
. ·- 00, 8594 

ENGINEERING DATA TRANSMITTAL oo· 
Page 1 of --iJ----

1. EOT 150212 

2. To: (Receiving Organi%etion) 3. FrCIIII: (Originating Organi%etion) 4. Related EDT No.: 

K Basins - Facility ICF Kaiser Hanford Company N/A 
Compliance 
5. Proj.tprog./Dept./Div.: 6. Cog. Engr.: 7. Purchase Order No.: 

N040/K Basins J. E .. Orchard (ICF Kaiser) N/A 
8. Originator Remarks: rJ(A 9. Equip./C.~t No.: 

N/A 
10. S-,Stenl/Bldg./Facilfty: 

07 /lOSKW/lOOK 
11. Receiver Remarks: - 12. Major Assa. Dwg. No.: 

The attached engineering study is not a design document and N/A 
does not affect changes to K Basins systems or operations. 

13. Permit/Permit Application No.: 
It is intended only to support a larger effort by the K 
Basins Organization to examine the feasibility of irradiated N/A 
fuel and sludge consolidation in the KW Basin in response to 
TPA Milestone (target date) M-34-00-T03. 14. Required Response Date: 

-
Project N040 is postponed indefinitely and may be deferred September 23, 1994 
to other Spent Nuclear Fuel Project efforts. 
15. DATA TRANSMITTED ( F) (G) (H) (I) 

IAI ICI (DI Appraval Rea10n Orlgi- Rec.iv-
!tam (Bl Document/Drawing No. $Met Rev. (El Trtle or O.IIClriptlon of Data O.aio- for nator .,. 
No. No. No. Tranlfflittacl natDr T- Dlepo- Dl•po-

mlttel litlon altlon 

1 WHC-SO-N040-ES- N/A .o Spent Fuel N/A 1 1 1 
001 Consolidation in the 

lOSKW Building Fuel 
Storage Basin 

HS. KEV 
Approval Daaignator (Fl Rea10n for Tran•mittal (GI Dl•PO• ition (HI & (II 

E. S, Q. 0 or NIA 1. Approval 4.Review 1. Apprawd 4. Reviewed no/oomment 
1- WHC-CM-3-5. 2. Rele- 6.Po~ 2. Apprawd w/aomment 6. Reviewed w/comment 
S.C.12.7l 3. Information S. Diet. (Receipt Aclaiow. Raqundl 3. Dlaapprowd w/comment s. R-.t ecknowtedged 

(GI (HI 17. SIONA TIJAE/DISTRl8UTION (GI (HI 
(S- Approval Oe•ign- for ,.qunct •ionature• I 

Ra.- Olap. (JIN- (UOata IJ)N- (IQ ~~ ij i)~ /~ MSIN 
Rea- Olap. (IQ Sign- (Ml MSIN 

'°" - '°" 
1 I Cog.Eng. ~ B. H. Johnson q/11,o/q'I- Rl-85 /.'?I"" v~\ 

1 I Cog. Mgr. i"1»' .. ,AL J. Watson °I/ I& /'1'1,X0-41 I • .• ., ~~.I,... ~ -\ 

I I r.m. Ena/I ~ R. G. Gant 1h1l'f f X3-79 
I "~-~~y. ~ -l CENi'RAL ~ILES L8-04 ,9; -.v""~' { , ,,., i 

