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PRELIMINARY DESIGN AND HAZARDS REPORT 
BOILING REACTOR EXPERIMENT V (BORAX V) 

I. INTRODUCTION 

In 1957 the idea for another boiling water reac tor in the BORAX 
s e r i e s was conceived by personnel of both the Idaho Division and Reactor 
Engineer ing Division of Argonne National Labora tory . In 1958 the Labo­
r a to ry proposed that an ex t remely flexible boiling reac tor exper imenta l 
facility, called BORAX V, be const ructed and operated as a modification of 
and addition to the exist ing BORAX plant at the National Reactor Testing 
Station, Idaho. 

The p r i m a r y objectives of the proposed BORAX V p rog ram a re to 
tes t nuclear superheat ing concepts , and to advance the a r t of boiling water 
r eac to r design by performing exper iments which will improve the under ­
standing of factors l imit ing the stabil i ty of boiling r e a c t o r s at high power 
dens i t i e s . 

In evaluating the haza rds a s soc ia ted with the operat ion of BORAX V, 
one should keep in mind that the remote location at the National Reactor 
Test ing Station and the hal f -mi le d is tance between control building and r e a c ­
tor were chosen so that the safety aspec t s of nuclear superhea ter operat ion 
and the excurs ion c h a r a c t e r i s t i c s of boiling r eac to r s could be safely 
invest igated. 

This r epo r t is p r e l i m i n a r y . At the t ime of writ ing, the s tatus of the 
BORAX V project is that the design of the r eac to r buildings and plant, done 
in col laborat ion with the a rch i t ec t - eng inee r has been completed and con­
s t ruct ion has jus t s ta r ted; however, the mechanical design of the fuel and 
co res is sti l l tenta t ive . In pa r t i cu la r , the core physics and that par t of the 
heat engineering and hazard evaluation dependent upon it a r e incomple te . It 
is expected that the usual haza rds s u m m a r y repor t , submitted p r io r to r e a c ­
tor operat ion, will contain a f i rm design and a thorough hazards evaluation. 



IL SUMMARY 

Some of the plant uti l ized in the previous BORAX exper iments is in­
corpora ted in the BORAX V sys tem, but the reac tor and i ts building, as well 
as the control building, located y mile f rom the r eac to r , a re new. A cutaway 
view of the BORAX V facility is shown in F ig . 1. 

The r eac to r vesse l is a cylinder with ell ipsoidal heads , made of c a r ­
bon s tee l clad internal ly with s ta in less s tee l . The inside d iameter is 5 j-f t 
and the internal height is 16 ft. The core will be cen te red about 4 ft from the 
bottom. The top port ion of the vesse l will be used as a s team dome. Control 
rods win be driven f rom below the ve s se l . 

BORAX V has been designed as an ex t remely flexible sys tem. At 
p resen t there a re plans to provide th ree separa te core configurations: a 
boiling core with a cent ra l ly located superhea te r ; a boiling core with a pe r iph­
era l ly located superhea te r ; and a boiling core without superhea te r . In all 
cases it will be possible to operate with e i ther na tura l or forced circulat ion 
of water through the co re . The water s e rves as the modera to r in both the 
boiling and superhea te r regions of the core andas coolant in the boiling region. 
The superhea te r is cooled by s t eam. 

Each of the three cores is 24 in. high and has an effective d iamete r of 
39 in. when containing the maximum of 60 four - inch- square fuel a s sembl i e s 
a r r anged in an 8 x 8 - a r r a y with the co rne r a s semb l i e s miss ing . The cen t ra l 
superheat core will contain 12 fuel a s sembl i e s in the cen t ra l posit ion, while 
the pe r iphera l superheat core will contain 16 fuel a s s e m b l i e s , 4 in the middle 
of each outer row. Each square cell of 4 a s semb l i e s is sur rounded by adja­
cent con t ro l - rod channels . Exper imen t s will be run with the full complement 
of 60 fuel a s sembl i e s as well as with reduced nunabers. The BORAX V reac-» 
tor with a cent ra l superhea te r is shown in Fig , 2. 

The reference design boiling fuel a s sembl i e s a re composed of indi­
vidual removable fuel rods (the number of rods per a ssembly may vary from 
0 to 100) made from UO2 of low enr ichment with 0.015 in. . Type 304 s ta in less 
steel cladding. The outside d iamete r of the rods is 0.260 in. Three different 
enr ichments a r e planned: a nominal enr ichment , twice nominal , and four 
t imes nominal . The degree of enr ichment has not been finally de te rmined , but 
is on the o rde r of 5%, 

The re fe rence design superhea te r fuel a s sembly is made up of 5 p la te -
type e lements with intervening water gaps. Each e lement is contained in a 
s ta in less s teel tube which mainta ins a s tat ic s team-f i l led insulat ing gap b e ­
tween the elenaent and the mode ra to r water outside the channel. Each e l e ­
ment contains 5 fuel plates separa ted by four 0.045-in, coolant channels . The 
fuel plates contain a 0,01 0- in.- thick, highly enr iched UO2 s ta in less steel c e r ­
met mea t within a 0.01 0-in. s ta in less steel cladding. The two outside plates 
in each e lement contain only half as much UO2 as the th ree inside p la tes , since 
they a re cooled only on one sur face . 
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Fig. 1 
BORAX V Reactor Faci l i ty 
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Water flows up through the boiling core and the r i s e r above the core 
by ei ther forced or na tura l c i rcula t ion. The s team formed in the core con­
tinues up into the s team space while the water flows down through the annu­
lar downcomer a r ea between the core and the reac tor ve s se l . Feedwater 
introduced at the top of the downcomer subcools the rec i rcula t ing water and 
helps to i nc rease the natura l c i rculat ion r a t e . For the boiling core case, the 
s t eam leaves the p r e s s u r e vesse l through a 6-in. s team line. For the case of 
the superheat ing cores the s team from the s team dome enters the inlets to 
the superheat fuel a s s e m b l i e s , makes one pass down through half the super ­
heat a s s e m b l i e s , mixes in the lower plenums, and makes a second pass up 
through the remainder of the superheat a s s e m b l i e s . It then leaves the p r e s ­
sure ves se l through flexible tubing and the superhea ted-s team outlet nozz les . 
Because BORAX V is using the tu rb ine -genera to r -condense r sys tem from the 
preceding BORAX plants , the 600-psig s t eam must be reduced in p r e s s u r e 
and t e m p e r a t u r e before enter ing the turb ine . 

Nine control rods , dr iven from below, a r e made of Alcoa X-8001 
a luminum-clad Bora l . The dr ive mechan i sms a r e those former ly used on 
EBWR, modified for use in BORAX V so that the maximum ra te of addition 
of react iv i ty is l imited to 0 .05%/sec . Any one of 15 s c r a m signals causes 
the rods to be inse r ted by the p r e s s u r e within the reac tor vesse l , augmented 
by spr ings and gravity, to produce a reduction in react ivi ty of at leas t 80% of 
the total rod worth in 0.2 sec . An additional emergency method of react ivi ty 
control is provided by a boron-addi t ion sys tem which introduces a boric acid 
solution into the reac tor ve s se l as a r e s e r v e emergency shutdown mechan i sm. 

BORAX V p o s s e s s e s the inherent safety common to all boiling water 
r e a c t o r s . The additional voids formed in the modera to r in the event of an 
excurs ion cause a d e c r e a s e in power^ though the actual void coefficient of 
react iv i ty depends on the core configuration employed. 

The g rea t e s t depar tu re in design from the previous BORAX reac to r s 
is found in the superheat region. In effect this introduces a gas-cooled zone 
into the no rma l al l -boil ing core and p resen t s problems common to such 
r e a c t o r s , e.g., decay heat removal and effect of flooding the gas p a s s a g e s . 
The decay hea t - r emova l p rob lem is solved by designing the superheat fuel 
e lement so that it can be radiat ion-cooled a short t ime after the reac tor 
shuts down. In fact, the r eac to r can opera te at 3.5 Mw with no steain flow, 
yet the fuel e lements do not mel t . An a l t e rna te sys tem of shutdown cooling 
by flooding the superhea te r is a lso provided. Numerous safety inter locks 
a r e provided to prevent accidental flooding of the superheater during opera ­
tion, but, if this does happen, the max imum ra te of react ivi ty addition is 
only 0 .25%/sec. 

The maximum accident is postulated as a cold water accident which 
would occur if the forced-convect ion sys tem begins to operate while the 
r eac to r is just c r i t i ca l at design t empe ra tu r e and the water in the forced-
convection piping sys tem is at room t e m p e r a t u r e . In such a case , cold 



w a t e r would e n t e r the c o r e and c a u s e a r e a c t i v i t y i n c r e a s e of 6% i n - j s e c , or 
a r a t e of i n c r e a s e of 2 1 % / s e c . T h i s n u m b e r can be c o m p a r e d to the 2 0 % / s e c 
r e a c t i v i t y i n s e r t i o n which c a u s e d t h e d e s t r u c t i o n of BORAX I. Unde r t h e s e 
cond i t i ons i t i s p o s s i b l e t h a t the r e a c t o r would be d e s t r o y e d . E l a b o r a t e 
sa fe ty s y s t e m s have b e e n d e s i g n e d to i n s u r e t h a t s u c h an a c c i d e n t d o e s not 
o c c u r . 

In the even t a r a d i o a c t i v e c loud i s r e l e a s e d a f t e r e x t e n d e d 2 0 - M w 
o p e r a t i o n , t he 3 0 0 - r e x c l u s i o n r a d i u s i s l e s s t h a n one -ha l f m i l e , the d i s ­
t a n c e to the c o n t r o l bu i ld ing , e x c e p t u n d e r e x t r e m e l y p e s s i m i s t i c cond i t ions 
of i n v e r s i o n with low wind s p e e d . 

Tab le I s u m m a r i z e s the p e r t i n e n t d e s i g n c h a r a c t e r i s t i c s of BORAX V. 

T a b l e I 

DESIGN C H A R A C T E R I S T I C S O F BORAX V 

A . R e a c t o r D e s c r i p t i o n 

1, C o r e s 

T y p e s : C e n t r a l S u p e r h e a t e r , P e r i p h e r a l S u p e r h e a t e r , Bo i l i ng , 

G e o m e t r y : (F l ex ib l e ) R igh t P s e u d o c y l i n d e r s ; S q u a r e , R e c t a n ­
g u l a r , and O c t a g o n a l P r i s m s , e t c . 

M a t e r i a l : C o r e S t r u c t u r e and C o n t r o l Rod A l c o a X - 8 0 0 1 
S h r o u d s A l - N i Al loy 

M a t e r i a l : M o d e r a t o r and R e f l e c t o r H2O 
Coo lan t H2O and S t e a m 

A c t i v e C o r e Height , i n . 24 
M a x i m u m E q u i v a l e n t C y l i n d r i c a l D ia .me te r , in , 39 
M a x i m u m N u m b e r of F u e l A s s e m b l i e s 60 
A p p r o x i m a t e F u e l L o a d i n g s (60 A s s e m b l i e s ) 

C o r e With C e n t r a l S u p e r h e a t e r 
U " ^ kg 41 
U"®, kg 645 

Bo i l ing C o r e 
U " ^ kg 35 
U^^®, kg 817 

M i n i m u m HgO R e f l e c t o r , in . 
A x i a l 6 
R a d i a l 11 



Table I (cont) 

2. Boiling Fuel Assembly 

Dimensions: Square X-8001 Al Tube, in. 

Composition, 100-Rod Assembly, 
(Based on 4 x 4- in . cell) , Vol, % 

UO2 
Stainless Steel 
Al 
Balance available for H2O 

3. Boiling Fuel Rods 

Fuel Mater ia l 

UO2 Rod Diameter , in. 
Cladding Mater ia l 
Cladding Thickness , nominal , in. 
Fuel Rod, OD, nominal, in. 

3 | by 3 | OD by 
ji Wall 

26,0 
7,1 
5,8 
61,1 

Par t ia l ly 
enriched UO2 
0,230 
Type 304 SS 
0.015 
0,260 

4. Superheat Fuel Assembly 

Dimensions, nominal , in. 
Number of E lements per Assembly 
Number of P la tes per Element 

Fully Loaded P la te s 
Half-loaded P la tes 

Meat Dimension, in. 

3.875 X 3.665 
5 
5 
3 
2 
24x3.415x0,010 

Meat Composit ion 

Cladding Mater ia l 
Cladding Thickness , in. 
Distance between P la t e s , in. 
Composition, Central Superheater Assembly: 

(Based on a 4 x 4-in, Cell), Vol, % 
Type 304 SS St ruc ture 
Meat (UO2 + SS) 
Static and Flowing Steam 
Balance Available for H2O 

Cermet , highly 
enriched UO2 in 
Type 304 SS 
Matrix 
Type 304 SS 
0,010 
0.045 

21 
5.5 
28 
45.5 



Table I (cont) 

^' Heat Transfe r and Flow Charac te r i s t i c s 

Reactor Reference Design Power 
(Core with Centra l Superheater ) , kw 35,700 

Boiling Region, kw 29,600 
Superheater , kw 6,100 

Steam Flow, Ib /hr 88,800 
Steam Conditions Leaving Reactor , 

(Superheated), °F 850 
psig 540 

Average Power Density - Boiling Region 
(Based on Region Vol.) k w / l l69 

Average Power Density - Superheater 
(Based on Region Vol.), k w / l 144 

Power Ratios Assumed, Peak to Average: 
Axial - Ent i re Core 1.3 
Radial - Boiling Region 1.3 
Local - Boiling Region 1.15 
Radial - Superheater 1.2 

Engineer ing Hot Channel F a c t o r s , Superheater : 
Enthalpy Rise Fac to r 1.3 
F i l m Temiperature Drop Fac to r 1.3 

Heat Flux, BTu/hr - f t^ : 
Boiling Region, max 300,000 

av 154,000 
Superheater , max 108,000 

av 75,700 
Temp. , Reference Superheat Fuel Element , 

Center , (max) °F 1115 
Temp. , Reference Superheat Fuel Element , 

Surface (max) °F 1100 
Temp, , Reference Boiling Fuel Rod 

Center l ine , (max) °F 2000 
Temp. , Reference Boiling Fuel Rod 

Surface, (max) °F 515 
P r e s s u r e Drop through Superheater Core , psi : 

1st P a s s 17.9 
2nd P a s s 22.6 

6. Control Rods 

Cruciform. Blades , in. 14 x 14 x | thick 
"T" Blades , in. 14 x 7 x | thick 
Poison Mater ia l Boral 
Poison Length, in. 24 



Table I (cont) 

29 
24 
X-8001 Al 
Bottom of 
Reactor Vessel 

5 
4 

-^18 

Stroke, in.: 
Boiling Core 
Superheat Core 

Mater ia l , Cladding and Fol lower 
Control Rod Drive Location 

Number of Control Rods: 
Cruci form 
"T"-shaped 

Total Worth, %Ak/k 

7. Coiitrol Rod Drives 

Type: EBWR with Linear Seal, Lead Screw, and Magnetic Latch 

Sc ram Time, Effective Stroke, sec 0.2 

Max. Rate of React ivi ty Insert ion, %/sec 0,05 

8. Reac tor Vesse l 

Diameter , Inside, in. 66 
Height, Inside, ft 16 
Total Wall Thickness , in. Z^ 
Cladding Thickness , in. i5 
Vesse l Mater ia l ASTM-A-212-B, 

Fine Grain Steel 
Cladding Mate r ia l Type 304 SS 
Operat ing P r e s s u r e , psig 600 
Design P r e s s u r e , psig 700 
Design Tempera tu re , °F 650 
Neutron Shield Mate r ia l (Top Head Only) 1% boron-SS 

Neutron Shield Thickness , in. 1 

Pe r fo rmance 

1. Reactor 
Nominal Ful l Power , Thermal Mw 20 
Maximumi Plant Capacity, Thermal Mw 40 
Average Thermal Neutron Flux, 

40 Mw, n / cm^- sec 5 x l O " 
Operat ing P r e s s u r e Range, psig 0-600 



Table I (cont) 

2. Steam System 

Operating P r e s s u r e Range, psig 100-600 
Maximum Steam Tempera tu re , Saturated, °F 489 
Maximum Steam Tempera tures Superheated, °F 850 
Turbogenera tor System Capacity at 350 psi and 

4 in. Hg, Absolute 
Input Power , Thermal , Mw 20 
Steam Flow, Saturated, Ib /h r 60,000 

Atmospher ic Vent Capacity 
Power , Thermal , Mw 20 
Steam Flow, Ib /h r 60,000 

Turbogenera to r -condense r Plus Atmospher ic 
Vent Capacity 

Power , Thermal , Mw 40 
Steam Flow, Ib /h r 120,000 

E lec t r i ca l Generat ing Capacity, Mw 3.5 

3. Feedwate r System 

Number of Feed Pumps ' 2 
Pump Capacity, each, gpm 150 
Pump Head, psig 700 
Maximum Feedwater Flow, gpm 300 
Feedwater T e m p e r a t u r e , nominal, °F 100 

4. Forced-convect ion System 

Operating P r e s s u r e , psig 600 
Water T e m p e r a t u r e , °F 489 
Pump Capacity, at 14 ft of Water NPSH, gpm 10,000 
Pump Head, ft of Water 193 

Mate r ia l Type 304 SS 

5. Reactor Ion-exchange System 

Maximum Tempera tu re at Column Inlet, °F 120 
Maximum System P r e s s u r e , psig 60 
Maximum Flow Rate , gpm 20 

6. Makeup Water Deminera l i ze r System 
Capacity, gpm 70 



III. DESCRIPTION OF BORAX V FACILITY 

A. Reactor Faci l i ty 

1. Genera l F e a t u r e s of Reac tor 

The BORAX V reac to r sys tem is designed with the objective of 
obtaining an ex t remely flexible exper imenta l facility at a minimum cost . 

The r eac to r vesse l is also designed for exper imental flexibility. 
The nine control rod dr ives a re mounted on nozzles in the bottom head in 
o rder to leave the top of the vesse l free for easy access and changing of 
exper iments and fuel. The four forced-convection inlet nozzles in the bot­
tom head and two outlet nozzles in the vesse l shell a r e so located that any 
core can be tes ted with ei ther na tura l or forced convection by removing or 
install ing the por table forced-convect ion baffle inside the vesse l . A spare 
wa te r -p rehea t l ine, the main s a t u r a t e d - s t e a m outlet, four exper imental 
s team outlets also used for removal of superheated s team, two in s t rumen­
tation out le ts , wa te r - l eve l taps , poison-inject ion nozzle and feedwater inlet 
a r e also located in the vesse l shel l . The vesse l top head has five nozzles 
for fuel-handling operat ions on boiling fuel a s sembl i e s , th ree ins t rumenta ­
tion nozz les , and three o s c i l l a t o r - r o d - d r i v e nozzles . 

Removable feedwater spa rge r r ings a r e located ei ther at the 
top of the boiling core shroud or at the top of chimneys 5 ft above the 
core . Feedwater may also be injected into the forced-convection sys tem. 

The in tegral nuclear superheat ing approach consisting of a 
two-zone boiling and superheating core has been selected for testing in 
BORAX V, r a the r than the two- reac to r approach, because it is felt that 
in smal l r e a c t o r s the in tegra l superhea te r shows the most economic 
p r o m i s e . However, provis ions have been made in the design of the r e a c ­
tor shield for a second set of ins t rumentat ion holes and shield-cooling 
coils adjacent to the top of the r eac to r ve s se l for possible future tes ts of 
the nuclear superheating concept which embodies two cores within a 
single r eac to r ves se l . In this concept a conventional boiling core con­
trol led by dr ives through the bottom of the reac tor vesse l would furnish 
sa tura ted s team to a superheating core in the upper p a r t of the vesse l , 
which is in turn controlled by dr ives mounted on the top head. 

Three separa te core s t ruc tu re s will be provided: one for a 
pure boiling co re , one for a boiling core with an in tegra l cent ra l supe r ­
hea te r zone, and one for a boiling core with an in tegral per iphera l super ­
heat zone. These core s t ruc tu re s will be readi ly replaceable after removal 
of fuel and control rods . No bolting is requ i red to hold a core s t ruc ture 
in the r e a c t o r v e s s e l . The s t ruc tu re r e s t s on pads on the bottom head of 
the r eac to r ve s se l and is held down by gussets inside the removable top 



head of the vesse l . The core s t r uc tu r e s will be withdrawn from the ves se l 
as a unit by means of the building c rane and s tored in the d ry - s to r age pit. 
The crane has a r emote control station which can be shielded during these 
operat ions . 

Boiling fuel a s sembl i e s a r e interchangeable between al l th ree 
core s t r u c t u r e s . In the boiling core the number of fuel a s sembl i e s may 
be var ied to change core d iamete r . For high-velocity, forced-convection 
t e s t s a min imum number of a s sembl i e s may be used. The number of fuel 
rods per boiling fuel a s sembly may be va r i ed and boiling fuel rods of 
th ree different enr ichments a r e avai lable . Longer cores may be tes ted 
by inser t ing longer fuel a s semb l i e s and control rods . 

Provis ions have been made in the s team sys tem design for 
handling the exit s t eam from two in-pi le loops which may be used for t e s t ­
ing a l t e rna te or advanced superheat fuel a s sembl i e s with independent 
cooling sys t ems . The in-pi le loops m a y b e used with either superheating 
or boiling co res . 

Each of the boiling and superheat cores has 5 cruci form and 
4 "T^'-shaped control rods . These rods a r e made of Boral and have 
an aluminumi follower. P a r t i a l independent control of superheater zone 
power is achieved with the control rods located in the superheat zone. 

Four major r easons governed the choice of the 600-psig opera t ­
ing p r e s s u r e : 

1. Operation of 600 psig is considered adequate for a l l the 
exper iments anticipated,. 

2. With equipment designed for higher p r e s s u r e s , exper imenta l 
flexibility is inhibited by the increased difficulty of rapid 
fuel and exper imenta l changes, 

3. At p r e s s u r e s higher than 600 psig, the costs of p r e s s u r e 
ve s se l s , piping, and other ha rdware inc rease rapidly, 

4. Six hundred-psig sa tu ra ted-wate r conditions a r e considered 
the upper l imit of use for X-8001 aluminum, which is p r o ­
posed for some core components and possible future boiling-
fuel cladding m a t e r i a l . 

2. Boiling Core Design - Mechanical 

a. Boiling Fuel Assembly 

The boiling fuel a s sembly , as shown in Fig, 3 is designed 
to pe rmi t a var iab le loading of from 0 to 100 removable rods . The boiling 
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fuel a s sembly box i s made up of a bottom cy l ind r i ca l - to - squa re - t r ans i t ion 
fitting and a 3 .875- in , - square tube, made of Al X-8001. Inside the a lumi­
num tube a r e r ive ted an upper grid, 4 in. deep, and a lower grid, -— in, deep, 
of Type 304 s ta in less s teel . A fuel rod inse r ted through a hole in the upper 
gr id is guided through the corresponding hole in the lower grid. The fuel 
rod is then pushed down to compres s the rod spring and turned 90° to latch 
it in place and hold the rod in tension between the two gr ids , 

A replaceable , exper imenta l orifice plate is provided in the 
lower end-fitting of the boiling fuel assembly . Holes a r e located in the 
upper end of the square tube above the fuel rods to rece ive the boiling-fuel-
a s sembly g rapp le r . Burnable poison may be instal led in the form of s t r ips 
spot-welded to the side of the assembly , or by means of replaceable boron 
rods . 

b. Boiling Fuel Rod 

The boiling fuel rod, as shown in Fig. 4, contains par t ia l ly 
enriched UOg, 24 in, long, of about 91% theore t ica l density, in the form of 
cyl indrical rods or pel lets of 0.230-in, d iamete r . The UO2 is clad by a 
tube of Type 304 s ta in less s tee l with a 0.015-in. wall th ickness . The s ta in­
less s teel tube is ei ther drawn or swaged down on the UO2 to give a min i ­
mum c learance , and then the s ta in less s teel end-fittings a r e welded on in 
a hel ium atnaosphere. The lower end-fitting contains a latching pin. A 
fission gas-expansion space, which contains a tubular spacer to prevent 
the col lapse of the cladding wall under r eac to r p r e s s u r e , is provided be ­
tween the top of the UO2 and the upper end-fitting. On the upper end-fitting 
is the compress ion spring and washer , and a specia l head for receiving 
the fuel rod manipula tor . 

c. Core St ruc ture - Boiling 

F igure 5 shows a plan view of the boiling core s t ruc tu re . 
The core s t ruc tu re provides for a jnaximum of 60 fuel a s sembl i e s , grouped 
in cel ls of 4 or 3 a s sembl i e s by the cont ro l - rod-guide shroud. The shroud 
is made of ^ - i n , - t h i c k , X-8001 aluminum, 63 in, high, and is joined by 
X-8001 aluminum ver t i ca l stanchions to form ^ in,-wide channels for five 
14 X 14-in. c ruc i form control rods and four 14 x 7-in. "T"-shaped control 
rods . Tubes a r e at tached to the outside of the shroud to hold the antimony-
beryl l ium neutron source , a rotat ing oscil lating rod, and s tar tup counters . 
The shroud is bolted to, and the fuel a s sembl i e s r e s t on ,a 4~- in . - th ick 
core support plate of Type 304 s ta in less s teel . 

F igure 6 shows an elevation of the boiling core s t ruc tu re . 
The co re - suppor t plate has 8 s ta in less s teel , tubular legs which a r e guided 
by t apered dowels and supported by pads on the bottom head of the r eac to r 
ves se l . To these legs is fastened a diffuser ring which is designed to d is t r ib 
ute the water from the 4 inlet nozzles under forced-convection operation. 
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Fig. 4 

Boiling Fuel Rod - BORAX V 



Fig. 5 

Section A-A 

Boiling Core Structure - BORAX V 

The core support plate and aluminum shroud s t ruc ture is held down 
against a maximum upward hydraulic load of about 28,000 lb by 8 s ta inless 
steel , tubular s t ru t s terminat ing at the top m a s ta in less steel ring flange. 
The ring flange in turn is held down through a 54 ^ - i n . - d i a m e t e r Belleville 
spring by 6 gusse ts welded to the upper head of the r eac to r ves se l . The 
Belleville spring deflects to allow for variat ion m lengths, and differential 
expansion between the s ta inless s tee l core s t ruc ture and the carbon steel 
r eac to r vesse l . The top of the core s t ruc ture is also centered by the hold-
down gusse t s . 

Each cell of 4 boiling fuel a s sembl ies is held down and 
centered by a 7— x 7|- - i n , - squa re hold-down box, which in turn is held down 
by latches bolted to the top of the shroud. These latches may be operated 
from the top by a long-handled socket wrench. Additional r i s e r height for 
na tura l circulat ion is provided by 7— - m , - s q u a r e s ta in less s teel chimneys 
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which pilot into the hold-down boxes and a r e held in place by their own 
weight. The cel ls containing th ree a s sembl ie s have hold-down boxes and 
chimneys shaped to fit inside the cell . 

For forced-convection tes t s a conical, s ta inless s teel 
baffle is instal led after removing the reac tor vesse l upper head, the core 
s t ruc ture ring flange with Belleville spring, and the feedwater sparger . 
The forced-convection baffle sea ts on a machined ring in the lower head 
of the reac tor ve s se l and seals against the top chamfered edge of the core 
support plate by means of a tubular me ta l gasket. The baffle is clamped 
in place by the core s t ruc tu re ring flange through 8 s ta in less steel, tubular 
s t ru ts and a ring flange of i ts own. When installing or removing the forced-
convection baffle, the lower core s t ruc ture remains in place. Also, for 
forced-convection t e s t s , orifice plates must be instal led in the shroud at 
the top of each cont ro l - rod channel to regulate the amount of water bypassed 
for cont ro l - rod cooling. The hydraulic force a c r o s s the forced-convection 
baffle will exert an additional 20,000-lb maximutn load on the Belleville 
spring, making a total possible load of about 48,000 lb. 

A special , low-headroom lifting fixture which engages 
lifting pads on the top ring flange of the core s t ruc ture pe rmi t s handling of 
the core s t ruc tu re as a unit by means of the building crane . 

d. Exper imenta l Components 

In addition to boiling fuel a s sembl ie s and fuel rods , the 
following core components a r e used for cer ta in exper iments : 

(l) Dummy fuel a s sembl ie s made of X-8001 aluminum 
a r e used to plug off unused fuel-assembly holes in 
the core support plate when testing smal l cores with 
forced convection. 

(Z) Void rods , made of empty, water- t ight X-8001 a lumi­
num tubing of the same outside dimensions as a 
no rma l fuel rod, and water rods which a r e void rods 
perforated to allow water filling, a r e used to de termine 
void coefficients. Water rods may also be used to r e ­
place fuel rods in par t ia l ly loaded boiling fuel a s s e m ­
blies to prevent flow bypass. 

(3) Boron rods composed of boron-s ta in less s teel have the 
same dimensions as fuel rods and may be used to adjust 
power distr ibution, as burnable poison, or to adjust 
react ivi ty . 



3. Superheat Core Design - Mechanical 

a. Superheat Fuel Assembly 

The re fe rence design for the superheat fuel assembly is 
shown in Fig. 7. The Model 2 a s sembly consis ts of five flat-plate fuel 
e lements , with light water modera to r between and outside them, joined 
into double-wall , s t a t i c - s t eam- insu la t ed inlet and outlet plenums and 
tubing. Near the top of each a s sembly is a hold-down spring and flange 
and near the bottom is a sea l flange. 

The f lat-plate fuel element, Model 2, is a rigid, Nic ro -
brazed a s sembly of 5 fuel p la tes , 2 grooved side plates , and space r s . The 
fuel element is enclosed by a rec tangula r , Type 304 s ta inless s tee l tube 
which forms a s t a t i c - s t eam- insu la t ing annulus to reduce loss of heat from 
the superheated s team to the mode ra to r . It is seal-welded to the insulating 
tube at the top only to allow downward expansion. A Model-2 fuel plate i s 
0.030 in. thick and has a sandwich construct ion with a 0,010-in.-thick mea t 
of highly enr iched UOj d i spersed in a s ta in less s teel m a t r i x and a 0.010-in.-
thick cladding of Type 304 s ta in less s teel . Spacing between plates is 
0,045 in. The two outside fuel plates a r e loaded only half as much as the 
inner th ree , because they a r e cooled on one side only. 

The design of the re fe rence superheat fuel a s sembly fea­
tu re s good radiat ion-cool ing under shutdown conditions and smal l flux 
depress ion a c r o s s the fuel element . Fue l -p la te spacing is maintained by 
-~~in.-diameter space r s which a r e so placed as to minimize deflections 
caused by t h e r m a l s t r e s s e s , hydraulic loads, and the two-pass , p r e s s u r e -
drop load t r ansmi t t ed through the insulating tube. Burnable poison s t r ips 
may be spot-welded to the outside of the insulating tubes. 

An a l te rna te design of a wa te r -modera ted , f lat-plate 
superheat fuel assembly , Model 1, is shown in Fig. 8. It consists of four 
square e lements , each containing 18 fuel p la tes , with s ta t ic - s team- insu la t ing 
tubes surrounded by water mode ra to r . This design has approximately the 
same homogenized composit ion as Model 2. It might have a lower fabr ica­
tion cost, but suffers from a g rea t e r flux depress ion a c r o s s a fuel element 
and has poor radiat ion-cooling c h a r a c t e r i s t i c s . 

Other a l t e rna te superheating fuel -assembly designs which 
have been studied a r e : 

(1) a 150-rod unmodera ted a s sembly using UOj s ta inless 
s t ee l -c lad rods ; 

(2) a 150-rod so l id -modera ted assembly using u ran ium-
zi rconium hydride clad in s ta inless steel; and 
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Two-Pass Superheat Fuel Assembly-Model Z - BORAX V 
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(3) var ious wa te r -mode ra t ed designs using concentr ic 
fuel tubes made of UOg-stainless s teel ce rmet clad 
in s ta inless s teel . 

These designs were not used either because they had poor 
power-dis t r ibut ion cha rac t e r i s t i c s or would requ i re appreciable develop­
ment t ime and effort not available in this p rog ram. 

b. Core St ruc ture - Cent ra l Superheat Zone 

The core s t ruc tu re for the cen t ra l superheat zone is shown 
in F igs . Z, 9? and 10. Provis ion is made for locating IZ superheat fuel 
a s sembl i e s in the center of the core surrounding the cen t ra l control rod. 
The r ema inde r of the fue l -assembly locations a r e filled with boiling fuel 
a s s e m b l i e s . 

A superheat core s t ruc tu re has the same basic design as 
the s t ruc tu re for the boiling core . It has a s imi la r , though shorter., X-8001 
aluminum shroud with boiling fuel a s sembly hold-down la tches , a s ta in less 
s teel co re - suppor t plate., a s imi la r leg and s t rut arrangemient, and is 
s imi la r ly held down by means of the r eac to r ve s se l top head and Belleville 
spring. However^ the core - suppor t plates for superheat cores have addi­
tional holes dr i l led in them around the superheat fuel a s sembly locations 
for c i rcula t ion of modera to r water through these a s sembl i e s . These holes 
a r e sized for na tura l c i rculat ion. When forced convection is used, orifice 
bushings re ta ined by the bottom sea ling-flange on the superheat fuel 
a s sembly a r e instal led to prevent bypassing an excess ive amount of water . 
The same removable forced-convection baffle may be used on any of the 
boiling or superheat core s t r u c t u r e s . 

There a r e two para l l e l s team-flow patternSj in each of 
which the sa tura ted s team from the r eac to r ve s se l s team dome enters 
the top of the superheat fuel assembly . On the f i rs t pass s team flows 
down through th ree fuel assemblies^ through the co re - suppor t plate into 
a double-walled s t a t i c - s t eam- insu la t ed plenum chamber and a U-pipe 
a r rangement which p a s s e s beneath the center control rod follower. On 
the second pass s team flows up through th ree fuel a s sembl i e s and r i s e r s , 
which a r e coupled with t empera tu re -compensa t ing couplings., into a 
manifold sys tem made of flexible, s ta in less s tee l tubing and double-wall 
pipes and thence through the s team outlets located below the reac to r 
ve s se l main flange. 

Welded to the bottom of the two U-pipes beneath the c o r e -
support plate is a superhea ter drain and flood manifold sys tem which 
leaves the r eac to r v e s s e l via piping through one of the forced-convection 
sys tem inlet nozz les . The 2~in. downcomer pipe for this sys t em has a 
coupling which mus t be disconnected during a core s t r u c t u r e - r e m o v a l 
operat ion because of the l imited c rane lift height above the reac tor building 
floor slab. 
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A guide gr id bolted to the top ring flange on the superheat 
core s t ruc ture locates the upper end of the superheating fuel assembl ies 
until the hold-down plate, which r e s t s on the superheat fuel-assembly hold-
down spr ings , is placed over them. This plate is held down through the 
Belleville spring by the reac tor vesse l top head. This plate also compresses 
the superheater hold-down springs which apply the proper gasket load to the 
sea l between the fuel a ssembly and the core-suppor t plate. The hold-down 
spring and flexible hose in the ex i t - s team manifold permi t differential 
expansion between the fuel a ssembly and the core s t ruc ture . 

c. Core Structure - Pher iphera l Superheat Zone 

The core s t ruc ture for the per iphera l superheat zone, as 
shown in F igs . 11 and IZ, is s imi lar in design to that of the centra l superheat 
zone. The sixteen superheat fuel a s sembl ies a r e located in the outer core 
edge, two on each side of the rad ia l blade of a "T"-shaped control rod. The 
remainder of the fuel a s sembly locations a r e filled with boiling fuel a s s e m ­
bl ies . There a r e eight para l le l steam-flow paths, each made up of a pair of 
adjacent superheat fuel a s sembl i e s . Each pair has a double-walled connect­
ing plenum below the core - suppor t plate. Each of these eight plenums has 
welded to it a superheat drain and fill line leading to a c i rcular manifold 
which is connected to a single outlet pipe from the reac tor vesse l . Flexible 
me ta l tubing and double-wall-pipe manifolds connect the eight second-pass 
fuel a s sembly r i s e r s to the four experimental s team nozzles in the reactor 
ve s se l shell . 

