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SUMMARY 

REACTOR PLANT OPERATIONS 

DUN-5966 

Production S t a t i s t i c s  

KE Kw N 

Input Production - Pu (KMWD) 74 -9 100.2 - - U-233 (Equiv. KMWD) 11.9 14.7 - 
Time Operated Efficiency - % 68.8 86.7 - 
Steam Avai lab i l i ty  t o  WPPSS - % - - - 

K Reactors 

Maximum power l eve l s  of 3800 MW at  KE and 3865 MW a t  KW were achieved, being 
r e s t r i c t e d  mainly by the .95  C bulk o u t l e t  water temperature l i m i t .  
production and eff ic iency a t  KE resu l ted  from unscheduled outages caused 
mainly by f u e l  element f a i lu re s .  

Thoria core loads are being i r r ad ia t ed  a t  both reac tors  t o  produce U-233. 
plutonium made w a s  l a rge ly  f u e l  grade. 

The l o w  

The 

N Reactor 

The reac tor  w a s  shut down f o r  an extended outage on Ju ly  20 t o  permit a number 
of piping system t ie - ins  required fo r  GCP-411, "Effluent Control Program". 
This outage continued throughout the  month of August, and t h e  time was u t i l i z e d  
t o  r epa i r  major primary system leaks and do other p lan t  improvement work con- 
current  with t h e  pro jec t  e f f o r t .  

FUEL AND TARGET FABRICATION 

Production S t a t i s t i c s  ( tons )  

B i l l e t s  Extruded 

Finished Fuel Produced 

I Thoria Canned 

K Fuels 

AlSi canning operations increased from two t o  three  l i n e s  per day, f i v e  days 
per week, on August 11 t o  u t i l i z e  personnel made avai lable  by the  conclusion 
of t h e  t h o r i a  canning program. 

For KE & KW For N 

- 30.4 

165.3 19.1 

1-70 3 - 
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N Fuels 

DUN-5966 

Input production was intentionally held below forecast to prevent excessive 
rejected materials resulting from clad dimple difficulty, 

TECHNICAL ACTIVITIES 

K Reactors 

Work was completed on the development of basic information for use in deriving 
base,s for tube power limits to be applied for a natural uranium loading in the 
K reactors,. It is expected that preliminary bases w i l l  be available about the 
first week in September., 

A sensitivity analysis has been completed to determine the effect on calcu- 
lated maximum clad surface temperature that would be associated with failure 
of one K reactor vertical rod to enter the core, Also, the differences in 
flux peaking and shutdown transient effects due to a safety rod out of service 
during a riser loss accident have been calculated, 

Brittle fracture program test work included two additional single-edge crack 
tests in progress, two additional samples to be fatigued in a tension-tension 
loading to simulate the effects of mean stresses of 4000 and 10,000 psi and 
drop tests to measure the nil-ductility.temperature of KW Reactor B riser 
parent metal as specified in ASTM E-208. 

The evalua%ion of Zircaloy process tubing removed from C Reactor after nine 
years of satis factory ,operation showed a maximum of approximately 460 ppm 
hydrogen in the bulk metal as compared with 170 ppm, the maximum hydrogen con- 
tent of any K tube examined to date, 

The production test permitting on-reactor tests to investigate several param- 
eters affecting a through-reactor decontamination was approved. Initial tests, 
scheduled for September, will consist of injecting preheated decontamination 
chemicals into single process tubes to determine the most efficient decontam- 
ination solution concentration, temperature,, and time, Subsequent tests on a 
full-crossheader scale will determine flow control and distribution problems, 
together with the feasibility of using reactor decay heat to warm the solution. 

Investigation of the cause of failure of the graphite matrix neptunium elements 
in the two core block columns continued, Radiometallurgical examination of 
four neptunium oxide-graphite wafer elements showed that dimensional instabil- 
i%y of the wafers was responsible for clad failure with subsequent end cap 
separation. Graphite neptunium wafers will be examined radiochemically and 
fabrication process parameters will ‘be investigated to attempt to identify the 
cause of the dimensional instability. 

Oralloy fuel development and irradiation planning was started. The plans 
include demonstrating that fabrication, irradiation, and nuclear safety tech- 
nology would be on an immediate production status in order to capitalize on the 
incentives for-the potential economic and product flexibility advantages of 
oralloy use. \ 

A-2 
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I Reactivity tests on the  l i th ium bearing sp l ine  samples procured f o r  evaluation 
showed them t o  be about 50 percent as black as standard boron spl ines .  

A 1 0  t o  20 percent reduction i n  e f f luen t  a c t i v i t y ,  similar t o  t h a t  experienced 
during the  winter months, w a s  noted a f t e r  equilibrium conditions were reached 
i n  t h e  high tu rb id i ty  t es t  a t  KE Reactor. 

N React’or 
- 

The CLUMSY code i s  being u t i l i z e d  t o  determine the  l imi ta t ions  imposed on t h e  
nuclear pro-kection systems i n  conditions f o r  which one or more f l u x  monitoring 
points  has f a i l ed .  
technical  bases f o r  t h e  nuclear protect ion systems. 

A byproduct of t he  study could be t h e  establishment of 

Thermal cycling tests a t  unbonded end closures have resu l ted  i n  circumferen- 
t i a l  cracking of a s ign i f i can t  number of t es t  specimens. 
character was  also evidenced by t h e  impact t e s t s  where circumferential  cracks 
propagated i n  the  weld zone. 
s t r a i n  cycling or fa t igue  of t h e  weld s t ruc tu re  promoted by t h e  presence of 
la rge  alpha grains  introduced during t h e  thermal cycling t o  be t a  heat t r e a t  
temperatures. 

Ultrasonic inspection of t h e  primary coolant system piping from c e l l s  4 and 5 
showed t h e  piping welds examined t o  be f r e e  of s ign i f icant  f l a w s .  

The b r i t t l e  w e l d  

The failure.mechanism i s  believed t o  be t h e  

Two i r r ad ia t ed  Mark I inner  f u e l  element pieces were tested t o  determine the  
metal-water react ion rate under conditions simulating those imposed by t h e  
geometry r e s t r i c t i o n  of t h e  outer  f u e l  piece and adjacent elements at each end, 
using a quartz tube t o  simulate t h e  outer  f u e l  piece. 

Ten borescopic examinations were made on seven process tubes,  with three  tubes 
examined before and a f t e r  through-reactor decontamination. 
normal tube wear and contained minor scratches from charge-discharge opera- 
t i ons .  
film, and the re  d id  not appear t o  be any increase i n  nozzle corrosion as t he  
r e s u l t  of decontamination, 

The tubes showed 

Decontamination d id  not appear t o  have completely removed the  surface 

FEATURE REPORT 

Discharged reac tor  fue ls  contain many po ten t i a l  exploi table  materials of 
i n t e r e s t  i n  a wide spectrum of indus t r i a l  and medical research applications.  
The Transuranium P i l o t  Plant operated by Douglas United Nuclear provides the  
capabi l i ty  t o  demonstrate t h e  fabr ica t ion  of t a r g e t  elements containing these 
highly radiotoxic mater ia ls ,  The appended summary report  describes t h e  P i l o t  
Plant and t h e  t a r g e t  fabr ica t ion  work performed t o  date.  . , 

Effective August 1, a Reactor Standards Development Subsection w a s  established 
i-n the  Manufacturing Engineering Section, .Operations Division. The subsection 
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w i l l  develop maintenance and t e s t i n g  standards f o r . t h e  A E C ' s  Division of 
Reactor Development and Technology. 

Twelve metal handlers i n  t he  Fuels Section were given layoff  not ices  a t ' t h e  
completion of the  t h o r i a  canning program. 
jobs with the  Company and other Hanford contractors.  

Eleven were f i n a l l y  placed i n  other 

A disabl ing in ju ry  t o  a p i p e f i t t e r  occurred i n  100-B Area on.August 6. 
rad ia t ion  exposures exceeded operational control.  

No 

Charles D. Harrington 
President 

r 

. 
A-4 f 
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% REACTOR PLANT OPERATIONS - IIE & Kw 

PRODUCTION 

General 

Production, power l eve l s ,  e f f ic ienc ies  and r e l a t ed  s t a t i s t i c s  f o r  t he  two 
K reac tors  a r e  tabulated below. Overall K reac tor  input production and t i m e  
operated eff ic iency (TOE) fo r  t he  pas t  s i x  months a re  shown on the  following 
chart :  

d 
TOE 

Production 

I I I I I I I o  

Thoria loads a r e  being i r r ad ia t ed  i n  both 
tonium produced w a s  l a rge ly  f u e l  grade i n  

S t a t i s t i c a l  Summary 

Input Production - Pu (KMWD) - U-233 (Equiv. MWD) 

Power Level (MW) - Maximum - Average 

Time Operated Efficiency - % 

Number of Outages 
Number of Star tup Interrupt ions 

Operating Coolant Flow - M gpm 

Fuel Charged (Tons) - 94 Metal - Natural U 

KE and KWto make U-233. 
t h e  8-10 percent Pu-240 range. 

The plu- 

Total  

74.9 100.2 175 -1 
11.9 14.7 26.6 

3,800 3,865 7,665 
3,512 3,729 7,241 

68.8 86.7. 77.8 

4 2 6 
0 0 0 

190 9 191.6 382 5 

357 .D 357.6 714.6 
3.0 5.5 8.5 
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KE KW Total  

Fuel Element Fai lures  3 0 3 

Helium Losses - M cu. f t .  190.1 114.3 304.4 

OPERATING EXPERIENCE 

Reactor Loadings 

Front face maps showing the  loadings i n  KE and KW a r e  reproduced on the  two 
pages which follow page B-5. 
a c tua l  f u e l  t o t a l s  a r e  tabulated above. 

The tonnages l i s t e d  the re  a re  approximate; 

Power Levels 

Maximum power l eve l s  shown above f o r  t he  K reac tors  were r e s t r i c t e d  most of the  
month by the  bulk o u t l e t  water temperature l i m i t  of 95 C. 

t he  KE l e v e l  f o r  a short  period. 

The precs;utions 
. t aken  because of i n l e t  water piping b r i t t l e  f r a c t u r e  considerations r e s t r i c t e d  

Reactor Outaaes 

KE Reactor w a s  down for  64.5 hours a t  t h e ' s t a r t  of t he  month, continuing work . 
during an outage i n i t i a t e d  i n  1a t e ' Ju ly .  

Date Down Reactor Outage Hours 

August 4 . KE 42.3 

August 7 

August 1 2  

August 13 

August 18 

August 24 

KGJ 40.5 . 

KE 48.9 

KE 37.9 

Remarks 

Unexplained Pane l l i t  t r i p .  Leak t e s t ed  
e n t i r e  reac tor  and replaced one leaking 
tube. 

Scheduled charge-discharge and maintenance. 

Removalaf a f a i l e d  94 Metal hot-die- 
s ized  f u e l  element (PTA-011) from tube 
3074. 

Scrammed by high speed scanner because 
of excessive humidity i n  the  HSS plenum. 

Removal of a f a i l e d  94 Metal f u e i  e le-  
ment from tube 4551. 

Removal of a f a i l e d  94 Metal f u e l  ele- 
ment from tube 4951. 

B-2 I 



I EQUIPMENT EXPERIENCE 

Ver t ica l  Safety Rods 

DUN-5966 

A t  KE Reactor t he  pins i n  the  remaining 12 f l ex ib l e  VSRs were checked f o r  
t igh tness  and necessary repa i rs  were completed as required.  
hot drop t i m e  w a s  1.81 seconds, with a l l  VSRs under 2.0 seconds. 

The average VSR 

A t  JSW Reactor 28 pins  were replaced i n  two rods. 
t o  be checked. 

The pins  i n  12  VSRs remain 

Turbogenerator 

The No. 2 turbogenerator i n  165-m w a s  removed from service on August 6 t o  
correct  alignment problems and severe arcing of the  exc i t e r  commutator. 
un i t  was real igned and test runs were made on August 28. 
exc i t e r  continued and the  problem i s  a t t r i b u t e d  t o  f au l ty  windings i n  the  
exc i t e r  ro to r .  
be i n s t a l l e d  i n  t h i s  un i t ,  and t h e  f a u l t y  ro to r  w i l l  be sent  t o  Spokane f o r  
repa i rs  . 

The 
Severe arcing of t he  

The exc i t e r  r o t p  from the- No. 2 turbogenerator at  1.65-JSW w i l l  

Deactivation - C Plant 

Deactivation work at  the  C Plant  i s  continuing. 
reac tor  bui lding,  combined with steam and water f a c i l i t i e s  work, i s  estimated 
a t  98 percent complete. 

Processing's work i n  t h e  

PROCESS ASSISTANCE AND CONTROL 

Operational Physics 

Although coverage was provided f o r  six reac tor  s t a r tups  during t h e  month, 
t he re  were no physics problems associated with the  94 Metal. E-Q loads.  
the  current t h o r i a  i r r a d i a t i o n  program nearing goal,  t he  r e a c t i v i t y  coeff i -  
c ien ts  and operating cha rac t e r i s t i c s  have been documented f o r  fu ture  reference.  
Total  cont ro l  requirements f o r  t he  forthcoming n a t u r a l  uranium loads w i l l  be 
calculated by a computer program, which i s  now nearly operat ional .  
turnaround time on the  computer, t he  program w i l l  not necessar i ly  save time, 
but it w i l l  be pa r t i cu la r ly  usefu l  i n  calculat ing the  minimum t o t a l  control  
requirements f o r  a var ie ty  of conditions. 
sure  a consis tent  approach f o r  each calculat ion.  

With 

Due t o  

I n  addi t ion,  t h e  program w i l l  as- ' 

Some operat ional  physics parameters of i n t e r e s t  a r e  shown i n  the  following 
t ab le  : 

Reactor 
m Kw 

Effect ive Central  Tubes (ECT)* 2225 2243 

Flat tening Efficiency*% - August 0.71 0.72 
- 12-mo. average 0.72 0.71 
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Reactor 
KE KGJ 

Maximum Operating Time Permitting 
Scram Recovery - Hourss"* 10 10 

"Reactor power l e v e l  divided by the  average power of the  t en  
most productive tubes which a r e  representat ive of the  reactor  
loading 

*SECT divided by t h e  number of power generating tubes.  

