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DECOMMISSIONING CONCEPTUAL STUDY 

IN SITU DECOMMISSIONING OF EIGHT 

105 REACTOR BUILDINGS IN THE 100 AREAS 

I. INTRODUCTION 
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Hanford was conmissioned as a site for the production of plutonium by the 

Manhattan Engineer District of the Army Corps of Engineers in 1942. Eigh t 

graphite-moderated reactors and associated support facilities were constructed 

in the Hanford 100 Area between 1942 and 1955 to support the plutoni um 

pr oduction effort: reactors 100-8, -C, -D, -DR, -F, -H, · ·-KE , and -KW. These 

facilities have now been declared surplus and require decorrvnissioning. (A 

ninth production reactor, N Reactor, started operation in 1963 and is still in 

operation. The deconmissioning of N Reactor is not within the scope of th i s 

report . ) The reactor buildings are all designated as "105 Build i ngs". 

The original eight production reactors and most of their support faci 1 ities 

were deactivated during the period from 1964 to 1971, and have since been 

ma inta ined in a safe storage condition. Maintenance activities for these 

reactors have consisted of short-term measures adequate to protect the workers 

and the environment for the present, and are not adequate to assure 

staoi lized, long-term control. This report presents the in situ approach as a 
viable, permanent deconmissioning alternative, and it has been prepared to 

Detter define costs and schedules for long-range planning purposes. 

performed the deconmi ss i oni ng 

DCS Work Scope Statement of 

(UNC ) , Richland, Washington, under 

Kaiser Engineers Hanford Company (KEH) 

conceptual study · based on Appendix F. 

Instructions, for UNC Nuc !ear Industries 

the aut hor i ty of work order 832208 . 

d 
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Eight deactivated reactors on the Hanford Site (100-8, -C, -0, -DR, -F, -H, 

-KE, and -Kw) · will be decorrmissioned by this project. This decol'Tlllissioning 

conceptual study report is based on performing the decorrmissioning with the 

reco1T111ended preferred method (in situ). Final selection of the method of 

decol'Tlllissioning is dependent upon the completion of the National Environmental 

Policy Act (NEPA) process. For the purpose of estimating this effort, it is 

assumed that the work will be done as follows . 

The work will be divided among three parties. UNC Nuclear Industries 

Decol'Tlllissioning Operations will do the radiological characterization, all 

Decontamination and Decol'Tlllissioning (D&D) nonexplosive destruction, fixing of 

contaminants, and void fi 11 ing. An off site explosives contractor will assist 

in destruction of some concrete walls. A large scale earth-moving contractor 

wi 11 construct the burial mound. 

Before demolition, loose contamination will be stabilized. Building walls and 

ceilings will be safely and cost effectively demolished using a wrecking ball 

and/or explosives. Most of the reinforced concrete walls that wi 11 reside 

within the berm envelope will be retained. The rubble will be spread and left 

as fi 11. The tunne Is directly under the reactor bl eek wi 11 not be fi 11 ed 

because calculations show that the structure is satisfactory for construction 

loads and long term soil loads. This will save approximately $1 million. All 

other void spaces in the building will be filled using either slurry or 

gravel. Structures that require asbestos removal to facilitate other work, 

e.g., transite (asbestos) panels in the K and C Areas, will be individually 

removed, placed at the bottom of the storage basins, and covered with fil I. 

After demolition and void filling is completed, an offsite contractor will 

mound over the entire building with earth and gravel to extend a minimum of 

16 ft above the reactor block. The mound will be seeded to establish plant 

growth which wil I minimize run-off erosion, and promote transpiration of 

precipitation. The depth of the mound wi 11 be sufficient so that precipi

tation penetration wi 11 be negligible, thereoy reducing the potential for 



UNI-2898 REVO 
Page: 3 of 57 
Date: 3-2-87 

radionuclide transport down into the water table. In Hanford's semi-arid 

climate, precipitation generally evaporates and returns to the atmosphere 

before penetrating 16 ft of earth. 

Infrastructure linkages (piping, ducts, etc.) that lead from outside the 

burial mound to . the building will ~e removed or filled with either slurry or 

gravel for a distance of at least 16 ft from the perimeter of the mound. 

Tne earthen mound, once completed, will extend 16 ft over the reactor top, and 

1s designed to last a minimum of 500 years, thus providing the equivalent 

inadvertent intruder protection barrier presented in the Nuclear Regulatory 

Conmission (NRC) regulation 10 CFR 61. In situ deconmissioning of the Han.ford 

production reactors would yield results that are well within current 

Department of Energy (DOE) dose limits. Over the design life of the mound , it 

is anticipated that settlement of up to 4.5 ft may occur, with no significant 

decrease in the mound's design life. If, during the post-deconmissioning 

period, differential settlement due to seasoning densif icati on s!lou ld create 

unsatisfactory conditions, they can easily be corrected by the addition of 

more backfill. 

All eight reactor buildings will be deconmissioned under one project. Work 

crews performing specif i c tasks will be sequenced (upon completion of the task 

at one facility, the crew will move to the next until all eight buildings are 

deconmissioned). 

The total estimated cost of this project, including escalation, contingency , 

and engineering, is $42,760,000, and is estimated to take 5 years to 

complete. The project funding is scheduled to conmence with capital equipment 

procurement and design in the first quarter of FY 1987, and involves both AR 

(Defense Waste and Transportation Management Program) and GE (Mater i al 

Production Program) funding sources until deconmiss i oning com.pletion in the 

last quarter of FY 1991. 
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"The Surplus Facilities Management Program Plan" (UNI-3560) requires program 

participants (UNC, etc.) to implement a structured long-range dec01TJT1iss i on i ng 

program to accomplish disposit i on of al 1 contaminated surplus facilities owned 

by the Department of Ene~gy (DOE) under the responsibility of the DOE Division 

of Remedial Action Projects (DRAP) and Office of Defense Waste and Transoor

tation Management (DWTM). The eight shut-down production reactors in the 

Hanford 100 Areas are a major part of the long-range plan. The "Assessment of 

Deconmissioning Alternatives for the Shut-Down Hanford 100 · Area Reactors," 

UNI-2619, identified several candidate deconmissioning alternat i ves. Of these 

alternatives, the Department of Energy (DOE) identified the in situ method as 

the reconmended preferred deconmissioning alternative pending completion of 

the NEPA process. 

It is estimated that under the current maintenance routines, within 20 years 

the buildings used to house the reactors will begin to_ develop serious safety 

hazards and structural weakening, unless a long-term upgrade program is 

implemented. An inmediate deconmissioning approach is the most cost-effective 

way to ultimately take care of the shutdown reactor facilities. By ultimat_ely 

deconmissioning the reactors , the current rout i ne maintenance and surveillance 

cost for the reactor buildings will be essentially eliminated following the in 

situ post-deconmissioning staoilization period of 10 years. The decommis

sioning will also realize a major savings by not requiring the implementation 

of the long-term maintenance initial upgrade of the structures. The structure 

upgrade is estimated to be about $6 million (1983 dollars) for preparing the 

reactor ouildings for a long-term safe storage program. 

Pre 1 iminary engineering and cost eva 1 uat ions were made of three candidate 

decoomissioning alternatives for the eight reactors : safe storage/deferred 

dismantlement; inmediate dismantlement; and in situ. · Detailed descriptions 

and assessments of these deconmissioning alternatives may be found in 

UNI-2619. (See Section XI., References A.1.) For the eight reactor 

facilities, the in situ alternative is dramatically superior to the other 

alternatives in terms of cost, occupational exposure, manpower, completion 
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time, and waste volume, and thus has been determined by DOE to be t he 

recort1Tiended preferred decort1Tiissioning alternative. It should be noted t hat 

the completion of the NEPA process Environmental Impact Statement (EIS) wi ll 

assess all alternatives for environmental impacts prior to selecting the fi na l 

alternative to be used for ultimate decort1Tiissioning . 

This in situ decort1Tiissioning provides a degree of environmental isolati on 

superior to that achievable by dismantling the reactor block and shielding and 

then burying the disturbed radioactive material. The 9000-ton reactor block , 

left intact, serves as its own high-integrity, long- term radiological bur i a l 

container. A typical reactor block consists of a . 25 to . 38 in. steelp late 

outer shel 1, a 40- ta 80-in . thick biological shield comprised of a lternating 

layers of steel and Masonite, and an a:. to 10- in . thick cast iron therma l 

sh i e Id, a 11 encasing the stab 1 e stack of graph i te b 1 acks . Once covered with 

earth, this structure can reasonably be expected ta· prov i de long- t e rm 

containment capaoi lity under environmental conditions far harsher t han any 

that may be encountered in the dry Hanford soil . Should the reactor b l ack be 

inadvertently exposed, the majority of radianuclides still remaining with in it 

would be chemically "bound" in the physical matrix of cast iron and graph ite 

and would not readily migrate ta the environment or contaminate the human food 

chain. 

The 42-ft to 56-ft high, 3-ft ta 5-ft-thick reinforced concrete shield ing 

wa l ls provide an additional strong extra barrier around the reactor block and 

assist in retaining the buried materials in one place. The 16 ft earthen 

barrier over the top of the razed reactor (refer to sketches, appendix J) is 

designed to isolate the in situ radioactive material from people and the 

environment for at least 500 years. 

I n addition to meet i ng the technica l requ i rements for decort1Ti i ss i on i ng, the 

in s itu decolllTiiss i oning mode, as descr i bed in this report, yie lds very 

favorable cost and schedule figures. The mater i als and equipment required f or 

this mode are all simple, relatively inexpensive, and available on the Hanford 

Site. The concrete rubble for the backfi 11 and mound wi 11 come from the 

demolished reactor building superstructure. The gravel for forming erosion-

., resistant earth barriers is abundantly available near the reactor sites, and 

' 
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canoe transported to the work sites using ordinary earthmoving equipment and 

procedures. Once insta l led, the mounds wil I require minima l ma i ntenance. 

The in situ decolllTlissioning of the reactor block by direct 

and mounding with earth/gravel meets the DOE requirements 

long-term control of low- level radioactive waste and 

inadvertent intruder protection (refer to References , 

objectives of Nuclear Regulatory Corrmiss i on (NRC) 10 CFR 61 . 

earthen entombment 

for di sposa 1 and 

a 1 so meets the 

Section XI . B. ) 

Engineering estimates indicate that the earth mound wil l last well beyond 

500 years with little or no maintenance. Erosion rates have been ca lcu l ated 

for the mound based on eros i on data for natural soi l s in similar areas 

(Sect i on XI. References, A. l) . Based on these calculations, very little 

erosion of the moun_ds is anticipated. Natural mounds of roughly the same 

size, shape, and composition have existed in the Hanford Site for over 13 , 000 

years . 

The 16-ft earth/gravel barrier would protect inadvertent intruders and isolate 

the radioactive materials from pathways to man and the environment for over 

500 years. The 16-ft depth of the earthen cover wi 11 be sufficient so that 

rainwater penetration would be negligible into the site. The potent i al of 

radionuclide migration down into the water table would be thereby reduced . I n 

Hanford's semi-arid climate, precipitation generally evaporates and. returns to 

the atmosphere before penetrating 16 ft of earth. 

Further confidence in the integrity of the in situ mode is provided by the 

nature of the buried material itself. An estimated 99% of the radionuclides 

of concern in the reactor block are "part of the matrix" in the solid metallic 

and graphite components of the reactor and cannot readily migrate to the 

environment. Lesser amounts are expected to be in the piping and other com

ponents that would be buried with the reactor block. The integrity of the 

earth cover, the imperviousness of the reactor block structure, the massive 

foundation upon which the r eactor rests, and the chemical and physical 

staoility of the graphite matrix all provide assurance that the in situ 

----------- ---
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decommissioning mode wi 11 meet present and anticipated requirements for the 

isolation of radionuclides from pathways that could significantly impact man 
and the environment. 

IV. PROJECT SCOPE 

A. Improvements to Land 

The in situ disposal of the 100 Area reactor bui !dings wi 11 return the 

area to a near natural-looking condition similar to the rolling 

Quaternary glacio-fluvial · sand and gravel hi I ls deposited in the river 

basin area. The immediate land surrounding the reactors is relatively 

f I at witn sparse vegetation, much the same as it has been for sever a 1 

hundred years. This project will restore the land to a near natural

looking state with an earth mound used to cover the reactor block at each 

of the eight reactor locations. 

Institutional contr.ol up to 100 years may include access control, minor 

maintenance and survei 1 lance, and site use restrictions. The institu

tional control effort is not included as a part of this report. 

8. Modification of Existing Facilities and Systems 

The main scope of this project is modifying (deconmissioning) the eight 

graphite moderated nuclear reactor facilities. The significant aspects 

investigated concerning the faci I ities are: in situ decommissioning of 

all eight facilities, site-specific procedural planning for individual 

facility decommissioning, and estimating costs associated with the 

processes. 

A 11 reactor buildings have sub grade infrastructure 1 ink ages to other 

facilities. The majority of thE! support facilities will be decommis

sioned prior to the reactor facilities. The scope of this report ends at 

the perimeter of the mound. However, infrastructure linkages from the 

reactor core to beyond the perimeter of the mound will be sealed off. 
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The overall project planning consists of two parts: a decommissioning 
conceptual study report and action required by the National Environmental 
Po I icy Act (NEPA). The NEPA process wil 1 be a separate document from 
this report, and wi 11 address the environmental issues and alternatives 
relating to this project. 

C. Standard Equipment 

D. 

Standard equipment wil l include: 

. Concrete pump and discharge hoses 

. Batch concrete plant 

. Conveyors 

Decommissioning Approaches 
The existing eight reactor facilities are in a "safe storage" status. 
In situ deconmissioning will demolish extensive perimeter portions of the 
building _in place as well as raze all structures which would extend above 
the finished mound contours. Voids will be filled with either local 
natural gravel fill material or a cement slurry mix (very lean 
concrete). Some voids will be satisfactory with little or no fill. With 
considerable portions of the building reduced to rubble, except for 

reinforceo concrete walls, earth will be hauled from local borrow pits 
and placed in, around, and over the building. 

Two deconmissioning approaches were studied in this report: decommis
sioning the buildings one at a time (with each being an individual 
project), or deconmissioning all buildings under one project. These two 
alternatives have been part of the basis for comparison in the cost 
estimates. 

1. Decorimissioning All Reactor Buildings Under One Project 

The UNC O&O crew wi 11 fix contaminated surfaces, perform most of the 
physical destruction, and fil I voids. Decontamination and Decom
missioning work crews will systemati_cally perform one task in all 
structures before proceeding to the next task. At the point when the .. 
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demolition and void filling of the first reactor building is 

complete, an offsite contractor will handle the major portions of 

earthwork to complete the mound. An explosives expert will also 

assist in razing portions of the structure. Interface turnover 

points will need to oe clearly established for safe operations 

considering the many diverse work crews and the potential fo r 

interferences. 

2. Deconmissioning Each Reactor Building Separately 

Completely deconmissioning each building as a separate project means 

all deconmissioning would be completed one reactor at a time befor e 

work is started on the next reactor . Offsite contractors (earth

movers) would come to one site, finish a task (the mound) and leave 

the site . The main advantages of individual 

discrete budgeting and project work closeout. 

deconmissioning are 

The disadvantages of 

separate decOITITiissioning are that it would cost 33% more and require 

nine additional years to complete . 

3. Alternative Plans 

The following four alternative plans were selected for analysis and 

cost estimation. 

a. P 1 an 1 

Plan l consists of demolishing the reactor buildings, except for 

the shielding walls, and mounding earth over the reactor blocks. 

Each reactor building would be demolished and buried before 

beginning work on the next reactor, in the following order: F, 

H, 0, OR, C, KE , KW, and B. 

b . Pl an 2 
This plan would demolish most of the building structure except 

for leaving most of the re i nforced concrete wa l ls. A minimum of 

3 ft of earth fill will oe established over all clean demo l ished 

sections of the ouried structure. The objectives of 16 ft inad 

vertent protection earthen barrier for the radioactive portion of 

the reactor facilities will also be met. (See appendix J.) 
~ 
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Plan 2 would deconmission each reactor separately as explained in 
P 1 an l. 

c. Pl an 3 

Plan 3 is the same as Plan l (leaving up the shielding walls 
only), out with the work on all the reactor buildings being 
performed concurrently. 

The deconmissioning would be divided into tasks such as fix ing 
contamination, demolition, and burial. Each task would be 
accomplished for each reactor building in sequence. For example, 
fixing of contamination would oegin on F Reactor. After the 
fixing of contamination was completed on F, fixing of contamina
tion would oegin on H Reactor and demolition would begin on 
F Reactor Building. After demolition of F Reactor Building, its 
ourial would oegin while demolition would begin on H Reactor 
Building, and fixing of contamination would begin on D Reactor . 

This concurrent sequencing of work would continue until all work 
was completed on all the reactors. 

d. P 1 an 4 
Plan 4 is the same as Plan 2 but with the work done concurrently 
on all the reactors, as explained in Plan 3. 

Of the four plans described above, Plan 4 (all reactors deconmis

sioned concurrently, leaving all reinforced concrete walls) was 
chosen as the most cost effective (refer to Section IX.G •• Economic 
Analysis). Section V of this report, Performance Requirements, 
describes the deconmissioning effort in detail. 

E. Hazardous Material Disposition and Alternatives 
The di~position of nonradioactive, hazardous 
including asbestos, mercury, polychlorinated 
possibly other materials, will oe addressed 

wastes and/or materials, 
bi phenyl ( PCB) oil, and 

in the Safety Hazards 
Assessment issued by UNC, in accordance with DOE directives, before any 
aC'tual deconmissioning work begins on a facility. The applicable 

; 
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Deconmissioning Work Procedures will provide explicit instructions to 

control the release of any hazardous material during decorrrnissioning 

work. Table I lists the known significant, nonradioactive hazardous 

materials present in the eight shutdown Hanford reactors. Should other 

hazardous materials be identified, they will be addressed at definitive 

design. 

Research into the loca 1, state, federa 1, and DOE contractura 1 

requirements provided possible alternatives. The items of importance 

are: 1) asbestos demolition and removal work practices; including , 

personal protective equipment, monitoring, housekeeping, recordkeeping , 

and training; 2) asbestos waste methods of disposal; that is, remov·al t o 

another area or burial in its original position; 3) PCB disposal; and 4 ) 

- mercury disposal; 5) lead disposal; and 6) cadmium disposal. 

The Environmental Protection Agency (EPA) has ruled that asbestos removed 

during demolition be kept wet until it is collected for disposal. In 

addition, it is required th at asbestos not be dropped ~r thrown to the 

ground or a 1 ower f 1 oor, and that asbestos removed from more than 50 ft 

aoove ground level be transported to the ground in dusttight chutes or 

containers (unless it is removed in units or sections). Work on the 

reactor build i ngs will be in compliance with the applicable UNC 

industri a 1 safety manua 1 and procedures which require addi tiona 1 contra 1 

methods. It is reconmended to leave the asbestos in its original 

location and bury it with the facility. In situ burial of asbestos is 

cost effective and can meet safety and environmental requirements, as 

long as proper approvals are obtained and approval terms are complied 

with. Additionally, the exposure to workers is greatly reduced. 

Potential problems arise when consideration is given to burying the 

asbestos in s i tu. The overall concern of any governing agency pertaining 

to asoestos is that of airborne emissions above allowable limits. The 

burial condition and placement procedures are aspects that need to be 

addressed. To Oury the asbestos in situ, it would be necessary to obtain 
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Nonradioactive Hazardous Materials Present in 
the Eight Shutdown Hanford Reactors 

Quantity 

2, 100 yd3 

320 ton 

Location 

Friable - pipes and 
equipment in 105 buildings. 

Nonfriable - siding 
mater1ai on 105 buildings. 

Removable - external 
sh1eid1ng, such as 
doors, caves, sample 
trays, shield sheets. 

480 ton Nonremovable - tube 
caulking inside reactor 
thermal shield (105-8, 
-C, -D, -DR, -F, and -H). 

200 ton Nonremovable - tube 
cauik1ng inside reactor 
thermal shield (105-KE 
and KW). 

