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WHAT MAKES THE T0L-0-MAT1C CABLE 
CYLINDER SUCH A SMOOTH OPERATOR?

This drawing shows what goes inside our cable 
cylinders ...and here's what goes on inside: pneumatic 

or hydraulic pressure applied to either side of the 
piston propels it within the cylinder. The piston pulls the 

cable around the pulley, delivering a smooth, forceful 
motion to the load or mechanism attached to the bracket. 

Our pulleys are precision grooved to fit the radius of the cable 
and equipped with shielded ball bearings* to reduce friction and 

give you maximum load capacity. The Tol-O-Matic cable cylinder:
it's a smooth operator.
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gear motors are me o»vy parallel 
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G.O. or CHARGE NO.. PROJECT.

SUBJECT 77wL '2.0.) T^ijzht^rrtJioC^ ^ f tyiQrt'lZ*

^PAuJOj/SS-.. r*cu-t

T«3K <0.1

HOPirUP WECMVlMC * iuhplimo r«rTt TTT
PBELimHAHI COWCEPT DEVtLOPtgWT

ActlTlti** A* ka parfarfcaa kp th* Cantrartpr akal 1 Include PPullaimry
layouts, front and engineering and design docuaent preparation to fora
• kaaallna far kn« raiiaw an praeuaaaM «*«*•„ a rr, . ytia park a Kali
Include the folloulng activities:

o Prepare building arrai^enenta and trade-offs to establish Modified 
building configuration

e Prepare aabei ial ana praaaaa Plow dlagrasa with M*aalal Kalannaa 
and operation tines to support building arrangenent development

o Develop prellnlnary handling concepts for repoaltory overpaca 
and loadout cell

o Conduct thernal and criticality analysis to support lag
etaraga aanflguratlan.

o Revise Basis for Design In accordance with Modified requlrenent*

SIGNATURE Ppcu. p/tJb
DATE TRB NO. Rj4~3UjUj~Ol RAGE 24,

c/*r*‘fe£' dy:
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TASK 28.Z

MODIFItP MAS FACILITT DE3IC8

Th* t*ehnical r*qulr*arnta of th* ModlflM MRS Facility art aa stated b*l*w.

—- Th* has* case Modified MRS Facility shall be designed to receive and ship sr -
atera a alnlaua of 3600 aetrlc tons of uranlua (MTU) per year prlaarlly as 
spent fuel and a aaall aaount of ( 20 MTU/yr equivalent) as RLtf. Xt Mill

____ have a base case In-hulldlng, open cycle vault, lag storage capacity of 300
■etrlc tons of consolidated fuel In canisters, plus sealed storage cask 
storage capacity of 15,000 M1U of spent fuel and a aaall aaount ( 100 MTV

. equivalent) of HLV. Design shall assuae a spent fuel ala of 601 PVR/S01 888
by welgnt, based on 0.462 MTU per PWR asseably and 0.186 MTU per BWR asaeably.

-—t jt oust also be capable of retrieval, everpack aa required, and ahlpaent of *t~
__1 least 3600 MTU or equivalent per year of spent fuel and Mast*. Receiving and _

shipping uill be concurrent at these rates.

Surge capacity shall be Included In th* design of recalving, handling, and 
storing systems to obviate th* Japacta of credible offsite and onsite ala*

— - ruptions of spent furl, waste, and aaterlal flow*. _

T* Hot cell space shall be Included to accoaaodate everpack equipment capable 
I of sealing consolidated fuel canisters In a repository type everpack. The 
\ equipment Is not included In th* design scope at this tiae.

I
-h-

The Modified MRS Facility Bust also satisfy the following requlreaentst

c licensed by the Nuclear Regulatory Coaalaalon (NRC) per 10 CFR 72 or 
other appropriate regulations (20-year license, renewable)

» «*?»*!• *r eM-*<ving at least 12,400 fuel asaeablles',(60 wt% pWR/40 
wt> BWR) or any combination of spent fuel, HLM ana shtiiu auusvelmt 
to 3600 MTU per year of spent fuel. Including up to the equivalent^- 
of 1500 MTU per year as HLW and RHTAU ^

o capable of receiving cask shlpoents by both rail and truck, 50/S0% 
split -*

o capable of receiving and shipping spent fuel and HLW In shipping , 
casks weighing up to 123 tons''and transportable octal storage casks 
(dual purpose casks)

o capable of receiving. Inspecting, and asternal decontaalnating 
sealed transportable awtal storage (dual purpose) casks and trans­
ferring them to the storage facility

o capable of leaping and unloading shipping casks and containers; 
decontaainstlng shipping cask aatsrlors, shipping containers and 
vehicles; and treating wash watar and other waatas for disposal