%*%The maximum operating time subsequent t o  a cold startu!! fo l -  
lowing which a scram recovery could be made using the  cur- 
r e n t l y  approved s t a r t u p  procedures, 

Product Accountability Studies 

Following the  issuance by Oak Ridge of a 1969 U 0 3  p r i c e  schedule, t h e  DUN 
burnout cost  t ab les  a r e  being updated, The revised t ab le s  generated by the  
computer program and the  text explanatory mater ia l  have been completed i n  
rough d r a f t  form f o r  f i n a l  review p r io r  t o  publication. 

Production Fuel Performance 

The two production K5E f u e l  element f a i l u r e s  are described below: 

Tube No, ' Charge Date Fa i lure  Date Exposure MWD/T Fa i lure  Type 

4 5 51-KE 5 1241 69 8/18/69 706 End defect i n  
fabr ica t ion  

4951-m 5/24/69 8/ 241 69 763 Groove cor- 
rosion 

The f a i l e d  element from' tube 45514E exhibited- cha rac t e r i s t i c s  of both core 
cracking and end closure defect  f a i l u r e  mechanisms, although the  l a t t e r  i s  
considered t o  be the  primary mechanism. 
cated by the,recently-accepted so l id  induction heat t r e a t  process, The f a i l e d  
element from 4951-KE exhibited t h e  typ ica l  self-support associated groove cor- 
rosion mechanism t h a t  has been observed i n  the  recent M)S column fa i lu re s .  

The core of t h i s  f a i l u r e  w a s  fabr i -  

The following t a b l e  shows production f u e l  f a i l u r e  frequencies i n  the  K reac- 
t o r s ,  as number per mil l ion elements discharged, f o r  t he  12- and 24-month 
periods ending July 20: 

1 2  Months 24 Months 

Natural uranium 

94 Metal 

B-4 
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r High Speed Scanning System Safety T r i p  L i m i t s  - 

DUN-5966 

Study of t h e  e f f ec t s  of var ia t ions  of c r i t i c a l  parameters per ta ining t o  the  
zone system and rate-of-change system has ,been completed and reported (DUN-6103, 
"Safety Trip L i m i t s  f o r  t h e  High Speed Scanning System - K Reactors"). 
meters include coolant t ranspor t  time, flow, RTD response t i m e ,  RTD type (immer- 
s ion o r  strap-on) and zone system t r i p  points  as a function of t h e  rate-of- 
change system. I n  addition, t h e  studjr per ta ins  t o  a na tu ra l  uranium load and 
a 94 Metal E-& load. 
parameters 

Para- 

The previous study included l imi ted  va r i a t ion  of 

Use of Fuel Made f o r  Smaller Reactors 

Physics s tud ies  show t h a t  use of t he  03 f u e l  (made f o r  t he  smaller reac tors )  
i n  a K reactor  l a t t i c e  w i l l  present no s igni f icant  problem f o r  speed of control  
and t o t a l  cont ro l  i f  t h e  elements are only charged i n  t h e  f r inge  region. 

1969 Dual Reactor Tripout Test - Data Analysis 

The dual K reactor  t r i pou t  t es t  w a s  conducted on July 17. Tests were conducted 
successfully,  following cleaning of t he  high pressure c ros s t i e ,  and analysis  of 
da ta  thus f a r  indicates  t h a t  r e l i a b l e  top-of-riser pressure (TORP) decay data  
were obtained (ICE as t h e  s t r i cken  reac tor )  during t h e  t r ans i en t  t e s t  ( s i m u l a -  
t i o n  of BPA failure a t  both reac tors ,  accompanied.by a secondary-system failure 
a t  one reactor  with two diesels supplying las t -d i tch  flow).  
da ta  indicated a measured flow from two d ie se l  pumps of 32,900 gpm at ICE and 
35,500 gpm a t  KW during t h e  simulation. 

Steady-state test  

\ The t r ipou t  t es t  results are being documented t o  provide a summary of t e s t  
data ,  and also pressure decay curves, a l l  t h e  curves needed f o r  backup ade- 
quacy calculat ions,  l as t -d i tch  system pressure drop curves, d i e s e l  sugply 
curves, reactor  demand curves, a schematic of the  hydraulic system and pres- 
sure t a p  locat ions,  gage elevations and reactor  loadings and load codes. 

Last-ditch emergency coolant flow adequacy calculat ions using t h e  t r i p o u t  t e s t  
da ta  show coolant flow margins i n  terms of reactor  power t o  'be 4647 MW f o r  KE 
and 4864 MW f o r  KW. 
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Central  
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Blanket 

Tons 

237 
2 
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1 

65 . 
b 

55 
11 

Loading Pat tern 
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Material  

94 Metal ( f o r  Thoria Support) 
N a t u r a l  Uranium 
Thoria ("X" Designates Tubes) 
Special  Depleted U r a n i u m  (PITA-048) 

94 Metal ( f o r  Thoria Support) 
Thoria ("X" Designates Tubes) 

94 Metal ( f o r  Thoria Support) 
Thoria 

- KE Reactor 
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Zone 

Central  

- 

Buckled 

Blanket 

Tons 

237 
1 
18 
1 

- 

66 
6 

53 
11 

Material 

94 Metal ( fo r  Thoria Support) 
Natural Uranium 
m o r i a  ("X" Designates Tubes) 
Special  Depleted Uranium (PITA-048) 

94 Metal ( f o r  Thoria Support) 
Thoria ( "X" Designates Tubes ) 

94 Metal ( f o r  Thoria Support) 
Thoria 

Loading Pat tern 

B-B 

- KW Reactor 
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M C T O R  PLANT OPERATIONS - N 

PRODUCTION 

General 

The reac tor  remained shut down all month i n  continuation of t h e  scheduled 
outage begun on July 20. 

Input production and time operated eff ic iency (TOE) f o r  t he  pas t  s i x  months 
a r e  shown on the  following chart :  

Fuel Charge (Tons) - 94 Metal - 125 Metal 
- N a t u r a l  U 

Total  

Helium Losses - M cu. f t .  

Fuel O i l  Usage - bbl .  

OPERATING EXPERIENCE 

309.8 
67.2 

0.4 

377 4 

0 

28 599 

Reactor Loadin@; 

The reac tor  loading a t  month end is  shown on the f ron t  face map which follows 
page BN-6. As charge-discharge for the  current outage w a s  completed i n  July,  
there  was no loading change during August. 
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EQUIPMENT EXPERIENCE - 
Boiler Experience 

The CE-1 b o i l e r  w a s  taken out of service for  tube leak  r epa i r  on August 1, and 
returned t o  serv ice  the  next dayo 

. .  . 

The Foster Wheeler b o i l e r  'was shut down for ' tube-  leak  r epa i r  on August 6 and 
returned t o  serv ice  following r epa i r  on August 17. 
down f o r  leak  r epa i r  on August 21 and returned t o  service on August 31. 
Repairs Aonsisted of correct ing two mud drum leaks and one leak i n  a roof tube,  
replacing the  ends o f ' f i v e  steam drum tubes,  and re - ro l l ing  t e n  steam drum 
tubes 

This b o i l e r  w a s  again shut 

Effluent Control Project  

A l l  scheduled t i e - in  work on GCP-411, Effluent Control Pro jec t ,  and the asso- 
ciated,  acceptance t e s t  procedures, were s a t i s f a c t o r i l y  completed. The emer- 

' *  were made u n t i l  t h e  emergency r a w  water t ag  b y p h s  i s  completed and t e s t ed .  
Excavation f o r  the  new dump tank was  begun, and as  a r e s u l t  t h e  r a i l road  
serving t h e  reac tor  bui lding an3 the  chemical waste loadout f a c i l i t y  w i l l  be 
out. of ,. serv ice  u n t i l  mid-September . . . 

'gency coolant system w i l l  be operated i n  the'same manner as before the t ie - ins  

Primary Loop 

Extensive 1eak . repa i r  w a s  completed on the  primary loop. 
work ineluded,.but-was not l imi ted  t o ,  the  following: .. 

This and associated 

0 Repacked 36 V-11 valves,  and replaced 47 V-11 valve actuators  
without repacking the  valves.  

0 Replaced 56 leaking V-12 valves. 

0 Repacked and'regasketed PCRV-214-2. 

0 Repacked, gasketed, and s e a l  welded f 0 u r . V - 3 8  valves: 
c .-_ 

0 Repacked v-26-1,.V-23-1, V-9-8, PCRV-205-1, and e ight  CV-2 valves. 

Repaired leaks on v-16-2, RV-2-2, V-4-5, V-21, V-34-1, CV-1 & 5, 
and four  V-1 valves,  

0 I n s t a l l e d  new stem and plug and repacked PCRV-204-3. 

0 Replaced packing follower and leaking plug on v-18-1. 

0 Repaired leaks on 51 flow monitor sensing l i n e s  by replacing 
leaking sect ions,  

' Inspec t ion  of the  primary loop a t  300. ps ig  pressure,  following leak  r epa i r ,  
r e v e a l e d t h a t  a number of leaks s t i l l  e x i s t  'even though a marked improvement 
was evident,  
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A funct ional  t es t  of a l l  16  CV-2 valves ( i n l e t  header emergency l i n e  check-  
valves) was made i n  2n at tempt . to  determine the  cause of flow failure during 
the  reac tor  piping decontamination. 
f u l l y  open, and invest igat ion disclosed a small piece of extraneous metal 
wedged i n  t h e  valve d isc  hinge. 
t o  normal. Upon rechecking, a l l  CV-2s functioned s a t i s f a c t o r i l y "  

It wsis found t h a t  CV-2-11 would not come 

The metal w a s  removed and t h e  valve returned 

Cell  2 w a s  returned t o  service following steam generator retubing work com- 
plet ion.  
cess fu l  due t o  leakage from t h e  primary piping i n  t h e  c e l l  through the  isola-  
t i o n  valves, 
i n  the  c e l l .  

An attempt to pre-film t h e  tubing i n  t h e  steam generators w a s  unsuc- 

This leakage prevented at.tainment of t h e  required high temperature 

Cell 1 w a s  i so l a t ed  from the  primary loop i n  preparation f o r  steam generator 
decont.aminationc A t  month end, decontamination preparations were i n  HOLD 
s t a tus  pending a decision t o  continue with steam generator retubing. 

Secondary System 

Extensive leak repa i r  was completed on the  secondary system by p lan t  forces.  
Also, Design Change 3010, "WPSS Feedwater Recirculation f o r  Cleanup, 109-N 
Building, 100-N Area", w a s  completed a t  the  expense of WPPSS. 
modification, it w i l l  be possible  fo r  WPSS t o  r ec i r cu la t e  and clean-up water 
i n  t h e i r  condensate re turn l i n e s  ra ther  than dump t o  waste during plant  
s ta r tups .  

With t h i s  

Circulat ing Raw Water System 

The overhaul of No, 3 CRW pump and motor w a s  completed and t h e  pump returned 
t o  normal service,  

PT-125, "A-B E lec t r i ca l  Bus Hydraulic Independence T e s t " ,  which included a 
number of t r ans i en t  tests,  w a s  run to ver i fy  ,safe operating conditions fo r  t he  
turbine generator upon loss  0 f . A  bus power. 
r a w  water t o  +,he turbine generator surface condenser were establ ished.  

New l imi ta t ions  on c i rcu la t ing  

Emergency Raw Water System 

The No, 1 low-l i f t  d i e se l  engine w a s  completely overhauled (a t  t h e  ITT/FSS 
shop) and a new crank shaf t  i n s t a l l ed .  
s a t i s f a c t o r i l y .  

It w a s  returned t o  serv ice  and t e s t ed  

Fog Spray S t r a ine r  

Di f f icu l ty  i n  welding-in the  spool piece replacement f o r  t he  damaged fog spray 
strainer body resu l ted  i n  delays i n  scheduled reac tor  s t a r tup  time. A t  month 
end the  repa i r  w a s  not complete, 

190 Roof Deluge System 

Section 6 of t he  deluge system i n s t a l l e d  as p a r t  of a recent pro jec t  w a s  t e s t ed .  
Several f a u l t s  were detected, A s  a r e s u l t  t h e  system was placed on "manual" 
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control  r a the r  than "automatic" u n t i l  def ic iencies  can be corrected. 

Horizontal Control Rod System 

Thirteen HCR cooling l ines  were chemically cleaned during t h e  outage. 
had indicat ions of a s l i g h t  leak p r io r  t o  i t s  cleaning; t h i s  leak pers i s ted  
a f t e r  cleaning and tube replacement, and t e s t i n g  revealed a t i p  leak. 
is  out of service.  

Rod 34 

The rod 
The packing w a s  replaced i n  rods 26, 49, 82, and 107. 

B a l l  Safety System 

B a l l  channel 60 i s  used f o r  graphite sample i r r ad ia t ion ,  Evidence of graphite 
moderator movement has been detected i n  the  channel., This movement in t e r f e re s  
with sample charge and discharge, and attempts t o  recover t h e  in s t a l l ed  samples 
were not successful,  

Charge Machine 

The charge machine w a s  damaged when t h e  W.work platform went i n t o  a severe 
tilt condition, 
taking power off  t h e  hydraulic system. 
about two weeks 

The tilt occurred during platfor& maintenance which required 
Repairs a r e  underway and will require 

D Work Platform 

The D work platform went i n t o  a tilt condition while performing ATPs following 
Project  work. 
grat ing w a s  s l i g h t l y  damaged, we damage w a s  repaired.  

117 Building 

The B . c e l i  m i s t  separators  were successfully decontaminated t o  permit making 
the  scheduled DOP t e s t .  
200 mR/hr, and dose rates f o r  t h e  t e s t  were 50 mR/hro The tes t  indicated the 
f i l t e r s  t o  be 99.998 percent e f fec t ive .  

I n  attempting t o  correct  t h e  tilt, t h e  28' l e f t  s ide  landing 

Radiation l eve l s  were reduced from 1500 mR/hr t o  

Equipment. Modi f i ca t  i ons 

The following equipment modificatians were completed: 

EMP-237, "Main Steam Pressure Velocity L i m i t e r  Bypass", providing 
increased response t o  changes i n  t h e  steam pressure set  point and 
improved secondary system control.  