1 OSTI (2) \C - ~f1 L8-07 
18. 19. 20. ~<?: 21 • DOE AP~~ ( 1 f requi reel) 

~~~- D.J.Wauon~__# ..... ~ ~ 
~-rf Ct l ~ 

q/11,,/~ ~ 
_$ • Approved w/cannents 

Signi-::I;)f EDT 

~ f./6-7"' 
• Disapproved w/ cannents ~ Oat• ' Oat• Authoriz9«:~••nt•tiw Data 

Origin for R•c:•ivi rg•nization 

B0-7400-172-2 (04/94) GEF097 

80-7400-172•1102/89) 



l J t l 

SUPPORTING DOCUMENT 

2. Tftle 

Spent Fuel Consolidation in the IOSKW Building 
Fuel Stora e Basin 
5 . ICey Words 

Project N040, Fuel Consolidat ion, .lOSKW, Fuel 
Storage Basin 

,._ -·;-- -ov,...o -~-•• ·· -. · ,-...1: ,- a-, IW 
.- \. , • ~ - 1 Uc l 

1. Total Pages 

3. Nurt>er 

WHC-SD-N040-ES-001 

6. Author 

N-= B. H. Johnson 

b.14..~""" -Signature 

4. Rev No. 

0 

10~ 

?~JBLJC RELEASE Organization/Charge Code 7FA20/KK4W4 

7. Abstract 

This study is one element of a larger engineering study effort by WHC to examine the 
feasibility of irradiated fuel and sludge consolidation in the KW Basin in response 
to TPA Milestone (target date} M-34-00-T03. 

The study concludes that up to 11,500 fuel storage canisters could be accommodated 
in the KW Basin with modificat ions. These modifications would include provisions 
for mult i-tiered canister storage involving the fabrication and installation of new 
storage racks and installation of additional decay heat removal systems for control 
of basin water temperature . The ability of existing systems to control radionuclide , 
concentrations in the basin water i s examined. The study discusses requirements for 
spent nuclear fuel inventory given the proposed multi-t iered storage arrangement , 
the impact of the consolidated mass on the KW Basin structure, and critical ity 
issues associated with multi-tiered stora e. 

DISCLAIMER • Thia report wu prepared •• an account of lolOrk 
sponsored by., agency of the United States Govermient. Neither the 
United States Gove.,,._,t nor 1/tf!f agency thereof, nor any of their 
eq,loyees, nor any of thei f contractors, subcontractors or their 
eq,loyees, malces any warranty, express or i~lfed, or assunes any 
l egal liability or responsibility for the accuracy, c~leteneu, or 
any third party's use or the results of such use of any information, 
apparatus, product, or process disclosJ, or represents that its use 
would not infringe privately owned rights. Reference herein to any 
specifi c cannercial product , process, or service by trade MIiie, 
tradmmrk, manufacturer, or otherwise, does not necessarily 
constitute or iq,ly its endorsement, rec0111Nndation, or favoring by 
the United States Govermient or 1fff agency thereof or fts 
contractor-s or subcontractors. The views and opinions of authors 
expressed herein do not necessarily state or reflect those of· the 

1 

United States Goverrrnent or a a thereof. 

9. l~ct Level N/A 

A-6400·073 (11/91 ) (EF} WEF124 

10. RELEASE STAMP 

I - •·- -
~ ~~-;_ l = 
i 
I 

\®A- 4 

,.. __ 
..... .... ~ , 
~r... 



< l 

RELEASE AUTHORIZATION 
-

Document Number: WHC-S0-N040-ES-00l, REV 0 -

Document Title: Spent Fuel Consolidation in the 105KW Building Fuel 
Storage Basin 

Release Date: 9/23/94 

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

This document was reviewed following the 
procedures described in WHC-CM-3-4 and is: 

APPROVED FOR PUBLIC RELEASE 

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

WHC Information Release Administration Specialist: 

~/~ K a Broz 9/ 23/94 
(Signature) (Date) 

A-6001·400 (07/94) IIEF256 



L I 

WHC-SD-N040-ES-001, Rev. 0 

N040ES 

ENGINEERING STUDY 

FOR 

SPENT FUEL CONSOLIDATION IN THE 
105KW BUILDING FUEL STORAGE BASIN 

PROJECT N-040 . 

Prepared by 

ICF Kaiser Hanford Company 
Richland, Washington 

for 

Westinghouse Hanford Company 

i · / . :l. tu.~1~ 
t chnical Documents 
• . . 

2-15•}? r t/2£J CmAad: 

q-lt./-qef 
Date 

f -lS-9 

J/f:fl9j 
-D-at-e - _E"_anv-li;iro~n~ma,::_e...:i.,nt_Q .... ' E"""'n-'gi-ne_e __ Q:::::::::ng!r'---- ~b; 

Date P~ager Date 

?-/~-~ 
/ . K Basins Facility Compliance Date 

- i -



I I A. I 

APPROVAL 
WHC-SD-N040-ES-001 , Rev. 0 

ENGINEERING STUDY 

SPENT FUEL CONSOLIDATION IN THE 
105KW BUILDING FUEL STORAGE BASIN 

PROJECT N-040 

Prepared for 

Westinghouse Hanford Company 

September 1994 
{Issue I) 

For the U.S. Department of Energy 
· · Contract DE-AC06-93RL 12359 

Prepared by 

ICF Kaiser Hanford Company 
Richland, Washington 

.N040ES 

APPROVAL 



) J \ I 

APPROVAL 
WHC-SD-N040-ES-001 , Rev. 0 

TABLE OF CONTENTS 

I. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
A. PURPOSE .. ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
B. FACILITY DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
C. SYSTEM DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

1 . Canister Storage . . . . . • • • • • • • • • • . • • • • . . . . • • . • . • . • • 3 
2. Basin Water Cooling . . • • • • • • • . . • . • • . • • . . • • • • • • • . • • 4 
3. Basin Water Treatment and Filtration • • • • • • • • • • • • • • • • • • 5 
4. Instrumentation and Inventory Control . • • • • . . . • . • . • . • . • • 6 

D. ASSUMPTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
1 • Canister Storage • • • • • . . . • . • . . . • . . . . . • • • • • • . . • . • • • a 
2. Basin Water Cooling . • • • • . . . . . . • . • . • • . • . • • • . • • • • • . 9 
3. Basin Water Treatment and Filtration . • • • . . . . . . . . • . • . . • 9 
4. Instrumentation and Inventory Control • . . . . • • • . . . . . . . . • . 9 

II. SUMMARY AND CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
A. CANISTER STORAGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
B. BASIN WATER COOLING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
C. BASINWATERTREATMENT .............................. 13 
D. INSTRUMENTATION AND INVENTORY CONTROL • . . . • . . . . . • • • • 13 

1. Instrumentation ......•.••... . .. . · ......•.• : . . . . • • 13 
2. Inventory Control •••..•..•....•.••.•. •· . • . • • • • . . . • 13 

Il l. DESCRIPTIONOFALTERNATIVES ..••...•.•.•.•••....••.......• 15 
A. CANISTER STORAGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

1 • Criteria . . . • . • . • • . . . . . . . • • • . . • . • . . • . . • • • • . . . . • • 1 5 
2. Alternatives Considered - Storage Arrangements and Storage 

Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , s 
3. Identification of Preferred Arrangement and Method . . . . . . . . 22 

B. COOLING OF BASIN WATER • • • . • . . . • . • • . . . • . . . . • . . • • • • . • 28 
1 . Criteria ..................... ; . . . . . . . . . . . . . . . . . 28 
2. Alternatives Considered • • • • • • • • . • • • • • . • • • • • • • . . • • • • 31 
3. Identification of Preferred Alternative . • . • . • . • • • • • • . • • • • 35 

C. WATER FILTRATION AND TREATMENT . . . . . . . . . . . . . . . . . . . . . . 36 
1. Criteria and Alternatives Considered . • . . . . • . • • . . . . • . . • • 36 
2. Identification of Preferred Alternative • • • • . . . • • . . . . . . • • • 38 

D. INSTRUMENTATION AND INVENTORY CONTROL . . . . . . . . . . . . . . 39 
1. Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
2. Alternatives Considered • • • . . • . • • • • • • • . . . . . • • . . . . . • • 40 
3. Identification of Preferred Alternatives • • . . • • • . . . . • • . . . . • 51 

IV. REQUIRED CHANGES TO IMPLEMENT PREFERRED ALTERNATIVE . . . . . • • 52 
A. CANISTER STORAGE .........•......•••..•..•.. ·• . • . . . . • 52 
B. MECHANICAL . . . . • • . . • • . . • • • • . • • • . . • • • • . . . . • • . • . • . • • • 53 
C. INSTRUMENTATION AND INVENTORY CONTROL • • • . • • • . • • . . • • 53 

- ii -
APPROVAL 



J I I l J 

APPROVAL 
WHC-SD-N040-ES-001, Rev. 0 

V. CONSTRUCTIBILITY • . . . . . • • . . . • • . . . • . . . • . • • • • . . . . . . . • . . . • • • 53 
A. CANISTER STORAGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 

1. Temporary Relocat ion of Existing Canisters and New Storage . 53 
2. Remove Existing Racks ••.••...•••.••..•.. .'. • . • . • . • 55 
3. Place New Rack Modules . • • . . • • . . . • • . . • • . . • • • • . • • • . 59 

VI. REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 

APPENDICES 

Appendix A. Cost Estimate 
Appendix B. Calculation Index 
Appendix C. Escalation Analysis Schedule 
Appendix D. Radionuclides Data 
Appendix E. Figures 
Appendix F. Sketches 

- iii -
APPROVAL 



I 
1 1 

t I 

ALARA . 
ANSI 

CFR 

DAS 
DOE 

ECN 

HEM 
HPS 

LEM 

MBA 
mtu 

PUREX 

ROM 

soc 
SNM 
SPR 

TPA 

WHC 

APPROVAL 
WHC-SD-N040-ES-001, Rev. 0 

ABBREVIATIONS 

as low as reasonably achievable 
American National Standards Institute 

Code of Federal Regulations 

data acquisition system 
U.S. Department of Energy 

Engineering Change Notice 

high enrichment material 
.Hanford Plant Standard 

low enrichment material 

material balance areas 
metric ton unit-

Plutonium Uranium Extraction 

rough order of magnitude 

Standard Design Criteria 
special nuclear material 
single pass reactor 

Tri-Party Agreement 

Westinghouse Hanford Company 

- iv -
APPROVAL 



) . , 
APPROVAL 

WHC-SD-N040-ES-001, Rev. 0 

ENGINEERING STUDY 

. SPENT FUEL CONSOLIDATION IN THE 
105KW BUILDING FUEL STORAGE BASIN 

PROJECT N-040 

I. INTRODUCTION 

A. PU RPOSE 

- · This study was initiated prior to the Spent Nuclear Fuel Project Systems 

Engineering Baseline Development effort. 

DOE, Federal, and State agencies involved with the Hanford Site are 

concerned about the KE Basin leakage and its effect on the environment. 

A Hanford Federal Facility Agreement and Consent Order (TPA) milestone, 

M-34-00-T03, has been established to submit an engineering study for 

determining the feasibility of moving the irradiated fuel and sludge (once 

encapsulated) currently stored in the KE Basin to the KW Basin for 

temporary storage. A TPA target milestone, M-34-00-T0S, has been 

established_ for removing of all fuel and sludge from both KE and KW 

Basins in an encapsulated form by December 31, 2002. 

j • 

This study is one part of a larger WHC engineering study effort to examine 

the feasibility of irradiated fuel and sludge consolidation in the KW Basin 

in response to TPA Milestone M-34-00-T03. This study focuses on the 

facility upgrades associated with consolidated fuel storage in the KW 

Basin. 

Consolidated storage at the KW Basin will create a significant increase in 

the amount of spent fuel to be stored at that facility. It is projected that 

this increase will create a subsequent increase in the pool heat loading and 

N040ES.TD.664 - 1 -
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water treatment req·uirements and may require the modification or 

reconfi~uration of existing facility support systems, including the attendant 

instruments and controls. 

B. FACILITY DESCRIPTION 

The 1 05 KE and 105 KW Buildings are located near the Columbia River in 

the 1 00K Area reactor sites on the northern edge of the Hanford Site. 

The 105KE and 105KW Buildings are the main reactor buildings. All levels 

of these buildings are deactivated except for portions of the ground level 

which is approximately 30,000 tt2 associated with the fuel storage basin 

area. The fuel storage basin and handling areas, some supporting office 

spaces, the motor control center rooms, and the compressor rooms are 

still in use. 

The 1 00K Area spent fuel storage basins (K Basins) were built in the early 

1950s to receive and provide temporary storage for fuel irradiated in the 

105KE and 105KW production reactors awaiting shipment to other 

. Hanford Site processing facilities. The reactors in the 105KE and 

105KW Buildings were· shut down in 19?1 and 1970, respectively, and ~he 

K Basins were taken out of service. 

In 1972, the PUREX facility in the 200-East Area was shut down. The 

increasing inventory of irradiated fuel pro~uced at the N Reactor was 

stored in the N Reactor fuel storage basin {N Basin). The K Basins were 

later brought back into service to provide temporary storage ~nd handling 

of irradiated N Reactor fuel. Before the N Reactor fuel service, both basins 

were modified by projects H-501 {KE Basin) and H-508 {KW Basin). The 

KE B_asin was brought back into service in June 1975 and the KW Basin 

was restarted in February 1981. Prior to service as a repository for 

irradiated N Reactor fuel, the KW Basin was drained and cleaned, and the 

walls and floor were lined with an epoxy coating. 

N040ES.TD.664 - 2 -
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The N Reactor was shut down in 1987. By 1989, all remaining irradiated 

fuel at the N Reactor fuel storage facility had been shipped to the K Basins 

for storage. 

C. SYSTEM DESCRIPTION 

N040ES.TD.664 

1. Canister Storage 

The material to be stored is categorized by physical properties, 

packaging, and enrichment. The material physical properties are 

categorized as spent fuel elements and sludge. 

The study separates materials into the following levels of enrichment 

for storage arrangement purposes: 

• HEM, as unirradiated U235, with enrichment greater than 

0.95 wt%. 

• LEM, as unirradiated U235, with enrichment less than or equal 

to 0.95 wt%. Most of the storage materials are LEM, 

including the KE Basin sludge. 

Following is a list, by source location, weight, and number of 

canisters of the spent fuel and sludge to be consolidated at the 

KW Basin. Only encapsulated cani~ters will be stored in the 

KW Basin. 

• The KW Basin contains 961 metric tons of spent fuel 

packaged in 3,817 sealed (MK-I and MK-II) canisters (ref 1 ). 

• The KE Basin contains 1, 150 metric tons of irradiated fuel and 

0.5 metric tons of irradiated SPR fuel in 3,671 open canisters. 

This fuel is assumed to be repackaged into sealed (MKII) 

- 3 -
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canisters prior to transfer to the KW Basin for consolidated 

storage. According to past experience, the repackaging of 

spent fuel elements requires more canisters than the number 

of canisters started with. The additional volume is due to 

damaged and corroding fuel elements. A repackaging factor 

of 1.05 is used for planning purposes. Therefore, repackaging 

requires 3,671 canisters • 1.05 = 3,855 canisters. 

• The KE Basin also contains an estimated 775 ft3 (minimum) 

(ref 2) of sludge, estimated by WHC from observations of the 

KE Basin. The ratio of water to sludge in situ by volume is 

estimated to range from O to 2. With each canister having a··. 

packaging volume of 1.56 ft3, the minimum number of sludge 

canisters range from 500 to 1,500 canisters. A minimum of 

1,000 sealed canisters of sludge is assumed to be included 

with the consolidated spent fuel canister inventory. 

• The PUREX facility contains 2.9 mtu of irradiated SPR fuel 

(assumed· HEM), which when packaged will require an 

estimated 30 canisters and 0.5 mtu of irradiated fuel (assumed 

HEM) which when packaged will require an estimated six 

sealed (MK-II) canisters. 

Based on the number of spent fuel ar,d sludge canisters estimated · 

above, it is assumed that a minimum of 8,750 canisters, rounded up 

for conservatism, would need to be consolidated at the KW Basin. 

Basin Water Cooling 

The consolidated spent fuel an~ sludge inventory will be submerged 

in the KW Basin water. The basin water acts as a heat sink to 

absorb the decay heat from the canisters. Other sources of 

absorbed heat include heat generated by operating pumps and the 
•· 
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heat transfer from the surrounding soil. To maintain the basin water 

at a constant temperature, a water cooling system is necessary to 

remove the added heat. 

The KW Basin has a water cooling system composed of a 200-ton 

water-cooled chiller and a 60-ton air-coofed condenser with the 

associated evaporator (ref 3). (See sketch ES-N040-M01. All 

sketches are ·1ocated in Appendix F.) The 200-ton water-cooled 

chiller relies on filtered river water for cooling. The water cooling 

loop includes 8-in. diameter supply and return piping, two 500-gpm 

pumps and two 500-gpm capacity filters. 

Basin Water Treatment and Filtration 

The existing water treatment system includes two 500-gpm primary 

cartridge filters for removal of solids, three ion-exchange columns 

installed _in the basin water cooling loop, and two ion exchange 

modules installed in the sand filter loop. 

The primary filters are installed in parallel in the water cooling loop, 

and each filter is supplied by a 500-gpm primary circulation pump. 

These filters are usually run separately using the other as a standby. 

However, the piping system is capable of handling the operation of 

both pumps and filters simultaneously for a total capacity of 

1,000 gpm. The primary filters are. fitted with filter cartridges 

