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PIQUA-ELK RIVER REACTORS 
SPENT FUEL SHIPPING CASK 

This design report along with referenced drawings descr ibes the Piqua-Elk 
River Spent Fuel Shipping Cask . The cask is designed to transport 19 spent 
fuel assembl ies from either reactor to their respective reprocessing p l an t s . 
Rail shipment has been selected a s the normal mode of transport; however, 
it i s possible to ship the cask by truck with special equipment and special 
permits from applicable highway authorit ies over the selected route of t ravel . 
The cask design and construction are described in the following drawings. 

Drawing Number 

F-2096 
F-2055 
F-2055 
F-2056 
F-2056 
F-2056 
F-2058 
F-2058 
F-2058 
F-2100 
F-2068 
C-1566 
F-2102 
F-2087 
C-1575 
B-1018 

Sheet 1 
Sheet 2 
Sheet 1 
Sheet 2 
Sheet 3 
Sheet 1 
Sheet 2 
Sheet 3 

Drawing Title 

General Assembly 
Cask Body Fabrication Detail 
Cask Body Machining Detail 
Closure Head Fabrication Detail 
Closure Head Machining Detail 
Closure Head Assembly 
Shipping Structure Base 
Support Stand Strut Assembly 
Shipping Structure Assembly 
Fuel Basket Assembly 
Fuel Basket ( ; 
Fuel Assembly Basket Inserts 
Lifting Rig Details 
Miscel laneous Details 
Thermocouple Assembly 
Bellows Seal Globe Valve 

To a s s i s t in the evaluation of the cask design, technical data for the fuel 
used in the design of the cask is tabulated below. These data have been 
supplied by AEC-COO and are contained in the following documents: 

Piqua 
Atomics International System Description No. A87-710-1 
AEC-COO Form 434 dated July 8, 19 60 
PNPF Final Safeguards Summary NAA-SR-5608 

Elk River 
ACNP Final Physics Report dated May 23, 19 60 
ACNP Start-Up Phys ic s Report dated September 30, 
AEC-COO Form 434 dated July 8, 19 60 
ERR Final Hazards Report dated July 8, 19 60. 

19 60 
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Fuel Ass 

Characterist ic 
Overall Length - inches 
Overall Cross-Section - Inches 
Active fuel length - inches 
Cross-sect ion-fuel area - inches 
Fuel element configuration 

Cladding Material 
Cladding dimensions - inches 
Fuel Material 
Enrichment in U-235 w/o 
Fuel loading per assy - KG U-235 
N o . of Assy per Core 
Core power - MW 
Average Thermal Flux 
Radial Peaking Factor 
Axial Peaking Factor 
Operating time - days 
Decay Time prior to Shipment - Days 
Fuel Assy Ref. Dwg. 

•Based on 275 MWD/Element Burnup 
•Verbal Communication - A/C 

mbly Data 

Piqua Elk River 
8 0 - 1 / 2 
5 - 9 / 1 6 
54 
5 . 2 1 0 d i a . 
Concen t r i c 
Cy l inde r s 
Al 
0 .035 t hk . 
U-Al 
1.94 
1.58 
85 
4 5 . 5 x 1 0 6 

1.4 x 1 0 1 3 

1.47 
1.47 
515* 
120 
7537-71801 

8 1 - 5 / 8 
3 - 1 9 / 3 2 
60 
3 . 4 5 0 s q . 
5x5 Array of fuel 
p i n s 
SST 
.45 2 OD x .020 wall 

uo2 
4 . 3 
1.16 
148 
5 8 . 2 x 10° 
1.32 x 1 0 1 3 

1 0 4 5 * 
U 7 2 * 
640 
120 
12D02000 
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SUMMARY 

A. CASK SYSTEM DESCRIPTION 

The Piqua-Elk River Spent Fuel shipping cask is designed to transport 19 fuel 
assembl ies from either reactor starting 120 days after reactor shutdown for r e ­
fueling. The maximum weight of the loaded cask i s 30 t o n s . The maximum 
w4ight of the loaded cask with shipping structure is 32 t o n s . The overall cask 
dimensions are 55" d ia . x 108" high. The space envelope required for the cask 
and shipping structure is 7 ft wide by 10 ft long by 10 ft high. Since the equip­
ment airlocks at both the Piqua and Elk River reactor plants require that the cask 
enter and leave the containment shell in horizontal posit ion, special handling 
equipment i s included for these operat ions. 

The cask system is designed to meet all the requirements of 10 CFR 7 2 and ICC 
regulat ions. Cask design approval under 10 CFR 7 2 will be obtained. Also, 
Bureau of Explosives approval will be obtained and a permit number ass igned to 
the cask . 

The cask system is composed of six major components. These include the cask 
body, closure head, fuel basket , shipping structure, lifting yoke, and Elk River 
fuel assembly adap te r s . Internal surfaces that can become contaminated and 
cannot be painted have been specified a s s ta in less s t ee l . All external surfaces 
of the cask which can be adequately painted and maintained are specified a s 
carbon s t ee l . Carbon steel surfaces are painted with a special "MARASET" 
epoxy paint which has a particular res is tance to strong organic so lvents . Com­
ponents on which there is considerable work during loading and unloading, such 
a s closure f langes, drain va lves , vent va lves , a cce s so r i e s , e t c . , are a l so 
s ta in less steel since maintenance of painted surfaces in these areas i s impract­
i ca l . 

The cask body cons is t s of cylindrical outer and inner shel ls with the annulus 
between the shel ls filled with lead shielding. The lead shielding is bonded to 
inner and outer shells to improve structural integrity and provide maximum heat 
transfer efficiency. Cooling fins are welded to the outer shell to d iss ipate de ­
cay heat to the surrounding a i r . The cask inner and outer bottom heads are 
flanged-only heads with rounded corners to eliminate corners we lds . The cask 
body top plate i s solid s ta in less steel and i s welded to the lower closure flange 
and outer shell . Two sets of trunnion sockets are provided on the cask outer 
shell for handling the cask in both vertical and horizontal pos i t ions . The upper 
set i s designed to receive the special lifting yoke and carry the cask in the 
vertical position or permit rotating the cask from vertical to horizontal posi t ion. 
The lower set is designed to mate with trunnions on the cask dolly, which is 
used at the reactor plants for moving cask through the equipment a i r locks . 

The closure head cons is t s of flat cylindrical p la tes welded to a flanged and 
dished carbon steel head. The closure flange is welded to th is subassembly. 
Internal supports are welded inside the head to enable the cask to withstand 

t 
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Cask System Description (Continued) 

required impact on the closure head. The closure head is bolted to the cask body 
by 24 high strength s ta in less steel s tuds . Locating pins permanently installed 
in the cask body guide the closure head on to the cask body and prevent stud 
damage. A s ta in less steel accessory cavity is provided in the top of the closure 
head to contain and protect cask instrumentation and fi t t ings. 

The fuel basket is an aluminum cylinder in which 19 cavi t ies have been machined 
to receive the fuel a s sembl ies . These cavi t ies are dimensioned to directly re ­
ceive the Piqua fuel a s sembl ie s . However, to carry the Elk-River fuel a s semb­
l i e s , a set of adapters is required. In both cases clearances are minimized to 
improve heat transfer from the fuel. The basket material is specified as 6061 -0 
aluminum with a nominal addition of one w/o Cadmium for criticality control. 
Aluminum is used because of i ts high thermal conductivity and coefficient of 
thermal expansion . The outside diameter of the basket has been calculated so 
that at operating temperature the differential thermal expansion between the 
basket and cask body c loses the gap between the basket and shell - - thus eff­
iciently carrying the heat from the basket to the cask body. In the cold condition, 
this differential expansion allows sufficient clearance for basket removal and 
replacement. 

The adapters required to carry Elk-River fuel assembl ies are a lso made of alum­
inum and are machined to fit the basket cavity a s close a s possible w ithout 
affecting ease of removal and replacement. These adapters are square internally 
to fit the Elk River fuel assembl ies a s close a s possible for both efficient heat 
transfer and fuel assembly support. 

The shipping structure consis ts of a base fabricated from structural steel shapes 
and two "A" frames on the fore and aft axes of the cask . The "A" frames are 
designed to transmit the lateral loads encountered during transport from the top 
of the cask into the base and in turn to the vehicle bed. Support rings on the 
cask bottom and base transmit lateral loads from cask bottom to vehicle bed. 
In order to prevent concentration of the entire cask load in the center of the base , 
the base structure is designed so that the "A" frames can be placed under load 
prior to shipment by shimming underneath the corners of the shipping structure. 
This in effect p r e - s t r e s se s the "A" frames and insures that the cask load is 
spread over the full area of the base on the transporting vehic le . 

The cask lifting yoke is a "C" shaped structure consisting of two parallel flat 
p la tes with two trunnions which engage the cask trunnion socke ts . This permits 
the cask to rotate while supported from the lifting yoke. The lifting yoke is 
adequate for handling the cask alone or the cask and shipping structure combined. 
This capability facil i tates handling the cask and shipping structure at both 
reactor s i t e s . 

The cask system is provided with accessor ies and instrumentation required to 
safely load, transport and unload the cask . Special 3/4" nuclear type packless 
drain and vent valves are provided for draining, venting and sampling operat ions. 
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Cask System Description (Continued) 

These valves are manufactured of s ta in less steel with Teflon d i s c s , and are 
rated 400 psi and at 400°F. The vent valve is located in the accessory cavity 
in the head where it i s protected by the accessory cavity cover p l a t e . The 
drain valve is located at the bottom of the outer shell and is protected by 1/2" 
s ta in less steel enclosure . Both drain and vent valves are equipped with s ta in­
l e s s steel snap-t i te series "H" quick disconnect coupl ings. This particular 
coupling has been selected because of i ts ability to maintain a seal during coup­
ling and uncoupling operat ions. Also included in the accessory cavity in the 
closure head is a 0-100 psi pressure gage and a rupture disc assembly . The 
pressure gage is a special shock res is tant , weather-proof design with corrosion 
resis tant in ternals . The gage is capable of complete immersion in water wi th­
out affecting i ts operation. The rupture disc assembly cons is t s of s ta in less 
steel flanges and an aluminum disc rated at 75 p s i . A vent hole i s provided 
through the accessory cavity cover plate so that if the rupture disc should blow, 
sufficient opening is provided from the accessory cavity to exhaust the air or 
vapor released from the rupture d i sc . Four thermocouple receptacles are provided 
in the cask body to permit measurement of cask innershell temperature. The 
sensit ive end of the thermocouple tube containing the iron-constantan thermo­
couple is brazed to the cask innershel l . Aluminum thermocouple receptacles 
are attached to welded bosses in the outer shell a t the upper end of the cask 
body. 

Since the cask is designed for dry shipment at atmospheric pressure , no filter 
is provided on the pressure relief device (rupture d isc) . The filter is not re ­
quired because there is only one conceivable situation in which the rupture d isc 
could blow and that is in the case of a fire. Even in this case it is poss ible 
that the rupture disc would not blow unless the fire was so concentrated that 
the rupture disc assembly was directly exposed to the full effect of the f lames. 
In such a case the effectiveness of a filter on the rupture disc would be doubtful 
and therefore provision of a filter unit i s of doubtful va lue . However, should 
liquid coolants ever be used in the cask with the assoc ia ted possibil i ty of 
pressurized operation, a filter unit will be instal led on the ca sk . 

An Iodine removal device has not been provided on the cask because the total 
iodine inventory in the cask is such that complete re lease of all free 1-131 
would not exceed 10 curies (see misc . calculat ions) . This is based on assuming 
that 33% of the total 1-131 would be released from the fuel in the event of comp­
lete cladding failure of all e lements . This is a sufficiently conservative assump­
tion to eliminate any further consideration of the need for iodine control. 
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B. STRUCTURAL INTEGRITY 

The cask is designed to provide maximum structural integrity and meet all re­
quirements of 10 CFR 72 and ICC regulations. Examination of the cask drawings 
will show that every attempt has been made to eliminate sharp corners and large 
projections where forces encountered in accident conditions could cause stress 
concentration and failure. Also, location and geometry of main structural welds 
is such that they are not located in high-stress areas. The closure head has 
been specifically designed so that impact forces resulting from possible ship­
ping accidents will tend to be glancing blows rather than direct forces normal 
to the surface. This minimizes the possibility of structural failure of important 
cask components. 

The closure head is bolted to the cask through 24 high-strength stainless steel 
studs. These studs pass through heavy stainless steel closure flanges which 
are welded to the cask body and head. The minimum external plate thickness 
used in the closure head and cask body is 1". The minimum innerplate thickness 
1$ 1/2". The inner and outer shells of both cask body and closure head are 
bonded to the lead shielding to provide additional structural integrity. To allow 
for the differential expansion between the steel shield envelope and the lead 
shielding under normal operating conditions, a small expansion space in the 
cask body and closure head is provided. The cask is designed for an internal 
pressure of 100 psi even though the normal operating pressure will be nominally 
atmospheric pressure. 

The cask regarded as a simple beam is adequate to withstand 10 G's . It is also 
adequate to withstand a 15 foot free fall on a flat surface normal to the sidev 

top or bottom without rupture of the shield envelope or failure of the cask 
closure. The closure design is adequate to withstand forces in any direction 
equal to 60 times the weight of the head and 15 times the weight of the loaded 
cask. The 1" minimum outer shell thickness provides the required resistance 
to piercing. Based on comparison of this cask design with the cask which has 
been tested by AEC and results reported in TID-7651 it is believed that this cask 
ha$additional structural integrity beyond that required by 10 CFR 72. 

The shipping structure and method of attachment to the cask and transport 
vehicle are designed to withstand loads of 10 G. in any horizontal direction 
and 2 G's in the vertical direction. The shipping structure befse is designed 
so that the entire weight of the cask is not concentrated in the center of the 
vehicle bed but is spread over the full area of the base. This is done by 
placing shims under the four corners of the base prior to shipment, thus pre-
stressing the shipping structure "A" frames and removing some of the load in 
the center of the shipping structure base. This operation will be specifically 
covered in the detailed loading and unloading procedures. 

The cask lifting yoke, trunnion sockets and closure head liftings lugs andcatdets 
are designed to safely withstand 6 times the actual load. This provides the 
required safety during cask handling operations. To minimize the possibility of 
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damage to cask instrumentation and acces so r i e s , these components are prot­
ected by steel cover p l a t e s . Specifically the components located in the a c c e s s ­
ory cavity in the cloisure head are covered by a 3/4" thick steel plate which is 
bolted to the closure head and lockwired. The drain valve is protected by a 
welded s ta in less steel closure of 1/2" thick p la te . The cover for th is enc los ­
ure is a l so bolted and lockwired to the cask . To minimize the possibi l i ty of 
unauthorized tampering with these important cask components during transport, 
a lead seal along with lockwiring is placed on the bolts which hold the cover 
p la tes in p l ace . 
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$~ 13 

fckSSOMfc X » * 2.00 " ^ ^ e + W ^ 2.ZS 

T V ~ T > ^ S Q - 2 1.3 "F TV* 1 7 2 ° F 
09X8.^) 

7" TX>C H I G H 

Q-(2X>©X^XS o ) ^ l^°° 6TU/nfc. 

0<ttv*s;> x 

M*m ABE. **n 

n i. 

REFERENCE: 

KNAPP MILLS INC8RP0MTEB 
1 FOOT OF W O T ST. WILMINGTON. DEL. 

<• i s ' * 
— 

DRAWING NO. 

P * 4 E 2 ^ 
l ~ 



• • • • • •—••• • • •—•t 

**? 
TVT, - 2 \ S — *. 7.Z°F Tx* in°F 

0 *)(&*£> 

Us^ T > l^ ° F , 7 1 * I5^*F 

t 

REFERENCE: 

KNAPP MILLS INCORPORATED 
FOOT OF WEST ST. WILMINGTON. DEL. 

DRAWING NO. 

Rc63D 

T 
J 



C A S L  HELGHT FDll US€ ihf\?& W R V E  od V A G G  7. 
REFERENCE: DRAWING NO. 

------------------- 
,------ 

A KNAPP MILS INCORPORATED I 
FOOT OF WEST IT. WILUIN-N. DEL. 