SIGNATURE

v-
DATE TRB NO. FH-JjUihO/ PAGE ^-7
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IMiriM HRS rms.HXXy Pmmlm" 
Hi* s

• eapabla of saftljr storing for offslts Slaposal all low>lavcl 
radloactlva waatea rasultlng Pros operatlona at tha facility 
while handling spent fuel, HLV and THU

e capable of handling fuel aaseobllea up to 19 feet 0 Inchea long 
with cross aectlons up to 9 Inchea by 9 Inchea

o capabla of handling'canisters up to Id feet 0 inches long oontsin^
Xng intact fnal asaeablles

o capable of oalntalnlng spent fuel cladding surface teoperaturaa In 
storage below J75*C In an Inert gas environment

• napaht* nr handllnc canisters of HLV, ceopaeted fuel hulls and WTIRl, 
up to 19-feet long and from 0.9- to 2.9-feel in aicaev«r_auu_avi«uin« 
as auch as 16,000 pounds

o capable of maintaining HLV container surface temperature below 379*C 
when stored in air, and,boroslllcate glass canterllne temperature 
below 900*C

o capable of performing the following operations on spent fuel prior
to shipping: ' ‘ •

- examine and Identify fuel

- place tuei asseaullea lu aanlatara, baakTll) with Inert saa.
seal-weld, leak test, decontaminate, and label canisters , - » .

* -" .>
- disassemble fuel assemblies, consolidate fuel rods In canisters, r 

fill canister with Inert gas, aeal-weld, leak-teat, decontaminate, 
and label canisters

Mv» eanlaters received from offsite

- compact fuel asseably hardware, place In canisters, seal-weld, 
leak-test, decontaminate, and label canisters

- place canisters of spent fuel In lag atorage awaiting shipping

- place canister of spent fuel in sealed storage casks for ex­
tended onsite storage

- retrieve consolidated fuel canisters from lag storage and/or 
sealed storage casks and load Into shipping casks for shipment 
offsite

o capable of receiving. Identifying, decontaalnating, and checking 
for leaxagc or canietere or hlw, everpa-win* defective canisters 
and labeling canisters as required

M-

■ i
I I

1 : i i
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SUBJECT

ModirUd HRS raclllty 0»«l«n 
Pa«« 3

• capable or receiving, InapawtliiO, ia«ntirylng, *«*ppa*l>lns •» m. 
pairing, Cacentaalnatlng, labeling, and ataring packagaa of MTRU

o capable of routine no filtering and/or Inapactlng both tha stored 
uaste package ana vne ebvr«g« be •»•»••• the eeretp •* the
public, operating personnel, the envlronaent and the facility

o capabla of being decosNlasloned

I I !

J--- ----

o-tu

(t-fc&iLAtLcL U<J S*^_ /Y)&£ rT^/^STY. jjUZuwtJutlbl

iforUs sn ^

__ f—

Loss of worker productivity • 1 hour/shift

Maintenance (scheduled and unscheduled) and 
minor decontamination f l.S days/week

Major decontamination f 20 days/year

Tool changeout f 2 days/month

1,095 hours/year

1,872 hours/year 

480 hours/year 

576 hours/year 

4,023 hours/year

&L<UL<zf cr>^ ^
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TABLE F-l
ESTIMATED PROCESS TINES FOR SHIPPING CASKS

II.

‘Assumes 3 HLW canisters per rail cask. 
♦•Assu .es 1 HLW canister per truck cask.

0920v-49w:2 
(F4030) 92

Rail Casks Truck Casks
Hrs. Mins. Hrs. Mins.