640 lb 

1,000 lb 

Unknown 

Neutron detector bonnets, 
monitoring tubes, sheets. 

Panel gauges for control 
equipment 

In transformers. 

Preferred Disposition 

For facilities demolished 
in place, nonfriable 
asbestos may be placed 
belowgrade. Friable 
asbestos will be removed 
from buildings and dis
posed of prior to final 
deco111Tiissioning. 

Will be removed and 
disposed of in accord
ance with applicable 
requirements. 

Will be disposed of in 
connection with final 
reactor decommissioning 
option. 

Will be disposed of in 
connection with final 
reactor decorrmissioning 
option. 

Material outside the 
reactor block will be 
disposed of in accordance 
with applicable 
regulations. 

All mercury will be 
removed prior to 
decommissioning. 

All PCB remaining in 
100 Area shutdown 
facilities will be 
removed prior to 
decommissioning. A 
sampling program is 
currently being conducted 
to determine PCB 
inventories. 
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an approval from EPA or its authorized representative agency . 
Preliminary discussions initiated by KEH with DOE have led to an 
understanding that UNC would need to request DOE to obtain an approval to 
designate the site as an asbestos waste disposal area . 

The EPA rulings require PCB's to be incinerated at an approved facility. 
Rockwell is the onsite contractor responsible for transporting PCB' s to 
an approved facility for final dispositioning . 

Mercury is present in some of the instrumentation that was used at 
shutdown reactors. Procedures will be in place to identify, collect, and 
then either rec l aim or dispose of the mercury as required . 

Lead is present in the reactors in both nonremovable and removab le 
forms. Nonrenovable lead is integral to the reactor block in t he 
caulking for cooling tubes which penetrate the reactor thermal shie ld . 
The EIS wil 1 assess the impact of nonremovable, radioact i ve ly 
contaminated lead. The removable · lead (external to the reactor blocks ) 
is present in shielding material such as doors, caves, sample trays, 
viewers , and equ i pment . 

Cadmium was used in the neutron detector bonnets, monitoring tubes , 
sheets for experiments, and other equipment. These hazardous materia ls 
will be disposed of in accordance with applicable regulations at the time 
of decommissioning and wi 11 be addressed in a Safety Hazards Assessment 
before actual deconmissioning work begins. In addition, deconmissioning 
and radiation work procedures and definitive engineering will provide 
explic i t instructions for control and disposal of all hazardous materials 
during the actual decommiss i oning work. 
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The fo I lowing des i gn elements have been considered and are not part of 

the scope of this project • 

. Buildings (New) 

. Other structures 

. Uti I i ti es 

. Special facilities and equipment 

. Transferred capita l property or equipment 

. Research and development 

V. PERFORMANCE REQUIREMENTS 

The eight graphite moderated nuc l ear reactors in the 100 Areas will be decom

missioned by initially f i xing loose contaminants and then proceeding to 

filling subgrade and abovegrade volumes • . A batch plant will be brought ons i te 

to mix and pump slurry. Most of the peripheral structures of the reactor 

buildings wil I be demolished ·using standard heavy-duty equipment. Most of the 

reinforced concrete walls will be left standing. Demolition will remove 

portions of the building that would extend above the f i nished mound contours. 

After rearrangement of portions of the demolished building and completion of 

void fi 11 ing, an offsi te earthmoving contractor wi 11 construct the mound, 

which acts as a protective barrier over the reactor and demolished structure . 

The mound is designed to endure for at least 500 years. The design life of 

the protective barrier wi 11 be based on the length of time it takes for the 

rad i onuclides in the reactor to decay to a level that prevents significant 

radiation exposure to an inadvertent intruder into the mound. 

This conceptual design effort presents a feasible concept for reactor decom

missioning. The design assumes a 10-year post-closure maintenance period and 

up to a JOO-year . institutional control period once the mounds are completed. 

The post-closure maintenance period wi 11 be required to repair any adverse 

settlements of the mound, and assure that the site is stable. Preliminary 

calculations show that the majority of settlement will occur within the first 
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10 years after mound construction. The ability of the topsoil to remain in 
pl ace is parti a I ly dependent on the growth of vegetation. The barrier can 
also oe observed during the institutional control period to verify t hat it 
performs as designed. 

A. Demolition Process for Each 105 Reactor Build ing 
The mounds covering the reactor building will have minor differences in 
size and shape, reflecting the different geometry and si ze of each 
fac i lity (refer to sketches in append ix J). Section l, which follows, 
describes the deconmissioning of a "gener ic" reactor . The next f ive 
sections (2 through 6) descr ibe deconmiss i on ing differences for 
ind ividual reactors . 

1. Demolishing a Typical 105 Reactor Building 
The construction materials and arrangement of rooms vary in the 
different reactor buildings; bas ic areas of the reactor buildings are 
simi lar . Compar abl e areas of each 105 reactor bu il ding can be 
demo 1 ished ~r bur i ed in si tu using simi 1 ar procedur es . The reac tor 
ar eas to be decof'IITlissioned, as shown in the sk etches in append i x J , 

are: 

• Process area (reactor block ) 
• Work area 
• Storage basins 
. Inner rod room 
• Outer rod room 
. Fan rooms 

Va lve pit 
11 011 e levator 

• Laboratory areas 
• Misce ll aneous abovegrade support rooms 
• Miscellaneous belowgrade rooms and tunne ls 
. Mechanica l equ i pment rooms above the reactors 
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The fol lowing sections describe how each of these areas will be 

demolished and/or filled. 

a. Process Area 

The process area in this report refers to the reactor b 1 ock, 

which includes a graphite core, cast iron thermal shield, an<i 

alternating layers of steel and Masonite. The process area i s 

considered solid and incompress i ble. Any major openings into the 

reactor will be sealed before backfilling begins. Care must be 

taken when fi I ling around the process area to prevent break i ng · 

the nozzles on the front and back faces of the reactor or break

ing the ball hoppers on the top of the reactor. Th i s will 

maintain the reactor I s containment integrity during mound 

construction . 

b. Work Area 

The work area is adjacent to the front face of the reactor. The 

work area is constructed of three 3·-ft-thick shielding walJs 

surrounding the front face of the reactor. The roof deck is a 

6-in. concrete slab. The roof will be demolished using a 

wrecking ba 11. Methods considered for fi 11 ing the area 

included: 1) filling with gravel using heavy equipment passing 

through a slot in the wall formed t>y demolition , or 2) pumping 

slurry into the area. The slurry method was used in the cost 

estimate for this conceptual design. The methods have fairly 

comparable costs for filling this area. 

c. Storage Basin Area 

The storage basin area is located behind the reactor and consists 

of the fuel transfer areas~ wash pad area, and the fuel storage 

basin. The storage basin area abovegrade structure is 

constructed of concrete block wa 11 s and precast concrete ( pane 1) 

tile roof, 10 ft to 40 ft in height. The belowgrade area is 

20-ft deep with reinforced concrete columns and walls. The 
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aoovegrade structure wi 11 be demolished to grade elevation. The 

be I owgrade areas wi 11 be f i 1 I ed with ruob 1 e from the abovegr ade 

demolition and gravel backfill using earthmoving equipment . 

d . Inner Rod Room 

The inner rod room and the control rods are on the left s i de of 

the reactor when looking toward the front face . The room is 

enclosed by 3-ft to 4-ft-thick concrete shielding walls on t hree 

sides with the reactor forming the fourth wal 1. The roof is a 

1-ft to 2-ft-thick reinforced concrete s l ab. Entry into the room 

is a 1 abyr i ntn with 3- ft to 4-ft-wide passageways. These r ooms 

are contam i nated and contain structura l steel beams and 

supporting three platform levels of steel grat i ng f loors. 

wi ll oe used to fill this room . 

e . Outer Rod Room 

co lumns 

Slurry 

The outer rod room is adjacent to the inner rod room directly 

oppos i te the process area . The wa l ls are constructed of concrete 

block and the roof is precast concrete (panel) tile. Inside the 

room are three operat ing platforms supported by structural steel 

columns and beams. The structural steel will be demo li shed and 

arr anged to reduce vo i ds when the room i s backfilled. The b lock 

wa l ls and roof wil l be demolished us i ng a wrecking ball . The 

area wil l then be filled with gravel backfill . 

f. Fan Rooms 

The fan rooms are di vided into two areas: the exhaust fan area 

and the supp I y fan area . The exhaust fan area is constructed of 

I-ft-th ick reinforced concrete walls and roof. The supply fan 

area i s cons t ructed of concr ete b lock wall s wi th a pr ecast con

crete t il e ( pane l) roof . The exhaust fan area i s di vi ded into 

several smaller rooms by addit i onal reinforced concrete wal ls . 

The exhaust fan area wi 11 be fi I I ed wi th s 1 urry because of t he 

effort required to demolish the reinforced concrete and to reta in 
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the contamination. The supply fan area can be easily demolished 

using a wreck i ng ball. After the area is demolished, it will be 

filled with gravel backf i ll. 

g. Valve Pit 

The valve pit is located adjacent to the work area on the wa ll 

opposite the process area. The v a 1 ve pit consists of an above

grade and a be 1 owgrade structure. The be 1 owgrade portion i s a 

16-ft-deep pit with reinforced concrete wa l ls. The abovegrade 

portion is 12-ft-high concrete block walls with a precast con

crete tile roof. The platforms in the abovegrade and belowgrade 

areas are steel grating supported on structural steel framing. 

The pit is also filled with contaminated pipes and valves . The 

abovegrade structure wi 11 be demo 1 i shed and covered with gravel 

and the belowgrade part of the pit filled with slurry . 

Fil ling the belowgrade part with gravel would require demolition 

of the pipes, valves, structural steel, and platforms before 

demolition of the abovegrade part to minimize bridging of the 

fill material as it is dumped from above into the pit. In 

contrast, filling with slurry will not require demolition of the 

structures in the pit area. When the belowgrade area is filled 

with slurry, the abovegrade structure is easily accessible to the 

heavy equipment used for demolition and the resulting abovegrade 

rubble can be easily rearranged to minimize bridging. 

h • D E 1 ev a tor 

The D elevator area is adjacent to the process area between the 

process area and the storage basin. The D elevator area includes 

the D elevator work platform, the downcomers, the tool dolly 

room, and the fuel discharge chute. The walls and roof in this 

area are constructed of reinforced concrete 4 ft to 5 ft thick. 

These areas are contaminated and the roofs of these areas extend 

over the reactor core. Demolishing these areas would require 

additional procedures to prevent the release of contamination to 

; 
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the atmosphere or damage to the reactor core. A relatively small 

area of the downcomers ( baff 1 es through which cooling water from 

the reactor passes) extends above the profile of the covering 

mound. The downcomers are located away from the reactor and could 

be safely removed to an elevation below the mound contours. The 

downcomer height reduction is most cost effectively performed by 

explosives due to the heavy wall construction and difficult work 

location within the structure. Difficulty in providing access to 

fi 11 the areas with gravel, and to fix the contamination makes it 

more cost effective to fil I the areas with slurry. Contamination 

on the downcomer walls wil I be fixed prior to demolition. 

i . Laboratory Areas/Tool Rooms 

The laooratories/tool rooms are within the shielding walls 

adjacent to the process area on the opposite side of the reactor 

from the inner rod room. The I aboratories/too l rooms are three 

rooms at three different levels serviced by the F elevator. The 

wa 11 s around the 1 aboratory area on three sides are 3 ft . th ic~ 

and the reactor forms the fourth wa 11. The floors and roof are 

- 6-in. to 8-in.-thick reinforced concrete. The rooms are 

approximately 12 ft to 14 ft high. They wi 11 be fi 1 led with 

slurry, which is more cost effective and supports a more time ly 

sequencing of work in this case than demolishing the reinforced 

concrete roof and floor (refer to subsection D.3, Comparison of 

Slurry Method and Gravel Method.) 

j. Miscellaneous Abovegrade Support Rooms 

Abovegrade are various other offices, maintenance areas, change 

rooms, storage areas, etc. These areas are outside of the 

reactor shielding walls and are constructed of concrete block 

with precast concrete ti le (panel) roofs. A wrecking bal 1 wil 1 

be used to co 11 apse these areas before they are covered with 

gravel oackfil I. The concrete debris will be left as fill. 
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Under the reactor oui I dings are several tunnels and rooms for 

piping, ventilation, and other types of support for the reactor 

operation. These areas are generally less than 14 ft high with 

1-ft to 3-ft-thick reinforced concrete ceilings.. These areas 

will De filled with slurry for industrial safety precautions to 

prevent the ceiling from col lapsing which could result in 

unpredictable subsidence during the backfilling operations of the 

areas aoove them. 

cost effectively 

placement methods. 

Their locations make them inaccessible to be 

filled with gravel by conveyor or direct 

1. Mechanical Equipment Rooms 

The mechanica 1 equipment rooms above the reactor are constructed 

of concrete block walls and precast concrete tile (panel) roofs. 

These rooms contain the mechanical equipment requir_ed to operate 

and maintain the C, D, and F elevators and the vertical control 

rods. This area also .provides · a roof over the process area. -The 

vertical control rods are inserted in ·the reactor and wi 11 be 

left in the reactor. The winches, motors, cables, and machinery 

in the upper rooms wi 11 be lowered onto the too of the reactors 

or into the work area. Special care must be taken here to 

protect the top of the reactor during demolition and until it is 

adequately covered with soi 1. These areas are beyond the reach 

of the wrecking ball and will be demolished using jackhammers and 

other manual equipment. 

2. Demolishing the 105 B, D, and F Reactor Buildings 

The 105-8, -0, and -F Reactors were the first of the eight reactors 

to be ouilt, constructed in August 1943, November 1943, and December 

1943, respectively. These three 105 Buildings were constructed from 

the same drawings. These buildings will be demolished and backfilled 

as described previously for the typical 105 Building, except for the 

control room area and the laboratory area. These two areas are 

discussed in the following paragraphs. 
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The control room is located below the inner rod room floor slab, 

which is 3 ft thick. There are two other rooms between _the 

control room and the reactor block, which are also beneath the 

inner rod -room. These rooms together with the contro 1 room wi 11 

be filled with slurry. Their location beneath the inner rod room 

makes them inaccessible to be cost effectively filled with gravel . 

b. Laboratory Area/Experimental (X) Levels 

The I aooratory area adjacent to the reactor consists of a be 1 ow

grade room, a concrete slab floor at ground level, and two above 

grade rooms separated by a metal grating floor. A metal stairway 

leads up to the top of the reactor . The laboratory area is very 

narrow, with approximately 20 ft between the shielding wall and 

the reactor block. Care must be taken during demolition and 

filling to avoid damage to the reactor block. It would be diff i 

cult to use a wrecking ball in this location. The belowgrade 

room will be filled with slurry. The abovegrade areas may be 

filled either with gravel or slurry. Slurry fi 11 was chosen as 

the method used in the cost estimate because of space restric 

tions and proximity to the reactor block. 

3. Demolishing the 105 DR Reactor Building 

The DR Reactor was constructed in December 1947. The contro 1 room 

and surrounding offices and rooms are located below the 4-ft-thick 

concrete slab floor of the inner and outer rod rooms. A 17-ft-wide 

tunnel runs underneath the control room area from the process area to 

outside the 105 Building. Areas under the rod room floors will all 

be more cost effectively filled with slurry. 

The rooms directly below the contaminated inner rod room are not 

accessible for soi I f i 11 ing. For the tunne 1 and the rooms be 1 ow the 

outer rod room, it is more cost effective to fil I with slurry than to 

demolish the 4-ft concrete floor to fill with gravel. All other 
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areas in the 105-DR Reactor Building will be demolished and back

fi I led as described for the typical 105 Building (previous section l) . 

4. Demolishing the 105-C and 105-H Reactor Buildings 

The . 105-C and 105-H Reactor Bui !dings were constructed in June 195 l 

and March 1948, respectively, and contain some differences in 

arrangeme~t and materials of construction, as follows: 

. Both buildings were constructed without valve pits. (More exten

sive tunnel networks served the same purpose.) 

. The 105-C Reactor block foundat i on contains narrow short tunnels 

in their mass foundations for retrieving balls (3X) used as a 

third reactor shutdown method. These tunnels are inaccessible 

from above and wi 11 withstand the overburden pressures of the 

70-ft high mound; therefore, they will be left void. 

. The wall area and storage basin areas of the 105-C and 105-H 

Buildings have gypsum roofs instead of concrete tile. In addi

tion, the 105-C Building has transite (asbestos) siding on the 

abovegrade storage basin areas. (Refer to the fol lowing section 

5.a. for a description of the procedure for removing the panels.) 

In 105-C, numerous rooms in the upper part of the bui 1 ding have 

transite siding on the walls instead of concrete block. 

• The outer rod room at 105-H has concrete walls instead of the 

concrete block wa 11 s in the typica 1 reactor. These wa 11 s need 

not be demolished any more than required to permit · access for 

filling of the voids • 

. The storage basin for 105-C includes a Metal Examination Facil

ity, a oelowground and aboveground building about 26 ft by 60 ft 

with transite siding abovegrade. The abovegrade portion (except 
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the transite panels) will be easily demolished, allowed to f all 

into the pit, and be covered with gravel. The transite pane l s 

will be removed by special procedures and placed in the bottom of 

the pit • 

. Although the fan rooms are similar to the typical reactor bu il,j 

ings, there are significant differences i n 105- C and 105-H . The 

tunnel and underground plenums are larger, especi-ally on 105-H . 

The 105-H tunnel extends far to the east under the fan room and 

contains numerous heavy partitions and spaces all covered wi th a 

3- ft-th i ck slab. This area is difficult to access for cost 

effective p lacement of earth fill; therefore, this area wi ll be 

f i lled with s lurry. 

5. Demolishing the 105 KE/KW Reactor Buildings 

The 105-KW and 105-KE Re~ctors were constructed in November 1952 and 

January 1953, respect i vely. The reactor buildings were constructed 

us i ng the same drawings and are therefore very simi Jar. The minor 

differences in buildings do not justify a separate description of t he 

demo Ii ti on procedures to be used for each reactor. The KE and KW 

Reactors do, however, have several dev i ations from the "typic a l 

r eactor 11 (described in section V.A. I of this report) in the fol low i ng 

areas: the storage basin, the outer rod room, the fan rooms, the 

valve pit, the mechanical 

abovegrade support rooms. 

these areas fo 11 ow. 

a. Storage Basin 

equipment rooms, and the miscellaneous 

Descr i pt i ans of the demo 1 it ion of each of 

The 105-K Area Reactor ·storage basins were constructed withou t 

the concrete columns in the basins, and the abovegrade wa ll s are 

construct ed of transi te pane 1 s instead of concrete b 1 ock. The 

roofs of the basins are reinforced concrete slabs above a heavy 

steel support structure. Demolition of the basins can be 

basically the same as the typical reactor, except additional 

procedures wil I be required to remove and dispose of the transite 
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panels. Each sheet will be released individually, lifted down by 

crane, placed on the floor of the basin, and covered with 

gravel. Handling procedures will meet the health and safety 

requirements of OSHA and EPA. 

b. Outer Rod Room 

The outer rod rooms of the 105-K Area Reactors are constructed of 

2-ft to 3-ft-thick reinforced concrete walls instead of the 

concrete block described for the typical reactor. The K Reac

tors' outer rod rooms are similar in construction and size to the 

work areas. The rod rooms wi 11 be demo 1 i shed and f i 1 I ed in the 

same manner as the typical reactor work area. 

c. Fan Rooms 
The fan rooms for the K Reactors are located on opposite ends of 

the buildjng. The supply fan rooms are abovegrade and the 

exhaust fan rooms are belowgrade. The supply fan rooms have 

transite walls and a reinforced concrete roof and can be totally 

demolished, taking special precautions with the transite siding. 