suitable for the removal of debris as small as 5 µ (microns). The 

intake and discharge of the primary cooling loop are 3 ft below the 

surface water level and 13 ft above the pool floor, respectively. 

Therefore, the primary filters will remove debris and particulates in 

suspension in the water. 

The three ion-exchange columns each have a treatment capacity of 

50 gpm each and are installed in parallel for a total capacity of 

- 5 -
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150 gpm. The water supply is distributed to the ion-exchange 

columns from a 4-in. supply header and returned to the basin 

through a 6-in. return header. Individual connections to the resin 

tanks are 2-in. in diameter (see sketch ES-N040-M01 ). 

The two ion-exchange modules have a water treatment capacity of 

160 gpm each and are installed in parallel. However, the piping 

connections to the modules, the water supply header, and the water 

return header to and from the modules are all 3-in. in diameter (see 

sketch ES-N040-M02). Normally, the modules are operated separ

ately, using one as a standby. A 400-gpm skimmer pump circulates 

basin water through a sand filter. The sand filter discharge is split 

into two streams: 160 gpm flowing through one ion-exchange 

module and the remaining 240 gpm flowing back into the basin. The 

intake to the sand filter system is at the surface of the basin water, 

. therefore, the sand filter system is designed to remove debris 

floating in the basin, i.e., algae growth. 

Solids heavier than water that sink to the bottom of the basin will 

not be removed by the existing water filters and tre.atment systems. 

4. · Instrumentation and Inventory Confrol 

The spent fuel in the 105KW Building is listed as Category 11-0 SNM 

in accordance with DOE Order 5633.3~. This classification requires 

a bimonthly physical inventory of the spent fuel, which requires 

handling a large number of storage canisters. Alternatives will 

consider storage arrangements and methods, basin water cooling, 

water filtration and treatment, an automated inventory system, and 

an inventory system based on requirements, standards, and 

practices used in commercial nuclear power plants and on those 

used for DOE facilities. The inventory system alternatives will be 

N040ES.TD.664 - 6 -
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compared with the requirements of an inventory system based on 

DOE Order 5633.3A for Category 11-D SNM. 

D. ASSUMPTIONS 

N040ES.TD.664 

This engineering study is based on the following general assumptions: 

• The fuel to be consolidated wil_l be removed from the KW Basin prior 

to December 2002. 

• All the fuel transferred to the KW Basin will be encapsulated in MK-II 

canisters using existing encapsulation methods and technologies and 

the fuel currently stored in the KW Basin will remain in their MK-I or 

MK-II canisters. 

• The K Basins Authorization · Ba.sis can be revised to support the 

conclusions of this engineering stL(dy. 

• The KW Basin and its superstructure is adequate, or readily 

upgradable, for the consolidated storage. 

• Reviewing the KW Basin superstructure is not within the scope of 

this study. 

• The KW Basin will remain sufficiently ~ater-tight for storage and the 

epoxy finish will withstand the loadings imposed on it by the storage 

system. 

• Formal calculations that substantiate the structural capacity of the 

KW Basin to withstand the applicable seismic loading criteria will be 

required before consolidation proceeds. A preliminary assessment 

of the structural feasibility of spent fuel ~onsolidation at the 

105 KW Basin was completed by WHC to support this engineering 

- 7 -
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study (ref 4). The preliminary assessment concluded that 

consolidation of spent fuel into the 105KW Basin should be 

considered as a structurally feasible option based on a reduced 

magnitude seismic event for short-life ( < 20 years) 100-K Area 

facilities. 

• The maximum KW Basin ~ater depth is limited to 1 6 ft. Work in the 

KW Basin to remove the existing racks and to install and/or modify 

the new fuel storage system will require nuclear divers. 

1. Canister Storage 

This study uses an anticipated storage life of 5 years. This design 

life is not a controlling factor for the existing structure or the new 

storage system. The fuel storage racks are classified as a Safety 

Class 1 component. · 

The KE Basin sludge is assumed to be treated as spent fuel, not 

waste, and its encapsulation methods are the same as for spent 

fuels (i.e., using MK-II canisters). The minimum number of sludge 

canisters used for the.study is assumed to be 1,000. 

The grating floor of the KW Basin is assumed to have adequate live 

load capacity for normal construction loads but insufficient capacity 

for transporting the new storage rack ~odules to their final location. 

The· load capacity of the grating must be evaluated prior to any 

construction activity. 

Mechanical anchorage of the storage structure (i.e., expansion 

anchors) to the basin is not allowed. For this study, special tooling 

for canister handling and the existing monorail lifting details is 

assumed feasible to develop but is not within the project scope. 
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The construction schedule assumes that temporary canister 

relocation is not in the critical path. 

2. Basin Water Cooling 

3. 

The cooling system after fuel consolidation will have to remove the 

total heat decay from the stored fuel, t~e heat generated by 

equipment, and the heat gained from the surrounding soil. The 

cooling system will also be required to provide some extra capacity 

to lower the basin water temperature by about 1 °F/day after it is 

allowed to rise because of a shutdown for maintenance. 

Basin Water Treatment and Filtration 

The existing water treatment system at the KW Basin is assumed to 

provide a satisfactory water quality level. The goal of this· study is 

to maintain the present KW Basin water quality after fuel 

consolidation. 

The additional fuel to be stored in the KW Basin is assumed to be 

similar in nature and stored in similar containers to those currently 

in the KW Basin. 

The existing types and rates of radionuclides generated at KW Basin 

are extrapolated to account for the total fuel after consolidation on 

the basis of fuel weight. 

4. Instrumentation and Inventory Control 

N040ES.TD.664 

SNM inventories will comply with DOE Order 5633.3A and will be 

performed on a statistical sampling basis. 

One operator and one manager will require approximately 30 minutes 

to identify, weigh, and return a three canister set in a three-tier rack 

configuration. 
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A basic assumption is that DOE is willing to grant a waiver to the 

bimonthly · sampling requirements considering security and 

safeguards currently or planned to be implemented, as a means of 

controlling the SNM inventory. 

II. SUMMARY AND CONCLUSIONS 

A. CANISTER STORAGE 

The safety analysis report for the K Basins does not allow storage in the 

KW Basin except for the floor rack storage currently in use or the rack 

storage plus the "three-over-one" hanging storage scheme in the east and 

center bays (ref 5). The criticality analysis on which the current safety 

analysis is based does not consider the stacking of fuel. 

The K Basins safety analysis must be revised to accommodate the 

proposed consolidated fuel storage alternatives prior to implementation. 

The study and referenced analysis, including the appropriate criticality 

analysis, support the feasibility of consolidated fuel storage in the KW 

Basin. 

A minimum of 8,750 canisters (7,750 spent fuel canisters and a minimum 

of 1,000 sludge canisters, depending on actual sludge volume and 

; packaging methods) will be consolidated for storage at the KW Basin. 

Storage of larger quantities was also evaluated. 

A new multi-tier steel rack module supported by the basin floor is the 

preferred method to meet the requirements of storage quantity, structural 

limitations, canister restraint, and canister serviceability/accessibility. 

The multiple requirements make the rack design sophisticated and will 

require the development of special canister handling tooling to use the 

proposed racks. (See sketches ES-NO~O-S01 -through ES-N040-S05 for 

the proposed preconceptual rack design.) 

N040ES.TD.664 - 10 -
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The arrangement to accommodate the 8,750 minimum canisters will 

require two-layer storage in two bays and thre~-layer storage in one bay. 

Three-layer storage in all three bays will accommodate the maximum 

possible number of canisters (i.e., 11,500). Storage in the west bay is to 

be limited to LEMs. Uncertainties of the sludge volume and packaging 

methods must be resolved before proceeding with a detailed design. 

Scoping calculations have been completed that provide a preliminary 

position on the structural capacity of the KW Basin when subjected to 

consolidated fuel loading. The preliminary position assumes a reduced -

magnitude seismic event for short-life ( < 20 years) facilities that has been 

justified for existing structures at 1 OOK Area. Based on the scoping 

calculations, the proposed ·fuel consolidation should be considered a 

structurally feasible option (ref 4). 

The KW Basin has been reviewed for the interactions and increased 

loadings involved in ~he proposed ·c~nsolidated storage arrangement and 

method. The new floor storage racks will interact with the basin at the 

floor and base of the basin walls. Further study will be required on the 

existing basin epoxy lining for interaction with the new storage system. 

Major construction activities include shop fabrication of the rack_ modules 

and shipment to the site, some field assembly work for larger modules, 

and minor modifications to the existing facilities. The existing racks will 

be removed and new racks will be installed. The existing building structure 

will be reviewed and modified as req·uired to support the rack installation. 

Racks will be brought into and out of the KW Building through existing 

entrances. Access corridors will be established above the water for rack 

transportation and final assembly and for cutting, packaging, and 

decontamination ofthe existing racks. Nuclear divers will disconnect/cut 

and remove the existing racks and locate and shim the new rack modules 
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to the wall structure and connect adjacent rack modules. The racks are 

Safety Class 1 components. 

KW Basin operations must develop procedures to address canister 

relocation for construction and for new storage. The handling procedures 

should consider safety concerns and the impact to the construction 

schedule. ' 

There are 204 contaminated racks and a minimum of 10,000 ft3 of 

displaced contaminated water to be treated and disposed of. The location, 

methods, cost, and schedule for disposal are not in the scope of this 

study. 

The ROM estimated construction cost for spent fuel and sludge 

consolidation at the KW Basin is $14,000,000. This value does not 

include waste decontamination and disposal or canister handling. 

B. BASIN WATER COOLING 

The existing air-cooled condenser/evaporator at the KW Basin does not 

have ~he necessary cooling capacity to provide a flexible control of the 

basin water temperature after fuel consolidation. The preferred alternative 

to provide the necessary cooling capacity after fuel consolidation is to 

relocate the 60-ton air-cooled condenser/evaporator at the KE Basin once 

the spent fuel is moved to the KW Basin. If the existing 200-ton water

·cooled chiller unit cannot be used for the construction period, it may be 

necessary to purchase a new 50-ton unit in place of the existing KE Basin 

unit. 

The ROM estimated construction cost for this alternative is $100,000. 
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C. BASIN WATER TREATMENT 

The existing ion exchangers can maintain the present residual 

concentration of radionuclides in the water if the water temperature is 

managed accordingly. The generation rate of radionuclides increases 

rapidly with the basin water temperature. By maintaining a low basin 

water temperature, the rate of replacing resin beds required to be handled 

as contaminated waste is reduced. The preferred alternative for basin 

water treatment is to maintain a low basin temperature and utiliz_e t~e 

existing water treatment system. 

D. INSTRUMENTATION AND INVENTORY CONTROL 

1. 

2. 

N040ES.TD.664 

Instrumentation 

A review of the KW Basin spent fu.el storage design and associated . 

safety analysis revealed no relationship between the amount of 

· spent fuel stored in the basins and an increase in the quantity of 

instruments needed to monitor the required facility parameters. 

Additional instrumentation may be required to support proposed 

equipment additions and modifications associated with pool 

temperature control and basin water cleanup. 

The instrumentation required to SUR_port proposed system changes 

is relatively minor in scope and insignificant in cost. The 

instrumentation required for each equip,nent change will tie included 

with the equipment. The estimated cost of instrumentation will be 

included with the cost of the associated major equipment. 

Inventory Control 

Physical inventory of the spent fuel stored in the 1 0SKW Building 

will require more time and effort to comply with DOE Order 5633.3A 

for the Category 11-D SNM. This will require bimonthly movement of 

approximately 10% (statistical sample) of the estimated stored 
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canisters in the facility (8,750 to 11,500 after consolidation). The 

concept of automating the inventory by using instrumentation has 

many disadvantages. Although it would alleviate the need to move 

the spent fuel during inventory, the instrumentation would be 

located underwater and would_ require multiple sensors for each 

canister. The instrumentation would be difficult to maintain, 

functional test, and calibrate, and the entire system would be 

expensive. 

Deviation from DOE Order 5633.3A requirements is the preferred 

option. Neither the option to comply with DOE Order 5633.3A 

physical inventory requirements for Category 11-0 SNM or the option 

to automate the spent fuel pool with instrumentation are the most 

attractive options. Although a deviation requires DOE approva·I, 

there is justification in DOE Order 5633.3A for deviation from 

inventory frequency requirements for inventories containing a large 

number of items. A deviation would provide the relief from the 

bimonthly physical inventory requirements. However, the physical 

inventory requirement is only one aspect of the detection and 

assessment process. associated with SNM storage. Safeguards 

requirements interface with facility physical protection and other 

organizational systems to provide a graded level of protection for 

stored SNM. Instrumentation enhancements to the physical 

protection system associated with the KW Basin spent fuel storage 

may provide the impetus that allows relief from -the stringent 

Category 11-0 designation physical inventory requirements. 
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Ill . DESCRIPTION OF ALTERNATIVES 

A. CANISTER STORAGE 

N040ES.TD.664 

1. Criteria 

The storage arrangements will include alternatives meeting the 

minimum and maximum storage requirements to accommodate the 

uncertain number of sludge canisters. When calculating storage 

capacity, a factor of 0.~7 of the full density storage is applied to 

allow for spare stations and to provide operational flexibility. The 

west bay will store LEM only with hanging storage prohibited. 

Two shielding criteria limit storage height: 

• Handling one canister at a time with full-time access; the 

required minimum shielding water depth is 8.0 ft based on 5 ft 

of water above the handled canister at 0.2 mr/hr from the 

spent fuel (ref 6). 

• Using the K Basin fuel canister handling procedure; the 

minimum shielding water depth is 13.0 ft based on 10 ft of 

water above the handled canister (ref 7). 

NOTE: The shielding water depth .is the minimum water depth 

from the water surface to the top of the canister array. 

The canister handling height requires 3 ft above the 

static array. Canister handling is required for inventory, 

canister repair, canister integrity surveillance, and 

