends of the threads at  the bottom of 
the nut be machined t o  blunt ends (Higbee cut). 
threads will withstand Inpact forces wfthout deformation of the threads. 
One such nut was tested in Building.717-F under most severe conditions 
and caused no damage t o  the stud. 

It has 

The blunt end of the 

I 



- t 
! 

I 
I 

Heavy  Water  Separat ion 

1 -  

Performance fndex 980 1020 
*Bldg Gas Quality, $ E2S 99.9 99.8 

1 ,  

97.0 
i 

i 
651 
343 

Gas Flow, lo00 lb 

. CT-1 Gas Inlet Temp, O C  

- Flow, g ~ m  to  CT-1 

. HT-1 18th Tray Temp, O C  l30 w4.5 
33.9 .4  I 

i *CT-1 Base Conc, mol  QO 0.054 .OS1 WPC-lC Gas Inlet Press., psig 
=Flow Limitations: 

291 

0 
0 
0 

CT-1 Carryover 
FRCp-1 Wide Open 
CT-1 Level Control , 

1 Second Stage I 
I 

Operating Timej Q 96.8 95.4 
196 194 Gas Flow, lo00 lb/hr 

WCT-2B Base Conc, mol  $ D20 
-Flow Limitations: 

CT-2B Loading 
FFtCp-2 Wide Open 
CT-a Level Control 
0 - 2 B  Level Control 1 0 
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All four units in the east wlng of Building 412 were unintentionally shut 
down on April10 by a failure in the electr ical  switchgear. 
t ion was restored in a l l  four units within 12 hours. 

Bormal opera- 

. Unit 27 was shut down on April 13 t o  replace a floating head gasket in 
the SC-lB heat exchanger. 
prior t o  the wing shutdown on April 10. 
bundle revealed no leaking tubes. 
and the uni t  returned to  normal operation on April14. 

A large tube-to-shell leak of E2S was detected . Hydrostatic t e s t  of the tube. 
The floating head gasket was replaced 

A siege of severe carryover was experienced on April 4 which persisted 
u n t i l  April 10. 
stages t o  combat carryover fromthe ffrst stage cold towers and the at- 
tendant loading in second stage cold towers. 
passed by April 7 and flow rates were gradually returned t o  maximum by 
April 10. Average production rate during the 6 - d ~  siege was about 4% 
below normal. 

The Rework Unit was shut down during the period April 8 t o  April17 for 
lack of suitable feed material. 
Unit evaporator had purified enough feed material t o  assure continued 
operation. 
about 62,000 pounds of Ugh conductivity feed material was completed on 
April 30. 

FYocess flow rates were decreased by 2 t o  9$ in both 

The worst condition was 

Operation was resumed when the Rework 

The evaporator was started on April 15 and purification of' 

SHUTDOWNS ABD FAZURES 

During the month of April there were 7 pa r t i a l  or  c a p l e t e  Unit shutdowns 
compared Kith 9 in March. 

' 

- 

. 
Following is a l lst  of causes of shutdowns. 

Number of Shutdowns Hours Downtime 
Entire 2ndStage Entire 2ndStage 

, 

ut only Unit only - - 
Hydrostatic Test and Overhaul 1 0 334 3 
Electrical  Failure 4 0 40 5 
Gasket Failure (27 SC-IB) 1 0 40 4 
Electrical  Failure* 1 J .  15 3 

Total Downtime' 4 249 15 
I 

* An addit1onS;l 13 hours of this shutdown occurred in March. 

The east wing shutdown on April 10 occurred when the main 440-volt c i r -  
cui t  breaker developed a short-circuit t o  ground. An inspection of the 
section of the damaged bus bar indicated poor.contact existed between 
the "C" phase bus and the corresponding main breaker contact. 
lieved that arcing and overheating at the point of poor contact reached 
the proportions necessary t o  ionize the surrounding air, whic 

It is be- 

. a 
E a low-resistance path t o  ground. 
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REvISIOms IM ~ c T R I C &  SWITCHGEAR 

Revisions are being the emergency e 
mits the-transfer o-ower between Wings i n  Building 412. 
malfunction of the t i e  Gygtem has caused shutdok of one wing when elec- 
t r i c a l  .difficulties occurred in the other wing. 
made without additional equipment shutdown. 
changes t o  be made is as follow 

0 The crash circui t  f o r  the gas blowers wi l l  be revised t o  prevent shut- 
down of blowers during fai lure  of the 440-volt system. 
ci rcui t  will  be wired directly t o  the crash swltch. The blower crash 
relays have been blocked in the closed position u n t i l  a uni t  shutdown 
provides the opportunity t o  complete the necessary wiring. 
interim, the blowers will have t o  be shut down 
crashed. 

i ca l  t i e  system that per- 
In the past, 

A summary of the principal 
The revisions can be 

The blower crash 

During the 
when a uni t  is 

0 T i e  breakers and valve breakers w i l l  be converted t o  manual operation. 
Key interlocks will be provided t o  prevent closing both valve and t i e  
breakers a t  the same the.  This will  eliminate the present, although 
remote, possibility of paralleling separate power sources through the 
440 -volt switchgear. 

activated by the changes described 
0 The automatic features of both valve and t i e  breakers, which are in- 

a t  the first 
. d g  shutdown. 

REpLAcplENT OF TUBE BUND= = 

is  planned t o  lace extensively rom raw-water- 
cooled heat exchangers in,Buildlng 412 with tube bundles from Building 

Use of the bundles from Building 4 U  will delay the expense of a 
scale retubing program f o r  about two years .  Otherwise, complete 

during 1959 because of extensive corrosion. One bundle has al- 
een retubed thls year with type 316 SS tubes at a cost of about 

retubing of about four SC-1 tube bundles from Building 412 could be ex- 

ing 411 wil l  be inspected visually and with the Probolog. 
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TUBE SHEET VEmTS FOR RAW WATEZl EXCHANGEFS 

Taibe sheet vents on raw water exchangers are being activated t o  prevent 
accumulation of chlorides, corrosion sludge, and stagnant water at the 
fixed tube sheet. Such accumulation may have caused the stress-cracking 
of tubes in 2lSC-lA in ear4  January. Nozzles t o  permit activation of 
the tube sheet vents i n  Unit 23 were installed during the recent routine 
overhaul. 
of each r a w  water exchanger t o  the new nozzle; each nozzle is located on 
the r a w  water outlet l ine  downstream from the flow control valve. Flow 
indication Will be e v e n  by a bulls-eye flow Indicator. Calculations 
indicate that a vent flow rate  of 20 gpm maximum per exchanger can be ob- 
tained with this piping. The t o t a l  cost for  activating the vent p o r t s  on 
a l l  SC-1'6, SC=2's, and AC-2's in Building 412 was estimated at $1500. 

A less expensive installation, that t ied the vent port into an'existing 
nozzle upstream'of ' the control valve, was t r ied  in 26SC-lB. 
lat ion did not permit sufficient flow. 

Piping W i l l  t i e  the existing vent port on the fixed tube sheet 

This instal- 

SULlFuR PLUGGAGE 

operating diff lcul t les  from sulfur pluggage have :decreased during the 
past year. 
reduced substantially the formation of sulfm in the units. 
of a trap has caused the sulfur formed t o  accumulate in a l ess  trouble- 
some location a t  the base of CT-2B. 

Improved Deaeration. Improvement in vacuum deaerator performance in the 
Water Treatment Plant is attributed t o  two factors. 
maintenance and improved performance checks-of the deaerator system have 
reduced the amaunt and duration of upsets in the system. 
decreased load on the deaerators from the shutdown of B u i l d i n g  413 has 
apparently improved deaerator efficiency. . 

Fifteen months ago, the oqgen concentration of feedwater was seldom. 
lower d2uzi 0.1 ppm. 
sulfide t o  form 250 pounds of sulfur in one unit during a year. The oxy- 
gen concentration during the past year, a f te r  improvements in deaeration, 
has averaged less than 0.05 ppm, whi'kh is equivalent t o  an annual depo- 
s i t ion rate of l ess  3han 125 pounds of sulfur per unit. Previously, 300 
t o  900 pounds of sulfur have been removed from the CT-1 during overhaul. 
In lTnits '22 and 23, only ab 25 pounds were removed from this  location. 

S&ur Trap., During the of un i t  overhauls last year a stanapipe, 
designed to  t rap sulfur in the base of CT-2B, was installed in the l iquid 
outlet nozzle of CT-2B in four units. Prior t o  the installation of the 
traps,'approxbately 200 pounds of sulfur were removed from the cm)-2B, 
which receives liquid leaving the base of CT-2B. Since this amount of '  
sulfur f i l l e d  the w, it was frequent& necessary t o  "hot flush" the 

which overflowed from the drum. 

fmproved deaeration of feed water t o  the Extraction Area has 
hs t a l l a t ion  

First , .  both extensive 

Second, the 

This concentration of oqgen will react with hydrogen 

I 1 

1 

f 
i 

- . CTP-2B punp and the associated piping in order t o  dislodge the sulfur 
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The recent averhaul of U n i t  23 afforded the f 
a trap; this trap was installed 9 months ago. 
of sul fur  were removed from the trap In the base of - CT-2B and only 5 
pounds were found in 
fur removed fr& U n i  ch had no tr from CTD-2B. Unit 22 
was bspected just 6 
of 7 mnths since the last overhaul. 

Removal of sulfur In excess of the estimated 125 pounds per year formed 
is attributed t o  accumulation of sulfur in the unit during the past s ix  
rears and Incomplete removal duklng previous overhauls. 

opport\.mity to inspect 
roxbately 300 pounds 

Jor portion of the sul- Irr contrast t 

ead of Unit 23 and had operated for  a period 

UMIT 23 ~ P E C T I O I Q  

. Routine overhaul, hydrostatic tes t ,  and inspection of Ublt 23 was carried 
out during April ll t o  16. 
significant results of the Inspection are swnaxized below. 

F i r s t  Stage Hot Tower. The w a l l  of the liquid drawoff box a t  the l l t h  
tray was corroded and perforated over the entire surface. Thls wall was 
made of carbon s tee l  instead of the specified type 304 SS. Perforation 
and disintegration of approximately l5$ of the wall had allowed an excess 
of Uquijr t o  flow fromthe hot tower into the humidifier sec 
damage was the same as that observed in Tbit 22 l a s t  month. 

Firs t  Stage Cold Tower. The first separation of U 
metal at a tray sugport ring was observed in CT-1, manufactured by Wyatt 
Metal and Boiler Works. About 4 fee t  of weld separation was present at 

The uni t  was l a s t  inspected 9 months ago. The 

ron the weld 

e ring s ~ ~ ~ o r t i n g  the bottom tray. 

out 98$ of the horizontal welds and 25s of the ver t ical  weld6 were 
corroded. No separation of l in ing  was observed a t  vertical  welds. 

TWO samples of l ining welds were removed wlth the Weld Prober fromthe 
base of CT-1 where separation of the horizontal welds had occurred. 
Visual inspection and examination by dye penetration of the samples and 
sample cavities revealed no cracking o f - the  carbon s tee l  
The samples were sent to 
lurgical examination. 

and the associated seal pan and weirs were damaged in a manner indicative 
of rapid condensation of steam is the bottom of the tower. Thls damage 
was a lso seen unusual oper- 
ating condition 

. T h  

.. 
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Stripper Exchangers. 
moters and the tube walls in the SX-1's. Severe pluggage at this location 
badcaused shutdown of W i t  22 about one week af ter  overhaul. 
moters from SX-lC in Unit 23 were examined fo r  erosion and found t o  have 
a maximum of 5 mils we- (original thickness; 40 mils)' since they were in- 
stalled 9 months ago. The turbulence promoters were l e f t  in service and 
no indication of pluggage has been noted during the f i rs t  two weeks of 
operation af ter  averhaul. 

No pluggage was found between the turbulence pro- 

Two pro- 

Secondary Condensers, SC-lA and SC-lB. Eydrostatic t e s t  showed 22 leak- 
ing tubes In SC-IA. Severe pi t t ing and pluggage had occurred along the 
entire length of tubes located on the periphery of the bundle. 
damage or pluggage was found in SC-lB. A Probolog examination also re- 
vealed no corrosion of SC-lB. 

FRcg-3 Reducer. Corrosion and erosion 3/8" deep had occurred on the 3- 
inch flange of the FRCp-3 reducer since it was last inspected 9 months 
ago. The reducer was replaced. 

Mo visual 

BUILDXG 412, PURGE TOWER SYSTEM INSPECTION 

The purge tower system in Building 412 was shut down on April 8 for rou- 
t ine  hydrostatic test and inspection. No increase in the pitting.of the 
type 316 SS cladding in FT-lB had occurred since the last inspection 6 
months ago. A t  that time, pinpoint pi t t ing of the cladding on the top 
head and walls measured a maximum depth of 3/16". 

The weld cap on the discharge tee  of the purge tower p q  faile'd approxi- 
mately one week before the pump was shut down for isspection. 
was eroded in an area 4" in diameter and 3/8" deep. The leak was through 
a hairline crack at the thinned section. 

This cap 

. 

BUILDING 413, F'URGE'TOWEX SYSTEM INSPECTIOM 

Th'e Building 4 U  purge tower system was hydrostatically tested a and in- 
spected OII April 21. 
of operation in stripping carbon dioxide from inert gas. No corrosion 
or pi t t ing  was observed on any of the type.316 SS cladding in FT-IA or 
FT-lB. 

Inspection of these f a c i l i t i e s  followed six months 

BU~SING 412, RICH LIQUOR m WEAK LIQUOR STORAGE 
TANKS (m m m) r n P E C T I O I ?  

The RLT and WI.2 Tanks in Building 412 were hydrostatically tested and 
inspected on April 27. 
year ago. 

The tanks were l a s t  inspected approximately one 
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There was no corrosion o r  pitting of the type 316 SS cladding on the 
w a l l s  of either the RLT or WflI. 
were generally roughened and corroded 1/64" t o  1/32" deep. No other 
attack was observed. 

The bottom dished heads on both tanks 

COST OF RENORKING DEGRADED HEXVY WATER 

The basis f o r  a schedule of charges f o  
off-Plant sources has been calculated using the Rework U n i t  operating 
ewerience during the l a s t  six months of 1958 f o r  both costs and produc- 
t ion rate. The production rate  was adjusted t o  reflect  an anticipated 
annual outage of 7s. A breakdown of the reworking costs per pound of 
&O received is presented in the folloKing table as a function of the 
concentration of material-to be reworked. 

reconcatrating heavy water from 

. 

The t o t a l  unit cost is accumulated fromthree different expenses: the 
cost f o r  separative work, the scheduled discards, aad the haadling 
losses. These three items are explained in m r e  detailbelow. 

0 The units of ,separative work required t o  separate the degraded moder- 
ator in to  99.75 w t  5 &O product and 2.5. w t  $ D20 waste i s  shown as a 
function of the initial concentration in column 3 of the following. 
table. The cost fo r  separative work in dollars per pound of QO re- 
ceived is shown in column 4. 
charges fo r  operating the Rework U n i t  and allocated overhead and de- 
preciation charges. 