- 4 8 T g  I = 12.5~ R T U / ~ ~  Q P ~ ~ U : - [  ] 
@ Q Foci P I Q U ~  VAGC 8 , = 4 ~ S Q  a m / ~ k  

Q S u c a i i  - - .- .-._-- I Z S O  
SBk, 

L C O ~  ~ V E  FAbk 7 T , t  197°F --a- - - M A X  L O C A L  L M Q .  
- _"------ _ 

h . ) ~ ~  a r ~ L ~ i . ~ k i c  AT MROVGLI F ( h l S  7 0  D k 9 E t & ~ ~ r J  E 

( F  A ,  SutIFLCk5 ~ K . C C E Q  I ' & Q U j - -  

/ - F \ i ( ~ d  P A C E  6 k? 2--'-oCJU~ L l i q  L ( C - C - J \ ~  d L  r 7 

3 

W~'J~LCT(~SIJ  1 5  4 1 1 "  67% . O r  T b \ f  L . L S  - 7 r F Q  -- - " 
G \ 7  o g-o 0- 

(S E I C ~ \ P Q : ~ L  F@JJM F ~ N G .  > 4 t \ ~ ( ~ -  i - ~ n C t  LiiE 7 2  

r d F h k 3  ' 588b ((.,i%X78yQ]= 42;i ~TQ)II~< 
- I  Z 

T f ; , . j ( @ p 0 i ; ~ ~ r ~ 4 ) 2  gX - - ( 4 2 . 7 ) ( 0 * i ~ )  - _  _ __ - - - Q 4 .  2 rh 
( ; ,Cz dl( '%YY') I 'L 

FIC~TIO U I L L  I -  2 8 7 O ~  u ~ b \ i c \ - ,  ; <  1r.1 

L ~ C E : . S  OF. \ & o U ~  ~ L L O \ A . I , . . ~ L ~ .  T;ctz E A ~ ~ , I ^ J  

T ~ A T  ALL c O ~ I ; \ [ ~ o r l t  ~ ' i u q d ) r J G  TO c \ v t  
WOIL'IT CYaEG I ( 5  20+1C\b\E T ~ I c ; ) ~  A L G C Q L  

9 
, C \AQT- -coT O a  SO-I* TduIdC S \ L i t  G i  C f i 5 ~  <&Cl)~i 

t )ccGc-O \%OQF, 1 t - A  TtlkL k'4ki.T G u G l c - ~  zc\;Ltt;t) 

OJL U ~ L  ARoUfii~ Qba'c,L r\T ~ $ 0 ,  r c . . r r j ~  ~ t q t "  L 

W \ ~ L .  i Z F q u \ \ q i L  . I \~ .h)e . tr~ b ),LC\:\ Q J  j 

D k t l ~ d  PU?JL/ \ ~ K , B / A : , A ~ ~ ?  ' t-t i f i  Gu,akL sc, /kdj  w1 ~k 
2 i ~ 1  C/l~lc\=;G T'HEr\c)da~ Tk-57 1 2  k "[TI . a d  /J) L- 

hI3Lk L ; r C E  C ~ E C  ~ ( C W I ~ ~ U C E .  U)IM g~ 8~ ;e,i.. TNC)~)  CQKU~QT 
REFERENCE: 

---------------- KN APP M l LLS IN GO RPO RATED 
FOOT OF WEbT ST. WLMINOTON. DLL. 

DRAWING NO. 

. t . k ~  6 22 
>. 



KNAPP MILLS INC 

APPLYING C A S ~ ~ ,  LID , soPImr m o c m ~  
AND I/FTTNG R/G. 



7 

- 
- 
- 
- 
- 
- 

9 " 
h 

L 

KNAPP MILLS INC 
WILMIURML PQLWAUS ~ E S S  #~NALYSIS 

. GEM~SF~L DES/GIV 

OR~T~R&~BQ&W W P P ~ ~ S O  c~ms4-1-63 P L C S ~  O+ . 



- 

- 

- 
- 
- 

- 
- 

B - 
7 

% 

rn 

KNAPP MILLS INC 
W~LMI~JG~R~J WLAU/AU€ ~ m m s  A ~ f f k Y 3  /S 

4 

OR-~oe n p ~ ~ o v s o  CXTE Y"J-63 PU 3 OF 



- 
REFERENCE: 9rnE95 FIPffiCYSIS DRAWING NO. 
------------" 

KNAPP M lU INGORPOMTED 94 - -  COOT or WEST ST. w~uurrore~.  w mPst*o P w X  6w , , 



* 

0 

REFERENCE: 

.................... 
------------------. 

DRAWING NO. S T P ) E 3 5  R/r//eLYS/S 
KNAPP MILLS INCORPORATED 
FOOT OF WEST ST. WILMINGTON. DEL. 

p"h 
$-36%P 



e 

a 
0 
Q L 
rg 

KNAPP MILLS INC 
W t ~ ~ ~ f f i w  O€LAWAU€ 

- 
- 

7 

- 

- 

- 
- 
I - 
7 

$ 

m e s s  ANF~.LYS I s 

2  UPP PORT S T R U C J X ~ ~  kYU3 Cbrd01?70h/ (72.34 A) 
---- -- -- -- -- - - - 

2 : v&~ff% -- OF Wfi, CLOSURE HEAD I ~ M D  S C J ~ ~ ~ - ~ C T  

2 ' / * /  ~ U f l r l A l p ' f O F W U ~  W D C G .  

-5 FOR H "  M ' ' ~  M "I 
fbCASK - fJ23Q IWW F a  RIJER &p& @K RIVER 

t ! E m  2q00 9965 239,/60 
Y a  9987 Y57,YOO- 

7000 7000 648,560 

a?ix 8?00 42 6 
3 78GY 

wy/ 13.0 

4 6 S Y  y m v  
46.6J / 6C355 * 

H ~ D  twsh (l,/OO yW6Y 5 3 5 6 Y  53% 
-- 

2 I 879,035 2,  g79,OS 

B A s R E r  /8ro /8 ( 0  53  g~, /PO 94,/3.0 

FOEL ELWtWB-P19r)4 19~25D Y750 52 ?v7,000 

ELCS RIVM ( 9 ~  90 1710 5-2 88,W 

Mfisr vFlurEn _- -- 6560 - 3520 - -- - 
3y1,ao / 8 3 , 0 [ r O  

- --- - - - 

Z T F ) C - ~ I N E ~  E . I ~ V *  q o e y  3,$>0, ls5 3,062,~ M 
CO: RrnVE. 

CASK &m@51 535 ' '  53.6~" 

TomL - S H / P P / ~ &  S T R U C I V ~ E  3700 3700 
/ 

W S  SfflFP/iVG U~lcfft'TS ~ 3 , 8 % V  GO?& Y 

E/OF - AEV/= EST~MA?€S OF WE/- HVW ~BJ~/E 
Do Nm ~ ~ O I R E  19 E VISIOM o P W= 5 ~ ,  7~8' (NOW G O , / Y ~  

r=aLow/NG SEcnolr/ 2 * 2 

OR~W~CTQR ~M@QW A P ~ C S V G D   ATE Y -1 -EL3 P * L ~ , ~ . o F  



C.G. ftT vr,77J = 6 " 
8 /80  .;fc w- - 8/80 %.My = t 3 3 3 *  

B U O ~  M I X L  . 7 3  - 
pmc w a w  = P W O *  

KNAPP MILLS INC 
t Wk.LAIUG'RM1 Okwm 5 r n E S S  BNRLYSiS 



a 

L 

m 
0 

8 

KNAPP MILLS INC 
W I L M I W ~  ~LLAUJAU€ 

- 
- 
- 
- 
- 

- 

- 
B - 
7 

It 

' 3 3 ~ s ~  f ?W+cYS/s  

2 3 CLOSURE HEFID -- LEAD b y a k ,  

T c-G. 
- - -  H z g l  + 

b-13.75S 

& - V ~ L  -id3 H - f l 0 f l & # ~  

a 3 I ' f i ~  ( $ 1 ~ 6  $(B t. ~ 6 6 5 ' )  Jfl 
/35. 7 4  8 97s. 

= , 3 / ~ 6 [ 7 )  (/o.# 6.7.8 = 

4 a% (785) (37'-$4 = 2.9~(35?) = 0 ,  *87 7 3 ~ 0 .  

c 1 1 - ~ ( ~ , 7 ~ j ? 7 ~ @ 5 + E )  3 = 

$5 (3.751 ~n 1/71 
- - lyq? 8 ' 2 3 m a  

d 7.75- (74 @ 5 , 6 ~ ) '  7 310 Y , 6 &  3&-6m, 

e 3.*w[7g7%5) 31.5= 13Yo 2 /m 
/ I717 Sp 696- 

- WU (&7,2J4 - - 36YO 
I I E 7  / A / 3  3-4 8 si 

c-6. a- ssgsn 
1 / 7 - 3 7  4 

WGIWT = / / ~ 3 7 r . Y /  = 4600 

OR-TOU f t . &  *P-V60 mlk '1-1-6 3' P m  8 OF 

http://f~H.su


KNAPP MILLS INC 
WtLMlffi- O€LWA~E 

N O .  - - P?OMEnry 

/ 8 Y  T (/3:68%-/j7 - BY h 31 55-i t7.S M ~ , ~ o .  



KNAPP MILLS INC 
WILMIUG- WAulARI 



\ 

\ 

- - 

k % - - 3  * 

S" 

4: -L $2 
/ = .33183 ,331 €33 i 

8{8x%+ L 3 8 1 " % = ~  
W 

I ISYY = 4 
*{ 

1 f = 50617 I, S ~ J T  h - 2  
I ; Lc = , 5 3 3 ~ 3  69.7 = T k  

h w 

f - 3;: // 9 5 3 ~ 4 )  - -  / , O % O /  ?f3*?< = 1. 
' d -  k- LC = , 5 G l r > ?  2- 2.~7 = -4% PAy 

e 2.2.1 Garm 1.53 = '7, 
MEMBER mF= ma 

g REFERENCE: 5777E5.5 ANFtLEIS DRAWING NO. 

I - - - - - - - -  KMAPP MILLS llCORPORATm m s  I / 
i&&m $ 3 6 - 6 ~  i 

C 
--u------------ of w m  WIIMINOTON. DEL .' 

1 



199 

2 0 2 . 2  Foes AAO AFT- 

lm#P/m m o  R w m  A t P L A M  R m EM77Wf OF C-6. 

I 
I 

---A- ~ 

<ON: f 5 c  f i  L i  
s3.3 

'SIDE " a 
VI EN. * 4 q=-Fy= Er,ooo =*/778.8~ % 

- - - ,33183 4 15! - l .os36-R = 1 . 0 ~ 3 6  Fu = 18 7% lqY 

a = Fw,= F,, = . 3 3 , 8 3 @ ~ ~ d  
( W L M D  = .5-3?3-3i4 = qg t7 ,~6 t*  

= 590.37Y1 

34 = / / B o . ~ Y ~  / SnPCn-&h7D qqg, 06 2 
: - = . ( r577//  

6, %/8o,sY8 
" -a i 

FH== h, 
Fh3 

X 

------- --- = 5 9 0 2 . 7 Y  = $707 t 

6-1 3100.5Y8 * 

FV 177gt % Y  - 2 

Fr, p l a o S v 0  
= .K/577 

f , I- = . I/ss-~ 
F/t 9-/80.5Yd 

3 

I '  

i 

a 
REFERENCE: 

L 3TRESS /C)NfiL'TS IS DRAWING NO. 
9 --------------------' 

KNAPP MILLS INCORPORATED PmE -------------------. FOOT OF WEST ST. WILMINGTON. DEL. M & ~ .  9, -A 6 4 w , 

http://-s.5yo.27y*


- LORD Cbb&maus 

flh)c Lm'lr - ?6,9655,4~,  s7S= -/75;53y 
/r&F a /0033' t  93, 74@= /03.8/6 
f4h)c 4 = - 3 0 ~ 3 7 ~ ~ 9 3 , 6 ~ ~ = - ~ / ~ , $ ~ ~ 4 + ~ ~ ~ ~ 3 ~  

702R( BTP@NE /film/ +kB,W/ = 4/5/72 
* 

nfiY 4 =/.0$36.1( = 3 2 ~ 3  0 

REFERENCE: 3m&SS f l N M  YS/S DRAWING NO. 

"------------------ 
UAPP MILLS INCORPORATED PtP(Elf /a 

w u w a a ~ .  am. hd&& 3-N dr 



* 
!$ ' REFERENCE: 57-77 E S 5 A N B L Y S I S  DRAWING NO. 
r) . .................... 

KNAPP MILLS INCORPORATED PRGE 11' 
-------------------. FOOT OF WEST ST. WILMINGTON. DEL. ~ B P ~ W  P -3 6-6 2 





2.3.2 U P P E q  STRW E N D  

S T R E  El3 / 3 f iAL ' fS  13 I DRAWING NO. 1 
b 

I 

Kll APP Y ILLS II C 0 RPO RATED W E  16 
---- FOOT or WEST ST. WILMUW~ON. DEL C-34 -6 2/1 3 





-- - 

2 . q . ~  LOUVER STRUT E N D  F/T/NG 
m m  COUIMN rnWG7-w 

i 

+h?f+f'mf'* 
L' = .es(fog- asUfp) = 8s'' 

= _ 3 O , m  -- - 36,dbD 
i t./635(/, 37371 - I ,  p27g7 

= ~ - y , ~ 3 2 . 5 f ~ '  b;Y 

h&d$= a y v n  ~ / / . v Y =  a 7 ~ 7 n  

0 
0 
& 



REFERENCE: S n - 5  ANRLYSlS DRAWING NO. 
.................... ' 

CORpORATm - lQ 
I------- FOOT OF WUDT ST. * WIUQNOTOIY. DLL. i w w  3.-%*3/ 1 



* * 

£•5" ^o77p/y SHE&K H/rts-S 

F ?OSB-</ (^oyuoMta^ se7/e O.D. 

evAqJoatfofL 7,ycIy-lS yfyoooY.P) » ?goW* 
"^w^b y/7,7?* -f(JOTJ - 3P? n>M%^~^^^Aj lAf. 

I4*A 

9 ^xootoi^r: aw**? ®«A 'Af^^nSfttd^/Jk. 

U^St&l(f^y^T^ %K\ + 4-)*3o,<Mr&i -- Mow* 
miohJjAtvr o$tp ** v/7/7**- -wow = a?/??-* 

3c = m.ir^ 
JT6 y@Fl.7°7) 

- 6OQ0 FSI OK, /3,to> IS/ <d$w. 

REFERENCE: _57?5£rS5 /*A/F>Lys/S 

KNAPP MILLS INCORPORATED 
FOOT OF WEST ST WILMINGTON DEL. 

P*GE. no 
V-/-63 

DRAWING NO. 



0 

e REFERENCE: 

Q - - - - - - - - - - - - - - - - - - - - 

DRAWING NO. 3?7iESS ANALYSIS 
I 

KNAPP MILLS INCORPORATED 
FOOT WES,- ST. 

WILMINGTON. DEL. 

~ 8 6 ~  P/ 
,@.Y.Q-@& Se3.62 





REFERENCE: ( 5 T K E 5 S  ~ N B L , Y S / S  I DRAWING NO. ( - 

KW APP M l LLS l W C 0 R PO RATED P-E 23 
.-------------------- FOOT WEST ST. WILMINGTON. DEL. ~.f i&& 4-/ -63 - 



1 

- 
I 

3 I ( c ~ ~ N D E ~ ?  . * 
J 0 , m  7s) yPP 

. 
3.2 LOWER L / ~ N G  * K E T a z / & K ,  

7 Y3- 

! A L a s @ %  - & A m @ &  

A V,, A%, D = Y- AD= T, 
a 1 ~ 2 . 5  2 . 5  5. ~5 13.11 , GA ,96 1) 3 

B 7 . 5 % /  785 7.0 51, 5 3 , 3 7  Y2.Y . 6  1 
C 1 v s . 5  5 .s- 3.75 3.0.65 .88 y.?b- / 3 . 9  

3 - 5  d 3 . 6 ~ 1  - . !D 1. 7 5- y. I 3 Cn- -2-f- 
1 9 8 0  w 1-1 = 88.0Z /07,6/  r / 6 . / /  = 

i= 1- 

Q zz 1 ~ 3 2 2  3 2 ~ 7 ~ -  %/-/, = 02; 7 ~ 3 7 ~  $63 

Pa/ 

35 - 79,3)% - - r//7 0 F5/ 
I? & d e  b5-0 t ~ 1 7 0  = -4 /? 6m i%/ & 

.* 
REFERENCE: S T R E S S  A N I ~ L Y S / S  
.................... 

KNAPP MILLS INCORPORATED 
WEST ST. WILMINGTON. DEL. 

DRAWING NO. 

PA- 24 
9 -/d3 



, 

h 

, A, = + ~ 5 2 , 3 8 5  
4% = - 3/3.,859 * 9 = /03,8/6 

I 

REFERENCE: 

.-------I---------- 

DRAWING No. 

1 

S T F ; ~  ANBLTS~S 

KN APP M l LLS 1 N CO RPO RATED 
FOOT OF WEST ST. 

P ~ W  zs 
WILMINGTON. DEL. Jf-m y+&3 



REFERENCE: I 3-73 ESS RA/A L E I S  I DRAWING NO. 
L 

1 - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - -  

KNAPP MILLS INCORPORATED PRW= 26 
I .-------------------- OF ST. WlLMlNGTON DEL. HA&+/~& 



I 

I 
I 

3 # 3  * /  (CONNNOE~) 

@ 

- 

1 @4Y 

1 fin = 3 
chw +A~S~=.)I 

1 %  
0 a=,> % = rb4( , / ( /m P . O B , ~  l(yfi)J 8.76 

p;.l'bc - , we =,OY3 / z  
t 

ck&% = .?lb = .yfi ZBft = a6 / , 3  = - 3 ; ~ s .  

zq ,6  = 2,(5,rs) =/1,7m 
3 

J L  = 8,Y5+/17 = - 2 o 4 l s m  
& M ( ' ~ C O / N  4 

1 
I 

V - 
3 m E S . S  F)n/flLrS/s DRAWING NO. 

r ------------------ 
KNAPP MILLS INCORPORATED pRGE 27 
FOOT OF WEST ST. WILMINGTON. DEL. 47'43 





REFERENCE: I 577E.55 A N A L Y S I S  I DRAWING NO. 
J .................... 