The exhaust fan rooms are located below a reinforced concrete 

slab and will be more cost effectively filled with slurry. 

d. Valve Pit 

The K Area valve pits are belowgrade, directly under the work 
areas. The valve pit areas are two large rooms called piping 

rooms No. l and No. 2. These valve pits are similar to the 

typical reactor but located below the work area floor slab. The 

valve pit rooms will be slurried in the same manner as the valve 

pits for the typical reactor. 

e. Mechanical Equipment Rooms and Miscellaneous Abovegrade Support 

Rooms 
The mechanical rooms and the miscellaneous abovegrade support 

rooms were built with the transite wall panels and reinforced 

concrete roofs or ceilings. These rooms will be demolished in 
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the same manner as the other trans i te areas in the K Reactor 

oui ldings (see section V.A.S.a above for details). 

6. Removal of Soil From 105-F and -H Fuel Storage Basins 

The 105-F and 105-H fuel storage basins were backfilled with 20 ft of 

earth after being deactivated to stabilize the contamination in the 
basins. No decontamination was performed in them before they were 

filleo. In developing cost information it was planned to remove and 

screen the backfil I from the basins to assure that only material 

suitable for in situ disposal remains. Actual backfi 11 removal and 

screening determination will be made prior to definitive design. 

The cost estimate for this project assumed that the first 18 ft of 

backfi 1 I were noncontaminated because most of the water had been 

drained before the fue 1 storage basins were backf i 11 ed. The 

remainder of the backfil I was assumed contaminated and would require 

special radiological work procedures for the removal and screening 

process. 

The 105-F and 105-H Reactors will be demolished and filled in the 
same manner as the typical 105 Reactor Building. 

8. Use of Wrecking Ball and Explosives for Demolition 

A 5-ton wrecking ball is currently used for most of the demolition work 
in the 100 Areas, and will be the primary equipment used for the building 

deconmissioning. The wrecking ball is attached to a crane with a 100-ft 

boom, and can be used for heights of up to 60 ft. This ball can be used 

to effectively demolish masonry and reinforced concrete up to 2 ft thick . 

For concrete wa 11 s and s I abs with a thickness greater than 2 ft ( in some 

areas up to 5 ft thick), it is more cost effective to either leave the 
concrete in place or use explosives to demolish it. 

Both the wrecking ball and the explosives break the concrete into 

rubble. The rubble wil 1 be spread evenly or moved to other areas of the 

' 



c. 

UNI-2898 REVO 
Page: 26 of 57 
Date: 3-2-87 

105 facility with bulldozers and left as fill. The rubble left fron. 

explosives is more hazardous to work with than that from the wrecking 

oall because the reinforcing steel becomes twisted and tangled up with 

the concrete during the explosion. Conventional metal cutting methods 

will be used to cut the reinforcing steel in the rubble left from 

exp Josi ves. 

The use of blasting in the demolition effort requires the services of 

explosives experts to determine types of explosives and placement methods 

to be used. Blasting will only be used where the wrecking ball is 

impractical or ineffective, and where the integrity of the exterior of 

the reactor will not De compromised. 

Definitive design for this project will determine the acceptable form of 

demolition for specific location within the reactor buildings. 

Reducing Voids Caused by Demolition Rubble 

Rubble from the demolished structures will be left as fill inside the 

reactor facilities. The rubble as it first falls will be in large pieces 

which can bridge between each other creating large voids and pockets. To 

eliminate these voids as much as feasible and minimize settlements of the 

mound, the rubble on the ground will require additional breakage, cut

ting, and rearrangement. Small pipes and equipment may be left in 

pl ace. Large pipes ( greater than 3-ft diameter), ductwork, and tanks 

will be flattened as much as possible. Concrete and masonry will be 

broken into pieces no greater than 18 in. for the longest dimension to 

minimize voids where rubble bridging occurs. Metal decking, grating, and 

structural steel will oe left in a manner that eliminates bridging and 

reduces backfilling voids. 

Rubble may be moved from one area of the facility to another to maintain 

a maximum 4-ft layer depth. A layer of gravel or slurry will be placed 

over the rubble. Grading equipment or a vibratory compactor will be used 

on this initial layer to make the gravel or slurry sift into as many 

---- - ---- --------------- - - --- - - - ---
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rubole voids as possible. The initial layer stabilization cost is 

approximately the same for either method. A slurry layer was assumed to 

oe used for estimating purposes. 

During definitive design, individual rooms and spaces wil 1 oe invest i

gated to determine critical areas of void reduction. An addit ional 

effort to reduce voids may have to be made in an area such as the va lve 

pit, which has a great deal of large pipe, grating, and equipment. In 

other open areas (such as the work area), an isolated large void would 

result in only negligible settlement of the finished mound . · 

Slurry Backfil ling Versus Gravel Backfilling 

Two methods of filling the void spaces inside the reactor buildings after 

demolition have been examined: the use of slurry and the use of grave l . 

Each of these methods wou Id require different equ i pment and procedures , 

and each method has different engineering, schedule, and cost advant ages 

and disadvantages. Both methods are described and analyzed in the fol e 

lowing sections. 

1. Slurry Backfill 

In slurry backfi 11 the roof is not destroyed, a_s in the case of 

gravel fill; rather, some holes are added to the roof for pumping in 

the slurry. The overall structure is stronger because of the roof 

support in this fill method. 

The slurry consists of 3/4-in. minus gravel, soil, Portland cement , 

fly ash, air entrainment, and plasticizer. These ingredients are 

mixed using standard concrete mixing techniques, and placed us i ng a 

concrete pumper. As soon as the cement and water in the slurry are 

mixed, the slurry wil l begin to set up . The slurry wi. 11 be placed 

while it is st il l in a fluid or pliable state, and will exert an 

outward pressure on the wa ll s until it hardens. As the slurry fil ls 

the room, the lower layers gain strength and limit the lateral 

pr essure exerted against the wa 11. For 1 arger rooms where the room 

is filled at a slower rate, the total pressure of slurry against the 
,, 



UNI-2898 REV0 
Page: 28 of 57 
Date: 3-2-87 

wal I is less than the lateral pressure would be if the rooms were 

fi I led with grave l . The walls of larger rooms will not withstand the 
lateral pressures of gravel fill. For smaller rooms, the strength of 

the wal Is is sufficient to withstand the lateral pressures of the 

slurry even though the room is filled at a faster rate. The slurry 
•11ill eventually harden into a solid mass with a compressive strength 
of approximately 300 psi. After holes are made in the ceiling, the 
hose from the concrete pumper is p 1 aced in one of the holes and the 
slurry is pumped into the room. Varying the ingredients in the 
slurry mixture will allow variation in the consistency of the slurry, 

and the room can be filled leaving minimum voids. 

The slurry can be pumped into many of the inaccessible areas of the 

.reactor with minimal demolition required. Contaminated areas can be 
fi I led without requiring additional cost for fixing procedures. 

Structural steel platforms, gratings, stairways, equipment, and other 
obstructions can be slurried with minimal demolition. Lateral 

pressures on walls can be reduced to allow filling on only one side 
without causing structural instability of the walls. 

2. Gravel Backfill 

The gravel backfi l I consists of material generally less than the 
4-in. sieve size with less t·han 1si of the material passing the #50 

sieve.* This material is generally available from the borrow pits 
designated for use at Hanford, within l to 2 miles of the reactor 

sites, or may be obtained from land adjacent to the reactor buildings 
with prior approval. The designated pit material can most generally 
be obtained with only operators' visual acceptance of size, mini
mizing the need for a sieving operation. 

Tofil I an area economically with a soil backfil I requires the use of 

large equipment such as scrapers, bulldozers, or loaders. The ability 

*The #50 sieve has 50 openings per square inch. 
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of these large machines to work in confined spaces within the reactor 

building is greatly limited. To make these areas accessible to this 
equipment, additional demolition work is necessary. 

Use of conveyor belts is one way of moving large volumes of soil 

short distances into inaccessible areas. Conveyors require large 

equipment to load the belts and equioment to spread the soil as it 

comes off the conveyor belts. Thus, the equipment and assoc iated 

personnel required for conveyors make this option more expensive, and 

it was not included as part of the cost estimate . Costs incurred 
with conveyors are: 

. Rental 

• Movement setups 

• Fuel or electricity 

Operating personnel (at least four men per belt) 

The minimum demolition required to fill a room with gravel . backfil l 

is the removal of the ceiling. The reason for the ceiling removal is 

the equipment needed to move the dirt around inside the room needs 

4 ft to 5 ft of headspace in wh ich to work. If the ceiling was left 

intact, the space left between the backfill and the ceiling would be 

a safety hazard. When backfilling operations begin on top of the 

ceiling, the ceiling could col lapse, injuring personnel or damaging 

equipment. With the ceiling removed, the backfill can completely 

f i 11 the room and backf i 11 ing opera ti on can continue to safely mound 

to _provide the required cover. 

3. Comparison of Slurry Method and Gravel Method 

Slurry is more expensive per cubic yard than gravel backfi 11 mate 

r ial . Therefore, where great quant i ties of fill are necessary, earth 

fill is substantially less expensive than .slurry. However, unit cost 

of the material is not the only consideration when selecting the 
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backfill method. Costs associated with preparing an area for fill
ing, transporting the material, and placing the material also must be 
considered. 

An example where both methods have comparable cost is presented 

below. A 20-ft by 40-ft room with a 14-ft ceiling must be filled. 
The ceiling is a 6-in. reinforced concrete slao with suoporting 
oeams. The estimated costs for the two methods of filling th is room 
are: 

Slurry 

Slurry to fill room ($17.24/yd3) 

Core drills through ceiling slab 

($9/hole, 14 holes) 

Grave I 
Gravel to fill room ·($1.80/yd3) 

Demolition of ceiling slab ($8.50/ft2) 

These costs were based on the following: 

$7151 
126 --

$7277 

$ 747 
6800 --· 

$7547 

a. In this comparison, the cost of the batch plant/pumping equioment 

is considered to be absorbed by voids already designated to be 
filled with slurry. The $17.24/yd3 cost will allow for an 

evaluation of any additional spaces that may need to be filled. 

b. The cost of the gravel inc 1 udes only the cost to excavate the 
gravel from the borrow pit and transport it to the site. 

c. Demolition of the ceiling slab includes operator and wrecking 

ball equipment usage. 

As the room height varies, the cost of slurry changes at a faster 
rate than the cost of gravel. However, the cost for the core dri 11-

ing and slab demolition remains constant. As the room height 
; 
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increases, the slurry method cost will Quickly exceed the cost of the 

gravel method. Conversely, as the height decreases, the costs 

decrease faster for the slurry method than for the gravel method. In 

sunmary, rooms 14 ft or less in height will be more cost effectivel y 

filled using the slurry method. However, rooms 14 ft or higher may 

also be more cost effectively filled with slurry based on other 

vari ab 1 es. 

The time factor of labor must be considered. Material for slurry is 

at the jobsite and included in the unit cost per cubic yards of 

slurry. This can be placed at a rate of 800 yd3 per day. The cos t 

of the gravel must include the transport plus the clamshell operator 

and rental. Based upon the standard operating procedures for operat 

ing engineers, the 3 yd3 cl ams he 11 wi 11 p 1 ace about 240 yd3 oer 

day . 

·Another factor to consider is that the batch plant, the pumper and 

associated procured equipment wi 11 be standing idle if slurry is not 

used as much as possible. Startup and cleanup time between opera

tions also adds additional cost. Therefore, a slurry operation 

requires tighter management to be an effective alternative. 

Another cons i deration in choosing slurry or soil backfill is the 

scheduling for backfilling inside and outside the building . 

Bac!<fi 11 ing with soi I makes it necessary to stagger fi 11 ing in the 

inside with fi 11 ing on the outside to protect walls from unexpected 

collapse, which may be hazardous to workers and equipment. This i s 

necessary to maintain a min i mum difference in fi 11 height on each 

s i de of the wall, so the design stresses of the wall will not be 

exceeded by an uneven soil load on one side . In contrast, slurr y 

exerts a pressure wi thin the design limits against the wall, so the 

building could be completely filled with slurry before backfilling 

outside the building begins. Slurry costs more than soil, but the 
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ability to use it inside the building without the need for concurrent 

backfi I ling outside would minimize scheduling and coordination impact 

between demolition and backfilling work outside the building. 

Ability of Building to Withstand Backfil I and Mound Weights 

l. Fi I ling Against Standing Wal ls 

Building a ramp against reinforced concrete shielding walls to 

provide access for dumping fi 11 in such spaces as the work areas is 

eco,iomically more advantageous than using the clamshell for dumping 

fill. To do so, however, requires that the wall have the flexural 

strength to withstand the substantial loading due to the pressure of 

the soil and the surcharge of the equipment. 

Preliminary calculation (appendix E), based on appropriate dimensions 

of a typical work area enclosure wall, indicate that the wall would 

be highly overstressed by the equipment on the ramp. Although the 

walls are thick and quite rigid, they were typically reinforced only 

to the minimum the code required for temperature reinforcement. In 

addition, more detailed calculations would not likely produce accept

able stress levels. 

Two other alternatives were investigated: 

a. A notch may be cut in the top of the wall down to a point where 

lateral pressures are low enough to produce acceptable stresses. 

Approximately one-half to two-thirds the way up the wall, fi 11 

could be placed on one side of the wall. The resulting ramp 

could then be used to bring fill up in the inside of the wall, 

thus equalizing the pressures in the wall. 

b. Another alternative is for fill to be placed against the inside 

face of the wall by clamshell and/or conveyor until fill against 

both sides was about one-half to two-thirds the wall height, thus 

equalizing the pressure on the lower portion. Then the ramp 

could be built over the top of the wall. 
; 
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During definitive design, further investigation of each building and 

wall will indicate the best and most economical method for each 

case. Wall length, heights, and the number and sizes of openings in 

the walls will affect the results. 

2. Mounding Over Pipes and Tunnels 

During the deconmissioning of the reactor facilitjes, belowgrade 

pi ping and tunnels wi 11 be subject to loadings much greater than 

those designed for originally. Calcu-lations were done (appendix E) 

to determine what structural effects the total 70-ft-high mound and ., 
the equipment used to build it will have on the various sizes and 

types of underground piping and tunnels. Heavy equipment might cause 

pip1ng or tunnels to collapse, thus damaging the equipment or injur

ing the operator. (Piping wi 11 eventually fail due to fatigue or 

corrosion. The failure was assumed to happen during the 500-year 

design life of the mound.) Types of underground piping found in the 

facilities include vitrified clay, asbestos cement, reinforced 

concrete, cast iron, and carbon steel . Approximately 70% of th is 

pip in g is 24-in. diameter or less. If pipe of this size failed, it 

would neither create large areas of subsidence nor damage construc 

tion equipment. Therefore, equipment loadings and overburden pres 

sures on these smaller pipes were disregarded. 

Pipes larger than 24-in. diameter were analyzed (appendix E) to 

determine if they would fail under the equipment loads or soil over

burden loads. Maximum equipment wheel loads were based on the 

largest equipment assumed to be used, a truck with two 50 yd3 

bottom dumping trailers. None of the pipes were found to fail under 

soil loads alone and most of the piping will withstand the maximum 

wheel load without fa il ure if it has a 2-ft 6- i n. soil cover. 

Concrete pipe in the 30-in. to 66-in. diameter range wi 11 require a 

5-ft minimum soil cover to withstand the maximum wheel load. Exist 

ing depths of these pipes must be determined during definitive 

design. Lighter veh i c I es cou Id be used to add the soi I cover to 

reach the 5-ft cover height. 
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There are severa l factors to be considered as to whether or not all 

floors in the reactor buildings must be demolished prior to earth 

fi 11, or if some floors may be left in place creating voids in the 

mound. Maximizing the number of voids in the earth mound could 

produce cost savings for the total decomnissioning effort. However, 

the . remaining voids could allow long-term settlement of the soil mass 

if the voids collapse. In addition, the void areas might require 

special techniques and safety precautions during mound construction 

to avoid collapse. Imposing equipment weight limitations and 

stringent safety precautions on a contractor would escalate costs . 

Therefore, all pertinent factors need to be included for a final 

decision as to whether or not a certain void is acceptable. 

Various floor construction systems were structurally evaluated as to 

their capabilities to support construction loads and the final long

term soi 1 I oads. The evaluation was done spec if i ca 1 ly on . the 

100 KE/KW Reactor complex. This complex was assumed representative 

of the other eight reactors with respect to floor construction 

systems. 

Two specific floor systems that appeared to be good candidates for 

voids were evaluated: the reactor block foundation system and the 

(reactor shutdown) ball (3X) room. The following sections discuss 

both floor systems. 

a. Reactor Block Foundation System 

A typical reactor block rests on a massive concrete mat founda

tion. The KE/KW mat is 20 ft 6 in. thick. The concrete (except 

-8, -0, -F, -H, -DR) mat contains tunnels for the retrieval of 

the boron balls used for the reactor's third shutdown safety 

system. To determine whether the tunnels should be filled during 

decomnissioning, structural calculations were performed on the 

KE/KW mat. The calculations (appendix E) indicate that the 

additional soil load on the reactor block would not overstress 

the reinforced concrete surrounding the tunnels, i . e., the 
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tunnels would not collapse. Calculations were also performed · 

(appendix E) to determine if the concrete would support the load 

if the reinforcement was lost due to corrosion. Even without 

reinforcement, the stresses in the concrete are below the allow

able.* In conclusion, these tunnels need not be filled because 

the surrounding structure is easily capable of supporting fore

seeable construction loads and long-term soil loads. Not fi 1 ling 

these tunnels would result in cost savings of approximately 

$964,000.00. 

b. Ball 3X Room 

The ball 3X room is beneath the inner rod room at elevation 

(-)17 1 -6 11
• Its approximate size is 30 ft by 40 ft. The inner 

rod room floor slab above the ball 3X room is 4-ft thick 

reinforced concrete. A structural analysis was performed on the 

floor slab (appendix E) using a uniform load equivalent to 65 ft 

of soil. The slab was analyzed using the working stress design 

method _and found to be overstressed by a factor of 7.6. An 

ultimate strength analysis was then performed on the slab, 

indicating that the slab was overstressed by a smaller factor of 

6.9. 

Using the ultimate strength analysis, the allowable soil height 

placed on the slab prior to yield was 4.9 ft. This amount may 

seem sma 11 when compared to the thickness of the slab. However, 

thick s 1 abs and wa I ls in a reactor structure are usu a I ly for 

radiation shielding and contain minimum steel reinforcement. As 

shown on the allowable floor loading plan (drawing H-1-2!052, 

References, Section XI, C.), the inner rod room allowable live 

load is 250 psf . This is equivalent to 2 . 3 ft of soil. There

fore, the 4.9 ultimate soil load prior to yielding does not appear 

*As defined in ACI 318-83, "Building Code Requirements for Reinforced 
Concrete," 1983. 
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unreasonable. Since the final soil height of 65 ft overstresse: 

the slab by such a large factor, it is recorrmended that the ball 

3X room be filled during final decorrmissioning. 

c. Other Rooms 

A review of the allowable floor loading drawing H-1-21052 will 

answer questions on most other rooms which might be considered 

being left as voids in the final soil mound. Most of the floor 

sys terns for these rooms are concrete mono Ii th i c beam-s I ab struc

tures. They are designed for uniform floor loads varying from 

50 psf to 2,000 psf. The equ i valent maximum load for a mound 

over the reactor floor area created by 65 ft of soil height i s 

7,150 psf. As can be seen from the structural analysis performed 

on the ball 3X room, the ultimate capacity of a floor system 

beyond its allowable live load usually is less than a factor 

of 2. Therefore, for conceptual design cost estimating purposes, 

all rooms were considered filled during the decorrmissioning 

effort. 

Constructing the Mound 

1. Equipment and Method 

The material to fil I the outside of the reactor building wil 1 be the 

same gravel backf i ll material used inside the building. The area 

outside the building is accessible to large earthmoving equipment, 

which is the most economical method for handling the backfill mate
rial. The equipment will include scrapers, bottom dump trucks, front 

end loaders, and bulldozers. The mound slopes and access were 

designed to accorrmodate the grades and turning radius limitations of 

this equipment (refer to sketches in appendix J). 

The mound will be built to use the minimum amount of backfil 1 

required to allow equipment access, assure stable slopes, and provide 

the minimum required _cover. 