The superheat fuel assembl ies in the per iphera l super­
heater a r e held in place in the same manner as in the central superheater . 

d. Seals - Superheat Fuel Assembly 

In o rder to l imit leakage of reac tor water into the steam 
passages of the superheat fuel a s sembl i e s , an efficient mechanical seal 
is needed. This seal is located between the sealing flange on the superheat 
fuel a s sembly and the core -suppor t plate. A seal tes t p rogram is being 
c a r r i e d out to tes t s tandard, commerc ia l ly available, metal l ic sea ls . The 
choice of seals was r e s t r i c t e d to this type because the low compress ive 
forces requ i red allow use of reasonably sized superheat fuel assembly 
hold-down spr ings . 

The seals were tes ted in a vesse l at 600 psig and 489°F by 
means of a mocked-up superheat fuel assembly with a hold-down and 
alignment a r rangement which s imulates the reference design. 
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T h r e e t y p e s of c o m m e r c i a l s e a l s have been t e s t e d . 
T h e s e a r e : 

1. M e t a l l i c S ta t i c Sea l , m a n u f a c t u r e d by Cad i l l a c Gage Co. ; 
Z. Sk inne r S ta t ic Spr ing Sea l , m a n u f a c t u r e d by the 

Hydrodyne C o r p o r a t i o n ; and 
3. Hol low M e t a l O-Ring m a n u f a c t u r e d by Advanced 

P r o d u c t s Co . 

Al l of the s e a l s t e s t e d w e r e of 2 .Z50- in . OD and a l l r e q u i r e d 
c l ean s e a t s wi th a g r o u n d f in i sh for b e s t p e r f o r m a n c e . R e s u l t s of s h o r t -
t e r m t e s t s a r e s u m m a r i z e d in Tab le II. 

T a b l e II 

S E A L - T E S T R E S U L T S 

Sea l 
Type 

Cad i l l a c 

Sk inner 

Advanced 

M a t e r i a l 

I n c o n e l - X 
S i l v e r - p l a t e d 

I n c o n e l - X 
S i l v e r - p l a t e d 

T y p e 3 Z l S S 
S i l v e r - p l a t e d 

R e c o m m e n d e d 
C o m p r e s s i v e 

F o r c e , lb 

140 

500 

9Z0 

Ap 
a c r o s s 

Sea l , 
p s i 

50 

Z5 

40 

Max. 
L e a k a g e 

R a t e , 
gph 

0.0095 

0.00Z4 

0.007Z 

As a m e a n s of eva lua t ion , the l e a k a g e r a t e s above m a y be 
c o m p a r e d with the fol lowing: If BORAX V w e r e o p e r a t i n g at ZO Mw wi th 
16 s u p e r h e a t fuel a s s e m b l i e s in the c o r e and a s u p e r h e a t s t e a m exit t e m ­
p e r a t u r e a t 850°F, a l e a k a g e r a t e of Z.58 g a l / h r / f u e l a s s e m b l y would be 
r e q u i r e d to d r o p t h e s t e a m t e m p e r a t u r e by 10°F. 

L o n g - t e r n a t e s t s a r e cont inuing on the two s e a l t y p e s 
which r e q u i r e d the l o w e s t c o m p r e s s i v e f o r c e . 

4. C o r e D e s i g n - Heat and H y d r a u l i c s 

F r o m the s tandpoin t of h e a t t r a n s f e r and fluid flow, the d e s i g n 
of the c o r e for a boi l ing w a t e r r e a c t o r wi th an i n t e g r a l s u p e r h e a t e r is 
c o m p l i c a t e d by the t h e r m a l coupl ing which e x i s t s be tween the boi l ing and 
the s u p e r h e a t i n g r e g i o n s . F o r a g iven o p e r a t i n g p r e s s u r e and exit s t e a m 
t e m p e r a t u r e , the f r a c t i o n of the r e a c t o r power g e n e r a t e d in the s u p e r h e a t e r 
r e m a i n s v i r t u a l l y c o n s t a n t r e g a r d l e s s of the t o t a l r e a c t o r power l eve l . F o r 
BORAX V, o p e r a t i n g at 600 ps ig wi th an exi t s t e a m t e m p e r a t u r e of 850°F, 



83% of the power is used to t u r n the feedwater into sa turated steam; and 
17% is used to superheat the sa tura ted s team from 489°F to 850°F. The 
problem is to design the two sect ions so that they operate proper ly as a 
unit while staying within the individual l imitat ions of heat flux, surface 
t e m p e r a t u r e , and p r e s s u r e drop. 

The core s ize, as well as the design of the fuel rods and boiling 
fuel e lements , a r e based a lmost ent i re ly on mechanica l considerat ions . The 
pr inc ipa l effort on the boiling region consis ts of determining the pe r fo rm­
ance capabil i ty of the design. The si tuation for the superheater region is 
quite different, however, and the design of this fuel element is st i l l in prog­
r e s s . The boiling and superheat fuel a s sembl i e s descr ibed here in a r e the 
p resen t r e fe rence design, but a r e subject to change as work on the final 
design p roceeds . 

a. Exper imenta l Work 

ANL has invest igated flow cha rac t e r i s t i c s and c r i t i ca l heat 
flux in the boiling region, and is cu r r en t ly conducting tes t s to de te rmine 
convective heat t r ans fe r coefficients for s team in both turbulent and laminar 
flow. 

(l) Flow C h a r a c t e r i s t i c s 

Exper imenta l s tudies have been performed: a) to inves ­
t igate the effect on flow osci l la t ions of the orificing action of the boiling fuel 
a s s e m b l y g r id pla tes at the ent rance and exit of the boiling fuel element: 
b) to es tab l i sh the flow c h a r a c t e r i s t i c s for a na tu ra l -c i rcu la t ion sys tem that 
was hydrodynamical ly s imi l a r to the core and r i s e r combination in the p r o ­
posed r eac to r ; and c) to obtain a feeling, in view of the lack of data, for the 
burnout heat flux at this p r e s s u r e and under these conditions. 

At the t ime of these exper iments the proposed boiling 
a s s e m b l y was to have a max imum of 100 removable fuel rods , 0.290 in. OD 
with an act ive fuel length of 24 in. The fuel rods were to be located in a 
10 x 10 square la t t ice with 0.375 in. between cen te r s . The s imulated flow 
passages consis ted of four s ta in less s tee l tubes, 0.332 in. ID by 24 in. long, 
with pa ra l l e l flow discharging into a common r i s e r that was 36 in. in length. 
The tubes had approximate ly the same equivalent d iameter and flow a r ea 
as the proposed 100-rod boiling element . The fuel a s sembly gr id plates 
were s imula ted by or i f ices placed at the ent rance and exit of the e lec t r ica l ly 
heated tubes . It was felt that the 100-rod boiling element was the mos t r e ­
s t r ic t ive with r e s p e c t to flow; hence, s imulat ion of this element should 
provide data on the lower l imi t s of flow and instabil i ty. The p r i m a r y differ­
ence between the exper imenta l sys tem and the r eac to r was that in the fuel 
a s s e m b l y t h e r e is boiling on the outside of rods with interconnected flow 
pas sages , whereas in the exper imenta l t e s t section the boiling took place 
inside of tubes and t h e r e was no interconnect ion. 



The resu l t s of these t e s t s indicated that high power 
densi t ies could be achieved with stable flow conditions in paral le l , na tu ra l -
circulat ion channels, hydrodynamically s imi lar to the BORAX V flow 
channels, even with these channels r e s t r i c t e d at both entrance and exit. 
Flow oscil lat ions f irs t became apparent at a power density of approximately 
460 kw/ l of coolant at 600-psig p r e s s u r e . The corresponding heat flux was 
306,000 Btu/hr-ft^. A s imi lar tes t was run at a lower p r e s s u r e of 150 psig 
and no flow oscil lat ions were detected at power densit ies up to 300 kw/ l of 
coolant. The 150-psig tes t was discontinued at this point to prevent possible 
damage to the tes t section. 

To es tabl ish the effect of orifices on the flow cha rac t e r ­
i s t ics of this system, the orifices were dri l led out and r eamed to the diana-
eter of the tubes. Three runs were made at high power, and the velocity in 
the tubes was found to inc rease approximately 10%. 

F igure 13 is a plot of the exper imental data, showing 
the tube inlet velocity as a function of power at 600 psig. It should be noted 
that in the exper imental sys tem the inlet subcooling for a given channel 
power density was considerably higher (by a factor of about 5) than it will 
be in the r eac to r . This will have the effect of shifting the velocity-power 
density curve to the left. 
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(2) Burnout Tes ts 

The only previously available data relating to burnout 
heat flux at 600 psi and applicable to BORAX V a r e some Argonne forced-
circulat ion data for a round tube, 0.306 in. ID x 23^- in. long. These dimen­
sions a r e essent ia l ly the same as those of the e lectr ic ical ly heated tes t 
section and the 100-fuel rod boiling assembly . Unfortunately, the data did 
not extend into the heat flux-quality range of in te res t and there a re no data 
at this t ime for est imating the effect of changing equivalent d iamete rs . 

To obtain a feeling for the burnout l imitations, the 
e lec t r ica l ly heated tes t section used for the flow tes t s was instrumented 
with a burnout detector, and power was applied until burnout conditions 
were indicated. The orif ices had been re ins ta l led at the entrance and exit 
of a l l the heated tubes for this tes t . Table III gives the pertinent data for 
the th ree burnout points obtained. 

Table HI 

EXPERIMENTAL BURNOUT DATA 

Burnout 
Heat Flux, 

Btu /hr - f t^x lO-* 

0.349 
0.363 
0.356 

Power 
Densi ty, 

k w / l 

521 
543 
533 

Coolant 
Velocity, 

fps 

2.47 
2.52 
2.67 

Inlet 
Coolant 

Subcooling, 
°F 

59 
62 
61 

Mass Flow 
Rate , 

i b ' V - f t \ i o ~ ^ 

0.445 
0.453 
0.480 

Exit 
Quality 

0.22 
0.22 
0.19 

Exit 
Enthalpy, 

B tu / lb 

634 
633 
615 

There were indications of flow oscillations prior to all 
th ree burnout points. As mentioned previously, the oscillations s tar ted at 
a power density of about 460 kw/ l of coolant. Extrapolation of the Argonne 
forced-c i rcula t ion burnout data to the region of in te res t predic ts a burnout 
heat flux of approximately 500,000 Btu/hr-ft^. 

The only conclusion that may be drawn from this burn­
out tes t is that burnout may be m o r e of a problem than initially anticipated. 
Application of the absolute value of these experimental burnout points to 
the r eac to r is vir tual ly impossible because these points a r e the outcome of 
only one combination of the pert inent var iab les . Fu r the rmore , the reac tor 
will differ from the exper imental sys tem in three respec ts : 

(a) The experimental system had a uniform heat flux, 
where the reac tor will have some axial power 
variat ion that will place the most probable burn­
out point in a position where there is neither a 
maximum heat flux nor a maximum bulk enthalpy. 



(b) The inlet subcooling for the channels in the tes t was 
much higher than it will be in the r eac to r . Thus, 
for the s ame power input, the r eac to r channel will 
have a higher exit quality and bulk enthalpy. 

(c) The flow channels in the tes t were not i n t e r ­
connected as they will be in the r eac to r . 

How interconnected channels will influence burnout at 
600 ps i is not known. Westinghouse^^^ has repor ted burnout data for pa ra l l e l 
flow through rod bundles (square a r r a y , 9 rods , 0.300 in. OD x 10 in. long, 
0.360 c e n t e r - t o - c e n t e r at 2000 psi) and concluded that design equations for 
boiling in single channels may safely be applied to rod bundles. 

(3) Superheated Steam Heat Transfe r Exper iments 

Heat t r an s f e r t e s t s a r e under way to de te rmine con­
vective heat t r an s f e r coefficients for s t eam in both l aminar and turbulent 
flow. The co r r e l a t i on of s t eam heat t r ans fe r data is complicated by: 
a) the d i sagreement of var ious re fe rences on the value of ce r t a in s t eam 
p r o p e r t i e s , pa r t i cu la r ly of the v iscos i ty and t he rma l conductivity; and 
b) the fact that s t eam, unlike mos t common gase s , exhibits rapidly chang­
ing p rope r t i e s as it is heated above sa tura t ion t e m p e r a t u r e . The specific 
heat a t 600 ps ia , for example , d e c r e a s e s rapidly as the s team is heated 
f rom 486°F, r eaches a min imum at about 900°F, and then begins increas ing 
slowly. Data on turbulent-f low s t eam heat t r ans f e r , pa r t i cu la r ly at high 
heat f luxes, a r e s c a r c e , and var ious authors use different s t eam p rope r t i e s 
as a bas is for the i r c o r r e l a t i o n s . Laminar- f low s t eam heat t r ans fe r data 
a r e nonexistent , although impor tant in analyzing r eac to r t e m p e r a t u r e s du r ­
ing shutdown and s tar tup cooling. Heat t r ans fe r data from, a prototype 
channel will reduce the uncer ta in ty in the heat t r ans fe r co r r e l a t i on and 
allow a reduct ion in the hot-channel factor . 

Heat t r a n s f e r t e s t s will be pe r fo rmed in a r ec tangu­
l a r channel with dimensions s i m i l a r to the proposed superhea te r channel. 
Local heat t r an s f e r coefficients will be m e a s u r e d so that the en t rance 
effects (including the effect of rapidly varying s t eam p rope r t i e s ) and the 
effect of the l a rge aspec t ra t io may be analyzed. The range of var iab les 
to be covered a r e : 

P r e s s u r e Up to 600 ps i 
Heat Flux Up to 500,000 Btu/hr-ft^ 
Velocity Up to 300 fps 
Steam T e m p e r a t u r e Up to 1000°F 

Initial data will be obtained f rom a round tube to ob ­
tain operat ing exper ience , check out ins t rumenta t ion , and check some of the 
avai lable c o r r e l a t i o n s . The rec tangu la r t es t sect ion has been manufactured 
and is essent ia l ly ready for opera t ion . 



b. Analysis 

A p a r a m e t r i c study of the core heat t ransfer which c o r r e ­
sponded to a s imi la r study of the core physics was set up. Both studies 
provided for varying the number of fuel rods in a boiling element, the void 
fraction in the boiling region, and the dimensions of the superheater . Work 
on the p a r a m e t r i c study is continuing. 

(l) Boiling Region 

The p a r a m e t r i c study for the boiling region was 
organized to allow determinat ion of per formance capabili ty before core 
power dis t r ibut ions became avai lable . This study uti l ized RECHOP., an 
IBM 704 code, to calculate the hydrodynamic per formance cha rac t e r i s t i c s 
of a boiling water r e a c t o r coreA^ ' Severa l problems were run, with ve ry 
good ag reemen t between the exper imenta l and analyt ical r e s u l t s , to check 
this code against the exper imenta l work repor ted ea r l i e r . 

Although mos t of the boiling region fuel element design, 
to date, has been based on pure ly mechan ica l considera t ions , the height of 
the r i s e r above the fuel a s s e m b l y and the number of rods per fuel a s sembly 
were not so fixed. A s e r i e s of p rob lems was run to de termine the optimum 
r i s e r height at which the i nc r ea se in driving head, due to additional height, 
was offset by the i nc r ea sed fr ict ional p r e s s u r e drop. In al l c a ses cons idere 
as the r i s e r height inc reased , the head gain exceeded the loss . The design 
height of 5 ft above the top of the core was establ ished to leave sufficient 
space above the r i s e r for s t eam separa t ion . 

Since nuc lear considera t ions have a strong bearing on 
the number of fuel rods in a boiling assembly , this i tem was made a v a r i ­
able in the study. Fo r a s s e m b l i e s composed of 50, 75, and 100 rods , ca lcu­
lations were made with varying values of inlet subcooling ( 4 ^ s teps , from 
2 to 30°F) and exit void fraction (5% s teps , from 10 to 70%) for a total of 
312 c a s e s . The significant r e s u l t s for each given number of fuel rods and 
subcooling were plotted, and a typical plot (for a 100-rod a s sembly with 
14°F subcooling) is shown in Fig. 14, Radial flux plots corresponding to a 
core with the p roper number of rods in a boiling a s sembly can be used to 
in tegra te the total flow and s team flow a c r o s s the core . Fo r one subcooling 
(to be found by i tera t ion) t he re will be an energy balance between the in-
conning feedwater, the r e a c t o r power, and the outgoing s team. Thus, the 
pe r fo rmance of the boiling region can be predicted. This method can be 
used whether a cen t r a l or pe r i phe ra l superhea te r is used, since the in te ­
grat ion p rocedure will take this factor into account. 

The exper imenta l work on boiling burnout r epor t ed 
ea r l i e r indicated that the BORAX V power level would be l imited by the 
boiling region r a the r than by the superhea te r . A maximum allowable 
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heat flux of 300,000 Btu/hr-ft^ was established. This value is believed to 
be safely below the m e a s u r e d burnout heat flux of 349,000 to 363,000 Btu / 
hr-ft^, since the peak heat flux in the r eac to r due to axial neutron-flux 
distr ibution would be considerably ups t r eam from the point where the fluid 
enthalpy was a maximum (i.e. , at the core exit). As m o r e experimental 
evidence becomes available, it is expected that the pe rmiss ib le heat flux 
will be increased . 

The allowable power level for the boiling region was 
determined so the re would be a logical bas is for designing the superheater 
This power level was found by using the 300,000-Btu/hr-ft^ maximum heat 
flux and assuming a rad ia l peak- to-average flux rat io of 1.3, an axial 
peak- to-average of 1.3, and a local flux-peaking rat io of 1.15, with a 



resul tan t average heat flux of 154,000 Btu/hr-f t^. Based on forty-eight 
100-rod boiling a s s e m b l i e s in the cent ra l superheater , the pe rmiss ib le 
power from the boiling region is 29=6 Mw (average power density of 
169 k w / l of core volume). The total r eac to r power is 35.7 Mw, since the 
boiling region produces 83% of the total . The assumed 1.3 radial peak- to -
average flux ra t io miay be too low but it was used to estiixiate the required 
superhea te r pe r fo rmance . If the a s sumed number is low, the resu l t is a 
conservat ive ly designed superhea te r and a corresponding reduction of the 
pe rmis s ib l e power le'^^el in the boiling region. 

(2) Superheater Region 

The design of the superhea te r fuel element is based 
on the following r equ i r emen t s : a) exit bulk s team t empera tu re of 850°F; 
and b) max imum l imi t of fuel e lement surface t empera tu re is 1200°F. 

In addition, it is cons idered des i reab le to have the 
superhea te r e lement produce as much power as the boiling element it 
replaced, and for the p r e s s u r e drop through the superhea te r sys tem to be 
a minimuna, compatible with the r equ i rement s above. The element should 
also have the following c h a r a c t e r i s t i c s : a low nuclear disadvantage factor; 
the abil i ty to rad ia te enough heat so it will not mel t in the event of a l o s s -
of-coolaiit accident; good the rma l s t r e s s p rope r t i e s ; a min imum of s t r u c ­
tu ra l m a t e r i a l , good rad ia t ion-damage r e s i s t ance , and re la t ively easy and 
inexpensive fabr icat ion. The p resen t re ference design mee t s the two 
pr incipal r equ i r emen t s above and also sa t i s f ies , to a resonable extent, 
the des i r ab le f ea tu res . 

After invest igat ing the feasibil i ty of superheat fuel 
a s s e m b l i e s with no mode ra to r and with solid m o d e r a t o r s , it was decided 
to use an a s sembly with a water modera to r between fuel e l ements . An 
a s sembly (Model 1) which received a considerable amount of attention is 
shown in F ig . 8. During this t ime , the conceptual design was based on a 
one-pass supe rhea te r , and the plates in this element were rotated 90° 
halfway through the core in o rde r to promote mixing and thereby d e c r e a s e 
the hot-channel en tha lpy- r i se fac tor . It was subsequently learned that the 
des i r ed mixing would not occur .w) The decision was then made to go to a 
two-pass c o r e . Since the des i r ed mixing effect was absent and the la rge 
number of fuel plates prevented any radiat ion cooling and imposed an 
excess ive nuclear disadvantage factor , the Model-1 design was d i sca rded . 

The p resen t re fe rence design is shown in F ig . 7. With 
this type of e lement , liimited radia t ion cooling is possible and the nuclear 
disadvantage factor is reduced to the o rde r of 1.05. thereby dec reas ing the 
nuclear hot-channel f ac to r s . It is possible to use the same concept (i .e. , an 
e lement made up of subassembl i e s of a s e r i e s of fuel plates and coolant 
channels , separa ted by modera to r ) with the fuel contained in concentr ic 



tubes r a the r than in flat p la t e s . A 4x4-in. a s sembly could thus, for example, 
be made up of 9 subassembl ies about 1.2 in. OD, or of a s e r i e s of concentr ic 
regions of fuel tubes and coolant channels separa ted by modera to r regions . 
The heat t r ans fe r analys is for the f lat-plate element is d i rec t ly applicable 
to a concentr ic tubular geomet ry . 

The re ference design produces 35.7 Mw and is l imited 
by the peak heat flux of 300,000 Btu/hr-ft^ in the boiling region. Under 
these conditions, the re fe rence superhea te r fuel e lement mee t s the design 
r equ i r emen t s , and the maximumi surface t empe ra tu r e is 1100°F ( ra ther than 
the 1200°F design point). The coolant t e m p e r a t u r e and the fuel e lement su r ­
face t e m p e r a t u r e as a function of the dis tance through each pass is shown in 
F ig . 15. This plot is based on the cen t ra l superhea te r configuration, since 
the 12 fuel e lements used there in p resen t the mos t s eve re conditions of heat 
flux and p r e s s u r e d rop . 

The superheated s t eam convective heat t r ans fe r film 
coefficient used to obtain these r e su l t s i s that of McAdams, et al.!"*) and is 
given by: 

h = 0.0214 (l + 2.3 J-] ~ Re°-8 PrV^ 

where h is in Btu/hr-ft^, D is equivalent d iameter in feet, L is length in 
feet, k is t h e r m a l conductivity in B tu /h r - f t - °F , Re is the Reynolds number 
(dimensionless) , and P r is the Prand t l number (dimensionless) and all 
p rope r t i e s a r e evaluated at the film t e m p e r a t u r e . 

The film coefficient found above was mult ipl ied by 0.83 
to account for the max imum deviation repor ted in the or iginal work, and by 
0.90 to account for use of flat p l a t e s . This las t factor was used to a s s u r e 
conse rva t i sm of design, although there is considerable difference of opin­
ion as to whether such a factor is necessa ry . l ^ ) Additional assumpt ions in 
r e g a r d to flux d is t r ibut ions , engineering hot-channel fac tors , e tc . , a r e p r e ­
sented in Table I, which a lso gives information on the pe r fo rmance 
c h a r a c t e r i s t i c s . 

One feature of the re fe rence design which is of p a r t i c ­
ular i n t e r e s t is the capabil i ty of radia t ing heat to the mode ra to r a c r o s s the 
s t a t i c - s t eam- insu la t ing gap. As shown in F ig . 16, if the fuel e lement is 
emitt ing heat at 1% of the design ra t e (750 Btu/hr-f t^) , then the outside fuel 
plate mus t rad ia te 3000 Btu/hr-f t^, and i ts t e m p e r a t u r e is found to be 980°F 
(the in te r sec t ion of line A with the 490°F line r ep resen t ing the t e m p e r a t u r e 
of the s ta in less s tee l insulat ion pla te) . The next fuel plate mus t then rad ia te 
2250 Btu/hr-ft^ to the f i r s t fuel plate, and i ts t e m p e r a t u r e is found to be 
1165°F (line B) . The cen t ra l fuel plate , which rad ia tes half of i ts output in 
each normal di rect ion, mus t then rad ia te 750 Btu/hr-f t^ to the plate at 
1165°F, and thus mus t be 1205°F (line C)? which is approximate ly the design 
l imi t . This ana lys i s neglec ts the fact that the axial power dis t r ibut ion has 
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a peak- to -ave rage ra t io of 1.3, but this is la rge ly coinpensated for in the 
case of decay heat r emova l by the fact that l e ss than 80% of the decay heat 
is genera ted in the fuel p la tes . Thus, it is possible to remove the super­
heater decay heat by radiat ion alone when the power level has dropped to 
1% of max imum design. The t ime for this drop is a function of the pr ior 
operating his tory, both in r e g a r d to power level and t ime at power, but is 
only 300 sec after 12-hr operat ion at 20 Mw. Similar i ly, Fig. 16 shows 
that for a flux of 7500 Btu /hr - f t from each fuel plate, equivalent to 
3.5-Mw reac to r power, the center plate t empe ra tu r e r eaches only 2450°F 
(below the melt ing point of Type 304 s ta in less steel) if the cooling is by 
radiat ion alone. Therefore , the possibi l i ty of melting any of the super­
heater fuel plates is smal l . 

Under no rma l operating conditions, there will also 
be some heat radia ted to the modera to r , but the radiant heat loss , to ­
gether with the heat loss due to conduction and convection a c r o s s the in­
sulating static-stea3XL gap, will be only 1 to 2% of the superheater output. 

5. Core Design - Reactor Phys ics 

a. Introduction 

The purpose of this section is to descr ibe briefly methods 
and r e su l t s of BORAX V core physics calculat ions. The reac tor cr i t ica l i ty 
calculat ions were per formed by codes RE-6 and RE-S.^" ' The c ros s s e c ­
tions for these codes a r e obtained with the aid of codes M U F T I " ^ / and 
SOFOCATE.(8) Most of the c r i t i ca l i ty calculations were based on two-
group c r o s s sect ions , but the ag reement with severa l calculations based 
on four-group c ro s s sections was quite sat isfactory; therefore , no d i s ­
tinction is made between two-group and four-group r e s u l t s . All r e su l t s 
of this sect ion a r e p r e l im ina ry and subject to revis ion. 

One of the f i rs t objects of the core physics calculations is 
to de te rmine configurations and loadings for the two regions of the core 
such that (l) the sys tem is c r i t i ca l at power, and (2) the proper fraction 
of the power, 17% in the p re sen t case , is produced in the superhea ter . 
Distr ibutions of power density in both regions and of voids in the m o d e r a ­
tor a r e a l so of immedia te in te res t . P romis ing configurations and loadings 
were examined for change in reac t iv i ty on flooding of superheater , for void 
and t e m p e r a t u r e coefficients of react ivi ty , and for adequacy of control rods , 

b. Core with Cent ra l Superheater 

Since the boiling region of this core contains lumped fuel 
and an apprec iable amount of U , a resonance self-shielding factor mus t 
be obtained for use with MUFT and a t h e r m a l disadvantage factor for use 
with SOFOCATE. An es t imate for the resonance self-shielding was obtained 
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from the r e su l t s of D r e s n e r l ' ) and of Hei ls t rand \^^) Some difficulties 
a r o s e in the calculation of t h e r m a l disadvantage factors for a Pj code for 
cyl indr ical geometry ' ' •' and the method of Amouyal' '^^/ yielded values of 
the disadvantage factor which inc reased with decreas ing modera to r thick­
ness in the region of in te res t . Thie and his co-workers^•'••^'' have r epor t ed 
the same sor t of physical ly quest ionable r e su l t s from SNG i^'^/ The d i s ­
advantage factors were finally calculated by a modification of a method 
suggested by Copic'-'- ' and Thie.^ ' The method used involved (l) ca lcu­
lation of diffusion-theory flux ra t ios for the cylinder, (2) t rans format ion of 
the cylinder to an "equivalent" slab: (3) calculations of P,!-'-"/ and diffusion-
theory flux ra t ios for this slab" and (4) es t imat ion of Pj flux ra t ios for the 
or iginal cylinder 

The fuel rod for which the disadvantage factors mentioned 
above were calculated was an ea r ly concept of the design It was a UO2 rod, 
0.584 cm in d iamete r with a densi ty of 7 01 g/cm^. The rod was clad with 
aluminum, 0.762 cm in d iameter . All the ea r l i e r design calculations were 
based on this a luminum-c lad rod In o rde r to obtain p re l imina ry r e su l t s 
for this design, the disadvantage factors calculated for this rod were 
applied to the rod shown in Fig 4. This s ta in less s t ee l -c lad rod, with 
oxide densi ty 90% of theore t i ca l is envisaged in a l l other calculat ions in 
this section. 

In o rder to obtain an es t imate of the axial power-dens i ty 
distr ibution in the boiling region with nonuniformly dis t r ibuted voids, the 
axial power densi ty distr ibution, curve A of Fig. 17. was assumed. This 
power-dens i ty curve , combined with r ep resen ta t ive r e su l t s from the heat 
t r ans fe r p a r a m e t r i c study, led to the curve of axia l dis tr ibut ion of void 
fraction shown in Fig. 18 For the purposes of calculating the cor respond­
ing axial power density, the boiling core with no superhea te r was divided 
into five " layer cake" regions with uniform, but different, void fractions 
in each region. The resul t ing smoothed axial power-dens i ty dis tr ibut ion 
is curve B of F ig . 17 The ra t io of m a x i m u m - t o - a v e r a g e power and the 
position of the max imum power densi ty a r e a lmos t unchanged, so it is 
reasonable to a s s u m e that the axial dis tr ibut ion of void fraction in Fig. 18 
is fair ly good. The introduction of a superheat ing region probably makes 
no d ra s t i c change in these axial d is t r ibut ions . 

The a r r angemen t of the 12 cen t ra l superheating a s sembl i e s 
is shown in Fig, 19. The superheat ing a s sembly actual ly cons idered he re 
is Model 1, as shown in Fig 8 except that, as noted on Fig, 20 and in 
Tables IV and V, the volume fraction of s ta in less s teel differs from the 
volume fraction der ived from the drawing Since the superhea te r contains 
ve ry l i t t le U" . the resonance self-shielding factor is unity Disadvantage 
factors were calculated by replacing the fuel square with a cylinder and 
applying a P3 code'-"-^ and /o r the method of Amouyal (^^) 
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T a b l e IV 

CHARACTERISTICS OF REACTOR WITH CENTRAL SUPERHEATER 

Mo. Fuel 
Rods/Boiling 
Assembly 

75 

100 

100 

100* 

g u235/ 
Fuel 
Rod 

7.7 

10.6 

9.5 

8.2 

g U235/ 
Super­
heater 
Assembly 

400 

300 

400 

510 

Fraction 
of Power 

from Super­
heater, % 

13.8 

10.6 

13.6 

17 

Max/Av 
Radial 
Power 
Density 

Super­
heater 

1.02 

1.04 

1.04 

1.04 

Boiling 
Zone 

1.21 

1.63 

1.56 

1.46 

Void Coeff. 
(17 1/2% to 0%), 
%Ak/k/% Void 

-0.21 

-0.25 

Normal 
Flooding 
Worth of 

Superheater 
(System at 
253 °C with 
Q% Void), 
%Ak/k 

+0.3 

+0.5 

Total Change 
of Reactivity 
From Cold 

Flooded System 
to System 

at 253°C and 
17 1/2% Void, 

% 

+11 

+12 

Temp Coeff. 
(for Flooded 

System between 
20°C and 253°C) 

%Ak/k/°C 

-0.031 

-0.029 

Notes: S t a i n l e s s s t e e l volume 1.39 x t h a t of Fig . 8. System c r i t i c a l at power with 17 1/2% void in b o i l i n g zone moderator . 

*Numbers in l a s t row of t h i s t a b l e ob ta ined by e x t r a p o l a t i o n from data of second and t h i r d rows. 

T a b l e V 

ADDITIONAL CHARACTERISTICS OF REACTOR WITH CENTRAL SUPERHEATER 

No. luel 
Rods/Boi 1 ing 

Assemb!y 

75 

100 

100 

100* 

g U235, 
Fuel 
Rod 

5.6 

7.5 

6.2 

7. 1 

g 11235/ 
Super­
heater 
Assembly 

400 

300 

100 

330 

Fraction 
of Power 

from Super­
heater, % 

22.1 

15.2 

21.3 

17 

Max/Av Radial 
Power Density 

.Super­
heater 

1.08 

1.07 

1.12 

1.08 

Boiling 
Zone 

1.44 

1.60 

1.68 

1.62 

Void Coeff. , 
%Ak/k/% Void 

(17 1/2% to 
10% Void) 

-0.20 

-0.26 

-0.23 

-0.25 

(17 1/2% to 
0% Void) 

-0.19 

Notes: S t a i n l e s s s t e e l volume 0.72 x t h a t of F ig . 8. System c r i t i c a l at power with 17 1/2% void 
in b o i l i n g zone moderator . 

*Numbers in l a s t row of t h i s t a b l e ob ta ined by i n t e r p o l a t i o n of data of second and t h i r d rows. 



T y p i c a l r a d i a l c u r v e s of power d e n s i t y a r e shown in F i g . 20. 
Some p r e l i m i n a r y r e s u l t s of the c a l c u l a t i o n s a r e p r e s e n t e d in T a b l e s IV and 
Y, f r o m wh ich the following r o u g h r e s u l t s a r e ob ta ined: the c e n t r a l s u p e r ­
h e a t e r c o r e , wi th the Mode l 1 a s s e m b l y of F i g . 8, i s c r i t i c a l and p roduc ing 
17% of the p o w e r in the s u p e r h e a t e r when the 48 boi l ing a s s e m b l i e s con ta in 
4800 fuel r o d s wi th a t o t a l of about 3 6.5 kg of U ^ and the 12 s u p e r h e a t i n g 
a s s e m b l i e s con ta in a t o t a l of about 4.9 kg of U . Under t h e s e cond i t i ons , 
the r a t i o of m a x i m u m - t o - a v e r a g e power d e n s i t y is about 1.06 in the s u p e r ­
h e a t e r and about 1.55 in the boi l ing zone . The void coeff ic ient of r e a c t i v i t y 
b e t w e e n 17-|% and 0% void is r o u g h l y - 0 . 2 5 % / % void, and the t e m p e r a t u r e 
coeff ic ient of r e a c t i v i t y b e t w e e n 20 and 253'^C i s r o u g h l y -0 .03%/°C . The 
i n c r e a s e in r e a c t i v i t y on n o r m a l flooding of the s u p e r h e a t e r i s about 0.5%. 
The t o t a l change in r e a c t i v i t y f r o m the f looded s y s t e m a t r o o m t e m p e r a t u r e 
and p r e s s u r e to the s y s t e m a t power i s about 12%. Account h a s not been 
t a k e n of r e a c t i v i t y l o s s e s due to f i s s i on p r o d u c t po i son ing or bu rnup . 

c. C o r e wi th P e r i p h e r a l S u p e r h e a t e r 

The s u p e r h e a t i n g a s s e m b l y a c t u a l l y c o n s i d e r e d h e r e i s 
a g a i n tha t of F i g . 8 excep t t ha t the v o l u m e f r ac t i on of s t a i n l e s s s t e e l i s 
28% l e s s t han the v o l u m e f r ac t i on d e r i v e d f r o m the d r a w i n g . 

The a r r a n g e m e n t of the 16 p e r i p h e r a l s u p e r h e a t i n g a s s e m ­
b l i e s i s shown in F i g . 19 and a t y p i c a l r a d i a l p lot of power d e n s i t y i s shown 
in F i g . 21 . Sonne p r e l i m i n a r y r e s u l t s of t h e c a l c u l a t i o n s a r e p r e s e n t e d in 
Tab le VI. 

