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CONSTRUCTION COMPLETION REPORT

CAI-816, 100-N REACTOR PLANT

I. GENERAL INFORMATION

A. Identification of Project

Hanford is one of the nation's two sites for the production of Pu2 3 9

a 'special nuclear material" as defined in the Atomic Energy Act of 1954.

It is a fissionable isotope of plutonium used principally for military pur-

poses. The General Electric Company, prime contractor, operates and

maintains the Hanford plant and performs extensive research and develop-

ment work aimed at process and plant improvement; new plant design; and,

more recently, aimed at studying possible peacetime application such as

the use of plutonium for fuel in power reactors.

The subject project concerns the design and construction of the

100-N Reactor and heat dissipation plant complete with the necessary aux-

iliaries. This new facility is located midway between the 100-K and 100-D

Reactor sites, immediately adjacent to the Columbia River and within the

existing Hanford reservation.

The project was authorized by the 85th Congress, Public Law

85-590, on August 4, 1958. The project was assigned Project Budget

Number 59-a-5. This law authorized the construction of a production

reactor for special nuclear materials, convertible type, to be located at

the Atomic Energy Commission site, Hanford, Washington. The respon-

sibility for construction was assigned to the Richland Operations Office of

the Atomic Energy Commission.

B. Description of Project

Project CAI-816 authorized the expenditure of $145, 000, 000 for a

convertible type production reactor which would allow optimum production

of plutonium consistent with minimum cost of product but did not include

the added facilities for electric power production. This portion of Project

Budget Number 59-a-5 was designated Project CAI-816. Included in
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Project Budget Number 59-a-5 were provisions for supporting facilities

consisting of a fuel fabrication facility, modifications to a chemical proc-

essing facility and additional services such as transportation and electrical

distribution.

Involved in the design and construction of the presently authorized

project, with the Atomic Energy Commission were General Electric

Company to design the reactor plant; Burns and Roe, Inc. of New York as

Architect-Engineers for the design of the heat dissipation plant; and Kaiser

Engineers as the construction contractor.

The reactor was scheduled for initial operation solely for plutonium

production; however, it would be designed in such a way that it could be

converted with modifications to produce electrical power with conversion

contingent on future Congressional authorization and appropriation. Con-

version of the otherwise wasted heat would substantially reduce the cost of

the production of plutonium. The conversion capability was considered

prudent in the event that future international disarmament agreements dic-

tated that the production of reactor products for military uses be curtailed

or stopped.

Several economic feasibility studies of N-Reactor conversion have

been made. These studies have considered the manner in which the opera-

tion of the converted plant could be integrated with the operation of other
r

generating facilities in the Pacific Northwest to supply the increasing load

in the area. The studies also have provided an estimate of the value of the

electric power from 100-N Reactor. Separate studies were conducted by

the Stone and Webster Corporation, the Federal Power Commission, and

R. W. Beck and Associates. The capital and operating costs of the elec-

tric power facility were estimated, and opinions were formed as to the

economic feasibility of conversion under certain ground rules and assump-

tions set forth by the Atomic Energy Commission or agreed jointly between

the Commission and the agency or firm conducting the study.

It was known that the total capacity of the generating plant could be

between 300, 000 and 900, 00 kw net, with turbine-generator sets of from
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200, 000 to 300, 000 kw capacity each, designed to operate at certain steam

pressures in the range of 75 to 500 psia. There was good general agree-

ment in the studies as the probable character of the plant and the estimate

of plant and capital and operating costs.

The findings of the studies regarding the economic feasibility of

conversion differ-those of the latter studies being more favorable and

showing substantial net benefits from conversion under certain assumptions.

The assumptions have a strong effect on the economic feasibility, partic-

ularly those pertaining .to the duration of the dual purpose program, the

cost of uranium and the value of fuel-grade plutonium in the period 1970 to

1990, and the rate of load growth versus the rate of hydroelectric plant

development in the Pacific Northwest during the period 1965 to 1975.

The construction and operation of the electrical generating and

transmission facilities for conversion were authorized on September 26,

1962 in Public Law 87-701. Operation and construction were to be a non-

federal entity with all expenses of modifications to the N-Reactor and for

the construction and operating expenses of such electric, generating, and

transmission facilities to be borne by the nonfederal entity. The

Washington Public Power Supply System, a municipal corporation of the

State of Washington, negotiated a contract with the Atomic Energy

Commission for construction and operation of the electrical generating

and transmission facilities. These facilities are scheduled to be in opera-

tion by December, 1965.

C. Factors Dictating Type of Design

The reactor plant is a development of the basic graphite moderated,

light water cooled, plutonium production type. It uses a pressurized

recirculating primary coolant system and advanced technology for greater

operating efficiency and plant safety. Major provisions for power conver-

sion were included. The design of the reactor-was based on the premise

that conversion to the maximum practical recovery level could be made

without altering its associated fuel tubes, cooling manifold, and process

piping.
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Zirconium alloy process tubes which penetrate the graphite core

were designed for the operating pressures and temperatures required for

the maximum practical-power recovery level. The individual cross-header

connectors, the primary loop risers, and the primary loop mains in the

reactor building were all designed for the operating conditions of the maxi-

mum practical power recovery level. The lattice was selected with suffi-

cient vertical space so that the horizontal connectors running between the

process tube nozzle extensions could be sized for the flows required for

the maximum practical level of power recovery.