KN APP M l LLS INCORPORATED PAGE 29 
---------- "--'--"-- OF WEST ST. WILMINGTON. DEL. ##&* Y-/da 



SEOon/ B-B 3 = 3 %  = 6 = 3  

REFERENCE: .3mEss f i / V A L Y s / . - S  DRAWING NO. 
-------------------- 

KNAPP MILLS INCORPORATED P e G E  30 
---------- - ---- ----- FOOT OF WEST ST. WILMINGTON. DEL. HA &G&O 74-63 



. 
/ " WIDE 
T-l  

t 

, 
I 

j 
------------------- 
.-------------------- KNAPP MILLS IHCORPORATED I = ~ ~  3/ 

FOOT OF WEST ST. WILuINcToN. DEL. Y-/ -63 

b 

3 . 4  C-) 

a @LOCK DP 
2 "WIDE 
7 - 1  

f l  --/a?@ pb' 

~;...;.;./ = *(8\j = 7Yl7 

t = 7~4?/y  = /8#67 
// * 

S g =  G.5, qoS/oab_ 
K T  /8.67 

= 2 / , G O O  Ps/ 
/8 *67 

u .  

(17) (1.5)(%7) = /a*/ G" 

@-%A& 

I FEE = 57,m* 

9.33 

wkdac~y 2 [ ~ ~ + t ? ~ v + 2 )  ~ ~ ( 7 o j  = 

16.5 (1#5)C70$ = //7.5mF 

d b 5 3  = 575x3 - - p 8 0 p S l  m/36aoPs/ 
A H  17.5 

J &. 

a I 

REFERENCE: 577ESS f ) N A L Y S  /S  DRAWING NO. 



KIAPP MILLS Inc. 
WIwINGToN, DELAWARE STRESS A w A L m \ s  

I \d-sloo 

.-- 
APPROVED DATE . , PAGES~L OF 

file:///a1-5joo


* 
KNAPP MILLS INC. 

WILMINGTON, DELAWARE 

m-  

STQESS AunL-ts 
d-3100 

7 

- 
- 
- 
- 
- 

e 
In 5 
W 
K 

E 

3.5.1 ~-uriuurD) 

BENSING S'T~?ESS - LUG. 

I 

G .C4 
14.8 = 5 ,1.0+ fX-%= 1 8 ~ 7 ~ -  

(7 \ 000)(4.5) 

<b % 4 (3.2 () = 4040 p\ - 0 \C 

jA.7b 
3 0 o o o y r \  Y Z  

WELD. = E = M ~ ~ H  

-2 l oar\ - 
> 5170 PSI 0~ 

= G 67cn r -25 t .5 - 

1 %  600 ps ~LLOW-=L?~ 

&A=, Uc, - yAm+-2N 1 -  7 2 ' X i E S  

21 000 
S, = (a 5) (.75) CZ) = 2 8 - 0  o r  

30000 P' y-7 

%14=42 k e e r s  I N  2 - 4 - r ~  &BOY'S &CE- 

2\000 
55 - 4 (,*2c x ,  5) 

8400 ,231 - o r  - 1 
Suenu 1 8 6 0 0 y ~ t  - SWE,R A&-:  

:a. , rTTNsta* 
-(&USIOU I U  * 7 ~  

21006 q b - 0  ~x OC 

= (3 -  -s\3)(-*, 3 o o 0 0 p J L  y . 3  
I 

ORIGINATOR yyw. APPROVED DATE P A G B ~ ~ , O F  

~ d :  
5.33 

6.75 

12*12 

Lo i: 

6.W 
0 2  5 

C-64 

A P ~ A  ) d, Adl I A, A 
3.125 
5 

A I * ? G b  

2 . 2 5  

) 3 , 3  

1 1  5 

14,% 

4125 
3 

~ , z S  

I *  12s 
1,  5 



~ W P , ~ G  U ~ D E E  %(+ X d .  
- ' 2 B o o o ~ (  - o e  

300-0 pat y.7. 

C k ~ n 2  1- *-TE =€cow -LE 

€ 3 4 0 o p s \  - oc 

- WELD S T , Z E I J C I ~ U  - 

- 
O 
W 

i 
W 
K 

ORIGINATOR EY+ZZ APPROVED DATE PAGE- OF 
rn 



' j b  
34 coo 
2.0 4 

- = \d730 p3 1 OIC - 

KNAPP MILLS INC. 
WILMINCTON, DELAWARE 

ORIGINATOR AP~ROVED DATE PAGEX. OF 

S ~ e ~ s s  &aLYs\s 
~ - 3 r o O  





! REFERENCE: 

.................... 

.-------------------- 

-- - 

DRAWING NO. ST++ESs RNAI'/:s/S 

KN APP M l LLS IN C 0 R PO RATED 
OF WEST ST, WILMINGTON. DEL. 

PAGE 37 

flm Y7'* 



1  REFERENCE:^ I DRAWING NO. 

.-------------------- 

KNAPP MILLS INCORPORATED mM-' 3 s  
-------------------. FOOT OF WEST ST. WILMINGTON. DEL. i@ 9 && 



e V 
I 

I 

E II 
REFXRENCE: n 5773ESs F fN i?LYS/s  DRAWING NO. 

KII AP P M l lU I I GORP 0 RATED PME 34 
KK)T OF WLFT m. ~ W Q ~ O N .  DEL 9- Z-xda 1, 



I 
I 

%-a 
b REFERENCE: 

rn 

STRESS hn/?IL r s  f s DRAWING NO. 
.................... 
.................... KHAPP MILLS INCORPORATED WE 4a 

FOOT OF WEST ST. WILMINGTON. DEL. f i 3 f  @Q&Q 3-36 -6 11 I 



e* 
h 

REFERENCE: 5 7 ~ ~ s  s ~ ~ N A L Y S / S  DRAWING NO. 

.................... 
KWAPP MILLS INCORPORATED PFtG-E 41 

.................... FOOT OF WEST ST. WIW~NGTON. DEL &Q.- $-36%6t 
I 



m. 

S-3 7?olg of LEPto (N /rimer co^orrms/^ 

Tb.faffa) /W f/t/o <?/o 570 9-gv 
7i*f.0F 66c reo° 3o*° 3%3° W?° 

JwdwftO. Gn>^ff**A^)yfr'£&u^ a '-~ 

/fast j&Jk*i Ctof cvftafl%-/icutt'o$Qm>m4wi AO^fJ?/**<<&. 

(PcuStf 

rt ff^i 

4 * --"•£%£** 
- 7 

REFERENCE: 577=5ESS ft/VftCfSlS 

KNAPP MILLS INCORPORATED 
WILMINGTON. DEL. FOOT OF WEST ST. 

DRAWING NO. 



aL.Bf&Ker 

+-T*=.lk 

5'H CHmcFtL EtrBW/fL PFSEssuJsg. 

Co&opot oAztfy j2»u>n. (j&i^ efr^swr&i 

Jl */S.5 * oatoUp AA ° 
I 

f • M.„ -t li- mT 

'yc/o 

'. f= 3Qit£l£*f-
xi > 7^1"!'^] 

+ ffh*.iH*l^ft+*%£]' 

-fnm*i. 
ti 

(P< -umi^-i uois- 4- J.W*/0<M17//]>"1 

- \o iW. 93 -f./«> = W/"» M = /^^° ^ 

-^LiH 
ir1- ^ * N * V T S 

+• (T.Jfc i"° 
,-y, 'Qssj} 

REFERENCE: STHESS RNftCfStS 

KNAPP MILLS INCORPORATED 
FOOT OF WEST ST. WILMINGTON. DEL. 

DRAWING NO. 



REFERENCE: 

.................... 

DRAWING No. I S ~ E S S  R N ~ L ' I ' ~ I S  

KNAPP MILLS INCORPORATED 
FOOT OF WEST m. WILMINGTON. DEL. 

PR- 44 
&@&& 3-36 6% 



ft* (S-S ' 

/io 

fox m = fo ^ ^ ^ /)/-(/T'O 

REFERENCE: S7T5E S3 frtfftLYSfS 

KNAPP MILLS INCORPORATED 
FOOT OF WEST ST. WILMINGTON. DEL. 

W&e 4 5 

DRAWING NO. 





S'£ IMPACT OF CF>SK ON trs BGrrw/ 5UKFFK>E 

r 
i \ 

ft/sia,6yo j " 

><*{ to*G3HH= 38 0LHO*' TSty 

fissjneo G»< 6o*83<ra = </f6poo step-

v^-MYDJW^TffnS 

-/9-

3J8HB50 + 
3
 J 

/365fS» a ^ i 
(Ot&tj** ***** 

C»*«t?TfiQ4*o0 

(,*!%**' 

/6?6 *=* l CI 
^ . I j a ^ y o 

J&tfibS =l£t£jjX? SLacboJl 

o&iut <pta**-R 

REFERENCE: STRESS ftNPtCISlS 

KNAPP MILLS INCORPORATED 
FOOT OF WEST ST. WILMINGTON. DEL. 

R9<^E 4-7 

DRAWING NO. 



«#•• 

So 

m»*mmmmimmmm'm*m niiJWWjuiHji 
% 

{•• 

~*H^ 3.6-n -fry cxMtf tarn A/A &h V'***/% 
O emeriti; oAutm^M^i^QQ^m (yuMiiy 

hi 

zS&.azoJria A/i.tC-

X) ^ J*«***l, "7fot2% cenuti&zy jti$tM~Jf a^e4d^ 

7#, 
X~<?' hi 

-q oj^zft /S&jfctif 

1% 3/ J5? **— ' 

•mm 

A * 

! 

i ? 
B 

REFERENCE: STRESS frrtntrS(S 
KNAPP MILLS INCORPORATED 
FOOT OP WEST ST. WILMINGTON. DEL. 

DRAWING NO. % 

milmmmmy 

^ * 

«f. 



9> 

/7**7U4*tcftpftdtf'fifc&o j f 30 (nrvps/ . Hue n***4t/wcA£iM/ao c? /iv*w»y 

ilfat, yio^r nw*e tf-qJLw^^ j L nfiw*$ u<**yp. ^ $ 4 V -

Hoj)-fin<p * 36.8 "Y{[ 'Jc&it**>$ * ̂ csu Fs/ 

* ft i!t 

%&c$ M*W«AQ (W<*rf = 

REFERENCE: Smzss fr/vftLYSfS 
KNAPP MILLS INCORPORATED 
FOOT OF WEST ST. WILMINGTON. DEL. 

DRAWING NO. 



I  REFERENCE:^ ( DRAWING NO. 

.................... KNAPP MILLS INCORPORATED PBGE 5(J 

.................... FOOT OF WEST m. WILMINGTON. DEL. @@&&&I 3.-$6 -6P 



a- "R; - - 77-(8,t~/%=~ 7-& 
?- 2- 3- * f i !& 

REFERENCE: I ANA L Y S I S  I DRAWING NO. - 
.................... 

KNAPP MILLS INCORPORATED PAGE 51 
' .................... FOOT OF WEST WlLMlNGTON DEL. ff& Y-/&, 1 



S-8 ELLIPSE fr C(R.CLE OF SftVE /9^£A 

£jfo>{'jund] Jkrn?' aid 4 ^ -4130^/ a ^ 

OA/g = ~rrQ4- M>Ui J- ~ J?o/i 
«=*x*.C*;l"-"//l 
£- _ /I 
S- ~ ,qo * $0/1 

*-L 
•81 

G & r AT ' fq-M'3- -L/q-J-W ~L- (Q-MG , .SI 
3 
JpA--.Qlct 

X 

= ^-G^2^7U 
.<rt>0,fft> 1,(90 

{> 001,15<°,68 

.'.AS =,0^W ,0083^ 

HM-IX5Hb %) 7$ qnjwMco&tC} X&0 (o% cUaAM^$Q$&n^ <j*o*<> As =,00837 x7j 
77^ w w w i w ^ JSnMAJHt ^jzll&ufrdty Q &ecti&j qf ptm. i 'wok *- I 'l&#fflfiji*@ 

(f = [30/ tiro JP<L4 y- i y / X /.*5Y6 - 37Jt>5£A^My^AJftH 
/K> 

fi$ZZMf7(A{ antral 3^6oy(TVD )AO &? fxeffoiuxuJd CMV) &tjacuKUrt o^cynw .&31 ft> 

REFERENCE: 3T7^B55 PrNROfSiS 

KNAPP MILLS INCORPORATED 
FOOT OF WEST ST. WILMINGTON. DEL. 

DRAWING NO. 



— » - mmmmm 

S'Q (C0NTlM0&d) 

**>m. 

/, 

r~A 

i i 
i i 

I9.S 

" t 

i 

EST/flffTED DISTOKT/0/V OF CYLINDER 

WE 70 (HpftCr ON PC&NE £0ftF/9C£ . 

REFERENCE: ^~mBS3 nnmufsts 
KNAPP MILLS INCORPORATED 
FOOT OF WEST ST. WILMINGTON. DEL. 

DRAWING NO. 



wtm **tf 

6. siwauKPtL ifimswrr OF UP UNDER, wp^cr fa3*^) 

t ^ T ^ = > ^ ^G£ 6*0*76 Q-300 C W 3 o ' = ^ 

*s 

•JUKM*?>•-•••-* - ~-> - — ^ ^ ^ 

t 

(M 

ft- G * 36 y%>W) = QO.SM^ 

cMucJfy M^/jfFfoty no S/MVfSt 

G'l MPf<r PtGfifM5T S/DE BDG£ OF HEftO. 

/Sy /Jfsf'&atfycc*<yio /== /St- 6QI>Y -- Jolfi^ 

ify JbCfpfhstafa*} dwd& £cfoe -0+f Awfrjcfij/ ca&£7&p (pfafyamcf 

''4 p 

•If 

I 

REFERENCE: 5 T 7 ^ E - - 5 ^ frfVFlLY3/S 

KNAPP MILLS INCORPORATED 
FOOT OF WEST ST WILMINGTON. DEL 

DRAWING NO. 



G-Z' S T U D S «?r A/uns O Y CUD50F\E HERD. 

4 6/3^01)^ ^ 6 0 ^ w , //sro -r- cot^rrmrrs CP&K. J 

c> /?%5ini" -s. /cro PSf Ot/tiBftD. Orf Y'BLD STni3£& 

M Stfitb cw?'rru&artMWf^/m&w ;tfy-&x/. 
Sticcto OAI sn -/93 -38 Sfc&w> rf&v&tvf' %r /?s~ooo ps / an: 7rs . 

~mrd^om<b = 5? =• 3£6o0_ ^ / / 5 : ( J i r t ; / 5 / ^ stemft, oar 

jz4MM^oudktgfjQr{%5'tor9 fs\ /TIM .Z&v&3/dfonw. 

X^aJ}^^/k*&. ° ? 

m 
REFERENCE: 3TF\E:S^> ft/VftLr>3/S 

KNAPP MILLS INCORPORATED 
FOOT OF WEST ST WILMINGTON. DEL. 

DRAWING NO. 



7- 3mJCWHPrL (NTBGfjfTY C/A/QE^ lOOPSI, 

~h%x>Mcb&y dQc&i AAJ#V\ (f£at? a^cu&Mtkf pfc&W 
iSrcdj au<f tf&outeo cut . ^ ^ ^ M ^ a ^ ^ ^ f e — QJH> Au/ijStAM^i. 

7-1 

^fao-nt 

CL05URE HEftO BOTTOM pt-FFTE 

r0W 

it 

REFERENCE: ^TT\B3^> ff/vaLY3/3 

KNAPP MILLS INCORPORATED 
FOOT OF WEST ST WILMINGTON DEL 

Pf¥S€. gC 

DRAWING NO. 



4 

$Lmctz:l ? QmESS A&F)LYS/S DRAWING NO. 



( $  REFERENCE:^ gmE5-5 ANALYSIS DRAWING NO. 
I ------------------- 

KWAPP MILLS INCORPORATED 58 -------------------- P- W E ~  m. WILMINGTON. DEL. -8&? , $+-MdZ. , 



0 

REFERENCE: I STAESS f i N B L ' f S / s  DRAWING NO. 
L .................... 

.-------------------- KNAPP MILLS INCORPORATED '- 54 
FOOT OF WEST m. WLMINGTON. DCL. w m  $-Hd* 



_ ^ _ _ ^ , mmmmmmm mmmmt 

SHELL coM&vm smsssas 

Cc&ft 255—t- &(/S3SL * f&oo +• 3C7&0 = 38A50 (QM 

,75" 
££fi2> 

-75" 
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8. S m x m q  of Temperature Distribution Studyo 

Conriderable time ha8 been expended i n  the rtudy of variour 
u t h o d r  of anal aim available i n  she l l to sa tu re  of the 8ubJect a. we11 ' 

a8 i n  th* date I opment of the laoat convenient operatlonal caloulations 
f o r  the iterations round necerrary. 1 

In  general, mathemrtiaal methodr , exoept fo r  the basic 
fomwlationr of heat  phenomn~, havo been found to  be inapplicable 
due to  rea t r io t ionr  i n  tho rpecifia oonditionr . Graphic methods , 
original ly  securely barmd on theory appliaable well within the i n t e r i o r  
of the mrar , have been found erroneous f o r  eondltionr a t  and near 
the surfaoe, In  faot ,  oar ta ln  oona trua t ionr published by author1 t i e r  
i n  the f i e l d  are  not only inaonairtent among themselvor, but are highly 
mirleading quanti tat ively,  par t iaular ly  a t  the surface. 