; 
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After the demolition and backfilling within the reactor building i s 

complete, the backfilling outside of the building will begin . 
Selected backfi 11 from borrow pits located near the reactor wi 11 be 

se If- loaded into scrapers or loaded into bottom dump trucks with 

front end loaders. The loads wi 11 be hauled to the reactor site and 

dumped in 12-in. to 18-in. lifts . The bulldozers will spread the 

material, and assist in leveling the fill and shaping the mound as 

required. 

2. Seeding the Mound Versus Leaving a Rocky Surface 

The resu lti ng earthmound will be approximately 70 ft high . Two 

options fo r surface stab i 1 ization to minimi ze wind and water eros i on 

were stud i ed : seeding and leaving a rocky surface . For th is con

ceptual design report the seeding method was used as a basis of the 

cost estimate. Seeding a soil layer with grass prevents eros i on of 

the mound surface, provides surface moisture removal by plant tran s

piration, and deters the growth of deep-rooted plants. Discussion of 

both methods follows. Further analys i s of alternatives may be done 

in definitive design. 

The mound wi 11 be covered with a 2-ft 1 ayer of topsoi 1 and seeded 

with shallow-rooted indigenous plants. The seeded topsoil will 

require maintenance during the 2-month germination period to ensure 

that seed and soil are not blown away before the plants take root . 
Indigenous plants provide a natural-looking mound which blends into 

the surrounding terrain. The topsoil and plant growth absorb water 

and reduce water seepage into the mound. The mound wi 11 require a 

flatter -slope than the rocky surface to prevent erosion of t he 

topso i 1. 

The a lternat i ve method of stabilization is to prov i de a rocky sur

face, either by leaving the gravel exposed or by adding a layer of 

oroken basalt rock. This surface mi nimizes deterioration whi le 

remaining permeable and preventing ponding of water and excessive 

runoff. The mound may be built at a steeper slope requiring les s 

material. 
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The estimated volume of fi 11 required for each reactor is shown in 

Table 2. These volumes were based on mounds designed with a 5: l 

slope .as used for the cost estimate basis. 

TABLE 2. Estimated Fi 11 Volumes for 100-Area Reactors 

Reactor Slurry (yd3~* Grave 1 ( yd3) 

105-F 15,000 470,000 

105-H 21,000 365,000 

105-0 15,000 470,000 

105-DR 17,900 328,000 

105-C 19,500 470,000 

105-KE 21,500 989,800 

105-KW 21,500 989,800 

105-8 15,000 470,000 

*The total slurry volume in this table differs from the total _slurry 
volume in appendix D. The difference in volume of slurry used is 
11 of total project cost. 

G. Settlements 

1. Rubble Settlement 

Rubble from demolished structures is to be left in place as fil I 

around the central reactor facilities. It is estimated that this 

rubble wi 11 be a maximum of 3 ft to 4 ft deep, and comprised of 

demolished concrete, masonry, structural steel, piping, equipment, 

and miscellaneous metal work. 

The rubble itself will contain open areas due to pipes, equipment, 

and grating, and pieces of rubble will bridge between each other 

creating void areas. Steel materials will deteriorate over time (due 

to corrosion), creating further voids. The more void space there is, 

the more settlement will occur. 

rl 
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The final makeup of the rubble (the percentages of various materials, 

sizes, amounts, and demolished condition of rubble) is difficult to 

determine. Because of this, settlements of the mound due to the 

rubble cannot be estimated as accurately as settlements due to the 

soi I. If grading equipment or a vibratory compactor is wel I-routed 

over the rubble area, it is estimated that 4 ft of rubble will not 

settle more than 6 in. 

2. Voids 

Settlements resulting from voids can appear in the mound both during 

and after mound construction. Small voids in the mound backfill and 

rubble wi 11 result in uniform settlements which will have a minimum 

adverse effect on the mound. Large voids may result in large local 

ized settlements after the mound is completed. Localized settlements 

during construction of the mound could result in injuries to person

nel, damage to equipment, or delays in construction . To prevent 

large localized settlements, large voids will be filled before mound 

construction. 

T9 determine which large voids require filling, a comoarison of 

tunnel size to depth of expected settlement was made as shown i n 

figure 1 • As an example to show how to use this graph, a square 

tunnel, with cross section dimensions H (feet) by H (feet), is buried 

a depth of d (feet) below the surface of the ground. An opening with 

the same cross-section dimensions as the tunnel is made in the top of 

the tunnel and the soil is allowed to flow into the tunnel until a 

stable slope is ootained in the tunnel. The settled soil above the 

tunne 1 wou Id be in the shape of an inverted frustum of a cone that 

has the same volume as the soil in the tunnel. The graph in figure l 

shows the relationship between the size of the tunnel, depth of 

cover, and the expected settlement resulting from the fi 11 ing of the 

tunne 1 • 

For example, an 8-ft-square tunnel with less than 5 ft of cover would 

result in the total soil cover over the opening settling into the 

tunne 1. By placing another foot of cover over the tunnel (total 

• 
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cover 6 ft), a sett 1 ement of approximate 1 y 3 ft wou 1 d occur. Th is 

would assure 3 ft of cover over the tunnel and minor settlement wh i ch 

would not result in personal injury, equipment damage, or 

construction delays. 

3. Soil Settlement 

As the soil is excavated, the density will reduce and, depending on 

the way the soil is backfilled, part of the density wil l be 

regained. During the post mound construction period, the dens ity 

wi 11 continue to increase out at a relatively rapidly decreas ing 

rate. The post construction increases in density will result in 

settlements within the mound . 

Relative density is one method of determining the expected sett l e

ments. Table 3 shows the expected settlements· associated with a 

gravelly soil with a maximum dry dens i ty of 109 lb/ft3 and a mi ni 

mum dry density of 81 lo/ft3. The settlement due to increased so il 

dens ity is shown in table 3 as a percentage of · the height of the 

backfill material. 

A gravelly soil backfi 1 led using heavy equipment, which has been 

conscientiously routed over the fill, will compact to a placed rela

tive density of the placed soil of about 65%. As the backfil 1 ages , 

the relative density of the placed soil will increase and the mound 

wi I I settle. The soil settlements will occur continuously at a 

decreasing rate with most of the measurable settlements happening in 

the f i rst 10 years. The post-construction relative density at th i s 

time will be 75% and result in a 3.2% or 2-1/4 ft of settlement for a 

tot a 1 f i I I depth of 70 ft. When a c 1 ams he 11 is used to p 1 ace t he 

gravel soil, the placed relat i ve density wi ll be about 55%. The 

resulting settlement will be 6 . 4% for a post-construction relat ive 

density of 75% or 4.5 ft for a 70-ft fill height. 
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TABLE 3. Soil Settlement(% of Fill Height)* 

Placed Relative Density(%) 
Dry Density Post-Construction 
(lbs/ft3) Relative Density(%) 

92.9 
94.3 
95.8 
97.2 
98.8 

100.3 
102.0 

50 

55 

60 
65 
70 
75 

80 

50% 55% 

o 
. 1.5 o 
2 .8 1.6 

4.6 3.1 
6.4 4.8 
8.0 6.4 
9.8 8.2 

60% 

o 
1.5 

3. l 

4.7 

6.5 

65% 

o 
1.6 

3.2 
4.9 

70% 

o 
1.5 

3.2 

75% 80% 

0 

1. 7 0 

*This table is based on a maximum dry density of 109 lb/ft3 and a minimum 
dry density of 81 lb/ft3 . See letter in appendix E-29. 

The maximum expected settlement in the mound is 4.5 ft due to the 
increase in density of the soil. With a 4.5 ft settlement, the 16 ft 
soi I cover wi 11 be maintained. The soil settlement should be fairly 

uniform and occur at a relatively slow rate with no detrimental 
effects on the mound. If, during the 10-year postconstructi on 

maintenance period, differenti a 1 settlement creates deleterious 
conditions, they can be corrected. 

4. Compaction 

Compaction was considered as a means of reducing the settlements of 
the backfill areas. Compaction used on the designated backfill mate

rial would result in placed relative densities of 70% versus the 55% 

and 65% relat ive densities discussed previously in Section V.G.3, 

Soi 1 Settlement. Compaction of original volumes would reduce the 
overall height of the mound from 70 ft to 66 ft, but would not reduce 
the volume of selected backfil I materials to be hauled. Since 

; 
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deliberate compact i on would not increase the integrity of the mo und 

and would result in additional cost. compaction operations were not 

included as part of this project. 

Design Life Considerations of the Mound 

l . Infrastructure Linkages 

Openings such as pipe, ducts. or condu its that lead from outside the 

burial mound to within the sh i eld i ng walls are def i ned as 

i nfrastructure link ages . A 11 such li nk ages that cou ld be used as 

access (by man , rodents , repti les , i nsects , etc . ), or prov i de a me ans 

of unobstructed flow for water or a i r wi ll be removed or f i lled wi th 

slurry or gravel for a distance of at leas t 16 ft (see appendix F). 

Al l of the reactor buildings have numerous pipes and conduits l e ad i ng 

i nto and out of t he bu i I ding . The most cri t i cal ar e those that con 

nect the reactor block with the outsi de, such as cooling water supply 

and eff l uent lines. In order t o provide a barrier of max i mum re li- · 

ability, lines that penetrate the reactor · block will be fil led with 

s l urry for 16 ft between the reactor and the point at wh i ch they 

enter the bu il d i ng. They may be severed and sealed off with fill at 

the most access i ble locat i on wi th i n the bu il di ng . 

Other l i nes, such as water and process sewer lines that enter 

basement areas belowgrade, wi 11 be severed at the point of 

penetration, or as required to terminate the linkage, providin g a 

16-ft barr i er . 

Li nes such as sanitary sewer and service water li nes under f loor 

s l abs wi l l be left undisturbed unless they connect t o l i nkages into 

the cri t ical areas of the bui lding. 

Tunne l s that connect the basement area of the build i ng wi th the 

outs i de wil I be breached and filled. 



2. slope Staoi 1 ity 

UNI-2898 REV0 
Page: 44 of 57 
Date: 3-2-87 

For the mound slopes to maintain their stability, they must be less 

than the natura I angle of repose of the materi a 1 used. Both grave 1 

and topsoil were considered as the outer cover layer of material for 

the mound, and topsoil was chosen. 

Gravel has a natural angle of repose of approximately 1-1/2 horizon

tal to 1 vertical. If undisturbed by outside forces, the gravel 

would remain at this slope. However, melting snow, animals, plant 

growth, wind and other natural forces will cause raveling and slough

ing of the gravel. Therefore, a slope of 2 horizontal to 1 vertical 

wi 11 be used to reduce the erosive effects on the mound and increase 

the endurance of the mound slope. 

The natura 1 angle of repose of topsoil is about 2 horizontal to 

I vertfcal. When topsoil is used to provide a 2-ft cover layer over 

the mound, a slope of 3 horizontal to 1 vertical is considered ade

quate. This slope would minimize the erosion of the tops·on during 

the planting and watering required to establish a cover of vegeta

tion. The sketches in appendix J show mounds designed with a 3: 1 

slope. 

Topsoil mound slopes of 5: 1 were used for the cost estimate because 

heavy equipment can get up to the top of a mound of th is grade from 

any direction . The optimum slope will be determined during defini

tive design. 

3. Probable Maximum Flood 

The probable maximum flood (PMF) for the Columbia River as defined in 

Hanford Standard Design Criteria SDC-4.1 will result in a flow 

through Hanford of 1,440,000 ft 3/sec. The Corps of Engineers has 

defined this f load as one "representing f load discharge that may be 

expected from the most severe combination of meteorological and 

hydrological conditions that are reasonably possible in the 

• 
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region."* The maximum flood in recorded history was in 1894 when th e 

calculated flow at Hanford was 800,000 ft3/sec . 

The floor elevations at the reactor bu i ld i ngs and water e levations at 
PMF are in table 4. 

The PMF is lower than the first floor elevat i on of every reac tor 

bu i lding. The calculated flood levels are not expected to cause 

s i gnificant erosion of the mound surface nor cause release into the 

groundwater of contaminants from wi th in the mound. 
recurring, catastrophic long-term f looding (due to 

changes in c l imate that would cause removal of 

In the even t of 

watershed and /or 

the mound), the 

massive reac t or block wou ld be exposed . Even t hen, the maj or ity of 

rad i onuclides within the block would still rema in in the matrix. 

4 . Survey and Mapping 

The locat i on of the centerlines of _each process area and its sh ield

ing walls will be mapped during definit i ve design , enab li ng future 

location of the buried reactors if ever required . 

The location of the - 8, -C, -D, - DR , - F and -H reactor fac ili t i es are 

gi ven on exist i ng draw i ngs using the Hanford Pl ant Grid system . The 

-KE and - KW facili ti es can be located by the K Area Gr id . Both of 

these grid systems are common only to the Hanford Si te. 

During defin i tive design, coordinates for locating the decommiss i oned 

facilit i es will be converted to the Washington Coordinate System 

(Lambert grid system ) . Use of the Lambert coordinates wi ll enable 

t hese areas to be readi ly referenced to Un i ted States Geo log ical 

Survey (USGS) or Nat i onal Geodet ic Survey (NGS) control stations . 

The Lambert coordinates wil l f acil itate locati on of the 

decommiss i oned fac i 1 i ties some t ime i n the future when the Hanford 

and K Area grids are no longer in use. 

*"Ev,a luation of Impact Potential Flooding Criteria on the Hanford Project" 
00~-RL, 1976. 
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TABLE 4. Reactor Floor Elevations and Corresponding Water Elevations 
at Probable Maximum Flood 

Reactor First Floor Elevation .(Ft) *PMF Level (Ft) 

105-C 494.0 434 
105-D 466.5 419 
105-0R 466 419 
105-KE & W 465 431 
105-8 468.5 434 
105-H 423 416 
IOS-F 412.5 412 

* From SOC 4. l 

Three permanent survey marker control points will be established at 
each reactor site to f~cilitate future survey work. Two control 
points are needed, at each reactor, and the third one serves as a 
checkpoint. The survey markers must be set on undisturbed earth 
outside the boundaries of the mound. The control points wi 11 be 
referenced to USGS or NGS control stations and wi 11 provide both 
horizontal and vertical controls. 

VI. APPLICABLE CODES ANO STANDARDS 

A. Nati ona 1 

1. American Society for Testing and Materials 

C 136-82 

2. American Concrete Institute* 

ACI-318-83 

Standard Method for Sieve Analysis 
of Fine and Coarse Aggregates 

Building Code Requirements for 
Re inforced Concrete 

* Dates wil I oe assigned at definitive design. 



3. Code of Federal Regulations* 

10 CFR 61** 

40 CFR 61 
Subpart M 

40 CFR 761 

40 CFR 1500-1508 

45 CFR 20694 
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Title 10, Chaoter 1, Energy 
Part 61, December 30, 1982 

National Emission Standard for 
Asbestos 

Polychlorinated Biphenyl (PC3s ) 
Manufacture, Processing, Distri
bution in Commerce, and Use 
Prohibition 

Council on Environmental 
Quality Regulations 

Comp l iance with the National 
Environmental Policy Act; Final 
Gu idel i nes , March 1980 

4. Occupational Safety and Health Standards 

OSHA 1910 

OSHA 1926 

8. Federal Government 

I. Department of Energy 

Headquarters 

DOE-EV/10128- 1 

DOE Order 5440.18 

DOE Order 5480.lA 

DOE Order 5480 .2 

General Industry Standards 

Construction Industry Standards 

Deconmissioning Handbook 

Implementation of the National 
Environmental Policy Act 

Environmental Protection, Safety, 
and Health Protection Program for 
DOE Operations 

Hazardous and Radioactive Mixed 
Waste Management 

* Oates wi l 1 oe assigneq at def initive design. 
** Guidelines for technical des ign for inadvertent intruder protection. 



DOE Order 5481. IA 

DOE Order 5820.2 

Ricnland Operations 

DOE-RL Order 5480. l Chg. l 
Chapt. 9, Part A 

DOE-RL Order 5481. lA 

DOE-RL Order 5700.2 

2. U.S. Nuclear Regulatory Commission 

U.S. NRC Regulatory Guide 1.86 

C. UNC Nuclear Industries 
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Safety Analysis and Review System 

Radioactive Waste Management 

Environmental Protection, Safety 
and Health Protection Program for 
Richland Operations - Part A, 
Explosives Safety, June 24, 1982. 

Safety Analysis and Review System 

Project Management System (adapted 
as guidelines for decommissioning 
projects) 

Termination of Operating Licenses 
for Nuclear Power Plants 

The project incorporates the standards from appropriate UNC documents for 
the following activities: 

. Radioactive and other hazardous materials shipment 

. Radiation and environmental control 

. Industrial safety 

. Quality assurance 

UNI-M-10 REV2 

PNL-4722/UNI-2522 

UNI-3560 

ALARA Program and Radiation 
Exposure Reduction Guide 

Allowable Residual Contamination 
Levels for Decommissioning 
Facilities in the 100 Area of the 
Hanford Site. 

Surplus Facilities Management 
Program P 1 an 

; 



VI I. SCHEDULE 

The project master schequle is contained in appendix 8. 

VIII. METHODS OF PERFORMANCE 

A. Work Planned for the Operating Contractor 
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The operating contractor will perform the mechanical (nonexplosive) 
demolition and void filling, and provide overall project management 
during design, procurement, construction, and inspection on this project . 

B. Fixed Price Construction 
A fixed price construction contractor will build the earth mound, and 
another fixed price contractor wi 11 perform the explosives work during 
demolition . 

C. Onsite Architect-Engineer Work 
The onsite architect-engineer will perform the definit ive design for this 
project. 

D. Procurement Strategy 
The batch plant and pumping equipment wil I be a competitive procurement . 

Rental of comparable pumping equipment for eight reactor buildings would 
cost $1,360,000 versus $336,000 for a new pumper. 

IX. REQUIREMENTS AND ASSESSMENTS 

A. Safeguards and Security 

The special deconmissioning procedures for use of explosive demolition 
will be reviewed and approved by Safeguards and Security. No other 
additional safeguards or security measures are required by this project. 

; 
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This project will remove the vacated buildings that require stringen 

routine monitoring and surveillance of the multi-portaled structures. 

The mound barrier will significantly simplify the area surveillance for 

the institutional control period. 

Safety 

Hazards associated with this project wi 11 be mitigated by strict compli

ance with DOE-RL 5481. lA, Hazard Analysis. 

A Deco11111issioning Project Readiness Review (DPRR) is required prior to 

the start of any project. The hazard analysis wi 11 be performed as 

required by DOE-RL 5481.IA. A detai l ed Project Safety Plan will be 

prepared prior to the start of this project according to the applicable 

industrial safety manual. The project safety plan will address, as a 
minimum, the following items: 

• A demolition plan to delineate measures to assure that mechanical 

demolition of such areas as roof, floor, interior partitions_, etc. 
can be performed safely. 

An engineering survey to assess stability, floor loading, etc. durJng 

demo I i ti on • 

• Access, egress during demolition • 

• Storage and handling of materials and debris • 

. Explosive safety 

- Blasters' qualifications 

Transportation 

- Storage 

Controls and warnings during explosive demolition 

- Posting of restricted area 

- Control of radio frequency energy during explosive demolition 



. Fire protection during demolition. 
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This project wi 11 occur in a control led area. Decontamination and expo 
sure reduction techniques wi 11 conform with the applicable radiation 
practice manua 1, prior to and during the project. The fundamenta 1 s of 
the as low as reasonably achievable (ALARA) objective shall be applied , 
as required by UNI-M-10. The Allowable Residual Contamination Levels 
(ARCL) method (reference XI.A.3) will be used to determine allowable 
residual contamination levels for deconmissioned facilities. 

Most of the estimated 40 man-rem (UNI-2619, References, Section XI.A. l) 
of occupational exposure is expected to be used during the removal and/or 
fixing of loose contamination in the bui I dings prior to the superstruc
ture demolition work. This preparatory work will, for the most part, be 
conducted in a low-radiation (2 to 3 mrem/hr) area. 