construction. 

The multi-tier storage has less water shielding above the 

top tier than does single-layer storage. 
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The first criterion is used to plan the basin storage. (The 

KW Basin handling procedure that allows handling three 

canisters at a time will require revision.) 

Criticality is not a concern, using Mark II . canisters, for the 

arrangement of storage canisters that contain LEM or HEM provided 

the fuel remains within the canisters under accident conditions. A 

previous criticality analysis and another analysis performed to 

support this study conclude that there is no criticality limitation for 

stacking fuel canisters ·(ref 9 and 10). 

The KW Basin dimensions and water depths are shown on 

sketch ES-N040-S01 . The basin walls have structural capacity 

limitations that restrict the water depth in the basin (ref 8). A basin 

water depth of 16 ft, after fuel consolidation, is used to plan for 

storage. The basin is a Safety Class 1 structure . 

. . There will be an increase in water depth due to displacement by the 

additional canisters. The displaced basin water volume ranges from 

10,000 to 14,000 ft3, or an equivalen~ basin water level increase of 

1.2 to 1. 7 ft. To maintain the water level at the designated depth, 

the surplus water must be disposed of. The surp.lus water may be 

relocated to the KE Basin; however, water disposal is not in the 

scope of this study. 

2~ Alternatives Considered - Storage Arrangements and Storage 

Methods 

N040ES.TD.664 

Canister Storage Arrangements 

The development of alternative arrangements considers the 

arrangement of canister layers to provide minimum and maximum 

storage capacities by hanging storage and basin floor storage. 
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Uniform allocation of fuel canisters and sludge canisters was used 

to plan the storage. Since the entire basin inventory is LEM, it is 

evident that there are enough LEM canisters to occupy the west bay 

of the KW Basin. Considerations in the rack design options are the 

use of steel or concrete racks, canister station sizes, accessibility to 

handle and monitor canisters, and whether to elevate or stack the 

canisters. 

Three storage arrangements are considered. Arrangement 1 is 

varying layer arrangements using floor-supported steel racks. 

Arrangement 2 consists of a combination of steel rack floor storage 
. . 

and roof hanging storage. Arrangement 3 utilizes new steel floor 

racks in conjunction with relocating the existing boron concrete 

cubicles from N Reactor basin. (See Appendix B for storage capacity 

calculations.) 

• Storage Arrangement 1 

Storage racks are steel for floor storage with station size 

of 21 by 12.5 in. Canisters are stacked or elevated. (See 

sketch ES-N040-S01 for rack arrangement and sketches 

ES-N040-S02 through ES-N040-S05 for rack module design.) 

Arrangement 1 A: Two layers in the east or west and 

middle bays plus three l()yers in the remaining bay. 

Capacity: 8,961 canisters ( 1,211 being sludge 

canisters). 

Arrangement 1 B: Three lay~rs in three bays. 

Capacity: 11,547 canisters (3,797 being sludge 

canisters). 
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Arrangement 1 C: Existing one layer in the east or west 

bay plus three layers in the two remaining bays. 

Capacity: 9,000 canisters (1,250 being sludge 

canisters). 

• Storage Arrangement 2 

This arrangement consists of steel rack floor storage combined 

with hanging storage. (See Appendix E for sketches of the 

hanging storage. The sketches are from reference. 5, and 

revised as noted to be used for planning this storage arrange

ment). A review for adequacy of the existing supers~ructure 

is not in the scope of this study. The superstructure and 

associated monorail support structures have been used 

previously to support hanging canister storage. 

Arrangement 2: Two layers of floor storage in. three 

bays plus one layer of hanging storage in two bays; 

hanging storage is prohibited in ·the west bay (ref 5). 

Capacity: 8,513 canisters which is less than the 

8,750 minimum required (763 being sludge canisters). 

• Storage Arrangement 3 

This arrangement relocates and installs 1,000 existing boron 

concrete cubicles from N React9r basin to the west bay and 

provides additional new steel racks in a two-tier configuration 

in the remaining bays. See Appendix E for sketches of the 

concrete cubicles. Capacity: 9,698 canisters (1,948 being 

sludge ca~isters) . 
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Canister Storage Methods 

The Mark II canister design consists of two stainless steel barrels 

approximately 8-in. in diameter by 29-in. high, connected together 

by a tie tube. See Appendix E for canister sketch and dimensions. 

The supporting rack configuration will provide adequate access to 

retrieve and replace canisters for repair or replacement and will meet 

inventory an·d routine canister integrity surveillance activity 

requirements. The rack configuration will restrain the canisters to 

prevent damage to the canisters and the existing facility during a 

design basis earthquake. The supporting racks are classified as 

Safety Class 1 components. The racks will maintain geometric 

spacing between the canisters as a nuclear criticality safety control. 

All spent fuel and sludge is planned to be removed from the KW 

Basin by December 2002. Currently, there is no plan to reuse the 

racks after removal of the stored fuel and sludge; therefore, the 

required structural life of the. racks is 5 years assuming construction 

starts in 1997. 

Three storage methods are considered in this study: floor mounted 

steel racks, roof/monorail supported canister hangers, and using the 

existing boron concrete cubicles from N Reactor basin. 

• Method A: Floor-Mounted Steel Racks 

The rack is a moment-resisting frame structure. Each module 

is analyzed to resist the design loads (including seismic loads) 

independently. The modules may be interlocked to form a 

continuous unit across the bay floor to further resist seismic 

forces. The racks interact with the basin by receiving support 

from the floor and horizontal restraint from the wall base but 

are not mechanically anchored to the basin floor or walls. The 
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water viscosity provides damping for seismic forces. The 

water also serves as a counterbalance to the overturning of 

the rack module in a seismic load case. A preconceptual 

design for a three-tier rack module for three-layer storage is 

shown on sketches ES-N040-S02 through ES-N040-S05. 

The canister station space requirement is 21 by 12.5 in. 

There is an average 1-in. clear distance on each side between 

the rack framing and canister cover locking bar. The larger 

space allowance is necessary to prevent damage to the 

canister cap seal during vertical canister handling. The rack 

provides a 1-3/4-in. clear space at the gas trap for inserting a 

monitoring instrument at the gas trap for uriderwater canister 

integrity surveillance. Canister · integrity surveillance, 

cdnsidering the small clearance and multi-tier storage 

arrangement, is uncertain. 

Seismic restrainers are designed to hold canisters at 

four points at 45 degrees to the canister barrels principal axis 

to clear its cover hold bar. The four corners of the restrainer 

tube at the top and bottom are chamfered for easy vertical 

positioning of the canister. The restrainers bear at the canister 

base and ·at the reinforcing band at the top of each.barrel. 

Several options are available for the vertical support of the 

canisters within the rack itself. These options do not affect 

the evaluation of decisions for the rack alternatives, however, 

they are presented he_re for future consideration for the design 

of steel racks. 

Direct canister stacking: Upper canisters are supported 

by the canisters below with a removable supporting 
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plate between the upper and lower canisters. The lower 

canisters should be qualified as Safety Class 1 

components, as they would be relied upon to support 

the canister above, or a waiver should be obtained from 

DOE to use this option. 

Support by the rack structure: Canisters are supported 

at each tier by removable steel grating supported by the 

rack structure. 

NOTE: The removable plate or grating allows the 

lower layer canisters in a multiple layer 

storage configuration to be retrieved. 

Building a prototype of the rack design to test and review the 

serviceability of the canisters when in the racks is 

recommended. The preconceptual design of the three-tier rack 

module is applicable to the two-tier module for two-layer 

storage. 

• Method B: Superstructure/Monorail Supported Canister 

Hangers 

Canisters can be hung from the superstructure/monorail 

system (see conceptual sketche~ in Appendix F). Reference 5 

describes hanging canister storage. 

• Method C: Using the Existing Boron Concrete Cubicles 

The existing concrete cubicles in N Reactor basin could be 

relocated and reused in the KW Basin for consolidated canister 

storage. (See Appendix F for sketches of the concrete 

cubicle.) The stations are modular' array_s of cubicles formed 

by boron concrete posts and four sidewall panels. The station 
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space is 24 by 14 by 108 in. and provides three-layer storage 

in the existing configuration at N Reactor. 

Identification of Preferred Arrangement and Method 

a. Evaluation of Storage Arrangements 

The evaluation criteria include adequate capacity to meet the 

· minimum and maximum storage requirements, constructibility, 

cost and schedule, water shielding requirements, and impacts 

to existing facilities (including basin, basin super structure, and 

auxiliary systems), structural design and serviceability of the 

new racks. Ther.e is no decommissioning requirement 

considered, and the anticipated life extension of the storage 

system is 5 years assuming construction starts in 1997. 

• Arrangements 1 A and 1 C 

Advantages 

Both arrangements meet the minimum storage 

requirement. The steel racks are designed and 

shop fabricated as modules and are s•hipped to the 

site for installation and final assembly. See 

Section V for a constructibility evaluation. 

A preliminary evaluation for structural feasibility 

concludes that the KW Basin is structurally 

adequate for this storage arrangement assuming a 

reduced magnitude seismic event (ref 4). 

Based on preliminary design, the steel rack 

modules are adequate for consolidating fuel 
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storage. (See the evaluation of the canister 

storage methods.) 

Disadvantages 

Arrangement 1 C is more economical than 

Arrangement 1 A, however, the remaining one bay 

of existing racks would need to be reviewed for 

structural adequacy and compatibility with the 

new racks. 

• Arrangement 1 B 

• 

Arrangement 1 B has the same attributes as 

Arrangements 1 A and 1 C with the exception that it also 

accommodates the maximum storage requirement. (See 

the evaluation of the canister storage methods.) 

Estimated Construction Cost: $14.1 million, based on 

Arrangement 1 B (see Appendix A). 

Schedule: 1 year 

Arrangem~nt 2 

Disadvantages 

This arrangement has storage capacity for 

237 canisters less than the minimum required, 

however, it is presented for conceptual and 

comparison purposes. The storage density of 

hangers is less than one tier of the floor racks. 

Installation of the hanger system would involve 

modifications to the existing monorail system. 
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The hanging method is structurally undesirable and 

not technically recommendable according to the 

evaluation of storage methods noted later in this 

study. The building and attached monorail system 

should be analyzed and qualified as a Safety 

Class 1 structure to provide hanging canister 

support. 

The conjunct floor rack for this arrangement is 

similar to Arrangement 1. (See the evaluation of 

the canister storage methods.) 

• Arrangement 3 

Advantages 

The storage capacity of this arrangement meets 

the minimum storage requirements. The west bay 
' . 

of the existing steel rac~ storage is re.placed by 

concrete cubicles. The advantage to reusing the 

concrete cubicles is that the cubicles are available 

from N Basin and waste would be minimized by 

recycling them. 

Disadvantages 

The cubicles are overqualified for storage of low 

enrichment canisters. Cubicles add significant 

weight and seismic loading to the basin which 

limits canister storage to two layers in two bays 

and two-layer cubicle storage in the west bay. 

(The arrangement is not critical.) 
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Construction would include unbolting and 

removing the units from N Basin, and cleaning, 

decontaminating, and relocating the cubicles to 

the KW Basin. 

The conjunct floor steel racks in the ·other two. 

bays are the same as Arrangement 1. (See the 

evaluation of the canister storage methods.) 

· b. Evaluation of Canister Storage Methods 

• Method A: Floor-Mounted Steel Racks 

The steel rack layout is structurally feasible and the 

design is flexible to accommodate either a two- or 

three-tier configuration. From a service/accessibility 

view point, it meets the handling requirements and 

provides reasonable water circulation; however, the 

ability to perform canister integrity surveillance if it 

becomes required is uncertain. 

Constructibility: The units can be fabricated in parallel 

with the schedule of basin preparation and diver work 

can be controlled and limited by design and construction 

methods. (See Section V for constructibility 

descriptions.) 

• Method B: Superstructure/Monorail Supported Canister 

Hangers 

The superstructure/monorail supported hanger system is 

structurally undesirable because the superstructure has 

marginal additional capacity arid w~uld have to be quali

fied as a Safety Class 1 structure. The hung canisters 

- 25 -
APPROVAL 

09/13/94 



t I 

• 

N040ES. TD.664 

APPROVAL 
WHC-SD-N040-ES-001, Rev. 0 

would interfere with access to the canisters stored in 

the two-tier, floor-supported steel racks. This 

combination storage method is not recommended. 

Neither constructibility nor costs were studied for this 

alternative because of the few attributes to this system. 

Met.hod C: Using Existing Boron Concrete Cubicles 

The existing concrete cubicles displace a large quantity 

of basin water that would require more treatment than 

the other alternatives and would reduce the recovery 

time from a loss of water in the basin. Although the 

cubicles appear to be structurally adequate, they would 

impose a larger seismic dema_nd on the existing basin 

than the other alternatives. The sketches in Appendix F 

indicate that there are concrete restraining tongues at 

the four corners of the cubicle to restrain the canisters. 

However, restraining tongues may not actually exist, 

thus, additional seismic upgrades to the cubicles would 

be required. Serviceability/accessibility of the canisters 

is adequate. Water circulation is red_uced· with the use 

of the cubicles, however, circulation is not deemed a 

problem. 

Installation of the cubicles will require more work by 

divers to disassemble and reassemble and some damage 

to the units can be expected. The cubicles will have a 

lot of residual surface contamination. Because exposure 

of workers is required to remove the cubicles, this is not 

the best method considering ALARA concerns. This 

storage method is not recommended. There are no 

fabrication costs associated with this method. 
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The concrete cubicles are not under the cognizance of 

K Basin management. Therefore, the coordination of 

cubicle removal from N Basin, decontamination, and 

installation in the KW Basin would be difficult. 

c. Preferred Arrangement and Method 

• Storage Arrangement 

Arrangements 1 A, 1 B, or 1 C or their combinations by 

varying the number of two- and three-tier floor-mounted -

rack modules in the arrangement, is the preferred 

storage arrangement. The three-tier modules are more 

economical than two-tier modules from a storage 

capacity consideration. However, two-tier storage is 

preferred for safety and operation aspects. The actual 

number of canisters will dictate the choice. 

· • Canister Storage Methods 