EMP-345 , "Main Steam Pressure Readout - .184-N", providing t h e  1 8 4 4  
control  room with an indicat ion of main steam header pressure f o r  
improved pressure control ,  

EMP-374, Addendum 1, "Permanent Ins t a l l a t ion  of 24 Channel High 
Speed Oscilloscope", increasing the  number of parameters monitored 
during reac tor  t rans ien ts .  
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EMP-379, "Main Steam Generator Steam and Feedwater Transmitter 
Range Change", providing increased range on t h e  steam and feedwater 
flow instrument.ation for Cell 2, 
C e l l  2 only during t h i s  outage, ) 

(Modification completed on 

EMP-411, "Gross Gamma GM Tube Line Drivers", providing l i n e  
dr ivers  i n  GM tube holders i n  the  gamma monitoring turrets, 
(This EMP is  90% complete-) 

EMP-L2b, "TV Rod Posi t ion Indicatcr  Removal from Service", 
permanently removing t h e  Astrodata TV Rod Posi t ion Indicator ,  
which had been out of service fo r  an extended period. 

EMP-426, "Flow Monitor Power Supply Mode Indicator  Additions", 
providing for. separate  mode indicators  f o r  the  flow monitor dis-  
criminator, and the  master control  b ias  power supplies,  t o  s im-  
p l i f y  operation of t h e  Flow Moni+,or System, 

EMP-434, "ERW High Pressurec N2 System Upgrading", improving 
r e l i a b i l i t y  of the  high pressure n i tmgen system, 

... 

EMP-439, " B a l l  Hopper Manual Locking and Cocking", providing t h e  
capabi l i ty  f o r  one operator t o  complete hopper locking and 
cocking, 

EMP-451, "Gross Gamma 28-voit DC Fai lure  A l a r m " ,  providing a 
f a i l u r e  alarm on t h e  gross gamma 28-voit DC supply. 
as designed d id  not function properly so fur ther  revis ion i s  
required- ) 

(The alarm 

DC-3001, "Modify Primary Coolant System Hanger 35". 

DC-3013, "105-N Compressed A i r  Dryer and V-12 Purge A i r  System 
Ins ta l la t ion" ,  providing clean, dry, lcw-pressure purge a i r  t o  
both s ides  of t he  V-12 valve actuator t o  prevent entry of w a t e r  
i n to  t h e  cylinder and p is ton  rod packing areas ,  

DC-3016, "Bracing f o r  N Area Battery Racks", providing backing 
and anchor b o l t s  t o  the  N-Area ba t te ry  racks su f f i c i en t  t o  with- 
stand a design-basis earthquake, 

DC-3028, "Horizontal Rod System Fluid Conversion", replacing the  
hydraulic o i l  of t he  left-side horizontal  rods with a water-in- 
o i l  i nve r t  emulsion t o  minimize the  po ten t i a l  f o r  fire. (Further 
experience may indicate  t h e  d e s i r a b i l i t y  of converting the  f u l l  
rod system.) 

I n  addi t ion t o  the  foregoing equipment work, a nunber of Minor Design Changes 
were completed, 
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PROCESS ASSISTANCE AND CONTROL 

Operational Physics 

The only d i r e c t  operational support required during the  outage has been t o  
determine conditions under which ce r t a in  rods could be out of service f o r  
maintenance 

A modified inboard rod pa t te rn  and withdrawal sequence has been formulated t o  
eliminate t h e  f ron t  and r ea r  f lux peaking occasionally observed on past  start- 
ups with an inboard rod configuration. 
10 percent decrease i n  t h e  s t a r t u p  tube power limits which are used u n t i l  the  
ac tua l  flux d i s t r ibu t ion  i s  obtained with the  t rave l ing  w i r e  flux monitoring 
system. 
peaking, t h e  s t a r tup  tube power limits w i l l  be increased accordingly. 

.. This peaking has necessi ta ted about 

If the  modified pa t t e rn  and sequence eliminate the  f ron t  and rear 

Reactivity coef f ic ien ts  f o r  t he  Mark I V  latt i 'ce have been calculated f o r  t he  
ant ic ipated range of f u e l  exposures, and the. operating requirements a r e  s i m -  
i l a r  t o  those of t he  Mark I l a t t i c e ,  
what more r e s t r i c t i v e  than f o r  t he  Mark I l a t t i c e ,  i n  t h a t  the  l a t t i c e  flooding 
event i s  s l i g h t l y  worse than cold water inject ion.  
i s  therefore  expect.ed t o  be s l i g h t l y  less, 

Total  control  requirements w i l l  be some- 

The power ascension rate 

Nuclear Protection Systems Study 

The CLUMSY code i s  being u t i l i z e d  t o  de te rGne  the  l imi ta t ions  imposed on the  
nuclear protect ion systems i n  conditions f o r  which one o r  more flux monitoring 
points has f a i l e d ,  Cur ren t ly , ' t r i p  l i m i t s  believed t o  be conservative a r e  
imposed when pa r t  of a system i s  inoperative,  The study i s  progressing well  
and preliminary results will be forthcoming i n  about two months. 
byproduct of t he  study could be t h e  establishment of technical  bases f o r  t he  
nuclear pro tec t ion  systems- 
system, t h e  individual  high t r i p  system and the  rate-of-change system. These 
technical  bases w i l l  be completed i n  several  months. 

A natura l  

L i m i t  curves can be obtained f o r  t h e  high average 
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Fuel No. PT-NR EO. 
Code Tubes Description No. Tubes DescriDtion -- -- 

C 69 
CE 61 
D 163 
E 242 

ES 2 
F 116 
G 21 
N 1 

I&-IC (94 Metal - Fringe) 76 4 
Mk-IC (94 Metal - Fringe) 94" 7 
%-IC (94 Metal - High U-236) 96 1 5  
Mk-IC (94 14etal - Fringe & 

Central  ) 01 1 2  
Ivk-IC (94 Metal - Fringe) 
IQ-IV (94 Metal - High U-236) 01 2 
Mk-IV (94 Metal - Central)  
Mk-IB (Natural U >  07 47 

Fuel Meltdown Test 
Mk-N Demonstration 
I&-IC From Upset-Forged 

B i l l e t s  
Mk-IC From Direct-Cast 

Bi l le t s  
Mk-IV From Direct-C,ast 

B i l l e t s  
I n i t i a l  Fu l l  Length 

241 Mk-IA (125 - 94 Metal) Mk-Iv Columns 
916 Total  * -  - X 

1 Graphite Samples Channel 

88 Total  PTs 88 Total  FTs - 
1004 Grand Total  

Mk-IV 94 Metal, and 2 tu3es with Mk-IV-AA 125 Metal and Mk-Iv 94 Metal. 
*Includes Mk-IV high U-236 content fue l ,  1 tube with Mk-IA 125-94 Metal and 

Loading Pat tern - N Reactor 
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PRODUCT I ON 

General 

FUEL AND .TARGET FABRICATION - K REACTORS 

DUN-5966 

Production of AlSi-bonded f u e l  f o r  t he  K reac tors  w a s  107.3 percent of fore- 
c a s t ,  
attached, 
project  DCE-524 

Seventy-eigkit percent of t.hese elements had self-supports o r  bumpers 
Const.ruction work continued on the  hot-die-sizing f a c i l i t i e s  under 

Acceptable Elements Prodmed 

Yield - Percent 
Current Month FYTD - Tons - 

AlSi-Bonded Fuel 
Thoria (wafered) 

Month-End Inventories 

Bare Uranium Cores 

.16573 95.6 94.6 
17.3 93.5 94.3 

Tons - 
744* 

Finished Fuel: AlSi-Bonded 1 , 303% 
Hot-Die-Sized 39% 

Thoria Elements 45.4 

*These t o t a l s  include 132 tons of cores and 138 tons of f inished 
f u e l  made f o r  t h e  smaller reactors ,  

OPERATING EXPERIENCE 

Canning l i n e  eff ic iency of t h e  AlSi-bonding l i n e s  w a s  9grO percent. 
w a s  assigned 30 percent t o  equipment malfunctions and 70 percent t o  operational 
causes. AlSi canning operations continued on the  basis of two l i n e s  on the  
day s h i f t ,  f i ve  days per week, u n t i l  August 11 a t  which t i m e  a t h i r d  l i n e  w a s  
placed i n  operation ( u t i l i z i n g  personnel made avai lable  by the  conclusion of 
t ho r i a  canning). 

Downtime 

EQUIPMENT EXPERIENCE 

Nothing s igni f icant  t o  repor t -  
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PROCESS ASSISTANCE AM) CONTROL 

Hot-Die-Sizing Process 

Signif icant  r e s u l t s  were obtained from end-bond tests using high-power induc- 
t i o n  generators,  
t e s t e d  t.0 det.ermine relative heating r a t e s t  heat  t r ans fe r  phenomena, and oper- 
a t ing  techniques e s sen t i a l  t o  rap id  heating, 

Power sources up t o  50 KW per  s t a t i o n  were and are being 

I n i t i a l  t e s t i n g  involved heating a t  various r a t e s  with ex is t ing  end bonding 
. equipment. With t h i s  system, the heat  fo r  bonding i s  derived from Inconel 

ram heads which are induction heated t o  750 C during the  heating cycle. 
Heating t i m e  i s  control led t o  provide t h e  necessary U-Ni-A1 in te r face  temper- 
a ture ,  a f t e r  which the  power i s  shut off  and heat i s  "soaked" from the  ram 
heads. 

Bonding a t  16-50 Kw w a s  attempted t o  produce rapid heating of t h e  in te r face ,  
but r e s u l t s  were negative s ince t h e  in te r face  heating a t  50 KW was essent ia l ly  
no faster than a t  16 KW, 
50 KW, t he  rate of heat t r ans fe r  from t h e  heads t o  t h e  fue l  w a s  t h e  control l ing 
f ac to r ,  Faster  heating rates could not be rea l ized  from l a rge r  generators 
with t h i s  system. The heating r a t e  at  the  Al-Ni-U in te r face  i s  r e l a t ive ly  
slow, and source temperature i s  necessarily l o w  t o  avoid melting t h e  cladding 
adjacent t o  the  bonding dies, 
source (ram heads) and t h e  in t e r f ace  i s  about 250 C. 

Although t h e  ram heads a re  heated more rapidly a t  

The temperature d i f f e r e n t i a l  between t h e  heat 

To improve t h e  heat t r ans fe r  conditions, rams were i n s t a l l e d  which were elec- 
t r i c a l l y  and thermally insulated.  This permitted d i r e c t  induction coupling . 
with the  bonding d ies  and increased heat t r ans fe r  r a t e s  subs tan t ia l ly ,  
Bonding d ies  w e r e  a l so  modified t o  provide greater  s t rength at  high tempera- 
t u re ,  
the  insulated rams, indicat ing t h a t  more powerful generators could be of bene- 
f i t  if t h i s  concept were used, The s m a l l  d i f ference i n  source temperature and 
in te r face  temperature permitted t h e  use of higher bonding temperature without 
t he  r i s k  of eu tec t ic  melting. It w a s  a l so  found t h a t  heating w a s  more uniform 
and reproducible with the  insulated rams and associated d ies ,  

Heating rates were higher with the  increased power made possible by 

The combination of f a s t e r  heating rates and higher bonding temperature made 
possible w i t h  insulated rams holds grea t  promise f o r  shortening bonding cycles. 
Tests a r e  i n  progress t o  determine t h e  e f f ec t  upon ac tua l  bonding speed and 
quality.  Select ion of t h e  proper'power source w i l l  depend l a rge ly  upon the  
r e s u l t s  of t h i s  t e s t ing ,  
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PRODUCTION 

Input Prcdwtion 

Total  b i l l e t s  extruded 

Tons extruded 
Percent of forecast  

138 

30-4 
57.4 

Output Production 

Total  f inished fue l  assemblies 808 

Tons output 19 -1  
Per cent of forecast  ... 86,8 

Uranium Ut i l i za t ion  - % 

Month-End Inventories - Tons 

Bare uranium b i l l e t s  
Finished f u e l  

59-2 

191 
323 

DUN-5966 

OPERATING EXPERIENCE 

Input production w a s  below forecast  pr incipal ly  because the  extrusion r a t e  w a s  
in ten t iona l ly  reduced t o  minimize d i f f i c u l t y  with "dimples" encountered i n  the  
inner cladding of outer-element tubing. The r a t e  w a s  l imi ted  t o  t h e  number of 
extrusions which could be cu t ,  copper s t r ipped,  and evaluated before production 
w a s  resumed t h e  next day- By month end, extrusions u t i l i z i n g  t h e  butt-shearing 
technique were found t o  be e s sen t i a l ly  f r e e  of dimples, and t h e  r a t e  had been 
returned t o  normal.. 

EQUIPMENT EXPERIENCE 

A heavier l i f t  t r a i n  w a s  i n s t a l l e d  on t h e  be ta  heat-treat  furnace conveyor. 
The hydraulic cylinder of t h i s  new l i f t  t r a i n  has adequate high-speed adjust-  
able cushions on both t h e  rod and heat ends of t he  cyl inder ,  I n s t a l l a t i o n  of 
t he  new cylinder permitted the  removal of troublesome cam-operated cushion 
valves f r c m  t h e  hydraulic system, 
systems were a l so  redesigned providing b e t t e r  t h r u s t  and a x i a l  support. 
conveyor system now has adequate power t o  l i f t  2400 pounds of fue l .  

The conveyor mounting spindle  and bearing 
The 
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Extrusion Mandrels 

Tapering of the  working area of extrusion mandrels has proven to be a satis- 
factory method of r ea l i z ing  a reasonable tool l i f e  when extruding mater ia ls  
such as Zircaloy. 
been i n  progress f o r  t h e  past  severa l  months, and experience has shown a 
marked increase i n  mandrel . l i f e  (upward of 500 percent ) 

Mandrels of a s i z e  used i n  t h e  extrusion of Zircaloy tube hollows are gener- 
a l l y  tapered over t h e  working area 0.0005 t o  0,00075 inch per  inch of length,  
while l a r g e r  mandrels f o r  t he  extrusion of outer  c lad she l l s  have been manu- 
factured with a t ape r  of as  much as 0.0015 inch per inch i n  length.  The taper  
extends mandrel l i f e  by minimizing the  contact a rea  with t h e  extruded tube 
after the  extrusion passes operating temperatures, thereby preserving compres- 
s ive  y i e ld  s t rength  i n  t h e  tool during t h e  c r i t i c a l  period when t h e  extruded 
Zircaloy tub'e may reach temperatures i n  excess of 1500 F, 
tage of t h e  taper  i s  t h a t  it prevents t h e  mandrel from s t ick ing  i n  the  
extruded tube a t  t h e  completion of t h e  extrusion. 