This cost includes all of the direct 

0 The scheduleddisc ' ~ f  bo waste i h& in calm 2 percent of 
the &O received. The cost for-replacing this loss is based on replace- 
ment fromthe stockpile where the production cost was assumed t o  be' 
$24.35 per pound ($28.00 less  the G$ service charge added by the AEC). 

0 The handling loss, shown in column 6, was'estimated from the experience 
In 1958 and is for nonscheduled losses such as leaks, spills, etc. 
This cost was also 
at $24,35 per pound. 

of the &O fr 

- The t o t a l  cost pe of eived olumn 7. This is production 
. 
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Moderator Rework C o s t .  

Conc . Cost, $/lb degraded &O received 
Received, Scheduled Separative Separative Scheduled Handling 
w t  Q D,O- Mscard,* $ Work Unitsw Work Discard Loss 

20 10.3 15.474 , 5.71 2.51 . 38 
10 23.1 19.138 7.06 5.62 0.47 

30 6.0 12.808 4.72 . 1.46 .31 
40 3.0 lo  . 888 4.02 0.93 .27 
50 . 2.6 .9 . 382 3.46 0.63 . 23 

. 60 - 1.7 8.108 2.99 0.41 0 2 0  - 
70 1.1 6.946 2.56 0.27 .17 
80 0.6 ' 5.780 2. w 0.15 , 14 
90 0.3 4,392 1.62 0.07 e l l  
95 0.1 3.356 1.24 0.92 008 
99 nil 1.452 0.54 n i l  0.04 

Total 
13.15 
8.60 
6.49 
5.22 
4.32 
3.60 
3.00 
2.42 
1.80 
1.34 
0.58 

7 

- * D20 discarded as $ of &O in material received. 
Units of work required t o  separate each pound of &O in mate- 
rial received Into fractions at 99.75 wt $ &O and 2.5 w t  $ 
&O. Calculations were based on Cohen's Value Function. See 
"Theory of Isotope Separation, " K a r l  Cohen, 1951, National 

. Euclear Energy Series. - 

W O F K  ENAPORATOR OPERATION 

Satisfactory performance has been obtained thus far with the evaporator 
recently installed for  purification of Rework U n i t  feed and product. 
Emphasis has been on a production rup t o  obtain a quantity of feed fo r  
the Rework Unit and consequently a ntrmbcr of characteristics of the 
equipnent have not yet been defined. 

During the period April 13 t o  April 30, about 62,000 pounds of degraded 
heavy water were processed. The conductivity of this material was re- 
duced from 625 micromhos t o  2 micromhos. Thus far, the throughput has 
been llmited t o  a maximum cf 240 pph by a steam flow restr ic t ion at  the 
pressure regulating valve ahead of the calandria. 

The buildup of solids in the calandria was controlled by a small purge 
t o  maintain the solids content at less  than 105 t o  control foaming. 
About 2 drums of calandria purge liquor- were acctmntlated during the pro- 
duction run. 
evaporator and the solids content increased further. 
be displaced from the calandria with H20 and the residue discarded. 

The purificatXon factor, defined by the r a t io  of solids in ' the  calandria 
t o  the solids in the condensate, has been as high as w 0 , O O O  but the ac- 
curacy of this figure is limited by ab i l i ty  t o  analyze the condensate. 

A normal heat transfer coefficient in the calandria of 400 t o  500 
Btu/(hr)(ft2)('F) was obtained during the production run with a calandria 
temperature difference of 14' t o  16'F. 

Eventually, t h i s  purge liquor will be processed in the 
The &O will then 
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Glossary o f  Terms - GS Area 

mcp-1 
FRcp-2 
mcp-3 
mcp-4 
CT-1 
CT-2A 
CT-2B 
0-a 
HT-1 
HT-2A 
HT-2B 
m-u 
m-1B 
s -1 
sx 
L?i 
PC 
sc 
AC -2 

recorder -controller, ' f stage process gas 
Flow recorder-controller, second stage process gas 
Flow recorder-controller, first stage liquid 
Flow recorder-controller, second stage liquid 
F i r s t  stage cold tower 
Second stage cold tower (column A) 
Second stage cold tower (column B)  
Second stage cold tower drum 
F i r s t  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 af'tercooler - second stage 
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Raw Mater ia  Is technology 

MARK 9-A FUEL 

MARK V-A HOT-EESS BONDm 

A program has been ini t ia ted t o  contime the W k  V-A hot-press boding 
developnent carried aut by the Technical Division. It I s  desirable t o  
gaia additional cladding and irradlation experience and to continue t o  
investigate the economics of the Mark'V-A element. A Test Authorization 
I s  now being circulated for  approval, which wlll authorize the cladding 
and irradiation of as maay as 12 assemblies, or reactor positions, in 
each natural uranium charge in R Area over a one-year-period. 

Ini t ia l ly ,  cores w l l l  be fabricated at a0 by extruding oversize tubes 
and machining the cores t o  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- 
t e r i a l  are being evaluated 88 methods of lnprovlng core Quality. 

Long UraPitmL tubes, extruded to aize by the American Brass Company, vill 
be used If  satisfactory cores are not immediately available from HLO. 

The cores will be beta-treated using sir cooling through the beta-to-alpha 
transition temperature un t i l  an improved heat treatment is available. 

Cladding and welding w i l l  be done at Sylcor. 

1 

Mark VI-J Reject Surmnary, 3/26 - 4/22 

Type Reject Inspected ReJected !Phis Month Last Month 
Nmiber Yield, 8 X-er 

C a s t i n g  48 0 . 100 100 
core Machining 48 0 100 100 
Tube Fabrication 105 ll 89.5 78.5 
Tube Finishing 79 1 90.7 99.2 
m l l 9  2 98.3 . 94.6 

Over-all Yield + 86.8 73.7 
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aluminum alloy, for  Mark VI-J inner sheath fabrica- 
on, was t e s t  extruded t o  finished diameters w i t h  a porthole die. Ade- 

quate diametral control, within fo.005", was  obtained. Recrystallization 
across weld l ines appeared complete (see figure EA-1) on tubing from the 
initial b i l l e t  through the die. However, subsequent e x t m i o m  had poor 
surfaces and an excessive (36") le- of coring. Coring and laminntiom 

CORE THICIEXING 

ess of the hot 

ere is a match 

core-plug interface 
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Approx 3X Beg EA-8918-M 

Figuro' EA-1. Rocrysta l I i tod  Wold i n  Portholo-Extrudod Innor Shoath Tub. 

..- 

A p p r o ~  1X 

Figuro EA-2. Transvorse Cross Soction of  Innor Shoath Tubing 
11 inchor  Bohind Bi l lo i - to-Bi l lo t  Iniorfaco. Noto coring and 
I amino tion s. 

. .  



.. 
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MUMIMUM OXIDE FTIMS 

As reported in la& month's report, films produced by the boiling ammonia 
solution treatment were diff icul t  t o  identify. 
most of the samples, formerly marked as unidentified, as the desired alpha 
aluminum oxide monohydrate film. 

SRL has now identified 

Identification was MI 

,,ssible because of - 

a new chemical film stripping technique that surrPlied bet ter  samalefi QQr 
x-ray diff 

- - - -- ----- -' 
'raction. 

In  view of these results, the Bmmopia treatment appears t o  produce the 
desired film in acceptable thicknesses. However, the corrosion protection 
afforded by this film remains undetermizred. EZectron microscope examina- 
tions have shown the film is bui l t  up of fibers extending outward from the 
film surface, as compared t o  a large crystalline structure for  the mono- 
hydrate film produced by steam autoclaving. The fibrous structure may not 

Loop t e s t s  of the 
various oxide films are being ia i t ia ted by SRL at the Babcock and Wilcox 
Research Station, Alliance, Ohio, t o  determine corrosion merits of the 
various films. 

' be as corrosion resistant as the crystalline structure. 

FWOROSCOPE MODIFICATION 

An ionization chamber, fabricated by the Instrument Assistance Section, 
was installed in the Bullding 321-M fluoroscope. This will be used in the 
determination of the density of "hot spots" found in Mark V I  and Mark VI-J 
fuel  elements. "Hot spots" were first reported in the monthly report f o r  
Deceniber 1957, DPSP 51-1-12, and have since been found infrequently. 
The ionization chamber, with a Beckman amplifier and a recorder, measures 
the difference in current produced by the X-ray beam passing through a 
high density area as compared with an adjacent LIOrmEfl density area. 
current difference will be calibrated 60 that specifications authorized 
in TA-3-399, "Nonuniform Tube Concentrations," can be followed. 

The 
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VII-A-SRP YIELDS -- 
out ll5,OOO k r k  VII-A-SRP slug caMed during April. over- 

all yield was 63.6% compared t o  68.54 for  EZsrch. The major causes for 
rejects were poor bonds, X-ray and pits,  as shown in  the following table. 

spire 
Poor Bond 
Nonbond 
x-ray 
Pits 

$ Defective , 

A p r i l  k r c h  
3.4 4.9 
1.5 2.6 
5 .O 3.1 
1.8 3.4 
10.2 8.5 
7.1 0.5 

X-Ray Rejects. Beginning April 14, the X-ray reject  rate declined f r o m  a 
level o f  about W$ t o  a level  of 85. 

decrease is attributed to the 

owing: . 

1. Close attention t o  aluminum component cleaning, particularly de-asing. 

--tes and yields. 
&ratinn n * m l * * - L a - -  * designed to  determine the effect  of opera- 

- 
-= ____--- - r.--~~un zest 

E variability on redect w. 

evaluation test, the operators hold their  assignments 
ng of 811 entire 100-slug l o t  rather than rotating assign- 

This same test< vas run twice before, 
increased during both tests. 

X- 
rejects were decreased 

er work w i l l  be done 
. schedule. 

The nt 
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Destructive examination of selected samples show the p i t s  t o  be as much 
as 0.015 inch in diameter and 0.004 inch deep. 
section through a typical p i t .  

Figure EA-6 shows a 

To determine whether the stainless s tee l  spring inserts affected the 
pi t t ing reject  rate, 600 cores were canned without springs in the spires. t 

i 

i 
. me spires with no springs had no visible p i t s  after canning, while spires 

containing springs had numerous pi ts ,  as shown below. 

Percent Defective 
No. sPi= 

of Slugs Pitting* Norseating Damage X-ray Noribonding 
No springs 600 , 0 .o . 8.9 - 6.2 10.1 * 1.9 

surface. 

- Spire damage was-higher when no springs were used, con 
tests. 
unweighted spires, 

The higher nonseating reject rate was caused by floating of the 

sprisgs 
(control) 800 ' 10.0 2.5 2.9 9.9 0.3 

It has been reported that  water, in Contact w i t h  stainless s tee l  and 
aluminum at high temperatures, Kill cause rapid galvanic corrosion. 
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 t o  enter the sp i re .  
from p i t s  while the deep-quenched slugs appeared to  have numerous p i t s  
i n  the spires. Final results will be determined after the test and con- 
t r o l  slugs have been autoclaved. 
t o  prevent water frnm entering the spire. 

To 

The shallow-quenched slugs appeared t o  be free 

All slugs are now being shallow-quenched 

sleeve fabricators have been studied for dimensional changes during their  
.Lots of 100 Wrk V I L A  canning sleeves from each of the m e  current 

first f i f teen canning cycles. 
a f t e r  each cycle and compared t o  the original average sleeve size. 
results, shown in the following table for the i n i t i a l  and final measure- 
ment, shaw the Gougler sleeve t o  be dimensionally 
the min or Slocomb sleeve. 
SAE 1025 steel;  the lktin and Slocomb from SAE 1OW. 
'in steel composition is' believed t o  be an important fac 
life, the sleeve .steel specification has been 
SAE 1025 for curjrent orders. 

Inside diameter m e s s ~ m e n t s  were $&en 
The 

The Gougler sleeve is fabricates from 

' 
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An order of sleeves currently being fabricated by Slocomb from SAE 1025 
s t ee l  w i l l  be checked for  an increase in cycle life. 
l i f e "  fo r  Slocomb SAE 1015 sleeves was 20 to 35 compared to  about 80 for 
the bug le r  SAE 1025 sleeves 

b e  previous "half- 

- 

Inches 
Sleeve Fabricator 3 Wrtin Slocomb Gougler 

Ini t ia l  nl 1.2138 1.2l.38 1.2133 
1.2l.31 1.2124 1.2354 

-0.0007 -0.0014 +O.oOOl 
ma =ED 
ID CSlRnne 

BOND-PENETRATION TESTING 

A laboratory model of an eddy current penetration t e s t e r  has been used to 
inspect the outer cladding of about 10,000 slugs. 
reject  a slug containing a groove-type penetration having a 0.060-inch-wide 
base and extending t o  within 0.010 inch of the outer cladding surface. 
Twelve slugs have been rejected by the penetration tester. 
examination of the slugs revealed penetrations in same of the rejected 
slugs aa shown In figure EA-7. 
slugs ranged f r o m  0.004 inch t o  0.029 inch, with minimtan cladding thick- 
ness of 0.007 inch to 0.030 Inch. 

The tes te r  will be modified t o  inspect the outside and inside cladding 
as soon as the necessary equipment 'can be fabricated and installed. It 
is expected that th i s  modification w i l l  be completed by May 15. Design 
and fabrication of the Mark V I L A  production bond-penetration tes te r  is 
proceeding. 

The tester was se t  t o  

Destructive 

The maximum penetrations found in these 

- 
AUTOCLAVE AND REACTOR FAILURES 

Six Mark VII-A-SRP slugs fai led the auto 
0.9 per l0,OOO slugs tested. The fa 

All failures during April, which have been examined metallurgically, were 
found t o  be caused by AlSi penetration of the spire wall. 

There were no Wrk VII-A-SC slug autoclave failures during April. 

test f o r  a failure rate of 
rate for  March was 3.0 per 

, l0,Ooo. 

I TA 3-395/1-662, DOUBLE-END WELDING OF FUEL SLUGS 
I 

Two hundred slugs we& welded during April. Several mechanical changes 
were found necessae and the machinews shut down for  modification (see 
Engineering Assistance portion of th i s  report. ). Necessary equipment 
changes have been made and welding should resume the f i r s t  week in my. 

- .  
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. 

Figuro EA-7. AISi Ponattotlon Into CI 
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TA 3-418, BLOOMING AND CONTINUOUS-Mat PRACTICE 

i About SI0o0 h r k  _=I-A-SRP and 3,000 &kirk VII-A-SC fuel cores fabricated 
from rod rolled by a new schedule of blooming-mill and continuous-mill 
passes have been canned and finished. 
rather than 21 bloaning-mill passes and gives a uniform reduction per 
pass through the continuous m i l l .  

I 
The new schedule comprises 19 

Detailed canning and finishing data for the h r k  VII-A-SRP t e s t  cores w e r e  
reported in the &rch monthly report, DFSP 59-1-3, p 310. Results showed 
t e s t  cores.were comparable to  standard cores in canning quality. 