The floor-mounted steel rack, Method A, is the preferred 

method based on flexibility of design and arrangement, 

accessibility for maintenance and surveillance, and 

considering that the racks can be fabricated offsite in 

parallel with basin preparation. 

d. Uncertainties 

The maximum number of sludge canisters is unknown. 

The effects of the steel storage racks, full of canisters, on the 

KW Basin epoxy coating is an uncertainty that is out of the 

scope of this study~ but requires further investigation. 
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The disposal method and location for the displaced water from 

the additional canisters (approximately 10,000 to 14,000 ft3) 

needs to be addressed. 

Special handling tooling will have to be designed for 

manipulating the fuel in the storage racks. This tooling 

configuration is an uncertainty but must be designed and 

fabricated prior to rack final design and construction. 

The ability of the storage racks to support canister integrity 

surveillance is uncertain. 

The safety analysis report and operations safety requirements 

for the KE and KW Basins limit the west bay to storage of LEM 

only and prohibits hanging storage in the west bay. These 

requirements should be reviewed and revised, if necessary, to 

accommodate the consolidated inventory of spent fuel and 

sludge canisters. 

B. COOLING OF BASIN WATER 

1. 
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Criteria 

The study of the cooling system is based on the following criteria. 

The water cooling load includes the heat added by radioactive decay, 

by operating equipment, and by conduction or convection from the 

surrounding environment. 

The system will also provide for transient cooling (lowering the basin 

water temperature to minimize radionuclide emissions, lowering 

temperature after a cooling system shut down, · etc). The required 

transient cooling capacity depends on the desired cooling speed. A 
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1°F minimum transient temperature drop per day of the basin water 

is assumed. · 

The temperature to be maintained in the basin is an operational 

decision. Therefore, water temperature could be lowered to reduce 

evaporation and/or reduce radionuclide emissions. 

The heat from radioactive decay as of January 1998 will be 68 kW 

from fuel at the KW Basin and 51 kW from fuel at the KE Basin 

(ref -11 ). The heat decay from PUREX and other fuel is estimated on 

a unit weight basis using fuel at the KW Basin as a standard. The 

total heat decay after January 1, 1998 and after fuel consolidation 

is estimated to be 119 kW or 406,700 Btu/hr. A recent study 

indicates that the heat decay may be about 6 tons (72,000 Btu/hr) 

higher (ref 12). 

The equipment contributing to the heat in the basin water includes 

a 25-hp main circulation pump, a 30-hp skimmer pump, and 50% of 

the existing installed sump pumps (about 5.~ hp). The total heat 

from equipment is 154,200 Btu/hr. 

The heat exchange between basin water and the surrounding soil 

depends on the soil temperature and the basin operating 

temperature. The soil temperature i~ assumed to vary between 

60 and 70°F. The maximum heat gain from the soil at a water 

temperature of 42°F and a soil temperature of 70°F is estimated to 

be about 15,000 Btu/hr (see Appendix B for calculation index). 

Heat loss by evaporation at the surface of the water depends on the 

water temperature, the relative humidity in the air above the basin 

walls, and the basin wall height above the water surface. In the 

summer, the air temperature above the grating will be higher than 
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the 60°F basin water temperature. Therefore, the air close to the 

water surface is cooler than the air above the basin walls, and the 

air layer inside the basin is still. Any migration of water vapor from 

the water surface to the space above the basin walls is due to 

diffusion only, and will have to follow the laws of water vapor 

diffusion through still air. Under these circumstances, the heat loss 

by evaporation from the basin water is found to be negligible in the 

operating water temperature range of ·42 to 65°F. 

Uncertainties include a 6-ton (72,000 Btu/hr) variation in the heat 

decay estimate, a nonuniform basin temperature, temporary 

maintenance or operational activities in the basin, improper operation 

of pumps, and fouling of heat transfer surfaces. A 20% contingency 

is added to the cost estimate to allow for these uncertainties. 

The cooling equipment will be sized to provide the necessary cooling 

using air-cooled condensers operating at 11 5 ° F outdoor air 

temperature in accordance with HPS, SOC 5.1. 

The cooling capacity required to remove the heat added to the basin 

under normal operating conditions and to provide for a transient 

cooling of 1 °F/day is estimated at 82 tons. The existing 60-ton 

nominal capacity air-cooled condenser/evaporator can deliver only 

46 tons of cooling to the water t~ comply with HPS design 

requirements (ref 13). Additional equipment capable of delivering at 

least 37 tons of cooling to the water will have to be provid_ed. 

Alternatives to provide the extra cooling are considered. 
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Alternatives Considered 

Alternative 1: 200-ton Water-Cooled Chiller 

The existing 200-ton water-cooled chiller would be used on an 

as-needed basis to supplement the existing air-cooled condenser 

system. By running primarily the 60-ton nominal capacity air-cooled 

condenser, the maximum expected temperature rise in the basin 

water is about 0.5°F/day. The operating controls would be to run 

the existing air-cooled condenser on a continuous basis, then switch 

to the 200-ton chiller when the basin water temperature rises 1.5 ° F 

above an average set point, and shut it down when the water 

temperature drops 1.5 ° F below the average set point. 

• Advantages 

The equipment already exists. No new work is necessary 

except for some start/stop control retrofit. 

The capacity is higher than the minimum required, therefore, 

it can provide faster transient cooling. The 200-ton unit has 

enough capacity for transient cooling to drop the basin water 

temperature by about 5°F/day. This rapid transient cooling 

may be helpful to control the radionuclide emissions that may 

be generated by leaking fuel canisters. 

This type of chiller is made for heavy-duty industrial 

applications and is very reliable; 

The chiller will operate on an intermitter:it basis, using the 

basin water ability to store cooling in the form of low 

temperature, therefore, it can be serviced and maintained 

easily during off periods. The 200-ton chiller will need to 
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operate only about 14 hours every 3 days, if a 3 ° F . . 
temperature fluctuation is allowed in the basin water. 

• Disadvantages 

Filtered river water is required for cooling the condenser. This 

generates some thermal pollutio~ by discharging warmer water 

back to the river. It also requires that river water supply 

pumps · be operating, therefore, increasing the cost of 

operation. The 60-ton nominal capacity air-cooled condenser 

was provided to eliminate the need for filtered river water. 

To achieve low basin water temperature, it will be necessary 

to run both basin water circulation pumps in parallel to avoid 

discharge water temperatures close to freezing. 

The 200-ton chiller requires dedicated electrical power. This 

power will be available for other applications if the 200-ton 

chiller is completely eliminated. 

The R-11 refrigerant us~d in the 200-ton chiller is a 

chlorofluorocarbon (CFC) that may r:1ot be available when this 

project would be implemented. 

The life expectancy of the 200-ton chiller is uncertain. 

Alternative 2: New Air-Cooled Condenser and Evaporator 

A new air-cooled condenser and evaporator would provide ttie 

additional minimum cooling of 37 tons at 115°F outdoor air 

temperature. This equipment will be installed in parallel with the 

existing air-cooled condenser system at the KW Basin and will cool 

a portion of the 500 gpm flow circulated by one pump. A 50-ton 
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cooling capacity Air-Conditioning and Refrigeration Institute rated 

condenser will be required to deliver 37 tons of cooling to the water. 

Power required for the new unit will be provided by the existing 

switchgear in electrical equipment room 1, cubicle "C3" spare 

feeder. 

Conduit routing from the switchgear electrical equipment room 1 to 

the new equipment is approximat~ly 500 ft, and will require 

penetration of a 3-ft thick concrete wall. _This method will provide 

redundant power when maintenance work is required on the 

switchgear feeder currently being used. The conduit will be 

2-1 /2 inch diameter with four 1 /0 cables. 

• Advantages 

Filtered river water is not required for cooling. 

Under favorable conditions of low outside air temperature and 

no transient cooling requirement, the existing 60-ton nominal 

capacity cooling system may be sufficient to provide the 

necessary cooling. Therefore, the new 37-ton cooling system 

will be used as a standby when not needed. 

• Disadvantages 

Only a minimum transient cooling of about 1 °F/day is 

provided. 

A new air-cooled condenser, evaporator, and interconnections 

are required. 

Providing new equipment would be costly. 

The cost of Alternative 2 is estimated at $500,000. 
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Alternative 3: Relocate the Existing 60-ton Unit from the KE Basin 

to the KW Basin 

The 60-ton nominal capacity air-cooled condenser/evaporator at the 

KE Basin would be relocated to the KW Basin after fuel consoli

dation. This would require the relocation of the fuel first, therefore, 

it may be necessary to run the 200-ton water-cooled chiller during 

the construction phase. 

The relocated air-cooled condenser/evaporator and the existing one 

have similar cooling capacity and will be installed in parallel . 

Power required for the new unit will be provided by the existing 

switchgear in electrical equipment room 1, cubicle "C3" spare 

feeder. 

Conduit routing frorri the switchgear electrical equipment room 1 to 

the new equipment is approximately 500 ft, and will require 

penetration of a 3-ft thick concrete wall. This method will provide 

redundant power when maintenance work is required on the 

switchgear feeder · currently being used. The conduit will be 

2-1 /2 inch diameter with four 1 /0 cables. 

• Advantages 

Existing equipment would be us~d. 

The evaporator at the KE Basin has contaminated water 

flowing through it and may be contaminated. The need to 

dispose of the evaporator as a contaminated item is eliminated 

if it is relocated to the KW Basin. 

Under favorable outdoor temperatures, one 60-ton system will 

be operating while the other can be used as standby. 
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• Disadvantages 

The equipment cannot be moved from the KE Basin to the 

KW Basin before the fuel is relocated. Therefore, the 200-ton 

water-cooled chiller may be required to run during the 

construction phase. 

When project N-040 is implemented, the air-cooled condenser 

and the evaporator would be approximately 1 0 years old, 

corresponding to about half the life expectancy. 

The cost of this alternative is estimated at $100,000. 

3. Identification of Preferred Alternative 

Alternative 3 is the preferred cooling alternative. It does not require 

river water for cooling as Alternative 1 does, it uses R-22 refrigerant 

instead of the highly regulated CFC R11 used by Alternative 1, and 

it is the only alternative that recycles the contaminated evaporator 

of the KE Basin. The cost of Alternative 3 is approximately 

$400,000 less than Alternative 2. 

N040ES.TD.664 

Uncertainties 

The uncertainties associated with the preferred alternative include 

the following: 

• Usability of the existing 200-ton water-cooled chiller during 

the construction period and the fuel transfer. 

• The sufficiency of the useful life remaining for the existing 

water cooling equipment. 

• A 6-ton variation in the heat decay estimate, a nonuniform 

basin temperature, temporary maintenance or operational 
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activities in the basin, improper operation of pumps, and 

fouling of heat transfer surfaces. 

A 20.% contingency is added to the cost estimate to allow for these 

uncertainties. 

· C. WATER FILTRATION AND TREATMENT 

N040ES.TD.664 

1. Criteria and Alternatives Considered 

Water Filtration 

The two existing primary filters are operated separately. Since the 

existing piping and pumps can handle the operation of ~oth filters at 

the same time, new primary filters are not required. Any increase in 

filtration requirements can be addressed by running both filters when 

needed, and by replacing filter elements as necessary. 

The primary function of the existing sand filter is to remove floating 

solids. These solids are a function of temperature, pH, dissolved 

oxygen, and outside sources, and are not expected to increase with 

additional fuel in the basin. Therefore, no new sand filter is required. 

Water Treatment 

The study of the water treatment for _the removal of radionuclides 

after fuel consolidation is based on the following criteria. 

The existing water treatment systems in the KW Basin provide 

satisfactory water quality level for the existing storage conditions 

when operating normally. A 2-year basin operation history shows 

that the residual concentration of Cs-137 radionuclides in the basin 

water can be as low as 0.05 µCi/L (micro curies per liter), and the 
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concentration of Sr-90 radionuclides can be negligible (see 

Appendix D-1 ). 

All N Reactor fuels that will be consolidated into the KW Basin are 

considered to be similar in nature to the fuel presently stored in the 

KW Basin. Therefore, no new contaminants· are anticipated that 

would require a different type of water treatment. 

All new fuels consolidated into the KW Basin will be stored inside 

sealed canisters similar to the canisters presently at the KW Basin. 

It is assumed that the additional fuel will increase the rate of 

generation of radionuclides in proportion to the weight of fuel added. 

It is also assumed that the temper_ature dependence of the 

radionuclide release rate of the additional encapsulated fuel is similar 

to that of the fuel presently at the KW Basin (see Appendix D-3). 

The desired residual concentration to be achieved after fuel 

consolidation is not defined. It is assumed that the present best 

achievable Cs-137 residual concentration of 0.05 to 0.1 µCi/liter as 

shown by the 2-year historical data is satisfactory under normal 

operating conditions, with 0.20 µCi/liter acceptable on a temporary 

basis when servicing a section of the water treatment system. 

The ion-exchange resins will be repl~ced regularly to maintain a 

minimum 90% ion removal efficiency (see Appendix D-2). (This 

means that the ion-exchange resins will remove at least 90% of all 

the radionuclides in the incoming water.) It is assumed that the 

existing resin beds are designed to match the existing water flow to 

provide optimum ion removal. ,:-herefore, the water flow through the 

ion exchangers cannot be modified. 
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The ion exchangers will have some extra water treatment capacity 

to decrease the concentration of radionuclides "to a desired level after 

it has been allowed to rise. ·This is a transient water treatment load. 

Demineralized make-up water is added on an as-needed basis. The 

existing methods and equipment are assumed to be satisfactory to 

handle the KW Basin after fuel consolidation. 

2. Identification of Preferred Alternative 

a. Evaluation of Alternatives 

The resulting residual concentration of Cs-137 radionuclides 

inside the KW Basin after fuel consolidation is shown in 

Table 1. (The table is derived from calculation N-040-H-02.) 

TABLE 1 

I 

RESIDUAL CONCENTRATIONS OF Cs-137 THAT 
EXISTING EQUIPMENT CAN MAINTAIN 

Basin water temperature °F 45 50 55 60 65 

µCi/liter at flow = 31 0 gpm 
I 

0.016 0.051 0.078 0.113 0.142 
present operating capacity 

µCi/liter at flow = 470 gpm 0.01 0.03 0.051 0.075 0.09 
present installed capacity 

I 

µCi/liter at flow = 160 gpm 0.03 0.1 0.16 I 0.22 0.28 
part of equipment in service I 

I 

With the existing water treatment operating capacity of 