The e f fec t  of the  mandrel taper  on the f inished prcduct i s  of l i t t l e  concern 
unless an extremely precise  extrusion is  required,  as the taper  i n  the 
extruded tube i s  generally no more than 0.0003-0,0004 inch per foot  of tube 
length 

Evaluation of t he  tapered extrusion mandrel concept has 

A fur ther  advan- 
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TECHNICAL ACTIVITIES - K REACTORS 

RESEARCH AND DEVELOPMENT 

Basic Producti.cn 

Br i t t l e  Fracture Program - K I n l e t  Piping 

I Technical Bases for  K Reactor Tube Power L i m i t s  

Work has been ccmplet,ed i n  t he  development G f  basic  information f o r  use i n  
deriving bases fo r  tube power l i m i t s  t o  be applied f o r  a na tura l  uranium 
loading, To provide for  l a t i t u d e  i n  implementation of the  limits, th ree  
basic tube power d is t r ibu t ions  have been defined, each representing a d i f -  
fe ren t  degree of power f l a t t en ing -  Additionally, one d i s t r ibu t ion  has been 
defined fo r  each of t h e  basic  fuel types t h a t  w i l l  be loaded i n  the  cen t r a l  
zone and i n  t h e  enrichment r ing,  

Flcw and pressure transient.s have been determined fo r  the  dual riser acci- 
dent case,  using as a basis  i n i t i a l  operation with six pumps and a top-of- 
riser pressure (TORP) of L O 5  ps i .  
voiding cha rac t e r i s t i c s  t h a t  would correspond t o  the  hydraulic data  and 
each of t he  defined tube power dist .r ibutions,  under various combinations 
of reac tor  operating parameters, Since t h e  t i m e  before t h e  reactor  
loading change may be short ,  e f f o r t  w i l l  be concentrated first on cases 
involving high i n l e t  temperatwes (above 10 C ) ,  Subsequently, t h e  com- 
p l e t e  range of inlet .  temperatures (0 t o  22 C )  w i l l  be factored i n t o  the  
calculations.:  
fo r  a na tura l  loading w i l l  be avai lable  i n  the  f irst  week of September. 

A s e n s i t i v i t y  analysis  has been completed t o  determine t h e  e f f ec t  on calcu- 
l a t ed  maximum clad surface temperature t h a t  would be associated with fa i l -  
ure of  one v e r t i c a l  safezy rod (VSR) t o  ent.er t he  core. 
chosen for  t he  analysis w e r e  those u t i l i z e d  f o r  t h e  examsle presented i n  
Supplement 5 of t he  K Reactor Hazards Summary Report (HW-7b095 SUPP5) f o r  
a 1960-kw tube i n  the  E-& loading. 

Work i s  i n  progress t o  develop t h e  

It i s  expected t h a t  preliminary bases f o r  tube power limits 

The conditions 

Results are shown below: 

Condition 
Maximum Calculated . 

Temperature - C 

563 Base case - a l l  VSRs enter  

Fai lure  of one VSR t o  enter  a t  
l e a s t  favorable location 

573 

These resul+,s. include consideration of t h e  l a t e r a l  effect iveness  of t h e  
VSRs across t h e  cen t r a l  zone of t he  reactor  during t h e  post-scrag t r ans i en t .  
The cen t r a l  port ion of t he  rod pa t te rn  has been found t o  depress t h e  f l u x  
t o  l e s s  than the  average, with t h e  r e s u l t  t h a t ,  during a portion of t he  
t r ans i en t ,  t he  f lux  would exceed t.he average near t he  edges of t he  rod pat-  
t e rn .  The calculat ion i n  t h e  t a b l e  w a s  made i n  t h e  locat ion at which t h e  
f l u x  would be peaked 8 maximum amount above t h e  zverage, 
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A s  noted abcve, t h e  differences i n  f lux  peaking and shutdown transient 
e f fec ts  due t o  a VSR being out of service during a riser loss  accident have 
been calculated,  Longitudinal and side-to-side f lux d is t r ibu t ions  fo l -  
lowing VSR inser t ion  are such tha t  t h e  l imi t ing  case i s  t h a t  of t he  cent ra l  
rod i n  t h e  outs ide bank. 

The one-dimension k ine t ics  program CL.UMSY was run i n  t h e  side-to-side 
d i rec t ion  t o  ca lcu la te  d i s t r ibu t ion  e f f ec t s  i n  t h a t  dimension. 

would normally reach a lower l imi t ing  node i n  t h e  reac tor ,  

The rod 
- poisoning e f f e c t  was introduced as  a s t ep  function at t h e  t i m e  t he  VSRs 

Because of voiding s t a r t i n g  i n  t he  cent ra l  pa r t  of t h e  reac tor ,  t he  f lux  
d i s t r ibu t ion  would be peaked toward the  center p r i o r  t o  rod entry i n t o  the  
given horizontal  node, 
rod bank up t o  the  t i m e  of rod entry would be less than t h a t  i n  the  center 
of the  reac tor  

Thus, ' the excursion i n  t h e  columns near t he  outer 

The prompt drcp and subsequent f lux  decay i n  the  f r inge  following rod entry 
would not be as la rge  as t h e  cen t r a l  zone average reduction, however. 
S t a t i c  BUCK code calculat ions indicate  t h e  difference during t h e  i n i t i a l  
t rans ien t  t o  be l e s s  than ha l f  t.hat amount. The front-to-rear e f f ec t  of a 
cen t r a l  f r inge  rod G u t  of service would be a small addi t iona l  difference i n  
l o c a l  flux of less than 5 percent. 

.Fatigue Tests 

Two addi t ional  single-edge crack tests a r e  i n  progress. 
metal from KE Reactor A r i s e r )  is  being fatigued a t  33 F as compared t o  
room temperature f o r  a l l  other  samples-' Sample 106 (base metal from KW 
React.or B riser) is  being fatigued a t  one cycle per minute as compared t o  
s ix  t o  seven cycles per second fo r  a l l  other samples., 
tests, two addi t ional  samples w i l l  be fatigued i n  a tension-tension loading 
t o  simulate the e f f ec t s  of mean s t resses  of 4000 and 10,000 ps i .  

Sample 62 (base 

Following these 

Drop Weight Tests 

Drop weight tests were performed to measure the  n i l -duc t i l i t y  temperature 
(NDT) of KW Reactor B riser parent met.al a s ' spec i f i ed  i n  ASTM E-208, The 
r e su l t s  indicated t h a t  t h e  NDT was between 20 and 30 F, which i s  fur ther  
evidence t h a t  t he  piping mater ia ls  do not meet an NDT plus  60 F c r i t e r ion .  
A s  described i n  the  K Reactor Hazards Summary Report, t h e  i n t e g r i t y  of t h e  
piping w i l l  be demonstrated by a proof test  based on a f r ac tu re  mechanics 
analysis of t he  36-inch piping, s ince t h i s  mater ia l  has been shown t o  be 
most l imi t ing  of the  piping i n  the  system with respect t o  b r i t t l e  behavior. 

Pipe Whip Analyses 

The process water coolant a t  each K reactor  is  supplied by s ix  high-l i f t  
pumps discharging i n t o  24-inch l i nes  which jo in  t o  rorm four 36-inch l i n e s .  
The l a t t e r  supply t h e  reactor  inlet  face.through four 36-inch risers, 
system was designed with t h e  in ten t  t h a t  a break occurring i n  any one of 
these l i n e s  would not endanger the  basic safety needs of t h e  coolant system. 

The 
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An engineering study evalcating t.he e f f e c t s  OS pipe whip following a hypo- 
t h e t i c a l  instantaneous "gui l lc t ine"  t.ype break i n  t h e  K reac tor  i n l e t  
piping has been completed, with t h e  following r e s u l t s :  

Due t o  i t s  s i z e  and w a l l  Thickness, t h e  36-inch pipe i s  very 
r i g i d ,  WiCIh t h e  break assmed ts c c c u r  i n  t h e  longest unsup- 
porred sec t i cn  c.f t.he pipe, t h e  maximum def lec t ion  i n  any one 
d i r e c t i c n  w a s  very small ( 1 / L  inch);  t h e  36-inch pipe w i l l  
remain i n  p s s i t i o n  cn its s t r u c t u r a l  suppcrts and w i l l  not 
impact addacent p ip ing ,  

e The 24-inch pipes are attached %o t h e  s t r u c t u r a l  s t e e l  pipe 
supports with 3/h-incl? diameter U-bolts -and suppor-c saddles. 
The concern w a s  f o r  t he  area where these  l i n e s  t i e  i n t o  t h e  
36-inch pipe, With a break d t  t h i s  po in t ,  t h e  U-bolts would 
prcbably f a i l ,  allowing t h e  pipe 30 move hcr izonta l ly ,  s t r i k i n g  
ar. adjacent pipe-  The ex i s t ing  pipe support can be modified t o  
provide an adequate-stzp f o r  t h i s . p o t e n t i a 1  movement, 

0 A break a t  t h e  elbow of the  24-inch discharge pipe from a high- 
l i f t  pump would permit t he  pipe t.o move through the'two-foot 
clearance and impact t h e  adjacent pipe, The pipe support a t  
t h i s  point  can be modified t o  prevent excessive movement. 

Zircaloy Process Tube Hydriding 

Tube Analyses 

The evaluation of Zircaloy process tube sec t ions  removed from C Reactor 
a f t e r  nine years cf' serv ice  i s  continliing- Tube 1079-C, one of t h e  two 
tubes of seven sampled showing high hydrogen absorpXion5n i n i t i a l  mea- 
surements, was analyzed at  approximate 1.2-inch in t e rva l s  from the  rear 
Van Stone t o  66 inches upstream. Ths r e s u l t s  are as follows: 

Dis tmce  from Hydrogen, ppm Case Layer 
Van %one, inches - Tota.1 Base Thickness, m i l s  

3/ 
12 
2L. 
36 
L 8  
66 

2513 349 11,8 
h710 458 1 5 e 6  
LO39 LO6 1 6  .o 
1979 326 10.0 
2289 113 11.0 
2500 ,315 7.5 

A s  reported last. manth, t h i s  i s  t h e  tube sec t ion  with t h e  broken Van Stone 
f lange-  
but t h e r e  had been no leak i ad i ca t i ca  du-ring reac tor  operation, 

Examination of t he  flange indicated t h a t  t he  tube had been leaking, 

These are t h e  highest  hydrogen ccntents observed i n  process tube examinations 
t o  d a t e -  
i na t ion  of L5 tubes removed from t h e  K reac tors  i s  approximately 170 ppm. 
Currently, t h e  average base metal conteat rf K r eac t a r  tubes i s  estimated 
t o  be 150 ppm- 

The maximum base met...!- hydrogen absorption cbserved i n  t h e  exam- 
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Electrochemical Dehydriding 

BNW has, thrsugh research sponsored by DUN, developed an electrochemical 
process t o  se lec t ive ly  remove zirconium hydride from Zircaloy process tubes. 
The process as demonstrzt.ed on a laboratory sca le  i s  e s sen t i a l ly  self- 
l imi t ing  and self-healing. Laboratory data  indicate  That t h e  electrochem- 
i c a l  process completely cleans the  zirconium hydride case rmterial from the  
tube base metal, and bui lds  a protect ive f i l m  of zirconium oxide on t h e  
cleaned surface,  

P i l o t  plant-scale Tests have been init.ia.ted t o  develop and t e s t  t h e  elec- 
trochemical process and equipment p r io r  t o  on-reactor application; Proto- 
type equipment has been assembled and TWO t .est  runs with it have been 
complet.ed. Init ial  observations ind ica te  t h a t  t h e  hydride case layer  from 
t h e  tube samples was successfully removed, but f i n a l  evaluation will await 
de t a i l ed  examination of samples- 

Through-Reactor Decontamination 

PTA-158 w a s  apprcved permitt ing cn-reactor t e s t s  t o  inves t iga te  several  
parameters a f fec t ing  a through-react.or decontamination, I n i t i a l  t r i a l s  w i l l  
consis t  of in jec t ing  preheated decontamination chemicals i n t o  s ing le  process 
tubes t o  determine t h e  mosz e f f i c i e n t  decontaminztion solut ion,  concentration, 
temperature and time f o r  conducting a through-reactor decontamination, Sub- 
sequent tests on a full-crossheader sca le  w i l l  determine flow control  and 
d i s t r ibu t ion  problems, t he  f e a s i b i l i t y  of  employing reactor  decay heat t o  
heat  t he  solut ions,  and the  amount of rad ioac t iv i ty  re leased ( f o r  waste 
management s tud ies ) ,  The i n i t i a l  tes ts  a re  scheduled f o r  September, 

Exposure t.0 decontamination solut ions of carbon steel  piping containing a 
heav$ buildup of corrosion product taberculat.ion sirnulating conditions i n  
t h e  K reactcr f ront  face piping indicated that. removed tubercles  could pose 
a serious problem dwing  an ac tua l  reactor  deccntamination. The piping 
samples, including a sect ion of tuberculed K reactor riser piping, were 
subject.ed t o  rocm Temperatare Turco 4306-c a t  6 ounces .per gal lon f o r  1 5  
minutes followed by a 1-week f lush  wiZh prccess water., 
repeat.ed four times,, 
treatment, l a rge  amounts of tubercles  were released and col lected on an 8- 
mesh f ron t  crossheader screen. This t e s t  indicates  t h a t ,  t o  prevent clogging 
of f r c n t  face screens, t he  f ron t  face piping must be cleaned before exposure 
to decontamination solut ions,  

Low-Dichromate DJaluation 

The 15 downstrean K5N f u e l  elements from tube 2 0 6 7 - ~ ~ ,  discharged August 1 
after 934 W I T  exposure, were v isua l ly  examined fo r  de temina t ion  of t h e i r  
corrosion behavior i n  process water ccntaining 0-5 ppm sodium dichromate. 
This 3ube w a s  operating with one of the  highest ou t l e t  temperatures (119 C )  
i n  t he  reac tor  and w a s  se lected because of t he  severi ty  of t h e  environment. 