The reactor's high purity cooling water is pumped through the

process tubes where it picks up the heat which is released from the uranium

fuel in the course of the plutonium production process. From the reactor

the coolant goes to a number of parallel heat exchangers in which the

process heat is dissipated through evaporation of water in a secondary steam

system. A small fraction of the steam so generated is used to drive the

primary coolant pumps and to provide a source of electric power for use

within the plant. The remainder is passed through dump condensers, cooled

by circulation of low temperature Columbia River water. It is this dumped

steam which would be used for generation of electric power.

Backup cooling system and standby power sources are provided to

assure safety and continuity of operation.

All primary piping in the water plant was designed for the operating

pressures required for final power recovery. The primary coolant pumps

were designed as being pressure rated for final service and were designed

for a range of operating conditions consistent with predicted use.

Tube and shell sides of the heat exchangers were pressure rates for

final power recovery. The arrangement of heat exchangers and their inter-

connecting piping was such as to minimize the extent of conversion modifi-

cations. High pressure steam was to be produced in closed secondary loops

by primary pipe exchanger evaporators and delivered to high pressure con-

densers cooled by circulating river water. Buildings and equipment were
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arranged to minimize conflicts in conversion to future power recovery.

The pump and heat exchanger building was designed so that an additional

cell could be added to meet the increased requirements of primary coolant

flow and heat transfer in the higher power recoveries.

D. Starting and Completion Dates for Design and Construction

In 1957, when the Government was considering an expansion of pluto-

nium production facilities, the Congress, in Public Law 85-162, authorized

the study work as follows: Project 58-b-8, production reactor for special

nuclear materials; development, design, and engineering only, $3, 000, 000.

The Commission shall proceed with sufficient design work, together with

appropriate engineering and development work, necessary for the

Commission to begin construction as soon as practical after authorization

by Congress of a large scale single or dual-purpose reactor for the produc-

tion of special nuclear materials. The Commission shall submit to the

Joint Committee on Atomic Energy a report on its design for this project,

including cost estimates and schedule of construction, not later than

April 1, 1958.

In a report on this work to the Atomic Energy Commission and in

General Electric Company testimony before the Joint Committee on Atomic

Energy, several alternatives for a new production plant, including plutonium

only, convertible, and dual-purpose types, were presented and compared.

Of the several alternatives, the convertible type was authorized for con-

struction by the 85th Congress, Public Law 85-590 for a production reactor

facility for special nuclear materials, convertible type, Hanford,

Washington.

Title I - Scope Design - 44 Design Criteria

The design criteria were completed October 13, 1960. Updating of

criteria extended beyond this date.

Title II - Detailed Design

This work was completed December 1, 1962. Design work was con-

tinued in the form of design liaison and design interpretation. Detail design
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consisted of approximately 1165 drawings, 166 specifications, 15 acceptance

test procedures, and 173 engineered equipment requisitions for the heat

dissipation plant and 2594 drawings, 126 specifications, 52 acceptance test

procedures, and 392 engineered equipment requisitions for the reactor plant.

There were 5342 drawing revisions pertaining to the reactor plant or about

2 per drawing. The heat dissipation plant had 5930 drawing revisions or

about 5 per drawing.

Title III - Construction and Inspection

Construction of the 100-N Plant was initiated on August 3, 1959. The

first construction activity was the erection of temporary facilities consisting

of water lines, electrical supply, and office buildings. Permanent construc-

tion began December 16, 1959 on the 181 River Pump House. Construction

continued during the period 1959 through 1963, and the project was closed

out on April 15, 1964. The remaining construction items at that date were

exceptions that were being handled on a punch list basis.

E. Official Acceptance of Construction with Exceptions

Chemical Unloading Facility - 108-N

Main Electrical Substation Facility - 151-N

Switchgear Building - 153-N

Fuel Storage Facility - 166-N

High Lift Pump House - 182-N
and Outside Storage Tanks

Water Treatment Facility - 183-N

Standby Power House - 184-N

Administration Building - 1100-N

River Water Pump House - 181-N

Demineralizer Building - 163-N

Mechanical Installed Equipment - 1900-N

Yard Electrical - 1503-N

Filter Building - 117-N

Gas Bottle Storage - 1734-N

Waste Crib - 1301-N

May 31,

May 31,

May 31,

May 31,

May 31,

1963

1963

1963

1963

1963

May 31, 1963

May 31, 1963

May 31, 1963

September 23, 1963

September 23, 1963

September 23, 1963

September 23, 1963

October 15, 1963

October 15, 1963

October 15, 1963
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Chemical Waste Facility - 1310-N