310 gpm, the basin water temperature should be maintained 

at or below 58°F to achieve a residual stable concentrati_on of 

0.1 µCi/liter of basin water. The ion exchange modules 

system has been recently retrofitted to make it possible to 
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operate both modules at the same time, for a total maximum, 

water treatment capacity of 470 gpm. 

With the existing water treatment capacity of 4 70 gpm, the 

basin water temperature should be maintained at or below 

66°F to achieve a residual stable concentration of 

0.1 µCi/liter. 

When the ion-exchange modules or the ion-exchange columns 

are out of service, the remaining water treatment capacity is 

either 150 or 160 gpm, and the basin water temperature 

should be maintained at or below 50°F to achieve 

0.1 µCi/liter. 

b. Preferred Alternative 

The preferred option is to maintain the basin water 

temperature in the range of 50 to 60°F and use the existing 

installed water treatment equipment to maintain the desired 

level of radionuclides concentration. In this·temperature range, 

the generation of radionuclides is low, minimizing the number 

of ion-exchange elements that need to be handled as 

contaminated waste. 

D. INSTRUMENTATION AND INVENTORY CONTROL 

N040ES.TD.664 

1. Criteria 

• There are no instrumentation changes required due to an 

increase in the 105 KW Basin fuel inventory. 
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Instrumentation changes associated with proposed 

modifications to water cooling are insignificant, have a low 

cost, and are included with the equipment changes. 

• Examine the methodology for satisfying DOE Order 5633.3A 

Category II SNM bimonthly inventory requirements. 

• Develop and evaluate alternatives for material inventory 

required by DOE Order 5633.3A. The three alternatives 

chosen were the viable options available for SNM inventory. 

2. Alternatives Considered 

N040ES.TD.664 

a. Alternative 1: Compliance with DOE Order 5633.3A 

Bimonthly Requirements 

Alternative 1 proposes compliance with DOE Order 5633.3A 

requirements for a bimonthly physical inventory relating to 

other aspects of the fuel consolidation proposal (e.g., storage 

rack configuration). Alternative 1 forms a basis for 

comparison with the -other two alternatives which may require 

deviation approval by DOE for implementation. 

The process of spent fuel storage consolidation at the 

KW Basin will require a three-~ier storage rack design to 

accommodate a minimum estimated 8,750 canisters 

(1,000 sludge) and a maximum capacity of i 1,500 canisters 

of spent fuel and sludge. Since the SNM associated with the 

spent fuel is classified as Category 11-D, bimonthly physical 

inventory is required to comply with DOE Order 5633.3A. 

Alternative 1 also assumes that the bimonthly physical 

inventory will be based on a statistical inventory. Currently, 

MBA 107 (KW Basin) and 108 (KE Basin) are listed in 
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WHC-CM-4-35, Section 1.1, as statistically based inventories 

and are assumed to remain so after consolidation. 

An estimated 10% canister sample will need to be taken every 

2 months to meet DOE Order 5633.3A requirements. Approxi

mately 875 to 1,155 canisters would be removed from their 

storage racks for verification. Inventory verification will 

require · confirmative measurements to be taken on each 

canister. The most convenient confirmation measurements 

available are the attribute measurements of location, 

identification number, and gross weight listed in 

WHC-CM-4-35, · .Section 1.1. Separately, each attribute 

measurement does not validate acceptability or unacceptibility, 

but in conjunction with other attributes ensures integrity of an 

item or area {ref 14). These attributes will need to be taken 

and recorded during initial consolidation to form the data 

baseline with which subsequent measurements can be 

compared for inventory verification. 

The potential to measure other attributes and variables for 

inventory verification exists. The variable measurements of 

neutron emission and specific gamma activity have the 

potential to provide quantitative information regarding the 

validity for inventory verificatio,:1 {re.f 14). Radiation detection 

probes have been used in the tank farm environment to help 

with characterization. The development of a probe consisting 

of a gamma detector to measure the presence of fission 

products and a neutron detector to measure the presence of 

plutonium may provide an optional sampling technique for 

inventory verification. 
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• Advantages 

The requirements of this inventory alternative already 

exist in the associated site procedures. 

The statistical sample used for inventory could include 

the three canister sets located above and below each 

other in the three-tier storage rack. This would preclude 

having to unnecessarily move canisters located above 

those required to be verified fo·r inventory. 

Canister inventory and subsequent movement can be 

accomplished without major changes to existing hoisting 

equipment. 

• Disadvantages 

The obvious disadvantage is the potential amount of 

canisters that would need to be handled during each 

inventory period. It will take an estimated 30 minutes to 

identify, weigh, and return the three canister sets to 

storage. This does not include the removal/replacement 

of canister base plates. The time impact of base plate 

manipulation can be minimized during definitive design. 

One operator and the manager in charge of inventory 

would perform the inventory and complete -the paper . . 
work. This equates to 1 manhour per canister set, or 

approximately 300 to 360 manhours (based on 10% 

sample) ·required to complete one bimonthly inventory 

for the estimated 8,750 to 11,500 canisters to be 

stored in the KW Basin. 

An inventory requiring 300 to 360 manhours bimonthly 

cannot be completed under current conditions. The 
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three-tier storage of spent fuel canisters would require 

approximately 7 ft of height (see sketch ES-N040-S03). 

With a basin water depth of 16 ft, this would leave 

approximately 9 ft of water above the top layer of 

stored canisters for shielding. Canister movement is 

limited to one canister at a time for full-time access with 

a minimum shielding water depth of 8 ft (ref 6). 

• Principal Hazards and Risks 

The radiation ' exposure from the inventory activities of 

the spent fuel stored in the basin will increase in direct 

proportion to the increase in frequency and statistical 

sample size. The consolidation of fuel and subsequent 

bimonthly inventory will reduce the parameter margins, 

time, distance, and shielding associated with the ALARA 

concept. More time will be spent during the inventory 

activity. The spent fuel will be stored closer to basin 

water surface because of Jhe three-tier .storage rack 

arrangement. The canister will need to be lifted above 

the rack and left suspended or moved to a temporary 

location to provide access to the lower level canisters. 

Current administrati_ve controls on canister handling and 

physical limitation on the hoisting equipment will need to 

be modified to accommodate this activity. 

An increased risk of canister damage is associated with 

the large number of canisters to be inventoried. 

Two-thirds of these canisters will ne·ed to be lifted out 

of the racks from the lower levels. 
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b. Alternative 2: Automate Fuel Inventory with Instrumentation 

Alternative 2 would use instrumentation to indicate the 

attribute measurements required for inventory verification. 

Piece count and gross weight are two attributes listed in 

WHC-CM-4-35, Section 1.1 that could most readily be 

measured by instruments. Instrumentation would be incorpor

ated into the rack design. Gross weight measurements would 

be taken using load cells. These load cells would be built into 

the load bearing members of each rack. Since each rack is a 

module containing multiple canisters, the load cells would 

indicate the bulk module weight. The load cells would be 

connected to a DAS which would be configured to provide 

bulk module weight. Piece count would be achieved using 

proximity switches. Proximity switches would be mounted on 

the rack at each canister location to monitor the presence of 

the canister. The DAS would indicate the presence of the 

canister at a specific location and would be configured to 

alarm when a canister position was emptied. 

• Advantages 

Alternative 2 would eliminate the disadvantages and 

principal hazards and risks identified in Alternative 1. 

• Disadvantages 

The sensors of this system wo·uld be mounted 

underwater in a radiation field. This would limit the 

commercial availability of these components. 

To facilitate the installation and potential removal 

(maintenance) of the modular racks, the sensor wiring 

would need to be run vertically from each rack to the 
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interspersed throughout the basin above the basin water 

surface. 

The racks would need to be designed to accept load 

cells on their load bearing members that transfer rack 

weight to the basin floor. This design would need to 

maintain the Safety Class 1 seismic qualification 

associated with the rack design. 

Instrument sensors should be installed as pairs with one 

sensor being a spare. This would provide added margin 

to preclude maintenance because of a single sensor 

failure. This may require as many as 21 ,500 proximity 

probes and 7,500 load cells. 

Rack maintenance would require the unloading and 

removal of the rack from the basin. There may not be 

sufficient spare storage to accommodate the unloading 

of a rack. The racks are joined during installation, 

therefore, a method of separation would need to be 

developed. The installation of the racks would be 

accomplished with the aid of nuclear divers. This would 

not be possible during maintenance, removal, and 

reinstallation. The racks would also need to be moved 

around and over filled storage racks to accomplish 

maintenance. 

The sensors and associated wiring runs would be subject 

to potential damage during initial and any subsequent 

canister movement. 
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Sensors used to make confirmative measurements for 

inventory verification would require periodic calibration. 

This would require the removal _of . each rack on a 

periodic basis. Calibration would have the same inherent 

problems as maintenance, except that calibration is 

required while maintenance might not be necessary 

during a short time span. 

• Principal Hazards and Risks 

The ALARA concerns associated with the inventory 

activities of Alternative 1 are applicable to the 

maintenance activities of Alternative 2. 

There is the potential for canister and rack damage 

during the loading/unloading of canisters and the 

removal/reinstallation of storage racks associated with 

the maintenance and calibration of an automated 

inventory system. 

c. Alternative 3: Deviation from DOE Order 5633.3A Bimonthly 

Inventory Compliance 

The basis for Alternative 3 is found in DOE Order 5633.3A: 

"Deviations to inventory frequency requirements described in 

Figure 11-1 may be approved in accordance with DOE 

Order 5630.11 A for inventories containing large number of 

items .............. where alternative control mechanisms provide 

assurance that unreported changes in inventories would be 

detected." The proposed consolidation of 8,750 to 

11,500 canisters of spent fuel in the KW Basin should qualify 

as a large number of items. A deviation would seek to use 

appropriate measures for a realistic and cost effective 

approach to the protection of SNM in accordance with the 
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graded safeguards concept at the 1 OOK Basins. Approval of 

this request would reduce the inventory frequency to an 

annual requirement. A review of the various codes and 

regulations applicable to spent fuel storage was completed. 

This review looked for guidance and technical justification for 

deviation from current bimonthly physical inventory 

requirements. 

A review of ANSI and CFR standards used by commercial 

nuclear power plants to regulate spent fuel storage and 

inventory was made to determi~e the differences that existed 

which allow commercial plants to perform less stringent 

inventories and to provide technical justification for a 

deviation. The basic differences were in the types of SNM in 

the spent fuels and that once threshold values of plutonium 

were part of the SNM to be considered, the inventory 

requirements per the CFRs were similar. 

Justification for deviation from inventory requirements could 

be based on previous requirements. It is estimated that DOE 

Order 5633 .3A physical inventory requirements for 

Category 11-D SNM would require 300 to 360 manhours of 

work for a bimonthly physical inventory. A change in the 

inventory frequency requirements from bimonthly to 

semiannually would reduce the overall manpower requirements 

and reduce the disadvantages stated in Alternative 1. A 

semiannual physical inventory was the requirement for 

Category 11-0 SNM in DOE Order 5633.3 and is still listed in 

WHC-CM-4-34. The change in physical inventory frequencies 

for Category II SNM with an attractiveness level D, low-grade 

materials, occurred during the transition from DOE 

Order 5633.3 to 5633.3A. 
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A waiver "requires implementation of compensative measures 

for the period of the waiver" and "a waiver will be for ,a period 

not to exceed 2 years." There is a complimentary relationship 

between the physical protection and material control of SNM 

as implied in the Summary and Conclusions section of this 

report. Compensative measures may take the form of 

enhanced security and physical protection of the KW Basin. 

The project N-030 engineering study provides a detailed look 

at security enhancements suitable for these facilities (ref 15). 

Implementation of security enhancements may provide the 

impetus for continued waiver. 

Project N-030 improvements, if implemented, may provide the 

impetus for a variance for an indefinite period from the 

bimonthly physical inventory requirements. Alternative 3 is 

presented in the form of suggestion and idea. Lack of · 

definitive action in Alternative 3 is because DOE makes the 

· · decision to grant a deviation from DOE orders. Any plan of 

action for compensative measures .or equivalent levels of 

protection for potential deviation will utilize a vulnerability 

assessment to provide assurance that risks associated with 

theft and diversion of SNM are prevented. The vulnerability · 

assessment should determine the areas where compensative 

measures or equivalent levels of protection are required. 

• Advantages 

Any reduction in the frequency of the physical inventory 

requirements will lessen the disadvantages and principal 

hazards and risks addressed in Alternative 1 . 
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Instrumentation associated with security system 

enhancement would not have the disadvantages 

associated with Alternative 2. Instrumentation would 

not be mounted underwater and would be available for 

maintenance and calibration. 

• Disadvantages 

Alternative or equivalent means of providing adequate 

safeguards and security may be proposed to meet a 

specific requirement of Safeguards and Security Program 

orders and associated manuals, but these deviations 

must be DOE approved. 

d. Cost Information (Alternatives 1, 2, and 3) 

The alternatives in this section have assumed that the spent 

fuel consolidation has been implemented. No cost estimate 

was made for Alternative 2 as it was deemed a nonviable 

option in the final analysis. A cost comparison will be made 

comparing physical inventory requirements for Category 11-D 

spent fuel. The assumptions associated with a Category 11-0 

physical inventory are multiple attributes will need to be 

measured and determined for inventory validation. The most 

readily available attributes are location, identification number, 

and weight. Also, the KW ~nd KE Basins are listed as 

statistically based inventories. It is being assumed that an 

approximately 10% sample of the basins will need to be 