Conditions a t  the aurface are  dominant and sensitive. 
Aocureoy 1s v i t a l ,  both i n  e a t h a t i n g  the mbient  conditions to deterrain. 
the heat Input a t  any interval  and In  a ta r t ing  the curve of in te rna l  
d i r t r i b ~ t i o n ~  Fine subdivirionm i n  regard to  time and dx distanoes 
are required fo r  the ate01 oh011 malyais .  

me array of vorlable faotorr  whioh must be accomodated i s  
beyond the a b i l i t e r  of previour graphiaal methods to present. 
Mathematioal methodr would require formulae to  be developed, whioh is  
a job in i t r o l i ,  and then would require a computer to  aolve. The 
i t e r a t i v e  method har been found neeesrary, and haa f i n a l l y  been reduced 
to a reasonable proce88 In sp i t e  of  the following variables. 

1. The ambient temperature varles with time, as developed 
and ahown fo r  rsforenae on pages 20, and 30 -33 of the previous report.  

2. The mean temperature of the wall muat be round by i t e ra t ion  
to  oorreapond with eaoh mem value of the uabi ent temperature. Unleer 
aorrerpondenue 1s maintained aontinuourly betreon there two temperaturer 
a t  eaoh inorement of time, the error6 beaome hopelera, due to  the e f fec t  
of the fourth power In radiation or lculat lonse 

3. Materials vary aorora the section, including carbon s t e e l ,  
&.ad, r t a in le r r  r t e e l ,  and alumlnwn, with changes i n  eaveral parametera. 

k . Thlakneares are W e l a t a d ,  varying a9 19, 8, 3, and 2. . dx subdivirions are neoeaasrlly taken a t  a, h and 1. 
6. de interval8 vu?y. 
7. A datum l i n e  a t  the 621' l eve l  d ie to r t s  the temperature 

d is t r ibut ion  ourves an the lead l iqu i f l e r .  
8. Charaoteriutiaa of the materiala ahange f o r  the higher 

temperrturer. 
9.  Addition of heet ' a t  and through the basket. 

The model umed i n  oalaulationr has the ident ioal  heat absorp- 
t ion  formula and coeff ia ientr  used for  the ctaak. I t a  section i s ,  howsrar, 
t ha t  of a unifom oylinder, without the benefi t  of the metal end maarer. 
The aune q r a t e r ,  modified only ror  aotual @ark wall temperaturer, are , 

used. The reeulta -0 oonsemative, since with nearly the aame input 
heat r a t e s ,  only about 3/4 the t o t a l  maas i r  involved. 

Barket and fue l  temperature8 are def in i te ly  safe ,  Curve8 E: 
and F are  shown as two i t a ru t iom s ta r t ing  f'rom two ar8umed surface fimz 
temperaturea a t  the 60 mine time. ~urv ls  F exhausted i t s  BTU input. 
Curve E had 160,000 BTU remaining and undirtrlbuted.Curve G mpreeentr t h  
f i n d  iterrtionbiver the  hner and outer rheU tslaperrtures .t end of one hour. 

I 
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CRITICALITY ANALYSIS OF THE SHIPPING CASK FOR 
PIQUA FUEL 

I .  SUMMARY 

The cri t ical i ty a n a l y s i s  presented here  app l i e s  to t h e  shipping c a s k  
des igned for t h e  transport of spent  fue l  from the  f i rs t  co re  of t h e  Piqua 
organic-moderated reactor .  This a n a l y s i s  d o e s  not cons ider  t h e  ship-  
ment of other fue ls  i n  th is  c a s k ,  excep t  for other Piqua fuel  of t h e  
same geometry and composit ion,  

The proposed regulat ions for cr i t ical i ty safe ty  i n  t h e  shipment of spen t  
fuel  (10 CFR Part 72 ,  s e e  Federal Register ,  September 23 ,  196 1, and  
March 5 ,  1963) would require tha t  the  fue l  in the  c a s k  b e  less than 
75 per cen t  of a cr i t ica l  mass  or tha t  it b e  shown tha t  for t h e  fully 
loaded c a s k ,  including any fixed po i sons ,  t h e  keff of the  sys tem is 
no greater  than 0 .9  under condit ions of optimum moderation. The Piqua 
shipping c a s k  wil l  carry 19 fuel  a s sembl ies  which is 58 per  c e n t  of 
t h e  experimental c r i t ica l  mass  in  organic moderator a t  32 50F. However, 
i t  w a s  not  demonstrated what  m a s s  would b e  cr i t ica l  under optimum 
cold  moderation condit ions.  I t  w a s ,  therefore,  considered necessa ry  
t o  show b y  ca lcula t ion  tha t  for t h e  optimum moderation poss ib le  i n  
t h e  shippi,ig c a s k  the  keff would not exceed 0 . 9 .  

The essen t i a l  fea tures  of the  shipping c a s k  and the  Piqua fuel  a s sembly  
a r e  shown in Figure 1 .  The shlpping c a s k  is a cylinder of aluminum 
surrounded by a l e a d  shie ld .  The aluminum baske t  is 30 i n c h e s  i n  di-  
ameter ,  and 65 inches  long. I t  h a s  a n  approximately hexagonal  array 
of nineteen h o l e s ,  each 5 .28  inches  in  diameter ,  and each des igned t o  
hold one  Piqua fuel  assembly .  The Piqua fuel  a s sembl ies  each  conta in  
8 1  kg of uranium in  a uranium-3.5 per  cen t  molybdenum al loy  i n  t h e  
form of two concentr ic  cyl inders c l ad  and finned in  aluminum. The 
uranium is enriched t o  1 .94  k 0.03 w/o U-2 35,  and h e n c e  each  fuel  
assembly  conta ins  1 .57  kg U-235. As th i s  fue l  is used  in  the  organic- 
moderated (terphenyl) Piqua reac tor ,  it h a s  a predicted ef fec t ive  
multiplication (keff) of 1 . l o .  

The a n a l y s i s  descr ibed herein made u s e  of two nuclear  des ign  computer 
c o d e s ,  WANDA ( and P 1 ~ ~ 1 2 )  and a n  IBM-7090 computer. This 
a n a l y s i s  shows: 

1. The c a s k  without spec ia l  poisons  i n  t h e  aluminum b a s k e t  
meets  the  requirements of keff less than 0 . 9  when loaded with 
Piqua fue l ,  and immersed i n  water .  



ELEMENT SHIPPING CASK 

FIGURE I ,  PIQUA SHIPPING CASK AND FUEL ASSEMBLY 



2.  The c a s k  with 1 w/o (weight per  cent)  cadmium-poisoned 
aluminum h a s  a k, under optimally moderated condi t ions  of less 
than  1 . 0  and  a keff of less than  0 .8  when loaded with Piqua fue l .  

3 .  The method of a n a l y s i s  g i v e s  a c c e p t a b l e  agreement  with a 
c r i t i ca l  experiment on Piqua fue l .  

The des ign  cr i ter ia  of 1 w/o cadmium in t h e  aluminum baske t  is  con- 
se rva t ive  with regard t o  meeting Part 72 requirements  b e c a u s e  t h e  
c a s k  wil l  h a v e  a keff of less than 0 .8  (required by Part 72: less than  
0 .9) .  In add i t ion ,  t h e  poisoned c a s k  h a s  a kco of l e s s  than  1 . 0  which 
impl ies  tha t  t h e  c a s k  is s a f e  from in terac t ion  with any  number of 
s imilar  c a s k s ,  and with any other  container  which a l s o  h a s  a k, of 
l e s s  than  1 . 0 .  

The a n a l y s i s  is cons idered  conservat ive  for two r e a s o n s .  F i r s t ,  t h e  
cadmium content  u s e d  i n  t h e  a n a l y s i s  w a s  0 . 5  w/o ins t ead  of t h e  
recommended one  per cen t  cadmium. Second,  t h e  more conservat ive  
( i . e . ,  t h e  h ighes t  keff) of two para l le l  nuclear  a n a l y s i s  t echn iques  
is used  a s  t h e  governing cr i ter ion.  The l e a s t  conservat ive  technique  
used  in  t h e  a n a l y s i s  g ives  t h e  b e s t  agreement  with t h e  cr i t ica l  ex- 
periment on t h e  Piqua fue l .  

The cadmium in  the  c a s k  is in  no danger of being consumed by neut rons .  
Even in  a n  inconceivable  (for t h e  cask )  flux of 107 neutrons/cm2sec i n  
t h e  c a s k ,  i t  would t a k e  over 1000 yea r s  for deplet ion of one  per cen t  
of the  high c r o s s  sec t ion  cadmium i so tope ,  Cd-113. 

11. THE ANALYSIS 

The method of a n a l y s i s  c o n s i s t s  of us ing  two nuclear  a n a l y s i s  tech-  
n iques  in  para l le l  to  obtain two independent  ca lcula t ions  of t h e  k, 
of t h e  unpoisoned and  poisoned unit  ye l l s  of t h e  c a s k ,  and t o  check  
each  technique  a g a i n s t  a n  experiment,  t h e  c r i t i ca l  experiment on  t h e  
Piqua fue l .  This part icular  approach a s s u r e s  t h e  de tec t ion  of any  
mechanica l  errors in  t h e  preparation of t h e  d a t a ,  and  wi l l  g i v e  ev idence  
of any  sys temat i c  errors i n  the  part icular  method u s e d  or  i n  t h e  b a s i c  
nuclear  d a t a .  The u s e  of redundant ca lcula t ions  and experimental  
checkpoints  is part icular ly des i rably  i n  cr i t ica l i ty  evalua t ions .  The 
two methods used  a r e  briefly descr ibed  below: 



Method A: 

1. Obtain microscopic thermal c r o s s  s e c t i o n s  from t h e  SOFOCATE 
or  KATE c o d e s .  A compendium of SOFOCATE ('3) c r o s s  s e c t i o n s  w a s  
u s e d  here .  (4) 

2. Obtain microscopic f a s t  group c r o s s  s e c t i o n s  us ing  t h e  MUFT 
Code .  (5) A 3-group s e t  of f a s t  c r o s s  s e c t i o n s  der ived  from 54- 
group MUFT runs w a s  u s e d  here .  (6) 

3.  Obtain t h e  flux s h a p e s  and k, of t h e  unit  cell us ing  a 4- 
group WANDA. (1) 

Method B: 

1.  Obtain microscopic thermal c r o s s  s e c t i o n s  a s  i n  Method A. 

2 .  Obtain t h e  f a s t  group c r o s s  s e c t i o n s  t h e  f lux s h a p e s  and  k, 
of t h e  unit  c e l l  us ing  a 55-group P lMG.  (2) 

In order t o  obtain t h e  keff of the  c a s k  or  t h e  organic c r i t i ca l  experiment ,  
a l eakage  factor  is computed using t h e  flux-volume weighted c r o s s  
s e c t i o n s  from t h e  computer runs plus t h e  geometrical  bucklings which 
inc lude  ref lector  s a v i n g s .  In a c r i t i ca l  experiment t h e  keff is ,  of 
course  , 1 .00 .  Hence  a measure  of t h e  combined accuracy  of t h e  ca l -  
cu la t ional  technique  and  t h e  nuclear  d a t a ,  is how c l o s e  the  predicted 
keff of t h e  c r i t i ca l  experiment approaches  unity.  The r e s u l t s  below 
summarize t h e  cr i t ica l i ty  ca lcula t ions  us ing  each  method. 

Method A: 

Unpoisoned C a s k  

Piqua C r i t i c a l  

Method B: 

Leakaqe keff 

Unpoisoned C a s k  1.066 

Piqua C r i t i c a l  1 . 2 4 3  

Poisoned C a s k ,  (0.5 0 .934 
w/o Cadmium) 



Briefly, the  Method A results  are  lower in keff and give the  best  pre- 
diction of Piqua criticality. The Method B results  are  systematically 
higher for a reason discussed later .  Notwithstanding th i s ,  the  Method 
B results  a re  used,  s ince their u s e  will result  in  the  most conservative 
(smallest) est imate of the criticality safety margin of the poisoned 
cask .  A more detailed discussion of the procedure and results  follows. 

Procedure: 

1. Obtain the geometry data for the shipping cask  and Piqua 
cri t ical  unit ce l l s .  Compute the  volume fractions within each 
region, for each material. 

2 .  Obtain the  nuclide number densi t ies  for the  materials in 
each region of the  unit cel l .  Change these  to  region-homogenized 
number densi t ies  by multiplying by the  appropriate volume 
fraction. 

3 .  Obtain k, for each unit cel l  using both Methods A and B,  
a s  described in detail  below. 

4.  Compute keff using k, plus computed leakage factors ,  a s  
described below. 

5 .  Repeat items 3 and 4 to obtain the necessary cask  poisoning 
da ta ,  and to  obtain the optimally moderated keff in the  poisoned 
cask .  

Table I shows the  unit cel l  geometry data for both the shipping cask  and 
the  Piqua cri t ical  experiment. The unit ce l l s  are  c onveniently divided 
into three concentric regions, the inner moderator region, the intermediate 
fuel region, and the  outer region which i s  aluminum in the shipping cask  
and organic moderator in  the Piqua cel l .  Table I1 shows the nuclide 
concentrations of each material,  and the region-homogenized va lues .  The 
thermal cross-section data which i s  identical for both Method A and 
Method B ,  is shown in Table 111. The fas t  group cross  sect ions  and the  
flux shapes  in the unit ce l l s  are  obtained in two different ways.  In 
Method A,  the  fas t  group cross  sections a re  obtained using the  54-group 
MUFT Code, and the  fluxes and k, a re  subsequently obtained using the  
4-group, one-dimensional WANDA Code. In Method B ,  the  fas t  c ross  
sect ions ,  the  thermal and f a s t  fluxes and k, a r e  a l l  obtained simultan- 
eously using the  54-group PlMG Code. 



TABLE I ,  UNIT CELL DIMENSIONS AND 
REGION VOLUME FRACTIONS 

Reqion Composition 

I H 0 (or organict)  
2 

I1 304 S t a i n l e s s  

H 0 (or organic) 
2 

1100 Aluminum 

U-3.5 Mo-0.. 1 A1 

1 1 0 0 Aluminum 

H 0 (or organic) 
2 .  

1 100 Aluminum 

U-3.5 Mo-0.1 A1 

1 10 0 Aluminum 

H 0 (or organic) 
2 

347 S ta in less  

H 0 (or organic) 
2 

I11 Aluminum 

or 

Organic 

Outer Radius, 
cm 

Volume Fraction 
of Resion 

1 ,0000 

0.0178 

0.3448 

0.267 1 

0.3703 

* 
* 

* 
* 
* 
* 

* 
* 

1.0000 

or  

1.0000 

t Organic (terphenyl) is used  in  the  Piqua unit  ce l l  

t Included above  
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TABLE 11, REGION-HOMOGENIZED NUMBER DENSITIES 

Unhomogenized 
Volume 

N . D Fraction 

Homog erlized 

Reqion 

I 

Material 

H2° 
H 
0 

or Organic 
H 
C 

H 
0 

or Organic 
H 
C 

SS 
Fe 
Cr 
Ni 

A1 
Fuel 

U-235 
U-2 38 
Mo 

or Organic 
H 
C 



TABLE 111, THERMAL CROSS SECTION DATA 

/ A ,  MICROSCOPIC DATA - Cross Sections in  Barns 

CASK AT 20°C 

Nuclide Absorption Transport 

H 0 . 2 9 4  3  2  

0 - - 4 . 0  

C - - -- 
Mo 2 .22  9 . 2  

Fe  2 . 2 4  1 1 . 3  

Ni 4 . 2 6  2 1 . 8  

A1 0 .227  1 . 6  

Cr 2 . 7 5  7 . 0  

Cd 2980 2990  

U-235 6 0 3  6 1 3  

U-238 2 . 4 2  1 1 . 9  

U-235 
Nu-fission 1237  

CRITICAL AT 350°F 

Absor~t ion  Transport 

0 .238  26  

B. MACROSCOPIC DATA - Cross Sections in  cm-I  

-- S hippinq Cask Piqua Critical 

Region I I1 111 I & I11 I1 

vzf 
0  0 . 3 9 7 3  0  0  0 . 3 0 4 8  

D (cm) 0 . 1 4 6 6  0 . 2 7 1 0  3 . 4 8 3  0 , 2 8 8 3  0 . 4 3 7 3  



Method A: 

Fas t  group c r o s s  sec t ions  were  obtained from a tabulat ion (6) of 
effect ive 3-group cons tan t s  computed by t h e  54-group MUFT Code.  
This tabulat ion app l i e s  t o  water  r eac to r s ,  and is based  on a n  L- 
factor  of O .  9 .  This L-factor is defined a s  t h e  ra t io  of the  heter- 
ogeneous t o  the  homogeneous resonance  integral  of U-238, and 
is a necessa ry  input  t o  both the  MUFT and t h e  P lMG Codes .  
S ince  it a f fec t s  the  resonance  e s c a p e  probability, it a l s o  in-  
f luences  the  computed k, of the  sys tem.  