Table VI 

CHARACTERISTICS OF REACTOR WITH 
PERIPHERAL SUPERHEATER 

No. Fuel R o d s / 
Boiling 

Assembly 

75 
100 

Fuel 
Rod 

5.1 
6.1 

Fract ion 
of Power 

from 
Superheater, 

% 

16 
15 

Max/Av Radial 
Power Density 

Superheater 

1.22 
1.43 

Boiling 
Zone 

1.43 
1.28 

Void Coeff. 
(l7|-% to 10% Void), 

% Ak/k/% Void 

-0.26 
-0.32 

Notes: System cr i t ical at power with 400 g U^^ysuperheat assembly 
and 17-|-% void in boiling zone moderator . 

d. Boi l ing C o r e 

C a l c u l a t e d r e s u l t s a r e a v a i l a b l e for a boi l ing c o r e a t 
power , m a d e of 60 fuel a s s e m b l i e s wi th 100 fuel r o d s p e r a s s e m b l y . The 
m o d e r a t o r c o n t a i n s 17-|-% void , u n i f o r m l y d i s t r i b u t e d . T h e s e r e s u l t s 
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indicate that the systena is c r i t i ca l with about 5.7 g of U^^yfuel rod and that 
the radia l max imum- to -ave rage power-densi ty rat io is about 1.51. A typi­
cal plot of rad ia l power density is shown in Fig. 22. 

e. Control Rod Worth 

P r e l i m i n a r y calculations on a boiling core for total control 
rod worth have been made by a s emi -empi r i ca l method based on experimen­
ta l correlation.^-^'/ The value obtained is 18% Ak/k, which is probably low. 
The most pess imis t i c reasoning would indicate a minimum value of 16% 
Ak/k. Since 12% excess react iv i ty is probably the maximum that must be 
allowed for void and t empera tu re effects, there appears to be some marg in 
for fission product poisoning and shutdown. 

f. Fuel Assembly Worths 

Two-group calculations were performed by hand to de te r ­
mine the worth of an a s sembly in the cold core without superheater . The 
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assembly considered contained 100 fuel rods with 7 g U ^ per rod. The 
worth of the a s sembly is about 1% Ak/k at the edge of the core and about 
5% Ak/k at the center . 

g- Plans for the Future 

Some ra ther difficult problems a r i s e in the study of the 
exper imental boiling core because this core can be a quite small , h e t e r o ­
geneous sys tem of in termedia te enr ichment with an atom ra t io of U^̂  / H 
as la rge as 0.05. More careful investigation of these problems has been 
postponed because of the g rea te r urgency of questions re la ted to the 
superheating core . 

In the superheating core, the calculated loadings for the 
cent ra l and pe r iphera l superhea te r s will probably be unequal. It may be 
des i rable to avoid making a set of superheating assembl ies with one load­
ing for the cent ra l superheater and a second set with another loading for 
the pe r iphera l superhea ter . In order to do this , one might use boron 
poison s t r ips with the higher enrichment. 



6. Reactor Vesse l 

conditions. 

a. Genera l 

The genera l form of the reac tor p r e s s u r e vesse l , as shown 
in F igs . 2 and 23, is a right cylinder closed at each end by an ellipsoidal 
head. The top head of the vesse l is joined to the vesse l proper by two bolted 
and gasketed flanges. The inside surfaces of the vesse l a re clad with s tain­
less s teel . The s t ruc tu ra l portion is f ine-grained carbon steel and the 
assembly of the seve ra l pa r t s is by fusion welding. Thermal insulation is 
s ta in less s tee l wool within a s ta inless s teel skin. Support is by means of a 
bottom-mounted skir t , and the vesse l is installed in a ventilated reac tor pit. 
In o rder to provide the versa t i l i ty des i red in an experimental facility, the 
ves se l is equipped with numerous nozzles of various types, as shown in 
Fig. 23 and Table VIII (page 6l). 

b. Design Cr i te r ia 

Table VII shows the pr incipal design and expected operating 

Table VII 

REACTOR VESSEL DESIGN CRITERIA FOR BORAX V 

Vessel Height, Inside, Exclusive of Cladding, ft 16 
Vessel Diameter, Inside, Exclusive of Cladding, in. 66|-
Cladding Thickness, Nominal, in. 3/16 
Design P r e s s u r e , psig 700 
Design Temperature , °F* 650 
Operating P r e s s u r e , psig 600 
Operating Tempera ture , "F* 490 
Hydrostatic Test P r e s s u r e , psig 1275 
Neutron and Gamma-induced Thermal Stress in Vessel Shell, Max, psi 6000 
Load Transfer red to Top and Bottom Head by Core Hold-down System, lb 75,000 
Load Transfer red to Bottom Head Due to Weight of Fuel Core Support, etc., lb 20,000 
Impact Load, Downward, on Any Single 3 or 6-in. Nozzle in Top Head, lb 5000 
Impact Load, Downward, on 3 or More Nozzles in Top Head, lb 15,000 
Impact Load, Downward, on Each Control Rod Nozzle, lb 3000 
Force , Due to Piping, on Each Forced-convection Suction Nozzle, Max, lb 3600 
Force , Due to Piping, on Each Forced-convection Inlet Nozzle, Max, lb 2800 
Force , Due to Piping, on 6-in. Steam Nozzle, Max, lb 1250 
Force , on Each of the Remaining Nozzles, lb 500 
Moment, Due to Piping, on Each Forced-convection Suction Nozzle, Max, in.- lb 129,000 
Moment, Due to Piping, on Each Forced-convection Inlet Nozzle, Max, in.- lb 27,400 
Moment, Due to Piping, on 6-in. Steam Nozzle, Max, in.-lb 48,000 
Moments on Remaining Nozzles Negligible 
Integrated Fas t Neutron Flux at Vessel Wall, Min, nvt 5 x 10^' 
Calendar Lifetime, Due to Fas t Neutron Exposure at Vessel Wall, Min, yr 5 

*The steam outlets and two of the instrumentation nozzles are thermally sleeved and 
a r e designed to conduct superheated steam at 900°F. The feedwater, spare heater 
inlet, and poison-injection nozzle a re thermally sleeved and are designed to conduct 
water at 60°F. 
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With one notable exception, ves se l design and fabrication 
a r e based on the ASME Boiler and P r e s s u r e Vessel Code, Section I, 
1956 Edition, including addenda and in te rpre ta t ions . In the in te res t s of 
conse rva t i sm, the Code-allowed working s t r e s s of the BORAX V vesse l 
me ta l has been reduced by 3000 psi , an amount equal to one-half the ca l ­
culated neutron and gamma- induced t h e r m a l s t r e s s . Compliance with 
State of Idaho r equ i r emen t s is automatic , since the State has adopted the 
ASME Code, without exception. 

c. Vesse l Life 

There appear to be t h r ee a r e a s of genera l agreement , pe r ­
t inent to the design of this vesse l , on the subject of change of cha rac t e r i s t i c s 
or damage in s t ruc tu ra l me ta l s due to fast neutron i r radia t ion . These a r e : 

(1) F a s t neutron radiat ion does cause some undesi rable 
changes in s t r u c t u r a l meta l , the change of p r i m a r y 
impor tance being elevation of the duct i le-br i t t le 
t r ans i t ion t e m p e r a t u r e . 

(2) Appreciable i r rad ia t ion- induced changes in A-212 s teel 
do not occur below 5 x 1 0 ^ nvt. 

(3) Metal c h a r a c t e r i s t i c s in heat-affected zones adjacent 
to welds m a y exhibit the highest r a t e s of change. 

There is no gene ra l ag reemen t regarding r a t e s of change 
with increas ing i r rad ia t ion , t e m p e r a t u r e effect on r a t e of change, the 
effects of neut rons at energ ies below 1 Mev, and the effects of r a t e of dose. 

With the foregoing in mind, the following considerat ions 
and t r e a t m e n t s were applied in th is phase of the v e s s e l design: 

(1) BORAX V is an exper imenta l facility and so has a 
re la t ive ly shor t useful life, es t imated at about 5 y e a r s . 

(2) Design factors a r e conservat ive , but g ro s s overdesign 
is avoided for r e a s o n s of economics. Total fast neu-
t ron exposure is there fore set at 5 x 10 nvt. Based on 
a calculated 1.5 x 10 fast n e u t r o n s / c m - sec at the 
v e s s e l inner wall at 20-Mw t h e r m a l power, and with the 
ant ic ipated operat ing schedules, this exposure will be 
acqui red in about five calendar y e a r s . 

(3) In line with accepted prac t ice , the vesse l s t ruc tu ra l 
me ta l is made to f ine-grain specifications in o rder to 
d e p r e s s the t r ans i t ion t e m p e r a t u r e . 



(4) A sys tem for monitor ing ves se l condition is provided 
by a s e r i e s of coupons made from the vesse l plate 
m a t e r i a l and ins ta l led at the v e s s e l inner wall in the 
maximum-f lux zone. At appropr ia te t imes , coupon 
se ts will be removed for test ing. The coupons include 
base meta l , weld meta l , and heat-affected meta l . 

(5) Attempts will be inade to m e a s u r e in tegrated fast neu­
t ron exposures of the v e s s e l wall and the coupons by 
suitably placed flux moni to r s , 

d. Shell, Heads and Flanges 

The s t ruc tu ra l port ions of the v e s s e l shel l and heads, ex­
cept as noted in Section "g" below, a r e carbon steel , A-2125 Grade B F i r e ­
box Quality, made to A-300 f ine-grain r equ i remen t s with 6 to 8-Mc Quaid-
Ehn gra in s ize . Shell wall th ickness is 1-|- in, and the heads 3-^ in., l e s s 
cladding. The heads a r e 2t 1 el l ipsoidal and a r e s e a m l e s s . 

The inboard sur faces of the shell and heads a r e clad by 
me ta l lu rg i ca l bond, according to A-264 r e q u i r e m e n t s , with Type 304 s ta in­
less s teel . No credi t for cladding s t rength has been taken in the v e s s e l 
wall calculat ions . 

The s t ruc tu r a l port ions of the v e s s e l flanges a r e carbon 
steel , A-405, Grade 11, made to A-300 Class I r equ i remen t s with 6 to 
8-Mc Quaid-Ehn gra in s ize . The upper flange is 8-j-in. thick and the 
lower is 7-j7 in. The g rea t e r th ickness of the upper flange is due to the 
moments c rea ted by the core hold downs. 

There will be 40 flange bolt a s s e mb l i e s , each consist ing 
of 3-in. , A-193, Grade B-7A steel , profiled and bored studs, with gauging 
pins and A-194, Grade 2H nuts . The r equ i red bolt p r e s t r e s s is calculated 
to be about 26,000 psi . 

The flange bores a r e clad with Type 304 s ta in less s teel , 
e lec t rode-depos i ted by a method which l imi ts the carbon content to 0.08% 
maximum in the outer 0.100 in. of the cladding. The gasket a r e a of the 
flanges is inlaid with Type 309-moly s ta in less s teel . 

The lower flange is faced to rece ive two concentr ica l ly 
located, spi ra l -wound s ta in less s tee l and Teflon gaske ts . The inner g a s ­
ket alone is the no rma l p r e s s u r e seal , with the outer gasket functioning 
as a standby seal . Between the two is a leak-off groove. Leakage is 
piped away from the v e s s e l to pe rmi t moni tor ing of inner gasket integri ty. 



e. Neutron Activation in Upper Head 

Unless prevent ive m e a s u r e s a r e taken, the buildup of Fe 
in the upper vesse l head, from the neu t ron-gamma react ion on Fe , leads 
to a pe r sonne l -exposure problem when the head is removed or replaced 
because of neutron streanaing from the vir tual ly dry superheat a s s e m b l i e s . 

C ros s - s ec t i on considera t ions make it c lear that the major 
source of act ivation is the t h e r m a l neutron group. This is effectively e l imi ­
nated by the use of a neutron shield consist ing of a 1-in. -thick dished plate 
of Type 304 s ta in less s teel with 1% boron. The nozzle openings in the head 
a r e s imi l a r ly shielded. The l a r g e s t remaining effect will then be due to 
the fast neutron component, which the neutron shield cannot effectively r e ­
duce. These fast neu t rons , degrading through inelast ic col l is ions, will lead 
to a cer ta in amount of Fe^ ' in the head. 

F o r purposes of calculat ion, all fast neutrons were a s sumed 
to or iginate from a point source at the geomet r ica l center of the r eac to r . 
Considerat ion of geomet ry and attenuation factors gave a value of 
3.7 X 10 n / c m - s e c for the effective fast neutron flux at the neutron shield. 
A ten-group energy analysis of the fast flux in i ron, coupled v/ith c r o s s -
section va lues , makes it possible to es tab l i sh the specific neut ron-absorpt ion 
ra te of Fe as a function of dis tance into the i ron. This r a t e , 1.5 x 10' 
ab so rp t i ons / cm - sec / inc iden t fast neutron, proves to be essent ia l ly constant 
with distance and, co r r ec t ed for the rat io of activation to absorpt ion and for 
isotopic abundance, yields a resu l tan t 1.7 x 10 ac t iva t ions / cm^-sec / f a s t 
neutron. The use of s tandard methods of calculating shielding and the inc i ­
dent fast flux indicated a sa tura t ion radiat ion level of 200 m r / h r at the s u r ­
face of the v e s s e l head. 

f. Radiation Heating in Shell 

To obtain the max imum condition, all calculations were 
based on40-Mw operat ion and a core volume of 170 l i t e r s . The following 
values were used for the concentrat ion of core const i tuents : 

H2O (Density 0.8 g/cm^) 1.12 x l O " a toms /cm^ 
Al 2.10 X 1 0 " a toms /cm^ 
U^^^ 1.64 X 10^° a toms /cm^ 
U"^ 2.85 X 10^^ a toms /cm^ 

It was a s s u m e d that the source of the neutron and of 
prompt and delayed gamma radia t ions from the core could be t r ea t ed as 
an infinite plane. Nine energy groups of gammas were considered, namely: 
0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 6.0 and 8.0 Mev. P r o m p t gammas from 
neutron capture in the water mode ra to r - coo lan t were a lso considered. The 



following r e su l t s were obtained for a 2 p- -in. shell wall (including the fr in. 
s ta in less s tee l cladding) f i r s t , with a shield, consisting of a 1-in. s ta in less 
s teel plate with 1% boron, and, second, with no shield: 

RADIATION-INDUCED THERMAL STRESS 

Mev/cmi^-sec 

With The rma l Shield 
Inner Edge 3.74 x 10^^ 
Outer Edge 0.63 x 10^^ 

Without The rma l Shield 
Inner Edge 9.55 x 10^^ 
Outer Edge 1.26 x 10^^ 

Watts /cm^ 

0.60 
0.10 

1.53 
0.20 

At, =F 

8:7 

19.2 

Thermal 
s t r e s s , 

psi 

2520 

• 

5560 (say 6000) 

These calculated radiat ion s t r e s s e s , when added to the 
balance of the anticipated s t r e s s e s , indicate that t h e r m a l shielding opposite 
the core is not justified. This is pa r t i cu la r ly t rue when one cons iders that 
the max imum radiat ion s t r e s s will be achieved infrequently. F u r t h e r m o r e , 
the allowable design working s t r e s s in the s t ruc tu ra l m a t e r i a l has been 
reduced by 3000 psi . 

g. Nozzles and Reinforcements 

The v e s s e l nozzles and nozzle extensions a r e A-312, 
Type 304 s ta in less s tee l with Schedule 80 wall th ickness , except for the 
level column and blowdown nozzles , which a r e Schedule 160. 

For the t he rma l ly s leeved nozzles , a "Y"- type, one-piece 
junction device has been chosen for connecting the nozzle outboard ends to 
the s leeves in order to place the weldments away from the a r e a s of high 
t h e r m a l - s t r e s s concentra t ions . 

The nozzle re in forcements a r e A-312 and A-240 s ta in less 
s teel . While this will cer ta in ly cause r ing s t r e s s e s at the point of juncture 
to the carbon s tee l v e s s e l walls , calculat ions indicate these s t r e s s e s will 
not be excess ive and ce r t a in dist inct advantages will be achieved. The 
foremost among these has to do with nozzle placement and al ignment, 
which a r e s t r ingent ly specified. This construct ion permiits v e s s e l s t r e s s -
rel ieving to be completed after the welding-in of the r e in fo rcements , but 
p r io r to instal la t ion of the nozz les . After re l ieving, the re inforcements 
a r e p r ec i s i on -bo red to r ece ive and posit ion the nozzles . The specified 
p lacement t o l e rances a r e thus read i ly obtained. The remain ing welds a r e 
s t a i n l e s s - t o - s t a i n l e s s , el iminating the need for la ter s t r e s s - r e l i e v i n g 
with i ts inherent warpage potential . 



The n o z z l e c o m p l e m e n t i s s e t fo r th in Tab le VIII. 

Table VIII 

NOZZLE LIST FOR THE REACTOR VESSEL 

Function 

Feedwater Inlet 
Spare Heater Inlet 
Poison Injection 
Level Column 
Control Rod 

Steam Outlet 
Steam Outlet 
Blowdown 
Instrumentation 
Instrumentation 
Access 
Oscillator 
Forced-Conv, Suction 
Forced-Conv. Inlet 
Flange Leak-off 

Total Nozzles 

Number 

1 
1 
1 
2 
9 

1 
4 
1 
3 
2 
5 
3 
2 
4 
1 

40 

I. F 

in. 

3 
2 

l i 
1 
4 

6 
3 
1 
3 
3 
6 
l | 

14 
6 

3 /4 

'. S. Size 

Comment 

Thermally Sleeved 
Thermallv Sleeved 
Thermally Sleeved 

Externally and 
Internally Shielded 
Thermally Sleeved 
Thermally Sleeved 

Internally Shielded 
Thermally Sleeved 
Internally Shielded 
Internally Shielded 
Externally Shielded 
Externally Shielded 

h. N o z z l e Shie lding 

In keep ing wi th a c c e p t e d p r a c t i c e , the s e v e r a l n o z z l e s 
and n o z z l e e x t e n s i o n s which p e n e t r a t e the sh i e ld pit wa l l s a r e equipped 
wi th s t e e l r a d i a t i o n s l e e v e s , or s h i e l d s , or a r e offset to p r o v i d e a s t epped 
conf igu ra t ion . In add i t ion , the 9 r e - e n t r a n t c o n t r o l - r o d n o z z l e s a r e fi t ted 
wi th i n t e r n a l sh i e ld ing . 

i. I n t e r n a l A t t a c h m e n t s 

The s e v e r a l r e a c t o r v e s s e l i n t e r n a l s u p p o r t s , b locks , 
r i n g s , e t c . , a r e the Type 304 s t a i n l e s s s t e e l and a r e a t t a c h e d to the v e s s e l 
s t r u c t u r a l m e t a l by weld ing . F i n i s h - m a c h i n i n g of t h e s e i t e m s wil l be 
done a f t e r s t r e s s - r e l i e v i n g . 

j . T h e r m o c o u p l e s 

E i g h t e e n t h e r m o c o u p l e b l o c k s , each conta in ing 2 t h e r m o ­
c o u p l e s , a r e a t t a c h e d to the ou t s i de s u r f a c e of the v e s s e l for t e m p e r a t u r e 
r a o n i t o r i n g . 



k. Vesse l Supports and Guides 

The ves se l is supported from the bottom head by an 
A-7 s tee l sk i r t and four sole p la tes . The sole plates a r e attached, by 
welding to 14-in.-wide flange beams cast into the bottom reinforced con­
cre te support and shield slab. 

The upper 8 in. of the sk i r t contains 20 ve r t i ca l s l i ts to 
allow for v e s s e l t h e r m a l expansion. 

Four equally spaced guide plates a r e provided at the v e s ­
sel flanges. Matching guides a r e anchored to the r eac to r pit wal ls . These 
plates and guides pe rmi t t h e r m a l expansion to take place but r e s i s t l a t e ra l 
ve s se l movement . 

1. The rma l Insulation 

Vesse l insulation cons is t s of a 3-in. blanket of Type 430, 
fine s ta in less s teel wool bat ts , applied at a density of 5 lb/ft . These 
batts a r e supported by a s e r i e s of A-107 s teel r ings shop-welded to the 
v e s s e l and a r e enclosed by a skin of 20-gauge Type 304 s ta in less s teel , 
wired and bolted in place. Cer ta in sect ions a r e removable for access to 
flange bolts, etc. Handhole covers a r e provided opposite each t h e r m o ­
couple block for a cces s during p re l imina ry tes t ing. It is es t imated that 
heat loss through this insulation will not exceed 25 kw. 

The v e s s e l nozzles and nozzle extensions inside the r e a c ­
tor pit a r e insulated to appropr ia te th icknesses and enclosed in 24-gauge 
galvanized i ron jackets . 

Insulation de te r io ra t ion is expected to be at a min imum 
since the r eac to r pit is force-vent i la ted and the products of dissocia t ion 
a r e thereby removed. 

m . S t r e s s Relieving 

S t r e s s - r e l i ev ing , according to the ASME Code, is done 
at a max imum t e m p e r a t u r e of 1000°F in order to avoid sensi t izat ion of 
the s ta in less s tee l components . 

n. Inspection and Testing 

An extensive p r o g r a m of inspect ions and t e s t s has been 
formulated to a s s u r e a degree of quality control of m a t e r i a l s and work­
mansh ip commensura t e with the intended use of this ves se l . 



7. Reac tor Control and Ins t rumentat ion 

a. Control Rods 

BORAX V has a to ta l of 9 control rods . Five of the rods , 
located with one at the center and 4 equispaced on a 12,5-in, radius , a r e 
c ruc i form shaped with 14-in. b lades . The remaining 4 rods , located at 
the midpoint of the core edges, a r e "T"-shaped , each with a 14-in. and a 
7-in. blade. 

The design of a c ruc i form rod is shown in Fig. 24, and 
the "T" - shaped rods a r e s imi la r in construct ion. The poison section of 
a control rod is made of-^ -in. thick Bora l which is covered by a j ^ in . -
thick X-8001 a luminum cladding spot-welded to the Boral and seal-welded 
at the edges to give a total blade th ickness of f - in . The Boral section of 
each rod is vented to pe rmi t outgassing. Each rod has a g--in.-thick 
X-8001 a luminum follower to reduce flux peaking in the control rod 
channels . Riveted to the bottom of each rod is a 3 x 3 x g- -in. cruci form 
s ta in less s tee l extension shaft which extends down through a reac to r 
v e s s e l con t ro l -d r ive nozzle and connects to a con t ro l - rod -d r ive -mechan i sm 
extension rod. Control rods may be removed from the reac tor core s t r u c ­
tu r e after disconnection frora the con t ro l -dr ive mechan i sm by means of the 
grapple r head at the top of the rod. 

Two sets of control rods a r e requi red . In the superheat 
co re s the con t ro l - rod s t roke and follower length is l imited to 24 in. by 
the flood and dra in manifolds at the bottom of the core s t ruc tu re . The 
con t ro l - rod s t roke and follower length in the boiling core a r e 29 in., to give 
an unpoisoned upper ref lec tor 5 in. thick for ce r ta in exper iments . 

b. Con t ro l - rod Dr ives 

The con t ro l - rod dr ive mechan i sms for BORAX V a r e 
those or iginal ly used on EBWR, which a r e available because of modifica­
tions to EBWR. They a r e being changed to mee t the s t roke and speed r e ­
qu i rements of BORAX V and to incorpora te improvements and simplifications 
demons t ra t ed to be des i rab le f rom EBWR operation. 

F igu re s 25 and 26 show the dr ives after modification and 
ready for instal la t ion. The or ig inal EBWR st roke was 48 in. For BORAX V 
this will be shor tened to a 30-in. max imum. Adjustable l imit switches then 
will reduce this to e i ther 29 in. for the boiling core , or to 24 in.for super ­
heating core operat ion. The or iginal dr ive mo to r s with speed-change gea r s 
a r e avai lable with the d r ives . These a r e used on the 4 "T" - shaped outer 
rods and the center rod. Because of the g rea t e r worth of the center rod its 
dr ive motor is gea red to give a slower speed. New two-speed motors a r e 
used with the other 4 c ruc i fo rm in te rmedia te rod d r ives , giving a slower 
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speed when a l l 4 rods a r e opera ted as a group than when operated individ­
ually. In any case the max imum ra t e of react iv i ty addition by means of 
con t ro l - rod withdrawal is l imited to 0.05%/sec. 

To adapt the posit ion indicator to the BORAX V system, 
the gea r s driving the selsyn genera tor a r e changed to give a ra t io of 2 r evo ­
lutions of the selsyn to one of the lead screw, or 10 revolutions of the 
selsyn per in. of t r ave l . 

Two changes a r e being made as a r esu l t of EBWR operat ing 
exper ience. The external dashpot was found to be unneces sa ry and has been 
removed, and the flushing arrangenaent has been changed to el iminate 
t rouble from radioact ive crud settling in the sea l housing. A new flushing-
water inlet between the guide bushing and sea l is used, with the outlet r e ­
maining below the seal in the lantern ring section. A blowdown pipe is 
connected above the guide bushing and is used for in termit tent flushing 
during per iods of shutdown. 

Beyond these changes the original EBWR descr ipt ion appl ies . 
The m e c h a n i s m s a r e located outside the r eac to r shield and below the r eac to r . 
A sc rew shaft and sc rew nut a r e used to t r ans l a t e rotat ing dr ive motion into 
the l inear motion of the control rod. The con t ro l - rod shaft is connected to 
the s c r ew nut by a t r igger ing device in the form of a ro l l e r latch and 15-volt 
dc solenoid. Interrupt ion of the e l ec t r i ca l power de -ene rg i zes the solenoid, 
thereby re leas ing the latch and s c r amming the rod. 

The control rod and dr ive a r e connected by a ch rome-p la ted 
extension shaft which p a s s e s through the p r e s su re -b reakdown seal . F i g ­
u re 27 shows the sea l and the connecting joint. 

When a rod is ra i sed , a 140-lb spring is c o m p r e s s e d between 
the rod guide and latch c a r r i a g e . At r eac to r p r e s s u r e below 300 psi this 
spring is mos t effective and max imum rod velocity is reached in 4 in. How­
ever , the main propulsion force is always r eac to r p r e s s u r e . For a s c r a m 
at 600 psi the t ime for the rods to t r ave l 24 in. (the point at which the 
dashpot begins to act) is es t imated to be 0.2 sec. 

c. Reac tor Control, E l ec t r i ca l 

The r eac to r is control led from a building located one-half 
mi le from the r eac to r . The control console as shown on Fig . 28 is designed 
for two ope ra to r s to control both the r eac to r and the p roces s s y s t e m s . 
P r o c e s s sys t em control is desc r ibed in Section III, c. 
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(l) Control Systeixi 

The reac tor is controlled by moving control rods in 
and out of the core . The control rods a r e driven by 3-phase, 60-cycle, 
480-volt, r evers ing moto r s . The intermediate rods have two-speed r e ­
vers ing moto r s , while the center and outer rods have single-speed moto r s . 
A pe rmiss ive inter lock r equ i re s that a l l control rods be at the full "in" 
position before the control c i rcui ts can be energized. Likewise, all s c r a m 
signals must be r e se t . Operating the r eac to r -on key switch (key switch 
No. l) then energizes the latch solenoids for each rod and allows the opera­
tion of the control c i rcu i t s . The moto r s a re operated through conventional 
m o t o r - s t a r t e r s with overload protection. The control c i rcui ts a r e operated 
at 120 volts ac . 

The control rods a r e ra i sed and lowered by the opera­
tion of 3 lever switches at the control console. One lever switch controls 
the center rod only, a second opera tes the in termediate rods , and a thi rd 
the outside rods . Interlocks provide that only one of the three lever 
switches at a t ime is effective in the " r a i s e " position. A selector switch 
for the in termediate rods and one for the outside rods allows each rod to 
be operated individually or 4 rods to be operated as a group. 
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To keep the rod-mot ion t ime as short as possible, 
yet within safe linaits of reac t iv i ty-addi t ion ra t e , the in termedia te rods , 
when operated as a group, move at one-fourth the speed they have when 
opera ted individually. Because the outside rods have a lower react iv i ty 
worth, operating them at the same speed, both for individual and group 
operat ion, p e r m i t s r easonab le rod-mot ion t imes and safe reac t iv i ty-
addition r a t e s . Change gea r s will allow a var ia t ion of cont ro l - rod speed 
depending on the con t ro l - rod worth for var ious loadings. 

All control rods a r e driven into the reac tor auto­
mat ica l ly under any of 15 s c r a m conditions. In addition, th ree rod -d rop 
buttons a r e provided for tes t ing of con t ro l - rod operation. One button 
opera tes the center rod only. The other 2 buttons operate with the in t e r ­
media te and outside r o d - s e l e c t o r switches to drop the rod or the par t icu la r 
group Selected. Operat ion of a s c r a m or drop button in te r rup t s the la tch-
solenoid circui t , causing the rod to move to the full "in" position under the 
forces of gravi ty, r e a c t o r p r e s s u r e , and the acce lera t ing spring. The latch 
solenoids a r e 15-volt, dc -opera ted , and a r e supplied by a rec t i f ier taking 
power from the 120-volt ac sys tem. 

(2) Pos i t ion Indication 

The con t ro l - rod posit ion is indicated by a selsyn 
t r a n s m i t t e r and r e c e i v e r with a mechan ica l counter read-ou t for each rod. 
The sys tem will provide for reading the rod position to the nea re s t 0.01 in. 
The t r ansmi t t ing se lsyn is gea red to the dr ive lead screw. Therefore , the 
con t ro l - rod posit ion and the dr ive position a r e the same only when the rod 
is la tched to the dr ive lead sc rew. 

Three posi t ion-indicat ing lights a r e operated from 
r e l a y s which, in turn , a r e opera ted from limit switches. These lights 
indicate when the rod is in the full "in" position, the full "out" position, 
and when the rod is la tched to the dr ive . 

(3) Sc ram System 

Table IX shows a l i s t of the conditions and their 
operat ing points which cause a s c r a m . An annunciator i s provided to give 
v isual indication of a s c r a m . Manual r e s e t is requi red . 

There a r e 4 key switches (numbers 2 to 5) in addition 
to the r e a c t o r - o n key switch which can be used for bypassing s c r a m in te r ­
locks during ce r t a in per iods of operat ion. 

Key switch No. 2 is provided for bypassing the shor t -
per iod s c r a m , during n o r m a l operat ion after s tar tup. 



Table IX 

SCRAM CONDITIONS 

1. High Flux No. 1 115% of operating power or power not to exceed 
burnout heat flux 

2. High Flux No. 2 125% of operating power or power not to exceed 
burnout heat flux 

3. Short Period Less than 5 sec 
4. Low Reactor Water Level Variable set, (5 to 15 ft) above bottom of 

reactor vessel 
5. High Reactor Water Level Variable set, (5 to 15 ft) above bottom of 

reactor vessel 
6. Low Main-Steam Flow 2000 Ib/hr 
7. Low Forced-convection Flow 80% of operating flow 
8. High Superheat Fuel Temperature* 1300°F 
9. High Condenser P r e s s u r e 2 psig 

10. Superheater Flood Valve, Open _ _ _ 
11. Low Air P r e s s u r e 100 psig 
12. High Reactor P r e s s u r e 640 psig 

The following conditions cause a scram, but do not operate an a larm annunciator: 

13. Manual Scram (Control Desk) 
14. Manual Scram (Reactor Building) 
15. Loss of Electr ical Power 

*This item is developmental and may not be in the reactor . 

Key switch No. 3 is provided for bypassing the low 
steam-flow scram, during s tar tup and is put into operation after sufficient 
s team begins flowing through the superhea ter . This key switch also 
places in operat ion an inter lock circui t to open the superheater vent valve 
by a prese t amount on any sc ram, thereby providing emergency cooling of 
the superheat fuel e lements . 

Key switch No. 4 is provided for bypassing the super­
heater flood valve, open sc ram. When the reac tor is being heated with 
the superheater flooded, this s c r a m must be inoperat ive. 

Key switch No. 5 is provided for bypassing the low 
forced-convection low sc r am. When cr i t i ca l exper iments or na tu ra l -
circulat ion t e s t s a r e being performed, it is n e c e s s a r y to operate without 
forced-convection flow. To tes t the effects of varying the forced-convection 
flow ra te , the s c r a m operating point can be lowered. 

To prevent inadvertent flooding of the superheater , the 
superheater flood valve can only be opened by a switch which has a spr ing-
loaded guard. 

(4) A la rm System 

An a l a r m and annunciator sys tem is provided in the 
control room to monitor the reac tor and process sys tem. All a l a r m s 



initiate visual and audible s ignals . Acknowledging the a l a r m silences the 
audible signal and re ta ins the visual indication. Clearing of the a l a rm 
condition removes the visual signal. All a l a rm circui ts a r e supplied by 
the emergency power sys tem. A l ist of a l a r m s is given in Table X. 

Table X 

ALARM CONDITIONS 

1. High R e a c t o r Wate r Leve l* 

2. Low R e a c t o r Water Leve l* 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18, 
19. 
20. 
. . 1 . 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31 . 
32. 
33. 
34. 

3 5 . - 5 0 . 

High R e a c t o r P r e s s u r e * 
Low R e a c t o r P r e s s u r e * 
Low Condense r Vacuum 
High Shield T e m p e r a t u r e * 
Low M a i n - s t e a m Flow* 
High S t e a m - t o - T u r b i n e P r e s s u r e * 
High S t e a m - t o - T u r b i n e T e m p e r a t u r e * 
Low M a i n - a i r P r e s s u r e 
High S team T e m p e r a t u r e * 
High R e a c t o r Ion-exchange Wate r T e m p e r a t u r e 
Low Boron Tank Leve l 
High F o r c e d - c o n v e c t i o n - p u m p B e a r i n g Temp ,* 
High C i r c u l a t i n g - p u m p B e a r i n g T e m p * 
Low D e m i n e r a l i z e d - w a t e r - s t o r a g e Leve l** 
Low F e e d w a t e r P r e s s u r e 
High F e e d w a t e r - s t o r a g e - t a n k Leve l** 
Low F e e d w a t e r - s t o r a g e - t a n k Level** 
Low T u r b i n e - o i l P r e s s u r e 
Low T u r b i n e G l a n d - w a t e r Leve l 
Condense r C i r cu la t ing P u m p , Off** 
Condensa te P u m p No. 1, Off** 
Condensa te P u m p No. 2, Off** 
Cooling T o w e r , Fan , Off** 
High A i r Act ivi ty , Turb ine Bui ld ing* 
High A i r Act iv i ty , R e a c t o r Bui ld ing* 
High Read ing , F i s s i o n B r e a k Moni to r* 
High A r e a Act iv i ty , Turb ine Bldg . , Main F l o o r * 
High Supe rhea t - fue l T e m p e r a t u r e * 
Low F o r c e d - c o n v e c t i o n Flow* 
Low C i r c u l a t i n g - p u m p F low* 
Turb ine T h r o t t l e , T r ipped 
C h a m b e r H igh -vo l t age . Off 

for Safety, P e r i o d and L i n e a r C i r c u i t s * * 
S p a r e s 

Var iab le se t (2 in. 
below s c r a m se t t ing) 

Var i ab le se t (2 in. 
above s c r a m set t ing) 

625 ps ig 
15% below opera t ing 
15 in. of Hg 
200°F 
4000 I b / h r 
360 ps ig 
595°F 
125 ps ig 
875°F 
120°F 
46 lb 
IBC^F 
150°F 
36 in. 
650 ps ig 
60 in. 
36 in, 
7 ps ig 
12 in. 

*** 
*** 
*** 
*** 

1250''F 
85% of opera t ing leve l 
100 gpm 

*These c i r c u i t s do not a l a r m when e l e c t r i c power to the sens ing 
i n s t r u m e n t f a i l s . 

**These c i r c u i t s r e q u i r e e l e c t r i c power to the sens ing i n s t r u m e n t and 
a l a r m on power f a i l u r e . The o the r c i r c u i t s do not r e q u i r e power to 
the s e n s i n g i n s t r u m e n t and a l a r m on c los ing of a contac t . 

***Set poin ts to be d e t e r m i n e d by ope ra t ing e x p e r i e n c e . 



Nuclear Ins t rumentat ion and Radiation Monitoring 

(l) Nuclear Operating Instrumentat ion 

A d i ag ram of the reac tor operat ing nuclear in s t rumen ta ­
tion for BORAX V is shown in F ig . 29. Ins t rument holes 
in the shielding wall between the a c c e s s shaft and the 
reac to r pit a r e shown in F ig . 32 (page 85). Cooling coils 
a r e at tached to the outside of the ins t rument -ho le l i n e r s . 
F igure 30 shows the operat ional range of the var ious 
nuclear i n s t r u m e n t s . 