Data are reported below'for the Wrk VII-A-SC t e s t  cores. Process yields 
for  standard production from the sank period are reported for comparison. 

Test Standard 
NO* CO~PS k k 

m - 3024 .. Cores Produced 
Process Yield 1869 61.8 76.0 
Surface Quality ReJects 1078 35.0 16.0 0.7 . 6.0 

2 05 2 00 

Cores Canned 
Canning Yield 1465 95.6 96.6 

Cores Finished , 1463 
Finishing Yield W.06 89.3 93.2 

22 
77 

Mmensional Rejects 
hhchining' Redects 

Sylcor 
0 1530 0 

SRP . ' 
,- .. 0 

. *  

The data show that the.19X) process yields were significantly lower for 
the t e s t  cores thsa for the control cores. 
ing yields for  both test and control groups are txmparable, within normal 
variations 0 

Metallurgical examination of as-received core blanks and finished slugs 
showed that both metal quality and canned slug quality were comparable 
to  regular production material .  

Sylcor canning and SRP.finish- 

I 
A further fabrication evaluationmay be made pending the c q l e t i o n  of 
irradiation tests i n  the R-6 reactor cycle. 

MARK VII-A-SC YTFILIIS I 

i 

f .. . No. -of slugs Yield, 5 . 
Canned a t  Sylcor 9,805 96.4 (96.6)* 
Finished at  SRP 18,091 91.8 (93.2)* 

* Last month*s yield. . .  

' I  
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TA 3-384 SPECIALLY-EXT-TREATED MARK VII-A-SC SLW 

'About 40,OOO core blanks were heat-treated duringthe month. Th i s  in- 
crease over the n o m  17,000 t o  20,000 per month was due to  an increase 
in forecasted Sylcor pmduction and anticipated requirements of the forth- 
coming alpha canning t e s t s  at SFP. One core blank per NLO shipping box 
(3lO cores) was destructively examined for  transformation end grain size. 
No untransfomed cores were found, and grain size was between 0.2 t o  
0.3 mm. The success in  controlling grain size was due t o  an improved 
method of operating the bronze furnace. The current procedure requires 
a startup period of about 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 55 seconds 
may be run by adjusting h e  AuPace heat input. However, a continuous 
rate of 4 cores per 55 seconds can significantly shorten f'urnace l i f e  and 
cause unscheduled shutdowns 

OR SLIES-IRRAD TEST 

Approximately 2400 ' single-weld Sylcor slugs ha 
diation in the P-7 reactor cycle. Finishing yields and'reject rates for  
these slugs were equivalent t o  those of standard double-weld slugs as 

finished for irral 

. shown below. 

- In-Process . Yield, 

Double-weld (control) 2000 3.6 4 -0 90.9 
Single-weld 2338 4.1 4 02 90.2 
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A group of 860 single-weld slugs were welded without preliminary machining 
of the interface. 
12s higher than for  the machined slugs. 
and rewelds .were lower as shown below. 

The finishing yield of the \inmachined slugs was about 
Reject rates for  both poor bonds 

No. of -- Slugs Bonds Rewelds Yield, $J 

Not machined 860 3.3 1.3 93.0 
Wchined 700 . 7.7 8 .O 02.3 

bktallographlc examination of welds from five slugs each of both un- 
machined and machined single weld slugs showed 8x1 average weld throat 
thicknebs of 0.035 inch for the umnachlned slugs campared t o  0.026 inch 
for the machined slugs. 

The umnachined slug welds were found t o  contain only one interface as 
compared t o  two for the machined slugs. The better yield and increased 
weld throat thickness of the uxnachined slugs apparently result frommore 
metal being available t o  cover the interface during welding. 
these results, machining of single-weld slugs pr ior . to  welding is being 
discontinued. 

Production of further single-weld slugs has been stopped pending post- 
irradiation examination of 300 single-weld slugs irradiated in the P-6 
reactor cycle. 
thousand sfngle weld slugs Vill be manufactured for exposure in the P-9 
reactor cycle. 

Unmachined and machined single weld slugs are 
c v r e d  in fiw EA-8. 

Based on 
I 

If the results of t h i s  examination are acceptable, twenty 

I 
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Ne8 EA-9522- Approx lox 

KACHINP) PRIOR TO WELDIETQ ' 

Approx lox 

NOT MACHINED PRIOR TO WELDINO 
Figuro EA-8. Comparison o f  Moc'hined and Unmachined Sinqla-Wold S l u g s  
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Li-AI. ALLOY 

TA 3-008, RAMMED C R U C I B I S  FOR MELTING L i  
~ 

Rammed crucibles are being evaluated in ah attempt t o  find one which w i l l  

Rammed crucibles are not preformed but are fabricated in place by ramming 
refractory cement between the induction co i l  and an iron core. 
is subsequently removed and the crucible is sintered w i t h  a gas torch. 

Two types of rammed crucibles have been evaluated. The first, rammed 
mullite, could not be hardened satisfactorily,  by available sintering tech- 
niques (see February monthly report, DPSP 59-1-2, p 317). 
a second rammed crucible made of Ajax  108 refractory cement ( 4 6  alumina, 
66 s i l i ca )  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 (1OOO vs 500 ppm) in mew from the first two heats, apparently 
due to contamination by the crucible. 
maining heats to determine whether contamination is continuing or only oc- 
curred on the first few heats. 

If iron contamination decreases, the crucible will be evaluated throughout 
its useful life. 
pound-capacity vacuum furnace will be constructed and tested. 

I 
I have a longer useful l ife than present preformed clay-graphite crucibles. 
~ 

The core 

Evaluation of 

Analyses are being made on the re- 

If results are satisfactory, a crucible for  the 350- 

GFWHTIE MOLD DEZERIORATIom 

The rate of deterioration dp graphite molds increased significantly when 
outgassing of molds in the new Stokes furnaces was begun in October 1957. 
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 sppts in the molds causing localized oxidation 
or loss of binder. 
sions into the ingots cast  in these molds. 

Graphite from the damaged areas is released as inclu- 

To prevent inclusion pickup, molds of either zirconia-coated or uncoated 
steel are being evaluated. Two Li-A1 pigs cast  to date in a s t ee l  mold 
which 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. c 

Ingots from uncoated steel molds were found &atisfactory 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 a t  folds formed by the cold shuts. This iron 
contaminstion was removed by scalping the surface deeply, larering metal 
yields. Chemical milling of billets, however, msy permit removal of the 
iron from the surface without removing appreciable quantities of Li-Al. 

An uncoated s t ee l  mold has been designed and ordered. -Evaluation.will be- 
gin in about one month. 
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Control-rod one -pie le-taper cones (de- 
scribed In the March 1956 monthly report, DPSP 58-1-3, p 326) were adopted 
for  f u l l  production use. Since their adoption, approximately 200 rods 
with these fittings have been fabricated. 
encotanteredwas the occasional stripping off of the nose of the f i t t i n g  
during rod swaging. When this happened, the rods had t o  be manually 
pushed rather thaa mechanically pulled through the swager. This d i f f i -  
culty may have occurred because the swager col le t  did not grip .the nose 
of the f i t t i n g  tightly. 
rod quality siace this nose is machined off subsequent t o  swaging. 

ges are being evaluated: 

The only production difficulty 

Stripping of the fitting nose does not affect 
To 

uch as 1100 duninum. 

a Alter swager t o  pe mechanically. 
51 

Approximately 1000 chemically-mill been fabricated for the L-6 reactor chaxge. As sham below, aver-all yield for  these slugs 
was the same as that for  normal slugs fabricated during llwember and Decem- 
ber 1956. 

4 Yield (Pound Basis) 

Machined Slugs, Mill Improve - Normal s Chemically- 

Operation U/U to  12/37/58 ment 

Bi l le t  Preparation 
Extruiioa and CotnpoSitiOn 
straightening 

I 

I 

I 

Potential over-aU yield fo r  che 
The lower yield obtained b date i 

1 

Extrusion. A cobalt-steel I D  mandrel Insert for  thti porthole extrusion 
die was used in place of the normal tool-steel: insert  in  an attempt t o  
reduce I D  surface galling. However, the new mandrel did not-improve core 
ID surface, and about 8$ of all chemically milled cores were rejected for  
this defect. The use of slower extrusion speeds w i l l  be evaluated. 
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Straightening. Extensive cracking occurred during straightening of the 
extruded tubing using the SRL roll-straightener. 
jection of about lo$ of the as-straightened tubing. In addition, about 
55 of' the milled cores were rejected for  excessive warp when roll pressure 
was reduced to min-ze cracking. 

This resulted in re- 

Metallographic examination indicated that the principal cause of cracking 
was low extrusion temperature. This .resulted in poor recrystallization 
across the weld interface, and large-grained, brittle alloy. 
al cause was found to be inclusions in occasional b i l l e t s  which effectively 
reduced the weld area of the extruded tubing. A section of tubing which 
cracked along the weld l ine during straightening is sham in figure EA-9. 
Poor bonding a t  the interface is apparent, as are excessive inclusions. . 
A section of nonfailed tubing, broken a t  the weld iine for  examination, 
is sham in figure EA-10. The excellent bonding and absence of inclusions 
are apparent. A comparison of the grain size of fa i led and nonfailed tub- 
ing is shown in figures EA-11 and EA-12. 

A n  addition- 

Cracking was largely eliminated by increasing the b i l l e t  temperature to 
S O O F  for  extrusion. Sources of inclusions in billets are being investi- 
gated. 

Chemical M i l l i n g .  About 0.002 inch was removed from the OD and I D  of each 
core by milling for  3 minutes in Oakite 160. Cores w e r e  then rinsed, de- 
smutted in n i t r i c  acid, thoroughly rinsed and hot-air dried. The cores 
were degreased prior to milling to remove identification ink and o i l  from 
the roll-straightening operation. Bo cores were rejected for  defects at- 
tributable t o  the milling operation. 

TA 5-421, CHEMICAL MII;LING OF CAST L i - U  INGOTS 
. .  

Evaluation of chemical milling of ingots in Building 3 2 0 4  in preparation 
for  extrusion was continued (for  i n i t i a l  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 th is  manner. Analy- 
ses of bar extruded from 15 of these ingots shared no contamination result-  
ing from chemical milling. Bar from the chemicaUy milled b i l l e t s  w i l l  be 
examined for  metallographic appearance. If the bar is satisfactory, slugs 
from chemically milled b i l l e t s  w i l l  be evaluated fo r  reactor and separa- 
tions performance. 
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Figuro EA-9. Mark VI-J Tubing Which Fa i lod  a t  Wold Intortaco During Rol l -  
Straightoning. Noto lack  o f  banding at intorfaco, and nurnorous smolt 
inc lu  sion s. 

Apprdx Neg EA-10285-M 

F i g u n  EA-10. Wold Intorfaco o f  Mark VI-J Tubing Which Did N o t  F a i l  During I 

Roll-Straightoning. Not. oxcol lont  bonding at  intorfoe., and lack o f ,  
inclusions. 

,- 



lpeg ~ ~ 1 0 2 6 8 ~ ~  

Figuro EA-11. Cro Soction o f  Mark VI-J Tubing Which Crackod During 
Roll-Straightoning. Not. l ack  o f  rocrysta l l i to t ion across wold into  
and rol ati  vol y I argo grain si to. 

Approx lox . .  leg ~~-10269-~ 

- 
Figure EA-12. Cross Soction Showing Wold Interfaco o f  Mark VI-J Tubing 

Which Did Not  F a i l  During Roll-Stroightoning. Not. comploto recrystal- 
l i zat ion across wold intorfaco, and r o l a t i v o l y  s m a l l  groin s i te .  

a .  

I 

- 
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Engineering Assis tance - Instrument 

-. 
SEPARATIONS AREAS 

BLACKNESS TESTER FOR DISSOLVER COLUMN INSERT 

A n  instrument was b u i l t  t o  measure the neutron absorption efficiency of 
the boron stkel plate i n  the bottom of the insert fo r  the D Column in  
Building 221-H. 
installed in the column, the boron s teel  plate decreased the count rate 
of the instrument by a factor of about 4, indicating thermal neutron ab-- 
sorption equivalent t o  the sheet of cadmium which was used during Cali- 
bration testz;. The cadmium *s 1/32 inch thick, so there was a negligi- 
ble transmission of  therm3 neutrons through it. 

The blackness tes te r  consists of a dual probe assembly containing a Po-& 
neutron source with a paraffin moderator i n  one probe, and a fission 
counter with a preamplifier in the other. The preamplifier signal is fed 
to  a l inear amplifier and a scaler. 
remote handling by the hot canyon c-6 so that future rechecks o f t h e  
neutron absorption efficiency of the insert  may be made in  the canyon. 
Figure EA-13 shows the blackness tes te r  arrangement. 

During the t e s t  the probe assembly is lowered into the column insert un- 
til the boron s t e e l g l a t e  is between the neutron source and the fission 
counter. The neutron count rate is then compared with similar readings 
taken w i t h  only the stainless s teel  upper portion of the insert between 
the source and the detector. 

During tes t s  i n  Building 717-F, before the insert was 

The probe assembly is designed fo r  

" PHYSICS 

AulloMATIC FIIM BADCE 

I The Film Reader portion of the handling system f o r  film badges has been 
checked out and operated successfully in the birding 735-4 laboratory. 
Bcept fo r  the densitometer output circuit ,  all parts of the reader, in- 
cluding *e IBM card punch, have been t 

The reader determines the radiation dos 
wearer and punches the data on IBM cards. 
with film trays, all operations are automatic. The equipment, shown in 

igure EA-14, consists of an =type 026 card punch and a rack-console 
containing the reading he and the electronic circuits. The films are 
introduced into the machi at tabletop level in t 
pieces each. The reading head i's located directly the tray. The 
control and computer functions are located in the rack sections above 
the reading head, while the 

tested. 

badge number of the 
Once the unit has been loaded 

ontsining SO 

r supplies' are below. 

(Text continued on page 325.) 
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AI AMPLIF IES * 
I 

I 

cc-10 
SCALLR 

FISSION- 
COUNTER 

CRAML 
B A I L  

I 

I I 
Figuro EA-13. Dfrrolror Inrort 

~lacknors Tortor 
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Figuro EA-15. Black Dtagran of Automatic F i l a  Bodgo Reader 
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Fi =-is is a blo agm of the reader. Identification is m e  
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 blnary:to-decimal code converters determine the badge number to be 

.. prlnted'out on the cards. The lower portion of. the badge is darkened 
by t h e  radiation &sure. This darkening is measured at two locations: 
in an open window where both beta and gamma radiation darken the film, 
and between silver shields where only the gamma rays penetrqte. Photo- 
cells measure the amount of light transmitted t h r o w  the two lregions 
on the film and feed the Information to two computers. The computers 
determine the dosage and make corrections for the gamma qosure on the 
beta-plus-gamma portion of the film. !Che outputs of the computers are 
in the form of voltages Which are digitized by an analog-to-digital con- 
verter to allow punching in IBM cards. 