Table IV shows t h e  removal ,  absorption,  and nu-fission c r o s s  s e c t i o n s ,  
p lus  the  diffusion constant  for the  three  f a s t  energy groups .  These  
a r e  obtained from the  MUFT tabulat ion and  a r e  required,  along with t h e  
thermal c r o s s  sec t ions  for the  4-group WANDA calcula t ion .  

The resu l t s  of the  two runs are: 

Shipping C a s k  

Piqua Cr i t ica l  1 .198 

A preliminary c a s k  poisoning s tudy w a s  performed by simply adding 
a thermal poison macroscopic c ross  sec t ion  to t h e  third (aluminum) 
region of the  shipping c a s k  c e l l ,  with t h e  following resul t s :  

+ -1 Shipping C a s k ,  unpoisoned Ocm 1.020 

Shipping Cask  - 1 + 0.05cm 0.938 

- 1 
Shipping C a s k  + 0.lOcm 0.895 

Shipping C a s k  - 1 + 0.20cm 0.855 

Shipping C a s k  -1 + 0.50cm 0.828 



TABLE IV, FAST GROUP MACROSCOPIC 
CROSS SECTIONS 

SHIPPING CASK UNIT CELL 

Region Group D Cr T Cf 

PIQUA UNIT CELL 

I and 111 1 

2 

3 



These  macroscopic thermal c r o s s  sec t ions  c a n  b e  represented  by t h e  
following weight  per c e n t s  of various poison mater ia ls .  

Thermal Weiqht  Per C e n t  of: 
Cross  Section Dysprosium Cadmium Gadolinium 

On the  b a s i s  of t h e  above,  plus t h e  f ac t  tha t  Cadmium is soluble  i n  
aluminum up t o  about  1 w/o, a n  in i t ia l  recommendation w a s  made t o  
incorporate a cadmium poison in to  the  alumiun c a s k .  

Method B: 

The PlMG C o d e  computes t h e  f a s t  group c r o s s  sec t ion ,  t h e  f a s t  
and thermal f luxes  and t h e  k, of the  sys tem,  and requi res  number 
dens i t i e s  and thermal c ross  sec t ions  a s  input d a t a .  I t  a l s o  re- 
quires a n  L-factor defined previously. S i n c e  the  homogeneous 
resonance  integral  of U-238 is a lways  larger than t h e  hetero- 
geneous ,  t h e  L-factor wil l  b e  l e s s  than unity.  In cr i t ica l i ty  
ca lcu la t ions ,  it is therefore conservat ive  t o  a s s u m e  a n  L-factor 
of unity,  a s  w a s  done in th is  work. 

In addit ion ,to t h e  PlMG runs on the  Piqua cr i t ica l  and t h e  shipping 
c a s k ,  the  P lMG Code was  used  t o  a n a l y s e  t h e  shipping c a s k  with 
0 . 5  w/o cadmium poison in  the  aluminum, and  a l s o  t o  eva lua te  
t h e  effect  of water  dens i ty  changes .  These  re su l t s  a r e  shown below: 

Water  Densi ty lh 

Piqua Cr i t ica l  - - - 1.243 

Shipping C a s k ,  no  poison 1 .0  1 .066 

Shipping C a s k  , +O. 5 w/o Cd 1 : 0 0 : 9 32 

Shipping C a s k ,  +0.5w; /oCd 0:9 0 1945 

Shipping C a s k ,  +O. 5 w/o Cd 0 .7  0 ,960  

S h i p p i n g C a s k t + 0 . 5 w / o C d  0 . 4  0.932 



The above resul ts  give a consistently higher keff than do the  MUFT- 
WANDA calculations,  the reason being the  underestimate of resonance 
absorptions in  the  PlMG calculations,  due to  the  assumption of a unit 
L-factor. I t  should a l so  be  noted that  the optimum moderation of the  
infinite system occurs a t  a water density of about 0 .7 ,  but that  a gain 
of l e s s  than 0 .03  in k, occurs.  

In the library of basic  nuclear data used by the  PlMG code during cal-  
culations,  there is no resonance cross  section data for cadmium. Hence 
Boron-10 da ta ,  which i s  i n  the  code library, was used a s  a pseudo- 
cadmium poison, The number density of B-10, N , which g ives  

B 10 
equivalent resonance absorption to  a given amount of Cadmium, 
is given by: 

N ~ d  ,' 

N ~ d  

where the  R I ' s  a r e  the  resonance integrals of the  respective isotopes.  
Numerically: 

In this work, in order to  underestimate, i f  anything, the  resonance 
absorptions of the poison, a ratio of 0 .04  was used.  In the  thermal 
region, actual  Cadmium cross  sections were employed. 

The Computation of Leakage and k,ff 

The effective multiplication factor, keff ,  i s  obtained by multiplying 
the  computed km by a leakage factor,  4 ,  computed from Fermi Age 
Theory. 



2 
where B is the geometrical buckling, and 

2 
M is the migration area . 

summation over four groups 

R is the radius of the system in c m  
H is the height in cm 
6 is the reflector savings 

Table V ,  following, is a tabulation of the data which make up the  
leakage factors ,  and includes a summary of the final results .  
Referring to  part C of Table V ,  the keff of the cri t ical  experiment 
i s  1.00, by definition. The prediction using Method A i s  closer 
to this value.  However, Method B overpredicts the reactivity of 
the system and hence errs in the conservative direction, which is 
desirable for criticality analyses .  The values obtained using 
Method B a r e  therefore chosen a s  the governing criteria. 

One additional factor to  be considered in the analysis  i s  the uncer- 
taintydue to uncertainty in the fuel enrichment. In the Piqua fuel ,  
an uncertainty of k0 .1  w/o i n  enrichment creates  an uncertainty of 
k0.02 ~ k .  The stated uncertainty of k0.03 w/o in the Piqua fuel 
enrichment results  in an uncertainty of k0.0064k; which is of l i t t le  
concern in this analysis .  



TABLE V, COMPUTATION OF LEAKAGE FACTORS 

A. GROUP-BY-GROUP MIGRATION AREAS 

Total 

1 2 3 4 2 -2 Group M cm 

Piqua Crit ical  39.4 20.5 11.1 7.2 78.2 

Cask ,  Unpoisoned 32.8 29.6 15 .1  2.9 80.4 

Cask ,  Poisoned, 
Opt. Mod. 52.0 55 .1  24.4 2.9 134.4 

B. LEAKAGE FACTORS 

Piqua Critical 46.0 137 9 .00232 0.834 

Cask ,  Unpoisoned 38.1  137 7 . 5  .00322 0.773 

Cask ,  Poisoned, 
Opt. Mod. 38.1 137 10 .00289 0.678 

C . FINAL SUMMARY 

Method km - 4 - b f f  

Piqua Crit ical  A 1.198 0 .834  0.998 

Cask ,  Unpoisoned A 1.020 0.773 0.788 

B 1.066 0.773 0.824 

Cask ,  Poisoned B 0.934 0.773 0.722 

Cask ,  Poisoned 
Opt. Mod, B 0.960 0.678 0 .651  
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ALLIS-CHALMERS MANUFACTURING COMPANY 
508 Kennedy S t r ee t ,  N .  W .  Brightwood S ta t ion ,  P . O .  Box No.  8697 

Nuclear  Power Department  
Atomic Energy Divis ion  

C a b l e  Address  
Founders  - washing to^ 

March  2 0 ,  1963  

Mr .  J a m e s  P . Lagosk i  
Reactor  Engineering Div is ion  
U . S . Atomic Energy Commi s s ion  
9800 South C a s s  Avenue 
Argonne , I l l i no i s  

Dear  M r .  Lagow ski: 

In  your  r e c e n t  conve r sa t ion  wi th  M r .  F i she r  a n d  m e ,  you  
a s k e d  for e s t i m a t e s  of t h e  number of Elk River e l e m e n t s  needed  t o  
a c h i e v e  c r i t i ca l i t y .  T h e s e  e s t i m a t e s  a r e  con ta ined  i n  t h e  e n c l o s e d  
memorandum from Mr.  F i she r  . 

Sincere ly  y o u r s ,  

(s igned)  J .  H .  B lach ly  

Joseph  H .  Blachly 
Manage r  of P ro j ec t s  

d b s  

Enclosure: 
a s  i nd ica t ed  
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ALLIS-CHALMERS MANUFACTURING CO MPANY 
I N T E R  - O F F I C E  C a R R E S P O N D E N C E  

To: J .  H .  Elachly From: J .  R. F i s h e r  

Attention: Date: March  18 ,  1963  

Refer to: 

Subject :  ERR Fuel  E lements  

C u s t . P . O . #  C . O .  Reg.# S.a.# 

In  a n s w e r  t o  your  r e q u e s t  w e  h a v e  e s t i m a t e d  t h e  minimum 
number of Elk River fue l  e l e m e n t s  t o  a c h i e v e  c r i t i c a l i t y .  
The number of regular  e l e m e n t s  w a s  ob t a ined  from t h e  
measu remen t s  a n d  t h e  n u m t e r  of s p i k e d  e l e m e n t s  
ex t r apo la t ed  from t h e  mea su remen t s  . 

Number of regular  elements---------- 30 
Number of s p i k e d  elements---------- 20 

(Signed) J .  R .  F i she r  

J .  R .  F i she r  
Core  P h y s i c s  6 Shie ld ing  

JRF: c ha  



M a r c h  2 6 ,  1963  

MR JAMES P LAGOWSKI 

REACTOR ENGINEERING DIVISION 

CHICAGO OPERATIONS OFFICE 

RE MY LETTER DATED MARCH 20 AND THE ENCLOSED MEMORANDUM FROM 

JACK FISHER DATED MARCH 18, THE ESTIMATED MINIMUM NUMBER OF ELK 

RIVER FUEL ELEMENTS TO ACHIEVE CRITICALITY WAS EASED ON THE CLEAN 

COLD CONDITION. 

J H BLACHLY 

ALLIS CHALMERS MFG C O  

WASHINGTON D C 



2 .3  CRITICALITY 

(COPY FROM ACNP 62533) 

The c a s k  meets  the  cri t ical i ty requirements of S e c .  72.37 of the  proposed 
AEC regulat ion.  

The cr i t ica l i ty  a n a l y s i s  w a s  based  upon four assumptions:  

(1) tha t  a l l  e lements  contain fuel enriched t o  5 . 2  per  c e n t  in  uranium-235; 

(2) that  a l l  e lements  a r e  unirradiated (i .  e .  , t h a t ,  for the  ERR e lements ,  
react ivi ty is a t  i t s  maximum); 

(3) tha t  the  ho les  in which the  e lements  a r e  inser ted  a r e  f i l led wi th  water; and  

(4)  that  the  aluminum of t h e  cas t ing  may be  considered  a s  a neutron poison.  

Two-group, two-region diffusion theory y ie lds  a n  ef fec t ive  mult ipl icat ion factor 
of 0.88 for a s ing le  c a s k .  This  resul t  meets  the  requirement of Sec .  72.37 of 
the  proposed regulat ion,  which s t a t e s  tha t  e i ther  a n  ef fec t ive  mult ipl icat ion 
factor  of 0 . 9  or 75 per  cen t  of the  number of e lements  forming a cr i t ica l  m a s s  
is t o  be the  l imi t .  
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KNAPP MILLS INC PIQUA-ELK RIVER SPENT 
FUEL SHIPPING CASK I I. scope 

This specification covers the requirements for a n  aluminum alloy billet 
from which the Piqua-Elk River Reactors spent fuel shipping cask  fuel 
basket will be machined. 

I 11. Material Specification 

a .  The billet shall  be forged of commercial 6061 aluminum ingot with a 
nominal one weight percent addition of Cadmium included in the 

bas ic  alloy to  obtain a uniform distribution of the Cadmium throughout 
the forged billet.  The forged billet shall  be delivered in the  "0" (annealed) 
condition. 

b. The forged billet shall  be free from voids,  c racks ,  porosity or s lag 
inclusions which would be visible to  the naked eye after machining 

the external surfaces and boring the  fuel cavi t ies  in the billet.  

c. The distribution of Cadmium in the billet shall  be a s  uniform a s  
possible  and in  no c a s e  shall  any one ounce sample taken from any 

location in the billet contain less than 0.5 weight percent Cadmium. 

I 111. Billet Dimensions 

The forged billet a s  deliuered shall  be of 'such s i z e  t o  allow finish mn- 
chining t o  30 inches  in diameter by 66 inches  long allowing for sur- 
face  irregularities and sufficient stock removal t o  get down to  sound 
base  metal. It is the billet suppliers responsibility to establ ish billet 
dimensions. However, in no c a s e  shall  the dimensions of the billet 
i f  delivered rough machined be less than 30-3/8 inches in diameter by 
66-3/8 inches  long. 

IV. Acceptance Tests  

a .  Chemical and physical t e s t s  on the delivered billet normal t o  com- 
mercial work a re  required to  a s su re  compliance with the bas ic  

6061-0 material specification, The aluminum content of the material 
may be one weight percent lower than the minimurn specified for alloy 
6061 t o  allow for the Cadmium addition. Notarized chemical and physical 
test reports shall  be delivered with t he  billet.  

b. During machining Knapp Mil ls  will col lect  approximately 100 samples 
of chips from various locations in the billet.  The chips  collected 

will be reduced to  one ounce samples and analyzed by a n  independent 
laboratorj. for Cadmium content. A l l  samples must comply with 
Section 11-C: of th i s  specification. 



KNAPP MILLS INC 
W ~ L M \ U G ~ ~ Q  OUMAU€ 

PIQUA-ELK RIVER SPENT 
FUEL SHIPPING CASK 

IV.  Acceptance Tes t s  (Continued) 

c. I t  is recommended, but not mandatory, that  the  bil let  supplier  
ana lyze  samples taken from the  bil let  external  surfaces  for 

Cadmium content  and distribution prior t o  delivery of  the  bi l le t .  



SECTION VIII 
MISCELANEOUS CALCULATIONS 

Iodine Inventory i n  Cask 
Fuel P in  In te rna l  Pressure-ERR 
Lead Expansion-Normal Conditions 



Calculation of Iodine Inventory of Loaded Piqua-Elk River spent Fuel 
Shipping Cask 

Rcdtlc tlqn Factor for 
120 ~ta. ,  , D e c  a,? T i n e  

2 0 . 5  hours 10-4:' 

: 2.  . iuinutes 10-9(0 0 S 

1-13" 5 . 7  hours 10-1 30 

1 .  Assumptions: 

a .  120 d a j s  ,ooljqr t ime for  f u e l  

k. S R  M b  <~?erati . ,n far Elk  kiv;r;(') 5 F .  N* o p c - a i i ~ ~ i i  for ?li,.la(') 

c .  1.3 peak to avt re ;e f l,rx r a t h  for Zlk Rive? ; ( 7 )  1 .  '3 . or ~ i q u e ( ~ )  

d .  If+.? fuel elerrtent?, for Blk ~ i v . ? r ; ( ~ )  o L  *For ! * ~ ~ u a ( ~ )  

e .  19 of hottest: f u e l  e1rc;ents ner i a e k  

f. 1-13 li only isotope of intereet  af ter  120 days.  

, 8 .  339: >axi:, 3m iodine release Crm f u e l  a l e  :entc (') 

2 .  Iodine Inventory I n  C x e  !fa-t..Y f L . . ' +  ) 

a .  Ap;rsoxi.lately 23,000 curies of 1-131 pcr Y7: st ? q u i l i l r f u ,  ( 4 )  ( - 1  
b .  2':,000 ..:uriea/::e,p~*att x "P aeza7datt;s = 1. J -  x 10' ~ ~ i r l e r ,  

c .  1.45  x lo0 I-uzies x 2 . '  x 10'5 = 3 f . ?  ?!tiec-  after 170 dnvs 

d .  2 6 . 3  'ctlriefi ; 14 i t l ear -nts  0.74: zclrie,; per eltx~z-nt (avc.ra,:e) 

e .  0.2:; L l ~ r i e s  x 1.:' = 0.r- caries ppr c l c  *en: (,laxi:.,u .) 