The nuclear opera t ing- ins t rument c i rcu i t s a r e l is ted 
as follows: 

(a) Safety Circui ts (High-flux Scram) (Two) 

The safety c i rcu i t s a r e ANL Model CD104 Safety 
Tr ip C i rcu i t s . They have a range from 10~® to 
10"^ amp in decade s teps and a t r i p c i rcu i t which 
is adjustable over a decade r ange . Outputs a r e 
provided at the control console for r emote indica­
tion, range select ion and t r ip-poin t adjustment . 

(b) Per iod Meter (One) 

The per iod m e t e r is an ANL Model ICD-6. It has 
a log cu r r en t range of 10""' to 10"'' amp, a per iod 
range of o° to + 5 sec , and a pos i t ive-per iod t r i p 
at 5 s ec . Outputs a r e provided at the r e c o r d e r 
panel for r emote l o g - c u r r e n t indication and r e c o r d ­
ing, and r emote per iod indication. 

(c) Star tup Circui t s (Two) 

The s ta r tup c i rcu i t s a r e BFj p ropor t iona l -counte r 
c i rcu i t s consis t ing of two pulse ampl i f i e r s , two 
s c a l e r s and a dual-channel log c o u n t - r a t e - m e t e r . 
The l og»coun t - r a t e -me te r has a range of lO'' to 
10^ c o u n t s / s e c . Star tup de tec to rs will be located 
to give a suitable count ra te at source s t rength . 

(d) Linear Operat ing Ins t rument (One) 

The l inear opera t ing ins t rument is an ANL Model 
lA 10 Linear dc ampl i f ie r . It has a range of 10"^^ 
to 10- amp in decade s t eps . Outputs a r e provided 
at the control console for r emote indication, r e ­
cording,, and range se lec t ion. 
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Radiation Monitoring System 

A d iag ram of the radiat ion monitoring sys tem for 
BORAX V is shown in Fig. 31. The sys tem gives wa rn ­
ing of any abnormal r e l ea se of radioactivi ty, including 
that f rom a fuel e lement rupture . It is d iscussed in 
detai l as follows: 

(a) Area Monitor (One) 

The a r e a monitor is a s ix-channel , gamma-
sensi t ive moni tor , each channel having a range of 
0.01 m r / h r to 10 r / h r . In the r eac to r building, the 
de tec to rs a r e located on the main floor and in the 
equipment pit, a cce s s shaft, and subreac to r room. 
In the turbine building, detec tors a r e located in the 
basement and on the main floor. Outputs a r e p r o ­
vided f rom each channel for indication and a l a r m 
both locally and in the control building. 

(b) Continuous Air Monitors (Two) 

A continuous a i r monitor of the moving-f i l ter type 
is located on the main floors of the r eac to r and 
turbine buildings. Each provides an output locally 
and to the control building for high a i r -pa r t i cu l a t e 
act ivi ty a l a r m . 

(c) F i s s ion Break Monitors (Two) 

Two f iss ion b reak moni tors a r e provided; one 
moni to r s the condenser a i r - e j e c t o r sys tem during 
turbine operat ion, the other moni tors the r eac to r 
wa te r through a sys tem of smal l ion-exchange 
columns and is used p r ima r i l y for low-power 
opera t ion when the turbine is not in u s e . The two 
detecting sys t ems a r e identical , consist ing of a 
scint i l la t ion de tec tor , pulse amplif ier , s ingle-
channel , pulse-he ight analyzer and log count - ra te 
m e t e r . Outputs from each sys t em provide indica­
tion, record ing and high-level a l a r m in the control 
building. 

(d) Ai rborne Pa r t i cu la t e Monitor (One) 

During turbine operat ion an a i rborne par t icu la te 
moni tor of the f ixed-fi l ter type samples and 
r e c o r d s the par t icu la te activity in the condenser 
a i r - e j e c t o r sys t em. 
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8. In-Core Instrumentat ion, Development 

a. In -Core Measurement Des i red 

An intensive effort is being made to develop good in -co re 
ins t rumenta t ion for BORAX V. The ins t rumenta t ion d iscussed he re is 
developmental and exper imenta l , and is not r equ i red for operation. To 
provide operat ing and proof-of-design types of information, it is intended 
to m e a s u r e the following va r i ab les : 

(1) 

(2) 

(3) 

(4) 

(5) 

b. Use of In-Core Data 

(1) Operating Information and Protec t ion 

An a t tempt will be made to monitor selected fuel-plate 
t e m p e r a t u r e s on a per iodic bas i s . A sys tem, which includes an a l a r m light 
for each point moni tored , is provided. It allows select ion of any point for 
continuous record ing and s c r a m protect ion to provide the reac tor opera tor 
with an addit ional aid during s t a r tup and shutdown. 

(2) Design Information 

Through adequate m e a s u r e m e n t s of the previously 
l is ted va r i ab l e s it should be poss ible to de te rmine the following steady-
state and t r ans ien t information: 

Flow Rates 

(a) Boiling Assembly Ent rance 
(b) Boiling Assembly Exit 
(c) Superheat Assembly 
(d) Downcomer 

T e m p e r a t u r e s 

(a) Fue l T e m p e r a t u r e of Boiling Rods 
(b) Water -channe l Tempera tu r e s in Boiling Assembl ie 
(c) Superheater Fue l Plate Tempera tu re 
(d) Superheated Steam Exit Tempera tu re s 
(e) Saturated Steam Tempera tu re s 
(f) Degree of Subcooling 

Steam Void Ratio at Boiling Assembly Exit 

Neutron Flux 

(a) Axial and Radial Distr ibut ions 
(b) Absolute Magnitudes 

Reactor Vesse l P r e s s u r e 



(a) Power generat ion per fuel a s sembly and at var ious 
locat ions. 

(b) Flow profile within the core as a function of power, 
p r e s s u r e , location, etc, 

(c) Boiling fuel rod cen t ra l t empe ra tu r e and t e m p e r a ­
tu re response to power t r ans i en t s . 

(d) Steam void ra t io at boiling fuel a s sembly exit as a 
function of power, saturat ion p r e s s u r e , location, 
etc. 

(e) Effective boiling length of boiling fuel a s sembly 
for var ious functions of power, p r e s s u r e , location, 
etc. 

(f) Reci rcula t ion ra t io as a function of power, p r e s ­
sure , r i s e r height, core size, etc. 

(g) Subcooling of core inlet water for var ious condi­
tions of r eac to r operat ion. 

(h) Steam t e m p e r a t u r e . 

(i) Neutron-flux dis t r ibut ion within the core for given 
s t eady-s ta te power leve ls . 

(j) Absolute neutron flux at specific locations as a 
function of feedwater t e m p e r a t u r e , flow, core s ize, 
power, etc. 

Overal l ins t rument sys tem per formance is a imed at a 
min imum (3 decibels) s ine-wave r e sponse up to 2 cycles per second for flow, 
t e m p e r a t u r e , and void devices . Ionization chamber sys tems a r e designed 
to follow the max imum anticipated frequency of 10 cycles per second. The 
requ i red r e sponse of the p r e s s u r e - m e a s u r i n g sys tem will be further 
evaluated. 

^' Descr ipt ion of Proposed Instrumentat ion 

The ins t rumenta t ion is intended to be instal led in two 
major divisions: that which is a t tached to two removable boiling fuel a s s e m ­
blies and two removable superheat fuel a s s e m b l i e s , and that which is 
at tached to co re s t r u c t u r e s . The ins t rumenta t ion in the removable fuel 
a s semb l i e s is intended to allow determinat ion of data at different core loca­
t ions by means of re locat ing the ins t rumented a s s e m b l i e s . The fixed ins t ru ­
mentat ion within the v e s s e l is intended for m e a s u r e m e n t of data at fixed 
locat ions. 

All ins t rumenta t ion is instal led so e lec t r i ca l and ins t rument 
taps n e c e s s a r y for operat ion t e rmina t e at a junction box outside the r eac to r 
ve s se l . The junction box is a t tached to the fuel a ssembly by means of a 
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hollow s tee l tube which contains individual p r e s s u r e tubes and m e t a l -
sheathed e lec t r i ca l conductors . This connecting tube offers some support 
for handling of the fuel a s sembly , and the individual tubes and e lec t r i ca l 
leads a r e b razed or welded into the connecting tube to form a p r e s s u r e 
sea l . The connecting tube is then welded to an ins t rument nozzle blind 
flange to seal the r e a c t o r ve s se l . 

Connections from the junction box to external recording or 
indicating ins t ruments a r e through "Cannon" or '. 'Bendix"-type watert ight 
connec tors . This a r r a n g e m e n t allows handling of the ins t rumented fuel 
a s semb l i e s in a manner s i m i l a r to the handling of s tandard fuel assenabl ies , 
i .e . , it allows remova l or r ep lacement of the vesse l head over a junction 
box, or moving the a s sembly in or out of the vesse l with the head in place. 

The following desc r ibes the ins t rumentat ion in t e r m s of 
the above divisions and types of ins t ruments to be used: 

(1) Boiling Fuel Assembly Inst rumentat ion 

(a) Flow Rates 

Special devices a r e neces sa ry to m e a s u r e the 
flou' r a t e s through these a s s e m b l i e s , A modified 
type of a cominerc ia l ly available turbine- type 
f lowmeter is being evaluated. Because na tura l 
c i rcu la t ion in the core makes it n e c e s s a r y to 
have a low head l o s s , the turbine- type flowmeter 
may be unsa t i s fac tory . Therefore , a development 
p r o g r a m on a ve loc i ty-sens ing- type f lowmeter is 
being under taken. 

(b) Void Ratio at Exit 

Through m e a s u r e m e n t of volunaetric flows at in­
let and exit , the s t eam content of water leaving 
the exit can be de termined. This technique has 
been proved out-of-pi le at ANL using g a m m a -
at tenuation methods . An a l t e rna te technique, r e ­
quir ing ca l ib ra t ion for flow effect, is that of 
m e a s u r i n g the hydros ta t ic head of a column of 
s t e a m - w a t e r mix ture leaving the a s sembly . 

A choice bet^ween the two above methods will be made 
after additional tes t ing. 

(c) Fuel Temiperature 

To obtain t e m p e r a t u r e s at the rad ia l cen te rs of 
se lec ted boiling fuel rods , it is planned to instal l 
the rmocouples down the axes of the rods to the 
calcula ted axial hot spots . 



At the p re sen t stage of design, the magnitude of the 
fuel rod center t empe ra tu r e is uncer ta in . If the 
pred ic ted t e m p e r a t u r e is below 2500°F5 plat inum, 
p la t inum-rhodium thermocouples with tantalum 
sheaths will be used. If the t e m p e r a t u r e is above 
2500°F, it will be n e c e s s a r y to r e s o r t to m a t e r i a l s 
and techniques only par t ia l ly proved. The p r e s e n t 
plan is to use a 0.040-in. OD, tan ta lum-shea thed 
thermocouple made of a tungs ten- rhen ium pa i r , 
insulated with bery l l ium oxide or other suitable 
r e f rac to ry . The se lec ted fuel rods a r e par t ia l ly 
a s s e m b l e d with hollow fuel pe l le ts to allow i n s e r ­
tion of the thermocouples . The as sembly of fuel 
tube, thermocouple , and fuel pel le ts is sea l -welded 
in an iner t a tmosphere and l eak - t e s t ed to provide 
a rep laceab le fuel rod. 

(d) Water -channe l T e m p e r a t u r e s 

By using a vacant fuel rod space for instal la t ion of 
a thermocouple " r ake , " the axial w a t e r - t e m p e r a t u r e 
d is t r ibut ion is m e a s u r e d at in terva ls of approxi ­
mate ly 2 in. The thermocouples intended for use 
a r e 0.040-in. OD, s ta in less s t ee l - shea thed , c h r o m e l -
a lumel of matched c h a r a c t e r i s t i c s , and aged to 
provide high stabil i ty. 

Superheat Assembly Ins t rumenta t ion 

The techniques descr ibed previous ly for p r e s s u r e -
seal ing, lead t e rmina t i ons , e tc . , apply also to the supe r ­
heat fuel a s sembly in s t rumen t s . Two ins t rumented 
superhea t a s s e m b l i e s and one spa re a r e provided to 
make the following measureixients : 

(a) Flow Rates 

Superheat a s sembly s t eam flow is m e a s u r e d by 
e i ther a modified tu rb ine- type m e t e r or with a 
ventur i tube and ex terna l p r e s s u r e t r a n s d u c e r . 

(b) Fuel Pla te T e m p e r a t u r e s 

Stainless s t ee l - shea thed c h r o m e l - a l u m e l t h e r m o ­
couples a r e a s s e m b l e d into the edges of se lec ted 
fuel p la tes at calculated axial hot spots to m e a s u r e 
these t e m p e r a t u r e s . Welding or b raz ing these 
thermocouples into the p la tes will i n su re rapid r e ­
sponse . This a t tachment technique should prove 
e a s i e r and m o r e re l iab le than surface a t t achments . 
The 0.040-in. OD ther inocouples will lead through 
the s t a t i c - s t eam- insu l a t i ng spaces to the i r points 
of insta l la t ion. 



81 

Fixed Ins t ruments 

(a) Superheated Steam Exit Tempera tu res 

Stainless s tee l - shea thed , ch romel -a lumel t h e r m o ­
couples , , ]^- in . OD, a r e instal led in the entrances to 
the f i r s t and second-pass manifolds f rom individual 
supe rhea te r a s s e m b l i e s . Thermocouple extension 
leads a r e brought out through vesse l nozzles below 
the c losure flange. P r e s s u r e seals a r e made for 
each lead in the same manner as for fuel assembly 
ins t rument l eads . 

(b) Saturated Steam Tempera tu re 

To obtain a m e a s u r e m e n t of r eac to r vesse l s team 
t e m p e r a t u r e , 4 thermocouples a r e instal led as fixed 
ins t ruments in the vesse l s t eam dome. All t h e r m o ­
couples a r e ^ - i n . OD, s ta in less s tee l - shea thed con­
s t ruct ion . Two will be ch romel -a lumel , and 2 i ron-
constantan. The la t te r two a r e available for recording 
on the p r o c e s s - t e m p e r a t u r e r e c o r d e r (TR-2) and the 
fo rmer is used for subcooling data. Leads a r e 
brought through a vesse l nozzle below the flange. 

(c) Subcooling 

To de te rmine subcooling of the water in the r eac to r 
ve s se l , 2 thermopi les a r e instal led to sense the t e m ­
p e r a t u r e differential between the upper vesse l r e ­
gion and core inlet region. 

For in tegr i ty and accuracy these thermopi les a r e 
fabr ica ted using mult iple s ta in less s tee l - shea thed , 
c h r o m e l - a l u m e l thermocouples , - ^ - in . OD, a s sembled 
into a s ta in less s tee l tube-type housing. Leads a r e 
brought out through a nozzle beloAv the vesse l c losure 
flange and t e rmina ted in a conventional thermocouple 
connection head. 

The subcooling t e m p e r a t u r e s will be used along with 
s a t u r a t e d - s t e a m te rape ra tu re , feedwater flow, and 
feedwater t empe ra tu r e to obtain downcomer flow 
r a t e by a hea t -ba lance technique. 

(d) Neutron Flux 

Miniature c o m m e r c i a l ionization chambers can be 
made to sample the neutron flux by means of guide 
tubes to var ious core locat ions . Thus, plots of r e l a ­
tive flux at var ious core locations can be obtained. 
These s a m e chambers can be used for t r ans ien t 
tes t ing . 



(e) Reactor Vesse l P r e s s u r e 

A s t r a in gage-type t r ansduce r is p roposed for 
m e a s u r e m e n t of p r e s s u r e t r ans i en t s within the 
v e s s e l . The difficulty l ies in finding a t r ansduce r 
which is insensi t ive to gamma and neutron I r r a ­
diation. Commerc ia l ly available t r a n s d u c e r s meet 
the t e m p e r a t u r e requi rementSj but may not mee t 
the rad ia t ion-sens i t iv i ty r e q u i r e m e n t s . 

9. Fuel and Radioactive Mate r ia l Handling and Storage 

a. Boiling Fuel Assenablies 

Fuel handling of boiling fuel a s semb l i e s is normal ly done 
through the five 6 - in . -d i ame te r nozzles in the top head of the r eac to r v e s ­
se l . This is accompl ished by using a modified, exist ing coffin with hois t , 
underwater l ights , underwater v iewer , an offset raanipulator , an offset 
socket wrench and other long-handled tools . 

The proposed reloading procedure for a boiling fuel a s ­
sembly is as follows: 

(1) D e p r e s s u r i z e the r eac to r vesse l and flood to top of 
v e s s e l . Remove the shielding s labs and blind flanges 
on the 6-in. head nozzles as requ i red . 

(2) P lace the coffin on one nozzle; i n se r t an underwater 
l ight, a v iewer , a manipulators e tc . , through the other 
nozz les . 

(3) Using the p rope r tool, lift up a chimney and set it 
as ide on top of the other ch imneys , operate the hold-
down la tches with a socket wrenchj lift out the hold-
down box and set it aside on top of the ch imneys . 

(4) Using the offset manipula tor j g r a s p the grappler hang­
ing from the coffin hoist and engage the top of the boi l ­
ing fuel a s sembly . Lift up the fuel a s sembly with the 
manipula tor until it is c lea r of the chimneys , move it 
l a t e ra l ly , and center it beneath the coffin. During this 
operat ion, the coffin hoist cable mus t a l so be ree led in 
s imul taneously . When the coffin hois t has taken the 
load of the fuel a s sembly , disengage the manipula tor , 
lift the a s sembly into the coffin, and shut the bot tom 
coffin door. 

(5) Using the building c r ane , t r a n s p o r t the coffin into the 
water s torage pit, open the coffin door, and lower the 
fuel a s s e m b l y into a fixture in the pit . Disengage the 
grapple r and remove the coffin. 



(6) Individual fuel rods of a boiling fuel assembly in the 
water s torage pit may be handled under water by means 
of underwate r lights and a fuel rod manipulator . 

(7) Boiling fuel a s sembly loading procedure is the r e v e r s e 
of the above. For removal of ins t rumented boiling fuel 
a s s e m b l i e s , it may be neces sa ry to remove the top 
head of the r eac to r vesse l . 

b. Superheat Fuel Assembl i e s 

The proposed reloading procedure for a superheat fuel 
a s sembly is as follows; 

(1) D e p r e s s u r i z e and flood the reac to r vesse l to a level 
jus t below the main vesse l flange. Remove the shield­
ing s l abs , insulation over the head-bol t s , and the r e a c ­
tor ve s se l head. P lace a floodable, t empora ry vesse l 
extension or a por table shield plate in place if 
n e c e s s a r y . 

(2) Disconnect the couplings at the top of the superheat 
fuel a s sembly r i s e r s and bend the flexible manifolds 
out of the way aga ins t the vesse l wall. Lift off the 
hold-down plate along with the Belleville spring, 

(3) Using the building c r a n e , center the coffin over a super 
heat fuel a s sembly . Using the coffin hois t and grappler 
lift a fuel a s s e m b l y into the coffin. With the building 
c rane t r a n s p o r t the coffin and superheat fuel a s sembly 
to s to rage . 

(4) Superheat fuel a s sembly loading procedure is the 
r e v e r s e of the above. 

c. Other Reactor Coinponents 

The r e a c t o r v e s s e l head mus t also be removed to lift the 
following l a rge r e a c t o r or exper imenta l components from the vesse l : ch im­
neys , hold-down boxes , forced-convect ion baffle, feedwater spa rge r , core 
s t r u c t u r e s , control rods , osci l la t ing rod, and ce r ta in in -co re in s t rumen ta ­
tion. The Sb-Be source and some instrumientation can be handled through 
nozzles in the r e a c t o r v e s s e l head, 

d. Storage Fac i l i t i es 

Storage faci l i t ies for fuel and other radioact ive m a t e r i a l s 
a r e provided as follows: 

(1) The exist ing w a t e r - s t o r a g e pit is used for t empora ry 
s to rage of fuel and other radioact ive components . It 
is a lso provided with underwater l ights , f ixtures and 



tools for underwate r reloading of boiling fuel, boron, 
water and void rods , and underwater handling and 
serv ic ing of other radioact ive components such as 
ins t rumented fuel a s s e m b l i e s , sou rces , osci l lat ing 
rods , e tc , 

(2) A fue l - s to rage a r e a containing tubes both inside and 
outside the existing BORAX reac to r vesse l is located 
in the old r eac to r pit . The space between these tubes 
is filled with grave l and capped with concre te . An 
existing high-densi ty concrete roll ing shield is used 
to cover this a r e a . 

(3) A new d r y - s t o r a g e pit with concre te slab covers is 
located in the southwest co rne r of the r eac to r build­
ing. This pit is used to s tore core s t r u c t u r e s , forced-
convection baffle, feedwater s p a r g e r , control rods , 
and other l a r g e , radioact ive i t ems . These radioact ive 
i tems a r e t r a n s f e r r e d f rom the r eac to r pit to the d ry -
s torage pit by means of the building c rane which can 
be control led f rom a remote control stat ion located 
agains t the wes t wall of the r eac to r building. The 
r emote control s tat ion can be shielded by t e m p o r a r y 
concre te s labs if n e c e s s a r y . 

1 0, Biological Shielding 

a. Descr ip t ion 

The biological shielding for the BORAX V reac to r is shown 
in F ig . 32. The ma in floor of the r e a c t o r building is made access ib l e dur ­
ing opera t ion by shielding of the core with a total th ickness of 5 ft 2 in. of 
h igh-densi ty (215 lb/f t ) concre te s labs covering the r eac to r pit , 2 ft of 
o rd inary concre te covering the a c c e s s shaft, and 1-ft-thick concre te covers 
over the piping t r e n c h e s , equipment pit, and d r y - s t o r a g e pit . The acces s 
shaft and subreac to r room a r e only par t ia l ly shielded and a r e not acces s ib l e 
during operat ion. The r e a c t o r pit is shielded hor izontal ly by 4-|-ft of con­
c r e t e on the a c c e s s shaft side and by ea r th on the other th ree s ides . Between 
the floor of the r e a c t o r pit and the ceil ing of the subreac to r room is a 3-ft-
thick s lab of h igh-densi ty conc re t e . Pene t ra t ions into the r eac to r pit a r e 
offset or stepped as r equ i red . The piping t r ench between the r e a c t o r build­
ing and the turbine building is covered with 6 in. of concre te and 3 ft of ea r th . 

b. Shielding Design 

This sect ion is divided into two p a r t s : shielding r e q u i r e ­
ments at power and shielding r equ i r emen t s for a cces s to r e a c t o r compo­
nents after shutdown. The calculat ions for the f i r s t p a r t a r e based on a 
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40-Mw reac tor operating full t ime with personnel being exposed to a max i ­
mum of 7.5 m r / h r , the to lerance for a 40-hr week. With respec t to shut­
down conditions, the r eac to r is a s sumed to have operated long enough to 
be in near equil ibrium with its f ission products . Higher shor t - t ime expo­
sures might be expected in performing work on the reac to r after shutdown. 
In both cases ex t reme values a r e used; hence, the shielding is conservat ive . 
Three types of radiat ion a r e considered; fast neutron (>1 Mev), the rmal 
neutron, and gamma ray. The gammas a r e further broken up into prompt 
f ission gamma, fission product g a m m a s , and capture gammas formed by 
the absorpt ion of t he rma l neutrons in the shielding medium. 

Additional shielding provisions will be neces sa ry if ex­
per iments a r e conducted with a separa te superheat core in the upper end 
of the reac tor vesse l . In a r e a s where high-densi ty concrete is specified, 
the calculations were made on the basis of magnet i te- type concrete 
(p =215 Ib/ft^). 

(1) Shielding at Power 

(a) Top of Reactor Pi t 

The most severe shielding problem occurs when 
the reac to r core is loaded with a cent ra l superhea te r . This pe rmi t s open 
radiat ion channels through the water above the core . The top shield was 
sized for this condition. 

Thermal Neutron Flux. A 1-in.-thick, 1% 
boron-s tee l plate inside the head reduces to a negligible amount the the rmal 
neutron flux entering the shield. The effect of the neutron flux which has 
been thermal ized in the shield can be neglected because it is small with 
respec t to the flux of fast neutrons and gamma rays . 

Fas t Neutron Flux. The fast neutron flux is high 
because of the lack of modera tor in the superhea ter channels . A fast neu­
t ron flux of 3,7 X lO^*' n /cm^-sec from a geometr ical ly reduced plane source 
was considered incident upon the shielding. Sixty-two in. of high-density 
concrete reduce the fast neutron flux dose to less than 4 m r e m / h r . 

Gamma Flux. The prompt fission gammas were 
divided into 8 energy groups frona 0.5 to 8 Mev. The prompt gamma dose 
was then calculated using each group as a plane source at the reac tor shield 
and summing the individual effects. The secondary gammas resulting from 
neutron captures were determined in the shield by assuming an exponential 
source of gammas which followed the fast neutron flux. The final shield 
thickness of 6Z in. of high-densi ty concrete was determined principally by 
this l as t form of radiat ion. 



(b) Access Shaft and Trenches 

In determining the thickness of the cover over 
the a c c e s s shaft and the p lacement of ducts and t r enches , the p rac t ice was 
to a s s u r e that a shielding th ickness at l eas t equivalent to the number of 
at tenuation lengths through the top shield be maintained in any s t ra igh t -
line di rect ion f rom the r e a c t o r co re . 

(c) Activation of the Steam 

Figure 32 shows the location within the building 
of the t r enches containing the 6 - in . -d i ame te r m a i n - s t e a m line, and the 
sma l l e r superheated s t eaml ines . Bar r ing fission product r e l ea se , the 
major activi ty to be cons idered is 6.2-Mev gamma rays from the 7.6-sec 
N . A specific activity in the s t eam line of 5.5 x 10 Mev /g - sec of water 
was calculated for this isotope provided all the N is entrained in the 
s team. The radia t ion level was then calculated considering the s team pipe 
as a line source . One foot of concre te reduces this radiat ion level to be ­
low to le rance . 

The condensate re tu rned from the turbine build­
ing does not r e p r e s e n t a haza rd due to the holdup in the feedwater sys tem 
and the shor t half-life of N^*. 

(2) Shielding for Shutdown 

Three a r e a s w e r e cons idered with r e spec t to a c c e s s i ­
bility after shutdown: a) the a c c e s s shaft, b) the subreac to r room, and 
c) the top of the r e a c t o r ve s se l . The numerous penetrat ions into the access 
pit and the subreac to r room complicate the shielding calculation; t h e r e ­
fore , the de terminat ion of shielding for d i rec t radiat ion leakage is s o m e ­
what of a best guess . Since a c c e s s to the r eac to r after shutdown is usual ly 
l imi ted to shor t exposure t i m e s , h ighe r - t han -no rma l levels of radiat ion 
can be to le ra ted . For shutdown calcula t ions , the radiat ion from the fission 
products was divided into 7 energy groups of gammas from 0.4 to 3.0 Mev. 
A delay of 2 to 24 hours after shutdown is recommended before access is 
pe rmi t t ed to the r eac to r ve s se l coraponents. 

(a) Access Shaft 

The shielding wall between the r eac to r and access 
shaft is 4-2 ft of o rd inary concre te and is augmented by the foot of water su r ­
rounding the co re . All pipe penet ra t ions into the r eac to r pit a r e offset by at 
l eas t If- d ianie ters of the duct. Special plugs a r e designed for the ins t ru ­
ment holes to min imize leakage through the shield. 



(b) Subreactor Room 

The shielding above the subreac tor room is 3 ft 
of high-densi ty concre te . All pipe penet ra t ions a r e offset by I j d iamete rs 
and none of these pipes a r e d i rect ly in line with the core . To eliminate 
s t reaming along the con t ro l - rod dr ive and forced-convect ion nozzles , a 
stepped bushing of s tee l is inser ted , as shown in Figs , 23 and 32, The 
g rea t e s t leakage is through the l a rge , offset s t eam- l ine penetra t ion, but 
the s t eam line can be filled with water after shutdown, 

(c) Access to Top of the Reactor 

Access above the r eac to r with the shield slabs 
removed r equ i r e s flooding of the superhea te r channels with water and 
ra is ing the level of the wate r to a depth of 8 ft above the c o r e . As shown 
in Fig. 32, the radiat ion which is sca t t e red up the a r e a between the pit 
walls and the reac tor vesse l is shielded by a r ing of 6- in , - th ick lead 
shielding blocks , mounted jus t below the flange of the r eac to r ves se l . 

c. Heat Generat ion in the Concrete Biological Shield 

An es t imat ion of the heat generated in the concre te b io­
logical shield was based on a considera t ion of the following sources of 
radiat ion heating: 

(1) Core gammas (both p rompt and delayed) 

(2) Secondary gammas f rom neutron absorpt ion in 
water 

(3) Secondary gammas from neutron capture in the 
r eac to r v e s s e l shell and intervening th icknesses 
of concre te whereve r applicable. 

(4) Fas t neutron modera t ion in the concre te . 

A s u m m a r y of r e su l t s for radiat ion heating as a function 
of dis tance into the concre te a t core center line is given in Fig. 33. A 
s imi l a r s u m m a r y as a function of elevation and along the floor of the r e ­
ac tor pit is given in Fig. 34, If the r eac to r pit shield is uncooled, the 
maximum concre te t e m p e r a t u r e at 40-Mw reac to r power has been ca lcu­
la ted to reach about 520°F. Since concre te de te r io ra t e s and spal ls at this 
t e m p e r a t u r e , a shield-cooling sys tem is provided as shown in Fig . 32 and 
descr ibed in Section III, B, 10. 
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B . P r o c e s s P i p i n g S y s t e m s 

1. S u p e r h e a t e r Vent , F l o o d , and D r a i n S y s t e m s 

a. S u p e r h e a t e r Vent S y s t e m 

The funct ion of the s u p e r h e a t e r vent s y s t e m is to i n s u r e 
t ha t a suff ic ient flow of coo lan t s t e a m i s m a i n t a i n e d t h r o u g h the s u p e r ­
h e a t e r d u r i n g r e a c t o r s t a r t u p and shutdown o p e r a t i o n , to p r e v e n t o v e r h e a t ­
ing . The s u p e r h e a t e r vent s y s t e m c o n s i s t s of f l o w m e t e r F I - 4 and a m a n u a l 
o r a u t o m a t i c a i r - o p e r a t e d s u p e r h e a t e r - v e n t va lve (HIC-5aV) connec ted to 
t h e m a i n - s t e a m p ip ing , a s shown in F i g . 35 . Th i s s y s t e m in the "ven t" 
cond i t ion p e r m i t s s t e a m to flow f r o m t h e s t e a m d o m e of the r e a c t o r v e s s e l 
t h r o u g h t h e s u p e r h e a t e r into the m a i n - s t e a m piping and then to a t m o s p h e r e . 
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F i g . 35 
S u p e r h e a t e r S t a r t u p and Shutdown Sys t em - BORAX V 

Valve o p e r a t i o n i s n o r m a l l y e l ec t i ve and ad jus t ab l e for 
f lows of f r o m 0 to 8000 I b / h r . In even t of a s c r a m , the va lve i s opened a u t o ­
m a t i c a l l y to a p r e s e t flow p o s i t i o n c a l c u l a t e d to p r o v i d e adequa te i m m e d i a t e 
coo l ing . The i n a t e r i a l of c o n s t r u c t i o n i s Type 304 s t a i n l e s s s t e e l . 

T h i s i s an e s s e n t i a l systenn and the v a l v e s and c o n t r o l s a r e 
t h e r e f o r e connec t ed to the e m e r g e n c y p o w e r s y s t e m . 



b . Superheater Flood System 

The superhea te r flood sys tem is made up of superhea ter 
flood valve (HC-5V) (solenoid t r i p and a i r r e se t ) , a manual gate valve 
which pa ra l l e l s valve HC-5V, two a i r - o p e r a t e d p re s su re -equa l i z ing valves 
(HC-17aV and HC-18aV), superhea te r wa te r - l eve l indicator (LI-2), and a 
piped connection to one of the r eac to r vesse l forced convection inlet l ines , 
all as shown in F ig , 35, 

This sys tem p e r m i t s flooding of the superhea te r for ad­
ditional cooling, if des i red , during the shutdown cycle . Calculations indicate 
that flooding will be accomplished in about one minute . 

In the "flood" condition, the superhea te r vent valve is closed 
and the flood valve and two p re s su re - equa l i z ing valves a re open. The flood 
valve p e r m i t s water to flow by gravi ty from the boiling section of the r e a c ­
tor ve s se l , through the forced-convect ion line and into the superhea te r . The 
superhea te r second-pass p re s su re -equa l i z ing valve (HC-17aV) a s s u r e s that 
p r e s s u r e in the superhea te r second pass is the same as that in the boiling 
section during flooding. Superheater level - indica tor p re s su re -equa l i z ing 
valve (HC-18aV) equal izes the p r e s s u r e a c r o s s level indicator LI -2 , p e r ­
mitt ing a t rue superhea te r wa te r - l eve l indication when the flood valve is 
rec losed . The manual gate valve se rves the same purpose as the super ­
hea ter flood valve in case of fai lure of the flood valve and is manipulated 
from the operat ing floor by means of an extension rod. The m a t e r i a l of 
const ruct ion is Type 304 s ta in less s teel . 

This , too, is an essen t ia l system and therefore the valves 
and controls a re connected to the emergency power s y s t e m s . 

c. Superheater Drain System 

The superhea te r dra in sys tem cons is t s of an a i r -ope ra t ed 
superhea te r d ra in valve (HC-6aV), a superhea te r drain-f low indicator 
(FI-5), the previous ly mentioned p re s su re - equa l i z ing valves and level in­
dicator LI -2 , and a piped connection to the turbine condenser , all as indi­
cated on F i g s . 35 and 36. 

When the r eac to r has been brought to p r e s s u r e , the flooded 
superhea te r mus t be dra ined p r io r to the s ta r t of s team flow. In the 
"drain" condition, the flood valve is closed and the dra in valve and two 
p re s su re -equa l i z ing valves a r e open. The dra in valve p e r m i t s water 
to flow out of the superhea te r at about 120 gpm to the turbine condenser 
where it is rece ived and cooled. The superhea te r p re s su re -equa l i z ing 
valve provides a supply of boiling section s team at the exit of the super ­
hea te r second pas s thus a s s u r e s p roper blowing down of the second p a s s . 
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Drainage flow is indicated by flowmeter F I -5 and complete drainage is f i rs t 
evidenced by a change in indicated flow ra te and may be confirmed by c los ­
ing the superheater dra in valve and then observing the superheater level 
indicator (LI-2). 

The m a t e r i a l of construct ion is Type 304 s ta inless s teel , 
except for the piping between the superhea te r drain valve and the condenser 
which is carbon s teel . 

2. Batch Feed System 

The superheater r equ i re s a continued flow of steam after r e a c ­
tor shutdown for as long as the decay heat r emains above 0.4 Mw. As a 
resul t , an assu red means of inaking up evaporation lo s ses is requi red in 
order to maintain an adequate r eac to r water level. 

The batch emergency feedwater system is provided to fulfill 
this need in the event of power or feedpump fai lure . The system consis ts 
of a 350-gal p las t ic- l ined, s teel ba tch- s to rage tank and a 150-gal Type 304 
s ta inless s teel , batch-feed p r e s s u r e tank, piped and valved as shown in 
Fig. 35. Piping and valves a r e Type 304 s ta in less s teel . Both tanks a r e 
normal ly filled with deminera l ized water . 

To initiate water addition, r eac to r s team is manual ly admitted 
to the top of the 150-gal p r e s s u r e tank and the line from the tank drain to 
the reac tor feedwater line is valved open. When the tank p r e s s u r e is the 
same as reac to r p r e s s u r e , water flows by gravity into the r eac to r . After 
the tank has drained, it is manual ly isolated from the reac to r , vented to 
a tmosphere , refilled by gravity from the 350-gal s torage tank, and the 
p ressu r i z ing and dra in cycle is repeated . In this manner , makeup equiv­
alent to about 2.1 ft of reac tor water can be added in approximately one 
hour. If necessa ry , raw water can be added to the r eac to r vesse l in this 
manner , and under ex t reme conditions, the contents of the boron-addit ion 
tank can also be fed into the reac to r ves se l . 

