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I 
L E G A L  N O T I C E  

I This report was prepared a s  an account of Government sponsored work. Neither the 
United States, nor the Commission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or  representation, express o r  implied, with respect to the 
accuracy, completeness, or usefulness of the information contained in this report, or that 
the use of any information, apparatus, method, o r  process disclosed in this report may 
not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages resulting from 
the use of any information, apparatus, method, or process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" includes any em- 
ployee or  contractor of the Commission to the extent that such employee or contractor 
prepares, handles or distributes, or provides access to, any information pursuant to his 
employment or contract with the Commission. 

This report has been reproduced directly from the best available copy. 

Printed in USA. Price 60 cents. Available from the Office of Technical Serv- 
ices, Department of Commerce, Washington 25, D. C. 

AEC, Oak Ridge, TemL 
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1.0 Introduction 

In April, 1956, the Schenectady Operations Office of the A.E.C. 
requested Internuclear Company to conduct studies, for the Army 
Reactors Branch, of reactors for the irradiation of food. The 
studies involved the selection of the most promising reactor 
type for the large scale production of gamma radiation for the 
food irradiation program of the Quartermaster Corps and a pre- 
liminary design of the system selected to the point where the 
major problems foreseen in the design, construction, and opera- 
tion of the reactor-radiator complex could be ascertained. 
The following two reports covering the above work were sub- 
mitted to the A.E.C. on July 1, 1956. 

INTERNUC 2 - Selection of a Food Irradiation Reactor Type 
INTERNUC 3 - Preliminary Design Study of a Food Irradia- 

tion Reactor 

On July 30, 1956, the Schenectady Operations Office further 
requested Internuclear Company to prepare and submit to the 
A.E.C. on or before August 31, 1956 a cost estimate of the 
design and construction of the reactor and food irradiation 
facility, basing the estimate primarily on the design proposed 
in INTERNUC 3. 

This report is the fulfillment of the above request. 



2.CL Summary 

A cost estimate summary, with a breakdown into the major cate- 
gories, is given below. The summary is a condensation of the 
overall cost estimate given in Section 4.0. 

. . ,Cost Estimate Summary . 
. . 

A .  Construction (includes materials, equipment, 
fabrication, and installation) $ 1,733,000 

B. Labor and weather allowance (10% of A )  174,000 

C. Technical services (includes engineering 
and nuclear design, drawings, specifica- 
tions, etc.) 225,000 

D . Research and Development 415,000 

E. Operating manual 25,000 

F. Hazards Summary Report 25,000 

G. Performance tests (including auxiliary 
equipment necessary for tests) 

Sub-Total $ 2,748,000 

Contingency (15s) , . . . .412,000 

Total $ 3,160,000 



3.0 Bases f o r  Cost Estimate 

The c o s t  e s t ima te  ou t l ined  i n  Sec t lon  4 .0  inc ludes  c o s t  of a l l  
l a b o r ,  equipment, and m a t e r i a l s  involved i n  the  design and con- 
s t r u c t i o n ,  the  r e sea rch  and development, and t h e  t e s t  ope ra t ion  
of t h e  FIR. 

I n  g e n e r a l ,  the  c o s t  e s t ima te  is based on t h e  r e a c t o r  concept 
proposed i n  INTERNUC 3 and the  Scope of Work (as enclosed i n  
proposal  i n v i t a t i o n s )  covering t h e  des ign ,  development, con- 
s t r u c t i o n ,  and test opera t ion  of the  FIR. However, t h e  c o s t  
e s t ima te  i s  based on a more thorough cons idera t ion  of t h e  o v e r a l l  
p l a n t  requirements than is  evidenced i n  the  prel iminary s tudy  
r e p o r t  (INTERNUC 3 ) .  I n  t h i s  regard ,  prel iminary bu i ld ing  l a y -  
o u t s  t o  show more completely t h e  e x t e n t  of space and s t r u c t u r e  
r equ i red  f o r  the  indium system equipment, c o n t r o l  room, o f f i c e s ,  
h e a l t h  physics  room, e l e c t r i c a l  switchgear ,  hea t ing  and ven t i -  
l a t i n g  equipment, and o t h e r  equipment and func t ions  d i r e c t l y  
a s s o c i a t e d  with opera t ion  of t h e  FIR, were prepared. These 
l ayou t s ,  which a r e  shown by F igures  A ,  B, C ,  and D of Appendix 
A ,  served as a d d i t i o n a l  bases  f o r  t h e  c o s t  e s t ima te .  

Wherever poss ib le ,  es t imated c o s t s  were obtained from commercial 
vendors f o r  items which w i l l  be s o  suppl ied .  I n  t h e  absence of 
such information and f o r  eva lua t ing  t h e  many non-commercial 
components, d i sc r imina t ing  comparison was made with o t h e r  
known r e a c t o r  p l a n t  c o s t s  and experience d a t a .  

I n  compiling t h e  c o s t  f i g u r e s  a contingency f a c t o r  is  included 
t o  a l low f o r  inaccurac ies  normally expected i n  e s t ima t ing  work. 
Allowance f o r  contingency i n  t h i s  case is based upon t h e  degree 
of completion of des igns  and is taken as approximately 15 per-  
c e n t  of es t imated  c o s t .  It is not intended t h a t  the  cont in-  
gency be s u f f i c i e n t  t~ cover work beyond t h e  scope of t h e  present  
concept ion .  

To account f o r  l abor  s c a l e s  and p r o d u c t i v i t y  i n  var ious l o c a t i o n s  
of t h e  country and a l s o  t o  al low f o r  c l i m a t i c  condi t ions ,  a 
value of 10 percent  of t h e  cons t ruc t ion ,  f a b r i c a t i o n ,  and 
i n s t a l l a t i o n  c o s t  is  included.  This  l abor  and weather allowance 
may be high o r  low s i n c e  it depends s t r o n g l y  on s i t e  l o c a t i o n .  