RECEIVING

A. Position cask transport vehicle 
for cask off-loading

IS 10

B. Remove cask tie downs. Impact 
limiters, and personnel barriers

1 0 45

C. Complete preparations for cask 
off-loading

30 20

0. Position cask lifting yoke - 
rotate cask to vertical and 
place on cask cart

35 35

UNLOADING

A. Remove cask valve covers - 2 • 0 1 35
Install gas sampling/venting 
system - take gas samples and 
vent cask - remove outer cask
cover (If necessary) - Install 
shleld/contamlnatlon barrier 
adapter - untorque Inner 
closure bolts

B. Move cask (on cart) Into unloading 
cell; engage contamination barrier, 
close shadow shield and shield door

20 20

C. Remove cell entry port 
shield plugs and remove cask
Inner closure

40 30

0. Unload cask

Spent fuel
20m/PWR fuel assembly 4 0 40
15m/BWR fuel assembly 8 0 1 15
Isro/HLW canister 45* 15**
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TABLE F-l
ESTIHATEO PROCESS TIMES F.OR SHIPPING CASKS (Continued)

Rail Casks Truck Cask*
Hrs. Mins. Hrs. Mins.

III. DISCHARGE 

A.

0.

E.

Inspect cask - replace Inner 
closure - replace entry port shield 
plugs

Open shadow shield and shield 
door • disengage contamination 
barrier - move cask Into 
decon area

Complete Inner closure 
Installation - remove shield/ 
barrier adapter - survey for 
contamination - decon If 
necessary. Replace outer cover 
(If necessary)

Hove cask to transport vehicle 
and rotate to horizontal - 
remove lifting yoke

Install cask tie downs Impact 
limiters, personnel barriers, 
etc.

Complete preparations for cask 
and transporter discharge

1 15

20

45

20

2 30 2 0

35

1 0

30

35

45

20

TABLE F-2
ESTIMATED PROCESS TIMES FOR FUEL ROD CONSOLIDATION

PWR* BWR*

*Process times are based on consolidating and loading fuel rods from three PWR 
fuel assemblies or seven BWR fuel assemblies Into a storage canister.

-
Hrs. Mins. Hrs. Mins.

-■------

1. Load fuel assemblies 45 1 45
;-- (if fuel assemblies.are In lag

storage) --- :+ J----

2. Olsassemtle fuel 2 30 5 25 . J !
\

3. Consolidate fuel rods 1 10 1 35 l 1

4. Load fuel rods In canister 15 15 f
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-w



G.O. or CHARGE NO. 

SUBJECT
fA)b^L t&*U**l ^ Z^r<

. PROJECT. /V/77/PS
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TABLE F-3

ESTIHATEO PROCESS TIMES FOR ENCAPSULATION OF SPENT FUEL

•----- —!----- • Hrs. Mins.

__ ^ ^
Rotate canister and place In evacuation chamber S

:______ L... 2. Evacuate canister and backfill with Inert gas - 
weld closure lid

2a

3. Decontaminate and Inspect (leak check and ultrasonic 
exam of weld)

1 35

4. Survey canister for contamination - move to lag 
storage cask, to concrete cask, or to transfer 
shield (drywell concept)

25

—
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o Each process cell entry port 1s served by a rail-mounted cart that Is 
used to move the shipping cask from the Receiving and Inspection Area 
and to position It below the entry port for unloading.

o Consolidation operations will be performed In parallel on either three 
PWR fuel assemblies or seven BWR fuel assemblies.

o Spent fuel storage canisters will contain one of the following:

- .fuel -rods ^from three PWR fuel.assemblies ^
- fuel rodsfrom seven BWR fuel assemblies
- one IntactPWR fuel assembly
- two Intact BWR fuel assemblies

-- ^ ........... i

o Spent Fuel, HLW, RH TRU, and on-s1te generated waste that could 
possibly contain spent fuel residue or TRU will be stored In either 
concrete casks or drywells.

r

o Each concrete cask will contain one of the following:

- Twelve canisters of .consolidated spent fuel*

- Twelve canisters of Intact spent fuel^
Note: Intact and consolidated spent fuel canisters could be stored 
1n the same concrete cask If necessary.

- Five HLW (Base Case) canisters'

— - Fifteen 55-gallon drums containing non-fuel waste generated by the
"t consolidation process
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# Each drywell wIlTcontaln one of the following:
#

% -

- One canister of consolidated or Intact spent fuel
- One HLW canister
- Five 55-gallon drums of secondary waste.