3. Boron-addit ion System 

The boron-addit ion sys tem i s a r e s e r v e means of poisoning the 
reac tor and making it subcr i t ica l . It is a s ta in less steel sys tem, consisting 
of a 270-gal p r e s s u r e tank with two 12-kw immers ion hea t e r s and t e m p e r a ­
ture controls , and an a s sembly of piping and valves , all a r ranged as shown 
in F ig . 36. The tank is normal ly charged with 20 kg of bor ic acid, H3BO3, 
dissolved in 200 gal of deminera l ized water . 

In the storage condition, boron- tank p ressure -equa l i z ing t r ip 
valve (HC-2aV), bo ron - to - r eac to r valve (HC-2bV), and bo ron- sea l valve 



( H C - 2 C V ) a re closed and boron- leakage valve (HC-2dV) is open. In this 
condition, the tank is isolated from the r eac to r vesse l and, with the boron-
leakage valve open, chance leakage of bor ic acid into the reac to r vesse l is 
prevented . Each of these valves is a solenoid- t r ip type. 

Poisoning is init iated at the control building by a single control 
which causes valve HC-2dV to t r ip closed and valves HC-2aV, HC-2bV, and 
HC-2cV to t r i p open, admitting r eac to r s team into the top of the tank and 
establ ishing a dra in route from tank to r e a c t o r . After the tank has reached 
r eac to r p r e s s u r e , the bor ic acid solution flows by gravity into the reac to r 
v e s s e l . 

A 20-kg charge of bor ic acid is calculated to be adequate for 
mos t , but not al l , of the poss ible core loadings. When a g rea te r poisoning 
capaci ty is needed, the i m m e r s i o n h e a t e r s pe rmi t storing of a heated 
charge containing m o r e than 100 kg of bor ic acid. 

Even though this is a s low-act ing sys tem, the valves and con­
t ro l s of th is sys tem a re connected to the emergency power supply. In ad­
dition, each of the t r i p valves is equipped with an auxi l iary manual t r i p . 
Since inadver tent poisoning c r e a t e s a special problem, the e lec t r ic control 
c i r cu i t r y has been a r r anged to provide the best degree of protect ion against 
accidental dumping, 

4. Forced-convec t ion System 

During the course of exper iments to investigate higher core 
power dens i t ies and coolant flow veloci t ies , a forced-convection system 
will be uti l ized on BORAX V. This s t a in less s teel sys tem, as shown on 
F ig . 36, includes a Worthington 10,000-gpm centrifugal pump, ver t ica l ly 
mounted below the r eac to r in the subreac to r room. The pump has a 
NPSH of 14 ft, a total d i scharge head of 193 ft, and is dr iven by a 450-hp 
squ i r r e l - cage induction motor . 

Forced-convec t ion flow r a t e s may be remote ly regulated by 
means of mo to r -ope ra t ed , forced-convect ion-pump discharge valve 
(HC-lOV). A ventur i - type f lowmeter is provided, with remote indication 
in the r e a c t o r control room, A la rge port ion of the piping and controls 
from the unused EBWR forced-c i rcu la t ion sys tem will be uti l ized in the 
BORAX V sys tem. 

A shown on F ig , 23, the forced-convect ion outlet from the r e a c ­
tor v e s s e l is through two 14-ino nozzles near the bottom of the downcomer 
a r e a . These 14-in,. nozzles extend through the reac to r pit floor slab into 
the subreac to r room and a re flanged to 14-in. piping which en te r s a com­
mon l 6 - i n , pump-suc t ion l ine. The pump discharge p a s s e s through a 14-in. 



line and is then equally dis t r ibuted into the bottom of the r eac to r vesse l 
through four 6-in., forced-convect ion, r eac to r inlet nozz les . A diffusion 
ring at this point b r eaks down the nozzle effects and equalizes flow d i s ­
tr ibution before the water en te r s the co re . 

It is n e c e s s a r y to have the forced-convect ion baffle instal led 
in the r e a c t o r v e s s e l during forced-convect ion exper iments to provide the 
n e c e s s a r y division between v e s s e l inlet and outlet flow pa ths . 

5„ Steam Systems 

The BORAX V steam sys tem is unusually flexible, as is shown 
on Fig . 36. It is capable of removing sa tura ted s team from the p r e s s u r e 
vesse l s t eam dome and superheated s team from nozzle outlets in both the 
s team dome a r ea and the bottom of the ve s se l . The s team produced can be 
uti l ized in the tu rbogenera tor unit, bypassed to the condenser , and /o r ex­
hausted to the a tmosphere , as n e c e s s a r y in the per formance of var ious 
exper iments . 

A new s team main , completely entrenched from the r e a c t o r to 
the turbine building, is provided in place of the old overhead line which has 
been removed. The r eac to r is operable at all p r e s s u r e s up to 600 ps ig . 
Normal turbine inlet s team conditions a r e 3 50 psig with a maximum a l ­
lowable superhea t of 150° F , o r a t e m p e r a t u r e of 585° F . At r eac to r p r e s ­
sures between 350 and 600 psig a p r e s s u r e reduction ups t r eam from the 
turbine mus t be provided, and at s team t e m p e r a t u r e s above 585° F desuper 
heating is n e c e s s a r y . Below 250 psig the turbine is inoperable and s team 
flow mus t be bypassed d i rec t ly to the condenser or to the a tmosphe re . 
Steam produced in excess of approximately 20 the rmal Mw mus t be vented 
to a tmosphere , since this is the maximum capaci ty of the exist ing t u rb ine -
genera to r -condense r sys tem. 

Mater ia l s of construct ion a r e equal to A-3 76, Type 304 s ta in­
l e s s s tee l , A-335, grade P-11 ch rome-moly s teel and A-106, grade B 
carbon s teel , depending on location and se rv ice conditions. 

The major components of the BORAX V s t eam sys tem a re as 
follows: 

(a) Internal and Externa l Superheat Piping 

It is proposed that both cen t ra l and p e r i p h e r a l supe r ­
h e a t e r fuel e lements be tes ted in the BORAX V r e a c t o r . 
F o r the two-pass r e fe rence design superhea te r , the 
s t eam produced is removed , as shown in Fig, 9 and 11, 
through s ta in less s tee l flexible tubing coupled to the 
tops of the individual fuel e l ements . The flexible tubes 



a r e fastened to lengths of solid, double-wall pipe attached 
to the four 3-in. superheated s team vesse l outlet nozzles 
by t empera tu re -compensa t ing couplings. The four 3-in. 
supe rhea t ed - s t eam outlet l ines a re joined in a common 
manifold connected to the main 6-in, s team line. 

Should s ing le -pass superheat be produced, it will be r e ­
moved through the r e a c t o r v e s s e l forced-convection inlet 
nozzles via plenum chambers and piping attached to the 
core support p la te . A 6-in, superhea ted - s t eam line will 
then c a r r y the s team from the subreac tor room up through 
the r eac to r pit into the main 6-in. s team line in the pipe 
trench,, 

Main Steam Line 

The main 6-in, s team line extends from the r eac to r p r e s ­
sure ves se l through the pipe t rench to the turbine building 
and tu rbogenera to r unit. A l a rge expansion loop is located 
in the t rench between buildings to allow for pipe expan­
sion. Located along the main s team line a r e the following: 
flow, p r e s s u r e , and t e m p e r a t u r e - m e a s u r i n g i n s t rumen t s , 
a 3-ft removable tes t section, a ca lo r ime te r , sampling 
and sample injection l ines , control valves , shut-off va lves , 
and many branch l ines to make a completely flexible steana 
systera . 

B a c k - p r e s s u r e Stations 

The m a i n - s t e a m , b a c k - p r e s s u r e control valve (PIC-IV) 
located in the m a i n - s t e a m line is designed to operate as a 
r e m o t e , v a r i a b l e - s e t valve. It is requi red to flow sa tura ted 
or superheated s team at capaci t ies up to 60,000 Ib /h r at a 
se t -point between 300 and 600 psig. This valve is s e n s i ­
tive to u p s t r e a m p r e s s u r e and opens only when r eac to r 
p r e s s u r e is i nc reased above the p r e s e t p r e s s u r e . In this 
manner it s e r v e s as a reducing station and a r eac to r con­
tainment dev ice . 

At powers above 20 Mw, or when it is des i rab le to flow 
s t eam d i rec t ly to the a tmosphere , a vent line with vent-
s t eam, b a c k - p r e s s u r e control valve (PIC-2V), u p s t r e a m 
from the m a i n - s t e a m , b a c k - p r e s s u r e control valve, is 
ut i l ized. This valve and line is designed to flow s team at 
0 to 60,00 0 I b / h r ; it has a remote ly adjustable, var iab le 
se t -point between 100 and 600 psig, and it opera tes in the 
same manner as the m a i n - s t e a m , b a c k - p r e s s u r e control 
valve. 



Safety Valves and Vents 

Inasmuch as the m a i n - s t e a m sys tem is normal ly operated 
at two different p r e s s u r e s , two sets of dual-safety valves 
a r e r equ i r ed . The two valves for the r eac to r vesse l and 
h i g h - p r e s s u r e s t eam line have sett ings of 650 and 670 
psig, respec t ive ly , with a combined capacity of 120,000 Ib /h r 
of sa tura ted s t eam. The two safety valves for the l o w - p r e s s u r e 
port ion of the s team sys tem have sett ings of 3 88 and 
400 psig and also have a combined capacity of 120,000 Ib /h r . 
All four d i scharge to the a tmosphere through a 6-in, stack 
on the west side of the r e a c t o r building. 

A 2-in, supe rhea t ed - s t eam vent line 'with superhea te r -ven t 
valve (HIC-5aV) is instal led as previous ly desc r ibed to in­
sure that s team flow through the superhea te r continues on 
shutdown. An additional r e a c t o r - v e n t sys tem allows purging 
and blowdown of r e a c t o r p r e s s u r e via the r e a c t o r - v e n t 
valve (HC-laV) , 

Fo r independent, single-fuel a s sembly exper imen t s , a sep­
a ra t e flow path, flow m e a s u r e m e n t , and the exper imenta l -
s team, b a c k - p r e s s u r e control valve (PIC-3V) ai-e provided 
for s team flowing through two of the superheated s t eam 
outlet l i nes . 

Desup_erheater Station 

T u r b i n e - t e m p e r a t u r e l imi ta t ions requ i re that a d e s u p e r -
hea te r (DE- l ) , as shown on F ig . 36, be instal led in the m.ain 
s t eam line to insure a m a x i m u m s t eam- to - tu rb ine t e m p e r a ­
tu r e of 585° F . A feedwater line is piped to the d e s u p e r -
hea te r station and s team is provided via the desuperhea te r 
a tomiz ing- s t eam valve (HC-15aV) to improve feedwater 
a tomizat ion at low flows. 

Steam Bypass and Separat ion 

The existing tu rb ine -bypass , p r e s s u r e - c o n t r o l valve 
(PIC-9V) has been re ta ined and can be set at the turbine 
building to control turbine throt t le p r e s s u r e . This valve 
no rma l ly bypasses s team d i rec t ly to the condenser to 
main ta in a set p r e s s u r e so inc rementa l changes in t u r ­
bine load affects bypass flow r a t e . 



A new s team separa to r i s located immediate ly ups t ream 
from the main turbine stop valve for quality improvement 
during s a t u r a t e d - s t e a m operat ion. 

(g) Turb ine -Genera to r -Condense r Unit 

The existing tu rb ine -gene ra to r -condense r unit at the 
BORAX site is uti l ized, with a few minor modifications, 
as a heat sink for the BORAX V reac to r . 

The tu rb ine -gene ra to r is a 1926 Westinghouse unit ra ted 
at 3750 kva. The main , water -cooled , surface condenser 
i s located d i rec t ly beneath and supported from the turbine . 
The existing 6500-gpm AUis -Cha lmers main-c i rcu la t ing 
pump i s used to c i rcula te cooling water from the condenser 
to the exist ing cooling tower. Return flow from the tower 
is by gravi ty . A pa ra l l e l loop in the cooling-water system 
c i rcu la tes water through a water rheos ta t which is used to 
apply e l ec t r i ca l loads , as des i red , to the main genera tor . 

The existing set of two-s tage a i r e jec tors , operated from 
the main s team supply, a r e used to c rea te the norraal op­
era t ing p r e s s u r e of about 4 in. of Hg absolute on the main 
condenser . 

Although the turbine g land-sea l water continues to be sup­
plied from the exist ing g land-sea l -wa te r s torage tank, a 
modification to the sys tem is made . Gland-sea l -wate r 
control valve (PIC-5V) is instal led in the main condensate-
r e t u r n line and mainta ins the n e c e s s a r y head to elevate 
condensate to the tank. 

A new a i r - e j ec to r , a tnaospheric-exhaust line is instal led 
to expel noncondensable condenser gases to the a t m o s ­
phe re , A new fil ter and a blower a re located in the a t ­
mospher i c exhaust line so that the fil ter r ema ins under 
negative p r e s s u r e during operat ion. This prevents leakage 
of radioact ive gases into the turbine building and insures 
that they a re expelled to the a tmosphere . 

6. Condensate and Feedwater System 

The complete ly closed condensate and feedwater sys tem can be 
seen in Fig 35. The two exist ing condensate pumps and one condensate 
booster pump remove condensate from the condenser hotwell and pump it 
back to the r eac to r building via a new condensa te - re tu rn line located in the 
pipe t rench . After pass ing in s e r i e s through an existing condensate f i l ter . 



a full-flow, mixed-bed condensate demine ra l i ze r , and a new fi l ter , the con­
densate en t e r s the existing s ta in less steel feedwater - s to rage tank which is 
re located to the upper level of the equipment pit . The deminera l i ze r may be 
bypassed if de s i r ed . Two new 150-gpm centrifugal feedwater pumps a re 
located on the lower level of the equipment pit, taking suction from the 
s torage tank and discharging into a common main-feedwater l ine . 

A feedwater- regula t ing sys tem utilizing automatic and /o r 
manual control p e r m i t s maintenance of r eac to r water at des i red levels over 
a wide range of power s . The main- feedwate r -con t ro l valve (LC-IV) is 
requi red to pa s s the design flow of 275 gpm. In pa ra l l e l to the normal main 
feedwater control valve is a mo to r -ope ra t ed , l ow- ra t e , feedwater-control 
valve (HC-14V) to provide manual control at low flow r a t e s (from 0 to 30 
gpm). 

The feedwater line downst ream from the regulat ing valves is 
piped so that the re a re th ree a l te rna te flow paths for the water to enter the 
r eac to r ve s se l . By manipulation of the p rope r valves feedwater may enter 
the ves se l through the in ternal feedwater spa rge r ring;, the forced-convection 
inlet piping, or the forced-convect ion outlet piping. 

Feedwater is also supplied to the s team desuperhea te r station 
D E - l , The desupe rhea te r , located in the pipe t rench on the west side of the 
r eac to r building, is equipped with an automatic control valve (TRC-IV) 
which is capable of pass ing a maximum of 15 gpm of de superheating feed-
water . This r e s u l t s m a reduction of s team t e m p e r a t u r e from 850°F to 
585°F.. for a maximum of 60,000 Ib /h r of 600-psig superheated s team. 

The r eac to r sea l -wa te r sys tem also or ig ina tes at the feedwater 
regula t ing-valve header . This 1-in, line is piped into the subreac tor room, 
supplying seal water to the forced-convect ion pump glands and the cont ro l -
rod-d r ive s ea l s . Flow to the con t ro l - rod sea ls f i r s t p a s s e s through a f i l ter , 
through a sea l -wa te r supply valve (HC-l6aV), and then through individual 
r od - sea l , inlet and outlet valves and r o t a m e t e r s , thus allowing accura te 
control and moni tor ing of seal water for the control rod d r i v e s . 

Reac tor leakage from the con t ro l - rod sea ls is piped to the sub­
reac to r room sump, while the r e tu rn fronn the forced-convect ion pump sea l s , 
approximate ly 6 gpm, is r e tu rned to the feedwater s torage tank. 

The range of r eac to r power is no rma l ly from 0 to 20 Mw, with a 
maximum short durat ion capaci ty of 40 Mw. This requ i rement , together 
with the needs of the ion-exchange, desupe rhea t e r , and seal s y s t e m s , e s t a b ­
l i shes the need for two 150-gpm feed pumps . 
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7, Reactor P r e h e a t System 

The reac tor prehea t sys tem, shown on F ig . 36, is composed of a 
bank of immers ion - type e lec t r i c h e a t e r s with a ra ted capacity of 144 kw, a 
150-gpm circulat ing pump, both located in the subreactor room, and suitable 
piping va lves , and equipment to make a complete sys tem. 

This sys tem is used during s tar tup operat ions or whenever it is 
des i rab le to heat the r eac to r water without nuclear heat . It is especial ly 
useful during initial plant s tar tup since it allows plant checkout and hot-
cr i t ica l exper iments to take place without undue i r rad ia t ion p rob lems . 

A secondary function of the sys tem is to heat uniformly and s imul­
taneously the r eac to r vesse l and forced-convect ion piping, when necessa ry , to 
prevent excess ive s t r e s s e s due to differential expansion. 

With the forced-convect ion piping in place, the circulat ing pump 
suction line is connected to the forced-convect ion-pump suction piping i m ­
media te ly ups t ream from the closed pump suction valve. The c i rcula t ing-
pump d ischarge p a s s e s through the hea te r bank and flows back into the 
forced-convect ion-pump suction line immedia te ly downstream from the 
pump-suct ion valve. Circulat ing water then pas se s through the forced-
convection pump and r e tu rns to the r e a c t o r vesse l via the r eac to r forced-
convection inlet piping. This a r r angemen t insu res flow and t empera tu re 
equalizat ion throughout the sys te in . 

When the forced-convect ion piping is not in place it is n e c e s s a r y 
to make use of the spa re , 2-in. preheat-Avater line and one of the r eac to r 
vesse l forced-convection inlet nozzles as connecting points for the 
c i rcu la t ing-pump suction and d i scharge l ines . 

A th i rd function of the circulat ing pump is to move reac tor 
water through the ion-exchange sys tem as descr ibed in Section III, B, 8. 

8, Reactor Ion-exchange System 

The reac to r ion-exchange sys tem is designed to clean reac to r 
water continuously, with the r eac to r operat ing or shut down, at a range of 
flow r a t e s from 0 to 20 gpm. This sys tem, as shown on Fig . 36, is requi red 
to mainta in r eac to r water quality, pH, and chloride concentrat ion within 
very close l imi t s . 

Another function of this sys tem is removal of bor ic acid from 
reac to r water when n e c e s s a r y . 
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With the reac to r shut doAvn or at very low p r e s s u r e s , it is nec ­
e s s a r y to use the circulat ing pump to force reac to r water through the ion-
exchange sys tem. Whenever r eac to r p r e s s u r e is g rea t e r than about 50 
psigj it is n e c e s s a r y to secure the circulat ing pump and close the c i rcula t ing-
pump suction valve (FC- laV) in o rde r to protec t the l o w - p r e s s u r e heat ex­
changers and ion-exchange columns.. During these pe r iods , ion-exchange flow 
is maintained by r e a c t o r p r e s s u r e alone. 

When the circulat ing pump is used, the ion-exchange supply 
water flows from a branch line at the pump discharge to the existing heat 
exchangers which a r e re located to the upper level of the equipment pit . A 
globe valve at the heat exchanger inlet i s used for throt t l ing purposes to 
adjust the flow ra te as des i r ed . 

When r eac to r p r e s s u r e is available to c rea te ion-exchange sup­
ply flow, water leaves the reac to r through the 1-in. re actor-blowdown line 
and flows to the heat exchangers in the equipment pit . Flow r a t e s through 
the sys tem at from 0 to 20 gpm a re adjustable through use of the ion-exchange 
p r e s s u r e - c o n t r o l valve (PIC-4aV) located at the inlet to the heat exchangers . 
A p r e s s u r e breakdown orifice downst ream from the control valve reduces 
supply p r e s s u r e as n e c e s s a r y for sys tem protec t ion . Adjustment of the con­
t ro l valve is accomplished at a control panel located on the east side of the 
reac tor building operat ing floor. 

Ion-exchange supply water flows in s e r i e s through the f i r s t two-
pass heat exchanger and the second four -pass heat exchanger and is cooled 
to a maximum of 120°F, which is the recommended maximum t e m p e r a t u r e 
for the ion-exchange r e s i n s . Water then flows d i rec t ly to the ion-exchange 
columns in the w a t e r - s t o r a g e pit . The sys tem can be manual ly adjusted to 
give flow through cation, anion, or mixed-bed columns as des i red . This d i s ­
charge from the columns is then sent back to the r eac to r vesse l if the c i r ­
culating pump is in use , or to the feedwate r - s to rage tank if r eac to r p r e s s u r e 
is c rea t ing the ion-exchange flow, 

9. Deminera l i zed-wate r System 

A ly-in, r aw-wa te r supply line connects with the existing 
deminera l i zed-wa te r makeup sys tem located in the r e a c t o r building. Flow 
through this makeup systein is ra ted at a maximum of 70 gpm. 

The deminera l ized water produced is s tored in an existing 
5000-gal deminera l i zed-wa te r s torage tank in the r eac to r building. F rora 
he re makeup water i s gravi ty-fed automat ical ly by control valve LC-2aV 
to maintain a p roper operat ing level in the feedwate r - s to rage tank. 
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When operat ing at 40 Mw, it is n e c e s s a r y to vent approximately 
20 Mw of s team to a tmosphere because of the l imitation of the existing 
s t eam-consummg equipment. This in turn c rea tes a loss of about 120 gpm 
of feedwater, which mus t be made up from the deminera l ized-water sys t em. 
If this sys tem is operated at a ra te of 60 gpm, there remains 60 gpm to be 
made up from the 5000-gal s torage tank. Therefore , this is the limiting 
factor which es tab l i shes the durat ion of 40-Mw operation at about l-J-hr, 

10. Raw-water Systems 

A raw-wa te r dis t r ibut ion header , located on the east wall of the 
reac tor building, is supplied by a 4- in, supply line from the EBR-I well . 
Distr ibution l ines from this header include:a I j - in , line to the deminera l ized-
water make -up sys tem, a f -m. line to provide cooling water to the sample 
tes t station, a 2-in. line to feed the r eac to r - sh i e ld cooling system and supply 
gland-cooling water to the ci rculat ing pump, a 3-in, cooling-water supply 
line to flow in s e r i e s through the two ion-exchange heat exchangers , and a 
l-^-m. line to supply water to the w a t e r - s t o r a g e pit . In addition, the r aw-
water supply header contains a 1^-in. f i rehose connection and three ^-in. 
hose connect ions. 

It is es t imated that a r aw-wa te r supply of 175 gpm is sufficient 
to fulfill the total demand of the above s y s t e m s . There is at leas t 200 gpm 
of raw water available for use at the BORAX si te . 

The shield-cooling sys tem, mentioned above and shown on F i g s . 
32 and 36, r e q u i r e s a max imum flow of approximately 30 gpm. This s y s ­
tem includes: a s e r i e s of l - m . pipes located about the horizontal r eac to r 
center l ine against the inside steel surface of the reac tor pit; a para l le l 
sys tem of ^- in, piping 12 in. from the pit inner wall, and-|--in. tubing cooling-
water coi ls on the ins t rument -ho le l i n e r s . To provide for the possibi l i ty of 
investigating a separa te superheat core in the s team dome a r ea of the vesse l , 
an auxi l ia ry set of cooling coils is imbedded in the pit wall near the top of 
the r eac to r but is left uncornected until r equ i red . 

At maximum ra ted power, the r aw-wate r makeup requi red by the 
ma in -condense r cooling tower is approximate ly 112 gpm. For conservat ion 
pu rposes , the cool ing-water r e tu rn l ines from the ion-exchange heat exchang­
e r s , the shield-coolmg coi l s , and the pump glands a r e all combined in a 4- in . 
line piped to the turbine building and d ischarged into the condenser cooling-
water piping, 

11. Other Sys tems 

a. Sampling Systems 

Several sampling connections a re provided for monitoring 
the var ious plant s y s t e m s . These a re piped to a labora tory- type sampling 



station equipped with condensers , valving, e tc . Reactor water pH and 
res i s t iv i ty a r e moni tored by means of continuous recording equipment. 

b» Drains 

All sys t ems a r e equipped with d ra ins which d ischarge 
into one of th ree local sump p i t s . Pumps del iver the sumpage to an ex­
isting leaching pond. High- tempera tu re dra ins a re suitably vented. Di s ­
posal of liquid radioact ive waste is control led by moni tor ing. 

c. Water -Storage Pit F i l t e r System 

A 10-gpm circulat ing pump and cel lulose filter a r e p r o ­
vided to keep the water in the w a t e r - s t o r a g e pit t r an spa ren t . 



C, P r o c e s s Instrumentat ion and Control Systems 

The equipment included for p r o c e s s control includes ins t ruments , 
t r a n s m i t t e r s and valves in the var ious syste ins which are descr ibed 
here in and shown in F igs , 35 and 36. 

1. Genera l Safety Considerat ions 

(a) Signal T r a n s m i s s i o n between Reactor and Control Buildings 

All ins t rument signals a r e ca r r i ed e lec t r ica l ly between the 
reac to r and control buildings. Propor t ional - type signals 
use a b iased signal wherever possible (i .e. , 4 to 20 mamp 
proport ional to 0 to 100% of p r o c e s s variable) to allow d i s ­
tinguishing between an ex t reme value of a var iable and a 
failed ins t rument . 

(b) Fa i lu re of Ins t ruments 

Design is based on the use of "fai l-safe" c i rcu i t s so that 
s c r a m s a r e actuated on loss of power. Ai r -opera ted valves 
a r e instal led to close on loss of a i r to minimize the in te r ­
connection of sys t ems and to seal the r eac to r from the 
a tmosphere in case of accident . 

(c) Valve Posi t ion Indicators and Lamps 

All valves which a r e c r i t i ca l in t e r m s of safety to plant 
and personnel a re equipped with l imit switches and/or 
s tem posit ion t r a n s m i t t e r s . Posit ion is noted in the con­
t ro l building by indicating lamps or e lec t r ica l m e t e r s 
ca l ibra ted to read in percentage of valve opening. Limit 
switches a re also used in in ter lock c i rcu i t s to prevent un-
des i r ed opera t ions , such as s tar t ing the forced-convection 
pump with i t s suction and /o r d ischarge valves closed, 

(d) P r o c e s s Systenn Inter locks 

Table XI shows the e l ec t r i ca l in ter locks which a re p r o ­
vided to give protect ion to personnel and equipment. 



Table XI. 

PROCESS SYSTEM INTERLOCKS 

Superheater Startup and Shutdown 

1. The s u p e r h e a t e r - d r a i n valve (HC-6aV) cannot be opened unless 
the superheater - f lood valve (HC-5V) is c losed. 

This in ter lock prevents draining of the boiling regions of the r e a c ­
tor through valve HC-6aV. 

2. The p re s su re -equa l i z ing valves (HC-17aV and HC-18aV) open and 
close with opening and closing of the supe rhea t e r -d ra in valve 
(HC-6aV). They also open and close with the opening and closing 
of the superheater - f lood valve (HC-5V). The equalizing valves 
can be opened independently of the superheater- f lood and dra in 
valves providing the b a c k - p r e s s u r e - c o n t r o l valves (PIC-IV and 
PIC-2V), the r eac to r vent valve (HC-laV) , and the superhea ter 
vent valve (HIC-5aV) a r e c losed. 

The boiling section of the r eac to r and the superheat ing section 
of the r eac to r a r e separa ted mechanical ly within the r eac to r 
ve s se l . When the r eac to r is producing superheated s team, they 
mus t s tay isola ted. When the superhea te r i s being flooded or 
drained, the top of the superheat fuel a s s e mb l i e s , the supe rhea t e r -
l eve l -measur ing l ine, and the p r e s s u r e vesse l s team dome must 
be at the same p r e s s u r e (interconnected) in o rde r to allow the 
proper flow of wa te r . After the flood valve has been closed and 
the superhea te r has been drained^ the superhea ter water level 
may be checked. To provide a t rue reading on the supe rhea t e r -
wa te r - l eve l indicator the supe rhea te r - l eve l - ineasu r ing line must 
be connected to the p r e s s u r e vesse l s team dome. This i s accom­
plished by independent operat ion of the equalizing va lves . Inad­
ver tent operat ion of this independent ineans of opening the equalizing 
valves while the r eac to r is flowing s team would bypass the second 
pas s of the superhea te r , 

3. The superheater - f lood valve (HC-5V) can be t r ipped open only when 
the r eac to r is shut down. 

Introducing water to the superhea te r while the r eac to r i s running 
could cause a reac t iv i ty addition and the rma l ly shock the fuel p l a t e s . 

4. When the low-steann-flow s c r a m is not bypassed by key switch no, 3 
the superhea te r -ven t valve (HC-5aV) is automatical ly opened a p r e ­
set amount and the m a i n - s t e a m and ven t - s t eam b a c k - p r e s s u r e - c o n t r o l 
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valves automat ical ly close on a s c r a m . On the failure of ac 
power, valve HC-5aV can be cycled fronn full open to full 
close using emergency a i r and dc power. 

These provis ions a s s u r e the flow of an adequate amount of 
cooling s team through the superhea te r in emergency conditions. 

Boron-addi t ion System 

The boron dump valves opera te in sequence. Operation of the 
pushbutton in i t ia tes the closing of the boron- leakage valve 
(HC-2dV): closing of this valve ini t ia tes opening of the boron-
tank p r e s su re - equa l i z i ng valve (HC-2aV); opening of this valve 
ini t ia tes the opening of b o r o n - s e a l valve (HC-2cV) and the 
b o r o n - t o - r e a c t o r valve (HC-2bV). All valves a re t r ipped by 
emergency 24-volt dc and mus t be manually r e s e t . 

This sys tem a s s u r e s that leakage from the boron tank will be 
to waste and not to the r e a c t o r . When boron flows into the 
r eac to r , the leakage valve c loses f i rs t to prevent dumping the 
boron to was te . The p re s su re -equa l i z ing valve opens ahead 
of the seal and r eac to r valves to pe rmi t p roper flow of water 
to the r e a c t o r . 

Forced-convec t ion System 

1, The forced-convect ion pump-suct ion valve (HC-l lV) mus t be 
full open and the d i scharge valve (HC-lOV) must be opened a 
p rede te rmined aimount (for min imum flow) in o rde r to run the 
forced-convect ion pump. 

Operation of th is pump without flow could cause it to overheat 
in a ve ry short t i m e , 

2, Water mus t be flowing in the ci rculat ing sys tem or the forced-
convection sys tem before s tar t ing up the r e a c t o r , (This in te r ­
lock will be operat ive only during forced-convect ion operation.) 

The forced-convect ion sys tem water and piping must be kept at 
the same t e m p e r a t u r e to prevent excess ive mechanica l s t r e s s e s 
and the sudden introduction of cold water to the r eac to r with a 
resul t ing addition of reac t iv i ty , 

3, The forced-convect ion pump cannot be s ta r ted while the r eac to r 
is opera t ing . 

Rapid changes in forced-conA/ection flow ra te could cause l a rge 
react iv i ty changes . 
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D, P rehea t and Ion-exchange System 

1, The ion-exchange, p r e s s u r e - c o n t r o l valve (PIC-4aV) c loses and 
the circulat ing pump will not run if the t e m p e r a t u r e of the water 
going to the ion-exchange colunnns exceeds 120°F. 

The ion-exchange res in will be damaged if the t empe ra tu r e ex­
ceeds 120°F, 

2. The e lec t r ic p r e h e a t e r s a r e not energized unless the flow through 
the p r e h e a t e r s is g rea t e r than 100 gpm. 

Flow below 100 gpm would cause the e lec t r ic h e a t e r s to burn out, 

3. The c i rcula t ing-pump suction valve (FC- laV) is also operated by 
the circulat ing pump motor s t a r t e r . 

This valve prevents having r eac to r p r e s s u r e on the c i rcula t ing-
pump packings during normal operat ion and prevents having r e a c ­
tor p r e s s u r e on the ion-exchange system if the manual isolat ing 
valves a r e not p roper ly closed, 

4, The c i rcu la t ing-pump-bear ing t e m p e r a t u r e must be below 150°F 
in o rde r to run the pump. 

Cooling water mus t be supplied to the bear ings of this pump to 
maintain sa t is factory t e m p e r a t u r e s on the pump packing. 

2, Superheater Startup and Shutdown System 

The valves in th is sys tem a re all operated from the control 
building through e lec t r i ca l connections, although m some cases local ope r ­
a t o r s a r e provided for emergency valve operat ion, A combination of so­
lenoid t r ip - type valves and a i r - o p e r a t e d valves is used . 

a. Superhea ter -vent Valve 

In emergency conditions the superhea te r -ven t valve opens 
automatical ly . Normal ly the valve is control led manual ly at the control 
console . The valve is a i r - o p e r a t e d and the remote e lec t r i ca l control signal 
is converted at the valve into an a i r s ignal . This valve is operated from the 
emergency s y s t e m s . 



The superhea te r -ven t flow indicator (FI-4) associated with 
this sys tem gives the r eac to r opera tor information needed to regulate flow. 
A t e inpe ra tu re r e c o r d e r a lso provides information on superheater t e m p e r ­
a ture at specific loca t ions . 

b . Superheater Water - leve l Indicator 

This level indicator (LI-2) is used by the reac tor opera tor 
to de te rmine floodwater level in the superhea te r during s tar tup and shut­
down operat ions of the r e a c t o r . It ope ra te s from a d i f fe ren t ia l -pressure 
t r a n s m i t t e r connected to a pipeline external to the vesse l . 

c. Superheater Drain-flow Indicator 

This flow indicator (FI-5) is used for superheater s tar tup 
opera t ions . Its purpose is to indicate flow of water and steam from the 
superhea te r during the draining phase of the s tar tup operat ion. 

3. Boron-addi t ion System 

To accompl ish bor ic acid addition, valve operation is initiated 
from the control building. All valves a r e solenoid-operated from the 24-volt 
dc supply, and mus t be energized to complete the action. Valve control c i r ­
cuits a r e inter locked for proper sequence of operat ion, and indicating lamps 
a r e provided for monitor ing the operat ion of all valves involved. Boric acid 
is injected by gravi ty feed. 

A local p r e s s u r e gage, local level gage g lass , a t empera tu re 
indicator and low wa te r - l eve l a l a r m in the control building a re provided for 
the boron tank. An e lec t r i c heater and automatic the rmos ta t control a re 
provided to mainta in the boron tank at elevated tennperatures when requi red . 

4. Forced-convec t ion System 

The forced-convect ion pump is s tar ted and stopped by push­
buttons on the control console . The suction and discharge valves a re 
e l ec t r i c -mo to r operated and a r e posit ioned by control switches on the con­
t ro l console . 

Flow ra te in th is sys tem is r eco rded . The signal is received 
from a d i f f e ren t i a l -p ressu re t r a n s m i t t e r connected to a flow tube section. 

5. S t e a m - p r e s s u r e Control System 

The s t e a m - p r e s s u r e control sys tem regula tes flow of reac to r 
s team to maintain r eac to r vesse l p r e s s u r e constant at a p rese lec ted point. 
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Two a i r -ope ra t ed valves with two separa te con t ro l le r s maintain set p r e s ­
sure during s team flow t r ans i en t s c rea ted by load changes or var ia t ion in 
r eac to r s team generat ion r a t e . Through the m a i n - s t e a m , b a c k - p r e s s u r e 
control valve (PIC-IV), r eac to r s team is routed to the s team turbine via 
the desupe rhea t e r . Through the ven t - s t eam, b a c k - p r e s s u r e control valve 
(PIC-2V) the excess above turbine capaci ty is vented to a tmosphe re . 