3 .  Indine Invcntmy i n  Core (Piqua) 

a. Z; ,OOO x 4 5 . 5  1.14 x 1 . 0 ~  curies 

. 1 . 1 4 x 1 0 ~ ~ 2 . s x 1 0 ' ~ ~ 2 : 3 . h c u r i e a  

c. 29.6 + 82 = 0.336 cuiies/element (avcra::e) 

3 .  0.53C r 1.9 m 0.64 curl.es/elewnt ( ~ u x i r n ~ ~ . )  

http://curi.es/elenent


4. 1OBi~e Xnthrntery in Cask 

a. O.44 r 16 * 8-4 cur ies  (JSlk River) 

5.  M a x i a m  lodicre ~claaorc(7) 

a .  8.4 curies x 0.33 2.8  curies (~laxinum releaee) (Elk River) 
b. 12,l cutiee x 0.39 8 4.0 cur$ee (nrPxiruuw re lease)  (Plqua) 

c.. Those amount.; are lsaa t b . ~  t h e  allowed by section 72 .34- (0 ) .  

a. Garma dose rate for 1-131 is 0.22: .  rh.:, pp,r curie ( 5 )  

0 -  Elk Pfvcr:  8,4 curies ( iodine  inventory in cash) x 0 . 3 3  
(&-1~28 releaee) x 0 .225  (rads p e r  hou? 73er c r ~ r i ,  a t  one 
m t c r )  = O . f , 7  radlhr 

c .  Pique: I ? .  1 c v r ie r ,  x 0.":: x O.??" * 0 . ( ' f 7  za l /hr  

d .  than if r11c €t~d!.l4l?jlt? forlfne w r u  re!taesecl, ihe i ~ s . ~ l ~ - n n t  
levels wonld be be102 those allowed in Sectlon 7?.3L-(n). 

( I )  ,Nuclear Engineusin2 Randhook, Gthi~ttnyton 

(2) Klk M v e x  3e8c tor tlrzards S w a a r y  Report, wi th addenda 

(3) Piqw Reactor Hanrards S~nmary Report, with addenda 

(4) UPL-1178, Graphic Aids t o  Rs t i m t e  lhtclear Rrdi~tian Hazards, 
J. J. Pittccrold, e t  al, P a p  19 

( 5 )  R Iil73QR~ R a c l i ~ l ~ q i ~ a l  U h l t h  S h d b ~ ~ k ,  Paqe 97 

( 6 )  Safe BaOdliog of kadiolsotopes, la fe ty  Series Ilo. 2 ,  UM, Page 25  

(7) OltlllGCP-57-6-87, Parker and Cterk 
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ALLIS-CHALMERS MANUFACTURING COMPANY 
508 Kennedy Street, N . W , Brightwood Station P. 0. Box No. 8 697 

Washington 11, D. C .  
Tel . Tuckerman 2-9 650 

September 8 ,  19 61 

Mr. R .  W. Peterson 
Knapp Mills ,  Incorporated 
Foot of West  Street 
W ilmington, Delaware 

Subject: Fuel Transfer Cask 

Dear Mr. Peterson: 

Enclosed a re  copies  of materials regarding the fuel transfer cask  
which you requested while visiting a t  the site. 

* 
The 12E11005, 007, 011, and 042 drawings a r e  Sargent 6 Lundy's 

which we have requested,  and they will be forwarded t o  you. 

You will note that  a copy of the fission g a s  re lease  ra te  a s  
determined by General Electric from the fuel irradiation program is not 
included. The reason is that  the resul ts  of the first half of the capsule  
irradiated program yielded data t h a t  w a s  not conclusive because vacuum 
measuring equipment was  inadequate t o  obtain accurate  resul ts .  However, 
calculations were performed by Allis-Chalmers using 10% fission g a s  re- 
l ea se  which is conservative based on many irradiation s tudies  of fuel 
pel le ts  which provide a gas  re lease  between 3% and 8%. The resul ts  of 
t h i s  ana lys i s  a r e  l is ted below: 

1. Maximum lb- oles of he loaded in fuel tube = -2 0.7805 x 10 . 
2. Partial pressure of He a t  reactor operating temperature a t  end 

of 10,000 M w d / ~ T . x  67 ps ia .  

3 .  Gram-moles of f ission g a s  released t o  f iss ion g a s  space  
in fuel rod a t  end of 10,000 M W ~ / M T  = 119 6 x 



Mr. R .  W .  Peterson - 2 -  

4 .  Part ial  p ressu re  in ave rage  tube a t  end of 10 ,000  M W ~ / M T  = 225 ps ia  . 
5 .  Sum of part ial  p r e s s u r e s ,  He p lus  f i s s ion  

g a s e s  = 292 p s i .  

If any addi t ional  information is needed,  p l e a s e  let u s  know. 

Sincerely yours ,  

ALLIS-CHALMERS MANUFACTURING COMPANY 

Joseph H. Blachly 
Project  Manager ,  Elk River Reactor 

J H B / R C S / ~ ~ W  
Enclosur es 
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PIQUA-ELK RIVER REACTORS 
SPENT FUEL SHIPPING CASK 

FINAL DESIGN REPORT 
COO-1028-1 

Issued April 1, 1963 
Finalized May 29,19 64 
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Introduction & Summary 
Loading and Unloading Procedure 
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FINALIZED MAY 29, 19 64 

List  of Chancres and Additions - 5/29/64 

Section I - Final Drawing List  Added 

Section I1 - 

Section VII - 

Section VIII - 

\r Spare Parts  Lis t  Added 
Cover Sheet  Revised 

Entire Procedure  ina ah zed 
4 

Basket Material Specification MS-3100-2 Added 
Cover Sheet  Revised 

ERR 28 Assy Basket Thermal Analysis Added 



SECTION I 

Introduction and Summary 
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Reference Drawing Lis t  
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Final Drawing Lis t  
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SUMMARY 

C a s k  System Description 
Structural Integr i ty  
Resis tance  t o  Fire 
Shielding Adequacy 
Cri t ical i ty Control 
Decay Heat  Removal 
Tes t  Program 
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USAEC Contrac t   AT(^ 1-1)-1028 KM Job W-3lq. 

D R A W I N G  L I S T  

Draw ina No. Rev. No, Tit le  

A-122 1 Weld Prep 
A-124 0 Weld Prep 
A-134 0 Sketch  P la te  
A-135 1 Adapter C a s t i n g  
A-312 0 Baffle P la te  
B-1018 2 Bellows Seal  Globe  Valve 
C-1566 6 Fuel Assembly Adapter 
C-1570 3 Space  Envelope 6 Handling Socket  Locat ions  
C-1575 1 Thermocouple Assembly 
C-1716 1 / dap te r  Handl ing  Tool 
C-1727 0 ERR 28 Assy.  Basket  Support 

P la te  
F-2055, Sht . 1 9 C a s h  Body Fabricat ion De ta i l s  

Sht,  2 5 C a s k  Body Machining De ta i l s  
F-2056, Sht . 1 11 Closurc  H e a d  Fabricat ion D e t a i l s  

S h t . 2  6 C losure  m a d  Machining De ta i l s  
Sh t .  3 9 C losure  Head Assembly 

F-2058, Sh t .  1 3 Shipping Structure Base 
Sh t .  2 3 Shipping Structure Strut Assembly 
Sht .  3 5 Shipping Structure Assembly 

F-2068 1 PNPF Fuel Basket  Machining 
F-2087 3 Misce l l aneous  D e t a i l s  
F-2096 3 Genera l  Assembly 
F-2100 3 PNPF/ERR Fuel Basket  Assembly 
F-2102 5 Liftrng Rin De ta i l s  
F-2279 0 ERR 28 Assy Basket 'Final Machining 
F-2280 1 ERR 28 Assy Basket  Rssembly 

Material  S p e c s  

MS-3100-1 
MS-3100,-2 

O R I ~ I N A T O R ~ ~ .  APPROVED Rwp DATE 
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Studs & Nuts 24Sets 6 Se t s  

Hex Head Bolts 

Hex Head Bolts 

Hex Head Bolts & Nuts F-2058 

Taper Bushins 

Wire Rope Assyas  

Pressure Gaae 
Min . 

ReaOd 100' 

4 .. KNAPP MILLS I N C .  
WILMINGTON, DELAWARE 

PIQUA ELK RIVER REACTORS 
SPENT FUEL SHIPPING CASK 

No.Spares 
No .Per Stock Order When 

Item D e s c r i ~ t i o n  D w _ g , C a  sk Reguired Rema 
Drain & Venf 

Valve Disc  (Teflon B-1018 Disc  2 2 - Valves 

Drain & Ven9 
Valve Stem Packina 8-1018 Packina 2 - 2 Valves 

Accessory 
Rubber "0" Rina F-2056 9 2 2 - Cavity 

Cask  
Rubber "0" Rins F-209 6 5 1 1 - Closure 

Cask  
Rubber " 0 "  Rins F- 209 6 6 1 1 - Closure 

Specify BSB 
Aluminum Rupture Disc  F-205 6 16 1 4 - Lot#150296 

Drain & 
Quick Disconnect F-2056 15 2 2 - Vent 

(Female) F-2055 19 Valve s 
Thermo- 

Receptacle Cover & Gas- C-1515 Cover & 4 1 - couple 
ket  Gasket  Rece~tacle s 
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Loadins a q  

I. Introduction 

The Piqua-Elk River Reactor spent fuel shipping cask  is designed for rail 
shipment between reactor and reprocessing s i tes .  Using special  equip- 
ment and with special  highway permits; it is possible  t o  ship the  cask  
by truck a l so .  The shipping weight of the cask  loaded on the rail car  is 
32 tons.  The loaded cask  less shipping structures weighs 30 tons.  Since 
there is no rail spur available a t  ei ther plant,  the  cask  is brought to the  
c loses t  rail siding, transferred and transported t o  the  reactor site on a 
low - boy truck . 
The containment shell  and equipment airlock design a t  both reactors re- 
quires that the cask be placed in horizontal position for entry through 
the airlock into the containment shell .  Therefore the  cask is designed to 
be handled in both horizontal and  vertical posit ions.  At  the  Piqua re- 
actor,  a special  cask  dolly and loading platform is provided t o  carry the 
cask  through the airlock into the containment shel l .  At  the Elk River 
reactor plant, a cask  dolly is a l s o  used. However s ince the unloading 
level is considerably below the airlock level ,  a n  overhead monorail is 
provided to  ra i se  the  ca sk  and dolly t o  airlock level .  The cask  is then 
rolled through the airlock on ra i ls  in the same manner a s  a t  the Piqua 
Reactor Plant. 

To facil i tate the above described operations, a special  lifting yoke is 
provided that  is used t o  handle the  ca,sk in  the vertical position and 
a1 so for laying down in  horizontal position. The cask  i s  fitted with 
trunnion sockets  a t  the  lower end which engage pivoting trunnions on 
cask  dolly. This trunnion-socket arrangement is provided for rotating 
the cask  from vertical t o  horizontal position on the ca sk  dolly. Since 
there a re  no crane facilities external t o  the  containment $Hell a t  either 
plant, a 35-ton mobile crane is required. Inside the containment shell  
a t  both reactors,  a 30-ton polar bridge crane is provided which is ade- 
quate for a l l  cask  handling operations. 

S 

1 

The following general procedures are  intended to cover the  major operations 
and establ ish the proper sequence of these  operations. Detailed step-by- 
s tep procedures for each  reactor plant, factoring in local  preferences a s  
t o  specific equipment available and methods of accomplishing th i s  type I 

of wo&, must be prepared from these  general procedures by reactor site 
personnel. These general procedures a ssme tha t  the ca sk  h a s  been 
inspected for proper operatin@ condition and shipped to the  reactor site by , 

rail ready to receive the fuel  assemblies  for the particular reactor, When 

ORIGINATOR APPROVED DATE A 5. 1 
. - - . -  . - - - - - - . . . - -. - . - .  -.A&.- 
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Elk-River n a c t o r  fuel is to be shipped, it will be necesrary t o  install  tho 
Elk River adapters in tha dual purpose basket or install the 28 element 
ERR barket  during inrpaction of the cask  a t  the storage facility prior to 
shipment . 

1 . Remove tie-down bolts which at tach shipping structure to rail car.  

2.  Using cask lifting yoke and mobile crane, lift cask  and shipping 
structure a s  a unit from rail car and place on low-boy trailer. 

3. Transport t o  area adjacent to  containment shell  airlock* 

4 .  With no shims under shipping structure base comers  and cask  load 
resting in center of cask ,  remove pins a t  lower end of struts and 
#move boltr a t  upper end, t ie  back struts t o  allow cask  t o  pass  
between struts.  

ELK W R  

5 .  Lift cask  from shipping structure and Lift cask  f rom shipping s t ruc tun  
' place in vettical position on loading and place in vertical position be- 

platform out s ide a irl ock . low monorail. in receiving area.  

6. Warhdown cask  exterior. Wa shdown cask  exterior. 

7 ,  Using lifting yoke, lift cask,engage Using lifting yoke, l if t  cask,  engaga 
cask  lower trunnion sockets with cask  lower trunnion sockets  w i t h  
dolly trunnions and lower cask  t o  dolly trunnions and lower cask  to 
horizontal por  ition. horizontal position. 

8. Opon airlock doors and roll dolly Roll dolly under monorail, hoist 
into oontainment shell .  dolly and cask  as  a unit to 

building floor level. 

Lower dolly onto dolly tracks,  
open airlock doors and roll 
dolly into containment shell .  

9 .  Using lifting yoke, lift cask  from horizontal to vertical position and 
mmovo from dolly. Place in working area in vertical position, 

10. Perfom final cleaning on caok exterior. , 

11. Ramova cloeure head nuts and accessory cavity c m r .  
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: 

11. Leading Procedures (Continued) 

12 .  Attach closure  head lifting lugs .  

13. Engage lifting yoke with cask  and at tach closure head lifting cab les  
t o  lifting lugs .  

14. Lift cask  and lower into loading pool. 

15. Disengage l if t ing yoke from c a s k ,  remove closure head and place 
closure head and lifting yoke on pool floor or in other suitable a rea .  

16. Load fuel assembl ies  . 
/ 

17.  Replace closure head and engage lifting yoke in upper ca sk  trunnion 
socke ts  . 

18. Raise cask  t o  water level  and replace four closure nuts .  

19. Remove cask  from pool, drain water from cask  cavity,  and decontaminate 
external surfaces .  Smear t e s t  surface to  mea sure actlvity . 

2 0 .  Connect portable potentiometer t o  cask  thermocouple receptacle 
terminals and commence recording inner shell  temperature a t  regular 
intervals.  Plot time-temperature curve t o  Indicate approach t o  
equilibrium. Cask must be vented through vent valve during 
approach to  equilibrium . 

2 1 .  During approach t o  equilibrium, sample a i r  from cask  a t  regular inter- 
va l s  for f iss ion product activity.  Select  a i r  flow t o  su i t  a i r  monitor- 
ing equipment avai lable .  Plot activity-time curve to  detect  any 
increa se in activity.  

22 .  When temperature-time curve indicates temperature is "leveling off", 
replace and uniformly tighten remaining closure nuts in alternating 
sequence across  diamete; and rotating 90°. 

f 

23. Close vent valve and pressurize cask  with ~ i r  or inert ga6 t o  5 ps ig .  
Using soap solution check closure sea1,valves and rupture d i sc  for 
leakage.  

24.  Survey cask  external radiation leve ls  on c o  *: i c t  and a t  3 meters. Record 
data . 

I 

i 
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@ I  11. Loadinu Procedures [Continued) 

I .  
h 

25. Compile data from above t e s t s  and check compliance with 10 CFR 72 .45  
and 72.46. Use cask  performance data from t e s t  reaulta t o  predict 
fuel temperatures. t '  

; i 
26.  Close and lock vent and drain valves.  Replace drain valve cover and r 

accessory cavity cover. 

8 

KHAPP MILLS INC.  I 

WILMINGTON, DELAWARE 

2 7 .  Lower cask  into horizontal position, place on dolly and remove from 
containment shell  using previously described procedures. 

PIQUA-ELK RIVER REAC ORS 
SPENT FUEL SHIPPING 5 ASK .. 

28. With cask  suspended from crane approximately 1/4" above shipping 
structure base ,  drop strut and upper ends  against  ca sk  flange and 
install  bolts  in upper end of struts,  Raise ,  lower, and rotate 
cask  t o  align strut holes with ca sk .  Make certain match marks agree.  

2 9 .  With cask  resting on center of base and no shims under corners of 
base ,  tighten bolts a t  upper end of s t ruts  and replace pins a t  lower 
end. Lockwire bolts and pins.  

30. Transport to  rail siding on low-boy and place cask and shipping 
structure on rail car .  Place shims under four corners of base  t o  place 
struts in compression. 

31. Tie down shipping structure t o  rail  car  by bolting and/or welding. 
Ship l if t ing yoke and closure head lifting lugs  in suitable box on 
rail car  with ca sk .  

111. Unloadins Procedures 

1. Inspect cask and shipping structure for any evidence of damage or 
malfunction upon receipt a t  reprocessing site. Wash road dirt  from 
cask .  

2 .  Remove pins from lower end of s t ruts  and bolts from upper ends .  

3.  Tie back struts t o  clear cask  and ,  using l if t ing yoke, remove cask  
from rail car .  Place cask  in wash-down area .  

1 1 .  4 .  Remove accessory cavity and drain valve cover p la tes .  

5. Check cask  temperature and pressure in preparation for cooldawn. 

6. Sample a i r  activity in cask  for f iss ion products to detect  possible  
fuel failure. Select  a i r  flow to su i t  monitoring equipment. 