Implementation of this project will require the removal, movement, trans 
port and disposal of asbestos, PCB's, mercury and other hazardous 
materials. The requirements of OSHA 1910 and EPA regulations will apply , 
respectively. · Section IV.E. of this report, "Hazardous Mater ial 
Disposition and Alternatives," discusses hazardous materials disposition . 

Contractors wi 11 be required to take al 1 reasonable precau·tions in the 
performance of their work to protect the hea 1th and safety of their 
employees, subcontractors, operating contractors, and DOE personnel. 

At all times, the project area will remain accessible to emergency 
vehicles or personnel, and emergency evacuation of personnel must not be 
obstructed. 

The construction support facilities will utilize the acconmodat ions that 
have already been established for deconmissioning the ancillary 
structures . The utility services have been restored in the support 
facilities. The deconmissioning operations office may use either the 
refurbished 108-F and/or 105-8 Building, depending on work locality. 
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C. Environmental Evaluation 

0. 

In support of the ultimate disposition for the decommissioning of the 

surplus 100 Areas at the Hanford Site, an Action Description Memorandum 

(ADM), "Decommissioning of the Shut-Down Hanford 100 Area Reactors 

(UNI-2983, dated September 1, 1984)," was is~ued as part of the NEPA 

process. The action required by the NEPA regulations, DOE Order 5440. 1B, 

the Council on Environmental Quality Regulations (40 CFR Parts 

1500-1508), the DOE NEPA Guidelines (45 FR 20694), and other 

environmental statutes will be complied to within the implementation of 

the project. No decommissioning alternative will De implemented until 

the NEPA process is completed. 

Decontamination and Decommissioning 

Decontamination of the reactor buildings (i.e., removal .of contaminants) 

will De held to a minimum. The main areas of concern are those which lie 

above the top of the reactor b 1 ock or at grade l eve 1, and which wi 11 De 

demolished during the process. 

Areas or voids below the top of the reactor block and/or at grade level 

where personnel entry is anticipated will require study during definitive 

design to determine the extent and nature of the contamination . 

The type of contamination of greatest concern fo th is project is the 

loose particulate type (dust or small particles) which tends to migrate 

to other areas when disturbed. 

Another type of contamination, deposited contamination, is attached to 

surfaces by direct adhesion, physical, and/or chemical attraction, or is 

imbedded into a surface. 

Fixation of the contamination to reduce its potential for migration can 

De achieved by multiple methods. For some areas belowgrade, this can be 

accomplished during the filling of the void with slurry, rubble and/or 

soil. In some rooms, openings could be made in the ceilings and portable 
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high efficiency particulate air (HEPA) filters mounted over several of 

the openings. As the grout fills the void, displaced air would exhaus t 

through the filters which would trap the loose particulates. 

Drains in laboratories, wash stations, and other areas could be fi I led 

and fixed at the same time by the addition of a foaming material such as 

a polyurethane or similar material. The material would fil I and trap the 

contaminant in the drain. Another method would be to use leftover slurry 
(very thin) to fil I the drains. 

Loose contamination can be removed by dry vacuuming. Walls, ceilings and 

floors can be dry vacuumed using portable equipment and then immediatel y 

demolished, creating minimal dispers i on of loose contamination . 

In areas where vacuuming .is not practical, coatings may be applied t o 

cover and retain the contaminat i on on the surface . Two types of coatings 

can be applied to fix the contaminat i on : a strippable coating ( i. e ., 

ALARA coating or equal), or a sodiu~ silicate coating . . 

The strippable coating is bas ically a latex-based film 1 to 3 mils in 

thickness tryat dries rapidly and adheres to the surface in a continuous 

f i lm. The film wi 11 contain the contaminants dur i ng demolition, permit 

ting only minimal dispersion into the air at the shear planes. 

The sodium silicate solution produces a glass-like brittle coating which 

adheres tightly to surfaces. The coating is not strippable in a contin 

uous f i Im. 

Application of either coating would be by an airless multi-nozz led spray 

system . The spray system and assoc i ated piping should be designed to 

provide adequate surface wetting of all areas to be coated and to operate 

semi-remotely. 

A column in the tables in appendix D tel ls whether contamination i s 

suspected in each area to be filled. 

; 
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The overall impact level of this project for cost estimating is Level III 

as described by UNC's Quality Assurance policy. The project work will 

involve minimal radiological exposure for the in situ decommissioning of 

the structures and it is not envisaged that conditions will warrant 

Impact Leve 1 s I or I I. The overa 11 1 ong-term effect of the project wi 11 

De assessed at definitive design. 

A different overall impact level designation may be applied during 

definitive design. If a higher overall impact level is assigned to the 

project, a lower impact level may be applied to subtier items, 

components, systems, etc., provided the consequences of failure satisfy 

the criteria for the impact level classification as defined in QAI 1.0. 

The impact level designations of the subtier items, components, systems, 

etc., will be ass i gned and documented as a part of definitive design . 

The overall quality assurance requirements will be in compliance with 

UNC' s Qua I ity Assurance pol icy. Addi ti ona l . project requirements may be 

added by letters of instructions, project management plans, or other 

contractural documents. 

The specific quality assurance requirements for decommissioning 

construction will be established by the architect-engineer and included 

in the definitive design documents. 

F. Maintenance Requirements 

The mound wil I De stabilized by covering it with a 2-ft layer of topsoil 

and seeded with shallow-rooted indigenous plants. The seeded topsoil 

will require maintenance during the 2-month germination period to ensure 

that seed and soil are not blown away Defore the plants take root. 

The maximum expected soil settlement is 4.5 ft. A postclosure observa

tion and maintenance period of at least 10 years will ensure adequate 

stabilization. Any surface slumping that develops from fill material 
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settling will be filled as required by the landlord. The mound •,li ll 
continue to be under institutional control for up to 100 years beyond the 
postclosure stabilization period . 

Engineering estimates indicate that the earth mound will last a min imum 
of 500 years with little or no maintenance , given typ ical un i fo rm 
climatic and geologic conditions. Eros ion rates for t he mound are basad 
on erosion data for natural soil in sim i lar areas ; very littl e eros ion of 
the mounds is anticipated during the 500-year period. Natural mounds 
roughly the same size, shape, and composition have exis t ed on the Han ford 
Si te for thousands of years. 

G. Economic Analysis 
Cost es timates were done for the four alternat i ve plans for this 
project. (The four plans are descri bed in Decomni ss ioning Approaches , 

Sect i on I V • D • ) 

Plan 4 (a l l reactors decomnissioned 
concrete walls) was chosen as the most 
for Plan 4 is in appendix A. 

concurrent ly, 
cost effective. 

leaving re inforced 
The cost es timate 

The overwhelming cost f actor in favor of Plan 4 is the decomn ission i ng of 
all eight reactors . under one project. The cost escalation factor is only 
39 .6%, as compared to the percentages for decomnissioning each reac tor 
under a separate project: 105-F, 29.0?i; 105-H, 44.83~; 105-DR, 601; 

105-D, 78.97%; 105-C, 98.88%; 105-KE, 122%; 105-KW, 146%, and 105-B, 174%. 

Another contributing cost factor in favor of Plan 4 is leaving t he re in
forced concrete wa ll s. Th is decreases demolit ion t ime and resu lts irl a 
cos t sav ings of approximately 30%. 

A cost compar ison of s lurry versus gravel methods for filling vo id spaces 
is discussed in Compar i son of Slurry Method and Gravel Method, 

Sect ion V.D.3. 
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The following items have been considered and are not applicable: 

• Energy Conservation 

• Corrmunications Requirements 

• Provisions for Fallout Shelters 

X. REQUIRED CHANGES AT PROJECT COMPLETION 

UNC Nuclear Industries wi l l change the following documents and drawings, as 

required, upon completion and final acceptance. Other applicable 100 Area 

documents will De designated at definitive design . 

A. Documents 

UNI-3560, "Surplus Faci 1 ities Management Program, PROGRAM PLAN , 11 

November 18, 1985 . 

8. Drawings 

H-1-15855 Drawing List (15 Drawings), "Contaminated Zone Markers 

100-8/C, D/DR, F, H, & K Areas," March 1983, Kaiser Engineers Hanford . 

XI. REFERENCES 

A. Reports 

1. UNI-2619, "Assessment of Deconmissioning Alternat i ves for the 

Shut-Down Hanford 100 Area Reactors," May 15, 1984, - UNC Nuclear 

Industries. 

2. UNI-2983, "Action Description Memorandum Deconmissioning of the 

Shut-Down Hanford 100 Area Reactors," September l, 1984, UNC Nuclear 

Industries. 
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3. Preliminary Engineering Study R-83-14, REVl, "Cocooning of 105-F 

Reactor," September 12, 1984, Kaiser Engineers Hanford (revised 
Novemoer 1986). 

4. PNL-4722, UNI-2522, UC-70A, "Allowable Residual Contamination Level s 

for Deconmissioning Facilities in the 100 Areas of the Hanford Site ," 

W. E. Kennedy, Jr., and B. A. Napier, July 1983, Pacific Northwes t 

Laooratory, Richland, Washington . 

B. Guidelines 

Code of Federal Regulations 

10 CFR 61, "Licensing Requirements for Local Disposal of Radioactive 

Waste," U.S. Nuclear Regulatory Conmiss i on, Washington, D.C., 1981. 

C. Drawing 

H-1-21052, "Structural Plans Allowable Floor Loading, 105-KW, Rev . 2," 

March 26, 1955, UNC Nuclear Industries. 

Appendix A. 

Appendix B. 

Appendix C. 

Appendix D. 

Appendix E. 

Appendix F. 

Appendix G. 
Appendix H. 

Appendix I. 

Appendix J. 

Cost Estimate 

Schedules 

XII. ATTACHMENTS 

Work Breakdown Structure 

Void Fil ling Plans 

Calculations 

DCS Work Scope Statement of Instructions 

Physically Handicapped Assessment 

Plant Forces Work Review 

Outline Specifications 

Sketches 
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B132lfo 1.2 1.].1.1 1.l.2 .1 
Plan Nn 4 

- ·- 105 f ' 521,500 ' 503,900 ' 13,000 
S.iles Tu 31,500 1 1,200 400 
Subtotal 565,000 505,100 13,400 

]').6 Escalat Ion 223,700 200,000 5, JOO 
Jll Coo LI ngency * 92,600 * 105,900 5,800 

TOTl\l 881,300 811,000 24,500 

l05 II ' -0- ' 505,200 ' 10,000 
Sales Tax 1,200 300 
Subtotal 506,400 10,300 

3'.1.6 Esca lat Ion 200,500 4,100 
llX Coot I ngency 219,100 1,400 

T0lAL 92,6,000 15,800 

l05 0 -0- 1 503,700 1 13,000 
Sales Tax 1,300 400 
Subtotal 505,000 13,400 

19.6 Escalation 200,000 5,300 
JIX Coot I n9ency 218,600 5,800 

TOll\l 923,600 24,500 

:P 105 m 1 -0- 1 496,000 1 -0-I 
w Tax 1,200 

Sub total 497,200 
39 .6 Escalation 196,900 
JIX Contingency 215,200 

TOTAL 909,300 

TOTAL 1 881,300 $],569,900 ' 64,800 

IN SITU 11&0 105 BUllDINGS 

1.J.2.2 1.3.2.l 1.1.2.~ Ll.l.l 

' 170,000 ' 144,800 1 -0- 1 91,100 
6,000 3,500 4,300 

176,000 148,300 95,400 
69,700 58,700 37,000 
21,600 64,200 41,300 

267,300 271,200 174,500 

1 671,400 1 190,000 1 1,600 ' 162,400 
11,200 4,600 -0- 7,100 

682,600 194,600 1,600 169,500 
270,300 77, IOO 600 67,100 
295,400 84,200 700 73,300 

I , 248,300 355,900 2,900 309,900 

1 62,000 1 135,600 ' 1 -0- 1 106,500 
1,000 3,500 4,500 

63,000 139,100 lll ,000 
24,900 55,100 44,000 
27,200 60,200 48, IOO 

115,100 254,400 203,100 

11,139,600 1 169,000 1 -0- 1 110,800 
18,000 4,700 7,900 

1,157,600 174,500 138,700 
458,400 69,100 54,900 
501,000 75,500 60,000 

2,117,000 319,100 253,600 

11,747,700 11,200,600 1 2,900 1 941,100 

I .l.3.2 1.3.4 1.3.5 

1 183,700 11,130,200 1 262,000 
7,300 38,700 9,700 

191,000 I, 176 ,9()0 271,700 
75,600 466,100 l07 ,600 
82,600 * 164 ,)QO 117,600 

349,200 1,801,300 496,900 

1 ·213, 100 1 909,000 1 341,700 
8,500 30,8(,0 12,700 

221,600 939,800 35'1 ,400 
87,800 372,200 140,300 
95,900 * 131,200 15] ,400 

405,300 1,443,200 648,100 

1 172,200 $ I, 144,100 ' -0-
6,800 38,800 

179,000 1,182,900 
70,900 468,400 
77,500 * 165,100 

327,400 1,816,400 

1 148,200 1 805,500 1 -0-
5,600 29,900 

153,800 915,400 
60,900 362,500 
66,600 * 127,800 

281,300 1,405,700 

11 , 363,200 1 6,472,600 $1,145,000 

D;,-,o? "f ''.' 

10-30-04 

TOT Al 

1 3,01-1,7.110 
IOll ,f,00 

3, J.12 ,IIOO 
1,244,500 

6'J5,<J00 
5,081,lllO 

1 3,004,'100 
76,'1m 

3 , 1)11() , 1100 
1,270,1100 
1,0S'1 ,r,oo 
5,]5!i,411() 

12,137,100 
, !ili,.11111 

7., 19],400 
868,600 
(~17. ,'iOO 

3,664,500 

$ l ,%9,'IOO 
67,lm 

3,01/ ,i'IIO 
I ,207. ,71111 
1,046, 1110 
'i ,lOli ,11111) 

119,311'.1,IOO 

C: 
:z ...... 

I 
N 
(X) 
I.O 
(X) 

;o 
rn 
< 
0 



.... 

IN SITU DloD 105 BUILDINGS (contlned) IO-J0-01 

Bla2 Ko 1.2 1.U.1 1.l.2 . 1 1.l. 2.2 1. l.2.l 1.3.2.4 1.3.3. I 1.3.3.2 1.3.4 I. 3.5 - -----rr>TAi_- · 
Phn No 4 

105 C ' 514,400 ' 11 ,800 ' 674,400 ' 37,600 ' 142 ,600 ' 199 I 100 ' 172 ,JOO I 1,095,900 ' -0- S 2,8411,IOO 
Tax 1,300 400 12,600 800 900 8,600 6,300 I 31,400 611,300 
Sublolill 515,700 12,200 6~7 ,000 I 38 ,400 143 ,500 207,700 118,fiOO j I, 133,300 2,916,4(~1 

39 .6 • EsCillilllon 204,200 4,800 2;,000 I 15 , 200 56,800 82,200 70,700 448,800 I, 154, 7110 
llS Contingency ,221,200 5 ,300 2 ,300 16,600 62 , 100 89,900 11,lOO 158 ,21IO 929,900 

TOTAL 943, IOO 22,300 1,25r,100 70,200 262,400 379,800 326,600 1,740,300 5,llOl ,000 
I 

105 l(f ' 496,000 $ 16,000 $ 288,000 $ 41,300 $ 27,500 $ 219,800 ' 203 , 900 I 2,235,300 ' -0- I J, 577 ,1100 
Jax 1,200 500 4 ,800 1,000 500 9,100 7,500 75,500 I/kl, 11111 
Subtotill 497,200 16,500 292,800 42 , 300 28,000 228,900 211,400 2,310,800 J,6i'l ,•mo 

39 .6 EsCillilllon 196,900 6,500 115 ,900 16,800 11,100 90,600 83,700 915,100 1,4:16,6(111 
llS Contingency 215,200 , • 100 126 , 700 18,300 12 , IOO 99,000 91,500 • 322,600 on,i;oo 

lOJAL 909,300 30,100 535,400 11,400 51,200 418,500 ·386,600 l,548,500 5, 9'i7 ,000 

105 l(W ' 496,000 $ 16,000 ' 288,000 $ 41 , 300 ' 27,500 ' 219 ,800 s 203,900 I 2,235,300 ' -0- J J,Sn ,1100 
Tax 1,200 500 4,800 1,000 500 9,100 7,500 75 ,500 IOI), 100 
Subtotal 497 ,200 16,500 292,800 42,300 28,000 228,900 211,400 2, 310.~ 3,627 ,'JOO 

39 .6 Escilhl Ion 196,900 6,500 115,900 16,800 II, 100 90,600 IB,700 915, JOO 1,436 ,6110 
llS Coo ti ngency 215,200 7,100 126,700 18,300 12,100 99,000 91,500 • 322,600 8'17. ,',OIi 

TOJAL 909,300 30,100 535,400 71,400 51,200 418,500 306,600 3,548,500 5,9'i7,000 
):,, 
I 105 B ' 503,700 $ 13,000 ' 503 , 200 ' 143,500 ' -0- ' 106,500 $ 172,200 I 1,150,600 ' -0- $ 2,5'12 ,700 
~ l.u 1,300 400 7,500 3,500 4 , 500 6,800 38,800 6;> ,IMN) 

Subtolill 505,000 13,400 510,700 147,000 111,000 179,000 I , I09 ,400 2 ,6!i5 ,'iOO 
]9 .6 Escalat Ion 200,000 5,300 202,200 58,200 44,000 70,900 471,000 I ,O'i I ,(,INI 
llS Con tlngency 218,600 5,800 221 ,000 63,600 48,100 11,500 • 167,400 ll0/,11011 

TOTAL 9Zl,600 24,500 933,900 260,800 203, IOO 321,400 1,827,000 4,509, hMI 

lOJAL $ 881,300 $7,255,200 ' 171,800 $7 ,008,700 11 ,694 ,400 $ 361,100 $2 , 361 ,000 $2,790 ,400 $17 , 137,700 $1 , 145,000 $10,81 .1,i'OO 

*(Note contlnyeucy adjusted per estllllcltors judyeaent) 

Construction $ 24,281,900 39.6% C 

Escalation 9 1615 1 300 :z ...... 
33,897,200 I 

N 
Cont i ngency 6,916,000 20.0% (X) 

lO 
40,813,200 (X) 

;;o ,,, 
< 
0 
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UN I-2898 REVO 

KAISER ENGINEERS ENGINEERING COST ESTIMATE SUMMARY HANFORD 

Job Description I Job No. Client No. 

Decommissioning of the Eight 105 Facilities U290AO 833207 
KEH Project Enginfft' I Client I Client Enginfft' f Preoared By I luue Catt Checked By KEH Approval 

EF Riedel UNC PW Griffin EF Riedel 7/17/84 r,u. 0riq Signed b~, 
DEFINITIVE DESIGN 

Construction 
DISCIPLINE Engr/ lnSP DISTRIBUTION 

No. Drawings Manhours No. Dr-invs Manhours Manhours 

Civil (01) 138 12,690 1.?70 
Architectural (02) 133 6,150 615 
Struc:tUral (03) 

Nuclear Equiom•nt (04) 

Fire Protection (051 

Piping & V•a •ts (06) 

HVAC (071 

I nstrum•ntation (08) 

Security /Safeguards (09) 

Electrical . (10) 

SQecific• tions ( 11) 308 
SQecialtv Eng1nNring (12) 

CADO (13) 16 144 
Design Administration (14) 880 

SUBTOTAL DESIGN ENGRG 287 20. 17 2 1 .885 
Scheduling (511 1 ,018 
Cost Estimating (52) 850 -
Saf• tV Ravi- (53) 350 24 
QA Ravi- (54) 350 24 
QA Audit (551 ·•· 32 24 
Survey & Layout (561 33 1 . 11~ 
Field EnginNring (571 , 5 ;,- 3.Q74 
Project Management 1581 1 430 1 . 1?~ 

iOTAL ENGINEERING 24 387 ~ "Q1 .. , 

Grai:ihics (81 I 

Publications (82) 

Data Control (831 8 160 
Administration/R•oorts tlM) 260 

TOTAL ENGRG & SUPPORT 24.655 8.753 
Rate $/Hr. S39.00 S35.00 
Hours 24 655 8.753 
TOTAL s 961 .500 306,400 

Reoroduction s 10,000 1 ,600 
Data Processing s 1,500 • · 

Work Order s 
Consultants s 
Tr•vel/Oth•r s 

SUBTOTAL s 973,uuu 308 000 
Escalation s 25. 95%/3 ~.60% 252,500 122.000 

SUBTOTAL $ 1,225,500 430.000 
Contingencv $ 15%/ZSl 183 ,t:jUU 107 500 

TOTAL COST $ I 1 .409 .300 537,500 

Remarks: 
Per Engineering Statement of Work 

-Page .:1 of 13 
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KAISER ENGINEERS 
HANFORO 

ESTIMATE BASIS 

TITLE In-Situ - Deconmissioning of 105 Facilities 

UNI-2898 REVO 

DATE __ ll_/_l_/8_4 __ _ 

KEH JOB # U290AO ----------------------------
CLIENT PROJECT/WORK ORDER # _ _.B ..... 3,...22 ... 0 .... 7 _________________ , 

1 DOCUMENTS AND DRAWINGS 

DOCUMENTS DCS - Incomplete 

DRAWINGS Various microfische of the 105 Buildings 

2 MATERIAL PRICES 

UNIT COSTS REPRESENT CURRENT PRICES FOR SPECIFIED MATERLAL VENDOR QUOTES 
WERE OBTAINED FOR batch plant, concrete pump, cement, fly ash, explosive 
techniques and earth movement . 