The following ins t ruments a r e included to monitor th is sys tem: 

a. Reactor V e s s e l - p r e s s u r e Recorder (PR-2) 
b . Superheater D i s c h a r g e - p r e s s u r e Recorder (PR-2A) 
c. S team- to-Turb ine P r e s s u r e Recorder (PR- l ) 
d. S t eam- t empera tu re Recorder (TR-2) 

6. Desuperhea te r and Turbine Steairt Systems 

Reactor s team, both sa tura ted and superheated, is passed through 
a desuperhea te r which is automatical ly controlled to maintain s team conditions 
at the turbine inlet between saturat ion conditions at 250 psig and superheat 
conditions of 585°F at 350 ps ig . 

The t e inpe ra tu re r e c o r d e r - c o n t r o l l e r sends a signal to the a i r -
operated desuperhea te r - feedwate r control valve (TRC-IV) which admits 
feedwater to the desupe rhea t e r , 

A p r e s s u r e - r e g u l a t i n g valve (PIC-9V) mainta ins constant s team 
p r e s s u r e at the turbine inlet, bypassing excess to the condenser through a 
p r e s s u r e - c o n t r o l l e d , a i r -ope ra t ed valve. A flow r e c o r d e r moni tors this 
flow, 

7. Feedwater Control System 

Feedwater admiss ion to the vesse l is controlled by two inde­
pendently operated va lves . The main-feedwater control valve (LC-IV) is 
capable of regulat ing feedwater r a t e s over the range from 0 to 275 gpm, 
and is a i r -ope ra t ed by an automatic or manual control signal output from 
the t h r e e - e l e m e n t control sys tem. The second low-ra te - feedwater con­
t ro l valve (HC-14V) is sized to pass a maximum of 30 gpnn and is manu­
ally control led through an e lec t r i c motor to provide smal l feed r a t e s to 
the ve s se l . 

The automatic leve l -cont ro l sys tem is of the t h r ee - e l emen t 
type s imi la r to that used in conventional power plant bo i l e r - l eve l control . 
A reference signal, propor t ional to the de s i r ed water level , is compared 
with a signal propor t ional to actual water level . The e r r o r developed is 
then added to the e r r o r signal, produced by comparing s team flow and 



feedwater flow s ignals . The sum of these signals is then used to actuate the 
main-feedwater control valve which c o r r e c t s the reac tor water level . Each 
of the th ree signals (feedwater flow, s team flow and reac to r water level) is 
capable of adjustment to provide the n e c e s s a r y gain and t ime-cons tant fac­
tor for p roper r eac to r wa te r - l eve l control . The effect of s team flow and 
feed flow can be made negligible in the sys tem. This mode of operat ion is 
ternned a "single e lement" control since only the wate r - leve l signal is used 
to control actual water level . Requi rements for the control system and 
components a r e set so that for all normal ly anticipated t r ans ien t s in s t eam-
flow ra te and power, the water level is maintained within ±1 in. of the se t -
point. The set-point is adjustable from 5 to 15 ft above the bottom of the 
r eac to r ves se l . 

R e c o r d e r s monitor s team flow ra te , s team t e m p e r a t u r e , feed-
water flow ra te , and r eac to r ve s se l -wa t e r level . Manual compensation for 
t e m p e r a t u r e effects on s team mass- f low ra te s is made by e lec t r i ca l -
compensating c i rcu i t s which a r e to be set by nneans of a ca l ibra ted-dia l 
po ten t iometer . Integrated feed and s team flow is indicated on each r e c o r d e r , 

Feedwater pumps a r e turned on and off at the control console, A 
flow indicator for measur ing the 0 to 30-gpm ra te from the manually ope ra ­
ted low ra te - feedwater valve (HC-14V) is provided. A separa te , wide-range , 
r eac to r wa te r - l eve l indicator is provided for observing draining and flooding. 
The gage g lass provides backup indication of r eac to r water level through 
the te levis ion sys t em. 

8. Reactor P rehea t System 

The e lec t r i c p r e h e a t e r s and circulat ing pump a re turned on and 
off from the control console by switches located in the reac tor building. 
The heating ra t e can be set at 36, 72, 118, or 144 kw. A flow indicator in 
the r eac to r building allows monitoring of the flow ra te in this sys tem. 

9. Ion-exchange P r e s s u r e - c o n t r o l System 

This sys tem is designed to l imit the p r e s s u r e on the p r i m a r y 
side of the r eac to r ion-exchange heat exchanger to i ts safe recommended 
value and is operated from the control console . The control system r e g ­
ula tes by comparing the actual line p r e s s u r e with a value set on the indi­
cating control ler and operat ing the pneumatic , ion-exchange p r e s s u r e -
control valve (PIC-4aV) to va ry flow to the heat exchanger . The flow ra te 
is moni tored by a local r o t a m e t e r . A p r e s s u r e - r e d u c i n g orifice in the 
line l imi ts the nnaximum downstream p r e s s u r e at 20 gpm to 50 psig for a 
maximum ups t r eam p r e s s u r e of 600 ps ig . 



^^' '^^9J-ess Tempera tu re - ind ica t ing System 

This sys tem cons i s t s of a potent iometer- type t empe ra tu r e in­
dicator , associa ted thermocouples , and a selector switch to monitor p r o c ­
ess t e m p e r a t u r e s as requi red , and has a capacity of 24 t empera tu re points . 
P r o c e s s - s y s t e m t e m p e r a t u r e s m e a s u r e d a r e : 

a. S t eam- to -Turbme 
b . Forced-convect ion Water from Reactor 
c. Forced-convect ion Water to Reactor 
d. P r e h e a t e r - w a t e r from Reactor 
e. P r e h e a t e r - w a t e r to Reactor 
f , Shield-coolmg Inlet 
g. Shield-cooling Outlet 
h. Feed Pump Inlet 
i , Ion-exchange Heat Exchanger Inlet 
j . Ion-exchange Heat Exchanger Outlet 
k. Forced-convec t ion-pump Casing 
1 , Boron Tank Water 

11, Superheat Fuel Element Tempera tu re 

Two superheat fuel a s semb l i e s a re instal led with thermocouples 
attached to them. A monitoring sys tem m e a s u r e s these t e m p e r a t u r e s once 
each 120 sec and sounds an a l a r m should any t empera tu re exceed the design 
maximum. The t empera tu re from any one of these thermocouples can be 
recorded by selecting the par t i cu la r point with a se lector switch. An inde­
pendent, superheat fuel e lement , "hot spot " - t empe ra tu r e s c r am and a l a r m 
circui t is planned. 

12. Reactor Vessel and Shield Wall T e m p e r a t u r e - r e c o r d i n g System 

This sys tem cons is t s of an automatical ly cycled multipoint 
t empera tu re r e c o r d e r and associa ted thermocouples . Therinocouples a r e 
positioned on the external wall of the r eac to r vesse l and within the reac to r 
pit shield wall and floor to obtain r e c o r d s of t e m p e r a t u r e g rad ien t s . 

Reactor vesse l t e m p e r a t u r e s a re m e a s u r e d at 18 locations 
which a r e all ver t ica l ly coplanar , and pa i red to locate 9 instal la t ions dia­
me t r i ca l ly opposite to 9 s imi la r ins ta l la t ions , A symmet r i ca l grouping on 
the vesse l is thus accomplished. 

Shield-wall thermocouples a r e positioned at points within the 
wall calculated to be within the zone of maximum heat generat ion. An addi­
tional thermocouple , imbedded in the concrete shield wall, act ivates a 
h igh- te inpera ture a l a r m by means of an a l a rming-py rome te r indicator in 
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the even t of e x c e s s i v e t e m p e r a t u r e . The p y r o m e t e r can be connec ted to 
any s h i e l d - w a l l t h e r m o c o u p l e wh ich e x h i b i t s the h i g h e s t o p e r a t i n g t e m p e r ­
a t u r e , 

•'• ^" M i s c e l l a n e o u s C o n t r o l Bu i ld ing M e t e r s 

The d e m i n e r a l i z e d - w a t e r and the f e e d w a t e r - s t o r a g e t ank l e v e l 
r e c o r d e r s a r e a l s o l o c a t e d in the c o n t r o l bu i l d ing . 

14, C o n t r o l - r o d S e a l - w a t e r F l o w m e t e r s and Va lves 

The s e a l - w a t e r supp ly va lve i s o p e r a t e d f r o m the c o n t r o l bui ld­
ing. Inlet and d i s c h a r g e flow to e a c h rod d r i v e m e c h a n i s m i s m e a s u r e d by 
18 ' - r o t a m e t e r " - t y p e f l o w m e t e r s , and i s ad ju s t ed by v a l v e s a s s o c i a t e d wi th 
e a c h f l o w m e t e r . V a l v e s and f l o w m e t e r s a r e l o c a t e d in the s u b r e a c t o r 
r o o m , 

15, L o c a l P r e s s u r e G a g e s 

T h e fol lowing p r e s s u r e g a g e s a r e i n s t a l l e d l o c a l l y in the r e a c ­
t o r b u i l d i n g : 

a. F e e d w a t e r f r o m I o n - e x c h a n g e S y s t e m 
b . W a t e r f r o m E l e c t r i c P r e h e a t e r s 
c . R e a c t o r S tandpipe 
d. B o r o n T a n k 
e . W a t e r to R e a c t o r ( F o r c e d - c o n v e c t i o n Line) 
f , W a t e r f r o m R e a c t o r ( F o r c e d - c o n v e c t i o n L ine) 
g. B a t c h - f e e d Tank 
h . F o r c e d - c o n v e c t i o n P u m p , P - 1 ( D i s c h a r g e ) 
i , C i r c u l a t i n g P u m p , P - 2 ( D i s c h a r g e ) 
j , C i r c u l a t i n g P u m p , P - 2 (Suct ion) 
k, F e e d w a t e r P u m p , P - 3 and P - 4 (Suction) 
1 . F e e d w a t e r P u m p , P - 3 ( D i s c h a r g e ) 

mi, F e e d w a t e r P u m p , P - 4 ( D i s c h a r g e ) 
n . E m e r g e n c y A i r - c o m p r e s s o r 
o . E m e r g e n c y A i r H e a d e r 
p . C o n d e n s a t e F i l t e r 
q. C o n d e n s a t e I o n - e x c h a n g e F i l t e r 

16, T e l e v i s i o n M o n i t o r 

A r e m o t e l y c o n t r o l l e d t e l e v i s i o n c a m e r a l o c a t e d in the a c c e s s 
shaft a l l o w s o b s e r v a t i o n of t h e r e a c t o r v e s s e l w a t e r - l e v e l s ight g l a s s , r e a c ­
t o r v e s s e l p r e s s u r e g a g e , and g e n e r a l c o n d i t i o n s of the a r e a and e q u i p m e n t . 
The v iewing s c r e e n i s l o c a t e d in t h e c o n t r o l bu i l d ing . 



17. Instrument C o m p r e s s e d - a i r Systems 

Normal a i r supply for operat ion of valves is furnished by two 
c o m p r e s s o r s and is moni tored by l o w - p r e s s u r e a l a r m s . An emergency 
air c o m p r e s s o r is e lec t r i ca l ly inter locked to s ta r t at a p re se t low p r e s ­
sure , and by means of suitable check valves in the sys tem, furnishes air 
only to the superhea te r -ven t valve, the expe r imen ta l - s t eam b a c k - p r e s s u r e 
control valve, the r eac to r -ven t valve, and the two p re s su re -equa l i z ing 
va lves . These 5 valves a re requi red to isolate the r eac to r ve s se l . 



Dc Buildings and E lec t r i ca l Service Systems 

1. Reac tor Building 

The new BORAX V building is a prefabricated, But ler- type, 
40 X 86 X 20 ft high (vert ical wall height). F igure 3Z shows details of the 
building, pi ts , t r enches , and major equipment. 

The existing equipment pit houses the new feedwater pumps, 
ion exchange heat exchangers , condensate f i l ters and ion exchanger, 
feedwater ^storage tank and water - . s torage-pi t filter sys tem. The existing 
w a t e r - s t o r a g e pit continues to be used and a new dry -storage pit is located 
at the southwest corner of the building. The reac tor vesse l is mounted in 
a new r eac to r pit . The forced-convect ion pump, circulat ing pump, and 
e lect r ic p r e h e a t e r s a r e in the subreac to r room. Access to the subreactor 
room IS through an access shaft bv means of a sp i ra l s ta i rway. 

Conventional s t ruc tura l concrete is used throughout for all 
footings, foundations, wal ls , e tc . . except for the shielding around the r e ­
ac to r . Magnetite high-densi ty concrete shields the reac tor and water 
cooling coils iinbedded in the pit walls surrounding the reac tor -i-essel 
prevent o^ erheat ing and spalling of the concre te . 

All plant piping and vab-es a r e m shielded t renches below the 
floor line access ib le for se rv ic ing . Steam lines lie in the s team pipe 
t rench and run underground from the r eac to r building to the turbine build­
ing. E lec t r i ca l and control wiring runs in floor t renches or t r avs . and 
conduit along the walls . 

All footings a r e new. The loads exerted by the f rame of the 
building, due to both the heavier building and the crane load, necess i ta ted 
footings of g rea te r bear ing a r e a s . The nor th wall is 25 ft north of the old 
nor th wall . Because of the existing concrete ins t rument room at the south 
end of the r eac to r building the building south wall is in the same location 
as m the old building. 

Access to the r eac to r building is provided for both personnel 
and freight bv a 16 x 13-ft-high roll ing s teel door and by 3 x 7 = ft hollow-
meta l doors at each end, and one 3 x 7-ft door at the middle of the west 
wall . Eight 4 x 6-ft f ibe rg lass -p las t i c windows on both the east and west 
walls admit daylight to the in t e r io r . 

The reac tor building is insulated; making occupancy prac t ica l 
during all seasons of the yea r . A new oi l - f i red ho t -a i r furnace with ducts 
throughout the building compr i se s the new heating plant. To house the fur­
nace, pit ventilation blowers and f i l t e r s , a heating and ventilating building 
of pumice block construct ion is located next to the reac tor building, as 
shown in F ig . 32. 
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Fig. 37 

Control Bldg. Floor Plan - BORAX V 

Two 3000-cfm blowers a r e instal led for pit ventilation. F o r 
summer operation both a r e needed during r eac to r operation to supply suf­
ficient a i r to keep the subreac tor room tempera tu re below 120°F. When 
cooler ambient t empera tu re s prevai l , as during the winter months, one 
blower will suffice. Inlet a i r is drawn in through the hot a i r furnace and 
warm a i r expelled into the building through a distribution duct along the 
west wall. The ventilation blower draws the building a i r into the east pipe 
t rench, down the access shaft, up through the reac tor pit, out the s team 
pipe t rench, through a fil ter bank, and then discharges it up the stack. 

The r eac to r building 10-ton br idge crane is suspended from 
the building f rame. The crane se rves a lmost the full a r ea of the building 
and al l p i t s , with a maximum hook height of 1 5 ft above the floor and 
ability to r each Blf-ft below floor level . 

Crane speeds a re as follows: 

Hoist - 10 to 20 fpm in 5 s teps , with auxil iary drive separa te ly 
controlled to give inching speed of 2 fpm. 

Trol ley - 25 to 50 fpm max, in 3 s teps . 

Bridge - 25 to 50 fpm, in 3 s teps . 
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Speed controls mus t pass through the slow-speed range f irs t . 
Two pushbutton stations a r e provided with the crane: one pendant from 
the t ro l ley with a cable tension ree l ; the other a remote control station 
mounted on the west wall. 

2. Control Building 

The new control building, shown in Fig. 37, is located about 
one-half mile southeast of the reac tor building and is adjacent to the EBR-I 
s i te . It has pumice block wal ls , a tiled concrete slab floor, and a flat built-
up roof with a s teel roof deck. The building, which measu re s 20 x 40 ft in­
side, is divided into a control room, office, utility room and toilet. Covered 
t renches a r e provided in the control room floor, beneath the control panel 
locat ions , for control and ins t rument cable. 

Constant t empera tu re is maintained in the control building by a 
combination heating and air-condit ioning unit. 

3. Turbine Building and Cooling Tower 

The existing But ler - type turbine building and the redwood forced-
draft cooling tower will be reused essent ia l ly unchanged. 

4. E lec t r i ca l Service Systems 

a. General 

E lec t r ic power is distr ibuted through a radial system. 
Since the plant is an exper imental facility supplying an art if icial load, a 
high degree of continuity of service is not required. Therefore the s i m p ­
les t , safest , leas t expensive power distribution system is used. Figure 38 
is the s ingle- l ine diagram for e lec t r ica l power distribution. 

Power is supplied to the EBR-I and BORAX area by a 
32--mile-long distr ibution line from the Central Faci l i t ies Area , In o rder 
to l imit voltage fluctuations caused by s tar t ing the 450-hp forced-convection 
pump, it was neces sa ry to underbuild the existing 12,470-volt line with a 
pa ra l l e l c ircui t , 

b . Auxiliary Power 

The forced-convection pump is supplied through a 500-kva 
step-down t r ans fo rmer and 4l60-vol t motor control ler . The motor s ta r t s 
a c r o s s the line and the control ler provides short circuit , overcur ren t , and 
undervoltage protection. 
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The r ema inde r of the plant auxi l iar ies a r e supplied by a 
bank of th ree 167-kva t r a n s f o r m e r s which step down from 12,470 to 480 volts, 
The r eac to r building m o t o r - c o n t r o l center supplies power to m o t o r s , r e ­
s is tance h e a t e r s , r e a c t o r control c i r cu i t s , lighting, and ins t ruments . Control 
of these devices is accompl ished in the control building and /o r in the r eac to r 
building, depending on the se rv ice requ i red . Standard overload short c i rcui t 
and under voltage protect ion is provided. Auxil iar ies for the tu rb ine-
genera tor a r e supplied through an overhead feeder from the r eac to r building 
to the turbine building. The exist ing mo to r - con t ro l center provides local 
control and protect ion for m o t o r s and other equipment in the turbine building. 

c. Turb ine -Genera to r 

The tu rb ine -gene ra to r can be controlled from the turbine 
building, or from the control building after the turbine is at ra ted speed 
and the manual throt t le valve is fully open. The power produced by the gen­
e ra to r at 2400 volts is d iss ipated in a water rheosta t . The controls consist 
of genera tor b r e a k e r , field b r e a k e r , governor control and w a t e r - r h e o s t a t 
level control . P ro tec t ion for the tu rb ine -gene ra to r is provided by an over -
speed t r i p and differential cu r r en t r e l a y s . 

d. Control Building Power 

E lec t r i c power to the control building is supplied from the 
EBR-I dis tr ibut ion sys tem at 480 vol ts . Fa i lu re of power to e i ther the r e ­
ac tor building or the control building will shut down the r eac to r . 

e. Lighting 

Incandescent lighting is used for al l buildings. There is a 
step-down t r a n s f o r m e r , opera t ing at 480 volts to 120/240 vol ts , in each 
building. Standard c i rcu i t b r e a k e r dis tr ibut ion panels provide protect ion 
and control . 

f. Ins t rumenta t ion 

Isolating t r a n s f o r m e r s for ins t rument power a r e included 
at the r e a c t o r building and the control building to s tep down from 480 volts 
to 120/240 vol ts . This power is used for nuclear i n s t rumen t s , p roces s in­
s t r u m e n t s , and specia l t e s t i n s t rumen t s . 

g. Emergency Power 

There a r e two sources of emergency power. One is the 
24-volt dc ba t t e ry and the other is the gasol ine-engine-dr iven , 115-volt, 
60-cycle genera to r . 



The 24-volt ba t te ry has an 8-hr ra t ing of 100 a m p - h r and 
is cons idered the mos t re l iable source of power. 

The emergency genera tor has a capacity of 1 0 kw, and 
s t a r t s automatical ly on power fai lure at the r e a c t o r or the control buildings. 
Automatic t r ans fe r switches connect essent ia l ins t ruments and controls to 
this power source when the genera tor r eaches operat ing voltage. A 1 j - h p , 
6-scfm c o m p r e s s o r ope ra te s from this genera tor to supply a i r to the e s ­
sent ial control va lves . 

The i tems of equipment connected to the emergency power 
supplies a r e l is ted in Table XIL 

Table XH 

EQUIPMENT CONNECTED TO EMERGENCY POWER SUPPLIES 

A, Emergency Air 

1. Superhea te r -ven t Valve (HIC-5aV) 
2. Reac to r -ven t Valve (HC-laV) 
3. E x p e r i m e n t a l - s t e a m , B a c k - p r e s s u r e - c o n t r o l Valve (PIC-3V) 
4. P r e s s u r e - e q u a l i z i n g Valves (HC-1 7V and HC-1 8V) 

B. 1 2 0 - v a c Power 

1. Emergency Air C o m p r e s s o r 
2. R e a c t o r - w a t e r Level Indicator (LI-1) 
3. Supe rhea te r -wa te r Level Indicator (LI-2) 
4. Ma in - s t eam Flow Reco rde r (FR-1) 
5. L inear Flux Recorde r 
6. R e a c t o r - p r e s s u r e Reco rde r (PR-2) 
7. Superhea te r -ven t -va lve Control (HIC-5) 
8. E x p e r i m e n t a l - s t e a m , B a c k - p r e s s u r e - c o n t r o l - v a l v e Control (HIC-3) 
9. Reac to r -ven t -va lve Control (HC-laV) 

10. Superhea te r -ven t Flow Indicator (FI-4) 

C. 24-v dc Power 

Reac to r -ven t Valve (HC-laV) 
Superheater- f lood Valve (HC-5V) 
P r e s s u r e - e q u a l i z i n g Valves (HC-17V and HC-18V) 
Boron- inject ion Valve (HC-2aV, HC-2bV, HC-2cV and HC-2dV) 
Turb ine -gene ra to r B r e a k e r Tr ip 



5. Comnaunications and A l a r m s 

The no rma l means of comnaunication between the control build­
ing, the r e a c t o r building and the turbine building is a two-way in te rcom 
sys tem. There a r e four stat ions in the r eac to r building, one station in the 
turbine building and one at the control console. Interconnected with the 
in te rcom sys tem is a paging sys tem which pe rmi t s the control console 
opera tor to cal l the turbine and r eac to r buildings. One of the stations in 
the r eac to r building can also be used for paging. 

F o r emergency conditions and for equipment cal ibrat ion and 
checking, a sound-powered phone c i rcui t is provided with plug-in jacks at 
var ious points in the r e a c t o r and control buildings as well as at the control 
console. 

Each building has a f i r e - a l a r m signal box connected to the site 
f i r e - a l a r m sys tem. Gongs a r e a lso provided. 

One Bell System phone is located in each building and connected 
to the EBR-I switchboard. 

There is an evacuation a l a r m horn and evacuation a l a r m switch 
in each building. This sys tem is t ied into the EBR-I sys tem. 

A flashing red light indicates that the reac tor is in operat ion. 
Two lights a r e located ins ide , two outside the reac to r building, and one in 
the subreac to r room. Warning horns located inside and outside the r eac to r 
building and in the subreac to r room sound for 10 sec on reac to r s ta r tup . 



IV. MANAGEMENT 

Operat ion of this r eac to r facility shall be through a t h r ee - l eve l 
organizat ion: manage r i a l , superv i sory , and operat ional . 

The manage r i a l level will consist of an Operat ions Manager and 
an Operat ions Engineer , Both of these posit ions shal l be filled with p e r ­
sonnel appointed by the Direc tor of the Idaho Division. 

The Reac tor Operat ions Manager shall be responsible for the p r o ­
gram and safe operat ion of the r eac to r facility. He shal l have complete 
authori ty within l imi ts as set forth in the Hazards Summary Report , Oper­
ating Manual, and di rect ions from the Division Di rec tor . He shall be direct ly 
responsible to the Division Di rec tor . 

The Operat ions Engineer shal l se rve as an a s s i s t an t to the Manager 
and shall ac t for h im when specifically ins t ructed . He may not, without 
author izat ion of the Division Di rec to r , ac t in place of the Operat ions 
Manager, 

Supervision of ac tual operat ion for each shift shall be by a Chief 
Operator who shal l be appointed by the Manager . He shal l comply with 
s tandard opera t ing p rocedure and may not deviate from this by his own 
volition except to take the n e c e s s a r y action to safeguard the facility in 
case of an unpredic ted emergency . 

Actual opera t ion of the r e a c t o r controls or of any auxi l ia ry s y s ­
tem which might affect the r e a c t o r in any manner shall be by Reac tor 
Ope ra to r s . One of these m a y be designated Opera tor F o r e m a n . He shal l 
have responsib i l i ty for such routine m a t t e r s as main tenance , inspection, 
and other duties as delegated by the Chief Opera tor , 

All qualifications to the above posit ions shall be approved by the 
Manager and by the Division Di rec tor after proof of abil i ty has been 
presen ted . 

During n o r m a l power operat ion, two Opera to r s shal l be r equ i r ed in 
the cont ro l building and one in the t u r b i n e - r e a c t o r a r e a . One of the control 
building Opera to r s shall observe and control the nuc lear operat ions of the 
plant. Normal ly , the second Opera tor shal l observe and control the p r o c e s s 
port ions of the plant and shall a s s i s t and re l ieve the nuc lear Opera tor as r e ­
quired. The Opera tor a t the turbine and r e a c t o r buildings shal l observe a l l 
equipment the re in for n o r m a l operat ion, s t a r t and stop equipment as needed, 
and pe r fo rm rout ine operat ing dut ies . F o r open -ves se l operat ion and ce r ta in 
specia l exper iments the r eac to r building shall be vacated. 

Reac to r keys shal l be in the custody of the Operat ions Manager when 
not in the custody of the respons ib le opera t ions supe rv i so r , 



V. REACTOR OPERATIONS 

Initially, the ent i re plant shall be checked out, including operat ional 
t e s t s , hydros ta t ic t e s t s , and ins t rument cal ibrat ion. After th is , the ope ra ­
tion can be divided into th ree c l a s s e s ; Loading, Open-vesse l , and A t - p r e s s u r e . 
Fo r any c lass of operat ion, a check-out procedure shall be followed daily to 
a s s u r e that e ssen t i a l equipment is operat ing sat isfactor i ly . 

A. Loading 

An ant imony-bery l l ium neutron source shall always be instal led in 
the r eac to r . F o r ini t ial and other specia l loadings it is n e c e s s a r y to locate 
the neutron de tec tors in t e m p o r a r y posit ions inside the reac to r vesse l . 
Loading shall p roceed as r equ i red by changes in mult ipl icat ion. Two f i s ­
sion counters and 2 ionization chambers shall be located so changes in 
miultiplication can be observed by both the control room opera tor and the 
l o a d e r s . 

All loading changes (unloadings, loadings, or any movement of fuel) 
shall be made under the immedia te supervis ion of the Operat ions Manager 
or an Operat ions Engineer . P roposed loading changes shall be checked be ­
fore per formance by at l eas t 2 qualified pe r sons for anticipated effect, and 
during the change for p roper p lacement of the fuel. 

A heal th physics r ep resen ta t ive shall be p resen t during all loading 
changes to a s s u r e that p rope r radiat ion monitor ing ins t ruments a r e avai l ­
able , and that p roper radiat ion protect ion precaut ions a r e taken. 

B. Open-vesse l Operat ion 

After each change in loading, the react iv i ty effect shall be m e a s u r e d 
by low-power c r i t i ca l runs . Normal ly , in this type of operat ion, all pe r son ­
nel shall be evacuated from the r e a c t o r building before control rods a r e 
moved. Open-vesse l opera t ion shall be const rued to mean any at tempt to 
make the r e a c t o r c r i t i ca l without the top shielding in p lace . F o r low-power 
f lux-d is t r ibu t ion m e a s u r e m e n t s , e tc . , after suitable radiat ion surveys , 
pe rsonne l may r e - e n t e r the building, 

C. A t - p r e s s u r e Operat ion 

There a r e 4 genera l c l a s s e s of power operat ion for this 
r eac to r : 1. na tura l -convec t ion boiling with superhea te r ; 2. na tu ra l -
convection boiling; 3. forced-convect ion boiling; 4, forced-convect ion 
boiling with supe rhea te r . There a r e 3 core s t r u c t u r e s : two for supe r ­
heating operat ion, and one for boiling only. After inser t ing the des i red 
core s t ruc tu re the r e a c t o r is loaded with the vesse l lid removed. When 
the des i r ed loading is r eached and the open-vesse l operat ion is completed, 



the r e a c t o r vesse l lid shall be bolted in place and the shielding positioned. 
The following operat ing descr ip t ion shal l per ta in to n o r m a l operat ion after 
n e c e s s a r y " A t - p r e s s u r e " cal ibrat ions have been per formed and approval 
for operat ion has been given. Since operat ion of a r e a c t o r with nuclear 
superheat ing is unique and untr ied , a detailed descr ipt ion of proposed ope r ­
ation under this condition is p resen ted . The following s teps shal l be taken 
to br ing the r e a c t o r to full power and back to shut-down conditions: 

1. Natura l -convect ion Boiling with Superheater 

F o r both cen t ra l and pe r iphe ra l superhea te r operat ion the p r o ­
cedures shall be the s ame . The only difference is that in the f i rs t case 
the cent ra l control rod par t ia l ly controls the supe rhea te r , and in the second 
case the outside rods par t ia l ly control the superhea te r . The operat ing p r o ­
cedures shall be as follows: 

a. Start ing P rocedure 

P e r f o r m the s tar tup checkout. Heat the r eac to r to ope r ­
ating t e m p e r a t u r e and p r e s s u r e . P r o c e d u r e s will differ h e r e depending on 
whether or not the superhea te r is flooded. These p rocedure s a r e as follows: 

Superhea te r Flooded 

(1 ) Withdraw control rods to at tain r e a c t o r cr i t ica l i ty , 

(2) Inc rease the r e a c t o r power to the level n e c e s s a r y to 
heat the r eac to r and ves se l at a ra te of t empe ra tu r e 
r i s e no g rea t e r than 200°F/hr , E l e c t r i c p r e h e a t e r s 
may be used in addition to, or in place of, r eac to r 
power. 

(3) When the p r e s s u r e r e a c h e s about 575 psig (before the 
m a i n - s t e a m , b a c k - p r e s s u r e - c o n t r o l valve opens), the 
r eac to r power shal l be reduced by inse r t ing control 
rods in p repa ra t ion for draining the supe rhea te r . 
Superheater control rods shal l be fully inse r ted . 
Calculations show that a t 0.4 Mw the superhea te r 
e lements a r e safely cooled by radiat ion cooling. The 
superhea te r shall then be drained by closing the supe r ­
hea ter - f lood valve and opening the s u p e r h e a t e r - d r a i n 
valve to blow the water from the supe rhea te r to the 
condenser . When the drain valve is opened, the 
p r e s s u r e - e q u a l i z i n g valves open to vent the superhea te r 
second pass and the supe rhea te r w a t e r - l e v e l - m e a s u r i n g 
column to the r e a c t o r s t eam dome. Before closing the 
drain valve, the supe rhea t e r -ven t valve shall be opened 
to flow sufficient s team to a tmosphere m o rde r to keep 



the superheat fuel-element t empera tu re below 1200®F. 
The p re s su re -equa l i z ing valves close when the drain 
valve is closed. 

(4) Withdraw the boiling section control rods to r a i s e r e ­
actor power and r e tu rn to operating p r e s s u r e . The 
power shall be l imited to give a r a t e -o f - t empera tu re 
r i s e of 200°F/4ir. Eighty percent of the power produced 
by the r e a c t o r mus t be used to flow s team through the 
superhea te r for fuel e lement cooling. As the p r e s s u r e 
r i s e s , the m a i n - s t e a m , b a c k - p r e s s u r e - c o n t r o l valve 
opens to pe rmi t flow of s team to the turbine building. 
As soon as s team flow to the turbine building becomes 
adequate for superheat fuel element cooling, the 
supe rhea t e r -ven t valve shall be closed. 

Superhea ter Not Flooded 

(Since the superheat fuel e lements a r e adequately 
cooled by radia t ion when the power production is be ­
low 0.4 Mw, it may somet imes be des i rab le to leave 
the supe rhea te r unflooded between shutdown and the 
next s ta r tup . Under this condition of s tar tup the r e ­
ac tor heating ra t e is l imited to 0.3 Mw reac to r power 
plus the e lec t r i c hea te r power. The p r e s s u r e may be 
any value from a tmospher ic to 600 psig.) 

(1 ) Withdraw the control rods to at tain r eac to r cr i t ica l i ty , 
p r i m a r i l y us ing boil ing-zone control r o d s . 

(2) Inc rease the power to 0,3 Mw to heat the r eac to r to 
e i ther 575 ps ig , or the p r e s s u r e at which the ma in -
s team, b a c k - p r e s s u r e - c o n t r o l valve begins to open. 

(3) The supe rhea t e r -ven t valve shall be opened to flow 
sufficient s t eam for superhea te r cooling and the 
r eac to r power is r a i s ed to further inc rease p r e s s u r e 
and begin flow through the m a i n - s t e a m , back­
p r e s s u r e - c o n t r o l valve. When a steady flow of s team 
through the b a c k - p r e s s u r e - c o n t r o l valve has been 
es tabl ished, the supe rhea te r -ven t valve may be closed. 

P r o c e d u r e for Reaching Ful l Power 

(1) As s team flow to the turbine begins , the desuperhea te r 
shal l be placed in operat ion. 
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(2) With 350-psig sa tura ted s team at about 6000 Ib /hr 
flowing through the tu rb ine-bypass valve, the turbine 
can be s t a r t ed and slowly brought to full speed, 

(3) To r each higher r eac to r power and superheated s team 
conditions, the control rods for the boiling section and 
the control rods for the superhea t sect ion shall be ad­
justed. The turbine load shall be connected and in­
c r e a s e d s imultaneously. When the s team flow has 
reached 15,000 Ib /h r the s team t empera tu re may be 
i nc reased to the des i r ed condit ions. The power p r o ­
duced in the boiling section and in the superhea te r can 
be adjusted to a l imited extent by use of control rods 
in the respec t ive sec t ions . 

(4) The tu rb ine-condenser sys tem diss ipa tes approximately 
20 t h e r m a l Mw. F o r higher powers the ven t - s t eam 
b a c k - p r e s s u r e - c o n t r o l valve can pass s t eam to a t ­
m o s p h e r e . Operat ion at these higher powers is possible 
for only a shor t t ime because of the l imi ted deminera l i zed-
water capacity, 

(5) To shut the plant down, the r e a c t o r power shall be r e ­
duced by f i r s t inser t ing the superhea te r control rods 
and then the boi l ing-region control rods . The turbine 
load shal l be correspondingly reduced. The s team 
t e m p e r a t u r e to the turbine is reduced by the desuper ­
hea te r as r equ i r ed unti l the turbine is unloaded. Steam 
flow shal l be maintained at a r a t e which l imi t s the 
superhea t fuel -e lement t e m p e r a t u r e to the design max i ­
mum. When the control rods a r e fully i n se r t ed and the 
superhea t fuel-plate t e m p e r a t u r e has been sufficiently 
reduced, e i ther the flood valve m a y be opera ted to flood 
the supe rhea te r , or cooling may be accompl ished by 
radiat ion alone, 

2. Natura l -convect ion Boiling 

To opera te without a supe rhea te r the appropr ia te r e a c t o r core 
s t ruc tu re is used. With the core s t r uc tu r e in p lace , the r e a c t o r is loaded 
with fuel as desc r ibed previous ly . The p rocedures for s ta r t ing up and shut­
ting down will be s i m i l a r except for the operat ing t e m p e r a t u r e which is at 
sa tura t ion. Floodin,g, draining and de superheat ing sy s t ems a r e not operated. 



3. Forced-convec t ion Boiling 

The s ame core support s t ruc tu re used for natural-convect ion 
boiling is used for this method of operat ion. The baffle for directing 
forced-convect ion flow mus t be inse r t ed in the reac tor vesse l . The forced-
convection piping mus t be a t tached to the r eac to r vesse l . Reactor loading, 
s ta r tup , and shutdown p rocedure s a r e s imi l a r to those used for na tu ra l -
convection boiling. 