F 
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KNAPP MILLS We. 
WILMINGTON, DELAWARE 

PIQUA-ELK RIVER REACTORS 
SPENT FUEL SHIPPING CASK 

111. Unloading Procedures (Continued) 

7. Loosen closure nuts but l eave  hand t ight,  

8 .  Using cooldown procedure in COO-1028-2 a s  a guide,  cooldown cask  
a s  required for immersion in unloading pool. Wash down cask  external 
surface during cooldown. 

9. Remove a l l  but four closure nuts.  

10. Install  closure head lifting lugs ,  connect lifting yoke cab les  t o  
l if t ing lugs ,  pick up cask  and lower into unloading pool t o  water l e v e l  

11. Remove remaining four closure nuts and lower cask  t o  pool floor. 

12. Disengage yoke and remove closure head. Place head and yoke on 
pool fl oor . 

13. Unload fuel assemblies .  

14. Replace closure head. 

15. Remove cask  from pool, drain water from internal cavity and place in 
wash down area.  

16 .  Decontaminate cask .  

1 7 .  Replace closure'nuts and accessory cavity and drain valve cover pla tes .  
Remove closure head lifting lugs .  

18. With cask suspended from crane approximately 1/4" above shipping 
structure base,  drop struts against  cask flange and install bolts  
a t  upper end of struts.  Raise, lower and rotate cask  to  align bolt 
holes.  Make certain match marks agree.  

19. Replace and tighten pins a t  lower end of struts.bckwire bolts a t  
upper and lower end of s t ruts .  

20 .  Check rail car tie-down bolts t o  insure they are tight and return 
cask  t o  shipper with lifting yoke and closure head lifting lugs .  

ORIGINATOR APPROVED DATE PAGE O F  5 
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SECTION VII 
Criticality Analysis 

Analysis for Piqua Fuel 
Reports on Elk Riyer Fuel Reactivity 
Report on A/C ~ n a l ~ s i s  of Spiked Elements 
Basket Material Specification MS-3100- 1 
Basket Material Specification MS-3100-2 



GECTION VIII 
MISCELANEOUS CAL,CULATIONS 

I ~ ( j - L l f '  I i ~ ~ b ; ~ i ~ t  )l-/ :I] C<I sk 
I'u1.l P;n I ,? t  lr!li.ll P r  ssur1'-CRR 
Lr . ,~d C x p a l ~ s l o n - N o r  11~11 C 3 1 1 ~ l + t i o n s  
Lead Expansion - Fire Conditions 
Buoyant Force on  Inner Shell durlng Fire 
Basket - Inner Shell Differential Expansion during Fire 
Radiation Streaming after Fire 
ERR 28 Assy .Basket - Thermal Analysis 
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KNAPP MILLS INC PIQUA-ELK RIVER SPENT 
FUEL SHIPPING CASK 

I 1 

I .  Scope  

Th i s  s p e c i f i c a t i o n  c o v e r s  t h e  requi rements  for a n  aluminum a l loy  b i l le t  
frorn wh ich  t h e  Elk River Reactor  s p e n t  fue l  sh ipp ing  c a s k  fue l  
b a s k e t  w i l l  be mach ined .  

I 11. Ma te r i a l  S p e c i f i c a t i o n  I 
a .  The  b i l l e t  s h a l l  b e  forged of comnlercial  G O  b l  a lu~ninum'  ingot  w i th  a 

nonlinal o n e  we igh t  pe rcen t  add i t i on  of Cadmium inc luded  i n  t h e  
b a s i c  a l l o y  t o  ob ta in  a uniform d i s t r i bu t ion  of t h e  Cadmium throughout  
t h e  forged b i l l e t .  ' T h e  forged b i l l e t  s h a l l  b e  de l ive red  i n  t h e  "0" (annea led )  
cond i t i on .  

b .  The forged b i l l e t  s h a l l  b e  f r ee  from v o i d s ,  c r a c k s ,  poros i ty  or  s l a g  
i n c l u s i o n s  wh ich  would b e  v i s i b l e  t o  t h e  naked  e y e  a f t e r  machin ing  

t h e  ex t e rna l  s u r f a c e s  a n d  boring t h e  fue l  c a v i t i e s  i n  t h e  b i l l e t .  

c .  The d i s t r i bu t ion  of Cadmium i n  t h e  b i l l e t  s h a l l  b e  a s  uniform a s  
p o s s i b l e  a n d  i n  no c a s e  s h a l l  any  o n e  o u n c e  s a m p l e  t a k e n  from a n y  

loca t ion  i n  t h e  b i l l e t  con ta in  l e s s  than  0.9 Weight pe rcen t  Cadmium. 

I 111. Billet  D imens ions  I 
The forged b i l l e t  a s  de l ivered  s h a l l  b e  of s u c h  s i z e  t o  a l l ow f in i sh  ma- 
ch in ing  t o  30  i n c h e s  i n  d i ame te r  by I b i n c h e s  long  a l lowing  f o r  sur- 
f a c e  i r r egu la r i t i e s  a n d  su f f i c i en t  s t o c k  removal  t o  g e t  dew; t o  sound  
b a s e  me ta l .  I t  is t h e  b i l l e t  s u p p l i e r s  r e spons ib i l i t y  t o  e s t a b l i s h  b i l l e t  
d i rnens ions .  However ,  i n  no  c a s e  s h a l l  t h e  d i m e n s i o n s  of t h e  b i l l e t  
i f  de l ive red  rough machined  b e  less t h a n  30- 1/2 i n c h e s  i n  d i ame te r  by 
67-3/4 i n c h e s  long .  

rt - IV. Acceptance  T e s t s  

a .  Chemica l  a n d  p h y s i c a l  t e s t s  o n  t h e  de l ive red  b i l l e t  normal t o  com- 
mercia l  work a r e  requi red  t o  a s s u r e  compl i ance  w i t h  t h e  b a s i c  

60 61-0 mater ia l  spec i f i ca t ion .  The aluminum c o n t e n t  of t h e  mater ia l  
may be o n e  we igh t  pe rcen t  l ower  t han  t h e  minimu111 s p e c i f i e d  for a l l o y  
6061 t o  a l low for  t h e  Cadmium add i t i on .  Notar ized  c h e m i c a l  a n d  p h y s i c a l  
test r epor t s  s h a l l  b e  de l ive red  wi th  t h e  b i l l e t .  

b .  During machin ing  Knapp M i l l s  wi l l  c o l l e c t  approximate ly  149 s a m p l e s  
of c h i p s  froin va r ious  l o c a t i o n s  in t h e  b i l l e t .  The  c h i p s  c o l l e c t e d  

wi l l  b e  r educed  t o  o n e  o u n c e  s a m p l e s  a n d  a n a l y z e d  by a n  independen t  
labora tory  for  Cadrnium con ten t .  All s a m p l e s  mus t  comply wi th  
S e c t i o n  11-C of t h i s  spec i f i ca t ion .  
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PIQUA-ELK RIVER SPENT 
FUEL SHIPPING CASK 

TV. Acceptance T e s t s  (Continued) 

c. I t  is recommended, but not mandatory, tha t  t h e  b i l le t  suppl ler  
a n a l y z e  samples  taken from the  b i l le t  external  s u r f a c e s  for 

Cadmium content  a n d  distr ibution prior t o  del ivery of t h e  b i l le t .  
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KNAPP MILLS I N C .  
WILMINGTON, DELAWARE I PIQUA-ELK RIVER REACTORS 

SPENT FUEL SHIPPING CASK' 

I I .  Introduction (Continuedl 

• 

Elk-River reactor  fuel is t o  be shipped,  i t  wi l l  be necessa ry  t o  ins ta l l  t he  
Elk River adap te r s  in t h e  basket  during inspect ion  of the  c a s k  a t  t h e  
s torage  faci l i ty prior t o  shipment.  

I 

Loading and  Unloading Procedures (Continued) 

I 11. Loading Procedures 

I 1. Remove tie-down bol ts  which a t t ach  shipping structure t o  rail  c a r .  

2 .  Using c a s k  l i f t ing yoke and  mobile c r a n e ,  l i f t  c a s k  and  shipping structure 
a s  a unlt  from rail  ca r  and p l a c e  on low-boy trai ler .  

I 3 .  Transport t o  area  ad jacen t  t o  containment shel l  a i r  l o c k .  

I 4 .  Remove "A" frames from c a s k  and  shipping structure.  

PIQUA ELK RIVER 

5 .  Lift c a s k  from shipping structure and Lift c a s k  from shipping structure 
p l a c e  i n  ver t ica l  pos i t ion  on  loading a n d  p l a c e  in ver t lca l  pos i t ion  be- 
platform ou t s ide  a i r lock.  low monorail in receiving a r e a .  

I 6 .  Washdown c a s k  exterior .  Wa shdown c a s k  exterior .  

7. Using l i f t ing yoke ,  l i f t  c a s k ,  engage Using l i f t ing y o k e ,  l i f t  c a s k ,  engage 
c a s k  lower trunnion s o c k e t s  with c a s k  lower trunnion s o c k e t s  with 

I dolly trunnions and  lower  c a s k  t o  dolly t runnions and  lower c a s k  to 
horizontal pos i t ion .  horizontal pos i t ion .  

8 .  Open air lock doors  and roll dolly Roll dolly under monorail ,  hois t  
in to  containment s h e l l .  dolly and c a s k  a s  a unit  t o  

building floor l e v e l .  

Lower dolly onto  dolly t r a c k s ,  
open air lock doors and roll 
dolly into containment s h e l l .  

H 9. Using l i f t ing yoke,  l i f t  c a s k  from horizontal t o  ver t ica l  pos i t ion  and  
remove from dolly.  P lace  in  working a rea  in ver t ica l  pos i t ion .  

n 10.  Perform final  c leaning on c a  sk  exterior .  

hi 11. Remove c losure  head nuts  and  a c c e s s o r y  cavi ty  cover .  
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11. Loading Procedures (Continued) 

1 2 .  Attach c losure  head  l i f t lng l u g s .  

13. Engage l i f t ing  yoke with c a s k  and a t t a c h  c losure  head l i f t ing c a b l e s  
t o  l i f t ing l u g s .  

1 4 .  Lift c a s k  and  lower into loading pool .  

15.  Disengage l i f t ing yoke from c a s k ,  remove c losure  head and p l a c e  
c losure  head and l i f t ing yoke on  pool floor or  in o ther  su i t ab le  a r e a .  

16 .  Load fuel  a s s e m b l i e s .  
6 

1 7 .  Replace c losure  head and  engage l i f t ing yoke in upper c a s k  trunnion 
s o c k e t s .  

18. Ralse c a s k  t o  wa te r  l eve l  and replace  four c losure  n u t s .  

1 9 .  Remove c a s k  from pool ,  drain wa te r  from c a s k  cav i ty ,  a n d  decontaminate 
external  su r faces .  Smear t e s t  surface  t o  measure  activity. 

20.  Connect  portable potentiometer t o  c a s k  thermocouple r ecep tac le  
terminals  and commence recording inner shel l  temperature a t  regular  
in tervals .  Plot t ime-temperature curve t o  indica te  approach t o  
equilibrium. C a s k  must  be  vented through vent  valve during 
approach t o  equilibrium. 

21. During approach to equilibrium, sample a i r  from c a s k  a t  regular  inter- 
v a l s  for f i s s ion  product ac t iv i ty .  Se lec t  a i r  flow to s u i t  a i r  monitor- 
ing equipment ava i l ab le .  Plot activity-time curve  t o  d e t e c t  any  
inc rease  in ac t iv i ty .  

2 2 .  Replace a n d  t ighten remaining c losure  nuts  in accordance  wi th  se- 
quence  in Figure 1 ( to be  developed) .  

23. C l o s e  vent valve  a n d  p ressur i ze  c a s k  wi th  a i r  or inert g a s  t o  5 ps ig .  
Using soap  solut ion check c losure  sea1,valves and rupture d i s c  for 
l eakage .  

24. Survey c a s k  external  radiat ion l e v e l s  on  con tac t  a n d  a t  3 meters .  Record 
data  . 

I 
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Loading Procedures (Continued) 

25. Compile data from above tests and check compliance with 10 CFR 72.45 
and 72.46, Use cask  performance data from test resu l t s  to predict 
fuel temperatures . 

26.  Lower cask  into horizontal position, place on dolly and remove from 
containment shell using previously described procedures. 

27. Place cask  in i t s  shipping structure and install  "A-Frame" braces.  

28. Transport t o  rail siding on low-boy and place cask  and shipping structure 
on rail car .  

29. Tie down shipping structure t o  rail ca r .  

30. Close and lock vent and cyI.ttinvalves, Replace drain valve cover and 
accessory cavity cover. 

111. Unloading Procedures 

1. Inspect cask  and shipping structure for any evidence of damage or 
malfunction upon receipt a t  reprocessing site. Wash road dirt from 
cask .  

2.  Remove shipping structure "A" frame braces and ,  using lifting yoke, 
remove cask  from rail car.  Place cask in wash-down area .  

3 .  Remove accessory cavity and drain valve cover pla tes .  

4. Check cask  temperature and pressure in preparation for cooldown. 

5 .  Sample a i r  activity in  cask  for f ission products t o  detect  possible  
fuel failure. Select a i r  flow to  sui t  monitoring equipment. 

6. With cask  vented through vent valve,  connect steam supply (15 ps i  max.) 
to  drain valve and  commence steam cooldown. 

Note: Detailed cooldown procedures will be developed from - 
test data to be obtained during thermal test program. 

7.  During cooldown, wash down cask  exterior. 

8 .  When cask  inner shell  temperature a s  indicated by cask  thermocouples 
and steam temperature a t  vent valve a re  below 2 0 0 ° ~  and 2 5 0 ~ ~  
respectively, disconnect steam supply and connect water supply t o  
drain valve. 
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9. Complete cooldown operat ion by admitt ing w a t e r  to c a s k  a t  a maximum 
ra te  of 5 GPM . Fill c a s k  a n d  c i rcula te  wa te r  through c a s k  unti l  wa te r  
temperature a t  vent  va lve  is less than 1 0 0 ~ ~ .  

* 

1 10.  Loosen a l l  c losure  n u t s  and  remove a l l  but four of the  nu t s .  I 
11. Ins ta l l  c losure  head l i f t ing l u g s ,  connec t  c a b l e s  to l if t ing yoke ,  p ick  up 

c a s k  and  lower  in to  unloading pool t o  wa te r  l e v e l .  

KNAPP MILLS INC. 
WILMINGTON, DELAWARE . 

I 12.  Remove remaining four c losure  nu t s  and  lower  c a s k  to pool floor. I 

1 
PIQUA-ELK RIVER REACTORS 
SPENT FUEL SHIPPING CASK 

13. Disengage yoke  a n d  remove c losure  head .  P lace  head a n d  yoke on  
pool floor. 

14 .  Unload fuel a s s e m b l i e s .  

I11 .Unloading Procedures (Continued) 

I 15.  Replace c losure  head .  I 
I 16.  Remove c a s k  from pool ,  drain wa te r  from internal  cav i ty  and  p l a c e  i n  

w a s h  down a r e a .  

I 17. Decontaminate c a s k .  

I 18.  Replace c losure  n u t s  and  a c c e s s o r y  cavi ty  a n d  drain va lve  cover  p l a t e s .  
Remove c losure  head l i f t ing  l u g s .  

1 19.  P lace  c a s k  in  shipping structure a n d  rep lace  "A" frame b races .  I 
7 

- 
- 
- 

20. Check ra i l  c a r  tie-down bo l t s  to insure  they a r e  t ight  and  return c a s k  
to shipper.  
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C .  RESISTANCE TO FIRE 

The ca sk  h a s  been analyzed t o  determine its abil i ty t o  withstand the  standard 
one-hour fire t e s t .  Since the  time temperature curve specif ied for the  fire 
t e s t  is based on thermocouple temperatures in a furnace  atmosphere,  i t  h a s  
been necessary  t o  f i r s t  ca lcula te  the  flame temperature or  furnace atmosphere 
which would produce the  thermocouple response  specif ied for the  standard 
one-hour f ire.  This h a s  been done in the  ana ly s i s  and  a time temperature 
curve of the  furnace atmosphere h a s  been developed.  This curve is t h e  b a s i s  
for computing the  heat  flux t o  which the  ca sk  is subjected.  

The effect  of t h i s  fire atmosphere on the ca sk  h a s  been calcula ted us ing two 
bas ical ly  different approaches .  Fi rs t ,  the  c a s k  is t rea ted a s  a mas s  of l ead  
and s tee l  of infinite thermal conductivity. This approach yie lds  upper limit 
internal temperatures because  no credit  is taken for t he  insulat ing effect  of 
the  lead shielding.  The result  of t h i s  ca lcula t ion is used  in further ana ly s i s  
of fuel temperatures a t  the  end of the  f ire.  The second approach considers  a 
unit area of c a sk  outer shell  subjected t o  the  fire atmosphere and ,  by using 
a n  i terat ive p rocess  considering the variation in f ire temperature and  c a s k  
temperature, the  temperature gradient through the  ca sk  wal l  is ca lcu la ted ,  
This ana ly s i s  y ie lds  t he  maximum outer  shel l  temperature to  be  expected and 
the  resu l t s  of t h i s  approach a r e  used  t o  further evaluate  structural integrity 
of the  shield envelope.  