The procedure w a s  
For about one hour a f t e r  each deccntamination solut ion 

Fuel i n  posi t ions 3 and 4 from the  downstream end exhibited 5 t o  1 0  m i l  deep 
erosion-corrosion (groove corrosicn)  on t he  l a t e r a l  surfaces between the  
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bottom rows of supports (ho t t e s t  surface temperature area) while t h e  remaining 
fue l s  exhibited l i t t l e  corros7on at t h i s  areao A l l  f ue l s  exhibited a s m a l l  
area of erosion-corrosion at  t h e  upstream ends of the  bottom supports. The 
depth of t h i s  at.tack varied from 1 t o  2 mils on elements 7, 8, and 10 through 
15; 5 t o  1 0  m i l s  on elements 2 ,  2, 3, .5, 6, and 9; and 1 0  t o  20 m i l s  on 
element L 

The corrosion a t tack  i n  t h i s  KE tube i s  grea te r  than has been observed on f u e l  
elements discharged from KW Reactor a f t e r  exposure i n  1,O ppm dichromate 
water, However: t he  difference could be accsunted f o r  on t h e  bas i s  of t em-  
pera ture ,  
water w i l l  be obtained i n  September, follcwing the  f i rs t  discharge of f u e l  
f o r  examinaticn i n  the  half-plant comparison tes t  begun i n  June a t  KW Reac- 
t o r ,  The charging pa t te rns  of t he  monitor columns of t h i s  t es t  have been 
adjusted t o  obtain s imi la r  coolant ou t l e t  temperatures, 

A d i r e c t  comparison of fue l  behavior i n  0,5 and 1.0 ppm dichromate 

Computer Code Development 

A change i n  storage requirements cf the'HAMMER code w a s  accomplished which 
w i l l  circumvent the  necessity of i t s  being reprogrammed t o  be compatible 
with Computer Sciences Corp, system changes which w i l l  reduce avai lable  core 
space. Elimination of upacatter cross sect ion determinations f o r  high 
energy neutzons released the  ex t ra  space without s ign i f icant  reduction i n  
accuracy of ca lcu la t iona l  results- A second small change i n  t h e  HAMME3 pro- 
gram was t h e  addi t ion of .an option f o r  creat ion of a l i b r a r y  of smeared la t -  
t i c e s  and t h e i r  se lec t ion ,  thus simplifying the card deck requirements and 
program execution. Additional HAMMER s tudies  es tabl ished t h e  s i z e  of t he  
uncertainty band which migh-L be associated with mesh point g r i d  se lec t ion  as 
2l.5 mk f o r  graphi te  1att . ices and k2.5 mk f o r  water l a t t i c e s .  

Hot-Die-Sized Fuel I r r ad ia t ion  (PTA-011) 

The K5AEA hot-die-sized f u e l  element which f a i l e d  i n  KE Reactor on August 12  
w a s  charged on March 27 and had an exposure of 1003 W I T ,  Groove corrosion 
caused penetrat ion of t he  cladding a t  the  upstream end of a downstream sup- 
po r t ,  due apparently t o  a combination of temperat.uye and coolant flow 
turbulence 

Product F1 e xi-b i 1 i t y  

Pu-238 

Neptunium I r r ad ia t ion  (PTA-163) 

Invest igat ion continues i n t o  t he  cat1se of f a i l u r e  last month of t h e  graph- 
i t e  matrix nept.unium elements i n  t h e  two KW core block columns a f t e r  26 
full-pcwer days exposure (with an estimated 2 percent ccnversion of nep- 
tunium t o  Pu-238) 

Radiometallurgical examinaei.cn of four neptunium oxide-graphite wafer 
elements (two aluminum-clad f a i l e d  elements, one Zircaloy-clad f a i l e d  
element and one Zircaloy-clad nonfailed element ) has shown t h a t  dimension 
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i n s t a b i l i t y  of  t h e  wafers was respcnsible f o r  c lad f a i l u r e  with subsequent 
end cap separstion, 
a r e  shown below: 

Average growth cha r sc t e r i s t i c s  of t h e  examined elements 

Wafer Diamet.er, Inches 
Percent 

Original Final  Difference Increase - 
Aluminum clad ( fa i lure)  1-498 1.513 0,015 l e 0  
Zircaloy clad ( f a i l u r e )  1,427 1.438 0,011 0.8 
Zircaloy clad (nonfai lure)  1.427 l cb38  0 0 011 0.8 

Wafer Stack Length, Inches 

Or ig ina l  Final  Difference Increase 
Percent 

Aluminum c lad  ( f a i l u r e )  8.450 8,811 0 361 403 
Zircalcy clad (failure). 8.406. 8.506 0,100 1.2 
Zircaloy clad (nonfailure 1 8.406 8,553 0 147 1-8  

Growth of t h e  graphite matrix from' i r r a d i a t i c n  damage w i l l  not sa t i s fac-  
t o r i l y  explain these subst.antial dimension changes, a s  the  expected i r r ad i -  
ation-induced growth fo r  t h e  operating conditions associated with t h i s  irra- 
d ia t ion  would be l e s s  than 0.05 percent- 

A graphite-neptunium wafer f r c m  a cen t r a l  element 'of each of t he  two core 
block columns-has been t ransfer red  t c  BNW Radiochemistry f o r  analysis .  
Extended alpha counting w i l l  be u t i l i z e d  t o  determine t h e  Pu-236 contaminant 
l e v e l  i n  the  Pu-238, the  primary objective o f  t h e  tes t .  
being analyzed from each of t he  two wafers- 

Three samples a re  

I n  addi t ion,  invest igat ion of fabr icat ion process parameters i s  i n  progress 
t o  t ry  t o  iden t i fy  t h e  mechanism responsible f o r  t h i s  dimensional i n s t a b i l i t y .  

U-236 and Np-237 BiiilduE 

A major port ion of t he  computer prcgram comparisons of buildup and burnout 
predictions f o r  u-236 and Np-237 has been completed, and documentation of 
t he  compiled experimental results has been i n i t i a t e d ,  I n  addi t ion t o  ana- 
lyzing experimental r e s u l t s ,  the  study has been informazive i n  comparing 
t h e  effect iveness  of different, computer programs i n  accounting f o r  ref ined 
cross sec t ion  and neutron energy spectrum e f fec t s ,  

Plutonium Burning I r r ad ia t ion  ( PTA-15 0 1 

Tube powers f o r  t h e  PuAl columns under i r r ad ia t ion  i n  KE Reactor have recent ly  
been running about 15 percent below t h e  imended design l e v e l ,  Adjustments 
i n , t h e  surrounding buffer  zone w i l l  be made during t h e  September outage t o  
increase l o c a l  power, and t o  f a c i l i t a x e  the  t r a n s i t i o n  from E-& i n  t h e  sur- 
rounding block t o  primarily natural  uranium i n  about two months, A MOFDA 
calculat ion f o r  t he  exposure which w i l l  be reached i n  Sepember ind ica tes  
t h a t  t.he Pu-2LO content w i l l  have exceeded 25 percent ( the  m a x i m u m  a t t a in -  
ab le  4s about 60 percen3) .. 

. 
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Orallcy Ut i l iza t ion  

Production Test Planning 

Acticn was i n i t i a t e d  cn o r a l h y  f i e1  development and i r r ad ia t ion  planning. 
To cap i t a l i ze  Gn the  incentives f o r  the  po ten t i a l  economic and product 
f l e x i b i l i t y  advantages of ora l loy  use, plans were made t o  demonstrate t h a t  
t h e  fabricati.cn, i r r a d i a t i o n  and nuclear safety technology would be on an 
immediate production s t a tus ,  This csn be achieved through rout ine use of 
oral loy as t h e  enrichment r i n g  material i n ' t h e  K reactors .  

Conclusions reached i n  t h i s  planning were t h a t  a preliminary production 
t e s t  (10 t o  20 c o l w s  of oral loy f u e l )  should be scheduled f o r  loading i n  
a K reac tor  by February 1970, and tha t  concurrent e f f o r t s  should proceed 
t o  obtain the  necessary safety and procurement bases and approvals by 
Ju ly  1969 f o r  t he  charging of a f u l l  E-ring with ora l loy  f u e l  by January 
1971, 
f e r  and fue l  s t a b i l i t y  consider3tions r e l a t i v e  t o  a riser loss incident ,  
both f o r  s o l i d  and I&E element.s, 

I n i t i a l  technical  work has  been concerned pr imari ly  with heat  t rans-  

K Reactor Overbore 

Documentation of the  physics technology developed f o r  the  K reactor  overbore 
study has been complesed with t h e  issuance of DUN-6059, "K Reactor Overboring - 
Reactor Physics Aspects 

Lithium-Bearing Splines 

React ivi ty  t e s t s  were made i n  the 305 Test Reactor on the  lithium-bearing 
sp l ine  samples procured f o r  evaluation, 
were about 50 percent as black as standard boron sp l ines-  
rosion t e s t s  were i n i t i a t e d  i n  t h e  1706-KE laboratory- 
bo i l ing  water, only the  sp l ine  with the  dispersed LiMg a l loy  composition 
showed any reac-kion- 
there  were indicat ions of swelling, 
show no s ign of change i n  the  corrosion t e s t s  t o  date.  

The results showed t h e  t e s t  sp l ines  
I n  addition, cor- 

A f t e r  two weeks i n  

A t  t he  ends of  the  sample where t h e  LiMg i s  exposed, 
The spl ines  containing LiF and Li2CO3 

Environmental and Regulatory Technology 

Technical Bases Development f o r  K Reactor RTDs, 

Sens i t i v i ty  calculat ions were completed using the  CLUMSY code on the  e f f ec t  
of varying immersicn RTD t i m e  constants- 
i n  terms of po ten t ia l  t radeoffs  i n  e i the r  -tr ip l i m i t  o r . r o d  withdrawal 
l imi ta t ions .  

These e f f ec t s  are being in te rpre ted  

The var iable  t i m e  constant of strap-on RTDs has been approximated i n  the  past  
by an empirically determined double t i m e  constant.. 
a ted t o  develop an ana ly t ica l  bas i s  for  t h e i r  evaluation. 

A study has been i n i t i -  
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High Turbidity Coolant 

A 10 to 20 percent reduction in effluent activity, similar to that experi- 
enced during t.he vinter months, has been found after reachsng equilibrium con- 

t o  a normal turbidity of 0.05 tc O t l  JTUJ. 
* ditions in the half-plant high t.urbidity t.est at KE Reamor (0.3 JTU compared 

Waste Management 
- 
. . Nothing tc report- 

ENGINEERING AND TECHNOLOGY - REACTORS 
K Reactor Heat Decay'Test 

Under PTA-172 (DUN-5564: "IC Reactor Full Flow Heat Test"), a heat decay test 
was performed August 7 at KW Reactor, 
from six thermocouple trains, two of which were located at the top, center, and 
bottom of the core, respectively. When the daza become available, they will be 
analyzed to determine the post-accident power generation transient. 

Temperature transients were recorded 

Personnel Dcsimetry Develcpment 

The personnel dssimetry development program has been directed toward the pro- 
curement and/or development of radiation protection instrumentation which will 
provide improved exposure control of personnel and'allow a faster response by 
personnel interpreting radiation intensity, Althcugh there is considerable 
fixed area monitoring instrumentation, it was determined that radiation expo- 
sure to personnel cculd be more accurstely controlled by the use of a miniature 
pocket dose rate alarm dosimeter and.a pocket dose alarm dosimeter. 

The market survey resulted in numerous ccmmercially available instruments being 
evaluated for this applicaticn, but all were found to be lacking in the areas 
of reliability, preset,table alarm pdnzs, energy dependence, operating life 
and alarm intensi.t,y. A development program therefore was iniciated which has 
produced a selectable level pocket dose rate alarm dosimeter (PARD) which to 
date has met or exceeded t.he required performance criteria, Brookhaven National 
Laboratory and Battelle-Northwest are evaluating the performance of these PARD 
devices for applicaTions throughout the AEC complex, with preliminary reports 
from these evaluations being favorable, Additionally, 20 of the PARD devices 
are being given field tests in DUN operating environments and have proved 
satisfactory t.,c date. 

A second device under development is a pocket dose alarm dosimeter (PADI). The 
development. of the PADI has passed the layout stage and is currently being 
packaged for field evaluation, This unit has unusual capabilities for a device 
cf this type in that it can be set to alarm covering up to six preselected 
doses, read-cut the accumulated dose on an auxiliary monitor, and retain the 
accumulated dcse information for periods up tc 30 days, 
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Project  Engineering 

DUN-5966 

The s t a t u s  of approved construction pro jec ts  r e l a t ing  t o  K reactor  f a c i l i t i e s  
i s  summarized i n  Appendix A, 

ENGINEERING AND TECHNOLOGY - FUELS & TARGETS. 

Long-Fuels Program I 

In .June,  2500 of the  10,?5 inches long Model K l l E  cores were ordered f o r  
del ivery i n  August. 
cos t s  a t  National Lead of Ohio (NLO) f o r  t h i s  long core model, AEC-CAO issued 
a Production Order fo r  8,000 cores so NLO could process a t  least four ful l  
s h i f t s  on t-heir cross-transfermatic machine, Preliminary da ta  received from 
NLO indicates  t h a t  warp has not been a major problem as ant ic ipated,  and 
fu ture  orders w i l l  not require  any more machining overstock than i s  normally 
used f o r  t h e  K5AEA universal  care  model. &e ma.jor r e j e c t  category' reported 
so f a r  has been OD to I D  concentr ic i ty  which ran from 5-6% on the  first por- 
t i o n  of t he  campaign but w a s  reduced throigh machine adjustments t o  log% f o r  
t he  l a t t e r  pa r t  of the  campaign, 

I n  order t o  evaluate throughput capab i l i t i e s  and assess  

NLO shipped the  2500 cores requested on August 22, and del ivery a t  Hanford i s  
expected i n  the  first week of September, This w i l l  permit scheduled hot-die- 
s i z ing  i n  mid-September so t h a t  charging, under a reac tor  Production Test ,  may 
be accomplished i n  mid-October, 

The second port ion of t he  long fue l s  program involves a number of Kl lE  cores 
produced ons i te  v i a  bare core extrusion on the 333 Building extrusion press.  
Current plans ind ica te  t h a t  approximately 200 of . these  extruded long cores 
w i l l  be irradia.ted i n  t h e  same reac tor  Production T e s t  authorized f o r  t h e  
long ccres t o  be received from NLO, 
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. 
RESEARCH AND DEVELOPMENT 

Basic Prcduction 

Unbonded End Closure Development 

Thermal cycling tests (beta-heat treatment) of unbonded outer  end closures 
have resu l ted  i n  circumferential  cracking of a s igni f icant  number of t h e  
specimens, The b r i t t l e  weld character w a s  a l so  evidenced by the  impact 
tests where circumferential  cracks propagat.ed i n  the  weld zone. Autoclave 
cycling tes ts ,  as ye t ,  have f a i l e d  t o  show detrimental  propert ies .  The 
mechanism of f a i l u r e  i s  believed t o  be t h e  s t r a i n  cycling o r  fatigue of t h e  
weld st .ructure,  which i s  promoted by the  presence of la rge  alpha grains 
introduced.during thermal cycling t o  beta-heat t r e a t  temperatures. 

