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' DISCLAIMER

This is a historical document that is being releasedfor public availability. This
was made from the best available copy. Neither the United StatesGovernment
nor any agency thereof, nor Battelle Memorial Institute, nor any of their
employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulnessof any
information, apparatus, product, or process disclosed,or representsthat itsuse
would not infringe privately owned rights. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United SLates
Government or any agency thereof.
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NPR IESIGN BAS_
111 ........

INTRODUCTION

The design basis is composed of requirements and conditions for the flexionof the

reactor plant (composed of the reactor and heat dissipation ss_tem). Zt_ i_./,_:nt

is to insure that the final product meets the economic, safety, and tec;'_'_ica!
0

objectives of the project.

_he design basis is dependent on the ground rules, objectives, tecin_icalc_.'!tc:_'h::.,

an_ practical design considerations. This document is being issued _ith th_ un_cr-

standing that these items are not yet firmly established in all rospect_j and

therefore, the numbers put down here are subject to change•

Consideration of the spectrum of probable changes that might be _adc ie_,d_,to ti_o

conclusion that the numbers here are close to the final ones and are _atisfactovy

as a basis for the-inltlal stages of design. Some numbers are omitted because of

insufficient data at this time.

GROUND RULES AND OBJECTIVES
q -- _ ,, , , , ,

Ground Rules
, iiiiii,i

• 1. Initial operation: 4000/O (1)

2. Initial cost: $145 x 106

3. Second phase operation: bOO0/300

h. Ability of reactor to accommodate and demonstrate operation of po_cr reactor

fuel elements. OECLASS JFJEO
-(I) bOO0 MW is the ultimate operating goal. Its attainment _:illdepend cn r;.v_:-

lopment work, particularly in the fuel element field. T_,:;:':'_: no c_n'%_,h;ty
that the reactor can be operated at 4000 MR with the start-up fuel clcmonb.



- - _',,-___JT _-b

5• Length of ti_ operated at hO00/O: 3 years

6. Length of time operated at _000/300: 7 y_ars

7 Disposition of plant upon completion of 4000/300 operation: Scil a_ a po J

producer to a power ocmpany such as a _ which will operate it for 15 yua_,u.

8. Financing scheme:

A. Government financing for the first i0 years.

B• PUD type financing for the remaining 15 years with an effecti,_ 2-1/2

percent interest chsrged on the total capital investment for 15 yoars and

8.3 percent tax on gross power output•

, Objectives

i. Minimum cost of conversion between initial and final operation within the

above ground rules.
i

2. Minlmmm plutonium cost during the first 10 years of operation. (2)

TEC_NI_L CRITEKI&
- ,, ,,

The technical criteria is composed of (I) information regardil_g_'__n,_ proper'tios of

materials and the limitations of material under reactor plant opera'bLu3 con,_,Lbion_

(i.e._ in-reactor creep strength of Zr-2); and (2) me thods of predicting phys ic_l

phenomena where no known method has been satisfactorily developed (i.e._ c_cu_aozon

of flux distribution within the reactor). Wherever applicable, the data in

reference 1 has been used as the technical criteria.

' , ,, i

(2) Under some circumstances, objectives I and 2 are conflictinz. T]_:' dcc!:'icn
as to which one will take precedent over the other will be dofcrred until
more is known about how conflicting they are.

OEI L, SSlFIED



l.o _sicn Bas_

Fnase I Phasc I! p:,-,.:?::_,F:::I
1.01 _erating Conditions ______ J, -

1-Power level _ 4000 4000 2hO0

" 2-Approx. Net Elec. Power
Generation _ 0 300 700

\ o
3-Primary Loop Water Temp. F

a-Bulk O_tlet 540 540 573
#

b-Inlet 380 360 505

c-m_ o_tmet 556 556 5_o

4-Flow Rate ib.hr. 74.5xi06 74.5x106 96"3::106

5-Pressures psig

•5oor5o 1_h5/5oa-Front riser 1500#50 " '

b-Rear riser 1425/50 1425/50 -, 'o_/_ul am
,In

6-Orificing Efficiency % 90 90 90

' V-Flattening Efficiency % 75 75 75

1.02 Fuel Element - Initial Load
u , , ,m,

1-Type* 7-element cluster

2-Naterial Era-ichedU _tal, Zr-2 clad

3-Fuel Diameter in. .664

• 4-Clad Thickness in. .020

@ 4000 F_ © _:lOOI.;,'_

5-Maximum U Temperature OF I170

6-Bulk Average U Temp. OF

7-Deslgn Exposure FAqD/T 2000 2000

8-Pile Load T 332.1 332.1

9-Enrichment

a-Initial 0.823 0.$32

b-Final 0.606 0.

_s per',Ref.2, this limits power level to about 3500 MW.

,i ,i in " II If



@ 4000 MW (_; 2J_,,,.,'u.-,',_

lO-Production Kg/T 1.4_ ......_'.:.'

1.03 Process Tube

l-_terla_ Zr-2

" 2-1nside Diameter in. 2.70

3-Wall Thickness in. 0.25
#

4-Max_ Temperature OF 675-825

5-Average Temp. of MPT OF

6-Bulk Average Temp. oF

7-Total Number 1004

8-Energy Generation % (5) 0.5

1.04 Moderator

1-Materlal Graphite

2-Purity, Reflector AGOTC_ Equiv.
GBF or Equiv.