Cl 
the punched ca 

WISE: READER FOR POQCET DOSIMETERS 

I 

- i A modified version of an instrument designed at Hanford is being evaluated 
as a reader for pocket-type radiation dosimeters. It measures the pulse 
required to recharge the dosimeter to a precisely controlled voltage. Ex- * 

posure of standard Iandsverk pocket-dosimeters can be read over a range 
of 1 to 170 milliroentgens. Increments of 2 m r  can be distinguished easily 
on the meter indicator. The instrument also provides an analog output 
voltage suitable for IBM automatic data recording equipment. 

The pulse reader Kill'replace the General Electric "string electrometer," 
which is no longer commercially available. The new instrument has the 
following advantages over the CE electrometer: 
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Figure EA-16 I S  a block diagram of the pulse reader. To measure the ra- 
diation exposure received by a dosimeter, the dosimeter is inserted into 
the reader w e l l ,  where it is charged t o  a precisely controlled reference 
voltage. 
befoE being exposed to  radiation, the potential difference between the 
exposed dosimeter and the reference voltage is a measure of the exposure. 
This voltage difference appears as a pulse at  the input of the aiapllfier 
during the charging operation. 
transmitted t o  a pulse stretcher c i rcui t  where a large capacitor is 
charged t o  the maximum height of the pulse. This capacitor potential is 
measured by a .vacuum tube voltmeter and read out on a calibrated meter. 
The meter reading is maintained without noticeable change for  several 

,minutes and is not affected by removal- of the dosimeter f r o m  the reader 
w e l l .  
tion f o r  the next reading. 

Since the dosimeter had been charged to  exactly this.voltage 

. 
The pulse is amplified, inverted, and 

j A reset sxitch is provided to  discharge the capacitor i n  prepara- 

. 
1 
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FIgura EA-16. Block Dtugraa o t  D o r i a o t n  Pulra Roador 
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Engineer ing Assistance - M e c h a n i c a l  

REACTOR AREAS 

COBALT IRRADIATION 

Slugs, t o  contain cobalt pellets during irradiation in  a sparger-jet po- 
si t ion i n  the production reactors, have been designed t o  avoid loss of 
the small individual pellets i n  case of accidental physical damage t o  
the slug. 
a s  indicated in  figure EA-17. The holes are peened-over t o  contain the 
pellets,  and the sleeves are then assembled on an aluminum rod which is 
threaded on both ends. 
on the rod form an ass'embly completely containing the cobalt pellets. 
The assembly is then double-canned, with welded plugs on the ends of both 
cans. 
irradiation i n  the reactors. 
the approximate number and density of loading being as follows: 

The pellets are contained in dri l led holes in  aluminum sleeves, 

The end sleeves are threaded, and when screwed 

The individual slugs will be inserted in a sparger-jet tube for  
Three sizes of pellets are t o  be irradiated, 

Dens I ty, T o t a l  
Pellet Dimensions, inch No. of g- per Pellets Cobalt, 

per Slug grams Diameter Lenp;th Slugs inch of s l q  
1/16 1/16 1 . l l .8 4800 ll8 

4 1s .5 702 620 
775 5 15.5 351 

1513 
- 1/8 1/8 

1/8 1/4 

SPRAY NOZZLE TEST 

Spray nozzle tests are being run t o  detexmine the best type nozzles t o  
use for  cooling a fuel  element which may f a l l  on the reactor tank top o r  
process room floor &wing discharge of the fuel. 

O f  the six nozzle designs tested, a Spraying Systems Company No. 1&23OsQ, 
full-jet square-spray nozzle appears to  give the best coverage. The test 
was run w i t k  the nozzle at a height of 26 feet from the ground, at nozzle 
angles of Oo, 30°, and 45' from the vertical .  
pacity of 23, 27, and 36 m of water a t  pressures of 10, W, and 25 psig, 
respectively. 
ated a t  25 psig and located approximately 15 feet apart t o  have the re- 
quired coverage of 0.4 'pound of water per hour per square inch of floor 
area. 

Further tests are under consideration t o  determine if the ventilating a i r  
flow i n  the process'room w i l l  disturb the spray pattern. - 

The nozzle has a flow ca- 

The data indicate that the square nozzles should be oper- 
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MAIiK VI-J THERMOCOUPIZ FUZL T[lBE - 

A new Mark VI-J thermocouple fuel tube design has been developed for  use 
i n  L Area. The design, which is shown i n  figure EA-18, is similar t o  the 
type installed in K Area (see July 1958 monthly report, DPSP 58-1-7), ex- 
cept for the f l a w  splitter type bottom f i t t i n g  and the "Jones" connectors 
used in the top f i t t i n g  to f a c i l i t a t e  thermocouple connection after in- 
stallation i n  the reactor. 

Four prototype tubes w i l l  be fabricated ation. 

RAWMATERIALSAREA' 

C-G QUALITY IMPROIEDEKC 

Test results on the canning sleeve 
than a *inch center-to-center sleeve spacing, is required fo r  minimum 
adherence of AlSi t o  the assembly. 
ments by reducing the amount of ed each cycle, a sleeve 
assenibly consisting of a single lng retainer r ings a s  
sleeve fastening devices vill 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 t o  detelmine'the effect  of 
the grooves on sleeve -rpage. There was no significant difference in 
failure of sleeves due t o  warping. 

-1~ show that a 3-inch, rather 

To m t e  the heat load require- 

Sleeve Type Ohginal Quantity Warpa~e Failures 
21 

9 
main 50 

25 
25 12 

1-groove 
2-groove 

' STEt?G%X TESTZZPG OF MARll VII-A CORES 

Burst t e s t s  have been completed on nine Wrk VII-A slug'cores. 
bursting pressures ranged from 92,000 psig to  51,000 psig, giving a mat-  
imum calculated stress on the inside diameter of 65,000 psi  and 79,000 

The theoretical interm,& pressure t o  burst slugs with- 
out defects is approximately 85,000 psig. 
Group is  inspecting the slugs t o  determine the flaws i n  the material. 
sketch of the t e s t  apparatus appeared i n  the January monthly report (DPSP 

The 

. ps1,respectively. 
The Metallurgical Assistance 

A 

59-1-1) ! 
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Engineering Assistance - M e t a l l u r g i c a l  

REACTORAREAS 
._ 

TA 1-705, IFWDIATIm OF COElEHlDm MARK VII-A SUES 

Four natural Uranium Mark MI-A slugs fabricated at Huclear Metals by a 
coextnrsion process were stripped of cladding at SRP, alpha canned, and 
irradiated during the R-4 cycle t o  determine the i r  behavior under irra- 
diation. These four slugs were placed in positions 9, 10, 11, and 12 of 
channel A, quatrefoil X31,Y75 w h i c h  containea, Mark VII-A-SRP control slugs. 
These slugs were irradiated under the follaring conditions. 

- Cycle Days z?Ltd 
0.590 R-4 54 0.0039 

Dimensional changes -of the four coextruded slugs are compared w i t h  the 12 
Mark VII-A-SRP control slugs from corresponding positions In channels B, 
C, and D in the follouing table. 

Ho. Avg Dimensional Change, inch 
'pype=ug slugs Length warp -- OD ID 

Coextruded 4 -0.163 4.037 '4.009 -0.005 
SRP Control 12 i-O.005 a.010 +0.003 0.000 

The length decrease observed on coextruded slugs was predicted by growth 
index values determirred by the Technical Division prior t o  irradiation. 
Photographs of these four slugs a,re shown in figure EA-19. 

MARK VII-A SUB; 'FAIIURES 
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Failure Coordinates - -  No. Cycle Date -- 
47 ~ E 4  411 Dingot 14 66 
48 K-3 411 Dingot -08 54 
49 P-6 413 Ingot 34 54 
50 414 Ingot 15 
51 4/16 Ingot , 35 
52 .4/10 Ingot 39 
53 P-6 4/2l Ingot 30 42 
54 C-4 4/21 Ingot 44 70 
5s R-5 4/21 Ingot 19 21 
56 C-4 4/23 Ingot U 45 
57 E 5  4/26 Ingot 10 48 
50 C-4 4/29 Ingot, 22 E 
59 P-6 4/30 Ingot 3.5 45 

33.6 
20.4 
19.9 
28.5 
20.7 
34.6 
31.6 
22.0 
35.5 
22.2 
13.7 
25.9 
37.7 

Failure 37. Mark M I  gen (3.1 t o  S ppn) dingot slug, 
se r i a l  rider 3N32907, which fai led on.February 9 during the R-3 cycle, 
was destructively examined by the T ca l  Division in the high level 
caves. Smn.)l cracks were observed core. No extensive general 
corrosion~of the aluminum cladding A definite cause of the 
failure has not been determined. 

Photographs .of the are shown in S EA-20 through EA-23. 

. 
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FUULO FIILCEZ CASES, 

A Fulflo f i l t e r  case J.2-1/4" QD'by 40-3/8" high and fabricated from 0.120" 
thick AISI type 304L stainless s t ee l  w a s  examined af te r  failure caused by 
corrosion and penetration of the wall. The f i l t e r  uses glass wool f i l t e r  
cartridges t o  f i l t e r  So$ This f i l t e r  case oper- 
ated for  approximately 2-1/2 years  and then lay idle for  approximately 
1-3/4 years .  During the l a t t e r  period the f i l t e r  cartridges were not re- 
moved from the f i l t e r  case and the equipent yas not cleaned or drained. 

Results of the examinstiom are l i s t ed  below: 

at room temperature. 

1. Corrosion and failure werecaused by chloride pitting. The attack 
probably occurred during the 1-3/4-year period in which the f i l t e r  
was not in operation and w a s  coated internally with a sludge which 
contained up to- 14,000 ppn chlorides. 

i 
- 2. New glass wool f i l t e r  csrtridges contained 1.8 ppn to ta l  chlorides. i 

3. Analysis of the case w a l l  is  typical for  AISI type 304L stainless 
steel. . 

- 

It was recclmmended that f i l t e r  es having similar senrice history be 
inspected; that operating procedures provide for  frequent f i l t e r  changes 
and sludge removal; and that f i l t e r  cases be thoruughly cleaned before 
being placed in standby. 

IIBPECTIOIo OF I'?ITRIC ACID REBOIm, EP 341.22, mIMG 2 l l - H  

O n  March 30, leakage occurred through the carbon s tee l  shell  of the re- 
boiler just above the bottom hibe sheet. A temporary patch was placed 
over the l&"-diameter hole and operation was continued un t i l  April 14. 
The reboiler had operated for approximately 3-3/ 

l ess  s tee l  w h i l e  the remainder including the shell, I s  carbon steel .  

s in hot 30 t o  SO$ 
mO3. Parts of the reboiler exposed t o  acid are tyPe 309SCb stain- 

pection of the component of the reboiler showed the fol-  

welds on the acid 

knife line attack, preferenti 
pit t ing attack at er 

2, Tyge 309SCb bwe metal ( she l l  and tube sheet) 'was slightly etched. 

er were corroded end cracked, Welds exhibited honeycomb attack, 
down the center of w e l d s ,  and 
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Specimens of cadmium sheet are sandwiched between plates of stainless 

in presence of water. 
monthly report, DPSP 59-1-2. 

I steel in a . t e s t  t o  determine If  galvanlc corrosion of the cadmium occurs 
Previok results were described in the February 

Examination a f te r  90 days exposure at room temperature in uncontaminated 
basin vater revealed corrosion averaging l ess  than O.OOO1 inch/mo along 
one edge of the cadmium specimen. The stalnless s tee l  suffered no de- 

. tectable corrosion. 

Because corrosion appeared only in an area where contact b e p e n  the 
stainless s t ee l  and cadmium was good, additional assd l ies  are now being 
tested in which the cadmium sheet contains raised spots t o  insure inti- 
mate contact.. 

RAwMA!mmrsAREA 

DOUBLE-EXD SLUG WEIDR?G 
I 

Approximately100 good Mark VII-A slugs were double-end welded early in 
April. 
few extremely smaU phholes which disappeared a f t e r  etching and for  the 
arc pulloff area which was rather rough due t o  high current. Metallurgi- 

Certain mechanical and e l e c t r i c h  changes seemed desirable fo r  more re- 
liable operation and s t i l l  bet ter  Quality, however, and the following 
modifications were made. 

1. 

1 The appearance of these welds was generally good except fo r  a 

c a l  Qualitywas good. 

C i r c u i t s  were changed t o  permit a lower preheat current. and higher 
f i rs t -s tep weld current. This both reduced pi t t ing of slug at arc 

. start, +nd lnaintained short preheat time. 

A pneumatically-actuated rheostat was added t o  the weld current con- 
trol circuit t o  permit a gradual xkduction of weld current during the 
arc pulloff. A smoother, more uniform weld is produced. 

2. 
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1 , - 
tract one torch to per- 

d by driving both slug 
stoppage was 

eliminated. 

Urger air cylinders w i t h  hydraulic controls were provided on torch 
pulloff mechanism. 

5 .  
liable action was eliminated. 

6, Slug guide r o l l  shaft turdier and more 

The above changes permitted better 
ing test welds on several hundred slugs. Additional slugs are being 
welded, and sample welds are being e d in the Metallurgical 
Laboratory. 

accurate mechani 

reliability dur- 

ISOZERMAL -G OF UTHIUM-AIUbENW CONTROL ROD Sf;tK)S 

In the normal as-e 
may contain some lithium in supersaturated aluminum solid solution. Dur- 
ing reador service, precipitation of additional beta phase (LI-Al) from 
this supersaturated solution could alter the properties of the alloy and 

Sample control rod slugs of 3.5 nor- 

ed condition, l i t h i u m - a l a  control rod cores 

its behavior in the reactor. 
$ lithium are being heated in various ways to determine what struc- 
cbanges occur. 

In one slug heated isothelPlally at 300°C for 240 hoqs, additional beta 
phase was precipitated along grain boundaries of the al&m solid so- 
lution, as illustrated in figure EA-24. 
core with no heat treatment is 

The structure of an as-extruded 

h failed during 
penetrations of 
reqyency of fail- 

near the top end of the 
For example, of 9 fail- 

i penetrations, 
the top end of 

f .._ . 
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measure of the pre- 

cores included as-received SRP cores and specially heat-treated Sylcor 
cores. 

Calculations completed to  date indicate that the typical as-received, 
alpha-rolled, untanned, SFP uranium fuel core has a growth 
5.31, a shrinkage element of 5.47, and a growth index of -0.16 i n  the 
direction of the fie1 element axis. * I n  the circumferential direction, 
the growth element is 3.67, the shrinkage element is.2.80, and the growth 
index is M.87. 

1 cores after can- 
ning by the triple-dip process. The cores tested will have known fabri- 
cation histories and w i l l  be from the same mu> rods as the as-received 
cores reported above. 