—1—
1

r ■■ » *----
! 1 i i

; j i 1 ; | ;
: ! . 1 j ! i

" fi j i
1
j <L 1  *

-U i L <

Either thirty-five or forty-five (depending on specific activity) 
55-gallon drums containing on-site generated waste such as first 
stage HERA filters.

i !

!
H—1-

1---- ^ i i T
Estlmated times for receiving, unloading and discharging truck and rail casks 
are presented In Table F-l. The operations are assumed to begin with release 
of the cask and transportation vehicle from the washdown area of the facility 
and to terminate with the cask remounted on the transportation vehicle ready 
for discharge from the Receiving and Inspection Area. v

Table F-2 presents estimated times for consolidation of PWR and BWR fuel 
assemblies. In developing diagrams to demonstrate the timed Interaction of the 
various operational steps, the given times to load fuel assemblies Into the 
consolidation equipment were, 1n some cases, combined with the times for cask 
unloading operations.

Table F-3 presents estimated times for encapsulation of the spent fuel. 
Inspection and decontamination of the storage canister, and placement of the 
canister In lag storage or directly Into a concrete cask. For the dry well 
storage concept, the canister Is loaded either Into lag storage or directly 
Into the transfer shield.

T

SIGNATURE DATE TRB NO. PAGE

4
1
i
i

-3-0<T

34







G.O. or CH:

SUBJECT

£ \ *

TRB NO. _J£LDATESIGNATURE _!i

i

*
^ f
1

4
!i!
1



cT A ^
ni J «S* S*

TRB NO. RhL-3UJM-tn/ PAGE ^/Z-DATE LSIGNATURE



G.O. or CHARGE NO.. PROJECT Mni/Z ^
SUBJECT

r

— As shown on Figure F-l, the PWR canister production rates are limited by
approximate utilization of cask carts, while BWR canister production rates are

_ limited by the consolidation process times plus time for loading fuel
assemblies Into the disassembly upender.

Figure F-2 shows production rates achievable when all spent fuel 1s received
:  in rail casks containing either 12 PWR fuel assemblies or 32 BWR fuel
— assemblies. For this case, the maximum production rate for PWR storage
I ?~ canisters Is 4 hours and 50 minutes, while the production rate for BWR storage 

canisters remains the same as for truck cask shipments - 9 hours. Both PWR and
__ BWR canister production rates are limited by the consolidation process times

plus time for loading fuel assemblies Into the disassembly upender.

J—L ------ L
! !
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In determining the throughput capacity of the MRS conceptual design. It was 
assumed that the facility is operational for three shifts per day, 365 days 
per year, or a total of 8,760 hours per year. The definition of efficiency, 
as used 1n this study, represents the processing hours as a percentage of 
total available operating hours (8760 hours per year) required to meet the 
base case through-put requirements for the facility.

•e

Using the canister processing rates developed from Figures F-l and F-2, the 
cell efficiencies that must be maintained to achieve the annual
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(4) The HLW and RHTRU equivalent to 1,500 MTU of spent fuel is assumed 
to be received as follows:

HLW canisters (T dia x 10' long): 705
RHTRU canisters (2' dia x 10' long): 555 
RHTRU drums: . €99
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Table 1.5-1 - Reference Casks and Containers —

----r*i i 1
♦

Shipping Shipping Assemblies/Canisters —

? , } Material Mode Container per Shipment
- —- Spent fuel Truck NLl-l/2a 2 PWR or 5 BWRa —

Rail TN-12 12 PWR or 32 BWR ...... _

High-level Truck NLI-1/2 1 canister -

wastes —

i Rail TN-12 5 to 8 canisters —

RHTRU special Truck HLW-Tb
*

1 canister
canister

HLW-Rb
. __^ Railc 5 canisters

RHTRU drums Truck CNS 14-170d 14 drums -
- ■ ~ < 5 R/hr

CNS 14-170d'— ^ Rail0 42 drums —

RHTRU drums Truck CNS 7-100d 7 drums
>-5 R/hr

Rail0 CNS 7-100d 21 drums
CHTRU wastes Truck TRUPACT 36 drums or f boxes

Rail6 TRUPACT 72 drums or 4 boxes

aNot yet approved fo** this loading. Assume new cask configuration will be 
similar to existing configuration. 