When the forced-convect ion piping is connected, the reac tor 
ve s se l and the piping mus t be kept at the same t empera tu re to prevent ex­
cess ive s t r e s s e s and to prevent l a rge react iv i ty changes caused by the in­
troduct ion of cold water . Also, the possibi l i ty of var ia t ions in react iv i ty 
due to la rge changes in forced-convect ion flow mus t be anticipated. 

4. Forced-convec t ion Boiling with Superheater 

It is possible to use the forced-convect ion sys tem while super ­
heating. Flow capacity is reduced slightly because one of the forced-
convection inlet nozzles is used for the entrance of the superheat drain and 
flood pipe. All of the precaut ions and s c r a m s requ i red for both forced-
convection and for superheat ing shall be effective. 
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VI, EXPERIMENTAL PROGRAM 

The proposed p r o g r a m of exper iments in BORAX V is divided 
chronologically into two phases . The init ial s e r i e s of exper iments after 
plant shakedown will be on superheat ing cores and fuel a s semb l i e s using 
p r i m a r i l y na tu ra l convection. The purposes of these tes t s will be to prove 
thoroughly the in tegra l superhea t core concept and invest igate the safety 
aspec ts of in tegra l nuc lear s u p e r h e a t e r s ; to compare the m e r i t s of a 
cen t ra l v e r s u s a pe r iphe ra l superhea t -zone location; to exper imenta l ly de­
t e rmine the s ta t ics and dynamics of the coupled c o r e s ; and to tes t superheat 
fuel e lements of both the re fe rence and advanced des igns . 

The second phase of exper imenta t ion will be dan.e on. a pure boiling 
core . The p r i m a r y purpose of these t e s t s will be to improve unders tanding 
of the factors which control the stabil i ty of boiling r e a c t o r s at high power 
densi t ies and l imi t the max imum stable power capabil i ty. Tes t s will be run 
using both na tu ra l and forced ci rculat ion. 

A tentat ive exper imenta l p r o g r a m is summar i zed in the following 
p a r a g r a p h s : 

A. Star tup and Initial Operat ion 

The r e a c t o r will be s t a r t ed up for the f i r s t t ime with a boiling 
na tu ra l - c i r cu la t ion core using boiling fuel a s s e m b l i e s which will l a t e r be 
used in the superheat ing c o r e s . The r e a c t o r will be opera ted at power long 
enough to check out and ca l ib ra te the p r o c e s s piping, ins t rumenta t ion and 
control s y s t e m s , and to t r a in o p e r a t o r s . In -core instrunaentat ion in the 
boiling fuel a s s e m b l i e s will a lso be proof - tes ted at this t ime . Final ly , the 
forced-convect ion baffle will be ins ta l led and operat ion with the fo rced-
convection sys tem will be t es ted brief ly. The fuel and control rods will 
then be unloaded and the boiling core s t ruc tu re removed . 

B. Superheating Exper imen t s 

After ins ta l la t ion of a na tu ra l - c i r cu la t ion superhea t core s t ruc tu re 
(probably the cen t r a l supe rhea t e r ) , the r e a c t o r will be buil t up to full s ize 
and the usua l ca l ib ra t ions , naeasu remen t s , and supe rhea te r flooding worth 
will be made at zero power. Before proceeding to higher p o w e r s , the 
supe rhea t e r -ven t , dra in , and flood sys t ems will be tes ted . In -core i n s t r u ­
mentat ion will be used to obse rve core c h a r a c t e r i s t i c s during operat ion. 
If n e c e s s a r y , power dis t r ibut ion in the boiling zone may be adjusted to a t ­
tain the de s i r ed powers . The f i r s t superhea t core will be opera ted unti l 
feasibil i ty has been demons t ra ted . A forced-convect ion baffle may be in ­
s ta l led and the superheat ing r e a c t o r tes ted with forced convection. 



Following completion of the exper iments on the f i r s t superheat 
co re , the core s t ruc tu re will be rep laced and a s imi lar s e r i e s of tes ts 
will be made on the second type of superheat core , probably the pe r iph ­
e r a l supe rhea te r . 

It is expected that superhea t fuel e lements of advanced design will 
be tes ted e i ther in the superheat c o r e s , if they a re available at the t ime , 
or l a t e r , by means of in-pi le loops during the boiling core t e s t s , 

C. Boiling Core Exper iments 

P roposed exper iments which a r e designed to gain understanding of 
boiling r e a c t o r c h a r a c t e r i s t i c s may be divided into th ree ca tegor ies : s tat ic 
m e a s u r e m e n t s , dynamic m e a s u r e m e n t s , and engineering t e s t s . The a ims 
of these exper iments follo-w. 

1. Static Measu remen t s 

These m e a s u r e m e n t s will include the usual m e a s u r e m e n t s and 
cal ibra t ions of var ious react iv i ty effects assoc ia ted with the approach to 
c r i t i ca l , low-power , and full-power operat ion of a r eac to r . Of p r ime in­
t e r e s t h e r e a.re rea,ctivity changes affected by var ia t ions in operat ing 
conditions. 

2. Dynamic Measu remen t s 

These m e a s u r e m e n t s a r e a imed at investigation of the stabil i ty 
c h a r a c t e r i s t i c s of the sy s t em, with emphas is on predic t ions of the m a x i ­
mum stable power achievable . Osc i l la tor techniques a r e one approach to 
these m e a s u r e m e n t s , although other techniques , such as noise ana lys i s , 
may be used where appropr i a t e . 

3. Engineer ing Tes t s 

These t e s t s , which might actually be included under the above 
t e s t s , will be a imed at de te rmining the effect of the many possible design 
var iab les on the max imum stable power output of boiling r e a c t o r s . Some 
of the var iab les a r e fue l - rod spacing or coolant-channel s ize , core s ize , 
flux flattening, chimney height, water level , coolant-channel inlet and out­
let r e s t r i c t i on , e tc . Such studies should pe rmi t a m o r e confident opt imiza­
tion of the design of future boiling r eac to r s y s t e m s . 

D. Water Chenaistry Exper imen t s 

It is intended that water chemis t ry exper iments be conducted with 
every type of core tes ted in BORAX V. Both the r eac to r vesse l in te rna l s 
and the p r o c e s s piping sys tem have sampling taps at s t ra teg ic points . 
Sampling l ines a r e run to a cen t ra l sampling panel located on the main 
floor of the r e a c t o r building. 
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The routine water chemis t ry p r o g r a m planned for BORAX V will 
consis t p r i m a r i l y of m e a s u r e m e n t s to de te rmine pH, conductivity, concen­
t ra t ion of ch lor ides , suspended and dissolved sol ids , co r ros ion r a t e s , 
radiolyt ic gas-evolut ion r a t e , and identification of radioisotopes in gas , 
s t eam and water . 

Special t e s t s which have been proposed include: 

1. invest igat ion of the causes of var ia t ion in s team activity; 

2. s tudies of total solids in r eac to r water and the i r effect on 
scale formation on fuel elenaents; 

3. s tudies to find methods of reducing radioact ivi ty in the 
s team plant; and 

4. s tudies of water decomposit ion r a t e s . 



VII. HAZARDS EVALUATION 

A. Inherent Safety of Boiling Reac to r s 

A reac to r may be called inherent ly safe against react ivi ty additions 
if it is able to undergo these additions without dele ter ious effects to the 
surroundings , or , naore res t r i c t ive ly , to the r eac to r itself. The inherent 
safety capabi l i t ies of boiling water r e a c t o r s as a type have been shown to 
be high in the previous BORAX exper iments (BORAX I-IV) and the continu­
ing SPERT expe r imen t s . Detailed analyses of some of these exper imenta l 
r e su l t s have been applied to the EBWR, a boiling reac to r of different design, 
to indicate s imi l a r ly a r a the r marked degree of inherent safety. BORAX V 
should exhibit s i m i l a r c h a r a c t e r i s t i c s . 

The l imit ing safe accident , defined as that accident which just mel t s 
the hot tes t point of the hot tes t fuel e lement , for any par t icu la r reac to r must 
be a function of the design of that r e a c t o r . It is rea l ized that general izat ion 
from pa r t i cu la r s tudies may lead to difficulties. This will be especial ly 
t rue for the BORAX V design, which incorpora tes a highly enriched, s t e am-
cooled, superheat ing section ei ther at the core center or at the core pe ­
r iphe ry . Neve r the l e s s , the boiling core effects will shut down the reac to r 
without harna under ce r ta in condit ions. No detailed study of a l imiting safe 
accident has yet been c a r r i e d out for BORAX V. However, ce r ta in qual­
i tat ive s t a tements about the inherent safety of this r eac to r can be naade. 
These will of cour se , be supplemented by derailed studies in the final 
haza rds sunamary r epo r t . 

The mos t d i r ec t evidence of the inherent safety of BORAX V s tems 
from the t r ans i en t t e s t s of BORAX IV. Both r e a c t o r s have about the same 
void coefficient (0.25% Ak/k/% void) and fuel s ize with the same conduc­
tivity and specific heat . The cladding of the BORAX V fuel is 0.015 in. of 
s ta in less s tee l , while that of BORAX IV was 0,013 in. of lead plus 0.020 in. 
of aluminum^ thus the r e s i s t i v i t i e s a r e not great ly different. BORAX IV 
exper ienced an excurs ion with a period of 0.083 sec corresponding to a step 
reac t iv i ty i nc r ea se of 0.74% with no damage . Indeed the total energy r e l ea se 
to peak power was l e s s than 10 Mw-sec . It is calculated that BORAX V with 
a cen t ra l supe rhea te r can undergo an excurs ion of 140 Mw-sec frona ope ra ­
ting t e m p e r a t u r e before mel t ing the superhea t fuel p la t e s . This r e su l t is 
based on the heat ca^pacity of the supe rhea te r with no heat l o s s . It seems 
fair ly ce r ta in that BORAX V can undergo excurs ions even more violent than 
the BORAX IV super-proiaapt -cr i t ica l excurs ion without damage . (On the 
same b a s i s , a 273-Mw-sec excurs ion f rom operating conditions is n e c e s s a r y 
to jus t me l t the hot tes t boiling fuel rod.) 

A compar i son of BORAX V c h a r a c t e r i s t i c s with EBWR c h a r a c t e r ­
i s t i cs indicates that the P-Cp values for the two fuels a r e comiparable, i .e . , 
the heat per unit fuel volume for a given t e m p e r a t u r e r i s e is comparab le , 
and the heat conductance of the claddings is comparable , with EBWR having 



a thicker cladding of slightly lower conductivity. The void coefficient of 
BORAX V is at l eas t twice that of EBWR (-0,25 Ak/k/% void for BORAX V 
as opposed to -0,12 Ak/k/% void in a 4-ft EBWR core and -0.067 Ak/k/% 
void in a 5-ft EBWR core ) . Hence, again, it is likely BORAX V will be 
safe under t r ans i en t s ternainated by steami formation with per iods shor te r 
than 0,083 sec (since EBWR calcula tes a safe per iod for s t eam shutdown 
of 0.057 sec) . 

The Doppler effect in the U^^^ contained in BORAX V fuel should 
contribute significantly to the shutdown. Calculations of the Doppler effect 
will be included in the final r epor t , 

B. Poss ib le Hazards 

1. Hazards of Superheater Operat ion 

a. Loss of Coolant 

Since a superhea t fuel assenably in EORAX V is essent ia l ly 
gas-cooled, and a lso has a low heat capacity due to its th in-pla te cons t ruc ­
tion, the p r i m a r y h a z a r d assoc ia ted with supe rhea te r operat ion is loss of 
coo lan t - s t eam flow^ followed by rapid heating and poss ib le meltdown with 
at tendant r e l e a s e of radioact ivi ty . For ins tance , at a r e a c t o r power of 
20 MAV and no s t eam flow, the max imum superhea t fuel e lement t e m p e r a ­
ture r i s e s f rom 1200°F to the melt ing point, 2600°F, in about 8 sec . 

Loss of s tea in-coolant flow can be caused by manual c l o s ­
ing of a s t eam s top-valve or closing of a b a c k - p r e s s u r e - c o n t r o l valve due 
to loss of ins t rument a i r or to cont ro l -power fa i lure . (The b a c k - p r e s s u r e -
control valves a r e designed to fa i l -c lose in o rde r to contain s t eam, wa te r , 
or radioact ivi ty within the r eac to r vesse l , ) 

The superhea t fuel e lements a r e p ro tec ted agains t dam­
age f rom loss of coolant s t eam by: (1) a power fa i lure s c r a m ; (2) a low-
i n s t r u m e n t - a i r - p r e s s u r e a la r ra ; (3) a low-s team-f low a l a r m se t at 
4000 Ib /h r , with scrana set at 2000 I b / h r , (4) a h i g h - s u p e r h e a t e d - s t e a m -
t e m p e r a t u r e a l a r m set a t 875°F: (5) an emergency a i r and power sys tem 
to insure opera t ion of e s sen t i a l valves and equipment, and, if poss ib le , 
by (6) a h igh - supe rhea t - fue l - e l emen t t e m p e r a t u r e alarm, set a t 1250°F, 
with s c r a m se t at 1300°F 

Steam flow through the supe rhea t e r may a l so be stopped 
by inadver tent flooding of the superhea t fuel a s s e m b l i e s . If the flooding 
is done by ra i s ing r e a c t o r - v e s s e l - w a t e r level to the top of the superhea t 
fuel a s sembly inlet, the r e a c t o r is p ro tec ted by a h igh -wa te r - l eve l a l a r m 
and s c r a m and r e a c t o r w a t e r - l e v e l ind ica tors . K flooding is accompl ished 
by opening the superhea te r - f lood valve, the f lood-valve-open s c r a m o p e r a t e s . 



1 

If this in ter lock fai ls , the r eac to r power can r i s e due to the positive flooding 
coefficient of reac t iv i ty . In this case the power - l eve l - t r ip safety c i rcui t s 
s c r a m the r e a c t o r . Once the superhea te r is flooded and shut down, it is 
cooled by e i ther boiling or na tura l c i rcula t ion of the flood wate r . 

Any of the aforementioned a l a r m s give the reac tor opera tor a warn ­
ing to shut down and open the supe rhea t e r -ven t valve to keep the superheat 
fuel e lements cool. On any s c r a m the superhea te r -ven t valve opens au to­
mat ica l ly to a p r e s e t posit ion if a i r is avai lable . Fu r the r means of insuring 
operat ion of the supe rhea t e r -ven t valve is provided by an emergency a i r 
c o m p r e s s o r powered by the enaergency genera tor , and s tored a i r in the a i r 
comipressor t anks . Manual operat ion of this valve through a reach rod is 
a lso poss ib le . 

b . Flooding Superheater 

P r o g r a m m e d flooding of the superhea te r is per formed after 
shutdown, with control rods fully i n se r t ed and at a t ime when the t e m p e r a t u r e 
difference between the r eac to r water , the flooding medium, and the superheat 
fuel plates is low, to give a min imum the rma l shock to the fuel p la te s . Under 
this condition, even though flooding has a posit ive react iv i ty effect, the r e a c ­
tor remiains subcr i t i ca l due to the l a rge amount of negative react iv i ty in the 
control r o d s . If the supe rhea te r is flooded during operat ion, it i s with 
600-psig, 489°F sa tu ra ted wa te r . Under this condition, the total flooding 
reac t iv i ty worth of the cen t ra l supe rhea te r zone is calculated to be +0.5%. 
The worth of the flooded p e r i p h e r a l zone has not yet been calculated. The 
m a x i m u m ra t e of flooding by means of ra i s ing the r e a c t o r - v e s s e l - w a t e r level 
to the superhea t fuel a s s e m b l y inlets at 600 psig in the r eac to r v e s s e l is 
limiited to 300 gpm by the capaci ty of the two feedwater pumps . This amounts 
to a react iv i ty addition ra t e of about 0.25%/sec for the cen t ra l supe rhea t e r . 
The flooding r a t e via the supe rhea te r flood valve is only 100 gpna. 

Additional safety protect ion against conditions resul t ing 
fromi a flooded supe rhea te r is inherent in the r eac to r itself. When sa tura ted 
water s t r i kes the h i g h - t e m p e r a t u r e superhea t fuel plates it f lashes into 
s t e a m . If s c r a m s and a l a r m s fail to opera te and the superhea te r is com­
pletely flooded, the power level r i s e s until it levels off due to boiling in both 
the superhea t and boiling zones . 

c. Excurs ions and Chugging 

Assuming the r e a c t o r is "chugging" (violently osci l la t ing in 
power) or a s suming the rapid addit ion of a l a rge amount of reac t iv i ty which 
causes an excurs ion, it can be postulated that, as a r e su l t of the t ime lag in 
flow of addit ional cooling s t eam from the boiling zone behind the power in­
c r e a s e in the superhea t zone, the superhea t fuel e lements may overheat and 
m e l t . One Mw-sec of r eac to r energy r e l e a s e causes a 6.2°F r i s e in s u p e r ­
heat fuel plate temipera ture . There fore , a 140-Mw-sec excurs ion fromi 



full-power operat ing conditions, taking into account the assumed radia l and 
axial power dis t r ibut ions shown in Table I, r e su l t s in only a 2450°F maximum 
fuel plate t e m p e r a t u r e . 

Pro tec t ion against this accident, in addition to the negative 
power coefficient of react ivi ty , is given by the t ime delay requi red to reach 
the melt ing t e m p e r a t u r e , which allows the power- leve l s c r a m s and, perhaps , 
the high superhea t - fue l -e lement t e m p e r a t u r e s c r a m to opera te . 

d. Superheat Shutdown and Startup 

Normal superheat or shutdown procedures as p resen ted in 
Section V, C, do not consti tute a hazard since s team flow is maintained until 
the r eac to r post-shutdown decay heat is down to l ess than 1% of inaximumi 
power or about 0.4 Mw. If the s t eam flow is stopped below this power, r a d i ­
ation cooling keeps the fuel-plate t e m p e r a t u r e below 1200°F. In fact, r a d i ­
ation cooling will linait the t e m p e r a t u r e at 3.5 Mw at 2450°F. At this 
t e m p e r a t u r e , which is below the melt ing point of Type 304 s ta in less s tee l , 
s eve re scaling, d is tor t ion, and daaaiage to fuel e lements will probably occur, 
but no radioact ivi ty should be r e l ea sed unless this condition p e r s i s t s for 
some t ime . 

The superhea te r s ta r tup opera t ion takes place ei ther i inmedi 
atel7- after shutdown when s team is sti l l flowing, as in the case of a spurious 
s c r a m , or long enough after shutdown to have allowed the r eac to r decay heat 
to reach a low level . Another postulated danger point might be a s ta r tup 
operat ion with flooded s u p e r h e a t e r . Draining a flooded superhea te r to the 
condenser r equ i r e s about 60 s ec . During this t ime, before s t eam s t a r t s 
flowing through the superhea te r , the fuel e lements a r e adequately cooled by 
radia t ion alone. Moreover , operat ing p rocedure is to reduce r eac to r power 
before dra ining the supe rhea t e r . In addition, supe rhea te r draining has a 
negative reac t iv i ty effect. Thus this si tuation actual ly poses no haza rd . 

2. Core Melting 

The BORAX V core can be made to aaielt and possibly vapor ize 
bv the sudden addition of a l a rge amount of excess reac t iv i ty . Loss of water 
from the core , though it will shut the r eac to r down, can r e su l t in core me l t ­
ing froiaa decay heat under cer ta in conditions of r eac to r operat ing h i s to ry . 

If the reac t iv i ty addition is sufficient to vapor ize fuel e lements , 
an explosion sim.ilar to the t e r m i n a l exper iment which des t royed BORAX I 
could r e s u l t . The immedia te a r e a around that r e a c t o r was heavily contam­
inated with f ission products and fuel e lement f ragments , while a smal l r a d i o ­
act ive cloud moved off downwind. There is no danger of concentra t ion of 
fuel e lements to form a second c r i t i ca l m a s s in this type of accident . 
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If the superheat fuel e lements mel t due to loss of coolant, the 
finely divided UO2, which is d i spe r sed in s ta in less s teel , is c a r r i e d with 
the molten naetal. The naolten naixture may flow to the lower par t of the 
co re , or to below the c o r e , before it is sufficiently d i spersed to cool and 
solidify. Since the superheat zone of BORAX V is pa r t of a coupled reac to r , 
it alone does not have enough fuel under any c i r cums tances to go c r i t i ca l . 

The boiling fuel rods a r e made of s in tered UO2 rods or pel lets 
clad with s ta in less s tee l . The melt ing point of s ta in less steel is about 
2600°F, while that of UO2 is about 5000°F. Because of the low conductivity 
of UO2, the t e m p e r a t u r e at the center of the fuel rod is much higher than the 
clad surface t e m p e r a t u r e . If the r a t e of heat removal on the clad surface 
is dec reased by s team-blanket ing or loss of water , the cladding mel t s be ­
fore the UO2, r e l ea s ing some of the gaseous and volatile fission produc ts . 
When sufficient cladding has mel ted , the pel lets and f ragments fall onto 
the lower gr id in the boiling fuel a s sembly . If the heat from the pel lets 
and f ragments causes naelting of the s ta in less s teel grid and aluminum 
fuel a s sembly box, the pel le ts and fragnaents may fall through the holes or 
mel t through the s ta in less s teel of the thick co re - suppor t plate , coming to 
r e s t on the bottom of the r e a c t o r v e s s e l . The nine r e - e n t r a n t con t ro l - rod 
nozzles in the bottom of the r e a c t o r v e s s e l se rve to separa te the mix ture 
of s ta in less s teel and UO2 pel le ts and fragnaents so that, in the unlikely 
event water is sti l l p r e sen t , no c r i t i ca l m a s s is formed. By this t ime, the 
UO2 is cooled down by d i spe r s ion in the molten s teel . The mix ture does 
not have sufficient heat content to mel t the r e - e n t r a n t control rod nozzles 
or mel t through the bottom of the r e a c t o r ve s se l . 

3 . Cold-water Accident 

Since the r e a c t o r has a negative t empe ra tu r e coefficient, i n t r o ­
duction of cold water i n c r e a s e s the reac t iv i ty . The t e m p e r a t u r e coefficient 
for the co re s is es t imated to be about 0 .03%Ak/k-° C. Cold water can be 
injected into the r e a c t o r by two possible naethods: 

(a) If the feed pumps a r e turned on with the r e a c t o r just 
c r i t i c a l at operat ing temiperature, cold water can be in­
jected at a maxinaum possible r a t e of 300 gpm. The 
mininaum operat ing volume of water in the r eac to r v e s ­
sel is about 1600 gal. Four minutes a r e requ i red to fill 
the r e a c t o r v e s s e l and the water t empe ra tu r e is reduced 
by 85°C. This r e s u l t s in a r a t e -o f - r eac t iv i ty addition of 
about 0.01%/sec for a total addition of 2.55%. The r eac to r 
power level m e r e l y r i s e s to a point at which the i nc rease 
in t e m p e r a t u r e and s team formation nullify the i nc r ea se in 
reac t iv i ty due to the addition of cold wa te r . 
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(b) The wors t co ld-water accident that can be postulated in ­
volves the forced-convect ion sys tem. Assume that the 
r e a c t o r with cen t ra l superhea te r is just c r i t i ca l at oper ­
ating t e m p e r a t u r e , the forced-convect ion baffle is ins ta l led, 
and the forced-convect ion pump is off. Also a s sume the 
operat ing p rocedure to keep the forced-convect ion sys tem 
hot has been ignored and that the low forced-convect ion 
flow and low ci rcula t ing-pump-f low s c r a m s , a l a r m s , and 
in ter locks do not opera te , so that the t e m p e r a t u r e of the 
water in the forced-convect ion sys tem is at room t e m p e r a ­
t u r e . (Incidentally, under this condition, the lower nozzles 
on the r e a c t o r v e s s e l a r e severe ly s t r e s sed , ) 

When the 10,000-gpm pump is turned on with sys tem valves open, 
full flow is r eached in about 6 sec . The 489°F water in the core is rep laced 
with 70°F water in 0.33 sec , giving a reac t iv i ty addition ra t e of 21%/sec . 
The slug of cold water p a s s e s through the core for about 6 s ec . As noted 
previously , no excurs ion ana lyses have yet been made . To prevent this cold-
water accident , the following in ter locks a r e provided: 

(1) A flow in ter lock, to a s s u r e that e i ther the 10,000-gpm 
forced-convect ion pump or the 150-gpm circula t ing pump 
is flowing water through the forced-convect ion sys tem 
and r e a c t o r v e s s e l before r e a c t o r s ta r tup . This i n su re s 
equal t e m p e r a t u r e throughout the sys tem p r i o r to s t a r tup . 

(2) A pump s t a r t e r in ter lock, to prevent s ta r t ing of the forced-
convection pumip after the r e a c t o r is in operat ion. This 
p reven t s a co ld-water accident even though in ter lock (1), 
above, has failed. 

(3) A low-flow a l a r m and s c r a m on the forced-convect ion 
sys t em. 

(4) A low-flow a l a r m on the 150-gpm ci rcula t ing sys t em. 

Inter locks (3) and (4) above e i ther s c r a m the r e a c t o r or warn 
the ope ra to r if flow r a t e d e c r e a s e s in the forced-convect ion s y s t e m . Cool­
ing down of this sys t em is thus inhibited and protec t ion is afforded against 
a co ld-water accident or high r e a c t o r - v e s s e l - n o z z l e s t r e s s e s . 

The maximuna poss ib le co ld-water reac t iv i ty addition r a t e 
from the 150-gpm circula t ing pump is only 0.015 of the r a t e assoc ia ted 
with the forced-convect ion pump and is not deemed h a z a r d o u s , 

4. Power and Air F a i l u r e 

In case of loss of power f rom the incoming uti l i ty l ine , the 
so lenoid-opera ted la tches holding the control rods fa i l -safe and r e l e a s e . 
The rods a r e i n se r t ed into essen t ia l ly thei r max imum effective shutdown 
posit ion in l e s s than 0.2 sec . 
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An independent 24-volt dc bat tery, emergency-power system, 
which is considered the mos t re l iable source of power, energizes cer ta in 
c r i t i ca l va lves . 

A second emergency-power sys tem is supplied by a gasol ine-
engine-dr iven genera tor which s t a r t s autoiaaatically on ut i l i ty-power failure 
at e i ther the r eac to r or the control building. Automatic t ransfer switches 
connect ce r ta in essen t ia l ins t ruments and controls to this power source when 
the emergency genera tor r eaches operat ing voltage. 

Loss of util i ty power eventually resu l t s in a loss of instrumient-
a i r p r e s s u r e for contro l -valve opera t ion. The capacity of the a i r - c o m p r e s s o r 
s torage tanks mainta ins sufficient control p r e s s u r e at a probable maximum 
bleed ra t e of 45 scfm for about 1 min . An emergency a i r compres so r oper ­
ating frona the emergency genera tor supplies a i r to ce r ta in control valves 
essen t ia l for r eac to r containment and cooling. In case of total loss of 
con t ro l - a i r p r e s s u r e , the valves which contain the reac tor fa i l -c lose . 

Table VII contains a detailed l i s t of the valves , controls and in­
s t rumen t s supplied by the emergency power systenas. 

5. Pump F a i l u r e 

The mos t probable reason for fai lure of pumps is loss of power. 
The effect of individual pump fai lure is d i scussed in the following p a r a g r a p h s . 

F a i l u r e of the 10,000-gpm forced-convect ion pump or inadver t ­
ent closing of one of the valves in the forced-convect ion sys tem stops forced-
convection flow. Since the heat is not being ca r r i ed out of the core by forced 
flow, the void content is i nc reased , and the reac to r power d e c r e a s e s before 
the fue l -e lement t e m p e r a t u r e r i s e s to the point where "chugging," film 
boiling, and burnout o c c u r s . Backup protect ion against this hazard is 
afforded by means of a low-forced-convect ion-f low a l a r m and s c r a m . 

If both r e a c t o r feed pumps fail, the r eac to r continues to operate^ 
feedwater flow c e a s e s , r e a c t o r inlet subcooling is reduced, r eac to r voids 
i n c r e a s e , the r eac to r automat ica l ly reduces power, and water is evaporated 
f rom the r e a c t o r . A l a r m s for low r e a c t o r - w a t e r level, low feedwater-
p r e s s u r e and high f eedwa te r - s to rage - t ank level notify the opera tor of these 
events . If these a l a r m s a r e inoperat ive or unheeded, the low r e a c t o r - w a t e r -
level s c r a m shuts the r e a c t o r down, after decay heat from the r eac to r con­
t inues to evaporate wa te r . The r eac to r water may sti l l be maintained, at 
p r e s s u r e , above core level , by manual operat ion of the ba t ch -emergency-
feed sy s t em. The capaci ty of this sys tem is sufficient to handle the mos t 
s eve re decay heat condit ions. Also the boron-inject ion sys t em can be used 
to main ta in r eac to r water level . 
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F a i l u r e of the condenser ma in -c i rcu la t ing pu.mp leads to loss of 
condenser vacuum. A pump-fa i lure a l a r m is energized and eventually a 
r eac to r s c r a m occurs if condenser p r e s s u r e exceeds +2 ps ig . Backup p r o ­
tect ion is given by the condenser p r e s s u r e - r e l i e f valve set at 5 psig. 

F a i l u r e of the well pump stops the flow of raw cooling water to 
the shield, ion-exchange sy s t em heat exchangers , and pump bea r ings . If 
water flow stops in the shield cooling sys tem, the concre te shield can heat 
up to approximiately 520°F at 40-Mw r e a c t o r power. It is probable that some 
spall ing and crumbl ing of concre te in the shield may occur at this t e m p e r a ­
t u r e . Though not hazardous , this si tuation is not des i rab le and a high shield-
t e m p e r a t u r e a l a r m set a t 200°F warns the ope ra to r . Other indications of 
cool ing-water fai lure may come frona the high ion-exchange-wate r -
t e m p e r a t u r e a l a r m and the high c i rcu la t ing-pump bear ing t empe ra tu r e 
a l a r m . 

F a i l u r e of e i ther or both condensate pumps causes a l a r m s . Con­
densate pump fai lure causes the hotwel l -water level to r i s e resu l t ing in loss 
of condenser vacuum. If the opera tor takes no action, the condenser high-
p r e s s u r e s c r a m eventually shuts down the r e a c t o r . 

6. Ins t rument F a i l u r e 

Ins t ruments which a r e capable of s c r a m m i n g the r e a c t o r upon 
rece ip t of the p rope r signal a l so s c r a m the r eac to r when e l ec t r i c power to 
the in s t rumen t fa i l s . S imi lar ly , mos t a l a r m c i rcu i t s a r e designed to give 
a l a r m s when the c i rcu i t s do not function p roper ly (see Table X). F a i l u r e 
of the high-vol tage power supply to neut ron de tec to r s causes an a l a r m . The 
p r e s s u r e - c o n t r o l s y s t e m fa i l -c loses to contain s team, water , and r a d i o ­
act ivi ty within the p r e s s u r e v e s s e l . 

7. Control Rod F a i l u r e 

Exper ience with the control rod d r ives on EBWR has indicated 
that rod-s t i ck ing does occu r . Even though the EBWR dr ives a r e being naod-
ified and imiproved for use on BORAX V, the possibi l i ty of malfunction of 
one or two rods or d r ives at some tinae cannot be ruled out. P r i o r to r eac to r 
s t a r tup each day, control rod d r ives and s c r a m la tches will be checked for 
p roper opera t ion and any rod control or dr ive which does not function p rop ­
er ly will be r e p a i r e d or rep laced . 

If not enough control rods can be i n se r t ed to shut down the 
r eac to r , or if the r e a c t o r has been experimientally or inadver tent ly loaded 
to sonae reac t iv i ty in excess of that avai lable in the control rods for shut­
down, the boron-addi t ion sys t em may be manual ly opera ted , r emote ly or 
locally, to shut down the r e a c t o r by injecting a bo r i c - ac id solution into the 
r e a c t o r w a t e r . 



Change in Power Demand 

Since the power produced by BORAX V is disposed of locally 
i .e . , through ei ther the water rheos ta t or a tmospher ic venting of s team, any 
change in power demand is normal ly made by the o p e r a t o r s . 

An i nc r ea se in e lec t r i ca l load opens the turbine throt t le valve. 
The turbine bypass valve c loses , but, if the reac tor power is not adjusted to 
compensate for the i nc reased demand, the s team- l ine p r e s s u r e is reduced. 
The reac to r p r e s s u r e should not be affected, however, because of the back­
p r e s s u r e - c o n t r o l valve in the main s team line which senses and controls 
r eac to r vesse l p r e s s u r e . Since opening of the ven t - s t eam b a c k - p r e s s u r e -
control valve is dependent on r eac to r p r e s s u r e , it is not considered a load 
change. 

A d e c r e a s e in e l ec t r i ca l load causes the turbine throt t le valve to 
close and the turbine bypass valve to open. If the r eac to r opera tor does not 
adjust power, the capacity of the bypass sys tem is exceeded and p r e s s u r e 
i n c r e a s e s in the s team l ine . In this case the excess s t eam is vented by the 
low p r e s s u r e - r e l i e f valves which re l ieve at 388 and 400 ps ig . A secondary 
effect might be overloading of the condenser , with resu l tan t loss of condenser 
vacuum and a scraiai. The r eac to r u p s t r e a m from the main-s teana, back­
p r e s s u r e - c o n t r o l valve is protec ted by the r e a c t o r - v e s s e l safety va lves . 

If a d e c r e a s e in s team flow is accomplished by sudden closing of 
the ven t - s t eam, or m a i n - s t e a m , b a c k - p r e s s u r e - c o n t r o l valve and the reac to r 
opera tor does not adjust power, a posit ive feedback is introduced. The r e ­
sult is an i n c r e a s e in power and p r e s s u r e . 

P ro tec t ion agains t this haza rd r e s ides in the high r e a c t o r -
p r e s s u r e a l a r m , set at 625 psig, the two high power- leve l s c r a m s , and the 
two r eac to r vesse l p r e s s u r e - r e l i e f va lves , set at 650 and 675 psig. 

9. Too Much or Too Lit t le Water in Reac tor 

The r eac to r is pro tec ted by a l a r m s and s c r a m s against both high 
and low r eac to r water l eve l s . In addition, a continuous re l iable indication of 
water level is furnished by a level r e c o r d e r and a, TV-moni tored gage g l a s s . 

a. Too Much Water 

If the high wa te r - l eve l a l a r m and s c r a m fail to opera te , if 
the high wa te r - l eve l indication is ignored and if the r eac to r vesse l becomes 
filled to the top with water , the r eac to r is l e ss safe under fast excurs ion 
conditions, because expulsion of water from the core would be difficult, as is 
the case in p r e s s u r i z e d water r e a c t o r s . However, it is not sufficient just to 
fill the r eac to r v e s s e l completely with w a t e r . To obtain an excurs ion some 
method mus t be found to add a l a rge amount of reac t iv i ty suddenly. This is 
d i scussed in Section VII, B, 17, "Sabotage." 



b . Loss of Water 

Normal removal of decay heat from the boiling fuel e lements 
immedia te ly following a shutdown occurs by boiling of the coolant. The s team 
then flows through the superhea te r to the condenser or to the a tmosphe re . 
Water level is normal ly maintained by ineans of the feed pumps or, in an 
emergency, by means of the ba tch-emergency- feed sys t em. 

Gradual loss of water can take place while the r eac to r is at 
power, if the feed pumps fail, the opera tor takes no action and the low 
r e a c t o r - w a t e r - l e v e l s c r a m fa i l s . In this case the core is slowly uncovered 
and, because of loss of modera to r , power is reduced until shutdown o c c u r s . 
The uncovered port ion of the boiling fuel e lements and the superhea te r fuel 
e lements a r e cooled for a while by s t eam, but as the water level ne a r s the 
bottom of the core , the s t eam flow reduces and the core can eventually mel t . 