The data obtained MU. provide complete chara 
orientation pattern of the standard Mark VII-A-SRP fuel slug. We may then 
be able to evaluate, prior 'to actual reactor exposure, the effect of 
changes i n  mu> or SFP procedures on slug s tab i l i ty  during irradiation. 

ex values w i l l  next be de 

rization of the preferred 
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VARfATION I N  oRIENTA!l!ION WITBIN A SIN- C W  

There seems to  be no correlation bet-en the growth element, shrinkage 
element, androwth  index and the position from which a saxple is-taken 
from an alpha-rolled, natural uranium fuel core. 
variation of growth and shrinkage,elements and growth index of transverse 

Figure EA-= shows the 

ections taken a t  27 different places along a fue l  co 

1 .  

MISCXIUNEDUS 

BOILER FAILURE, BUIISI 

Boiler No. 2 i n  Build 
carbon s tee l  water header. 

Examination of the header revealed many deeply gouged areas i n  the $inch 
w a l l .  
bon s tee l  f ins  wereazt off using oxyacetylene cutting torches and were 
replaced with stainless s tee l  fins. 

The leak and the gouged areas were repaired by weld3ng. 
several cracked f i l l e t  welds joining the new stainless fins t o  the header 
were ground aut and repaired. 

was shut down when a leak occurred i n  a 

~ These gouges were made’during maintenance work in January when car- 

\ 

Inaddition, 

m m  FAN T U R B I ~ ,  EP 2ae-ao8 

An El l io t t  fan turbine drives the forced and induced draft fans for  boiler 
No. 2 i n  Building 284-F. 
and an examination showed the lower casing was cracked a t  4 blind bolt 
holes. 

Theabolts which were used t o  join the upper and lower casings were mea- 
sured and found to  be 1/16 to l/8 inch longer ‘than the canbined flange 
thickness on the upper casing and tapped bolt  hole depth i n  the lower 
casing. Stresses caused from tightening the bolts during installation 
and from expansion and contraction during turbine operation probably 
caused the cracking a t  the bol t  holes. 

The casing w i l l  not be repaired but w i l l  be assembled with 
and returned t o  senrice. 

Steam leakage was observed a t  the casing joint, 

This I s  shown i n  figure EA-26. 

It was recommended that a spare turbine casing 
purchased. 
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nppmr 0.24 mPP 5858-1 
Figure EA-26. Elliott Fan Turbine w i t h  Upper Caring Removed 

A &uer Casing (cast Iron) 
B vhtal 
C LacationofcraCks 
0 
E bv R e r a r e  Side of Turbine (X, to 30 psig) 

Pressure Side of Turbine (520 pa& at C25.F) 
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IMSPECTION OF DEEP WELL 905-373 
Trouble in deep well 
water f l o w .  Tests prior t o  removal showed that there was a hole through 
the carbon steel casing. The prrmp had been i n  service for  approximately 
2 years, during which time pump components were exposed to  water of pH 
4.2 containing 42 ppn carbon dioxide. Inspection of t h i s  pumpapproxi- 
mately 1 year ago had revealed no noticeable corrosion of the pv . .par t s ;  
however, the impellers, the wear rings, and the one length of shaft se- 
curing the impellers had been replaced due t o  damage from excessive 
vibration. 

The pump was removed, and the shafts, shaft couplings and sleeves, column 
casing and couplings, impellers and impeller bowls were examined. These 
parts were covered with a thick deposit having an ektremely high chloride 
content (50 p p  on shafts and 6000 ppn on impellers and impeller bowls). 
Results of the visual examination are summarized i n  the following table. 
Corrosion of the shaft next t o  the couplings and sleeves is  attributed 
t o  galvanic action. 

This investigation i s  being continued. 

by a loss  i n  head and 
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Pump P a r t  

8. Schtidule 80 
Carbon Steel- 
Column Caslng 

AISI type 416 
SS Shafts, Hone1 
Shaft Sleeves. 
and Everdur 
Couplings 

SAE 40 Impellers 

pe l le r  Bowls 
ond S a  62 Im- 

C a s t  I ron Column 
Couplings 

Inspection'of Deep Well Pump 905-37F 

Visual Inspection Results Remarks 

Top end of the fourth sect ion from the 
top of the well was seoereiy eroded 
through the w a l l  of the casing. T h i s  
was due t o  improper seatlng of the cas- 
lng in the cast i ron coupling. O t h e r  
sections of pipe contained heam layers  
of rust on both the inner and outer : 

surfaces. Sl ight  surface roughening 
w a s  found beneath the rust. 

Fourth sect ion of column 
cas- w a s  replaced. 

These components were covered u i t h  a When the present shafting 
brovnish-red deposit whlch was adherent for this pump can no 
t o  small locallzed areas on only the longer be used, it w i l l  
shafts. P i t t i n g  a maximum of 1/16. be replaced with AISI 
deep was found in the shaft material type 410 SS shafting con- 
next t o  the Everdur couplings, next t o  taining sleeves and cou- 
the Wonel sleeves, a t  pipe wrench in- pllngs of the same mate- 
dentations, and beneath adherent sur- 
face deposits. Everdur couplings were 
uncorroded; however, the top end or 3 
sleeves was pi t ted.  

Both were covered with a thick adherent 
deposit. A reddish-brown deposit w a s  
found on the bowls, ond a bluish-gray 
deposit was found on the impellers. 
The surface beneath the deposit shoved 
no p i t t l n g  or evidence of erosion. 

Showed evidence of graphi t ic  corrosion. 

rial. A strap wrench 
w i l l  replace the pipe 
wrench Sor turning the 
shaft and couplings . 
S a  40 impellers uere re- 
placed u i t h  SAE 62 bronze 
impellers. 

Cast i r o n  couplings uere 
replaced w i t h  SAE 62 
bronze couplings. 
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Area Survey 

STATISTICS 

Total 
Year -------- R P L  K C D F  €I M/A A p r i l  t o  Date 

SWls Processed 727 540 594 648 452 45 1481 1524 47 6,058 21,377 

Surveys 1583 964 1226 959 913 83 3240 4231 508 13,807 50,105 
Extended SWPts i n  Effect 54 52 56 46 51 7 73 95 23 457 - 

Cases 6 2  2 2 3 0  7 5 0  
Vessel Entry Permits 4 0  0 4 0 0  9 4 0  
Industrial  Hygiene Surveys 7 4 4 6 1 0 20 11 12 65 287 

A i r  Samples 261 202 587 307 196 96 5533 1408 125 8,715 30,373 
Personnel Contamination 

27 77 
21 105 

H-3 810-Assay Analyses 0 0  0 0 0 0  0 2259 0 2.259 10,038 
Pencils Processed 1400 874 1300 1360 1400 0 3302 5752 16 15,404 54,959 

59 311 Wainlng Sessions 7 3  7 '4 6 2  19 8 3 I 

REACTOR AREAS 

GEXE!RAL 

Reactor operations continued t o  be plagued by fue l  element failures. 
There were thirteen failures, with three failures occurring in P Area 
and four in C Area. Better containment of radioactivity was experi- 

, enced since the majority of the failures were discharged into "harps. I' 

However, "harps" were not available in a l l  cases. The following table 
s~uum~~rizes the failed Fuel element experience for  t h i s  period. 

_ .  
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We lr Factor berg  Failed 

Honvolattile Element 
Date Water Increase, Basin Fuel 

f a i l -  In Activity, 
t o  of Vented Maximum i n  Weir Maximum 

Water Activity, Seepage Beta t o  D i s -  
Area w e  "Harp' uc/ml d m l  Basin Ef i luene  assembled 

R 4/18 Yes 4.0 X loo4 40 ++ 24.0 In  Progress 

P 4/3 No 1.0 X lo"' Negligible 1.0 X loo3 ++ 1.5 Cmplc ted P 4/16 Yes 5.0 X lo-' 
5.0 x loo5 10 1.0 x 10-l 11 1.5 Completed P 4/21 . XO 

L 4/1 Yes 1.0 X loo5 12 No Basin 
L 4/26 Yes 1.5 X loo5 50 

24.0 t R 4/21 Yes -2.5 X loo3 200 (Cm) - ++ 

10 3.0 x 10.5 ++ 1.5 t 

+* 6.5 t 
0 t 

33 00 I n  Progress 
33 *O t 

K 4/1 No 2.0 x loo5 
K 4/4 NO 6.5 x 10.5 
C 4/21 Yes 
C 4/21 No 
C 4/23 No 
C 4/29 Yes 2.0 X 10 

tt 29.5 t 
tt 29.5 Complete 

29.5 t 
t 

+ Total releases t o  eff luent  during the report  pcrlod. 
++ Rot gllmped. 

tt No s1glllrzc increase In w e i r  act ivi ty ,  . 
9 Activity from previously reported ia i lures .  

i 
i Frequent reactor outages and subsequent scheduled work in radiation zones 

resulted i n  a t o t a l  of 7M'authorizations t o  exceed-the daily control 
l i m i t  for whole body radfation exposure. 

months average . 
This was a factor of two in- i 

I crease i n  the LNmber of cnuthorizati6ns as compared to  the previous six 

occasicns i n  El, P and C reactor buildings gaseous airborne 
i 
I 

act ivity w a s  detectable i n  e 
current with fuel .element fa 

appeared to be daught ecursors. The 
most probable cause 

R A R E A .  

Routine operation o 
continued to  be 

work area w a s  
of air supplied plast ic  suits. 
in the vicinity of the work are 

Containment of radioactive contamination 
major problem. .Plans for  f ac i l i t y  

equipnent improvement include: t 
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Following disassembly of this fai 
taminated to  15 rad/& at 3" was removed from the emergency basin with- 
out proper controls. 

, a "rigging choker" whi 

s widespread clean area contana t ion .  
This resulted in extensive contamination of a 

at operator as we1 

Water from the SCRUP railroad cask containing sgent U-238 fuel  elenents 
from Chalk River was pumped to the  seepage basin prior to unloading the 
cask. Water sanples taken prio o pumping showed no l a t i l e  beta con- 
centrations o f  2.6 X 10'' c k .  e cask was flushed,for four hours, 
using clean makeup water, reduc the concentration of activity i n  the 
cask by a factor-of 30. 
ing the elements for  shipment to  the Separation k e a  for processing. 

-Tu0 commercial t ra i le rs  (Rowe Transfer Company) which were used in the 
shipment of irradiated Mark VII-A material t o  Oak Ridge were returned t o  
the vendor af ter  extensive decontamination including replacement of the 
wooden floor. 

Additional flushing w i l l  be done prior t o  remov- 

LAREA 

The reactor remained.down for  charge-discharge operations, L:4-5 outage, 
following a fue l  element failure. Radiation exposure rates were compar- 
able t o  those experienced during the last reactor outage for  the purpose 
of chargedischarge. 
a number of occasions due to extensive contamination, particularly a t  0' 
level following C&D operations 
C-1 fission chamber. 

The reactor was ng heat exchenger 4 4 .  The radia- 
t ion 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 evaporator which 
was installed in p i f i c a t  

Scheduled work required respiratory protection on 

-20' level on the repair of the 

e control rods showed 
was observed from th 
T r i t i u m  concentratio 
burst a t  the surface of the disassembly basin water outside the dry  cave. 
No positive tritiwn bio-assay samples were encountered. 

. .  

discharged from the rea 
i n  the emergency basin. 
5 rad/& burst a t  the surface 
scans of the gas indicat 

four months ago was completed 
Bubbles of radioactive gas reading as high as 

peration. ~ Gamma 
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Disassembly of three failed Mark VII-A fie1 elements in the emergency 
basin continued, with water contamination as high as 7.2 x 10" gc/ml, 
nonvolatile beta. 
mradk, and as high as 20 mrad/hr from surfaces in the work area neces- 
sitated the use of plastic air supplied suits. 

The reactor was shut down for the scheduled K:3-4 charge-discharge oper- 
ations. 
during the K:2-3 outage. 
experienced during replacement of thermocouples i n  the 40' level pin 
room. 
use of plastic suits. 
lines was-carried out in radiation fields averaging 1 r/hr.* This neces- 
sitated a large number of authorizations to exceed the daily control 
limit. 
exposure rates as high as 500 mr/hr. 

Smearable contamination on tools as high as 800 

Radiation exposure rates were comparable to those experienced 
Whole body exposure rates of lo00 mr/hr were 

Tritium air concentrations of 7.3 X lo3 pc/cc necessitated the 
Unplugging of Septifoil, sparger and transducer 

Seals were changed on the overflow tank room pump with 

CAREA 

Work was completed on the disassembly of two of the four failed fuel 
elements stored in the emergency disassembly basin. 
worn for major 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 mrad/hr at 3" and required replacement or decontamination. 
in the basin water reached a maximum of 3.1 X 10-2 pc/ml. 

Leakage 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 pumped to the seepage 
basin and 30 curies released to the effluent. 

A heat exchanger removed from L Area was repaired in the stack area. 
The Stokes vacuum dryer was used effectively prior to work and no sig- 
nificant tritium air activity was encountered as the work progressed, 
eliminating the need for plastic suits. 
ty necessitated the continued use of assault nasks. 
floor of the work area was contaminated to 1100 mrad/hr at 3" when the 
heat exchanger heads were removed. 

. nation was not spread outside the immediate work area. 

Plastic suits were 

Activity 

However, psrticulate air activi- 
On one occasion the 

Detection was immediate and contami- 
. 
j 

400 AREA 
:cpI -s/ 
Q 

Installation of the evaporator was completed in the' 4 2 0 4  rework facility. 
Air activity reached a maximum of 965 X lo4 pc H=3/cc during tie-in of 
this equipment and required the use of plastic suits. Repairs to leak- 

Nine Maintenance and Production Departmnt personnel had tritiun,assimi- 
lations'above 5 pc/d)  which is the maximum uptake normally experienced 
during routine operations. 
controlled working conditions was 18 pc/l. 

' ing pump seals caused air activity problems during the report .period. 

The maximum uptake experienced under the 
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SEPARATIONS AREAS 

G E m  

The special product pro 
levels (up t o  5 r/hr) i n  H-Area warm canyon, E-Line, and the solvent 

ulted i n  significantly u&er radiation 

dling system. 

More than an estimated 0.1 gram of plutonium was released t o  the control 
hut in  the transfer of a precipitator between H and FB-Lines. 

Leakage from the solvent trailer resulted in contamination of a narrow 
s t r i p  of roadway between the burial ground and 

Difficulty i n  operation ,of 
ing 221-F caused 

radiatidn levels t o  Increase above normal levels by factors as high as 
mixer se t t le rs  

30. . 

CANYONS 
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Normal Current ! 
Location Level, mr/hr Level, mr/& 

W a r m  crane cab 1 '  
Warm crane walkway 3-10 
2nd level unshielded solvent lines, during 
t-nsf ers 45 - 

2nd level center, Sections 12-16 1 
WGVC adJacent t o  low activitywaste system 1 

ank 901, solvent washer, through concrete 
shield - 3  

Recovered-acid run tanks 2 

6-10 
100-150 

900 
10 

7 

30 
. 60 

A i r  act ivi ty  i n  the F-Area warm crane walkway increased t o  60 times MPC 
when Jiquid leaked from a faulty connection on the low act ivi ty  waste 
reboiler. The walkway was contaminated to.7000 c/m beta and 10,000 d/m 
alpha per square foot. On another occasion, when the lD mixer-settler 
feed tank was open for  agitator repairs, air act ivi ty  on the walkway was 
10 times MFC for  a two-day period. 