bNot yet built.
cAssumes three shipping containers transported per railcar. 
d0nly for use for material of low specific activity. 
eAssumes two truck TRUPACT versions transported per railcar.
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In order to assess Integration of the production rates In the receiving and 
handling building process cells with those of the storage facilities, 
estimated times for processing concrete casks and for drywell emplacement of 
canisters or other waste forms are given In Tables F-5 and F-6. Comparing the 
processing rates for consolidated spent fuel canisters with either the 
processing times for concrete casks or the emplacement times for drywells. It 
Is apparent that storage operations will not limit through put of the 
facility. At the maximum consolidation canister production rate of 4 hour and 
50 minutes, which can be achieved when PWR spent fuel Is received In rail 
casks. It will take at least-58 hours to generate sufficient canisters (12) to 
fill a concrete cask. This can be compared with the estimated time of 5 hours 
and 45 minutes required for concrete cask processing, transport and placement.
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TABLE F-5
ESTIMATED PROCESS TIMES FOR CONCRETE CASKS

-------- - —i.--------

Prepart cask for storage 

Move cask to storage area 

Place cask on storage pad

Move transporter to cask manufacturing Facility - Load Empty 
Cask - Return Transporter and Cask to Receiving and 
Handling Building

Position Cask Under Exit Port
- Engage Contamination Barrier
- Close Shadow Shield

Remove Shield Plugs from Exit Port
- Remove Shield Plug from Cask

Total

Hrs■ Mins.

3 10

30 

3$

1 00

15

15

5 45

TABLE F-6
ESTIMATED TIMES FOR DRYWELL EMPLACEMENTS

,. • _ :— ■ -i—
Hrs.

r
Mins.

Replace Exit Port Shield Plug 15

- Retract Contamination Barrier
" - Open Shadow Shield and Door

- Prepare Transfer Cask for Transporting
to Storage Area

Transport Transfer Shield
{with Storage canister) to Drywell Storage Area

20

Align Transfer Shield with Drywell Liner - Place
---- ------  Storage Canister in Drywell - Place Shield

Plug In Drywell Liner

30

- — Transport Empty Transfer Shield to R&H Building -
Load Shield Plug

25

... , _ Position Transfer Shield Under Exit Port 20

----- - Engage Contamlnstlon Barrier
: . - Close Shadow Shield and Door

- Remove Shield Plugs from Exit Port

Total SO
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PWR Thimble and Guide Tube I.D. Variation.

Manufacturing 
t Array

Babcock & Wilcox

O.D.
(inch)

\ <
rr
j j

15x15 (G)
(I)

17x17 (G)
(I)

Combustion Engineerina

.530

.493

.465

.420

!--- 4- 15x15 (G) 1.115
(I) .440

j 14x14 (G) 1.135
i (I) .4401 (G) 1.115

(I) .440i_ _ 16x16 (G) .97
(I) .382; *' (G) .98

i ^
(I)

Westinghouse
.382

14x14 (G) .539
(I) .539

— — (G) .4805
; (I) .539

15x15 (G)' .543
!__ - (I) .543

CG) .478
,------- (I) .543> J (G) .545

(I) .545
(C) .484

j (I) .545
, r“ 17x17 (G) .482

(I) .545
* j (C) .429
“—p— (I) .545> !i :*—*-?—
• i

17x17(L) (I)
Exxon Refills

.482

14x14 (G) 
(I)

15x15 (G) 
(I)

15x15 (G) 
(I)

17x17 (G)
(I)

Wall
(inch)

.016

.026

.0175

.015

.040

.026

.030

.026

.030

.026

.035

.025

.035

.025

.034

.034

.034

.034

.012

.012

.012

.012

.015

.015

.015

.015

.016

.015

.016

.015

.016

1.115 .036
1.115 .036
Information N/A 

.417 .027

.544 .017

.544 .017

.480 .016

.480 .016

I.D.
(inch)

.498

.441

.43

.39

"1.035
.338

1.075
.338

1.055
.338
.90
.332
.91
.332

.471
1

.4125

.471

.519

.519

.454

.519

.515

.515

.454

.515

.450

.515

.397

.515

.450

1.043
1.043

.363

.510

.510

.448

.448

16
1

24
1

4
1
4.
1
4
1
4
1
4
1.