In the event of a rupture of the p r e s s u r e ves se l or i ts con­
necting piping below core level, the water i s lost from the r eac to r ves se l , 
the r eac to r shuts down immediate ly , but sufficient decay heat can me l t the 
r e a c t o r . 

10. Leaks from Exte rna l System 

The predonainant radioact ivi ty in the s team sys tem, the forced-
convection sys tem, the r eac to r ion-exchange-sys tem supply and the preheat 
sys tem is due to the fas t -neu t ron i r r ad ia t ion of O''̂  to form N^ , The shor t 
7 .4-sec half-life of N^* l imi t s accumulat ion of this act ivi ty in the vicinity of 
a leak. 

The forced-convect ion, r eac to r ion-exchange, and prehea t s y s ­
tems contain N''^ and other radioact ive m a t e r i a l s . These sys t ems a r e located 
in the subreac to r room, a c c e s s shaft, pipe t r enches , or the equipment pit, all 
of which a r e kept at a negative p r e s s u r e and venti lated by the r e a c t o r - p i t -
exhaust sys t em. Thus, if power is available to the p i t -exhaus t b lowers , the 
radioact ivi ty is confined below floor level in the r e a c t o r building and exhausted 
through AEC-type f i l ters up a s tack . 

Since the densi ty of s t eam is low compared to p r e s s u r i z e d water , 
the amount of N^ c a r r i e d over in the s t e a m i s correspondingly lower than the 
ca r ryove r in a p r e s s u r i z e d - w a t e r sys t em. A leaky s t eam line can r e l e a s e 
radioact ivi ty into ei ther the reac tor building or the turbine building. Even if 
all the water in the r eac to r v e s s e l f lashes to a tmosphe r i c p r e s s u r e , the in­
tegra ted exposure from the N^^ is not lethal for opera t ing personne l in the 
bui ldings. 

Leakage of condenser cooling water into the condenser i n c r e a s e s 
the amount of impur i t i e s in the condensate and tends to i n c r e a s e the r a d i o ­
activity of the r eac to r water and s t eam. However, the r eac to r ion-exchange 
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sys tem and the condensate f i l ter and ion exchanger a r e designed to maintain 
water pur i ty . 

Area radioact ivi ty moni tors in both the reac tor and turbine 
buildings sound an a l a r m when an undue amount of radioactivity is r e leased . 

11. Fue l Cladding Fa i lu re 

The fuel cladding m a t e r i a l . Type 304 s ta inless s teel , is considered 
c o r r o s i o n - r e s i s t a n t to water and s t eam at the boil ing-fuel-rod surface t em­
pe ra tu r e of 510°F maximum, and it a lso has excellent cor ros ion r e s i s t ance to 
superheated steana at the maximium superheat - fuel -p la te t empera tu re of 
1200°F. Stainless s tee l was chosen as the f i rs t cladding m a t e r i a l for the boi l ­
ing fuel e lements to insu re max imum re l iabi l i ty . Aluminuiai alloy X-8001, 
planned for future use as a cladding m a t e r i a l on the boiling fuel rods , is a lso 
cons idered feasible even though it has a higher cor ros ion ra te than does s ta in­
l e s s s tee l . However, in the fabricat ion of thousands of fuel rods and pla tes , 
it cannot be guaranteed that all welds a r e perfect , that all bonds a r e sound, 
nor that cladding is completely free of defec ts . Fuel cladding fai lure naay 
somet ime occur . 

Cladding fai lure on the s ta in less steel-UOg c e r m e t superhea t -
fuel plates would r e su l t in only a minor amount of radioact ivi ty r e l e a s e . Only 
a smal l amount of the d i spe r sed fuel would be exposed by even a complete 
cladding fa i lu re . 

An aggravated condition could occur if cladding fai lure or fuel 
elenaent burnout coincided with an o v e r - p r e s s u r e accident which opens the 
p r e s s u r e safety valves or occu r r ed while venting s t eam. In ei ther case f i s ­
sion products would be immedia te ly r e l ea sed to the a tmosphe re . Pro tec t ion 
agains t an excess ive p r e s s u r e accident is d i scussed in Section VII, B, 13, 
"Excess ive P r e s s u r e . " The a r e a mon i to r s , a i r moni to r s , and fission break 
moni to r s should warn personne l in the vicinity of the r e a c t o r . 

For tuna te ly , the fuel e lement cladding rupture on BORAX IV 
has given f i r s t -hand exper ience on the effects of an oxide-rod cladding 
fai lure in a d i r e c t - c y c l e , boi l ing-water r e a c t o r . In the BORAX IV incident 
about one- th i rd of the fuel a s s e m b l i e s developed smal l leaks in the ends of 
the e l emen t s . The fuel e lements were made of uran ium oxide- thor ium oxide 
pe l le t s , lead-bonded in alunainum tube -p l a t e s . Essent ia l ly , only fission 
products which were gaseous or had gaseous p r e c u r s o r s were identified, 
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Xe , Kr and Kr ^ accounted for the major port ion of radioact ivi ty r e l eased 
from the fuel e l e m e n t s . Only t r a c e amounts of products , such as Mo^*, with 
nongaseous p r e c u r s o r s were detected in the r eac to r water , indicating these 
were re ta ined in the c e r a m i c fuel. The major contaminant r e l ea sed from 
the s t eam sys tem was Cs . Long-l ived radionucl ides that were identified 
in t r a c e amounts in the turbine and condenser after operat ion were Ba" , 
Lai*°, Sr9°, Y9°, Sr^^ and Cs^^^ 



The major r e l ea se of radioactivity to the a tmosphere was 
via the condense r - a i r - e j ec to r exhaust, even though the exhaust gases had 
passed through an AEC-type f i l ter . A summary of radioactivity r e lease 
is given in Table XIII. 

Table XIII 

LOCATION AND AMOUNT OF RADIOACTIVITY IN 
BORAX IV FUEL CLADDING RUPTURE 

R e a c t o r 
P o w e r , 

Mw 

2 . 4 

6 

E s t i m a t e d 
A i r E j e c t o r 
Gas Act iv i ty , 
c u r i e s / m i n 

X e " 8 

3.45 

8.64 

Kr8» 

0.7 

1.8 

R e a c t o r 
Bui ld ing 

S t e a m 
Line , 
m r / h r 

500 

500 

Air E j ec to r 
F i l t e r 
m r / h r 

30.000 

>50,000 

M a m Door 
Turb ine 
Bui lding, 

i T i r / h r 

20 

27 

M a m Door 
R e a c t o r 
Bui lding, 

m r / h r 

20 

30 

500 ft 
Downwind,* 

m r e p / h r 

120 

-

Average on three high-volume air samples, representing approximately 7250 ft̂  of air 
sampled. 

During operat ion the reac tor and turbine buildings were 
entered for brief per iods by personnel wearing protect ive clothing and in­
dependent breathing appara tus ; no excessive exposure occur red . Within 
24 hours after shutdown the radioactivity had re turned to background 
levels in these buildings. 

Since BORAX V is operated from a renaote location a fuel 
element rupture is not considered hazardous . F iss ion-product raonitors 
reading s team and r eac to r water act ivi t ies give an a l a r m in case of clad­
ding fai lure. Pe r sonne l in the reac tor or turbine building a r e also warned 
of radioactivity r e l ea se by local a r e a monitor a l a r m s . 

IZ. Startup Accident 

A low neutron background in a freshly loaded reac tor can 
resul t in a dangerous situation, because knowledge of the multiplication or 
per iod is lacking. As is cus tomary in s tar tups of r e a c t o r s or c r i t i ca l 
faci l i t ies , a s trong neutron source is always used in BORAX V. A p e r m a ­
nent, p r e - i r r a d i a t e d Sb-Be source , maintained at s t rength by operat ion, 
is instal led in the co re . Both compensated and uncompensated ion cham­
bers and counters a r e pa r t of the nuclear instrumentat ion. 

The ra te of react ivi ty addition by cont ro l - rod withdrawal 
is l imited to 0.05%/sec. With this ra te of addition, the water begins boiling 
as soon as the fuel elements reach a t empera tu re slightly higher than the 



sa tura t ion t e m p e r a t u r e of the water,. The negative void and t empera tu re 
coefficient automatical ly compensa tes for the react ivi ty added by rod with­
drawal . The p o w e r - l e v e l - t r i p c i rcu i t s prevent the r eac to r from reaching 
the burnout heat flux. 

13. Excess ive P r e s s u r e 

Since an inc rease in p r e s s u r e in a boiling water r eac to r can 
lead to a power i nc rease and a s t i l l fur ther inc rease in p r e s s u r e , mech­
an i sms for l imit ing the p r e s s u r e a r e pa r t i cu la r ly important . In BORAX V, 
protec t ion agains t excess ive p r e s s u r e s is furnished by a h i g h - p r e s s u r e 
a l a r m and s c r a m set at 625 and 640 ps ig , respect ive ly , together with dual 
safety valves set at 650 and 670 ps ig . Opening of these valves will reduce 
the poiver level of the r e a c t o r while flashing occur s . 

14. Improper_ Charging of Fuel 

The effect of adding a boiling fuel a s sembly with 100 boiling 
fuel rods of about 5% enr ichment in a min imum size boiling core a t room 
t e m p e r a t u r e is an i nc r ea se in react iv i ty of about 5% for a cent ra l location 
and of about 1% for a pe r i phe ra l location. In a ful l -s ize core the effect is 
0.2% for a pe r i phe ra l location. The effect of adding a superheat fuel 
a s s e m b l y which has a lov/er loading is l e s s . 

Loading always takes place with the r eac to r at a tmospher ic 
p r e s s u r e and with the r e a c t o r well below c r i t i ca l . As set forth in Sec­
tion V, "Reactor Opera t ions , " loadings a r e checked, by at l eas t two qual i ­
fied pe r sons before any change, for anticipated effect, and during the change 
for p rope r p lacement of fuel in the c o r e . In -core neutron de tec tors a r e 
always used during loading opera t ions . 

15. Ea r thquake 

There exis ts some r i s k of se i smic activi ty at the National 
Reactor Test ing Station. The BORAX V reac to r is located in a region 
which The_Pac_ific Coast Uniform. Building Code designates as a Zone 2 
a r e a . There fo re , the building s t r u c t u r e s and plant a r e designed for Zone 2. 

The m o s t s e r ious consequences of a seve re ear thquake, if it 
should occur , might be to rup ture the r eac to r ve s se l or piping and j am the 
control rods . In case wate r is los t f rom the r eac to r vesse l during ope ra ­
tion, the r e a c t o r shuts down, but might subsequently mel t f rom decay heat . 
If control rods become j a m m e d and the core is s t i l l i m m e r s e d in water , 
the boron-addi t ion sy s t em can probably be used to shut down the r eac to r . 
The concent ra t ion of fuel in the co re of the r eac to r by an ear thquake is 
unlikely; thus t h e r e is l i t t le danger of an inc rease in react iv i ty . 



It is of i n t e re s t to note that the recen t major ear thquake of 
August 19, 1959, centered nea r West Yellowstone, Montana, was seve re 
enough to be felt at the NRTS. However, no damage was done to any r eac to r 
or ins ta l la t ion. 

16. F i r e 

The r eac to r , its building, and equipment a r e essent ia l ly f i r e ­
proof. Hazardous amounts of combustible m a t e r i a l s a r e not allowed in the 
building. 

17. Sabotage 

a. With Reactixdty Additions 

The fuel in the r eac to r can be made to mel t by the sudden 
addition of an a r b i t r a r i l y grea t amount of excess reac t iv i ty . This can be done 
by sudden injection of f issionable naater ia l or sudden withdrawal of a poison. 
As mentioned in Section VII, B, 14, " Improper Charging of Fue l , " it is dif­
ficult suddenly to add a l a rge amount of fuel to BORAX V. Sudden withdrawal 
of poison can be accompl ished by removing control rods from the top of r e a c ­
t o r . To accompl i sh this , the con t ro l -d r ive mechan i sms and sea l housings have 
to be removed f rom the bottom of the ves se l and the control rods have to be 
disconnected f rom the extension shafts . As an a l te rna t ive , the rods can be 
actuated froin the subreac to r room after disconnecting the con t ro l -d r ive 
m e c h a n i s m s by some sudden means which ove rcomes r eac to r p r e s s u r e . Any 
one of these methods of sabotage r equ i r e s the col laborat ion of m o r e than one 
pe r son and se r ious ly endangers the s abo teu r s . 

b . With Explosives 

The r eac to r can, of cour se , be badly damaged by explos ives . 
For example, the p r e s s u r e v e s s e l or connecting piping can be ruptured;, lead­
ing to loss of water and poss ib le subsequent core meltdown. Concurrent 
with this can be an in te r rupt ion of utility power and des t ruc t ion of regu la r 
and emergency feedwater l i nes . Securi ty control should d iscourage this 
method of sabotage. 

c. With Malope ra t ion 

Sabotage could mos t s imply be accompl ished by opening the 
r eac to r -vesse l -b lowdown valve or the fo rced-convec t ion-pump-dra in valve 
and re leas ing the wate r f rom the v e s s e l with a poss ible resu l t ing core me l t ­
down. Assunaing the saboteur is one of the operat ing staff and has the n e c e s ­
s a ry keys and knowledge, he can s t a r t up the r e a c t o r . Sabotage by means of 
no rma l control rod withdrawal alone is ineffective because of the l imited 
ra t e of reac t iv i ty addition ava i lab le . If the saboteur succeeds in bypassing 
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the proper in ter locks and s c r a m s , a max imum cold-water accident can be 
set up by using the forced-convect ion sys t em. If the reac tor vesse l safety 
valves a r e "gagged" an excess ive p r e s s u r e excurs ion can be set up. 

18. Meta l -wate r React ions 

The impor tance of a m e t a l - w a t e r react ion is derived from the 
additional heat l ibera t ion possible during a r eac to r accident . Two types of 
r eac to r accidents a r e genera l ly considered as being capable of producing 
the requis i te conditions for m e t a l - w a t e r reac t ions : One is the loss-of-
coolant accident , which may re su l t in core melt ing by decay heat after the 
r eac to r has shut i tself down; the other is a power -excurs ion accident, in 
which an uncontrol led i n c r e a s e in neutron flux causes an exponential i nc rease 
in power level, r esu l t ing in the poss ibi l i t ies of melt ing, vaporizat ion of fuel 
e lements , and an explosion. Of the two accidents mentioned, the power ex­
curs ion is cons idered much inore l ikely to init iate me ta l -wa te r reac t ions , 
due to the higher t e m p e r a t u r e s and vapor iza t ion achieved. 

Since the fuel m a t e r i a l in BORAX V is UO2, which does not r e ­
act , the only me ta l s avai lable for reac t ions a r e the cladding m a t e r i a l s . 
These a r e Type 304 s ta in less s tee l for the f i rs t co re s , and possibly X-8001 
a luminum for some future boiling c o r e . 

a. Sta inless S tee l -water React ions 

Exper imen ta l data on s ta in less s t ee l -wa te r reac t ions a r e 
ex t remely m e a g e r at this t i m e . In fact the only known exper iment was 
done by Aeroje t Genera l Corpora t ion! l^) in i ts explosion dynamomete r . In 
this tes t , 7 g of molten, Type 303 s ta in less s teel at a t e m p e r a t u r e of 2270°C 
was sprayed into about 50 in.^ of wa te r . The par t ic le size was 840 m i c r o n s , 
peak p r e s s u r e was 93 psig, r a t e of r i s e of p r e s s u r e was 23,667 p s i / s e c , 
total impulse was I I l b - s e c , energy was 102 ft-lb and overa l l efficiency 
compared to the theore t i ca l ly a t ta inable reac t ion was 2.47%. By compar ison, 
the z i r con ium-wa te r reac t ion under s imi l a r conditions attained an efficiency 
of 7.7%. The ANL Chemical Engineer ing Division is p repar ing exper iments 
on s ta in less s t e e l -wa t e r reac t ions using the e lec t r ica l ly su rge -hea t ed -wi r e 
method and the nuc lear heating of t e s t fuel e lements in TREAT. 

b . Aluminum-wate r React ions 

In con t r a s t to the s ta in less s t ee l -wa te r t e s t s , a luminum-
water reac t ion exper imen t s have been run by many organizat ions and by 
s e v e r a l different me thods . A summary '19) of these a luminum-wate r t e s t s 
follows: 



) In-pi le Heating in MTR 

References : Phil l ips Petroleum. Co.(20-22) 
Westinghouse\235 24) 

Resu l t s : (a) Samiples below melt ing point gave no 
reac t ion . 

(b) Samples above melt ing point reac ted . 
(c) Sporadic explosions were obtained 

with samples above melt ing point. 

) Pour ing or Spraying Molten Metal into Water 

References : Aerojetl-'-°-25,2o) 
A L C O A ( 2 7 - 2 9 ) 

A N L ( 3 0 , 3 1 ) 

Mine Safety(32,33) 

Resu l t s : (a) ALCOA showed that explosions some­
t imes occu r r ed when 50-lb batches of 
molten a luminum were d ischarged into 
wa te r . 

(b) ANL found no reac t ions using fine je ts 
of mol ten m e t a l . 

(c) Aeorjet and Mine Safety Appliances 
found no reac t ion when mol ten a lumi ­
num was dropped into water without 
additional d ispers ion by a blast ing cap. 

(d) Aerojet., in thei r explosion dynamom­
eter , obtained negligible reac t ions below 
1200°C. Above 1200°G, evidence of 
s t rong reac t ion was obtained. Alumi­
num, at 2070°C gave a s t ronger pulse 
than Zr , s ta in less s teel , NaK, or black 
powder. 

) Dispers ion of Molten Metal into Water by Explosive 
Charge 

Refe rences : Aeroje t ! •^9'25.26) 

Resu l t s : There was v e r y l i t t le reac t ion when the 
mol ten drops were compara t ive ly l a r g e . 
However, when the me ta l was d i spe r sed , 
the es t imated reac t ion was 75% at a t e m ­
p e r a t u r e of about 1565°C. 
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(4) Dispers ion of Metal by Condenser Discharge 

References : ANL^^'*^ 
Columbia Universityl^^) 
North Amer ican Aviation!^") 

Resu l t s : (a) ANL obtained complete react ions of 
a luminum and water by vaporizing the 
me ta l . 

(b) NAA tes ts showed that significant 
react ions occur only when enough 
energy is used to mel t the me ta l . 

(c) Columbia Universi ty r e su l t s indicated 
that aluminum is nonreact ive at the 
mel t ing point. 

c. Hydrogen Reaction!^ ' / 

"As a r esu l t of m e t a l - w a t e r reac t ions , hydrogen gas, Hj, is 
r e l ea sed . The hydrogen gas is genera ted under water where there is e s sen ­
t ial ly no oxygen gas p r e sen t . Therefore , it is assumed that any hydrogen 
explosions which occur will do so after explosions resul t ing froin fission 
and /o r chemical energy r e l e a s e s . Consequently, the f ission and/or chemical 
energy explosions and hydrogen explosions a r e not s imul taneous, but occur 
sequential ly . 

"A hydrogen explosion will occur only when Hg is combined 
with a i r into an explosive mix tu re and is ignited. Although the hydrogen-a i r 
mix tu re immedia te ly around the r eac to r short ly after the excurs ion may be 
within the explosion range , it will be accoixipanied by a la rge amount of water 
vapor . This water vapor will tend to reduce both the possibi l i ty and sever i ty 
of explosion. The o c c u r r e n c e of an explosive mix ture around the reac tor 
wi l lbe a t rans ientcondi t ion , and only a smal l fraction of the hydrogen would 
be contained in an explosive mix tu re with a i r at any par t icu la r ins tant . 
There fore , while the potential energy of the hydrogen evolved from a max i ­
m u m accident is nea r ly equal to the init ial excursion energy, the probabil i ty 
of i ts detonation in a single explosion is r emo te . Any reac t ion which does 
occur would probably consis t of smal l a r e a s of inflammation and /o r detona­
tion surrounding the r e a c t o r . " 

d. Conclusions 

The above t es t s on a luminum lead to the following general 
conclusions, some of which may be applied to s ta in less s t ee l -wa te r 
reac t ions : 



(1) Pa r t i c l e Size and Shape 

The completeness of the react ion depends on par t ic le 
s ize and shape. The smal le r par t ic le s izes and the m o r e 
i r r e g u l a r shapes give m o r e react ive a r e a and more coin-
plete reac t ions and higher energy r e l e a s e . Small p a r t i ­
cle size may be obtained by explosive d i spers ion and 
vapor izat ion. Pa r t i c l e size and shape a r e also dependent 
upon the m a t e r i a l . 

(2) T e m p e r a t u r e 

In cont ras t to z irconium, the chemical react iv i ty of 
aluminum, is nil at t e m p e r a t u r e s considerably g rea te r 
than its mel t ing point. At t e m p e r a t u r e s g rea te r than 
1170°C, however, the react iv i ty i n c r e a s e s rapidly as 
t e m p e r a t u r e is i nc reased . Above the boiling t e m p e r a ­
tu re of a luminum the reac t ions a r e comple te . 

In the one tes t at 2270''C (4120°F), s ta in less steel was 
about as powerful as z i rconium - an occu r r ence which 
would not have been predic ted from the the r mo chemical 
data . 

(3) Overal l Efficiency 

The overa l l efficiency of the energy conversion p rocess 
is the ra t io of the mechnica l work done to the theore t ica l 
chemica l energy available f rom the complete reac t ion of 
the m.etal and wate r . The pr incipal lo s ses a r e (l) heat 
re jec t ion of the thermodynamic cycle, (2) incomplete 
chemica l react ion, (3) t he rma l losses due to heating the 
water and the meta l pa r t s and (4) mechanica l l o s s e s . 

(4) Explosive Charac te r i s t i c s 

The damage from any me ta l -wa te r react ion could be 
caused by (a) the p r e s s u r e pulse resul t ing from the ex­
pansion of hydrogen and water vapor , (b) the shock wave 
which may be produced, and (c) if a i r or other oxidizing 
mediuin is present , by the secondary hydrogen explosion. 

(5) BORAX V Analysis 

In this p re l imina ry haza rds repor t , no ana lys is has been 
made of the excurs ion c h a r a c t e r i s t i c s of any of the p r o ­
posed BORAX V c o r e s . Consequently, no nuclear energy 
r e l e a s e or t e m p e r a t u r e data is available on which to base 
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an analysis of me ta l -wa te r and hydrogen-oxygen r e a c ­
t ions . It is expected that these analyses will be p r e ­
sented in the final haza rds repor t . Also, by that t ime , 
more data on s ta in less s tee l -wate r react ions should be 
available f rom the exper iments which a r e to be run by 
the ANL Chemical Engineer ing Division. 

C. Site 

The BORAX V facility is built at the National Reactor Test ing Station, 
Idaho, on the site of the existing BORAX installat ion. As shown, in F ig . 39, 
the r eac to r building is located about one-half mile northwest of the control 
building and the EBR-I , ZPR-III , and AFSR a rea . This figure a lso shows the 
re la t ive location of the severa l s t r uc tu r e s at the BORAX V si te . F igure 40 
is a map of the NRTS and adjacent a r e a s , showing the other instal lat ions on 
the station. Table XIV shows the populated a r ea s near BORAX V. 

Table XIV 

POPULATED AREAS NEAR BORAX V 

Name 

Centra l Fac i l i t i es 

Chemical P roces s ing 
Plant 

MTR-ETR 

Naval Reactor Fac i l i ty 

Atomic City 

Arco 

Howe 

Ter re ton-Mudlake 

Idaho Fa l l s 

Blackfoot 

E s t i m a t e d 
Population 

On-s i te 

-

-

-

_ 

Off-site 

200 

3,000 

200 

300 

30,000 

7,500 

Direct ion from 
BORAX V 

Areas 

E a s t Northeast 

Northeast 

North Northeast 

North Northeast 

Areas 

Southeast 

West Northwest 

North 

Northeast 

Eas t 

Southeast 

Distance, Miles 
from BORAX V 

• ^ 2 

5 

5 

10 

12 

17 

18 

36 

48 

40 
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B50-I04-1D0-IS 

Fig . 40 
National Reactor Testing Station 



D. Evaluation of Radiation Hazards to the Surrounding Population 

In o rde r to obtain an es t imate of the radiat ion danger to the su r round­
ings accompanying a d i s a s t e r with BORAX V, it is a s sumed that the r eac to r 
has undergone an excurs ion which des t roys the in tegr i ty of the r eac to r s y s ­
t em and r e l e a s e s a radioact ive cloud. It is further a s sumed that the excur ­
sion follows steady operat ion at 20 Mw for an effectively infinite t ime . Under 
these conditions the f ission products produced in the excurs ion have negl i ­
gible effect on the surroundings when compared with the accumulated fission 
p roduc t s . 

The init ial s ize and ra t e of r i s e of the cloud is de te rmined by the 
total t h e r m a l energy genera ted during an incident . Since this t he rma l energy, 
which re su l t s f rom both f iss ion and, possibly, a chemical react ion, may be 
only approximate ly es t imated , the effects of var ia t ion a r e accounted for by 
assuming a range of cloud he ights . As to cloud s ize , a point source is 
a s sumed , which diffuses outward according to weather condit ions. 

This po in t - source assumpt ion is pa r t i cu la r ly pes s imi s t i c for shor t 
d i s t ances . Fo r example, it leads to gamma doses at 800 m e t e r s (the dis tance 
from the r eac to r to the control building) at l eas t 50% higher than doses fromi 
a ground-cloud assumpt ion . 

The weather conditions chosen a r e typical of those to be found at 
NRTS as de te rmined by observa t ions over the two-year per iod f rom 
September 1950 to August 1952.('*4) 

1. Dosage Calculat ions 

Gamma and beta source s t rengths a r e both approximated by 
(Ref. 45, pp. 107, 157) the equation 

Q = 2.3 X 10* pt-°-2i M e v / s e c . 

If P is taken as 10 kw, r ep resen t ing 50% of f ission produc ts , we 
get 

Q = 2.3 X 10^^ t"^^ M e v / s e c . 

Gamina doses a r e obtained f rom the Holland Nomograph. Total 
in tegra ted dose ( T I D ) , or amount of a i rbo rne m a t e r i a l to which a point on the 
ground may be exposed as the r e su l t of the contaminated cloud pass ing o v e r ­
head, is given by 



where 

D = Downwind dis tance to observance , m e t e r s 

h = height to center of cloud, m 

u = mean wind speed, m / s e c 

n = Sutton's s tabil i ty paranneter 

C - diffusion coefficient, (meter)^.^ 

t = decay t ime = D/u . 

Substituting the source t e r m and including the following constants ; 

K, a convers ion factor = 1 r ep / (6 .8 x 10 Mev/m ) 

G, a geomet ry factor = (0.5) (0.64) = (0.32) 

(The 0.5 factor c o r r e c t s for the fact that the beta flux at the surface 
of the skin is j in free a i r . The other factor , 0.64. r e p r e s e n t s an average re 
duction factor for a man 1.8 m e t e r s tal l , a r i s ing as a consequence of the 
ground effect on the f r ee -a i r~ rad ia t ion flux.) An express ion for dose is ob­
tained as 

6.89 X 10* -h^ 
Beta Dose (rep) = (TID) KG = 3 5 - ^ 9 ^ 2,21-n exp ^2^2^=n 

2. E s t i m a t e s of Radiation Hazard Downwind 

Values for a range of conditions a r e given in Table XV. Down­
wind d is tances a r e chosen to r e p r e s e n t the hazard existing at the mos t 
c r i t i ca l populated on-s i te points l i s ted in Table XIV. 

The r e su l t s indicate that under nocturnal conditions, the control 
building (and EBR-I , Z.PR-III, etc.) could be within an exclusion radius for 
300 r . This i s t rue only under ve ry adve r se condit ions. There a r e seve ra l 
mit igat ing c i r c u m s t a n c e s to consider , however . The wind is in this d i r e c ­
tion l ess than 10% of the t i m e . F u r t h e r , the re is ample t ime for personnel 
to e scape . 

Fumigat ion or washout will i n c r e a s e the doses , but the p roba­
bility of an incident s imul taneous with these conditions is ex t remely sma l l . 



Table XV 

EXTERNAL P DOSE (REP) AND , DOSE (ROENTGENS) 
FROM AIRBORNE FISSION PRODUCT ACTIVITY 

Distance 
Downwind 

Miles 

0 5 

3 5 

5 0 

10.0 

M e t e r s 

800 

5,o30 

8,045 

16,100 

Daytime Conditions 

Avera 

h = 10 
_ 
u = 4 
n = 0.20 
C^ = 0.088 

li 

38.4 

0.77 

0.39 

0.09 

/ 

38 

0.85 

0.5 

12 

ge Wmd Speed 

h = 70 
u = 4 
n = 0.20 
C^ = 0.053 

P 

37.2 

1 3 

0.64 

0.16 

)/ 

34 

2 

0.85 

0.25 

(5) 

h = 500 
u = 4 
n =0 .20 
C^ = 0.027 

|3 

« 1 

-

-

-

7 

0.18 

0.55 

0 .6 

0.23 

L o w 
Wind Speed 

(G) 

h = 10 
5 = 1 
n = 0.20 
C^ = 0.110 

13 

92 

1.82 

0 93 

0.22 

7 

85 

2 .6 

1.4 

0 .1 

Nocturnal Conditions 

h = 10 
5 = 1 
n =0.50 
C^ = 0.0060 

P 

6030 

438 

133 

74 

7 

1000 

190 

140 

65 

h = 70 
u = 3 
n = 0 50 
C^ = 0.0015 

P 

« 1 

4 . 3 

9 .5 

29 

7 

200 

35 

29 

22 

Note. P doses should be divided by a factor of ten to allow for shielding effects of clothing. 

E. Hydrology, Seismology, and Meteorology 

1. Hydrology('*^^ 

a. Soil and Subsurface Charac te r i s t i c s 

The National Reactor Testing Station (NRTS) is located on 
a level plain at an average elevation of 4865 ft ranging from an elevation of 
4788 to 4965 ft above sea level . 

The surface of much of the plain is covered by waterborne 
and windborne top soil , under which the re is a considerable depth of gravel , 
ranging m size from fine sand to 3 m . m d iame te r . At the severa l locations 
inspected to date, the gravel l ies from approximately 1 to 50 ft under the top 
soil . Lava rock extends below this gravel layer to a considerable depth, 
ranging at leas t to the water table . The lava rock is honeycombed with open­
ings of about 5 m. m d iame te r . Frequently, large openings occur , and these 
range upwards to the size of tunnels, tubes, and caves . 

The little surface drainage existing is toward the nor theas t , 
opposite to the m a m body of water flow. Normally, surface drainage is 
small due to the high porosi ty of the gravel overburden. 

b . Drainage 

The National Reactor Testing Station over lays a natural 
underground r e s e r v o i r of water having an es t imated l a t e ra l flow of not l e ss 
than 500 f tYsec (323,136,000 gal /day) . 
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The main sources of water for this r e s e r v o i r a r e the s t r e a m s 
which s t a r t in the mountains to the north and disappear into the porous soils 
of the NRTS a r e a . These streaixis include Big Lost River, Little Lost River , 
and Birch Creek, 

The path of water flow from the surface to the ground water 
level is unknown. However, it is expected that the drainage would be rapid. 
The flow would be ve ry rapid through the gravel overburden, while the 
dra inage pa t te rn through the lava rock would be less rapid, but s t i l l very 
high as compared to flow through sands or c lays . It is expected that the flow 
would be around, r a the r than through, the clay beds . Therefore , in case of a 
major accident with loss of a l a rge x^olume of liquid was tes , the ground water 
would undoubtedly become contaminated in a ve ry short t ime . 

The es t imated ra te of flow of the main body of water through 
the lava is approximate ly one-half mi le per yea r . Based on this es t imate ' 
the contaminated water would r each the Snake River Canyon Springs and enter 
the Snake River in about 120 to 140 y e a r s , depending upon the exact location 
of the r eac to r plant within the Test ing Station Area . 

2. Seismology!'*'*) 

The NRTS si te is located in a region which The Pacific Coast 
Uniform^ Building Code, 1949, designated as a Zone 2 a rea , as given by the 
Seismic Probabi l i ty Map of the United States , published by the United States 
Coast and Geodetic Survey. 

Quoting J . Stewart Will iams: (4^) 

"Earthquake r i sk at this si te (NRTS) is apprec iable , but not g rea t . 
Since i s o s e i s m a l maps of pr inc ipa l ear thquakes have been drawn, beginning in 
1925, the i s o s e i s m a l s of only one ear thquake reached Cer ro Grande . (Cerro 
Grande is a stop on the Union Pacif ic Rai l road located near the south boundary 
of the NRTS.) P r i o r to this t ime s eve ra l ear thquakes recorded for surrounding 
a r e a s naay have been felt at C e r r o Grande . There is no r e c o r d of a major 
ear thquake or iginat ing close to Cer ro Grande. 

"However, Ce r ro Grande is surrounded by a r e a s of comparat ively 
high se i smic act ivi ty . F u r t h e r m o r e , it l ies in a region of geologically young 
faults, any of which mus t be cons idered potentially active . Fo r these reasons 
ear thquake r i sk at the NRTS si te should not be d i smissed from considera t ion 
in planning any s t ruc tu re to be built at the s i t e . 

"Ce r ro Grande is si tuated within 150 mi les of seve ra l a r e a s of 
pronounced ear thquake act ivi ty . Any one of these might produce a shock 
s t ronger than it has yet produced with a corresponding g rea t e r intensi ty at 
C e r r o Grande . The ear thquake h i s to ry of 100 yea r s for this a r e a is ve ry 



short , from the geological point of view. An earthquake might occur any 
day that would a l te r substantial ly our ideas of the dis tr ibut ion of se i smic 
activity in the a r e a about the Snake River P l a in s . 

"Earthquake r i sk in any a r e a is re la t ive to the type of s t r u c ­
ture to be buil t . Reinforced concrete buildings, well constructed in every 
way, with high factors of safety and incorporat ing features recommended 
by engineers acquainted with ear thquake-proof design, stand l e s s r i sk of 
being damaged. Such buildings, set on lava bedrock at Ce r ro Grande, c e r ­
tainly would be reasonably safe from earthquake damage . 

"No t r a c e s of recent faults a r e known by the wr i t e r to c ro s s 
the Snake River P l a in s . The chances , then, of displaceinent in the ground 
that would cut water supplies a r e smal l enough to be el iminated from con­
s idera t ion . 

"In spite of the fact that a Zone 3 a r e a exis ts both nor th and 
south of the Arco a r e a , the d is tances a r e so grea t that Zone 2 has been con­
s idered completely safe." 

3. Meteorology 

The NRTS a r e a is located south and west of the Continental 
Divide, on a high, gently roll ing plain, surrounded by mountain ranges and 
sk i r ted by the Snake R i v e r . Air m a s s e s reaching this a r e a mus t pass over 
miountain b a r r i e r s where a l a rge sha re of their m o i s t u r e is prec ip i ta ted . 
As a resu l t , re la t ive humidity is normal ly v e r y low, perhaps 20% on a 
s u m m e r afternoon. Average annual precipi ta t ion at the site is 7.5 in., 
most ly in the form of snow in the win te r . The low humidity together with 
alt i tude r e su l t s in intensive solar surface heating during the day and rapid 
radiat ion at night, giving la rge diurnal t e m p e r a t u r e var ia t ions , typically 
30°F. The ex t r eme t e m p e r a t u r e range for the si te is cons idered to be -45 
to 105°F. 

F igu re 41 is a wind rose at the 20-ft level at the Centra l F a c i l ­
i t ies Area for November , 1952 through December , 1956. The lengths of the 
b a r s r e p r e s e n t the percen tages of t ime that winds occu r r ed from the given 
d i rec t ion . There is l i t t le difference in seasonal wind behavior . Typically, 
the s t ronger prevai l ing southwest and wes t -southwes t winds occur at or 
after the hot tes t pa r t of the day, while the no r theas t and no r th -no r theas t 
winds tend to occur at night or ear ly morning . 

A m o r e complete survey of meteoro log ica l data for the NRTS 
is given in ANL-5719 .('^^) 
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