The F-Area centrifuge to  centrifuge-run-tank Jumper (11.1~-11.2) was placed 
in the hot shop for repairs. A dosage rate of 200 rad/hr a t  1' required 
i ts  transfer t o  the decontamination c e l l  where the contamination was re- 
duced to  45 rad/& at 1'. Attempts to  shield the connectors i n  the hot 
shop were f inal ly  deemed impractical and the jumper was returned t o  the 
hot canyon. Follow-up surveys of the hot shop floor, a f t e r  rinsing with 
water, showed contamination up t o  5 rad/hr a t  3 ' The floor was decon- 
taminated successfully. 

Fission product contamination was detected i n  the Building 2214 hot can- 
yon crane cab after a crane operator found his gloves contaminated. 
loose contamination ranged from 150 c/m per 100 square centimeters t o  a 
maximum of 60,000 c/m per 100 square centimeters. 
nation was traced t o  the ceiling where the north optic tube housing enters 
the cab. Radiation levels up t o  100 mad/& at 2" were observed at this 
location. Analyses of bio-assay samples submitted by crane operators 
showed a fission product assimilation (I$ MPA) by one operator. The latter 
was working i n  the cab at the-tlme EM recorder data indicated t h a t  the in- 
cident occurred. Radioanalysis of Loose contamination from the creae cab 
showed the presence of radioisotopes of strontium, zirconium-niobium, 
ruthenium, cerium, and cesium. 

Processing of special product lllaterial i n  the &Area canyons resulted i n  
continued higher than normal radiation levels throughout Building 2214. 
For example, during a transfer of special product material from the cake 
dissolving vessel (12.1) i n  the hot canyon t o  the 2A bank feed (12.5) 
vessel i n  the warm canyon, the following radiation levels were observed: 

Section 11 (Crossovk l ine embedded in the concrete from hot canyon t o  

The 

The source of contami- . 

.. warm canyon). 

3rd Level Tank Gallery - 1500 mr/hr a t  2" from floor 
Hot Canyon Sample A i s l e  - 3500 nk/hr a t  2" from floor 
Warm Canyon Sample A i s l e  - 5000 mr/& at  1' from floor 



- 
_ "  warm Canyon WiuzWay 

One foot over ove parapet i n  Section' l l  - 2000 mr/h 
Center of warm canyon walkway in  Section 11 - 200 mr/hr 

Similarly, the processing of special product waste str 
waste evaporator 6.8E resulted in  radiation levels up to  700 mr/hr a t  1' 
above the warm canyon walkway parapet and 180 m/hr in  the center of the 

in  low activity 

Walkway. 

Pluggage occurred in the cake dissolving vessel (12.1) sampler causing a 
delay in the special product program. 
glass and needles, and in  the rodding of lines, radiation levels were noted 
as high as 50 rad/& a t  3". 
of 200 mad, or hand equivalent, and eighteen employees received authorized 
body doses of 100 mad, or hand equivalent, w h i l e  performing the repair 
work. The maximum body exposure rate  t o  personnel was 1700 mrad/hr and 
the maximum hand exposure rate 22 rad/hr. 

During C i r  
greater than 100 x MFG for  fission products was detected downwind of the 
sampler. 
as high as 10 rad/hr per square foot was deposited between the sampler 
quonset shielding and the concrete wall. 

ering body exposure rates as high as 2 rad/hr and hand exposure 
rates as high as 50 rad/&. 

Approximately 100,000 pounds of water was released from an open cooling 
.water nozzle in Section 6 of the Building 2214 hot canyon and Sections 

of the hot canyon were flooded t o  a depth of ap 
result of the flooding of the.cells,  contaminate 

through the Section 5 and 6 expansion joint t o  the lst level clean cor- 
ridor. Radiation levels of 45 mrad/hr at  2" and loose contamination of 

During replacement of the sight- 

Four employees received authorized body doses 

ler, 18.lE, air activlty 

It was discovered la ter  that, due t o  a leak, loose contamination 

A s  a consequence, it was neces- 
- replace the sampler sightglass assembly and C h r i s t m a s  Tree while 

Location - Maximum Radiation Level, mrem/hr . .  

3" from the precipitator cabinet 
6" above f i l t e r  boats and drying pans 

3" from the f ina l  product 

15 neutrons 
235 (200 mrem/hr neutrons plus 

495 (480 mr/hr gamma. plus 15 
35 m/hr g a m a )  

=em/& neutrons ) 

I 
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Numerous process leaks uere experienced inside the JB-Line cabinets dur- 
ing startup. On twelve separate occasions,’ personnel were required t o  - 
remove caupling cabinet panels into contamination control huts which were 
erected i n  the jizsfntenance room. Outside the control huts, airborne plu- 
tonium contamination increased t o  a maximum of 65 x MPC f o r  personnel 
without respiratory protection when waste was packaged near a control hut 
entrance. Personnel involved were wearing air-supplied suits. 

Through an omission, CWS filters were not installed i n  the mechanical 
l i n e  boat dumper, pan dumper, and pressure chamber cooling cabinets. Ap- 
proximately 40 milligrams of plutonium were released to  the exhaust sys- 
t e m  secor&ry filters. There was no significant release of act ivi ty  from 

’ 

. t h e  secondary f i l t e r s  to  the Building 294-F sand f i l t e r .  

B-LINES 

In  FB-Line, liquid containing approximately l m i l l i g r a m  of plutonium 
leaked from the BP-4 precipitator cabinet onto the cabinet supports. 
The leak was discovered a f te r  an operator who was working a t  the cabinet 
detected contamination t o  100,000 d/m on his coveralls and gloves. Plu- 
tonium airborne contamination increased t o  9 X Mpc during the successful 
decontamination of the affected =ea. 

Installation of 821 air sparge line i n  the F-Area recovery recycle hold 
tank required several entries into the cabinet. Approximately 1.2 milli- 
grams of plutoniumwere released t o  the contamination control hut during 
this work. An air sample taken 10 fee t  from the work site indicated air- 
borne plutonium,contamination t o  5500 X MPC during removal of the hut. 
Four other air smples taken during the same period .indicated the spread 
of airborne contamination throughout recovkry. All personnel in the room 
were weering assault masks during the hut removal. Nasal smears indicated 

~ no contamination; however, bio-assay samples were requested as a preoau- 
t ionary measure. 

High level alpha contamination was released t o  a control hut during re- 
moval of an HB-Line precipitator from the mechanical.Une for  use in FB- 
Line. Loose contaainatloa up t o  7.6 X lo7 c/m and airborne alpha act ivi ty  
up t o  4000 X MET for  plutonium were detected. An estimated 0.1 gram of 
product was released-to the control hut before this’work was completed. 
Contamination was irnmobilized effectively through the use of polyvLoyl 

In  
the course of the job a Maintenance mechanic contaminated his left hand 
to 7500 d/m alpha when his grossly-contasinated gloves were torn in’re-  
moving the precipitator agitator. Decontamination of the employee’s hand 
was effected. 

. acetate emulsion applied t o  the walls and floor of the control hut. 

- -  

1 -- .. 
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During the concentration of special-product-bearing streams on-resin col- 
umns i n  HE-Line, higher than normal radiation levels were observed i n  the 
feed tank area and in 
cabinet panel housing 
maximum of 80 m/& a 

from the outer shipping container was 150 mr/hr a t  3". 

iation level at  the 
ssels increased to  a 
these locations is nor- 

greater than 6 mr/hr. The radiati of the vessel contain- 
ina l  special-product-concentrate 

. The radiation 1 

/b at 3" md the l e v e l  

A-LINE9 'BUILDING 211-H 

-ex process solvent Was tr 
reuse and to  the burial ground for storage i n  underground tanks. 
oneof the.trips to  the burial  ground, contaminated solvent leaked from 
the forward top hatch of the tank truck. A s t r i p  of the roadway up t o  
18" wide and a mile long was contaminated to  an average of 2500 c/m beta- 
gamma from the railroad crossing west of 200-HArea to  the bur ia l  ground. 
Radiation levels up t o  10 mad/& at 3': were observed from pools of the 
contaminated solvent a burial gromd and the railroad crossing. 
Since the usual metho contarnination were ineffective, the c o n t d -  
nated s t r i p  was exc &paved. Special Hazards Incident Investi- 
gation Number 100, "Contamination of 200-H Roadway t o  the Burial Ground, " 
provides additional information. 

le replac1ng.a check valve i n  the 6.m dissolver off-gas l ine on the 
t side of Building 221-H, a Maintenance mechanic contaminated his leg 

ed by tank truck to  Buildhg 221-F for 
During 

t o  5000 c/m beta-gama. The contamination occurred when approximately 
one half pint of ,  liquid, having a radiation level of 5 r@/& at 2", 

, spilled from the l ine when the check valve was removed. !be contaminated 
liquid penetrated two pairs of coveralls and taped canvas'boot covers. 
One of the employee's personal shoes was contaminated t o  15 mrad/hr a t  2". 
Nasal smears indicated no contamination; decontamlnation of' his leg was 

B u a D I N G  241-H 

served direct ly  



BUILDING 772-F 

D a t a  obtained from the &Ealysis of bio-assay samples of personnel working 
i n  the Building 772-F &ex laboratories during a period of high act ivi ty  
(repopted i n  last month's report) indicated that eight employees assimi- 
lated minute quantities of f ission products. The highest assimilation 
was less than 15 of the maximum permissible body burden. 

I 

Upon investigation, it was concluded that the intermittent failure of 
the high ievel and/or low level exhaust blowers was the most logical 
cause of the high air act ivi ty  (28 X MFC). 
ported i n  "Airborne Activity in Center Section (-ex Labs) ," Special 
Hazards Incident Number 102, Laboratories Section, Building 772-F . 

Further information was re- 

. -  

BUILDING 6434 (BURIAL GROUND) 

Several pieces o f  equipment were decontaminated successfully by sand- 
blasting a t  the burial ground. The lIIBximLtm airborne contamination de- 
tected 50' dawnwind from the job s i t e  k s  12 X MPC for  fission products. 
All personnel involved i n  this work wore respiratory protection. The . following table lists the respective contamination levels of equipment 
decontaminated using this technique: 

I 

Maximum Contamination, mrad/hr 
Before After 

I t e m  Sandblasting Sandblasting 

H-Area dissolve'r slug chute rack 600 a t  .2" 

300 at 3" Evaporator riser plates 
Reboiler parts 5O'at 2" 

15 at 2" 

30 at 3" 
10 at 2" 

I 

, H-Area bucket storage racks 5000 at 6" 1 at -2" 

While this is  an effective decontamination method it suffers from the 
fact that the radioactive material removed is then disposed over the 
grounds . 

BUILDING 232-H 

An indication of effective controls in the miscellaneous products area 
was reflected in the single skin contamination case and the lone assimi- 
lat ion of only 0.2 MPA for  the report pe 

The processing of Mark V I 4  target elements, irradiated i n  two reactor 
cycles, increased the radiation-contamination problem associated w i t h  
work in the decanner area: 

0 Plastic su i t s  were required for  work inside the hood since vacuum clean- 
ing fafled to  reduce product concentrations in air to less  than 60 x 
loo5 pc/cc. Concentrations of product i n  air as high as 600 X loo5 pc/cc 
were noted. This was apprQximately three times the concentrations nor- 

4 - mally encountered. 
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-- a Body exposure rates averaged LOO mad/& as compared wlth a previous 
60 mad/&. 

uct in air increased by a factor of three for 
open scrap casks (7000 x LOos pc/cc), open crucible casks (5000 x log5 
pc/cc) , and open slug casks (200 x log5 pc/cc) . 

The north furnace was successfully decontaminated in place with 15 nitric 
acid following the failure of four Calrod heating elements. The acid was 
added through a plastic line from above the furnacd hood, agttated by 
moving an empty cruci 
R 55 gallon drum for 

ce, and siphoned into 
inses were collected , sufficient decontami- 

After 
Decontamination, m/hr 

Front of flunace 300 at 12" 50 at 3" 
Bottom of furnace 1000 at 3" 70 at 3" 
Back of furnace 800 at 13" 80 at 3" 
The radiation level of the drum containing the acid solution was 4.3 r/hr 
at 3". Analysis of this liqui indicated the 

or component to be Zn-65 

in a?concentration of 6 pc/ml. 
approximately 50 curies of product. The m-jor steps in this operation 
were performed remotely to reduce radiation exposure to personnel and the 
maximum rate to the body was 2 r/&. 

-thr -us indicated o.33 mc/ml or 

Product concentrations 
corridor were noted on thr 
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300/700 ARFA Allil B~SCXZANZOUS 

mIM; 736-A CALIBRATIONS 

A p r i l  - 1959 to  Date 
Instruments Calibrated 7271 26,940 
Instruments Decontaai 106 610 

INDusilIAL "E 

Amercoat No. 33B - Toxicity and Flaxuability Eazar The toxicity and 
flammability hazards associated with the use of Amercoat No. 33 HB were 
investigated a t  request of the ProJects Department. Results indicate 
that toxicity problems will be similar t o  those of Amercoat 33, while 
flamability prob eatly reduced due to  the higher flash 
point of Amercoat 33 

RADIATION ENGINEERING 

University of Georgia Co-60 Source. A 180-curie Co-60 source, belonging 
- " t o  the University of Georgia for  the irradiation of small animals, was 

transferred from Building 773-A a d  installed i n  a device a t  the Bush 
House without incident. 

Evaluation of Dosimeters. A group of 119 Bendix (200 r )  dosimeters and 
associated chargers obtained from C i v i l  Defense were evaluated for the 
Atomic Energy Commission. The pencils were acceptably accurate, but ex- 
tremely d i f f icu l t  t o  charge; chargers were inadequate to'charge pencils. 
A report on this evaluation was issued. 

Neutron Calibration Equipment . A s p e c b l  A-1 linear emplifier and scaler 
bu i l t  by Engkeering Assistance Group was installed In the Calibrations 
Building. This e q u i p n t  will be used i n  B u r s t  ion chamber .testing ( fas t  11 

neutron) dosimeters and neutron flux Easurements with "long counter. 

Test procedures were established fo r  the Eurst  Chambers and calibretion 
curves were obtained for the "long cowter." 
used in conjunction with special studies relating t o  neutron dosimetry. 

- 

The "long countern will be 

Cri t ical i ty  Monitoring Program (Neutron Dosimeters). A small "peacil" 
containing several neutron-sensitive f o i l s  was developed as part of the 

is t o  measure the neutron spectrum in the h c i n i t y  of personnel during ' 

a nuclear incident. By this meer?s a better estimate can be..mCe of the 
exposure received. 