Since oxygen and nitrogen subs tan t ia l ly  harden and embri t t le  welded Zircaloy, 
s teps  a re  current ly  being.taken t.0 improve t h e  i n e r t  atmosphere which sur- 
rounds t h e  end closure during welding, 
f o r  impact t .ests t o  insure t h a t  t h e  improved technique i s  capable of producing 
the  qua l i ty  weld desired,  
because t h e  weld microstructure i s  subs tan t ia l ly  modified and therefore  t h i s  

Additional fue ls  w i l l  be fabr icated 

The beta-heat. cycling tests w i l l  be discontinued 

, t e s t  does not represent in-reactor conditions; 

Zircaloy Process Tube Surveillance 

The examina€ion of Zircaloy-2 prccess tube 0758, removed from N Reactor i n  
February at  an average neutrcn exposure of 1-45 x loz1 n/cm2, i s  continuing. 
Tube sect ions from the  ro l l ed  j o i n t  areas i n  contact with t h e  carbon s t e e l  
i n l e t  and ou t l e t  noz.zles were smpled  f o r  hydrogen analyses- 

A t  the  inlet .  nozzle, hydrogen absorption i n  samples from t h e  OD Zircaloy-2 
surface i n  contact wikh the  carbon s t e e l  w a l l  w a s  31 and 33 ppm, with a iralue 
from the e n t i r e  Zircaloy-2 wal l  cross sec t ion  of 38 ppm. 
z l e ,  the  corresponding hydride ccncent.rations were 37 and 39 ppm on specimens 
i n  contact with carbon s t e e l ,  and L2 ppm across t h e  e n t i r e  w a l l  cross sec- 
t i on ,  The values f a l l  within the  range of hydride concentrations reported 
previously for  upstream and downstream out-of-flux locat ions and archive 
samples 

A t  t he  ou t l e t  noz- 

Six specimens fo r  hydrogen analysis  were taken- from the  v i c i n i t y  of a tube 
but t  weld located approximately 550 inches from the  tube i n l e t ,  downstream 
from the  end of the  f u e l  charge, 
area were 26 and 31 ppm- Outside t h e  weld area,  t h e  hydride concentrations 
were h 8  and 49 ppm on one s ide ,  and L6 and 60 ppm on the  opposite side. 
sampling points  outside t h e  weld were lccated approximately 1 inch from t h e  
weld center  l i n e ,  
t h a t  hydrogen migrated from t h e  maximum weld temperazure zone t o  cooler 
locat ions outside the  weld a rea ,  thus cmt r ibu t ing  t o  the  higher hydride 
concentrations there.  

The hydride concentrations within t h e  weld 

The 

The low hydride concentrations within the  w e l d  suggest 
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Zircaloy-2 Corrosion Studies 

Information on in-reactor corrosion r a t e s  of Zircaloy-2.with small amounts of 
surface ac id  s ta in ing  i s  necessary befcre  permitt ing any large-scale, in- 
reactor  exposure of N f u e l  elements with s l i g h t  ac id  staining. 
reactor  measurements ind ica te  acid st.a.ining causes a s l i g h t  amount of accel- 
erated corrcsion (100 t o  200 mg/dm2) after which r a t e s  re turn  t o  normal. 
Arrangements a r e  being made t o  i r radiat .e  acid-stained coupons i n  the  ATR a t .  

Out-of- 

- Idaho F a l l s ,  

In  addi t ion t.0 t h e  ATR t e s t s ,  authorization t o  expose acid-stained coupons 
i n  N Reactor w i l l  be included i n  PT-NR-U~, current ly  being wri t ten.  Flow 
t e s t i n g  of reac tor  coupon holders showed the re  would be l i t t l e  flow d is tur -  
bance by in se r t ing  the  holders i n  a Mark I V  f u e l  column. 

Primary Piping Weld Inspection 

Ultrasonic inspection of the  primary coolant system piping from Cells 4 and 
5 showed +,he piping yelds examined t o  be free of s ign i f icant  flaws. 

Mark 17J High Exposure Tes+,ing 

Lat t ice  calculat ions show tha% each column of Mark I V  i r r ad ia t ed  t o  7500 
MGJP/T exposure would require  t.he r eac t iv i ty  support of two Mark I-A columns. 

N Reactor Base Enrichment Proposal 

The proposal t o  increase the  base enrichment l e v e l  of N Reactor from 0.947 
t o  0,970 percent has been documented as DUN-6176, 
t h a t  t h e  gain i n  operating f l e x i b i l i t y  with t h e  higher base enrichment l e v e l  
can be achieved safely without addi t ional  cost .  

The document concludes 

Fuel Improvement 

Under Production T e s t  gL SUPb, two columns of 125 Metal Mark IV-AA (spike)  
columns were charged t o  determine thermal hydraulic performance r e l a t i v e  t o  
t h a t  of full-length Mark I V  f u e l  columns, 
indicated that. t.he heat and flow s p l i t s  t o  the  subch>nnels of  these spike 
columns are not s ign i f i can t ly  d i f f e ren t  than fcr t h e  base f u e l -  I n  f a c t ,  
t h e  m a x i m u m  imbalance i n  subchannels of t he  spike f u e l  w a s  approximately 
2 percent l e s s  (8 percent f o r  Mark IV-AA versus 1 0  percent f o r  Mark 1V)- 
Thus, t he  Mark IV-AA spike appears t o  be compatible with a Mark N base 
loading 

Thermocouple t r a i n  data  have 

Process Surveil lance Systems Study 

The base case model f o r  t he  surveil lance system fault t r e e  i s  being analyzed 
t o  develop parametric curves of system r e l i a b i l i t y  and a v a i l a b i l i t y  as funci  
t i ons  of mission time, Also, estimat.es of t he  system prime e l e c t r i c a l  power 
requirements have.been completed. 
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Primary Coolant Loop Technical Crit.eria and Bases 

DUN-5954, "Technical Criteria and Eases fo r  t h e  Primary Coolant Loop High 
Pressure In jec t ion  System - N Reactor", was issued- Criteria f o r  sa fe ty ,  
capacity,  and r e l i a b i l i t y  are empha.sized, including allowable response of 
t.he pressurizer  l e v e l  as a function of primary coolant loop outflow. 
ure analysis  of t h e  syst.em has been i n i t i a t e d  t o  determine t h e  r e l i a b i l i t y  
of t h e  system r e l a t i v e  to t h a t  specif ied i n  t h e  safety and r e l i a b i l i t y  
c r i t e r i a .  

Fai l -  

Product Flexibi  1 i ty  

Nothing t o  repor t -  

Environmental. and Regulstory Technology 

Metal-Water Reaction and Fiss ion Product Release Studies 

Two i r r ad ia t ed  Mark I i r a e r  f u e l  element pieces were t e s t e d  t o  determine 
t h e  metal-water reac t ion  rate under conditions simulating those imposed by 
the  gecmetry r e s t r i c t i o n  of t h e  cu ter  fue l  piece and the  adjacent elements 
a t  each end? 
Both f u e l  pieces were heated t o  rupzure temperature i n  approximately three  
minutes, and then held a t  1070 C fo r  57 minutes, 
i a l l y  near i t s  longi tudinal  center.  

A quartz tube was'used t.0 simulate t h e  outer f u e l  piece. I 

Each one ruptured i n i t -  

DUN- 5966 

I n  the  f i rs t  of these t e s t s ,  SNH-7, the  i n i t i a l  rupture occurred a t  10'75 C y  
and an estimated 1 5  percent of the uranium w a s  extruded from t h e  cladding. 
(Pr ior  tes ts  indicated extrusion should be expected at  t h e  t es t  f u e l  expo- 
sures involved-! The uranium f i l l e d  t h e  1/4-inch annulus between t h e  f u e l  
piece and the  quartz t.ube f o r  a length cf about 2-1/2 inches, and f i l l e d  
the  bottom t h i r d  of t h e  annulus for  the  f u l l  length-  
pressure-induced clad ruptures occmred a f t e r  t h e  ' i n i t i a l  rupture w a s  
apparently.sealed,  
extrusion, indicat ing probable bond separation p r i o r  t o  rupture,  The 
cladding w a s  distended about 318-inch i n  diameter a t  some points .  
uranium oxidati.cn w a s  s l i g h t  mmpared t c  t h a t  i n  previous t e s t s  without t he  
geometrical r e s t r i c t i o n s ,  No oxidation w a s  v i s i b l e  on the  uranium surfaces 
i n  ccntact with the  quartz o r  cladding, 

Two addi t ional  

These ruptures were ns+, ascompanied by fur ther  uranium 

The 

In  the  second t e s t ,  SNH-8, t h e  i n i t i a l  rupzure occurred a t  1065 C and an 
estimated 25 t o  30 percent cf  the  uranium was extruded out of t h e  cladding. 
This amount of uranium completely f iLled t h e  l/b-inch annulus f o r  about 
th ree  inches i n  length,  and f i l l e d  t h e  bottom two-thirds of t h e  annulus 
f o r  the full length,  Two addi t ional  pressure ruptures a l so  occurred i n  
t h i s  tes t . ,  but t h e  amount of exposed uranium i n  t h e  secondary ruptures w a s  
about ha l f  t h a t  of t he  SNH-7 tes t  fue l  piece,  
may have been due t o  the  smaller amcunt. of uranium l e f t  i n  the cladding 
a f t e r  t he  i n i t i a l  rupt,ure3 

It appears t h e  difference 

Preliminary analysis  of' t he  metal-wacer reac t icn  data indicates  : 
s ign i f i can t ly  la rger  amount of uranium ext.ruded fmm the cladding i n  t h e  

(1) the  
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SNH-8 tes t ,  over t h a t  i n  the  SNH-7 t e s t ,  produced only a small increase i n  
t h e  exposed uranium surface area, and (2) t h e  secondary cladding ruptures 
probably occurred about 17 minutes a f t e r  t he  heating cycle s t a r t e d  when an 
increase i n  hydrogen evolution rate occurred. 
curve during t h e  remaining 40 minutes suggests a continuing increase i n  
exposed uranium surface area. 

The more l i n e a r  re lease  rate 

Waste Management 

' -. Nothing t o  report .  

ENGINEERING AND TECHNOLCGY - REACTOR 

Short-Term Reduction of N Reactor Coolant pH 

PT-MI-119, which w a s  intended t o  determine the  e f f e c t  of a short-term reduction 
of primary coolant pH on a c t i v i t y  d i s t r ibu t ion  around t h e  N Reactor primary 
system, was run during t h e  12  hours p r i o r  t o  the  N Reactor shutdown on Ju ly  20. 
No s igni f icant  change i n  a c t i v i t y  i n  t h e  system w a s  observedo 
t e s t  was shortened from 24 hours t o  12 hours t o  avoid l a rge  crud bursts .  

The time of t he  

The t e s t  began with a primary coolant pH of 9.g0 
during the  12-hpur t es t  period. The concentration of radioisotopes of concern 
i n  the  coolant increased during the  test Feriod, but not enough t o  give a sig- 
n i f ican t  removal by f eed-and-bleed, 

The pH w a s  dropped t o  7.9 

Front and r ea r  e levator  a c t i v i t y  w a s  not reduced-by the  t e s t ,  
surements i n  t h e  steam generator' c e l l s  were unaffected except f o r  Cell  l, 
where the  a rea  rad ia t ion  readings dropped from 13 mR/hr t o  7 mR/hr, and Cel l  5 
where the  rad ia t ion  readings increased from 6 mR/hr t o  12  mR/hr. 
readings i n  %he pipe ga l le ry  were unchanged, 

Radiation mea- 

Radiation 

The t.est, showed thak pH reduction p r io r  t o  shutdown may remove some a c t i v i t y ,  
but a much longer time than 12 hours i s  needed t o  accomplish s igni f icant  
a c t i v i t y  removal. 

In-Reactor Tube Examinations 

Ten borescopic examinations were performed on seven process tubes,  with th ree  
of t h e  tubes examined both before and a f t e r  t.he through-reactor decontamination 
conducted on July 24- 
f r e t  marks) and ccntained t h e  expected minor scratches due t o  charge-discharge 
operation, The decontamination did not appear t o  completely remove t h e  sur- 
face fi lms, nor was there  any increase i n  nozzle corrosion as a result of 
decontamination. Replicas of t h e  tube-to-nozzle j o i n t s  were made before and 
a f t e r  decontamination t o  fur ther  evaluate t h e  e f f ec t  of t h e  process on cor- 
rosion a t  t h e  Zircaloy-carbon s t e e l  in te r face ,  
ye t  avai lable  

The t.ubes showed normal tube w e a r  (downstream spacer 

Results of t h i s  study are not 
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Emergency Cocling Backup during Modification 
of t he  Emergency Rsw Wat.er System 

DUN-5966 

During phases of t h e  e f f luen t  control  prcgram which involve removal of t he  
h igh- l i f t  d iese l  pumps from service,  an earthquake-resistant backup t o  the  
emergency cooling system is  required t o  provide f o r  t he  contingency of s i m u l -  
taneous loss of A and B buses- Calculat ic ts  determined t h a t ,  after seven days 
i n  a shut-down condition, any of t he  following combinations of fog spray die- 
s e l  pumps a rd  low-lift d i e se l  pumps would supply adequate cooling t o  t h e  reac- 
t o r  through a high pressure f lu sh  l i n e  connected t o  t h e  bottom of the  inlet  risers: 

3 

e Two low-lift  pumps and t w o  fog sprsy pumps 

o One low-lift  pump and two fcg spray pumps 

e Two low-l i f t  pumps and one fog spray pump 

Additionally,  it w a s  ascertained t.hat t he  backup system would be capable of 
reestabl ishing l i qu id  flow i n  t h e  process channels i n  t h e  event of cooling 
interrupt ion su f f i c i en t ly  long t o  i n i t i a t e  boi l ing,  

Additional analysis  w a s  made t o  determine che poten t ia l  effect iveness  of the  
graphite cooling system as a so le  heat sink seven days a f t e r  shutdown. 
Results indicated t h a t  f u e l  located within t h e  graphite cooling system l a t t i c e  
would not reach melting o r  f a i l u r e  temperatures, 
c i f i c  powers of 100 kw/ft and 270 kw/ft would not exceed 750 F and 1150 F, 
respectively.  However, two f u e l  elements a t  each end of a full-length column 
(34,8 f e e t )  of Mark I o r  Mark I V  f u e l  would l i e  beyond t h e  graphi te  cooling 
system l a t t i c e  and therefore  would not receive adequate cooling, 
estimated t h a t ,  with no cooling avai lable  through the  process tubes, t he  end 
pieces would reach or  exceed t.he melting temperature of 1994 F, 
heatup rate would be extremely slow and the melting temperature would not be 
reached u n t i l  approximately 30 hours after loss of cooling, Thus it would 
appear t h a t ,  under the  shutdown ccndit.ions, cooling could be restored p r io r  t o  
re lease  of f i s s i o n  products, 

Fuel a t  pre-shutdown spe- 

It w a s  

However, t he  

Results of +he foregoing s tudies  have been reported i n  documents DUN-6077, 
"Primary Coolant Backup during ERWS Tank Modification", and DUN-5666, 
"Temperature Transients and Degree of Melting f a -  Mark I and Mark IV Reactor 
Loadings 

Project Engineering 

The month-end st.atus of approved construction projects  r e l a t i n g  t o  N Reactor 
f a c i l i t i e s  is summarized< i n  Appendix A. 