sampled during each inventory. The comparison will consider 

the cost associated with a physical inventory of spent fuel in 

its current storage configuration, the cost of physical inventory 

associated with the spent fuel consolidated in the KW Basin in 

a three-tier rack configuration, and the relative cost of 

inventory for consolidated spent fuel in the KW Basin with a 

- 49 -
APPROVAL 

09/13/94 



... 

N040ES.TD.664 

APPROVAL 
WHC-SD-N040-ES-001, Rev. 0 

waiver in place. The hours needed to perform the consoli

dated physical inventory with an approved waiver will assume 

that the spent fuel is still Category 11-D with a yearly inventory 

frequency. 

Currently, there are 3,671 sealed canisters located in the 

KW Basin and 1, 1 50 metric tons of spent fuel in open 

canisters and an estimated 775 tt3 (minimum) of sludge in the 

KE Basin. It is estimated that it will require 1 5 minutes to 

verify the location, lid identification number, and weigh three 

canisters in the KW Basin. The KE Basin inventory per 

Category 11-D SNM requirements are not included because the 

spent fuel in this basin does not support multi-attribute 

validation, i.e., personnel can't weight, verify an identification 

number, or place a unique location on an item of spent fuel 

sludge. A 10% sample of 367 canisters at 15 min/3 canisters 

would require approximately 30 hours bimonthly to complete 

the physical inventory for the spent fuel currently stored in the 

KW Basin. Since one operator and one manager are involved 

in the physical inventory, a total of 60 manhours bimonthly or 

360 manhours/year would be required for the physical 

inventory at the KW Basin. 

The physical inventory of the KW Basin as outlined in 

Alternative 1, i.e., 8,750 to 11,500 sealed canisters in a 

three-tier rack, would require approximately 300 to 

380 manhours bimonthly or 1 ,800 to 2,280 manhours/year to 

complete the physical inventory. 

The time requirements for a physical inventory as outlined in 

Alternative 1, but with a waiver (as outlined in Alternative 3) 

to the bimonthly physical inventory frequency that allows 
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physical inventory at 1-year intervals, would require 

approximately 300 to 380 manhours/year. 

Identification of Preferred Alternatives 

a. Evaluation of Alternatives 

Alternative 1 operates within the existing programs associated 

with the safeguards and security established for SNM material 

control. Therefore, no major programmatic changes would be 

required to implement this proposed physical inventory. There 

is no large capital cost associated with the implementation of 

this alternative as most of the required equipment already 

exists. However, there is a significant impact on Operations 

personnel and significant long-term costs associated with the 

bimonthly physical inventory (300 to 360 manhours 

bimonthly). There is an increased chance of storage canister 

damage due to moving large numbers of canisters in and out 

of a three-tier storage rack bimonthly. 

The second alternative would reduce significantly the impact 

to operations and the potential canister damage associated 

with manually taking confirmative measurements for inventory 

verification. Conversely, a system to automate attribute 

measurements would be costly to implement because of the 

quantity of sensors required. An estimate for this system was 

not devised because of the extreme difficulty associated with 

system maintenance and the inability to provide the sensor 

calibrations required for confirmative attribute measurements 

used for inventory verification. This alternative was deemed 

not viable with respect to the requirements and limitations of 

the rack design (e.g., racks are coupled together during 

construction with the aid of divers; divers need adequate 

water shielding from stored fuel to aid with thp coupling and 
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any subsequent uncoupling of the racks; and rack movement 

within the basin was limited to areas devoid of spent fuel 

storage). 

b. Preferred Alternative 

Alternative 3 is the preferred alternative. There are inherent 

problems associated with using instrumentation for inventory 

verification in the spent fuel basin as described above, but 

instrumentation can be used to enhance access controls and 

security systems. This application has been previously studied 

and can provide the necessary guidance for implementation. 

Use· of instrumentation to provide an alternative means for 

adequate safeguards and security of SNM is more desirable 

than the use outlined in Alternative 2. A waiver would reduce 

the physical inventory requirements associated with 

Category 11-D SNM, therefore, reducing the need for 

Operations personnel to verify approximately 875 to 

1,150 canisters bimonthly. 

IV. REQUIRED CHANGES TO IMPLEMENT PREFERRED 
ALTERNATIVE 

A. CANISTER STORAGE 

The sludge uncertainty · has significant i_mpact to the basin storage 

arrangement. Future packaging and quantities that are different from 

those used in the study will affect the developed storage arrangements. 

Multiple requirements of the canister storage racks make the design 

complicated and will require the development of special handling tools to 

use the racks. Each canister storage station is provided with a vertical 

passage for ultrasonic testing of the canisters. The clear space is 1-1 /2 

by 4 in. near the canister's gas trap. The final dimensions of the storage 

station will be adjusted in accordance to the dimensions of the actual test 

equipment. 
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B. MECHANICAL 

The KW Basin water temperature maintained under present operating 

conditions may have to be reviewed and lowered because of the increase 

of the radionuclides generation rate from the added fuel. This is an 

operational decision. 

C. INSTRUMENTATION AND INVENTORY CONTROL 

A waiver to change the physical inventory requirements for the KW Basin 

is being considered by DOE. A vulnerability assessment of the MBA 

associated with the KW Basin should provide the guidance to determine 

what alternative means or compensative measures would best fulfill the 

requirements necessary to qualify for a variance or waiver. 

V. CONSTRUCTIBILITY 

A. CANISTER STORAGE 

Following are descriptions of the construction activities to install the new 

three-tier steel rack storage modules. The activities involve moving new 

and existing racks and canisters to install the racks in the KW Basin. The 

project work plan will apply safety principles of ALARA to the radiation 

workers: to minimize exposure time, to provide as much distance from the 

fuel as possible, and to provide shielding for the workers. 

There are three basic construction sequences: temporarily relocate the 

existing canisters, remove the existing racks, and place the new rack 

modules. 

N040ES. TD. 664 

1. Temporary Relocation of Existing Canisters and New Storage 

To move the existing racks and to prepare a safe underwater 

working area for the divers, existing stored fuel canisters must be 

temporarily relocated to vacate a working area. The area should be 

as large as possible. There are canister stations vacant in the 
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KW Basin that can be used for temporary canister relocation. The 

existing station and canister storage in the KW Basin are shown in 

Table 2. 

TABLE 2 

KW BASIN CANISTER STORAGE 

West Bay 1,632 712 
Central Bay 1,748 113 

East Bay 1,632 449 

• Reference drawing H-1-34 7 63 
• • Reference K Basins operations data 

There are 1,274 vacant stations in the KW Basin. More than half of 

the canisters in a bay can be relocated to these stations. Relocation 

does not have to be limited to the same bay. Canisters in the 

KW Basin will be temporarily relocated until placed in the new racks. 

The temporary storage will examine criticality requirements for each 

station. The existing monorails will be used to handle the canisters 

during temporary relocation. The canisters must be moved before 

the gratings are removed for construction access. Relocation will 

follow an approved canister handling construction procedure which 

considers both safety and handling time that will impact the 

construction schedule as thousands of canisters must be handled. 

The K Basin Operations group must be involved early in the project 

to develop the procedure and estimate the required time. 

To arrange the new canister storage and plan the canister moving 

sequence, the following considerations should be included: 

• Group canisters according to material (sludge, fuel, and their 

enrichment), canisters types (MKI, MKII, etc.) and bay storage. 
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Layer storage (the lighter sludge canisters located in the upper 

layer and the stronger MKII canisters located in the lower 

layers). 

• Canisters serial number arrangements. 

The shipments of canisters from PUREX and the KE Basin should be 

conducted after the new rack installation is complete in the 

KW Basin. This is not in the scope of this engineering study. 

2. Remove Existing Racks 

For the construction and storage arrangements of the existing racks 

and canisters in the KW Basin, see as-built drawings H-1-34 7 62 

through H-1-34764, Rev. 1, dated 2-15-79. The single-tier steel 

racks occupy all three bays. The existing racks provided 

5,012 stations for storage; however, there are only 3,817 canisters 

stored in the KW Basin. The racks and canisters rest on the basin 

floor and the rack columns are not anchored to the floor. There are 

effectively two modular rack sizes: 10 by 3.5 by 1.5 ft with 

22 canister stations, and 15 by 3.5 by 1.5 ft with 30 canister 

stations. There are approximately 204 existing racks in the basin. 

Construction Access - Floor and Building Access 

Temporary construction accesses are required to move the existing 

racks in and out of the basin and building. Access to the basin 

through the grating will be provided by a 14-ft wide opening in an 

east-west direction the full length of the basin. Location of the 

access shall consider the path from the building access and will 

utilize the existing monorail system. The planned transportation 

corridor will not have any canisters beneath it during construction. 

The existing floor grating panels will be removed temporarily and will 

be replaced upon completion of the new rack installation. 
•· 
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Access through the building enclosure has the following alternatives: 

• Through the Door at the Northeast Corner of the Building: The 

racks may be transported through one of the corridors that are 

approximately 7 ft high by 12 ft wide.· The existing corridors 

are bounded by the bottom of a monorail array, through the 

top of the floor grating, and the grating pipe hanger arrays to 

the sid.es. Between the door and corridor are approximately 

four grating hangers and attached floor grating panels that 

require temporary removal or modifications to widen the 

corridor for construction access. 

The size of the new shop-assembled racks should enable the 

storage modules to be transported through the corridor. The 

corridor can accommodate the two-tier module design. Trans

portation of the standard three-tier module through the corridor 

has a tight space allowance. Further module design develop

ment and existing structure modifications may be required. 

For the larger new racks that can not pass through the corridor 

as one assembly, partial indoor assembly work will be 

required. A dedicated assembly area may be located on the 

grating floor above the water. 

• Through the Existing . Railroad Entrance: Modification of the 

track area (i.e., relocate existing equipment) to provide 

transportation clearance is required. Corridor transportation 

and transportation below the floor will be the same as the 

paragraph above. 

• Through the Roof: Construct an approximately 9 by 11-ft 

opening through the roof and monorail framing to the grating 

floor level, one access for each bay will avoid cross bay 
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movement. Outdoor cranes will be required to transport the 

racks into the buildi~g. The bigger rack modules can be 

transported to the basin without partial assembled work 

indoors. It may be possible to set up two construction lines 

if necessary. Transportation of the racks below the floor 

will be the same as the other alternatives. (See reference 

drawings H-1-21103 and H-1-21104 for the existing structural 

roof framing, monorail support framing, and the grating floor 

framing.) This alternative is not recommended because it 

disturbs the existing building structure. 

Construction Rigging System 

Rack transportation will be by hanging the racks from the existing 

monorail system. The existing monorail system has a lifting capacity 

of 2,400 lb per 4 ft section and 900 lb/ft. Each existing monorail 

hoister has a 1-ton lifting capacity. The new standard rack module 

weighs approximately 4,500 lb. A temporary transportation and 

hoisting structure is required to transport, hoist and float the racks, 

and provide final adjustments to the rack placement. The hoist will 

be constructed from existing monorails or the grating floor and will 

require a review of the existing structl;Jres for the transportation and 

construction loads. The existing monorail system has been reviewed 

for construction rigging for a 6,000-lb load. A rigging system 

utilizing four hoisters on two adjacent monorails, with the hoisters 

spaced at a minimum of 4 ft apart, will be sufficient to handle the 

transportation of the new rack modules. Modifications to the 

monorail system may affect its system classification and 

certification. The basin superstructure is a Safety Class 3 structure. 

Review of the basin superstructure is not in the scope of this study. 

Per the above monorail lifting capacity, the overall roof system will 

be adequate for the construction loads. 
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Safety 

All alternatives require preventative measures and a safety study to 

ensure that the racks and gratings will not fall on the stored fuel 

canisters in the basin but was not in the scope of this study. One 

option is to relocate all canisters from directly beneath the floor 

construction access during construction. 

The rack construction requires underwater work. A working area in 

the basin for the divers to maintain a safe water shielding distance 

from the fuels will be provided by developing a larger working area 

devoid of fuel canisters and/or by installing lead panels between the 

fuels and divers as required or for additional shielding protection. 

Underwater work will be planned and practiced per ALARA before 

actual work begins. 

The working distance between the divers and the spent fuel depends 

upon the radiation source intensity and the amount of lateral water 

between the diver and the source. A 28-in. water attenuation is 

approximately equal to 2 in. of lead. A comoination of distance 

through the water and possible lead shielding m~st be within 

acceptable limits for dosage policy, working time, and contingency 

waiver. Existing monorails and temporary moving and hoisting 

construction systems will be used in lieu of using human labor 

whenever possible. 

The KW Basin contains minimal accumulations of sludge that will 

require consideration, especially when divers are involved. 

Planning Underwater Work Area 

A half bay of canisters, approximately 800, would need to be 

vacated initially. Successive transfers from the remaining bays will 

have the new racks to transfer to. The procedure and time required 

to relocate the canisters will require additional study. The relocation 
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will provide a 34- by 39-ft work area from which to start removing 

the existing racks and to install the new modules. After the new 

modules are installed, canisters can be progressively replaced into 

the new racks from the existing racks just ahead of construction to 

provide additional working space (see sketch ES-N040-S04). 

After the existing racks in the planned work area are emptied of 

canisters, the divers will untie or cut existing racks and ready them 

for removal. The removed racks can be decontaminated, cut into 

pieces, and packaged in a designated area (indoors) before release 

from the building. Alternatively, the removed racks can be cut up 