.03
3-Density of Material _/cc 1.65 / .02

4-Effecrive Moderator
Density _/cc 1.29

5-Dimensions Over-all ft-in.
• ( om.tnal)

o

", a-Length 38'-7-1/2"

\ b-Width 33i-2"

c-Height 30'-3"

6-_eflector Thickness in.(3)(2)

a-_ront and Rear 21-1/2

b-Sides 49-i/2

c-Top and Bottom 49-1/2

[IECL,SSIFIEO
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7-Temperature F

a-Maximum hot spot 2050-2330

b-Ave. Temp. of Minx.Temp.
Cell 9"X 16") 160o-50

c-Temp, seen by Control Rod ll00-1200

d-Flux Squared Ave. Stack Temp.

8-Er_,rg_Generation % of total(5) 5
I

9-No. of Lattice Units

a_To%al (6) 1004

b-ln Horizontal Direction 34

c-lh Vertical Direction 32

d-Missing from Each Corner 21

(6)
lO-Lattice Spacing in.

a-In Horizontal Direction* 8

b-In Vertical Direction 9

1.05 Primary Shielding Front & Rear Sidez & To_

i-Material

- "_.._ o,.1.r "
a-Thermal Ol Boron Ste_: _uJ._d Lo_-t_r

b-Biological Cement-iron H_drou_-iron Cohereto
Concrete concreto

2TThickness

a-Thermal in. 8 i h

b-Biological in. 40

3-Energy Generation

a-Thermal (7) Btu/ft2-hr 915 1230 ,. __[_SlFIEDb-Biological

The original 7-inch spacing has been increased to allow steam escapo pa_,_
in the moderator in the event of a tube rupture.



Front & Rear _._'_,:."& Top Sct_:,,:'_,

h-MaxlmumTemperatures

a-Therm_l
@

b-Biological

: 5_Average Temperatures

a-Thermal
I

b-Biological

_4.06 Hor izon,,__ Contro ! _ Sa_et_ SyH_.em
.... . •

. 1-Type Rods Entering From T_;oSides

2-Control _terial LiAI, 10% nat.Li %nd BhC'\
0

-Effective Rod Diameter (2.55" x .25" thick) and (2.200 n_,_lool:L'_)
Dia. of Boron

h,Rod Spacing 27" x 40" maximu;a

5,Rod Number 76

• 6-Maximum Rod Temperature

?-Maximum Energy Gen. in Rod

8-Active Rod Length 26 ft.
/

9-1nsertion Time Capabilities 1.6 sec. Full_ l.h sec_ 3/h _ay

lO-Rod Strength 5.9 percent Z_k
• .

1.07 Vertical Safety System
6.

1-Type Ball

2-Material Stainless Steelj 1-1/2% Boron

3-Channel Diameter h in, diameter

h-Number of Channels 68 •

' i]ECLSSIFIE[I'_ 40"5-Spacing 32" X max.

6-Drop Tim_ _ 1-1/2 sec. for first balls to hit bo ito,_

?-Ball Strength 6.2% _ k
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J

1.D8 Primary Coolant

l-Deslgn Pressure(8) 1825 psig or 903 _'tt''-- L .Ln_ ...... "" < " " "i'-: ,

, (_Jhicheveris lo'_;_t)
o.

" 2-Normal Water Activity see Reference I0

- _ 3-Maximnm Operating Activity See Reference I0

_4_Reactor Pressure Drop Figure i attaclusd
Flow Characteristics

5-Heat Transfer to Coolant Figure 2 attached
During Scram

6-Water Quality Requirements See Reference ii

1,09 pile. Atmosphere

1-Type of Gas Helium

2-Flow Rates, cfm 400

oF(11) 2L, ",."3-Temperature, _000 MW ,,,• _am_immm.m_mmm

a-Inlet 80 e_u_

b-0_tlet 800 77i

i.I0 Major Instrumentation Requirements

1.Allowable inlet coolant water temperature / 5
variation in steady state operation - OF. -!0

2-Allowable flow variation during steady oper.-% - 5

3-Allowable tube power level variation during
steady operation - % /10

4_Allowable pile power level variation during
steady operation- % i"

5-Process tube instrumentation requirements F._>_:r_l-:
O--j,/)._.._,-_,-:..-.:_.

Cu'_].c_act ivit_.

6-Bulk inlet water instrumentation F]o:_........_,,,:,

Tc._:S..z"atuvc4

Y-2
7-System pressure - % '.

OECLASSIFIEO
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t

8-Nuclear

a-/_ange,nlcm21sec. 102 " 1013

b-Accuracy- %

! 2O
" (I) Start-up r

!

(2) Operating _. 5
t

c-Response

,(1).Period trips 2 p_ric.:i_

(2) Start-up level trip i-2 _e.;o

(3) Operating trip I/4 scc.

d-_rlps Required

(i) Start-up range Period & Level
\

(2) Approach to upper range _a_ & Level

(3) Operating range Level

9-Moderator

a-Temperature _.
O

(I)Range, C 10-12o0

(2) Time response, rain. 1

(3) Accuracy, Oc _ i0

b=Atmosphere

(I) Thermal Conductivity

Range -

Accuracy - % _ 10
ml

Time response - min. 1

(2) 02 and H20 Concentratio_

Range - % 0-2.5

Accuracy - % _ i0

OECL,SSIFIED
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