ENGINEERING AND TECHNOLOGY - FUELS & TARGETS 

Copper Recovery from Was?.e Ef f lusn t s  

Samples of copper s t r ipp ing  sc lu t ion  have been obtained f o r  use i n  the  copper 
removal s tudies  directed toward establ ishing the  f e a s i b i l i t y  of chemically 
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p la t ing  copper ouz of solution. 
be chemically p la ted  out of copper sulfate solutions by passing the soluticm 
over i ron,  
per precipi ta ted,  with recovery eff ic iency approsching 93%. 

By use of demonstrated processes, copper can 

Norma.lly 1 - 5  t o  2.5 pcunds of i ron are consumed per pound of cop- 

Current experiments have included attempts t o  p rec lp i t a t e  copper out of n i t r i c  
acid solut ions onto i ron,  The pH of copper s t r ipp ing  solut ions w a s  adjusted 
from 0,5 t o  2,5 by making additions of ammonium hydroxide. 
adjusted t o  within t h i s  range, chemical p la t ing  w a s  possible,  Approximately 

i n  the t e s t s  only 22% of the  copper w a s  reclaimed from so lu t ionn  Additional 
t e s t i n g  is  planned to determine methods for  improving the  ef f ic iency  of t h i s  
process. 
because of low cost .  

With the pH - 
' -. 1.7 pounds of i ron  w a s  consumed per  pound of copper precipi ta ted.  Thus far 

The prec ip i ta t ion  methcd does appear promising and i s  a t t r a c t i v e  

Elec t ro ly t ic  Copper Str ipping 

A process is  being developed which i s  aimed a+, removing copper-silicon lubri-  
cants from Zircaloy surfaces by electxolysis ,  
i n  an ac id i f i ed  ccpper sulfate e l ec t ro ly t e ,  using a DC welder a s  a power 
source e 

Early work i s  being conducted 

The system under study is  being used t o  ,st.rip copper-silicon from extruded 
Zircaloy components. The extruded tube i s  positioned v e r t i c a l l y  i n  the elec- 
t r o l y t e  and a c t s  as the  anode. A'copper cathode i s  inser ted  i n t o  the tubular 
anode and another surrounds the OD. 
foot  has been sa t i s f ac to ry  over the  approximate six square feet of anode su r -  
face. The process proceeds a t  about 4 vo l t s  u n t i l  t h e  s t r ipg ing  operation i s  
completed, a t  which t i m e  a rap id  r ise t o  approximately 10 v o l t s  occurs. The 
p la ted  copper i s  i n  a f ine ly  divided or  cement form, making removal from the  
cathcde simple, 
and separated by sedimentation and decantation. 

A current density of 50 amps per square 

The cement ccpper can be washed from t h e  cathode i n  water 

The major problem facing the  process has been the possible  buildup of s i l i c i c  
acid i n  the e l ec t ro ly t e  which may reduce the l i f e  of the solut ion,  and defeat 
the  object ive of lowering the volume of e f f luents  sen t  t o  t h e  s e t t l i n g  pond. 
Results t o  da te  show the solut ions t o  be longer-lived than t h e  n i t r i c  s t r i p  
solutions now employed. One b a k h  of e l ec t ro ly t e  has been used t o  liberate 
1.1 pounds of copper per  gallon compared t c  standard shop p rac t i ce  of 0.6 
pounds of copper per  gal lcn of n i t r i c  solusion. Further use of t h i s  same 
e lec t ro ly te  i s  continuing t o  determine i t s  ultimate l i f e ,  Work i s  now being 
directed tcward character iz ing the  process i n  terms of solut ion composition, 
current density,  and power eff ic iency,  
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IRRADIATION SERVICES 

WITH DELETIONS- 

- 
ROUTINE IRRADIATIONS 

One hundred fifty-five Quickie activation analysis cqsules were irradiated 
in the K reactors .for Battelle-Northwest (BNW) - 
Two BNW cooled tensile specimens were removed frcm the Snout facility sDider 
at KW Reactor. 
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ADMINISTRATION - GENERAL 

REACTOR STANDARDS DEVELOPMENT FOR AEC-DRDT 

Effective August 1, a Reactor Standards Development Subsection w a s  established 
i n  the  Manufacturing Engineering Section, Operations Division, This Subsec- 
t i o n  will develop Maintenance and Testing Standards fo r  t h e  A E C ' s  Division of 
Reactor Development and Technology, A $100,000 "purchase order" w a s  received 
from Oak Ridge National Laboratory, which has ove ra l l  respons ib i l i ty  f o r  t he  
program, t o  fund t h i s  work through t h e  f i s c a l  year,  

This standards program, which w i l l  cover the  design, construction, and main- 
tenance of DRDT's sponsored water-cooled reactors ,  i s  intended t o  insure 
reactor  safety and operat ional  r e l i a b i l i t y  by assuring a high degree of integ- 
r i t y  i n  c r i t i c a l  systems, The Companxls respons ib i l i ty  w i l l  be t o  develop 
ground rules or  c r i t e r i a  on maintenance and operational t e s t i n g  from which 
de ta i led  standards can be developed f o r  spec i f ic  reactors .  Although these 
standards a r e  being designed spec i f i ca l ly  fo r  AEC experimental. and proto- 
typ ica l  water-cooled reac tors ,  it i s  expected t h a t  most of them can be applied 
t o  liquid-metal-cooled reac tors ,  

POLLUTION CONTROL COSTS 

A request t o  supply a l i s t  of Douglas United Nuclear a c t i v i t i e s  and r e l a t ed  
costs  of po l lu t ion  control  e f f o r t s  durfng FY 1969 w a s  received from AEC-RL on 
July 29, 
studying Federal  Agency Pol lut ion Control Programs. The cos ts  provided were 
those associated with waste treatment , ef f luent  sampling, burial  ground dis- 
posal and survei l lance,  and gaseous releases t o  t h e  atmosphere. 

This information w a s  required f o r  t h e  congressional committee 

APPROVAL LETTERS 

A t  t he  end of August, f i n a l  AEC-RL act ion w a s  pending f o r  t h e  following 
requests : 

ATD 
Number Subject 

Date of Transmittal 
t o  AEC-RL 

AP- 39 Pension Plan port ion of l e t te r  January 12, 1966 
e n t i t l e d  "Pension Plan, Salar ied 
Savings Plan and Wage Savings Plan" 

ATD-175 Overhead Charges Applicable t o  Diver- July 30, 1969 
Add, #1 s i f i c a t i o n  Work t o  be Used i n  Deter- 

mining Credits t o  the  AEC 

ATD-180 Lay O f f  f o r  Lack of Work February 24, 1969 
Appendix "B" Modification MO-23 
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YEAR-END ACCOUNTING AND REPORTING 

DUN-5966 

A l l  f i s c a l  year-end f inanc ia l  statements and reports  were submitted t o  t h e  AEC 
i n  accordance with t h e  due dates  set f o r t h  i n  t h e i r  l e t t e r  t o  all contractors.  

AUDIT SCHEDULE - FY 1970 

A schedule of audi t s  t o  be conducted during FY 1970 w a s  prepared and reviewed 
with t h e  AEC-RL Audit Branch., 
including two which t h e  AEC Control ler ' s  c f f i c e  requested a l l  major integrated 
AEC contractors t o  conduct. 

This schedule consis ts  of twenty-six audi t s ,  

RECORDS MANAGEMENT 

A l l  General E lec t r i c  Company records l e f t  on loan with Douglas United Nuclear 
on the  takeover dates of November 1, 1965 and 'July 1, 1967 have been cleared, 
and GE s t a t e d  o f f i c i a l l y  on July 30, 1969, t h a t  t h e  DUN obl igat ions r e l a t i v e  
t o  the  r e tu rn  of these records have been discharged, 

EMPLOYMENT & PUCEIvENT 

Fuels Section Layoff 

Pr incipal ly  because of ompletion of t h  t ho r i a  nning program, 12 Metal 
Handlers i n  the  Fuels Section were given layoff notices early i n  t h e  month. 
Eleven of t h e  1 2  employees were placed i n  other jobs,  e i t h e r  with t h e  Company 
or  with other  Hanford contractors .  
placed on t h e  pro jec t ,  

The remaining employee elected not t o  be 

Employment Summa= 

DUN personnel t o t a l s  and employee al locat ions as of Ju ly  31 and August 31 are  
shown i n  Appendix B. 

SAFETY 

No personnel radiat ion exposures exceeded operat ional  control .  

Month-end safe ty  s t a t i s t i c s  were: 

Disabling i n j u r i e s  - August - Year t o  date 

Days s ince last  disabl ing in jury  

Man-hours s ince last  disabl ing injury 

F-2 
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The disabl ing in jury  occurred t o  a p i p e f i t t e r  i n  100-B Area on August 6. 
maintenance crew had been working f o r  several  days disconnecting water l i n e s  
t o  various service buildings as pa r t  of the area deact ivat ion program. On 
t h e  morning of the accident two p i p e f i t t e r s  and a welder were sen t  to discon- 
nect and cap-off a three-inch f i r e  and san i ta ry  water l i n e  t o  one of the 
buildings. This crew had removed a four-foot sec t ion  of the  l i n e  between the  
i so l a t ion  valve and the  building, As t h e  p i p e f i t t e r  was standing i n  f ront  of 
t he  valve, a iding with caulking of the s tub l i n e  and cap, the valve blew off  
s t r ik ing  him on the  l e f t  l e g  and f rac tur ing  t h e  fibula bone. 
revealed a breakdown i n  communications between the  water-plant and the  main- 
tenance supervisors,  r e su l t i ng  i n  the c r a f t  personnel s t a r t i n g  work on the 
l i n e  before it had been depressurized. 

A 

Invest igat ion 

' .. 
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APPENDIX A I 
PROJECT STATUS SUMMARY - REACTOR FACILITIES 

Single-Pass Reactors 

DCE-505, Boiler Control 410,000 100 
Improvements - 165-KE & KW 

DAP-510, Discharge Chute 220,000 100 
Clearing Equipment - 
K Reactors 

DAP-516, Storage Building 142,000 
Addition, 105-KE & KW 

DAE-518, Effluent Radio- 100,000 
iodine Monitor - KE & KW 
Reactors 

DCP-522, Modification of 163,000 

80 

85 No construction activity this report 
period due to need for craftsmen on higher 
priority work at 100-N .. 

9 2% Installation of the remaining conveyor 
units has been delayed until basic equip- 
ment problems are resolved, 

*Reflects a 4% reduction from the July ezzz3 
Report on the basis of a revised AEC-RL 
construction schedule. tZY3 

[3"""" 

e%% 
eZ5-+%3 

0 Comments have been completed on all but 
the electrical drawings. 

LOO 23 Plant forces continued fabrication of 
mechanical sampling equipment and elec- Fpq tronic instruments. J. A, Jones Co. 
started field work August 20. 

100 100 Completed with exceptions August 20, 



PROJECT STATUS SUMMARY - REACTOR FACILITIES ( contd ) 

Authorized Percent Complete 
Number & Title Funds - $ Design Construction Status 

DAP-526, Deactivation of 38 , 000 0 0 AEC-RL issued Directive No. AEC-324 
Hanford Production August 6 as an interim authorization for  
Reactor C, design and critical procurement, Purchase 

Requisition work sheets have been prepared 
by Vitro/HES for procurement of the 
electric heaters, 

1 Reactor 

GCP-406, Improved Safety 300 000 100 100 
Platforms and Accesses - 
100-N Area . 

100 
? 

GCE-408, W, C & D Elevator 
Safety Improvements - 105-N 90,000 Iu 

GCP-411, Effluent Control 1,830 , 000 100 
Program - 100-N Area 

DCE-519, Replacement of 269 , ooo 
Bridge Crane and Hoist 
System with New Crane Sys- 
tem - 105-N Storage Basin 

.L 

55 

85 

33 

0 

Balance of reactor and Cell 2 platforms 
installed during August outage. Revised 
project proposal sent to AEC-RL on July 21 
requests authorization of additional work 
to be accomplished with remaining funds. 

Beneficial use of C and D elevators was 
obtained August 13. 