'Savannah R i v e r  Plant c r i t i ca l i t y  program. The purpose of these fo i l s  
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The pencil is 43 inches long and 4 inch i n  diameter. It contains bare 
and cadmium covered indium foi ls ,  a cad mi^ ccvered copper fo i l ,  and a 
vial containing a p p r o x k  gram of sulfur ese materials can be 
used t o  estimate neutrons o 0.4 ev, 0.4 e v t o  
1 Mev, and those above 2.9 Mev, respectively. 

The pencil will also contain a small piece of ganrma-sensitive cobalt glass 
and a vial of sodium fluoride. The cobalt glass has a range from le t o  
lo5 r. (The f i lm  packet presently used can measure gamma exposures up to  
103 r . )  The sodium fluoride may be useful i n  correlating the activation 
of body sodium t o  the moderating ab i l i t i es  of the body. 

It is  planned t o  mount these pencils throughout sIl c r i t i ca l  areas. 

A t  the present time 150 of these pencils axe being fabricated for  immedi- 
a te  coverage of a l l  areas. 
effective combinations of fo i l s  which can be housed i n  this package. 

nergies betwee 

Testing will continue to  develop the most 

Heavy Water Components Test Reactor. Review of the current design status 
of the HWCpi wes cor;tinued by the Radiation Engineering Group. The EWCTR 
HM system and spent f'uel basin shielding were reviewed. The following 
conclusions =re reached: 

BM System. The placement of Health Monitoring ionization chambers i n  
the Reactor Building 770-U and associated Buildings 771-U, 774-U, a3d 
7 3 5 4  was studied. A list of recommended. locations in the reactor md 
associated buildings was prepared. It was suggested that the HM cham- 
bers and the Beckmnn selector switches be grouped according to  the ex- 
pected radiation level i n  the area i n  which the chamber is located. 
The reconmended HM chamber and  beckm man multiswitch arrangements were 
also listed. A total of 32 chambers and 4 spares were recommended for 
the reactor building and associated fac i l i t i es .  

~ Spent Fuel Basin Shielding. A study was made t o  determine radiation 
levels expected in the pipe alley if a horizontal day old fuel  elemnt 

directly above the pipe 

d. Neither scattered 
&red i n  determi- 

ceiling and 110 mr/hr 

y containeh DzO or  &O by 
measuring neutrons reflected from a moderated Po-% neutron source, was 
conducted fgr &a Pont and Atomic Energy Commission accouzltability person- 
nel. A 2.6-curie Po-Be source was' placed in & paraffin moderator and moved 
next t o  drums of D20 and G O .  Readings were taken from the side of the 
drums 90" from the source location. 
t o  reflect  between 2 and 3 times as many slow neutrons as do slmilar drums 
of l ight  -water. 
tative check, but feasibi l i ty  was demonstrated. 

Drums containing heavy water appear 

Considerable more work is  required t o  make a semiquanti- 
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Control a n d  Methods  

- -  --REGIONAL SURVM - -  

April 1959 to Date 
Field Measurements ~ 569 
Samples Collected 2385 
Samples Analyzed ~ 4570 
Routine I243 
Special 2844 
Control 483 

STACK REf;EAsES 

3/16 - 4/15 1959 to Date 
FArea - HArea' F Area H Area 

Alpha, mc 2.8 0.2 9.3 1.6 
Nonvolatile Beta, mc 85 47 168 586 
Radioiodine, c 0.8 0.1 0.8 34 

Bomb Fallout. 
this report period was estimated to be approximatel% SO c e e s ,  bringing 
the total deposition since the beginning of the October weapons tests to 
approximately 250 curies. Large concentrations of long-lived beta activ- 
ity continued to be observed in'environmental samples influenced by fall- 
out of weapons tests debris. 

Ave-ge concentration of filterable beta in air during the report period 
was 820 x 

was first detected (October 7, 1958 through Agril 21, 1959) . 
of beta activity collected on filters during the report period indicated 
an apparent half life of 75 to 120 days. 

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. 
from 610 x loof2 c/g in samples collected on March 25 to 130 X 
in samples collected on April 22. 

Deposition of nonvolatile beta on the Plant site during 

pc/cc, as compared to an average concentration of 760 x 
pc/cc during the six months since the October weapons tests fallout 

Decay studies 

Average concentrations ranged 
c/g 
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I -- i 
RADIOACTIVITY IN 1 

i 
cates radio- 

s report ,period. 
I 
I 
~ 

3/19 - 4/15 1959 t o  Date r F Area H Area 
2 

- 1  
I 

Alpha, mc 
. Nonvolatile Beta, c 

Radioiodine, c 
T r i t i u m  

7 ’  18 
0.1 36 
33 ll46 

0 - PH (-ge) 

The pH of liquid i n  Basins 1 and 2 in both F and H Areas has been”be1ow 
3.0 for  the past two months. Oth F’ and Sr is greatly 
reduced below pH 3.0. retentions Radioac- t i v i t y  i n  the ground water has gassed beymd the monitoring wells and it 
will be necessary t o  d r i l l  more sampling wells t o  define the contaminated 
area. 

A summary of ’the pH vdues observe 
during the last two months is  shown in the following table. 

Soil adsorption o 
pH is a major factor in 

~ 

- Date - - - - - -  
2.4 ~ 2.9 9.4 
2.5 - 2 . 8  9.6 
2.7 2.9 9.6 

result of C 8 9  operations f o l l  I s  very evident.’ The effect 
of fuel elanent failures in e eases of radioactive materials 

- t o  Plant streams is sho 
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1 

i 
i 

K Area. Two ruptures occurred i n  K Area, the first on 4 r U  1 a the 
second on April 4. 
increased by a factor o f 1 0  during the discharge of the second failure 
but returned t o  no& af ter  the element was isolated in the emergency 
basin. C89 operations began on April 20, 16 days a f t e r  the last knm 
failure. 

Nonvolatile beta activity in  disassembly basin water increased by a fac- 
to r  of 1000 following discharge of the irradiated load. Gamma pulse 
height analysis of basin water indicated that >SO$ of the gamma act ivi ty  
was due to  Np-239. 
were released t o  Pen Branch from the disassembly basin. This represents 
a tenfold increase In released radioactivity when compared t o  previous 
discharges of K-Area reactor loads i n  which no rupture had occurred. 

C Area. 
days April 2f through AprU 23, . No*appreciable releases of radioactivity 
were associated with the discharge of the failed elements. Approximately 
30 curies of nonvolatile beta activity were released t o  Four Elile Creek 
aurin& the period March 26 through April 25, 
bleed-off of radioactivity from the disassembly basin after discharge of 
a reactor load on March 22 when CB9 operations immediately followed the 

Approximately 175 curies of nonvolatile beta activity were released - in  
the past two months t o  Four U l e  Creek,as a result of t h i s  series of fail- 
ures and the subsequent discharge of the reactor load. Gamma pulse height 
analyses of disassembly basin weir water during the period March 26 through 
April 25 indicated that approximately 85% of the radioactivity released was 
EJP-239. The remainder was attributable t o  1-131, Ce-141, and 
radiostrontium in descending order of abundance. 

- 
Nonvolatile beta activity. i n  disass-ly basin water 

i 
i 

*A . t 
1 

An estimated 30 curies of nonvolatile beta activity 

i 
' Three fuel  elements faKed i n  the C reactor during the three 

This release was due t o  

- -discharge of a series of failed elements. 

R Area. 
AprU 18 and the second on April 21. 
on April 23. 
leased from the disassembly basin to  Par Pond through April 25. Disassem- 
bly basin water radioactivity remained a t  1 x 10'll ~c /ml  d u q  discharge 
of the failed elements, bud increased t o  a maximum of 1.5 x 10 c/ml fol- 
lowing discharge of the full load. 
basin water indicated that about SO$ of the gamma activity was Np-239. . 

P Area. Three fuel elements failed in P Area. The first occurred on 
April 3, the second on April 16, and the third on April 21. 
basin water act ivi ty  increased t o  a maxinun of 5 x c/ml during dis- 
charge of a failed element on April 21 but decreased t o  loof2 c/ml within 
24 hours. Approximately two curies of nonvolatile beta act ivi ty  were re- 
leased from the basin t o  Steel Creek during the report period. Discharge 
of the reactor load is not anticipated un t i l  the middle of May. Nonvola- 
t i le beta-act ivi ty  i n  the emergency basin Increased to  a maxlmm of 1.3 X 
lo-' c/ml following disassenibly of the failed element of 4ril 21; stoplog 
leakage vas held t o  a minimum by pumping emergency basin water t o  the 
seepage basin. 

There were two fuel element failures in R Area, the first on - Discharge of the reactor load started 
Approximately 24 curies of nonvolatile beta activity were re- 

Gamma pulse height analysis of the 

- Disassembly 

- 
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- 
L Area. 
Apri l  1 and -the econd on April 26. 
and stored in t bash. Approximat s i x  curies of non- 
volat3le-beta act ivi ty  eleased from the % t o  Steel Creek, me 
full reactor load was n 

Stream Water. 
reactor effluent stream and the estimated number of curies flowing past 
each stream sample location is shown I n  the following table. 

Two fuel element failures occurred i n  L Area, the first on - 
elements w e r e  placed i n  lf&lp~lf 

charged during the report period so the full 
the failures was not seen. 

Concentration of nonvolatile beta i n  the water of each I 
I 

I 
I 
I 
i 

I 
Max j Avg curies/four weeks 

520 12 lo00 
37 

WO 6 

Nonvolatile Beta i n  Water, 3/27 - 4/23 
Concentrations, 

Weekly Estimated Discharge, 
! 1 x 10'" c/ml 

Four Mile Creek at  Road A 
Pen Branch a t  Road A 6000 1600 
Steel C r e e k  at  Road A 
Lower Three Runs at Par 

3* Pond Precooler 15w 140* ~ 

* R-Area release discussed above was not 

! red by sampling period. 

A wate ed on January 23 from Mill Creek was found t o  con- 
tain tritium with a concentration of l3 x lo-" PC/&, Additional samples 
were collected from M i l l  Creek on February19 and February 26 a t  several 
locations over a distance of about s i x  miles. All samples contained de- 
tectable amounts of tritium. 
tration was observed in the sample nearkst the headwater of M L l l  Creek. 

A summary of-these results is  shown in the fol lo  

. 

In each set of samples, the maxirmun concen- 

further downs 
ium found in 

I .- --. 
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For comparison with these results, samples were collected on March 19 
from 13 headwaters that feed the five major Plant streams.. The maximum 
concentration of tritium observed in these streams was cornparable to the 
MFU Creek-samples. A resample of the same locations (l3 headwaters) on 
April 20 indicated that the average concentra*ion was only SS$ as high 
as it had been on March 19. 
April 20 samples was only 264 of' the two-week rainfall previous to the 
March 19 samples. 

A summary of these results is shown in the following'table;' 

Rainfall for the two weeks previous to the 

E-3, 1 X loo3 pc/& Rainfall, - Date No. of Samples - Msx Min a inch* 
3/19 13 3l 9 18 2.3 
'4120 13 18 Cq.5 10 0.6 

* Two weeks previous. 

Savannah River. 
stream and downstream from the Plant during the period from March 25 
through 4 r i l  21 is shown in the following table. 

The flow of radioactivity past sampling locations up- 

Radioactivity, curies/four weeks 
Nonvolatile Beta E-3 - bcation 

Upstream From Mouth of Upper 
Three Runs (control) 12 U.800 
Highway 301 Crossing 24. 5500 

zooLocIcAL smcIMENS 

Par Pond. Radiostrontium concentrations in the bones of Par Pond fish 
1-specimens collected) remained 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 increase. 
A cornparison.with concentrations found in March is shown in the following 
table. 

Nonvolatile Beta, 1 X c/a 
Bone Flesh 

March 
Max AVg Max Avg - -. - 
685 225 220 130 60 60 . _  

. .  
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er;fowl (1 ged-neck 
trations of nonvolatile beta in the bones and the same concen- 

tration in the fl rted in March. 

Lower Three Runs. Alocalized fish-kill s i x  miles below the Par Pond dam 
during the latter part of March hampered fish collections and caused the - 
downstream migration of some fish. 
due to the use of chemicals by persons unknown in 

illegal fish-kill 

e stream. 
hed flesh' concentrations of radiocesium 
average'flesh concentration for this lo 

collecied on March 25 contained 600 X loof2 
flesh, the highest flesh concentration found so.far downstream to date. 
A comparison with the concentrations found in March is shown in the fo l -  
lowing table. 

Three of the 10 fish collected 14 

. 

Miles Below No. of March March 
M a x &  - Simples 

21 65 I55 165 
2 80 65 205 

14 10 360 155 lI.0 

Steel-Creek. 
ffsh (2 specimens), collected one mile from the Savannah River, .were 
slightly lower than found ia March. 
were found in the flesh. A compari 

Concentrations of radiostrontium in the bones of Steel Creek 

e concentrations of radiocesium 
th the concentrations found in 



422 

Four Mile Creek. 
stream from C &ea on March 25 contained generally higher concentrations 
of nonvolatile beta in the bones than were found on March ll. No signi- 
ficant 
element failures in C Area. - A  comparison of the concentrations before 
and after the incident in C Area is shown in the following table. 

Ten fish collected from Four Mile Creek, s i x  miles down- 

was noted in flesh concentrations as a result of the fuel 

llo 45 30 10 10 10 

A fish collected f r m  the' Savannah River near the mouth 
F h s  on 4ril 7 contained ll0 x loofs! c/g of radiostrontium 

in  the bones and 35 x lo-= c/g of radiocesium in the flesh, the highest 
flesh concentration found in Savannah River fish to date. Six additional 
fish from this location and nine fish collected sixty miles downstream at 
:Stokes Bluff did not contain significant concentrations of radioactivity 
in the flesh. A fish collected near the mouth of Four m e  Creek on 
A p r i l  20 contained 115 x 10°12-c/g of nonvolatile beta activity in the 
bones, the highest bone concentration found at this location to date. A 
comparison with the bone concentrations found in March is shown in the 
following table. 

- .  

Nonvolatile Beta in Bone, 
No. of 1 x 10-12 c/g 

fncation Samples Avg March Average 
'Vpper Three Runs 7 10 10 10 
Four Mile Creek 4 115 50 15 
Steel Creek 3 20 15 10 
fnwer Three Runs 7 GO 30 No Samples 
Highway 301 1 10 10 10 
Stokes Bluff 9 35 15 - 10 

- 

Miscellaneous. A turtle collected near H-Area seepage basin on 4 r i l  3 
contained 1000 x loof2 c/g of nonvolatile beta in the bones and shell 
and 95 x lo'* c/g in the flesh. 
whole specimen revealed Cs-W7 to be the primary ganrma emitter. 