I n  a d d i t i o n  t o  t h e  above, c o s t s  of t h e  fol lowing a r e  a l s o  
included: t e c h n i c a l  s e r v i c e s ,  r e sea rch  and development, ope ra t -  
i n g  manual, hazards summary r e p o r t ,  and performance t e s t s .  

Technical  s e r v i c e s  cover des ign ,  drawings, s p e c i f i c a t i o n s ,  l i a i s o n ,  



as well as nuclear calculations directly related to the design 
(not research and development) work. 

The costs for the research and development program were taken 
directly from INTERNUC 5, "~esearch a.nd Development for the Food 
Irradiation Reactor", a report recently submitted to the A.E.C. 
These costs cover both the theoretical and experimental work 
involved in the research and development. 

Included in the performance test are: 1) specific tests of 
individual items, components and systems, 2,) a 100 hour 
minimum non-critical test run, 3) a low and high power per- 
formance test, and 4) a 360 hour performance test, as outlined 
in the Scope of Work. In addition to the work as outlined 
in the Scope of Work, it appears to be desirable to obtain 
information on the following during the performance tests: 

a. neutron flux distributions in the reactor 

b. shielding survey of reactor-radiator system 

c. statistical weights in the reactor core 

d. reactivity effects of empty and water filled 
blanket 

h An allowance for the above, as well as similar tests, has been 
included in the cost of the 'low and high power test'. The 
cost of this particular test phase is therefore relatively 
high. Included in the costs for all performance teats are 
allowances for proper reporting of the information obtained, 
as well as the cost of test equipment.such as dummy fuel 
elements, auxiliary heaters for the primary coolant,.and mis- 
cellaneous test hardware. 



4.0 Cost Estimate 

A .  Construction, Fabrication, 
' and Installation 

1. ' Reactor' Assembly 

Reactor tank $ 8,000 
Reactor internal assembly- 8,000 
Fuel elements (one 

loading.) 24,000 
Control rods " 3,000 
Control- mechanisms 27,000 
Blanket tank ' 4,000 
Thermal shield 8,000 

2. Reactor EauiDment 

Fuel coffin 
Fuel storage rack 
Misc. handling tools 
Fuel cut-off saw 
Shield pool tank 

3. Reactor and Radiator 
Building Structure 

Reactor building en-- 
closure 

Concrete (~arytes 
and common) 

Masonry and roofing 
Floor plugs 
Structural steei 
Insulation 

4. Reactor and Radiator 
Building Equipment 

Cranes (20 ton, 5 ton, 
and utility) 38,000 

Service elevator 10,000 
Heating and ventilating 10,000 
Plumbing and domestic 
water and steam 9,000 

Electric outlet service 10,000 
Compressed air system 6,000 
Communications equipment 3,000 



Demineralizer and Pump 
Building 

Nuclear Instrumentation 
and Controls 

LO. 

Instruments and indi- 
cators $55,000 

Control panels 8,000 
Fission chamber drives 7,000 

Indium Loop Instrumentation 
and Controls 

Instruments and Indi- 
cators 56,000 

Graphic pane 1 7,000 

Process Water Instruments 
and Controls 

Instruments and indica- 
tors 59,000 

Pane la 5,000 

Electrical Distribution 
System 

Transformers 22,000 
Switchgear 26,000 
Regulated power supply. 12,000 

Indium Loop Equipment 

Vessels 
Indium sulfate 
Pumps 
Valves 
Pipe 
Pipe fittings 
Condensers 
Misc . equipment 
Ref rigeration and 
heating units 

Lead shielding for 
pumps, etc. 

Waste storage tank 
containment 

63, ooo 

60, ooo 

123,000 
40,000 
.6,000 
33,000 
52, coo 
17,000 
12,000 
4,000' 



Cubicle l i n e r s  $ lg,ooo 
Remote sampling and 

a n a l y t i c a l  f a c i l i t i e s  50,000 
Retent ion bas in  and 

equipment 21,000 
Radiators  42,000 

11. Primary Reactor Cooling 
C i r c u i t  

Heat exchangers 57,000 
Pipe and valves 15,000 
Pumps 13,000 
Pressur i ze r  and 

h e a t e r s  3,000 
P u r i f i c a t i o n  equipment 10,000 

12.  Auxi l ia ry  Cooling 
C i r c u i t  

J 

Heat exchanger 
Pipe and valves 
Pump6 

13. Secondary Cooling 
C i r c u i t  

Water cool ing towers 24,000 
Pumps 14,000 
Pipe and f i t t i n g s  10,000 
Sof tene r  10,000 
Chemical feed  equipment 1,000 

1 4 .  Deionized Water Supply 20,000 

Storage tank 
Deionizers  

Sub T o t a l  A l l  Items Under '81 

B. Labor and Weather Allowance 10% 

C . Technical Serv ices  



D. Research and Development 

1. Nuclear Characteristics 

2. Indium System 

3. Gamma Radiators 

4. Reactor Components 

E. ODeratinn Manual 

F. Hazards Summary Report 

G. Performance Test (incl. auxiliary 
equipment for tests) 

1, Site and Structure 

2. System Components 

3. System Integrity 

4. Non Critical Test Run 

5. Low and High Power Test 

6. 360 Hr. Performance Test 

7. Test Equipment 

Dummy elements 
External heat source 
Misc. tools and. parts 

Sub Total 

Contingency 15% 

Total Estimated Cost 





Figure B 

Scale: 1/411 = .  11-0" 

Reactor and Radiator Building - Vertical Section 
J 





Horizontal Section 
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