Section I tie-ins completed August 18. 
Section I1 182-~ header installation 
started July 28 was completed August 20. 
Diesel tanks were set August 13. 
tion V, Ehnergency Dump Tank, review and 
approval of American Pipe's design infor- 
mation continues, Excavation in progress 
for the foundation, 

Sec- 

Design was resumed August 15 to provide 
procurement specifications to be used as 
a basis for firm estimates for funding 
review. 
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APPENDIX B 

ESIPLOYMENT SW-4RY 
(with employee a l loca t ions)  

CONTRACT PERSONNEL 

02 Programs 

Douglas United Nuclear - 
Assis t ing other Contractors 

Total  - 02 

Other Programs under AEC Contract 

Assis t ing Other Contractors and WPPSS 
Special  I r r ad ia t ions  

Total  - Other Programs 

Tot a1 Contract Personnel 

COMMERCIAL ACTIVITIES PERSONNEL 

TOTAL FORCE 
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71 311 69 

1683 
14 - 

1697 

41 
5 - 
46 
- 
1743 
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81 311 69 

1655 
14 

1669 

44 
5 - 
49 

1718 
- 
16 - 

1734 



I FEATURE REPORT - 

DUN- 546 6 

TRANSURANIUM TARGET ELEMENT FABRICATION 

INTRODUCTION 

Present i n  a l l  discharged reac tor  fue ls  are many poten t ia l ly  exploi table  
materials of i n t e r e s t  i n  a wide spectrum of indus t r i a l  and medical research 
applications.  The recovery and processing of these materials can lead t o  
p rac t i ca l  uses i n  f i e l d s  where t h e i r  unique propert ies  are capable of f i l l i n g  
new demands, o r  i n  f i e l d s  of competition with more conventional approaches. ' 

It i s  becoming increasingly evident t h a t  many future programs, notabiy those 
i n  medicine and space, w i l l  require  both f i s s ion  products and o ther  heavy 
isotopes f o r  use as primary mater ia ls  i n  the  achievement of program goals. 

-. 

The Transuranium P i l o t  Plant operated by Douglas United Nuclear i n  the  300 
Area provides Hanford with t h e  -capabi l i ty  t o  demonstrate t he  fabr ica t ion  of 
t a rge t  elements containing these  highly radiotoxic reactor  materials. This 
summary report  describes t h i s  P i l o t  Plant and the  t a rge t  fabr ica t ion  work per- 
formedtherein t o  date.- It a l s o  notes b r i e f l y  the  fur ther  work planned fo r  
t h i s  f a c i l i t y  and t h e  s tudies  of larger-scale t a rge t  element fabr ica t ion  which 
a re  i n  progress. 

PILOT PLANT FACILITIES 

Building Description 

The general  f l oo r  plan of t he  Transuranium P i l o t  Plant is  shown on Figure 1, 
appended. The building (3708) i s  a concrete block s t ruc ture  with access v i a  
an air lock.  
a progressively more negative pressure within the  f a c i l i t y ,  with a i r  drawn 
from the  outs ide through t h e  o f f i c e  and locker room t o  t h e  work area (poten- 
t i a l l y  contaminated zone), and f i n a l l y  exhausted back t o  t h e  ztmosphere a f t e r  
passing through one of two banks of absolute f i l t e r s  i n s t a l l e d  i n  pa ra l l e l .  
A i r  a t  t he  exhaust s tack,  as w e l l  as a i r  i n  the  work area,  i s  continuously 
monitored f o r  airborne contamination and to ensure t h a t  adequate a i r  flow 
through t h e  f a c i l i t y  i s  maintained. 

To prevent contamination escape, t he  ven t i l a t ion  system maintains 

Two independent. c r i t i c a l i t y  alarm monitoring systems are s i tua t ed  i n  t h e  work 
a rea  t o  de tec t  t he  presence of any high-level radiat ion.  
equipment i s  connected t o  the  300 Area cen t r a l  f i r e  alarm system. 
t h e  c r i t i c a l i t y  hazard and t.he spread of contamination, t he re  i s  no spr inkler  
system i n  t h e  building. 

F i r e  detect ion 
To minimize 

Hood and Glovebox Equipment 

The f a c i l i t i e s  f o r  cast.ing meta l l ic  cores a r e  housed i n  a glovebox designed 
spec i f i ca l ly  f o r  t he  melting, alloying, and cast ing of transuranium t a rge t  
materials.  This hood contains a 25-pound aluminum capacity induction-heated 
t i l t -pour  furnace and two resistance-heated pot furnaces, Ceramic t a r g e t  
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forming i s  done i n  a glovebox which contains a 60-ton 'double-acting hydraulic 
press ,  a vacuum furnace, a b a l l  m i l l ,  a balance, and a drying oven. To prevent 
enclosure failure due t o  excessive temperatures, both hoods are equipped with 
r e f r ige ra t ion  units, 

The t a rge t  f i n i sh ing  f a c i l i t i e s  consis t  of a machining hoGd with a l a t h e ,  a 
glovebox houslng t h e  tungsten-inert gas welder, and an open-face hood su i t ab le  
for  t h e  handling of material with l i t t l e  po ten t i a l  f o r  gross spreading of 
r ad ioac t iv i ty  

Other equipment includes a weld inspection booth, a helium leak  detector  t o  
measure weld closure i n t e g r i t y ,  and s i z ing  equipment t o  compress the  cladding 
t i g h t l y  onto t h e  core f o r  increased hea%.transfer .  
are of course provided as needed- 

Proper too l ing  and gauging 

Since highly radioact ive materials are handled i n  these  fac i l i t i es ,  t he  pro- 
cessing systems a r e  adequately shielded t o  prevent excessive personnel exposure 
t o  rad ia t ion  

OPERATICNAL CONTROLS & QUALITY ASSURANCE 

Administrative and physical  controls  are imposed on all work performed i n  the  
Transuranium P i l o t  Plant  t o  pro tec t  personnel against  rad ia t ion ,  contamination, 
and c r i t i c a l i t y  hazards, Administrative controls  are out l ined i n  various 
manuals and work procedures, and individuals  are required t o  l ea rn  these  pro- 
cedures and t o  comply with them when working i n  t h e  f a c i l i t y .  The physical 
controls  a r e  imposed t o  prevent, %he mishandling of any f i s s i l e  o r  radioact ive 
mater ia ls  during processing. 
individual  receives  t r a in ing  t o  o r i en t  him with t h e  applicable controls  and 
operating proceduwes, I n d u s t r i a l  safety standards are adhered t o  where . 

applicable. 

P r io r  t o  being assigned i n  t h e  P i l o t  P lan t ,  each 

Qual i ty  of t h e  f in i shed  elements i s  assured by s t r i c t  adherence t o  the  DUN 
Qual i ty  Assurance Plan i n  general ,  and more spec i f i ca l ly  t o  t h e  Fuels Sect ion.  
Qual i ty  Control Program- 
campaign, fu r the r  process cont ro l  and inspection and t e s t  procedures are 
designed and documented t.0 assure  t h a t  t he  fabr ica ted  elements w i l l  meet 
specif icat ions.  I 

Pr ior  t o  the  i n i t i a t i o n  of each t a r g e t  fabr ica t ion  

DEMONSTRATED TARGET FABRICATION PROCESSES 

Process Flowsheets & Unit Opera-kions 

Figures 2 and 3, appended, char t  t he  sequence of processing s teps  used i n  the  
Transuranium P i l o t  Plant for  t h e  fabr ica t ion  of meta l l ic  and ceramic t a r g e t  
element.s, respect ively.  Fabrication experience s ince work i n  t h i s  P i l o t  Plant  
was i n i t i a t e d  ( Ju ly  1968) i s  summarized below, 
a t ions  a re  shown i n  appended Figures 4 thrcugh 11, 

Photographs of key uni t  oper- 
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Metallic Targets 

Plutonium-Aldnum ALloy 

I n  mid-1968, 300 Pu-A1 t a rge t  

DUN-5966 

1 emen+, were prepared f o r  charging i n t o  KE 
Reactcr (under PTA-150) as p a r t  of t he  pr3grs.m f o r  "deep-burning" plutonium. 

The Pu-Al cores fer these elements were made by Battelle-Northwest, using 
about 6% by weight plutcnium metal added t o  molten aluminum and held a t  
temperature t o  achieve a homogeneous.allGy., The a l loy  w a s  then  cas t  i n t o  
graphite molds having dimensions near thrJse of t h e  f i n a l  core. 
cooling, t h e  cores were machined t.0 t.he f i n a l  desired geometry, placed i n  

Plant 

After 

b i r d  cage" shipping containers , and t ransfer red  t o  t h e  Transuranium P i l o t  11 

There the  machined cores were cleaned i n  perchloroethylene and inser ted  i n t o  
aluminim cans,, The can weld zone w a s  decontaminated by swabbing with &-tips 
dampened w i t h  alcohol,  an end-cap was positioned on she cores and t h e  assem- 
b ly  was evacuated, backf i l led  with helium and closure welded, 
were then helium l eak . t e s t ed ,  hydrostat ical ly  s ized  ( @  1500 p s i ) ,  and 
radiographed t o  ensure a weld c l ssure  of high int .egrity,  

The t a r g e t s  

Neptunium-Aluminum Alloy 

I n  April  1969, twelve Np-Al t a r g e t s  were fabricated i n  t h e  Transuranium. 
P i l o t  Plant f o r  i r r ad ia t ion  (under PTA-163) i n  t h e  medical grade Pu-238 
demonstration program. To produce these elements, Np02 w a s  reduced and 
alloyed with excess aluminum in .  t h e  presence of c ryo l i t e  (Na3UF6) t o  dis- 
solve t h e  formed Al.203. The r e su l t an t  Np-A1 a l loy  w a s  c a s t  i n t o  ingots 
which were analyzed, remelted t o  adjvrst t h e  a l loy  composition, and then cas t  
i n t o  preheated graphi te  molds t o  obtain the  desired tubular  core geometry. 
The cores were machined t o  f i n a l  dimensions,' t.hen clad i n  aluminum compo- 
nents by t h e  same method used for  t h e  so l id  Pu-A1 a l loy  t a r g e t s  (except t h a t  
an aluminum rod was put i n t o  t h e  core I D  of t h e  Np-A1 t a r g e t s  t o  prevent 
t h e i r  chat ter ing i n  t h e  reac tor  process tube) ,  

Exposure r a t e s  enccuntered during t h i s  fabr icat ion var ied from 1 R/hr at 
contact for 600 grams of Np02, t o  13 &!hr f o r  a s ingle  Np-A1 core a t  16 
inches ,, 

Cermet and Ceramic Targets 

Am0 p-Alumi num 

I n  early 1969, 150 grams ( 1 2 , t a r g e t s )  of americium oxide were received from 
t h e  Lawrence Radiation Laboratory i n  t h e  form of capsules with an Am02- 
aluminum cermet core hot-pressed i n t o  an aluminum a l loy  cladding. This 
mater ia l  w8s obtained for  i r r ad ia t ion  (under PTA-171) as an a l t e rna te  route 
f o r  the  production of "clean" PU-238. 

In  March these capsules w e r e  fu r the r  c lad i n  aluminum c a s  of K reactor  ele- 
ment geometry i n  the  Transuranium P i lo t  Plant ,  Due t o  the  extremely high 

H- 3 



DUN- 5 96 6 

rad ia t ion  l eve l s  encountered (up t o  70 R/hr a t  contac t ) ,  spec ia l  three-inch 
th ick  l ead  g lass  w a s  csed t o  minimize personnel exposure, 

Np0 2-Gr aph i t e 

I n  June 1969, eighteen t a r g e t  elements containing Np02 dispersed i n  a graph- 
i t e  matrix were fabricated f o r  i r r ad ia t ion  (a l so  under PTA-163) as pa r t  of 
t he  medical grade PU-238 program. 
avoid t h e  PU-236 formed in t h e  Pu-238 by t h e  ( g m a , n )  reac t ion  with alumi- 
num i n  t h e  Np-A1 a l loy ,  

These c e r m i c  elements were prepared by thi! blending of Np02 and graphi te  
powders followed by pressing intG wafers, heating t o  outgas and anneal t h e  
wafers, and then assembling i n t o  cans. 
welded and inspected f o r  i n t eg r i ty ,  Six of t h e  t a rge t s  were clad i n  alumi- 
num al loy cans and twelve were clad i n  Zircaloy cans- Exposure r a t e s  were 
comparable t o  those encountered i n  fabr ica t ing  the  meta l l ic  Np-A1 t a r g e t  
elements .. 

The purpose of using graphi te  w a s  t o  

The cap end closures were then 

FUTURE PROGRAMS 

In  continuation of the  program f o r  demonstrating t h e  production of medical 
grade fi-238 at Hanford, arrangements hat-e been made with AEC-RL f o r  t h e  
procurement of 1000 grams of‘ Np02 t o  be used i n  t h e  fu r the r  t e s t i n g  of various 
t a rge t  design concepts. 
the  NpOZ-graphite element failures experienced i n  KW R e d c t G r  l as t  month. 
addition t o  the  fur ther  work Gn t h a t  design concept, elements based on two 
other core geometries w i l l  be fabr icated i n  t h e  P i l o t  Plant: (1) a t h i n  
annulus of Np02 nea.f the  outer  surface of t he  graphi te  core,  and (2)  long 
t.hin tubes of NpO2 placed i n  a d r i l l e d  s o l i d  graphi te  coreo Materials and 
components f o r  these elements are being procur-ed. 

Included w i l l  be-zn invest igat ion i n t o  t h e  cause of 
I n  
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Figure 1. Transuranium Pilot Plant - Floor Plan (Bldg. 3708) 
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Figure 2. Process Flow Sheet - Metallic Target Elements 
(Shows Np-A1 alloying ) 



' I  

Mix  - 
B I end - 

c7 

P r e s s  - 

I n s e r t  . Decontaminate  Bagging 
Cap Mouth o f  Can - 

a 3 

R e p r e s s  

f3 

I n s e r t  
W a f e r s  
i n  Cans 

@I38 
W a f e r s  

Survey 

Evacuate  and 

Weld I n s p e c t i o n  H e l i u m  l e a k  T e s t  

H e a t  

W 0 QQ/-.-.--@ J 
'* 

F i n a l  I n s p e c t i o n  
We I d 'Rad i oe r a o h 

Magneform S i z e  H e l i u m  Leak T e s t  

Figure 3. Process Flow Sheet - Ceramic or Cermet Target Elements 
(Shows Np02 and graphite being mixed) 
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Figure 4. Pouring Alloy from Furnace 
i n t o  Casting Crucible 

Figure 5 .  Casting Alloy from Crucible 
i n t o  Graphite Mold 
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Figure 8. Inser t ing  Basket of Vafers 
i n t o  Vacuur?. Furnace 

Figure 9. Inser t ing  Wafers i n t o  Can 

E-F 
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Figure 10. Placing Cap i n  Can 
(Upright cores being d r i ed  af ter  cleaning) 

Figure 11. I n e r t  Gas Welding of Czp End Closure 
(Shield ra i sed  t o  shGv welder head) 
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