16

16
1

20
1

20
1

20
1

20
1

24
1

24
1
1

4
1

1
20

1
24

1

SAMPLE CALCULATION: ID - OD-2X Wall Thickness 
.530-2X .016 - 0.408

REF. NUCLEAR ASSURANCE CORP. VOL III uuc./c.i/*./*
DOMESTIC LIGHT WATER REACTOR FUEL DESIGN EVOLUTION NAC-C 8129DOE/ET/47912-3

i 1

SIGNATURE
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.Smallest

14' Core 

14' Core

DATE TRB NO. PAGE

p, 132-



G.O. or CHARGE NO. PROJECT

SUBJECT

sS-) j£f*r**__

{TetT sVtc

£>• IO I (e cm

A 0 30 /aJ = ^3. O ?fi,Z c

/5i= - 7?- S'C Ql-TOa)

Axi= O. 6?l5e x <9. OTfcZc

TRB NO.DATESIGNATURE, PAGE

f,\l^



PROJECTG.O. or CHARGE NO.

SUBJECT

= O. OCd£»4c>-.,.«« C..SS

t? 5
S Cot

/. ZZ4-Z8c~,
X- '£?- <? ^
^V<r^ -- £>. <5/£ j,*

7?-/6SX- T0*) _ 77~{/.22

2? x C

0. f/a , r X ?4?£c

/? - X &-&/•

j/c~6 = K> (f - <2. /? 5-

PAGEDATESIGNATURE

f/Sfc-*** '*X‘



PROJECTG.O. or CHARGE NO.

SUBJECT

/tf *?*>'■* r-r*** s+ssj-^rxrty.

DATE TRB NO.SIGNATURE PAGE

<rV>*^c/«: Sa3 AS*



G.O. or CHARGE NO 
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PROJECT
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i : L !
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__(-
5 £

Metals •* Oxygen Free Cocper Molybdenum Tungsten

Physical Properties

Density, Ib/cu in. 0.323 0.37 0.70

Melting Temp °F 1981 4730 6170

Specific Heat (68°F) 6tu/lb°F 0.092 0.065 0.034

Coef of Thermal Exp (68-572°F) 
in/ineF

9.8 x 10*6 2.7 x 10‘6 2.5 x 10"6

Thermal Conductivity 168°F), 
Btu/hr/sq ft/°F/ft

226 84.5 96.6

Electrical Resistivity (68°F) 
Annealed, microhm-cm

1.71 5.2 5.48

Mechanical Properties

Modulus of Elasticity, psi 17 x 106 47 x 106 r 59 x 106

Tensile Stress 1000 psi 32-35 95 220

Yield Stress 1000 psi 10-11 82 220

Reduction of Area * 45-55 60 -

Harcness (annealed) 40-45 RF 25C VHN 450 VHN

Optical Properties

Reflectivity 10.6 up 99: 985; 96’.

.Cleanability Poor Good Excellent

. : t » ‘ ■ ;

i ---^ “ t— - --- '— " - — . * _ ___j__j___ :__;
... . —-

SIGNATURE
^4^

DATE TRB NO. PAGE
wT

<sc *40 4*^.
s’*'*.- ‘'j/iz/eis

p.\%c.



2. Position for 
Upper Handling 
Attachment Cut 
(Locate First 
Tube and 
Insert 
Nozzle)

3. Rotate Cutter
4. Retract Cutter
5. Repeat Steps 

2, 3, 4
23 times

6. Proceed to 
Second Assembly 
and Repeat

7. Proceed to 
Third Assembly 
and Repeat

150 X, Z 
60 Y

150 (0) 
60 (Y)

NA
NA

0.2

NA

NA
NA

.001

NA
.022

5
6

1

6

414

5
427

5
427



G.O. or CHARGE NO. PROJECT

SUBJECT

Estimated Material 
Removal 
0-030 width)
cubic Inrhi

Velocity of 
Cutting Motion Power (kW)

Surfaco
Urce (ser

TO. Cut Eight TI e Rods

Assemblies.
TT- Position LOS 

Stow Position
TOTAl TIME

2864 sec
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SUBJECT

PROJECT
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r

f

L_
iU
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r

Cittlng 
Sequence

1,
2.

3.
4.
5.