3 LABOR RA TES 

CURRENT BASE RATES AS ISSUED BY KEH (ISSUE# * , DATED * )INCLUDE 
FRINGE BENEFITS, LABOR INSURANCES AND TAXES. ANO TRAVEL WHERE APPLICABLE. 
*UNC .pJant forces - Appendix F • 

. -4 ESCALATION 

ESCALATION IS CALCULATED AT 39 . 6 % ON THE ACCRUAL BASED PROJECTED FROM THE 
ATTACHED SCHEDULE NOTING THE MIO-POINT OF CONSTRUCTION. PROCUREMENT IS 
CALCULATED AT 39 ~6 % PER THE ATTACHED SCHEDULE. 

5 CONTINGENCY 

CALCULATED AT 20 % OF THE ESTIMATED CONSTRUCTION PER THE ATTACHED . 
CONTINGENCY ANALYSIS. 

6 REMARKS 

Reference estimate backup. 

CRE:ad 

; 

A-6 PAGE_j_QF _ 



I OBJECTIVE 

STATEMENT OF WORK 
B32207/U290AO 

In-Situ Deconmissioning of the 
Eight Shut-Down Reactor 

105 Buildings In The 100 Areas 

UNI-2898 REVO 
Ju 1 y 1 8 , l 9 64 

Perform definitive design on in-situ decorrmissioning of the eight 
shut-down reactor 105 buildings in the 100 areas. Provide engineering 
support and inspection during the demol i tion. 

II BASIS 

A. DCS: In-Situ deconmissioning of the eight shut-down 105 buildings 
in the · lOO areas. 

S. Kaiser Engineers Hanford Co., Engineering Study KEH R-84-9. 

C. J. A. Adams, J. C. Chattin, P. W. Griffin, M. C. Hughes, Assessment 
of Deconmissioning Alternates for the Shut-Down Hanford 100 Area 
Reactors, UNI-2619, UNC Nuclear Industries, Richland, WA, 1984. 

III TASKS 

A. Architectural 

1. Prepare demolition drawings in conjunction with Civil/ 
Structural. 

2. Interface with Civil/Structural and Safety as requi-red. 

3. Prepare input to specifications as required. · 

B. Civil/Structural 

1. Assist Architectural on the preparation of demolition drawings. 

2. Prepare a site plan for each reactor. 

3. Prepare input to specifications as required. 

C. Specifications 

Review and edit the construction specifications. 

D. Estimating 

1. Prepare the final project· cost estimate. 

2. Prepare a fair cost estimate. 

Page 6 of 13 
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Statement of Work 
832207/U290AO 
July 18, 1984 
Page 2 

III TASKS (cont.) 

E. Safety 

Support the project as needed. 

F. Quality Assurance 

Support the project as needed. 

G. Field Engineering 

UN I-2898 REVO 

1. Provide field engineering services during the project. 

2. As-built drawings as required . 

3. Provide survey and survey markers as required. 

H. Data Control 

• Prepare a master submittal list and process submittals as required . 

I. Project Management 

The KEH Proiect En0ineer wi11 havP. overall responsibility for the 
. definitive design and will ensure the generation 
of an inteqrated packaqe meetinq the established criteria ana 
cost estimate. 

EFR: lms 

" Pa ge i c-= · · 
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KAISER ENGINEERS 
HANFORD ESCALATION ANAL VSIS SCHEDULE 

fllUJliCINOIWOftKORllliRNO . tlZ90AD PL.AN 3 44 
11,u _J/i::..s, r LI D 4 o , Q.~-.Bt.oq, 

PIIEPAREO ,v ____ ]> __ 4w-~J ____ DAU 1-Lo - t....4 
ltl0Ul5llOIY ______ __ u tie ________ _ Ar,HOVED IV ____________ DAIi ____ _ 

c, 
IE!JULE 

_____ DAIi ____ _ . - -----------
_ ____ DATE ____ _ 

.... ._, .,, .. ,o.,.n •• lo,ec:HI ... •tH' ffld .._, ROI ,-.,,, 

__ _ 1_1:;c_Al_Y_EA_H ________ -·-·------ _ _I__ _ •---------------.-•-----------''---------~---------I __________ l.. __ --· 
,___c_' AL_t_NO_AH_Y_E __ .. R _______ ~~-~~-'•r9-~B1 -- - ---~-.l.!l lJ¥-...--.r-r-,--l--,,--,--.-~~ .... 9<.._...~,....Q..,_-,-.,,--.-_-......,,-4-', 291) ,_ - /_ ~U.--.--r--.·-ir-r- 1 
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lllll II Mut . A1_w.JM001h • 
lllll UI - Mwt . A1 _ 11.,Mun11, • 

, u r u &.. ,wov .. ..,., 11"t 1:,hm .. , .. ,. lk,, ... ,,. .... , 

ell M_.w 'M.-w Nul W 1e11~uuNI In I,. ltu•.,•n ,tul .. ,~1•tt! l'f 

- --11-t-+--~- ~- +-

--- --- · 

-- -

CONIJRUCJIOH AND PROCUllliMENJ IICALAJION 

E. SCA LATION 

· - -

,......,.__1--1--~- l - -l--'--l--l--t-lH l- t-·l - -t---t - 1- r-- - -
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UNI-2898 REVO 
IICNiH 10-! !H 1:-! 1-1 :-1 .,._, ., . H 5-1 :H 7-l 3-! 1-t :0-! 

·r·-, 1::,11 USE F'OR JUSE 
-r· -r.L: J(lNE 

1934 i.0000 0.004i t), 004i O. JV~7 G. 00 .!7 ... . ,• .... 
•.i • .l \.; .. , 

"' ~ .. , ~ .. _,r_ .. i, ;.)000 1.0000 1.0000 1.0000 1,:)000 1.0000 1,0•j00 i, ,jOQO !.0000 I. ~•J.;j !.0094 I "•-• ,V!'T4 ~. 0l '1•J 
!'?SS 1. :)000 O.OOSo !). 005i: 0,0050 0.0056 O.vOSo i),0056 <J.0056 0.0056 i) . 00!6 •i. viiSo 0, (H):O :; , i)o::; ,1 , :0: 0 

,,LTPLR 1.%()Q . ...... ,-
1,iJ4't/ !.C304 l,0:ibl 1.0419 !.04i7 1.0535 !.0594 !.OciS: !.0713 l , 1;)77: ! .GS:: 1. 00?3 

!98c l. i)OOO 0.0053 i), !j053 0.0053 i),0053 0.0053 0. 0053 o. 0053 O. iJ053 0. ()053 !) .0053 :), 1:!,)53 ... . , ,,c~ 
'J , \JV .J<J 

., -.-,=-v , ,., .;.J.., 

,1LT?LR !.0000 1, ()950 l, 10i)8 l, !Ocio 1,1124 1.1 iS2 1.1241 1.1300 ! , 136•) 1. 14z,j 1, 1480 l.~540 !. ~~01 
1987 t.0000 0,0050 v. oo5o 0. 0050 0,0050 0.0050 i), 0050 0.0050 i), •j050 o. ooso 0,0050 O. ~)O~O !) . :J~5 t) •J. 00:J 

~LrPLrt i,0000 1,1051 l,li!S l, li77 1.1830 l,1895 1.1955 1.2015 1.2076 1.21Zo l -, ,e, 1.::~a t '"!•"" :"" ... ,. .:. •• .J.:.tJ 

1:;e 1.0000 O,v052 0.0052 i), 0052 0.0052 0.0052 0.0052 I), 0052 o, ,)052 0.0052 0.0052 •'• .'\ t'\C'., 
')• •JV.J._ 0,;)0:: o. {)(;!2 

l'!t.T?l~ !.0000 l.2384 1.2448 !.2513 1.2578 I.Zb-43 1.2708 1.2774 1.:a.io l,290i l.29i4 1,.!•J4! l. j l09 
1-:::0 !, i)OOO o. :j053 i), 0053 0,0053 0.0053 o. 0053 0.0053 0.0053 0,0053 1),0053 0.0053 ,, . ovs: ij , 0053 i). Qi)53 

~li?L.R 1,0000 l. 3178 1.3247 1.~317 1,3387 1,3457 1.3528 !.3599 l.3a7! 1.3743 l. 3815 1.sasa ...... ' I • .._.., , .. ..,. '""' . 
i990 !.0000 0.0053 0.0053 0.0053 0.0053 0.0053 0.0053 0.0053 1j, 0053 1),0053 0, 0053 0, 0053 0, ,)053 O. i:053 

l!liPLR 1.0000 1.;034 1,4108 I, tl82 1,4257 1.4332 1,4407 1,4483 1, 4559 !.H13b 1.4713 t. ;;90 1, ;aoa 
1991 1,00(10 0.0053 0.0053 0.0053 0,0053 0.0053 0,0053 0,0053 ,J,0053 0.0053 0.0053 0. 0053 ,) .0053 1).00!3 

lll.i?L~ 1, ()-000 l.~94o 1,5025 1,5104 1.5m 1.52113 1,534-4 1, 542-4 1, SSOo 1,5587 1. Soa9 !.SiS2 1 .. - ..... 
•• ..,.Q ..,) ,J 

! 00, ... 1.0000 0.0053 i) .0053 0.0053 0.0053 O.J053 0.0053 o. 0053 0.0053 1), 0053 0. 0053 i), 0053 0.0053 0.00:3 
~LirLR 1,0000 1.m8 1.6002 1,6080 l.~170 l.b25o 1.6341 1,1,427 l ,b513 1.0000 1.~1iaa 1.077f 1. :iao4 
!~93 !.0000 0,0054 0.0054 0.0054 0.0054 0.0054 o.oo:H 0,0054 0.0054 0.0054 0,0054 I), 0054 i),0054 1) , 0054 

~LiPL1 l, 0000 l.a155 1. 7047 l. 7139 1. 7232 1. 7326 1. 7-420 l • .iS14 1, 7609 1. 7704 1. 7800 l ,7697 l. i994 
1994 t.0000 0.0053 0.0053 0.0053 l) , 0053 0.0053 o.,)053 0.0053 0.0053 0. 0053 0. 0053 0.0053 !), 0053 O. COS3 

~LiPLR l.0000 !.S090 1.a1s1i 1.a2a3 1,8381 1.a479 l,8578 1.8077 I, 9777 1, 9877 l, 8978 l. 90i9 l. 'i lSl 
1995 1,0000 0.0052 0.0052 0,005:? 0.0052 0.0052 0,0052 0,0052 0,0052 0. 0052 o. ,;os2 0. 0052 u.OOS2 0.0052 

l!LIPLR 1.0000 l.9281 1,9381 1. 9481 1. 9582 1.9684 l. 9796 1.9888 1,9991 2.0095 2.01?9 2.0304 :.0409 
1996 1.0000 o.oo~ 0.0053 0.0053 0.0053 0.0053 0,0053 0.0053 0.0053 0.0053 0.0053 0.0053 0,1iOS3 i),0053 

l!liPL1 1,0000 2.0516 2.0624 2.0733 2. 0642 2,0951 2.101,2 2. llll 2.1284 2.m& 2.1509 z.1021 ., t •• ,:o 
~ • .:.1 ..;.,J 

1997 1.0000 O,•JO~ 0,0053 0,01)53 0.0053 0.0053 0.0053 o. 0053 0,0053 0.0053 0.0053 0.0053 !},!)053 (},0033. 
111. iP!.R . 1.0000 2.1850 Z. 1965 2.2080 2, 2197 2,2313 2.2431 2,25-49 2.2667 2.2787 2.2?07 2.3027 :.3148 
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KAISER ~NGIN.: . .:.~3 
HANFORD 

OAT.I: 3/23/84 

Oreaon Portland Ca ~c:~~e 

586-9324 
"'MON&: 

ll&IIISON : 

VENDOR 

Bi 11 Mahorny 
Steve Clements 536- ~324 (l oca l) 

~.o . • . I 111 1:~ . owo~. ANO s"'&c:s . 

IT &M QUANTITY ;:: " s C: " I II T I 0 

l, 610 Ton Cement fo r e~ch 

12,900 for 8 eac:'! 

6,800T Fly As h lQO CY 
3,187 Gallon Plasti ci zer @ 12 oz/cy 

QUOTE 

N 

126 Gallon Air Entra i nment 1/2 oz/100# cement . 

I 
' - -·- •·· ·· --

::.: ::- .... -~ ...... A-11 

UNI-2898 REVO 

0~ 1 

"'1110.1 . 0111 w. o. __ B_3_2_20_7 ____ _ 

Bruce Jones 
• Y : 

U NI T "'Ill T O T Ai. 11 111 

77.20T 
124 ,300 

31 . 00 210,800 
4.60 14,700 
3.175 400 

·' 

• 
K E H •2 18 15 .· 



' l 

KAISER ENGINEERS 
HANFORD 

OAU: 3/27 /84 

Vl:NOOll1 Schwartz N. W. 

Seattle. WA 

JOHONl: 1 (206) 329-5852 

JOICIISON 1 Ski 

MATICIIIAI. TO •• USCO 1"0111 

"·o·•• 

IT ICM OUAN TIT V 0 

VENDOR QUOTE 

111&1" , OWCIS. ANO SJOICCI . 

IC , C " I .. T I 0 N 

1 Concrete pump w/800 CY per day capacity 
Li ft 70 1 -0 and discharge hose 60 1 

A- 12 

· uNI-2898 REVO 

J04CII: 11 ~,,. _1_3_ 

JOIIOJ . 011 w. o. __ 8_32_2_0_7 _ ____ _ 

•v 1 Bruce Jones 

UNI T JO II • TOTAL. ~II 

180 ,000 
Setup 20 ,000 

200,000 

I 

·' 

• 
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KAISER ENGINEERS 
HANFORD 

OATi ___ 3/_1...a9..:../..a.8_4 ___ _ 

V&NOOlll 1 Eric Strayer Company 

Seattle, WA 

IOHON& : 

Les Pearson 

,..o . a. 

IT &M QUANTITY 0 & 

VENDOR auore 
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I 36KS filter vent (250 sq. ft. cloth area) with 1/4 HP 
! bag shaker · 
i P=es.sJ.1.r~- _safety valve . 
'Solenoid valve controlled air diffuser aeration systam 
I D. • d ; , 1.s_~na:;_ge a apter 
t 9" safety gate I --
, 9'' --1:- a·.; sc'--r-:: 0 ··a~ ""e 
I U&g.1.,41.,i.Q, - ... e2. ;- " - I/ 

: Air kit consisting of filter, lubr icator and regulaco=s 
I • ._ 
, w1. ~~ .. gauges . 
j A~r nose and fit:tings fo:: air to aera1:ion s:-·st em 

I Item 5 
Inclined Screw Feeder 

I 10" dia. x 24' inclined screw feeder for charging 
· Pozzolan from tbe auxiliary silo to the plant ce~ent 
batcher. 
15 HP electric motor and drive 

. Steel casing 
Helicoid flighting mounted on steel pipe 
Inlet flange for Pozzo lan from auxiliary storage silo 
Discharge flange 
Discharge chute to plant batcher 
Supports · · 

Total Price F.O.B. Erie, PA. 

' ALTER.~TES: 
AA. - For 30" Batch Transfer Conveyor with 20 HP 

motor in place of 24" Conveyor with 15 HP 
mo~or. ADD . . • • • 

AB. - For Cement Bin Extension for a total of 
400 Barrels storage. . . . . . . . . . ,. 

AC. - For 6 Yd. Tilt Mixer in place of the 
4-1/2 Yd. Mixer. . . . . . . . . . . . 
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WORK BREAKDOWN STRUCTURE 

1.0 REACTOR DECOMMISSIONING 

l. l Engineering 

l . l . l Definitive Design 
1.1.2 Engineering and Inspection 

1.2 Procurement (UNC) 

1.3 Construction 

1.3.l Decontamination 

F 1.3.l.1 
H 1.3.l.l 
D 1.3.l.l 
DR l. 3. l. l 
C 1.3.l.1 
KE 1. 3. 1. 1 
KW 1 • 3. 1 • 1 
B 1.3.l.1 

1.3 . 2 Demolition 

F 1.3.2.1 
.H 1.3.2.1 
D 1.3.2.1 

. DR l. 3. 2. 1 
C 1.3.2.1 
KE 1.3.2.1 
KW 1 • 3. 2. 1 
B 1.3.2.1 

F 1.3.2.2 
H 1.3.2.2 
D 1.3.2.2 
DR 1. 3. 2. 2 
C 1.3.2.2 
KE l. 3. 2. 2 
KW 1.3. 2. 2 
B 1.3.2.2 

F 1.3.2.3 
H 1.3.2.3 
D 1.3.2.3 
DR l. 3. 2. 3 
C 1.3.2.3 
KE 1.3.2.3 
KW 1.3.2.3 

Contaminated Structures 
Contaminated Structures 
Contaminated Structures 
Contaminated Structures 
Contaminated Structures 
Contaminated Structures 
Contaminated Structures 
Contaminated Structures 

Concrete 
Concrete 
Concrete 
Concrete 
Concrete 
Concrete 
Concrete 
Concrete 

Superstructure 
Superstructure 
Superstructure 
Superstructure 
Superstructure 
Superstructure 
Superstructure 
Superstructure 

Concrete Blocks 
Concrete Blocks 
Concrete Blocks 
Concrete Blocks 
Concrete Blocks 
Concrete Blocks 
Concrete Blocks 
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UNI-2898 REVO 

105 B, D, and F Void Filling Plan 

Belowgrade Contamination 
Fill with Gravel Vo 1 . (CY) Suspected EL Drawing No. 

Storage Basin 4200 y -20 1 -9 11 HW-70481 

Transfer Area 603 y -20 1 -9 11 HW-70481 

Flow Lab 174 N -10 1 -011 HW-76121 

Neutralizing Pit 17 N -7 1 -6 11 HW-70463 

Belowgrade Contamination 
Fill with Slurry Vo 1. (CY) Suspected EL Drawing No. 

Pipe Tunnel and 
Vent Duct 220 y -16 1 -811 HW-70502 

11 C11 Elevator Pit 74 y -6 1 -011 HW-70502 

**North Side of Process 
Area 256 N -12 1 -6 11 HW-70502 

*~South Side of Process 
Area (Laboratory 
Area) 325 N -12 1 -6 11 HW-70502 

Tunnel Under Discharge 
-Ramp 164 y -14 1 -6 11 W-71349 

Outflow Area B&D 198 y -20 1 -011 HW-70502 

Out fl ow Area F 152 y -14 1 -011 W-73335 
- . 