Gamma pulse height analysis of the 

_ .  - 
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m S T R Y  METHODS 

Plutonium Bio-Assay. Following revision of the evaporation--ion e x m e  
procedure, the ratio of the tracks obtained from a 0,005 d/m/lsO ml and a 
0;Ol d/m/lSO m l  Spike was less than 1.2. fn order to distinguish between 
these two levels, the procedure was evaluated using 250 m l  and 300 ml sam- 
ples. 
responding to 0.05 d/m/1.5 d and 0.10 d/m/1.5 4 is sufficiently above the 
blank activity to give the proper ratio when the larger sample volumes are 
used. 

Neptunium Bio-Assay. Final evalua of the ammoniacal phosphate 
coprecipitation-anion exchange procedure is in progress. This method 
includes : 

0 Coprecipitation of neptunium on an ammoniacal phosphate precipitate 

Separation of neptunium from macroquati 

Preliminary data indicate that the number of tracks obtained cor- 

from raw urine. 

on Dowex-2 anion e x m e  resin. 

0 Concentration of neptunium on a s m a l l  area by electrodeposition. 

0 Autoradiography and track counting. 

Environmental Strontium-90.. A second status report was. prepared summar- 
izing all data through March. Composite soil.samples from all perimeters 
were extracted with 6N HCl for a "total" calcium assay. Zero to fifty 
percent greater.calcium was extracted than was obtained previously by the 
"available" ammonium acetate method. Strontium-90 and Cs-137 assays will 
also be made on  these samples. 

Interferences. Eleven different fission products we 
by t he  Tri-Carb liquag scintillation counter. Studied were S 
Ihr-103, Fe-59, Zr-Nb , Ce-144, FU-106, Cs-137, Cr-51, Co-60, 

t if these are abundantly present, they interf 
in urine. 

ontainer. After a period of 'two months no loss of tritium 
was noted where wax or polyethylene containers were used to hold low level 
tritium oxide solution (1.45 

Cesium-137 in Urine. 
in urine was completed. The sensi- 
tivity of the method is 1.5 i 0.1 d/m using a low background beta counter. 
A determination of the cesium content for a group of' ten employees was 
made. An- ave&ge value of 39.5 pvc of Cs-137/g potassium was found using 
an average of 2.5 grams of potassium per 1500 ml of urine (average daily 

- void) 

A method f o r  the quantitative determination of cesium 
A recovery o f  91 f 6.74 was obtained. 

No potassium estimation per sample was 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. 
concentration of 0 . U  f 0.005 Crc per liter of urine was obtained from 
the urinalysis of personnel known not to have inhaled or injested any 
radioactive materials other than those present in food, water-end air. 
A compsrison between the amount of tritium found by the combustion of 
urine, 0.019 f 0.003 Pc/J and that found in the distillate fraction of 
urine 0.006 f 0.003 @c/l indicates the presence of bound tritium in urine. 
Electrolytic- concentration of the activity in the'distillate verified the 
presence of tritium. 

An average total tritium 

PERSONNEL MOWOFUNG 

A routine bio-assay sample .submitted by a Separations Area mechanic in- 
dicated a fission product uptake (it was later confinned by a resample). 
This was the first fission product uptake determined by routine sampling 
this year. 

Tests indicate plutonium-238 can be recovered through either (copreclpl- 
tation or ion excha.nge) plutonium bio-assay procedure with the same 
0.05 d/m/l.5 I threshold as currently obtained with plutonium-239. 

BIO-ASSAY 

Bio-essay results ere sham in the folloxing table. 

Samples Analyzed 
Tritium 
Uranium 
Plutonium 
Fission Products 
Enriched U&um 

Positive 
Totals Results ' - 
2659 I 

1964 137 
147 0 
365 95" 
125 22 

58 2 

Maximum Etesults 1959 to Date - 10,477 

496 
1,479 1.10 d/m/750 m l  

932 d/m/225 ml 462 
16 d/m/l.5 l 103 

27 w/l 7,937 
el1 

* Fifty-one suspected to be due to contamination 
of the samples during analyses. 
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- 
STATISTICS 

Film Badge* - 
.- 

Over Badges fiost 300 to 
I Area Processed Results 600 mrad 600 m a d  

3 , 559 6 12 0 
H 2,675 10 6 0 
M 1,422 2 7 0 
D 189 0 0 0 

Tech 2 , 515 6 .  1" 
A 2,802 2 0 
R 1,234 6 0 

. P  994 4 0 
' L  995 5 1 0 
K 884 1 0 0 
C 1,517 1 2 0 

Misc 1,172 6 0 0 

Total-, 22,434 49 33 1 

F 

0 - 0 Control 2,476 

162 127 2 Total Year to Date + 69,274 
* Cycles 6, 7, and 8 of 1959. - * Over 300 mad In one week. 

Investigation of lost film results showed no possibility of overexposure. 
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Miscelianeous Film 

Processed .pru 1959 to Date 
Neutron Film 154 510 

31 97 Flnger Rings 
3 6 5 X 7 Radioautographs 

14 X 17  Radioautographs 163 450 

April 

7 
3 

34 
0 
4 
1 
0 

T o t a l  + 49 

23 

Lost film results 
Film lost from badge while being worn 
Film exposed to light or fogged 
lost complete badge 
Defective film ' 

Film contaminated and destroyed 
Film damaged by moisture 
fnst by Personnel hkters 
Badge sent through laundry - 0 

Special badge pulls 
Visitor badges worn by personnel who 
have permanent badges . ll.74 
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Analytical  Summary 

Control Laboratories 
. .  

Raw Ikter la ls  
Essential Eihzterlals 
Separations 
Heavy Water (400 Area) 
Reactor bbderator (100 Areas) 
Power Department (100 and 400 Areas) 
wtallurgical 

Samples 
1,400 

128 
7,018 
4,094 
2,173 

209 
8,300 

Determinations 
2,808 

167 
16,561 

5,279 
1,056 

4,931 

8,300 
Tot&-, 23,322 39,102' 

Reactor Moderator Control 

, 

M3ss spectrometer and pycnometer cross-checks of moderator continued in 
good agreement. 
0.012 mol 4; the plsximtrm difference was 0.03 mol 4. 
An analytical procedure has been developed for the detemimtion of 
mercury in moderator at  concentrations i n  the ppb range. This method, 
developed at the request of the Reactor Technology Section under RE4 435, 
is a dithizone extraction procedure, sensitive t o  10 ppb of mercury. 
precision of approximately 104 (relative) has been obtained. 

The average difference observed in 12 samples was 

A 

Meta I lurgy Control 

The status of ESF element inspection f ac i l i t i e s  is as foUows. 

BORESCOPES 

&dificstions in L and C Areas will be scheduled a f t e r  modifications in 
K Area are completed. 

. .  

coMpARAToRs 

Unaerwater nitrogen pressure gages have been installed on comparators in 

.The comparator for P Area has been crated and placed i n  s-torage . 
1 In last month's &port th i s  value was reported .as 37,309; th i s  -should 

K, L, and C Areas. 

have been 32,309. 



on all coqarstors the scale for measuring the d is t  
marks is reversed. This e corrected but d involve changing the 

be r e t r a h f d  ' t o  ' take . the 
scale. 

between scribe 

. optical system, a major s t l y  mdif icat  d, personnel will 
e. image .*into when reading the 

PERISCOPES 

The monocular periscope in P Area was installed in the P-Area monitor 
basin at  the request of Production and will be used for slug inspection. 

The binocular per i scop  in C Area was instailed, but the top of the peri- 
scope was returned to  the vendor for  resilvering of the optics. 

GAGE A s r n L n s  

bdif icat ions 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. 

Separations Control 

IhstaUation of equipment i n  the three Juiaior caves modified f o r  
25-Process control was completed on AprU 10. 
trained I n  the u8e of th 

A colorimetric method us a col agent was found 
satisfactory f o r  the determbation of 0 . U  a l a  
pected in dissolver heel hold tank 8.2) 
determinations on a 0.U Al(m03)3 sol* 

The 2S-Process synthetic quality control data for  the period Wrch 22 to  
April 23 are as follows : 

i f t  personnel are being 

concentration ex-' 
recision' for  20 

' 

11.8 *Uranium Fluorophotometrlc 2 X 1W3 g/E 34 12.4 -1.4 

161 - Mercury Titrimetric . 0.03M 22 0.66 -0.3 
8.3 Mercury Colorimetric 0 .002M 51 17 .O 0.0 

8.3 Free Acid Conductometric - 32 16.8 . 0 

902 l B p  Acid Saturation 2.39% 25 6.5 - -0.4 
904 TBP Acid Saturation 7.40% 16 4.3 M.07 
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shift personnel have been trained on all 25-Process analytical methods 
except the determination of plutonium by the lanthanum fluoride - TTA 
method and the determination of a luminum by the colortmetric - hematoxylin 
method. 
polarographic determination of uranium. 

Specification analysis gr0* personnel are being trained on the 

The four chemists assigned t o  shif ts  t o  assist in 25-Process startup are 
being trained in  the process and analytical procedures. 

Conversion is completed of the CEC 21-22OAmass spectrometer from e solids 
t o  a gaseous instrument. One gas standard has been prepared and others 
have been ordered t o  cover the expected range of saqles. 
resolution of the isotopic peaks required realignment of the ion source 
and resulted in downtime which hindered checkout of the instrument. 
ever, synthetic samples have been prepared and shift personnel are being 
trained in sample pre-tion. 

Inadequate 

HowL 

PUREX 

All raw metal solution samples are being analyzed for  both nonextractable 
and extractable plutonium. 
t o t a l  plutonium and a ITA analysis t o  determine extractable plutoniton. 

Mflficulty has been experienced w i t h  the Mettler balance density appara- 
tus located in the JB mechanical l i ne  cabinet. Although malf’unctioning 
components have been repaired and the balance checked out by the analyti- 
ca l  balance servicing agency, good agreement between successive weighings 
is di f f icu l t  t o  obtain. This is primarily due t o  the sensit ivity of the 
balance t o  off-center positioning of the button. Although the balance 
is. inferior in precision t o  the H-Area balance, it is expected t o  meet 
the Separations Department’s requirement of measuring density to a pre- 
cision of m.1 unit. 
net equipment and determination of product density is being forwarded 
for a ~ r o m  . 
An analytical method has been developed f o r  the determination of uranium 
in organic eamples s i m i l a r  to UP; this is a.TBP - thiocyanate colorime- 
t r i c  procedure a-pted from a 25-Process method. 

A gross alpha analysis is used to determine 

The analytical procedure for  uperation of the cabi- 

“IUM mcovERy 
The scheduled laboratory-scale bismuth phosphate precipitation t e s t s  were 
completed on April 17. 
received and 110 neptunium determinations made. 
some difficulty was encountered in dissolving the BiPO4 cakes and several 
use-test experiments were therefore made for  Separations Technology. 

IA the test period, a t o t a l  of 50 samples were. 
During pro-duction m, 

- 

t 

I 
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MIScEUANEOUS PRODUCTS 

Three CEC 2l-620 mass t e rs  required rce changes during the month due t o  elect  r t s  or loss o t ivity.  mine source 
changes were required 
spectrometer 3H has heen returned to operation t o  fac i l i t a te  checkout of 
ion sources, electronic drawers, and peak selectors, prior t o  their  in- 
stallation in spectrometers by the Instrument 

the three i m t m n t s .  & a result, mass 

Raw Matetlalr Control  

M y t i c a l  procedures for 
assaying lithium4minum and uranium-alminum alloys were all under 
statistical control during. the month. 

termini- the compo on of baths and for 

The scheduled comparison program of .asalyzing 
by both tin-fusion and vacuum-fusion was started during the first week 
in April. 

alloy sampks 

Fourteen samples have been analyzed by both methods 

. -‘For this comparison study, three samples are taken from a bi l le t ;  equal 

en as a single vac-fusion sample. A portion of each sample is also 
portioner of each of the three saaples are combined and analyzed for hydro- 

analyzed by tin-fusion, result ing-in t r ipl icate  hyClrogen analyses by this 
method. The results of this study are as follows: 

Billet  No. Tin-Fusion, vol $ & Vacuum-Fusion, vo l  $ & 

366L 32 00 12.6 
502L 15.7 4 OS 

3.3 02 7 00 
22 03 ll.6 

. 592L 
602L 

5OOL 23.6 29.0 
16.7 31.8 

32 01 
20 02 
21 .O 
11.8 
38 05 

560K 
53s 
596L 

1s .0 

10.8 , 

15.4 

i /  18.7 

. These data follow the previously observed pattern in that tin-fusion 
values are generally higher than those by vacuum-fusion and have somewhat 
less  scatter,  
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During April the following cross-checks on samples of heavy water were 
reported by the 100-Area and 4004rea laboratories: 

Deuterium Oxide, mol 5 

100 Area 400 Area Pycnometer mss spec Pycnometer wss spec 

99.73 99 70 99 70 99.70 82.02 - 02 -07 - - -- 
7 76 7.91 7.92 

The CEC 21-620 mass spectrometer has been installed in  Building 772-D 
and the various coanponents tested. Two 8ources, acceptable for use, 
have been supplied by the manufacturer. The instnrment i s  being used 
for routine analysis 



.* 

i 

P 

601 
, 
1 
i 
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Separations Technology 

Inma, G. E. and Mason, J. E., Jr., "Hydrostatic Test and Inspection, 
GS U n i t  22 - Sixth Round, If DPSPU 59-11-8, April 1959. 

wick, R. E., "Heavy Water Extraction Units - Effect of Humidifier 
Purge Rate on Hot Tower Temperature, DPSPU 59-ll-6, April 1959. 

Shulko, R. M., "Factors Influencing Diffuser Recirculation Time 
Cycle," DPSP 59-25-5, April 1959. 

Engineering histance 

Bancroft, L. C., "chalk River Fapers," DPSPU 59-30-4, April 1959. 
Approved fo r  presentation at  Tripartite Instrumentation Conference, 
Chalk River. 

&User, J. W. and Mousel, R. M., "Horizontal Double-Ebd Slug Welding," 
DPSP 59-25-4, a r c h  1959. i 

Kennedy, W. R., Jr. , '%Line Precipitator - Hi Volume, I' DPSP 59-25-8, 
April 1959. 

Mousel, R. M., "Irradiated Mark I and Mark VI11 Slugs - Inspection 
Data fo r  R-2 Cycle, It DPSP 59-25-9, April 1959. 

Cycle," DPSP 59-25-10, April 1959, 

Health Physfcs 

Sanders, S. M., Jr., "POwer htnctions Relating mcretion t o  Body 
Burden, '' DPSPU 59-30-2, 4ril 1959, Approved for  publication in 

Van  Wyck, R. W., and Butler, 8. L., "Protective Clo 
program at 

The Savannah River Plant," DPSPU 58-30-20A1 April 1959. Approved 
for  presentation a t  American Industrial Hygiene Association meeting, 

'1Iealth physics . )' 

Chicago . 
' 'Technical Services 

Bailey, L. V., "Use of Automatic Data. - Processing Equipment i n  an 
Analytical U i t y  Control h g r a m  at  The Savannah River Plant," 
DPSPU 59-30-3, April 1959. Approved for presentation at  the AEC- 
Contractor SS Materials Management meeting, Gennantown, -land. i 
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