L 9,

LASER CUTTING SEQUENCE FOR RWRs

Velocity of 
Cutting Motion 

UPH)

Stow Position
Position for 
Upper Lifting 
Attachment Cut 
(Locate First 
Tie Rod).
Oscillate Cutter
Retract Cutter
Repeat Steps 2,
3, and 4 Seven 
Times.
Proceed to Second 
Assembly and 
Repeat.
Proceed to Third 
Through Seventh 
Assembly and 
Repeat (5 
Additional 
Assemblies).
Retract to Stow 
Position, 
Horizontally 
Position BWR 
Assemblies.
Reposition LOS 
to Lower Elevation 
for Lower 
Attachment Cuts.

150 X, Z 
60 Y

100 X 
60 Y

Power (kW) 
at Cutting 
Surface

NA
NA

0.5
NA

SIGNATURE DATE

Estimated Material 
Removal 

(0.030 width) 
(cubic Inch)

NA
NA

0.004
NA

0.028

0.030

0.150

TRB NO.
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Time (sec)
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6

5
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100
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Tornado-generated missiles will be considered in the design. The 
following missiles and associated impact velocities shall be considered.

Missile
— (7)Wood plank, 4 in. x 12 in. x 12 ft long, 
~°wt 115 lbs '
_(T)Steel pipe, 6 in. diameter, Schedule 40, 
_ 15 ft long, wt 287 lbs
— (f)Steel Rod 1 in. diameter x 3 ft long
_/^Utility pole, 13-1/2 in. diameter,
_ ^35 ft long, wt 1,125 lbs
~ 0Steel pipe, 12 in. diameter. Schedule 40, 

15 ft long, wt 750 lbs
-©♦Automobile (20 sq ft frontal area)
— wt 4,000 lbs

Velocity (ft/sec)
horizontal Vertical
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♦Missiles to be considered at elevations up to 30 ft abovegrade.
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More canister tapact energy was absorbed by the ellipsoidal 
end cap, as evidenced by the relative Mount of ond cap 
deformation, than was absorbed by the reversed-dlshed end cap.

Mini!!.] 11; i i i. i r'_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ! J lit i i ‘ i
The angle drop test aode produced higher tanlster Impact loads
than did the straight end drop test Rode. ~— -
 nrii-i.i-H-l lffl

Reversed-dlshed end cap canister asseifcllss Sustained larger , 
dumny fuel assetit>ly Impact accelerations (about 391 larger) 
during drop testing than 41d those of ellipsoidal end cap 
canister assemblies.

The reversed-dlshed end cap canisters were observed^to^sustaln
larger Impact accelerations than did the ellipsoidal end cap 
canisters. The resulting canister Instantaneous acceleration 
and equivalent average acceleration determined for the canister 
straight end drop tests are surmarlzed as follows:

’MM I M M '
Analysis Indicated that a canister at beglnnlng-of-llfe (700*F 
canister with no corrosion and with 100 pslg Internal pressure) 
would sustain more drop test damge and therefore represents a 

“. more limiting set of design conditions than at end-of-llfe (fully 
corroded canister, original wall thickness.less 0-020 Inch, at*- - * -d ----- ^ - • —
200*F and at 60 pslg Internal pressure).

. MMl! !'J M :-l ........ .....
The reversed-dlshed end cap canister design was subject to 
more localized end cap deformation during drop testing than 
was the ellipsoidal end cap canister design. Evidence of this 
was observed In the generated strain data as well as through 
examination of the defoiaied end cap. The localized and cap _ 
deformation was caused by Interaction with the dim^y fuel
asseofcly support feet.
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.The canister body diametral deformation sustained during drop 
■ testing was found to be 0.23 inch for the ellipsoidal end cap 
'canister and 0.91 inch for the reversed-dlshed end cap canister.' 

When consideration was given to post-drop handling and trans- 
. portation of an EDP canister using a currently licensed truck 
mounted shipping cask such as the NLI 1/2, the reversed- 

' dished end cap canister deformation was -found to be unaccept- 
_ably high. The ellipsoidal end cap canister deformation was 
-judged to be acceptable. *. * '
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Both candidate canister designs, the ellipsoidal end cap end -----
the reversed-dlshed end cap, were found tp be structurally 
leak tight after being subjected to drop testing.
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