Exhaust Fan Room 
( Be 1 ow Grade) 444 y -16 1 -6 11 W-72036 

cf-2 
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UNI-2898 REVO 

105 B, D, and F Void Filling Plan 

Abovegrade 
Fi 11 with Slurry Vol. (CY) 

Control Room 276 

Right Sample Rooms 82 
82 
76 

Left Sample Rooms 87 

Northside 

80 
80 

Down comers 183 

Southside 
Down comers 238 

"D" Elevator 1600 

Valve Pit Extension 612 

Valve Pit 1671 

Laboratory Areas 3612 

*Inner Apparatus (Rod) 
Room 538 

Abovegrade 
Demolish (All above El 56'-4") 

Ma~h i nery Room 

Grating Floor 

Machinery Platform 

Contamination 
Suspected 

N 

N 

N 
N 
N 

y 

y 

y 

N 

N 

N 

y 

Contamination 
Suspected 

N 

N 

N 

* Portions of this area may require slurry. 

EL 

0'-0" 

0'-0" 
10'-911 

20'-9" 

0'-0" 
10'-911 

20'-9" 

0'-0" 

01 -0" 

01 -011 

-11 1 -011 

-15 1 -9 11 

01 -011 /4 

13 1 -0" 

Drawing No. 

HW-70830 

HW-70842 . 
HW-70647 
HW---
W-71485 
W-71485 
W-71485 

HW-70842 

HW-70842 

HW-70830 

HW-74620 

W-71338 

HW-70830 

HW-70831 

EL Drawing No. 

56'-4" HW-J0832 

80 1 -5-1/4" HW-70832 

59'-411 HW-70832 

** Areas noted as north or south are for "8" and "D 11 reactor. For "F" reactor 
north corresponds to east, and south corresponds to west • 

..,..*Volumes not calculated for this area are accounted for in the quantity of 
fill for the mound. 
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UNI-2898 REVO 

105-H Void Filling Plan 

Belowgrade Contamination 
Fill with Slurry Vol. (CY) Suspected EL Drawing No. 

Room East/West Sides 
Discharge Shut 626 N -17 1 -6 11 P-1756 

Room East of Reactor 211 N -12 1 -0 11 P-1756 

Effluent Pipe Elbow 
Room 44 y -10 1 -6 11 P-1756 

Abovegrade 
Demolish Totally Contamination 
Cover with Gravel* Suspected EL Drawing No. 

Misc Storage Area N 01 -011 P-1758 

Corridor 16 N 01 -011 P-1758 

Corridor 17 N 01 -011 P-1758 

Corridor Ill N 01 -011 P-1758 

Corridor 113 N 01 -0 11 P-1758 

Electrical Equip Room N 01 -011 P-1758 

Battery Room N 01 -011 P-1758 

Toilet 12 N 01 -011 P-1758 

Office 11 N 01 -0 11 P-1758 

Off-; ce #2 N 0 1 -0 11 P-1758 

Instrument Repair Room N 01 -011 P-1758 

Lunch Room N 01 -011 P-1758 

Locker Room N 01 -011 P-1758 

Toilet 11 N 01 -011 P-1758 

Office 13 N 01 -0 11 P-1758 

Compressor Room #1 N 01 -011 P-1758 

0-6 



UNI-2898 REVO 

105-H Void Fillin9 P 1 an 

Abovegrade 
Demolish Totally Contamination 
Cover with Gravel* Suspected EL Drawing No. 
(Continued) 

Stair /14 N 12 1 -011 P-1758 

Stair #1 N 01 -0 11 P-1758 

Metal Storage N 01 -011 P-1758 

Counting Room y 12'-0" P-1762 

Electrical Equip Room #2 N 12 1 -011 P-1762 

A. C. Room N 12 1 -011 P-1762 

Ready Room N 20 1 -9 11 P-1763 

Stair #2 N 01 -011 P-1758 

Ready Room N 20 1 -911 P-1763 

Ready Room 12 30 1 -9 11 P-1763 

Abovegrade 
Demolish Partially Contamination 
Cover with Gravel Vo 1. (CY) Suspected EL Drawin9 No. 

Work Area 5606 y 0'-0" P-1758 

Outer Rod Room 3615 y 0'-011 P-1758 

Transfer Area 41 y 01 -011 P-1758 

Control Room 733 N 0'-0 11 P-1758 

Corridor 13 207 N 0'-0" P-1758 

Corridor #5 320 N 0'-0" P-1758 

Corridor #12 124 N 0'-011 P-1758 

Corridor #9 148 N 0'-011 P-1758 

Elevator 11 C11 759 y 0'-0" P-1758 

D-8 
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Abovegrade 
Demolish 

Machine Room 

Machine Room 

Machine Room 

105-H Void Filling Plan 

Contamination 
Suspected EL 

y 59 1 -411 

N 80 1 -5 11 

N 97 1 -011 

UNI-2898 REV0 

Drawing No. 

P-1764 

P-1764 

P-1768 

*Volumes not calculated for this area are accounted for in the quantity of 
fill for the mound. 

D-10 
" 



UNI-2898 REVO 

105-DR Void Filling Plan 

Abovegrade 
Demolish Totally Contamination 
Cover with Gravel* Suseected EL Drawing No. 

Toil et Room #3 N 01 -0 11 HW-70825DR 

Toil et Room #2 N 01 -011 HW-70825DR 

Lunchroom N 01 -0 11 HW-70825DR 

Corridor #4 N 01 -011 HW-70825DR 

Corridor #3 N 01 -011 HW-70825DR 

Misc. Storage Room N 01 -011 HW-70825DR 

Clean Clothing Storage N 01 -0 11 HW-708250R 

Office #1 N 01 -011 HW-70830DR 

Office #2 N 01 -011 HW-708300R 

Laboratory N 01 -011 HW-70830DR 

Main Electrical 
Dist. Room N 01 -0 11 HW-70825DR 

Battery Room N 01 -011 HW-70825DR 

Storage Room No. 1 N 01 -011 HW-708250R 

Corridor #5 N 01 -011 HW-70825DR 

Instrument Repair Room N 01 -011 HW-70825DR 

Wash Pad N 01 -011 HW-?08360R 

Tool Room N 01 -0 11 HW-708250R 

Abovegrade 
Demolish Partially Contamination 
Cover with Gravel Vol. (CY) Suspected EL Drawing No. 

Outer Apparatus 
(Rod) Room 1296 y 15 1 -011 HW-70831DR 

0-12 
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UNI-2898 REVO 

105-DR Void Filling Plan 

Abovegrade Contamination 
Slurri Fil 1 Vol. (CY) Suspected EL Orawi n9 No. 

Control Room 456 N 01 -011 HW-70830DR 

Office #4 73 N 01 -0 11 HW-70830DR 

Office 13 100 N 01 -0 11 HW-70830DR 

Air Conditioning 
Equipment Room 74 N 01 -0 11 WH-708300R 

Corridor 12 159 N 01 -011 HW-708300R 

Counting Room 48 N 01 -011 HW-708300R 

Inner Apparatus 
(Rod) .Room 485 y 15 1 -011 HW-70831DR 

Laboratory Area 2473 N 01 -011 H-1-8466DR 

Observation Room 45 N 28 1 -4 11 HW-708310R 

North Down comer 100 y 0'-0" H-1-8467DR 

South Downcomer 100 y 0'-0" H-1-84670R 

***Valve Pit 2249 y -15'-9" HW-71338DR 

Abovegrade Contamination 
Demolish Suspected EL Orawi ng No. 

Machine Room y 42 1 -6 11 H-l-84620R 

Machine Room N 56'-4" H-1~84660R 

Machine Room N 80 1 -0 11 H-1-84660R 

Machine Room N 97 1 -011 H-l-84660R 

*Volumes not calculated for this area are accounted for in the quantity of 
fill for the mound. 

**Above-grade portions of these areas may require gravel fill. 
***Portions of above-grade walls may be reduced. 
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105 C Void Filling Plan 

Belowgrade Contamination 
Fill with Slurrt Vo 1 . (CY) Suspected EL Draw in~ No. 

Pipe Installation 
Tunnel 268 y -9 1 -2 11 P-6007 

Exhaust Air Plenum 
Chamber 470 y -15 1 -0 11 P-6007 

Exhaust Air Intakes 111 y -15 1 -2 11 P-6007 

Tunnel 509 .y - 16 1 -811 P-6007 

Cylinder Storage 217 y -15 1 -2 11 P-6007 

Sewage Pump Chambers 548 N -37 1 -3 11 P-6007 

Collection Sump 324 N -30 1 -3 11 P-6007 

VSR Compressor Room 155 N -17 1 -6 11 P-6007 

Vacuum Cleaner Equip 
Room 146 N -17 1 -6 11 P-6007 

Stair No. 3 46 N -15 1 -211 P-6007 

11 F11 Elevator 39 N -17 1 -6 11 P-6007 

North Tunnel 196 N -12 1 -011 P-6006 

Instrument Tunnel 55 N -9 1 -6 11 P-6006 

West Pipe Tunnels 880 N -14 1 -611 P-6006 

Ba 1_ l 3X Room 238 y -17 1 -611 P-6006 

"D" Machine Door 
Operating Room 92 y -16 1 -2 11 P-6006 

11 0 11 Machine Pit 78 y -7 1 -011 P-6006 

Ball 3X Equipment 
Room 56 y -12'-011 P-6006 

Stair ~o. 4 57 N -12'-011 P-6006 

Equipment Room Nor 3 190 N -12'-011 P-6006 
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Abovegrade 
Demolish Totally 
Cover with Gravel* 
(Continued) 

Corridor No. 6 

Corridor No. 7 

A.C. Room 

Counting Room 

Stair No. 5 

Stair No. 1 

Stair No. 2 

Ready Room 

Corridor No. 13 

DulTl'lly Storage 

Metal Storage 

Electrical Equip. Room 

Battery Room 

Corridor No. 14 

Electrical Shop 

Mafntenance Shop 

Janitor's Closet 

Toil et No. 2 

Corridor No. 8 

Office No. 

Office No. 2 

105 C Void Filling Plan 

Contamination 
Suspected 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

., D-18 
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EL 

o•-0 11 

o•-011 

12 1 -011 

12 1 -011 

30'-9" 

o•-0 11 

o•-011 

o•-0 11 

0'-0" 

o•-0 11 

0'-0" 

0'-0" 

0'-0" 

o•-0 11 

01 -011 

o•-0 11 

0 1 -011 

0 1 -011 

UNI-2898 REVO 

Drawing No. 

P-6009 

P-6009 

P-6012 

P-6012 

P-6009 

P-6009 

P-6009 

P-6013 

P-6009 

P-6003 

P-6009 

P-6009 

P-6009 

P-6009 

P-6003 

P-6003 

P-6003 

P-6003 

P-6003 

P-6003 

P-6003 



105 C Void Filli ng Plan 

Abovegrade 
Demolish Totally 
Cover with Gravel* 
(Continued) 

Passage 

Soiled Clothes Storage 
Room 

Decontamination Station 

Change Room 

Blue Tool Room 

Permanent Hot Storage 

Corridor No. 3 

Corridor No. l 

Electrical Equip. Room 

Office No . 11 

Office No. 10 

Office No. 9 

Office No. 8 

Stair No. 11 

Above grade 
Demolish Partially 
Cover with Gravel Vol. (CY) 

Outer Rod Room 2670 

Corridor No. 5 234 

Work Area 4085 

"C" Elevator 

Observation Room 43 

Contamination 
Suspected EL 

N 12'-0" 

N 0'-0" 

N 0' -0" 

· N 0' -0" 

N 0'-0" 

N 0' -0" 

N 0'-0" 

N 0'-0" 

N 12'-0" 

N 0 1 -0" 

N 0'-011 

N 0'-0 11 

N . 0'-0" 

Y 01 -0" 

Contamination 
Suspected EL 

y 01 -011 

N 0'-011 

y 0'-011 

y 01 -0" 

N 23 1 -411 
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Drawing No. 

P-6010 

P-6009 

P-6009 

P-6009 

P-6009 

P-6009 

P-6003 

P-6003 

P-6012 

P-6012 

P-6012 

P-6012 

P-6012 

P-6014 

Drawing No. 

P-6009 

P-6009 

P-6009 

P-6009 

P-6013 



Abovegrade 

105 C Void Filling Plan 

Contamination 
Fill with Slurry 
(Continued) 

Stair No. 3 

Vol. (CY) Suspected EL 

11 F11 Elevator 

Tool Dolly Room 

Corridor No. 10 

Laboratory No. 2 

11 0 11 Machine Mainte
nance Room 1 

11 011 Elevator 

X-1 Level 

Upper Viewing Room 

Abovegrade 
Demolish 

327 

105 

111 

374 

122 

1903 

739 

120 

Elevator 11 C11 Machine Room 

Switchgear Room No. 1 

Switchgear Room No. 2 

Elevator 11 D11 Machine Room 

Swttchgear Room No. 3 

Switchgear Room No. 4 

11F11 Elevator Lobby 

Balcony No. 

Balcony No. 2 

11 F11 Elevator Lobby 

N 

N 

y 

N 

N 

y 

y 

N 

y 

Contamination 
Suspected 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

24 1 -9 11 

0 1 -0 11 

01 -011 

0 1 -0 11 

0 1 -011 

15 1 -0" 

18 1 -411 

EL 

59 1 -5 11 

59 1 -5 11 

59 1 -411 

59 1 -4 11 

59 1 -411 

59 1 -411 

59 1 -4 11 

59 1 -411 
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Drawing No. 

P-6013 

P-6013 

P-6009 

P-6003 

P-6009 

P-6009 

P-6012 

P-6012 

P-6016 

Drawing No. 

P-6014 

P-6014 

P-6014 

P-6014 

P-6914 

P-6014 

P-6014 

P-6014 

P-6014 

P-6014 

*Volumes not calculated for this area are accounted for in the quantity of 
fill for the mound. 

--Denotes that the volume for this space has been accounted for in the volume 
of another area. 
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105 KE and KW Void Filling P 1 an 

Belowgrade Contamination 
Fill with Slurrl Vol. (CY) 
(Continued) 

Suspected EL Drawing No. 

Storage 407 y -17'-0" H-1-21002 

Piping Room No. 1 2023 N -14'-6" H-1-21002 

Piping Room No. 2 322 N -14'-6" H-1-21002 

Corridor No. B-1 75 N -12'-0" H-1-21002 

Gas Instrument 102 N -8'-2" H-1-21002 

SK Carriage Room 149 N -8'-2" H-1-21002 

Machine Room 100 y -3'-0" H-1-21002 

Exhaust Fan Room 2175 y -12'-0" H-1-21002 

Fan Room Access 4 N -12'-0" H-1-21002 

"F" Elev Stairwell 516 N -8 1 -0" H-1-21002 

Abovegrade 
Demolish Totally Contamination 
Cover with Gravel* Suspected EL Drawing No. 

Instrument Storage N 0'-0" H-1-21004 

Office #3 N 0'-0" H-1-21004 

RMU Lab N 0'-0" H-1~21004 -
Personnel Decon N 0'-0" H-1-21004 

Storage Room N 0'-0" H-1-21004 

Janitor Room N 0'-0" H-1-21004 

Corridor #2 N 0'-0" H-1-21004 

Change Room N 0'-011 H-1-21004 

Corridor #3 N o•-0 11 H-1-21004 
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105 KE and KW Void Fi 11 i ng Plan 

Abovegrade 
Demolish Partially Contamination 
Cover with Gravel Vol. (CY) Suspected EL Drawing No. 
(Continued) 

Storage Room #3 364 N 28'-0" H-1-21009 

Ready Room 328 N 38'-0" H-1-21010 

Blue Tool Room 98 N 0'-0" H-1-21004 

Clean Clothes 89 N 0'-0" H-1-21004 

Locker Room 92 N 0'-0" H-1-21004 

Office #1 128 N 0'-0" H-1-21004 

WO Room 43 N 0' -011 H-1-21004 

Monitor Room 124 N 0'-0 11 H-1-21004 

Corridor #1 142 N 0'-0 11 H-1-21004 

Counting Room 87 N 0'-0" H-1-21004 

Men's Toilet Room 62 N 0'-0" H-1-21004 

Air Conditioning 142 N 0'-0" H-1-21004 

c·orridor #5 121 N 0'-0" H-1-21004 

Corridor 17 173 N 0'-0" H-1-21004 

Electrical Equipment 
RoQ.m #5 N 15'-0" H- l.~21005 

Electrical Equipment 
Room 114 N 15 I -0 11 H-1-21005 

Compressor Room 432 N 10'-0" H-1-21005 

Storage Room 112 373 N 15' -0" H-1-21005 

Electrical Equipment 
Room 116 N 28'-0" H-1-21006 

Equipment Room N 28 1 -0" H-1-21006 
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105 KE and KW Void Filling P 1 an 

Abovegrade Contamination 
Slurrx Fill Vo 1 . (CY) Suspected EL Drawing No. 

"F" Elevator Lobby 205 N 28 1 -0 11 H-1-21006 

Laboratory (X-2) 1065 N 28 1 -011 H-1-21006 

Electrical Equipment 
Room #1 664 N 01 -011 H-1-21004 

Abovegrade Contamination 
Demo 1 i sh Suspected EL Orawin2 No. 

Vertical Rod Room y 51 1 -7 11 H-1-21011 

Machinery Room N 66'-0" H-1-21012 

Upper Machine Room N 70 1 -011 H-1-21012 

Upper Equivalent Room N 90 1 -2 11 H-1-21012 

*Volumes not calculated for this area are accounted for in the quantity of 
fill for the mound. 

--Denotes that the volume for this space has been accounted for in the volume 
of another area. 
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CALCULATIONS SUMMARY 

1. Wall stability (p. E-3): Work area wall checked to support backfill for 
ramp. Horizontal reinforcing in walls is insufficient to support load. 

2. Mound and wheel load on pipes (p. E-6): Concrete and steel pipes over 
24 in. in diameter checked to support wheel and additional soil loads. 
Concrete pipe greater than 30 in. in diameter will require minimum of 
5 ft of cover to support wheel load. All other pipe will support the 
soil and wheel loads. 

3. Mound and wheel loads on tunnels (p. E-16): Concrete tunnel 12 ft wide 
by 6 ft 6 in. deep with 3-ft thick slab and 1-ft thick walls checked for 
1) wheel load with 6 in. of soil, 2) wheel load with 8 ft of soil and 3) 
65 ft of soil. Cases 1 and 3: tunnel failed; case 2 is close to failure. 

4. Mound load on existing slabs (p. E-21): KE and KW reactor base, and 
inner rod room floor slabs checked for addition soil loadings. Reactor 
base will support additional loading. Inner rod room floor overstressed, 
maximum ·additional soil before overstressing occurs 3 ft. 

5. Letter from E. Becker to J. Egger (p. E-29): Discussion of mound 
stability, compaction and settlement. 

6. Expected surface settlement due to filling of belowgrade tunnels 
- (p. E-34): Calculation to determine settlement resulting from tunnel 

collapse. See graphs. 
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Burying of 100 Area 
Facilities (continued) 

III. Compaction and Settlements: 

UNI-2898 REVO 

Table I shows the dry densities associated with the gravels placed at 
various relative densities. It further indicates the settlements 
associated with fill densification after placement. For this project, 
one of the considerations is whether or not to spend extra effort to 
compact the gravel during placement. Realistically, if grading equip
ment is conscienciously routed over fills in place so good coverage 
is obtained, the resulting density would probably be about 65% relative 
density (see Col. 4 of Table I). Again, it is realistic to assume that 
such a fill, after years of seasoning, might reach a maximum relative 
density of 751. As indicated in Table I, this would result in a 3.2~ 
settlement. If on the other hand, a heavy vibratory compactor were to 
make 2 passes over each fill lift (using 12 to 18 inch lifts), a fill 
of 701 relative density would probably result. Again, assuming a 
seasoned relative density of 75%, the maximum settlement would be about 
1.51 (see Col. 5, Table I}. In either case, one cannot foresee any 
detrimental effects from these relatively small post construction 
settlements 

IV. Special Fill Within Reactor: 

Consideration is being given to filling the reactor and some irrme
d1ately adjacent areas with a weak grout {300 psi strength). Alter
natively, the pit run gravel' might be used and placed by using a 
clamshell. The fonner would experience essentially zero settlements. 
The latter would probably be placed at about 55%: relative density. 
Assuming that with seasoning the fill" eventually attains a relative 
density of 751, the resulting settlements would be in the 5% to 6% 
range, (see Col. 2 of Table I) or say 3 feet for a 50 foot high fill. 
If this latter scheme is used, an extra 3 of fill height should be 
placec·fn order to ultimately have the desired reactor gravel cover. 