The resu l t s  of the  f irst  ana ly s i s  y ie lds  a bulk temperature of 78S°F. This meants 
that  the upper limlt temperature of the  fuel basket  a t  the  end of t he  one-hour 
fire would be  78s°F. The temperature inc rease  due t o  decay hea t  r e l e a se  is 
negligible because  the  heat  capaci ty  of the  fuel and  basket  is such tha t  the  

!k temperature inc rease  due t o  t h i s  heat  source is l e s s  than 5o0F during the  
one-hour f ire.  Using the temperature d i f ferences  ca lcula ted in  the  thermal 
ana ly s i s ,  pages  9 through 26, t he  upper limit fuel temperatures  a t  the end  
of the  one-hour fire can  be  calcula ted.  In the  c a s e  of Piqua fuel ,  t h e  temp? 
erature difference between fuel and basket  previously calcula ted w a s  2 3 1 y  
that  for the  Elk River fuel w a s  313O~. Adding t he se  temperature differences 
t o  the  7 8 5 ' ~  basket  temperatures g ives  an upper limit fuel temperature of 
1016'~ for Piqua fuel and  1098 '~  for Elk River fuel .  This is a conservat ive  
extrapolation because  the  temperature differences previously calcula ted 
would be  l e s s  due t o  increase  in the  radiation mode of heat  t ransfer  a t  higher 
temperatures. 

In the  c a s e  of the  Piqua fuel ,  cladding fai lure is not l ikely t o  occur  because  
the melting point of the  c lad  is 1200 F and  the  upper limit cladding temper- 
a ture  est imated is 1 0 1 6 ~ ~ .  In the  c a s e  of Elk River fuel ,  t h e  internal p ressure  
in the  fuel p ins  due t o  f i ss ion g a s  and  helium a t  1098 '~  is approximately 425 
p s i .  The induced s t r e s s  in  the  fuel pin cladding under t he se  condit ions is 
4400 p s i .  These  va lues  a r e  based on 10,000 MWD/T burnup and  10 % f i s s ion  
g a s  re lease .  (See data in Mlsc .  Calcula t ions  Section). The t en s i l e  strength 
of t he  304 SS cladding a t  1 1 0 0 ~ ~  is greater  than 50 ,000  p s i .  Therefore, a n  
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adequate margin of safety on cladding failure e x i s t s  a t  the end of the  on@-hour 
fire.  As a n  added consideration, i t  is noted that  even i f  cladding failure should 
occur,  the  total 1-131 content of the  ca sk  that  could be re leased is far lass than 
10 curies (See Misc . Calculation Section) . 
The resul ts  of the calculation of the  temperature gradient through the cask  wall 
indicate a maximum outer shell  temperature of 1260 '~ and a n  innershell temper- 
ature of 660'~. This means that  complete melting of the lead will occur, and 

The differential a p a n s i o n  is provided for by p las t ic  deformation of the shield 
envelope. This is a completely sound concept and eliminates the undesirable 
effects  of providing large expansion spaces  within the  shield envelope. The 
pla stic deformation required t o  accommodate the differential expansion is less ' 
than 2% which is far less than would be required for failure of the shield envel- 
ope material. The internal presoure in the shield envelope is a l s o  minimized 
because of the fact  that the internal pressure is solely governed by the yield 
strength of the outer shell  which is considerably reduced a t  the calculated outer 

because it is well supported by the fuel basket .  Deflection of the  flat p la te r  
in the closure head and the  bottom of the  cask  cavity is a l s o  of no concern 
because in  both a r eas  the  worst c a s e  conditions a r e  still far from the  failure 
point. Therefore it is concluded that  the  cask  is capable  of withstanding the 
one-hour fire without rupture of the shield envelope or uncontrolled re lease  of 
radioactivity. 

APPROVED 
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D. SHIELDING ADEQUACY 

The cask  and closure head shielding h a s  been designed to  meet requirements 
of 10 ~ r / ~ r .  a t  three meters from and 200 ~ r / ~ r  on contact  with any acces s -  
ible  surface. For the radial shield,  10 ~ r / I i r  a t  three meters i s  limiting; for 
the closure head and cask  bottom , 200 ~ r / ~ r  on contact  is limiting. Shield- 
ing calculations a r e  based on infinite operation a t  full power and 120 days 
decay time prior t o  loading. The resul ts  of the calculations indicate that  8-3/4" 
equivalent lead i s  required in the radial shield,  7-1/2" equivalent l ead  in the  
closure head and 8" equivalent lead in the cask  bottom. In the final closure 
head drawings a n  extra 1/2" of lead has  been included to  reduce radiation 
levels  approximately a factor of two on the closure head. This is t o  reduce 
radiation exposure of personnel during cask  unloading a t  the reprocessing 
s i te .  

The lead shielding i s  metallurgically bonded to  the inner and outer she l l s  of 
the cask body and the closure head. This improves structural integrity of the  
cask and insures that the shielding will remain in i t s  intended position over 
the l i fe  of the cask.  All penetrations a re  curved or stepped to eliminate the 
possibility of radiation streaming through the shield. A small void space i s  
provided a t  the bottom corner of the cask  to  provide for the small amount of 
differential expansion between the steel  and lead shielding in going from 
ambient to  operating temperatures. 
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KNAPP MILLS INC Piqua-Elk River Reactors 
Spent  Fuel Shipping C a s k  

I A preliminary a n a l y s i s  of the  c a s k  loaded with 19 Piqua or  19 Elk-River fuel  
a s s e m b l i e s  indicated t h a t  the  load of Piqua e lements  is l imit ing wi th  r e s p e c t  1 

e 

t o  cr i t ica l i ty .  Further a n a l y s i s  of t h e  Piqua condition showed t h a t  t h e  need 
for a neutron poison w a s  marginal.  Therefore t h e  dec i s ion  w a s  made to in- 
c lude  a neutron poison i n  the  aluminum fuel baske t .  The poison s e l e c t e d  is , 
Cadmium which is a l loyed with the  6061 aluminum bil let  from which t h e  basket 
will  be  machined. Addition of t h e  neutron poison to t h e  baske t  provides more 
than adequa te  safe ty  margin for the  loading of Piqua a n d  Elk-River fuel  asrem- 
b l i e s  a n d  a l s o  provides for future u s e  of t h e  c a s k  with higher fuel  enrichments.  
The basket  material specif icat ion ca l l  s for o n e  weight  percent  nominal Cadmium 
addit ion with 0 . 5  weight  percent  minimum in  any  sample.  Approximately 100 

E . CRITICALITY CONTROL 

samples  wil l  be  taken from various a r e a s  during machining of t h e  baske t  a n d  
t h e s e  samples  wil l  be  analyzed for Cadmium t o  determine compliance wi th  
specifics t ion.  

Since  the  Piqua c a s e  is limiting,a deta i led  a n a l y s i s  of t h i s  condit ion wi th  
0 . 5  w/o Cadmium added t o  t h e  baske t  w a s  performed. Two methods of analy- 
sis were  used  a n d  both methods were  checked for val idi ty a g a i n s t  cr i t ica l i ty  
data  f u w s h e d  by Atomics International .  Both methods agreed  within 0 .04b I (  
However, t o  be safe, t h e  method predicting t h e  h ighes t  Keff w a s  u s e d  a s  t h e  
des ign va lue ,  An a n a l y s i s  of t h e  c a s k  without Cadmium present  w a s  also 
performed for addit ional  information. The r e s u l t s  of the  ca lcu la t ions  are as  

I follows: 

Condition - ke f f 
Cask  Unpoi soned 0.824 
Cask  Poisoned-0.5 w/o CD 0.722 

No deta i led  a n a l y s i s  of the  c a s k  loaded with 19 normal Elk-River e lements  was 
required s ince  start-up data from t h e  plant  h a s  shown tha t  the  minimum number 
of e lements  required for  cri t ical i ty is 30.  Therefore the  requirement tha t  t h e  
c a s k  load not exceed  75% of the  minimum number of e lements  required for 
cri t ical i ty is met and no  further a n a l y s i s  is required.  This  a p p l i e s  only to 
t h e  4 . 3 %  enriched normal Elk-River e lements .  Even though there is no in- 
tent ion of loading t h e  c a s k  with 5.2% enriched spiked e lements ,  Allis-Chalmsrll 
in  a n  independent a n a l y s i s  h a s  considered t h i s  condition . They have reported 
tha t  a s  few a s  20 spiked e lements  c a n  be cr i t ica l  a n d ,  therefore,  the  c a s k  loaa 
e d  with 19 spiked e lements  would be  marginal with respec t  t o  safe ty .  In t h e  
Allis-Chalmers a n a l y s i s  no credit  is taken for Cadmium i n  t h e  aluminum basket. 
However, they do  consider  the  poisoning effect  of the  aluminum al loy I t se l f .  
The resu l t s  of their  ca lcula t ion yield a keff of 0 .88 with no speci f ica t ion a s  
t o  the  uncertainty factor  t o  be appl ied  t o  t h i s  va lue .  However, based o n  t h e  
Piqua a n a l y s i s ,  i t  is expected tha t  t h i s  va lue  would d e c r e a s e  approximately 
0. lOaK by considering the Cadmium presen t ,  a n d  therefore t h e  c a s k  is s a f e  
with respec t  t o  cri t ical i ty even  if loaded with t h e  5.2% enriched Elk-River 
e lements .  
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An important objective of the cask  design h a s  been to  develop a decay heat  
removal system adequate t o  limit fuel temperatures under normal conditions 
and without liquid coolants t o  acceptable leve ls .  This h a s  been accomplished 
by placing the fuel assemblies  in close fitting cavi t ies  in a cylindrical alum- 
inum basket ,  A controlled clearance gap, adequate for removal and replace- 
ment of the  basket ,  is provided between basket and cask  cavity.  After fuel 
i n  loaded and the system temperatures reach equilibrium, the differential ex- 
pansion between the basket and innershell c lo ses  the  gap thus  providing 
efficient conduction of heat  from basket to innershell.  The heat  is then trans- 
ferred by conduction through the ca sk  wall t o  the outer shell  where i t  is d iss -  
ipated by natural convection to the surrounding a i r .  The lead  shielding is 
metalurgically bonded t o  inner and outer she l l s  t o  eliminate thermal res i s tance  
a t  these  interfaces. 

F . DECAY HEAT REMOVAL 

4 

The cask  design has  been analyzed with a full load of both Piqua and Elk-River 
fuel to determine fuel temperatures in a n  air-filled, unpressurred cask .  In 
both c a s e s  i t  h a s  been assumed that  the fuel h a s  operated a t  full power for its 
design l i f e  (640 days-Elk River, 515 days-Piqua) and allowed t o  decay 120 days  
prior to loading. The maximum temperatures calculated a re  a s  follows: 

P iqua Elk River 
Fuel -OF 59 0 61 8 
Outer Shell -OF . 181 166 

The fuel temperatures do not exceed corresponding reactor operating tempera- 
tures.  Therefore, the cask  can  be shipped normally dry. 

Considering the effect of solar heating on one s ide of the c a s k ,  the  local  max- 
imum outer shell  temperature in the finned area is 1 9 ~ ~ ~ .  The temperature 
drop in  the  &in is approximately lo°F which gives a access ib le  surface temper- 
ature of 187 F. This temperature would require that  h guard rail  or screen be 
placed around the ca sk  during transport t o  protect personnel . However, aince 
it is expected that  test resul ts  will show sufficiently improved thermal per- 
formance to  eliminate th i s  problem, the decision on the protective guard rail 
or screen requirement will be deferred until test resul ts  a re  available.  
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G .  TEST PROGRAM 

A test program wi l l  b e  carr ied out  on  t h e  c a  sk  sys tem to demonstrate adequacy  
in  a l l  a r e a s .  This t e s t  program wi l l  cover  the  following major areas :  

1. Shielding Inspect ion  
2 .  Mechanica l  Fit of Mat ing Par ts  d(8 

3 .  Hydrodstat ic  Tes t  for Structural Integrity 
4 .  Leak Tes t  for Leak Tightness  
5 .  Thermal Tes t  
6 .  Handling Tes t  

These  t e s t s  wil l  be  carr ied out  during manufacture and  final a s sembly  a t  t h e  
appropriate t imes .  Detai led procedures wi l l  b e  prepared for the  Shielding 
Inspect ion  a n d  Thermal T e s t s .  Other t e s t s  wil l  b e  covered by normal Quali ty 
Control check-off lists. 

The scope  of the  tests outl ined above is a s  follows: 

Shieldinq Inspect ion  

The c a s k  body a n d  c losure  head  wi l l  be  inspec ted  for sh ie ld  soundness  by 
t h e  Knapp patented  gamma probing p r o c e s s .  This  p r o c e s s  ut!lizes a high- 
s t rength ,  high energy radioact ive  source ,  a sc in t i l la t ion  type de tec to r ,  spec* : 
trum analyzer  a n d  str ip-chart  recorder.  Nominally 100% of the  c losure  head  
and  c a s k  wa l l  sh ie ld ing wi l l  be  inspec ted  excluding loca l  p ro jec t ions ,  pene- 
t r a t ions ,  sh ie ld  d i scon t inu i t i e s ,  etc. Inspect ion  of the  c a s k  bottom shie ld ing 
by t h e  gamma probe p r o c e s s  is not required.  Shield soundness  in  t h i s  a rea  is 
a s s u r e d  by wi tness ing  pouring and  shrink-cooling opera t ion .  This  is p o s s i b l e  
b e c a u s e  the  c a s k  is poured in a n  inverted pos i t ion  with the  bottom p la te  re- 

PDvQlY m o v e d . b d e r  t h e s e  condi t ions  ,,can%e c l o s e l y  control led and observed elim- 
ina t ing  the  poss ib i l i ty  of voids  in  t h e  sh ie ld ing.  All a r e a s  inspec ted  by t h e  
gamma probing p r o c e s s  in  which t h e  radiat ion l eve l  ind ica tes  a 5% or  grea ter  
loss in  shielding t h i c k n e s s  wil l  be  further inspec ted  in d e t a i l ,  evaluated  to 
determine ef fec t  on  overal l  sh ie ld  adequacy and  a report with recommended 
repair  procedure,  if required,  submitted for approval .  

MECHANICAL FIT OF MATING PARTS' 

A l l  components  wi l l  be dimensionally inspected  in the  normal Quali ty Control 
coverage  of t h e  equipment.  Speci f ic  emphas i s  wi l l  te placed on proper fits 
in t h e  following areas :  

(a) Fuel baske t  in  c a s k  
(b) Adapters in  Fuel Basket 
(c) Piqua dummy fuel a s sembly  in baske t  
(d) Elk River dummy fuel  a s sembly  in  adap te r  
(e) Closure  head to c a s k  body 
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(f) Lifting yoke t o  cask  
(g) Cask to  cask  dolly 
(h) Cark  to shipping structure 

KWAPP MILLS IWC. 
WILMINGTON, DELAWARE 

The required dummy fuel assemblies  and cask  dolly will be supplied by 
COO-AEC for the t e s t  program. 

p i q u a - ~ l k  River Reactors 
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JFYDRQSTATIC TEST 

The assembled cask  and closure head will be subjected to  100 Psi  Hydrostatic 
Test  to demonstrate adequate structural strength and leak t ightness  . The 
pressure will be transmitted t o  the  internal cavity through the rupture d i sc  
bottom flange with d i sc  removed s o  that  a l l  valves and fi t t ings,  except 
rupture d i sc ,  can be inspected under pressure.  

LEAK TEST 

Following the Hydrostatic Test the assembled cask  and closure head will be 
leak tes ted  a t  5 Psig using a i r  and soap solution. This will demonstrate leak 
tightnos8 under normal' conditions of transport. 

THERMAL TESTS 

The thermal performance of the cask  will be demonstrated by placing 19 
electrical  heaters in the basket assembly and operating a t  various power 
inputs up to the design value,  For th i s  t e s t  the Elk River fuel adapters will 
be in place an8  both adapter and basket temperature will be measured . A 
t es t  head with required heater and instrumentation penetrations will be used 
in place of the  closure head. The tes t  head will be insulated to  simulate 
actual  closure head with respect  to heat loss through the head. 

Since the cask  is shipped normally dry, the primary objective will be to prove 
adequacy under dry conditions. However, t o  provide additional data for 
cooldown operations and possible  future u s e  of the cask  with liquid coolants ,  
cooldown t e s t s  and t e s t s  with the cask  water-filled will be performed. The 
objective of the cooldown t ea t s  will be t o  provide data for detailed cooldown 
procedures. The objective of the  wet t e s t s  will be t o  determine decay heat 
removal capacity of the  cask  vs .  coolant temperature and pressure.  

The resul ts  of the tests will be combined with analytical  calculations t o  
'estimate fuel temperatures under design conditions. Based on observed 
basket and adapter temperatures, fuel temperatures will be recalculated 
to  provide the beet possible prediction under dry conditions. 

W D L I N G  TESTS 

Upon completion of the cask  assembly and lifting yoke, the  adequacy of the  
proposed procedure for handling the cask  in  the vertical position and 
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rotating from vertical to  horizontal position wi l l  be demonstrated. This wi l l  
be accomplished using the actual cask dolly and ljfting yoke .  
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