underwater, raised, and put into casks on railcars for shipment to a 

waste disposal area. 

The existing monorail system can be used to lift and transport the 

existing racks through the floor grating access at each bay. Existing 

monorail systems will be reviewed and modified as required for the 

task. The facilities and method and time required to demolish, 

decontaminate, and dispose of the existing racks require further 

study. A review of the procedure should include both a safety and 

cost evaluation. 

3. Place New Rack Modules 

N040ES.TD.664 

The new rack modules will be shop-fabricated and shipped to the 

site. New rack modules will be transported into the building and into 

each bay through construction accesses and. rigging system 

discussed. Welders will do final assembly and welding to the new 

racks, as required, at a dedicated assembly area above water. 

Divers will make final adjustments during placement of the new 

racks and connect the racks. 

The estimated fabrication and construction schedule of the above 

activities is approximately 1 year. 
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The construction times may overlap construction activities, thus, 

reducing the construction schedule. There are uncertainties with the 

canister handling time and indoor construction rigging methods that 

may impact the estimated construction times. 

The construction activity descriptions are conceptual. The 

construction schedule and cost estimates are to support a 

decision-making process only and will require a more thorough 

investigation of the chosen alternative when proceeding with this 

project. 
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•---- - --------- - ------- -- ------ - --------- --- --------------------- -- -- --- ---------------------- - ------- - - - - -- ------ -- ------·-------- • TYPE Of 
EST I HATE 

STUDY EST IHATE 19 NAY 1994 REMARKS: COHHENTS FROND . CHOU DATED 13 & 19 HAY HAVE BEEN 
INCORPORATED INTO THIS ESTIMATE. 

.. ;;~~;;~¼,~ ..... ....................... .. ...... . 
OPERATING 
CONTRACTOR 

•································································~································································· • 
(ROUN~ED / ADJUSTEO TO THE NEAREST " 10 , 000 / 100,000 " • PERCENTAGES NOT RECALCULATED TO REFLECT ROUNDING) 
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KAISER ENGINEERS HANFORD 
WESTINGHOUSE HANFORD 
JOB NO. N•040SAA1 
FILE NO. ER5281 

\IBS DESCRIPTION 
••••••••••••••••••••••••••••••••••••••• 

111000 DEFINITIVE DESIGN-CAT 1•0NSITE E/C 
121000 ENGINEERING/INSPECTION•ONSITE E/C 

SUBTOTAL 1 ENGINEERING 

210004 RACK MODULES 

SUBTOTAL 2 PROCUREMENT 

311000 FORCE ACCOUNT CONSTR • ONSITE E/C 

SUB TOTAL 3 CONSTRUCTION 

411000 PROJECT INTEGRATION 

SUBTOTAL 4 PROJECT INTEGRATION 

PROJECT TOTAL 

•• IEST • INTERACTIVE ESTIMATING•• 
KW CONSOLIDATED FUEL STORAGE ENGINEERING STUDY 

STUDY ESTIMATE, ER5281 
DOE_R02 • WORK BREAKDOWN STRUCTURE SUMMARY · 

ESTIMATE 
SUBTOTAL 

ONS ITE 
I ND IRECTS 

SUB 
TOTAL 

ESCALATION 
X TOTAL 

SUB 
TOTAL 

PAGE 
DATE 
BY 

2 OF 8 
05/19/94 14:16:31 
LEE H. ROSSON 3•6148 

CONTINGENCY TOTAL 
DOLLARS X TOT AL ........ ••••••••• ••••••••• •••••• a••••••• ••••••••• ••••• ••••••••• s•••••••• 

282000 
55000 

337000 

4545000 

4545000 

3208310 

3208310 

275000 

275000 

0 
0 

0 

0 

0 

0 

0 

0 

0 

282000 
55000 

33 7000 

45450!)0 

4545000 

3208310 

3208310 

275000 

275000 

10.49 
12.27 

10.70 

12.29 

12.29 

12.29 

12.29 

12.27 

12.27 

29582 
6749 

36331 

558581 

558581 

394301 

394301 

33743 

33743 

311582 
61749 

373331 

5103501 

~103501 

3602611 

3602611 

308743 

308743 

50 
50 

50 

50 

50 

5.0 

50 

50 

50 

155791 
30874 

186665 

2551790 

2551790 

1801306 

1801306 

154371 

154371 

1,67373 
92623 

559996 

7655371 

7655371 

5403917 

5403917 

463114 

463114 

•••·••••••••••a •••••••••• a ••••••• ~ • a • & •• SC ••• & • a ••••••• E ••• C ••••••••••• a •••• a • a • aaa ••• S 

0 1,022,956 4,694,132 
8,365,310 8,365,310 12.23 9,388,266 50 14,082,398 
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KAISER ENGINEERS HANFORD 
MESTINGHOUSE HANFORD COHPANY 
JOB NO. N·040/ER5281 
FILE NO. ER5281 

1. DOCUHENTS ANO DRAMINGS 
••••a•••••••••••••••ca 

** IEST • INTERACTIVE ESTIHATING •• 
105 KE/KM SEISHIC UPGRADES 

STUDY ESTIHATE 
OOE_R03 • ESTIHATE BASIS SHEET 

OOCUHENTS: N0-40 STRUCTURAL REPORT DRAFT BY D.T. CHOU 

DRAMINGS: SKETCH NOS ES•N040•S01, S02, AND S03 

2. HATERIAL PRICES 

UNIT COSTS REPRESENT CURRENT PRICES FOR SPECIFIED HATERIAL. 

3. LABOR ~ATES 
•••••m••••• 

PAGE 
DATE 
BT 

3 OF 8 
04/12/94 13:24:04 
LHR 

CURRENT KEH DASE CRAFT RATES, AS ISSUED BT KEH FINANCE (EFFECTIVE 02·01•94), INCLUDE FRINGE BENEFITS, LABOR INSURANCE, 
TAXES AND TRAVEL MHERE APPLICABLE, PER HANFORD SITE STABILIZATION AGREEHENT, APPENDIX A (EFFECTIVE 02•01•94). NON CRAFT 
HOURLY RATES ARE BASED ON THE 1994 FISCAL YEAR BUDGET LIQUIDATION RATES AS ISSUED BT KEH FINANCE (EFFECTIVE 10 · 01·93). 

4. GENERAL REQUIREHENTS/TECHNICAi SERVICES/OVERHEADS 
•••••••=•••c••••••••c••••••••••••••••••••••••••s• 
A.) ONSITE CONSTRUCTION FORCES GENERAL REQUIREHENTS, TECHNICAL SERVICES ANO CRAFT OVERHEAD COSTS ARE INCLUDED AS A 

COHPOSITE PERCENTAGE BASED ON THE KEH ESTIHATING FACTOR/BILLING SCHEDULE, REVISION 16, DATED OCTOBER 01, 1993. THE 
TOTAL COHPOSITE PERCENTAGE APPLIED TO ONSITE CONSTRUCTION FORCES LABOR, FOR THIS PROJECT, IS 93X FOR SHOP MORK AND 
134X FOR FIELD MORK, MHICH IS REFLECTED IN THE "OH&P/D&I" COLUHN OF THE ESTIHATE DETAIL, 

B.) ONSITE CONTRACT ADHINISTRATION ANP CONSTRUCTION HANAGEHENT COSTS, ASSOCIATED MITH THE OVERALL HANAGEHENT OF THE FIXED 
PRICE CONTRACTS, ARE INCLUDED AS A COHPOSITE PERCENTAGE AND LUHP SUH ALLOMANCE (FOR BID PACKAGE PREP) BASED ON THE 
ESTIHATING FACTOR/BIL(ING SCHEDULE. THE TOTAL " COHPOSITE PERCENTAGE ANO LUHP SUH ALLOMANCE ARE APPLIED AGAINST THE 
TOTAL FIXED PRICE CONTRACT AHOUNT MHICH IS REFLECTED ON THE KEH SUHHARY REPORT DOER07, INCLUDED MITH THIS ESTIHATE . 

C, ) FIXED PRICE CONTRACTOR OVERHEAD, PROFIT, BOND AND INSURANCE COSTS HAVE BEEN APPLIED AT THE FOLLOMING PERCENTAGES 
ANO ARE REFLECTED IN THE •OH&P/B&I" COLUHN OF THE ESTIMATE DETAIL: 
SUBCONTRACTS • 20X 

5. ESCA(ATION 
• a • a • saaaa 

ESCALATION PERCENTAGES MERE CALCULATED BY THE HANFORD MATERIAL & LABOR ESC~LATION STUDY, DATED FEBRUARY 1994. 

6, ROUNDING 
•••=•••=•••=cac ••• a •• z 
U,S. DEPARTHENT OF ENERGY • DOE ORDER 5100.4 PAGE 1·32 SUBPARAGRAPH (M), REQUIRES ROUNDING OF ALL GENERAL PLANT PROJECTS . 
(GPP'S) AND LINE ITEM (LI) COST ESTIMATES. REFERENCE: DOE 5100.4, FIGURE 1· 11, DATED 10•31·84, 
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KAISER ENGINEERS HANFORD 
MESTINGHOUSE HANFORD COMPANY 
JOB NO. N•040/ER5281 

** IEST • INTERACTIVE ESTIMATING** 
105 KE/KM SEISMIC UPGRADES 

STUDY ESTIMATE 
FILE NO. ER5281 DOE_R03 • ESTIMATE BASIS SHEET 

7. REMARKS 
••••••• 
A.) 
B •) 
C.) 
D •) 
E.) 
F •) 
G •) 
H •) 
I.) 
J.) 

THIS ESTIMATE ASSUMES NO BURNOUT Mill OCCUR DURING THE COURSE OF THIS PROJECT. 
ASSUME NO MASK MORK FOR C.F. PORTION OF THE PROJECT, 15% SMP HAS BEEN APPLIED TO C.f. LABOR HOURS. 
THIS ESTIMATE DOES NOT INCLUDE ANY COSTS FOR OPERATIONS SUPPORT OR RELOCATION OF FUEL. 
THIS ESTIMATE DOES NOT INCLUDE ANY COSTS FOR ESCORTS 
THIS ESTIMATE DOES NOT INCLUDE ANY COSTS FOR FIXED PRICE CONTRACTOR TRAVEL OR PER DIEM EXPENSES. 
THIS ESTIMATE DOES NOT INCLUDE ANY COSTS FOR DECONTAMINATION 
THIS ESTIMATE DOES NOT INCLUDE ANY COSTS FOR TlD HONITORING OR TESTING. 
ASSUME NO LEAD PAINT OR ASBESTOS Mill BE ENCOUNTERED DURING CONSTRUCTION. 
THIS ESTIMATE DOES NOT INCLUDE ANY COSTS FOR FACILITY MODIFICATIONS. 
All MATERIAL QUANTITIES ARE FROM THE ABOVE SKETCHES. 

PAGE 
DATE 
BY 

IC.) THE CONSTRUCTION FORCES PORTION Of THIS ESTIMATE REMOVES AND REPLACES THE EXISTING STORAGE MODULES. 

4 OF 8 
04/12/94 13:3~:04 
lHR 

L.) All DIVING LABOR COSTS SIIOMN IN THIS ESTIMATE HAVE BEEN TAKEN FROH THE DIVING REPAIRS STUDY REPORT PROVIDED BY UIIC 
DIVING CONSULTANT. 

".) 
N.) 
0.) 
p.) 
O.) 
R •) 

s.) 

ASSUME THE DESIGN Mill BE PERFORMED BY KAISER ENGINEERS HANFORD. 
ASSUME THE 105 KE/KM BASIN STRUCTURAL ANALYSIS IS PERFORMED BY ICF KAISER HANFORD. 
NO AllOMANCE IS PROVIDED FOR AS-BUILDING THE STRUCTURE PRIOR TO DESIGN. 
ADDITIONAL DESIGN TIME HAS BEEN PROVIDED TO SUPPORT CONSTRUCTIBILITY REVIEM. 
ASSUME BASIN A.I. Mill BE PROVIDED BY THE MHC DIVING CONSULTANT. 
ASSUME BASIN DIVING CONSTRUCTION CONTRACT Mill HAVE CH BY THE MHC DIVING CONSULTANT MHICH Mill ALSO ASSIST IN PRE· 
PARING THE BIO DOCUMENTS. 
DUE TO THE LACK Of INFORMATION AVAILABLE, ANO THE UNUSUALLY HIGH NUMBER Of AllOMANCES ANO ASSUMPTIONS THAT HAVE 
BEEN MADE, THIS ESTIMATE HAS A lOM LEVEL Of CONFIDENCE. 

T.) THIS ESTIMATE DOES NOT INCLUDE BURIAL BOXES OR DISPOSAL OF RACKS OR MASTE MATER. ~ 
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** IEST • INTERACTIVE ESTIMATING** 5 OF 8 KAISER ENGINEERS HANFORD 
WESTINGHOUSE HANFORD KW CONSOLIDATED FUEL STORAGE ENGINEERING STUDY 

PAGE 
DATE 
BY 

05/19/94 14 : 16:49 
LEE H. ROSSON 3•6148 JOB NO. N·040SAA1 

FILE NO. ER5281 

COST 
CODE/WBS DESCRIPTION 
•••••••••••••••••••••••••••••••••••••••• 

000 ENGINEERING 

111000 
121000 

DEFINITIVE DESIGN-CAT 1•0NSITE E/C 
ENGINEERING/INSPECTION•ONSITE E/C 

TOTAL 000 ENGINEERING 

700 SPECIAL EQUIP/PROCESS SYSTEMS 

210004 
311000 
411000 

RACK MODULES 
FORCE ACCOUNT CONSTR • ONSITE E/C 
PROJECT INTEGRATION 

TOTAL 700 SPECIAL EQUIP/PROCESS SYSTEM 

PROJECT TOTAL 

STUDY ESTIMATE, ER5281 . 1 

DOE_R04 • COST CODE ACCOUNT SUMMARY 

ESTIMATE 
SUBTOTAL 

ONSITE 
INDIRECTS 

SUB 
TOTAL 

ESCALATION 
X TOTAL 

SUB 
TOTAL 

CONTINGENCY 
X TOTAL 

TOTAL 
DOLLARS ........ . ...•........•.........•...•.............•....•........•.....•.. 

282000 
55000 

337000 

4545000 
3208310 

275000 

8028310 

0 
0 

0 

0 
0 
0 

0 

282000 
55000 

337000 

4545000 
3208310 

275000 

8028310 

10 . 49 
12.27 

10.78 

12.29 
12.29 
12. 27 

12.29 

29582 
6749 

36331 

558581 
394301 

33743 

986625 

311582 
61749 

373331 

5103581 
3602611 

308743 

9014935 

50 
50 

50 

50 
50 
50 

50 

155791 
30874 

186665 

2551790 
1801306 

154371 

4507467 

467373 
92621 

559996 

7655371 
5403917 

463114 

13522402 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••c•••••••••••• 
0 1,022,956 4,694,132 

8,365,310 8,365,310 12.23 9,388,266 50 14,082,398 
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KAISER ENGINEERS HANFORD 
MESJINGHOUSE HANFORD 
JOB NO. N•040SAA1 
FILE NO. ER5281 

CSI DESCRIPJION 
••••••••••••••••••••••••••••••••••••••• 

ENGINEERING 

00 JECHNICAL SERVICES 

JOJAL ENGINEERING 

CONSJRUCJ ION 

01 GENERAL REQUIRHENJS 
05 METALS 
19 PROJECJ HAHAGEHENJ 

JOJAL CONSJRUCJION 

PROJECT TOTAL 

** IESJ • INJERACJIVE ESJIHAJING ** 
KM CONSOLIDAJED FUEL SJORAGE ENGIN£ERING SJUDY 

STUDY ESTIMATE, ER5281 
DOE_R05 • ESJIMAJE SUMMARY BY CSI DIVISION 

PAGE 
DAH 
BY 

6 OF 8 
05/19/94 14:16:59 
LEE H. ROSSON 3•6148 

ESJIHAJE 
SUBTOTAL 

ONSIJE · SUB ESCALAJION SUB CONJINGENCT JOTAL 
INDIRECTS TOJAL X TOTAL TOTAL X JOT AL DOLLARS 

•••••••• ••••••••• a •••• c • aa •••••• •••••••• ••••••••• ••••• ••••••c•• ••••••••• 

337000 0 337000 10.78 36ll1 373ll1 50 186665 559996 

0 36,lll 186,665 
337,000 337,000 10.78 37l,ll1 50 559,996 

414674 0 414674 12.29 50963 465637 50 232819 698456 
7338636 0 7338636 12.29 901919 8240555 50 4120277 12360832 

275000 0 275000 12.27 33743 308743 50 154371 463114 

0 986,625 4,507·,467 
8,028,310 8,028,310 12.29 9,014,935 50 13,522,402 

0 1,022,956 4,694,132 
8,365,310 8,365,310 12.23 9,388,266 50 14,082,398 
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KAISER ENGINEERS HANFORD 
WESTINGHOUSE HANFORD 
JOB NO. N•040 
FILE NO. ER5281 

REFERENCE: 

** IEST • INTERACTIVE ESTIMATING** 
KW CONSOLIDATED FUEL STORAGE ENGINEERING STUDY 

STUDY ESTIMATE 
DOE_R06 • CONTINGENCY ANALYSIS BASIS SHEET 

ESTIMATE BASIS SHEET 
COST CODE ACCOUNT SUMMARY 

PAGE 
PAGE 

l 
5 

OF 8 
OF 8 

PAGE 
DATE 
BY . 

7 OF 8 
04/11/94 10 : 29:15 
LEE H. ROSSON 3·6148 

THE U.S. DEPARTMENT OF ENERGY• RICHLAND ORDER 5700.l "COST ESTIMATING, ANALYSIS AND STANDARDIZATION" 
DATED l•Z7•85, PROVIDES GUIDELINES FOR ESTIMATE CONTINGENCIES . THE GUIDELINE FOR A STUDY ESTIMATE 
SHOULD HAVE AN OVERALL RANGE OF 15 TO 50 X . 

CONTINGENCY IS EVALUATED AT THE THIRD COST CODE LEVEL AND SUMMARIZED AT THE PRIMARY AND SECONDARY COST CODE 
LEVEL OF THE DETAILED COST ESTIMATE. 

ENGINEERING 

AVERAGE ENGINEERING CONTINGENCY 50 X 

CONSTRUCT I ON 

AVERAGE CONSTRUCTION CONTINGENCY 50 X 

AVERAGE PROJECT CONTINGENCY 50 X 
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KAISER ENGINEERS HANFORD 
VESTINGHOUSE HANFORD 
JOB NO. N•040SAA1 
FILE NO. ER5281 

VBS DESCRIPTION 

•• IEST • INTERACTIVE ESTIMATING•• 
KV CONSOLIDATED FUEL STORAGE ENGINEERING STUDT 

STUDT ESTIMATE, ER5281 
OOE_R07 • ONSITE INDIRECT COSTS BT VBS 

ESTIMATE CONTRACT ADMINISTRATION 
SUBTOTAL X TOTAL 

BID PACK 
PREP. 

8 Of 8 PAGE 
DATE 
BT 

05/19/94 14:17:14 
LEE H. ROSSON 3•6148 

OTHER TOTAL 
INDIRECTS INDIRECTS 

•••••• •••••••••••••••••••••••••••••••••••••• •••••••• • •••• ••••••••• • ••••••• • •••••••• • sac •••• • 

111000 DEFINITIVE DESIGN-CAT 1•0NSITE E/C 282000 . 0 .-00 0 0 0 0 
121000 ENGINEERING/INSPECTION•ONSITE E/C 55000 o.oo 0 0 0 0 
210004 RACK NODULES 45450D0 o.oo 0 0 0 0 
311000 FORCE ACCOUNT CONSTR - ONSI TE E/C 3208310 o.oo 0 0 0 0 
411000 PROJECT INTEGRATION 275000 o.oo 0 0 0 0 

• c •••••••••• aaa•••••••••••••••••••••••=•aa ••• : ••••• a •••• a ••• aa ••••••••••••• • • •c•caa~••• 
PROJECT TOTAL 8,365,310 0 . 0 
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Cale No. 

S-01 

H-01 

H-02 

H-03 

Rev 

0 

0 

0 

0 

Status Disc. 

Prelim 24 

Prelim 27 

· Prel im 27 

Prelim 27 

PROJECT/JOB CALCULATION MASTER INDEX 
Project/Job Number N-040- ER5281 

•.. 
Calculation Title 

Fuel Rack Module and Storage Arrangement 

Fuel Consolidation at 105 KW Basin: Cooling 
Requirements 

Fuel Consolidation at 105 KW Basin: Cooling 
ReQuirements 

Estimate Evaporation Rate from Basin Surface: 
105 KW 

pg 1 of 1 

Comments 
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KAISER ENGINEERS 
HANFDRD ESCALATION ANALYSIS SCHEDULE 

PROJECT NO./WORK ORDER NO. blO 4o ~~~ I 
TITLE Kw CQhl~QL l OA::r: e.. C> FvE:L 

½soss ~..,-Ot2-AG'E. E.1:jG. ~ ,uo "( PREPARED DY c:,~ DATE \') \)(lA'( ~4 

Q, C1!oy .. 
REQUESTED DY APPROVED DY DATE 

Ta1k1 aro lhown a, loroc111od work and do nol represent •pproved M:hedules nor manpower anignmenu. 

FISCAL YEAR 

CALENDAR YEAR 

MONTHS J F M A M J J A s 0 N D J F M A M J J A s 0 N D J F M A M J J A s 0 N D 

- - ,- - I- - - - ,- - ,-.. - ,_ 
j 

DEFINITIVE DESIGN ~ I 
,- -

,_ -
ENGAG/INSPECTION -- - - - ---1. ~ 

·-
OTIIER ENGRG/OPERATING 

- - - - - - - - - - - - - - - -

PROCUREMENT 121 
,_ - - ,_ - - - - - - - - - -

- - - - - - - - - - - -- - - - - -- - - - - - - - - - - - - - - - ,_ >-· -

- - - - - >- - - - - - - - -
CONSTRUCTION ~ ~ - - ,- - - - - - - - - - - - - - - - - - - - - ,- - - -

' 
- - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - ·- - - - - - - - - -
- - - - - - - - - - - - - -- - - - - - ,-.. - - - ,--., ,- -

10, 4 9 % 
ENGINEERING ESCALATION Ill CONSY.UCTION ANO PROCUREMENT ESCALATION 

0.D . Lcul~ i . 12..ZC) '"• 
~./,. 11..,2.~ 

Ill To lJe provided Ly liuimating Dopar1men1. KEH -2111 16·021 
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105-KW Fuel Storage Basin 
. Comparison of Radionuclide Concentrations and 

Water Treatment System Operating History (1992 through 1994) 
1.00 -,---------------------'------...-----------------, 

0.75 

-e- Cs-137 

• Sr-90 

IXMNo.15 
IXMNo.14 . ·--------------

DCM 
No. 16 
/ -----------·--· ----- t---1 II I 

IXCNo.1 
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0.50 ---
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0.25 
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~ BASIN TRENDING DATA-ANAl YSIS RESULTS
0

PROVJDED BY TiiE 183KE HP-lAB 

100 

90 

80 

70 

60 

so-

40 

30 

0.25 

0.20 

0.15 

0.10 

0.05 

1/1/94 

. 
105-KW Fuel storage Basin 
lXM Cesium-137 Removal Efficiency 

IX1v1 Removed 
From Service 

2125/93 

1/8/94 1/15/94 1/22/94 1/29/94 215/94 2112194 2119/94 2126/94 3/5/94 

105-KW Fuel storage Basin 
Center of Basin Cs-137 Concentration 

• 

0.00 -+.,...,.....,..-r-"'T""T....-T""l'..,....,_.,-r-r-T--r-T"T .......... ....,....,-,....,....,-,...........,....,....,....,....,....,....,....,.............-,-......,..,...,........,...,...,...T°"T-r-'.,._............,....,.._,...., 

.. J 1/1/94 1/8/94 1/15/94 1/221941/29/94 215/94 2112194 2119/94 2126/94 3/5/94 

Ec!EDL Engineering and Environmental Demonstration Laboratory 
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