V. Demolition Rubble: 

Rubble from demolished structures is to be left in place ~round the 
central reactor facilities. It is estimated that this rubble will be 
of the order of 3 of 4 feet deep. If grading equipment is well routed 
over this rubble area after the initial lift has been placed or a 
vibratory compacter makes several passes over the initial Jift in 
order to get as much gravel fill into the rubble voids as possible, 
ft is estimated that subsequent settlements within 4 feet of rubble 
should not exceed an order of magnitude of say 6 inches. 

VI. Tunnel Collapse: 

The requirement of whether or not ·to fill tunnels is a complex issue. 
Assume, say an 8x8 foot tunnel withstands the grading equipment loading 
as well as initially the total fill load, but fails due to roof deteri
oration after a number of years. ··Such a failure would not cause a 
stability problem of the mound as a whole. 

; 

E-30 



: 
UNI-2898 REVO 

TABLE I 

RELATIVE DENSITY AND: SETTLEMENT 

Relative Or¥ Oen$ity % Settlement Associated With Fi11 
Density II t3 (1) Densification After Placement 

(1) (2) 
soi 92.9 ... 
55% 94.3 1.5 ... 
60% 95.8 2.8 1.6 

65% 97.2 4.6 3.1 

70% 98.8 ~ 6.4 4.8 

75% 100.3 a.a 6.4 

80% 102.0 9.8 8.2 

(1) Based on: Maximum Density• 109#/ft3 
Minimum Density• 81#/ft3 

_ .,.. Placed Density 
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(3) (4) (5) 

... 
1.5 ... 
3.1 1.6 ... 
4.7 3.2 1.5 

6.5 4.9 3.2 

l6) 

... 
1.7 
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APPENDIX F 

DCS Work Scope Statement of Instructions 

Total Pages: 13 
Date: 3-2-87 

This information was received from UNC 
Nuclear Industries and is included intact 
and unaltered except for pagination. The 
report is now designated a Decomnissioning 
Conceptual Study to differ.entiate the 
document from a Projects Department 
Conceptual Design Report; to avoid 
confusion between the Surplus Facilities 
Management Program Operations and 
Construction Operations Methodology. 
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unc nuc1.eAR lnDUSTRIES 

A unc RESOURCES Company PO. Box 490 Telephone 5091376-7411 
Richland . Wash ington 99352 

Apri 1 9, 1984 

Mr. T. A. Przybylski 
Sr. Project Manager 
Kaiser Engineers Hanford 
P. 0. Box 888 
Richland, Washington 

Dear Mr. Przybylski: 

PROPOSED IN-SITU DECOMMISSIONING OF THE EIGHT SHUT-DOWN 
REACTOR 105 BUILDINGS IN THE 100 .AREAS: REQUEST FOR A 
CONCEPTUAL DESIGN REPORT AND COST ESTIMATE 

References: 1. Letter P. W. Griffin (UNC) to T. A. Przybylski 
(KEH), Subject, "Proposed In-Si tu Decommi ss i oni ng 
of the Eight Shut-Down Reactor. 105 Buildings in 
The 100 Areas: Request for a Conceptual Engineer
ing Study and Cost Estimate," dated Feb. 24, 1984 . 

2. J. A. Adams, J. C. Chattin, P. W. Griffin, 
M. C. Hughes, Assessment of Deconvnissioning 
Alternatives For The Shut-Down Hanford 100 
Area Facilities, UNI-2619, UNC Nuclear 
Industries, Richland, WA, 1984. 

3. Preliminary Engineerin~ Study: Cocooning of 
105-F Reactor, KEH R-8 -14, Rev. 1, Kaiser 
Engineers Hanford, Co . , Richland, WA, 1983. 

The letter of instructions (Reference 1) provides an attached Work 
Plan (see enclosure 1) to be used in conjunction with ~he applicable 
material in Reference 2 and 3 for preparation of a Conceptual Design 
Document with Cost Estimate (defined March 9, 1984 as "Conceptual 
Design Report/Cost Estimate"). Work Order Number 8-32207, dated 
February 23, 1983, was placed to fund the initial work-effort to prov i de 
cost and completion date estimates for preparing the subject Conceptua l 
Design Report/Cost Estimate . UNC and Kaiser Engineers Hanford (KEH ) 
representatives met February 28, 29, and March 21, 1984, and discussed 
details on the scope of work . Also, a field inspection of the reacto r 
105 Buildings in the 100-C and -KW Areas was performed on March 5, 1984 
and another for the 100-D, -DR, and -H Areas on March 16, 1984. A 
large amount of information has been exchanged by these various means. 
Therefore, the following consolidated statement of instruction is 
provided to ensure the Kaiser Engineers Hanford work scope is clearly 
defined. 
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ducts and.water lines, fuel storage basins, transfer pits,\ 
downcomers, 3X ball room, valve pits, etc. The voids 
requiring fill shall have the void volumes and void 
locations with reference to existing architectural drawings 
listed for each reactor 105 building. The list shall be 
submitted for review within three weeks of receiving follow-
on work authorization. The following techniques shall be 
included for evaluating and determining the most cost effective 
metl:iod: 

using a wrecking ball for breaking open roofs/tops of 
tunnels and void spaces for direct dumping placement 
of fill matertal, 

dropping wrecking ball down through downcomer baffles 
to produce a fill pathway opening for direct dumping 
placement of fill material, 

dropping wrecking ball down through sample rooms roofs/ 
floors to produce a fill pathway opening for direct 
dumping placement of fill material, and 

the heavily reinforced void spaces (e.g., 3X ball room in 
105-C, etc.) existing under the reactor should be evaluated 
for the ~eed of filling to provide stability and/or prevent 
future subsidence. 

The filling techniques should consider use of conveyors, slurry 
pumping, as well as direct deposit, etc., 

removal of asbestos lagging, transite, and/or other hazardous 
material required by Federal, State, and Local requirements. 
Variances from the norm shall be well substantiateq and 
documented, 
demolish the various building levels in a safe and cost
effective manner that protects the worker and the reactor 
blocks containment integrity. All equipment, structures, and 
material outside the shielding walls shall be dispositioned 
with the most cost-effective means. In almost every case 
the items can be ripped-out with O&O techniques that most 
generally utilize brute force, (i.e., wrecking ball, bull
dozer, explosives, etc . ). Only those structures that require 
removal to facilitate other work should be demolished. 
Therefore, the need to remove above grade walls that will 
reside within the berm shall be evaluated and the most cost 
effecti ve means implemented. 

F-4 ·' 
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must be marked in such a way that the boundaries of each_ unit 
can be easily defined. Three permanent survey marker control 
points, referenced to United States Geological Survey or 

· National Geodetic Survey control stations, must be established 
on the site to facilitate surveys. The control stations must 
provide horizontal and vertical controls as against USGS or 
NSG record files. 

The facilities are very similar in design; however, ind i vi dua 1 
differences must be evaluated such as reactor block sizes, 
building sizes, construction material, etc. The similarities 
in the facilities and repetitive work efforts will affect cost 
and work duration as the learning curve improves with innovations 
and procedural streamlining for each follow-on facility. 

The subject request shall use the report format for Conceptual Design 
Reports (CDR) and cost estimates. The basic approach presented in 
the initial meetings looks good; only minor rearranging of topics 
to CDR format will be needed. The preferred method (most cost 
effective) cost estimate shall be placed in the CDR document. 

UNC will receive four copies of all alternative cost estimates I 
evaluated. The document cost estimate shall utilize a work break-
down structure (WBS) to establish a functional tool for tracking 
jobs, identifying variances, and future project development. The . I 
basic WBS (enclosure 2) has been developed and is in the process I 
of being modified and expanded for the specific alternatives. 
The cost estimate shall use the D&D liquidation rates provided by 
Decommissioning Services/Planning on March 19, 1984. The cost 
estimates shall use the five-year budget forecast information 
provided by Decommissioning Services/Planning (March 19, 1984) as 
guidelines for establishing a levelized work effort ceiling. The 
current budget funding level will be the only guidelines on develop
ing alternatives for determining the most cost-effective plan. 

The Conceptual Design Report and Cost Estimate for the subject 
facilities are requested by June 29, 1984, in support of the 
long-range plan targeted for issue July 31, 1984. The close 
schedule between the two documents will require maintaining a flow 
of information from the CDR as it is developed. UNC requires the 
review and concurrence points provided in enclosure 3. This 
cooperation has worked well in the past and is imperative in meeting 
this schedule. 
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Work Plan 

ENCLOSURE I -
TO 

REQUEST FOR CONCEPTUAL DESIGN REPORT/COST 
ESTIMATE FOR IN-SITU DECOMMISSIONING SHUT-DOWN 

REACTOR 105 FACILITIES IN THE 100 AREAS 

UNI-2898 RE VO 

I 
; . 

In-situ deconrnissioning means disposing of the reactor facility in place-
as opposed to hauling it away for disposal elsewhere. It is accomplished 
by installing some form of long-term protective barrier that will isolate 
the radioactive residues from pathways to man. 

For the Hanford production reactors, the only in-s i tu decommissioning 
alternative considered practical would consist of a mound of clean earth 
and concrete rubble. The earth would be taken from local gravel pits 
near the reactor sites, and the cle-an concrete rubble would be provided 
by the demolished reactor building superstructures. Although such an 
earthen mound would not provide an eternal barrier between the reactor 
block and the surrounding soils, it would provtde a degree of environmen
tal isolation superior to that achievable by dismantling the high-integrity 
reactor shields and block and then burying the disturbed radioact i ve 

- material in a conventional shallow land low-level waste disposal site. 
The 9000-ton reactor block, left intact, would serve as its own high
integrity, long-term radiological burial container. A typical reactor 
block consists of a strong steel outer shell, a 40 to 80 inch thick 
biological shield comprised of alternating -layers of steel and Masonite, 
and an 8 to 10 inch thick cast iron thermal shield, all encasing a very 
stable stack of graphite blocks. This structure could reasonably ·be · 
expected to provide long-term containment capability under environmental 
conditions far harsher than any that may be encountered in the dry Hanford 
soil. And even if by accident or design the reactor block were opened 
up, any radionuclides still remaining within i t would be chemically 
"locked up" · in the physical matrix of cast iron and graphite and would 
not readily migrate to the environment or contaminate human food pathways. 
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These 42 to 56 foot high, 3 to S foot thick reinforced concrete walls 
would provide a strong extra barrier around the reactor block and would 
assist in retaining the buried materials in one place . Then the entire 
facility site would be filled in and mounded over with earth, grav~l 
and building superstructure rubble to a minimum depth of 5 m (16 feet) 
above the reactor block . Tlie mound would be sloped to minimize run-off 
erosion, blended with the surrounding terrain, covered with topsoil , 
and seeded to establish indigenous, shallow-rooted plant growth. 

In addition to meeting the technical requirements for decommissioning, 
the in-situ deconmissioning mode as described here would yield very 
favorable cost, schedule, and occupational radiation exposure f i gures . 
The materials and equipment required for this mode are all simple, 
relatively inexpensive, and available on the Hanford Area. The concrete 
rubble for the backfill and mound will come from the demolished reactor 
building superstructure. And for the clean earth/gravel component, 
the Hanford Area abounds in richly graveled alluvial agglomerates that 
are ideally ~uited for forming erosion-resistant earth barriers . This 
indigenous material is abundantly available near the reactor sites , 
and can be trucked to the work sites using ordinary earth moving equip
ment and pro~edures. About 100,000 yd3 plus ~f dirt would be needed 
for each reactor facility backfill and mound. Gravel pits for this 

materi a 1 are c 1 ose by. · For ex amp 1 e, the earth for the F Reactor fi 11 
would be taken from gravel pit No . 18, about 2 miles from the reactor 
site. Other convenient gravel pits are avail able for the other reactors. 
Once installed, the mounds would require minimal ma i ntenance, and would 
not have to be removed or modified after any specified time period. 
The in-situ deconmissioning mode described here is an irrvnediate, 
permanent, and compl~te deconmissioning method for the shut-down 
Hanford production reactors. 
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ENCLOSURE II (Continued) Page 2 of 2 

(Plan 1) 1.3.l.6 Collapse Structure Outside Shielding Walls 

(Plan 2) 1.3.1.6 Remove and/or Open Roofs/Floors and Fjll Structure Outsdde 
Shielding Walls with Minimal Structure Removal/Collapsing. 

1.3.1.7 Fill Space Within Shielding Walls 

1.3.1.8 Remove Structure Above Shielding Walls 
(reduce shielding wall height) 

1.3.1.9 Mound Area with a minimum of 16 ft (S meters) over the 
Reactor Block 

-~.3.1.9.1 Move Rubble to within Mound perimeters 

1.3.1.9.2 Load, Haul, Place 

1.3.1.9.3 Co~pact 
1.3.1.9 .4 Stabilize and Revegetate Surface 

1.3 .1.10 Civil Survey Location 

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

; 
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APPENDIX G 

Physically Handicapped Assessment 

Total Pages: 1 
Date: 3-2-87 

Accessibility for the Handicapped 

The proposed project requires physically capable workers 
to do construction and demolition work for the restoration 
of the site to near natural conditions and is therefore 
exempt from compliance with the Architectural Barriers Act 
(P . L. 90-480) and follows instructions in the Federal 
Management Regulation (41 CFR 101-91.6). This project 
will not inhibit proper access to the site for authorized 
personnel. 

G-1 
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Plant Forces Work Review 

Total Pages: 2 
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This Plant Forces Work Review was prepared using the 
Deconmissioning Conceptual Study (DCS) draft cost estimate 
and no differences in the work plan are reflected in the 
finalized DCS. 
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Aev,ew A eQuutt N o . 

' UNC 84- 70 
PLANT FORCES WORt< REVIEW o.,. 

9/ 19 /8 4 
T i tl e In-Situ Decommissioning Of The Eight Shut-Down 

Pro,ect or Wort, Order or 
1 crtrB ,o ,Ht

611ts0
B ,c A . A. No. 

Reactor 105 Buildings In The 100 Areas F & K ,DR,H,F, 
f f .- ,. ' 

Ooer,u10n ~..,tno,,, ,,,o worlt O0eu1uon ,o Acc:orno11,n work 
,, c:. "-1 ., . 

UNC - Decommissioning Services Section 

COMPLETE DESCRIPTION OF WORK TO BE PERFORMED 

OESCAIBE THE WOAK TO BE PEA,OAMEO ~NO CISCUSS THE ,01.1.ow1NQ POINTS : 

A. Relationship of rhis job to associated work (program or physical usociationl planned or underway aither by plant or construction forc=s. 

a. Performance of work by conuruct,on forces It th• same or adiacent locations at the same time. 

C. Nature and cost of any work on foundations, structures, or qeneral utility svuems. 

A. 

8. 

C. 

UNC Decommissioning Services will in-situ decommission the eight shut-down reac t or 
105 Buildings in the 100 Areas. Decommissioning the reactor buildings involves t he 
major tasks of contamination fixing, demolition, and burial. The decommissioning 
work will be performed by UNC personnel, site . D&D workers, an off-site explosives 
consultant, and an off-site eart~ moving contractor. Initially, decommissioning 
workers will fix loose contaminants to the extent necessary to prevent radionuc l ide 
release during building demolition. Areas below grade will be filled with slurry, 
rubble, and/or soil, so decontamination or fixing in these areas will be minimal . 
Contamination on surfaces which could disperse to other areas when disturbed can 
be removed by dry vacuuming, or the contamination will be fixed using either a 
latex-based film or a sodium silicate solution. Each stabilized reduced structure 
will be mounded over with approximately 300,000 ('plus) cubic yards· of pit run grave l 
by a subcontractor capable of expeditious movement of large volumes of earth. 

pecommissioning does not plan or anticipate any work adjacent to plant forces . 

Decommissioning of facilities is primarily radiological characterization, 
stabilization, demolition, and burial for in-place disposal. 

ESTlMATED COST OF WORK . 
1, PAOCUAl!O EQUIPMENT 

• 2. MATl!AIAI.S OA EQUll'MENT PUACHASEO FOA SHOP FABAICAT ION • • •• • , • , •• ••• 

i SHOP LABOR (INCI.UOING IMEl, •• ••• •• • • , • •• •• ••• •• •• • • • • . • • •• ••• •• • 

• 4. JOB SITE MATERIAi. • • • • • •• • • • •• • •• •• • • . . . • •• ••••. • • . .•••• • • . • •• • 

5. JOB SITE LABOR (INCL.UOING IME) • •• • •• • • • • • •• • • • • •. .• • . ••. • •• • • , , • • 

9 . OTHIA COST (O!SIQN , FIEI.O INSPECTION , ANO CONTINGENCY ) . , • • • •• • • •• • , • . 

7. GENERAi. OVEAHEAO . . , •. .. . ..•. . .. . . .• • . . . . . . . .. . .. . . . . .. . . . . . 

TOTAL. JOB , .. , . . .. . . . .. ... , . . . . . . . .. . . . . . . .. . . .• . 

• Inc lude 11ti1TU1ltd fair value or new cost of material or equipment acquired on site 

UNC NUCLEAR INDUSTRIES 

s J ,013,000 

0 

39,273,000 
l 947 000 

s 41,220 ,ooo 

Based on cartful con1id1r1tion of ,111 aspects of the work as described above, the work is hereby assigned to UNC Nuclear lndusmes fon:11 for 
performanca. 

SUBMITTEO __ ..t,A~v~-~~, ~~-~ ,)/. _.:_~~ ~ ~'!!. !~~-
IN•m•I ~ 

UNITED STATES 
.'ht work au,gnmtnt specified abov'• has bten rN•awtd and is approved. 

; Chairman, l.abor Standards Bo:ird 
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OUTLINE SPECIFICATIONS 

DIVISION 2 - SITEWORK 

Section 02070 Selective Demolition 

1. Demolish concrete, steel, and masonry with wrecking ball. 

2. Demolish concrete with explosives. 

3. Cut structural and reinforcing steel. 

4. Move and distribute rubble. 

5. Cap utilities. 

Section 02200 Earthwork 

1. Backfill: Gravel as defined in ASTM D 563 with less than 15% passing 
the No. 50 sieve. 

2. Mound Cover Stabilization: Broken basalt rock, 3 inch minimum size. 

Section 02900 Landscaping 

1. Topsoil: As defined in ASTM D 563. 

2. Shallow rooted indigenous plants. 

DIVISION 3 - CONCRETE 

Section 03300 Cast-In-Place Concrete 

1. Survey Monuments per HPS AC-5-31. 

Section 03363 Specially Placed Concrete 

l. Weak Concrete Slurry: Pumped into place, minimum strength, , 300 psi at 
- 28 days. 

DIVISION 9 - FINISHES 

Section 09805 Special Protective Coatings 

1. Fixative Coatings for Contamination Control: Sodium silicate coating 
or unpigmented latex. 
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APPENDIX J 

Sketches 

Total Pages: 26 
Date: 3-2-87 

Floor Plan 8,D&F Plants J-2 Section A-A K East & J-20 
Section A-A 8,D&F Plants J-4 K West Plants 
Section 8-8 8,0,&F Plants J-5 Section B-B K East & J-21 
Floor Plan OR Plant J-6 K West Plants 
Section A-A DR Plant J-8 Mound Contour Plan J-22 
Section B-B DR Plant J-9 ( 105-8,D&F) 
Floor Plan C Plant J-10 Mound Contour Plan J-23 
Section A-AC Pl ant J-12 ( 105-0R) 
Section B-B C Plant J-13 Mound Contour Plan J-24 
Floor Plan H Plant J-14 ( 105-C) 
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