Reactor Building - 105-N

Administration Building - 1101-N

Access Highway - 100-N Area

Cleaver Brooks Boiler (TC) - AU Building

Air Lock - 105-N

13. 8 Overhead Distribution System

C, D, S, and W Elevators - 105-N

Emergency Dump Basin - 1900-N

109-N Building

Beneficial Use of Total Plant

Physical Completion

October 15, 1963

October 15, 1963

October 22, 1963

November 1, 1963

November 8, 1963

November 8, 1963

November 4, 1963

November 5, 1963

November 15, 1963

November 15, 1963

April 1, 1964

April 15, 1964

II. DESCRIPTIVE DATA

A. 105-N Reactor Building

1. Reactor Plant

The 105 Reactor Building is of poured concrete with mass shield

walls combined with steel frame and insulated panel construction. The

volume of the building is 3, 410, 000 ft3 . The building is a multilevel struc-

ture with many rooms and shielding labyrinths. A brief description of the

essential components located within the 105-N Building follows;

2. Graphite Core

The reactor core is a structure of interlocking graphite bars with

overall stack dimensions of 39 ft 5 in. long, 33 in. wide, and 33 ft 3-1/2 in.

high. The stack is penetrated by 1072 horizontal channels in an 8 in. hori-

zontal and 9 in. vertical lattice. However, only 1004 channels have zirco-

nium alloy process tubes installed and loaded with fuel.

Venting provisions are included in the stacking pattern to permit

the escape of coolant which would be released if a process tube were to

rupture. These vent channels, which allow dissipation of the steam-water

mixture both in longitudinal and transverse directions have sufficient cross-

sectional area to limit any potential damage to the particular bar of graphite

in which the tube rupture might occur.
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Gas plenums are located between the active zone and the reflector

graphite at the inlet and outlet ends of the stack as well as at both sides.

The stack atmosphere is helium, normally circulated through the active

zone of the reactor from front to rear. Provisions are made for the storage,

recirculation, and drying of the helium-the function of which is to dry the

moderator when necessary, serve as a medium for detection of water and

air leaks, prevent inleakage of air by maintaining a slight positive pressure,

and control moderator temperature through heat induction.

3. Control and Cooling Channels

The graphite stack also is penetrated by 87 horizontal side-to-side

channels for the control rod system in a 32 in. horizontal by 36 in. vertical

spacing and by 108 vertical channels in a 32 in. square pattern for the ball

safety system. In addition, there are 640 horizontal side-to-side penetra-

tions for the moderator cooling system provided to limit long-term dimen-

sional changes in the graphite. The cooled locations are selected to provide

support pieces through the stack which can be depended upon to maintain

correct positioning of the fuel tube pattern and other stack penetrations.

The graphite cooling tubes are equipped with end fittings which permit their

use as detector locations for in-reactor neutron flux instrumentation.

Cooling water is normally supplied by a 5000 gal/min recirculation system

located in the 109-N Building. Alternate coolant sources also are available

so that the system can serve the emergency function of providing a last-

ditch heat sink of reliability to limit graphite stack temperatures in case of

a major catastrophe which disrupts both the normal and backup cooling

water supply to the fuel tubes.

4. Shielding

A thermal shield surrounds the graphite stack and intercepts most

of the radiation and heat energy which escapes from the reactor core, thus

reducing the heat load on the biological shielding. A 1 in. thick boron steel

plate is used as the thermal shield material except at the inlet and outlet

ends of the process tubes where 8 in. thick cast iron blocks are used.
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Cooling tubes are welded to the boron steel plate to permit removal of

absorbed heat. The cast iron inlet and outlet thermal shield is cooled by

direct contact with exterior surface of the process tubes through which the

primary coolant water flows.

Biological shielding prevents activation of equipment components

immediately adjacent to the reactor which requires personnel access. High

density concrete for the front and rear faces is 40 in. thick serpentine

heavy aggregate; sides are of 40 in. thick iron-limonite heavy aggregate;

and the top is 65 in. of iron-limonite heavy aggregate. The bottom con-

sists of 102 in. of regular concrete.

The primary shield supports the thermal shield, fuel tube assem-

blies, control rods, and ball hoppers. It also restrains leakage of the

reactor gas atmosphere. The areas adjacent to the reactor are in turn

surrounded by secondary shielding walls. These help maintain radiation

levels at a minimum level.

5. Control Rods

The 87 horizontal control rods are hydraulically driven, 41 entering

from the left side and 46 entering from the right side of the reactor. All

of the horizontal rods can be extended through the active zone of the reactor.

This rod system provides both operating control and nuclear safety for the

rapid shutdown of the reactor. This is accomplished by having all control

rods water cooled and having individual rod drives capable of rapid insertion

from any position as well as slower drive speeds for the fine control of

reactor flux distribution and power level. Individual rods are set up for

control use by selector switches in the reactor control room. However, a

specified number of rods must always be reserved for fast shutdown func-

tion. Interlocks prevent rod withdrawal unless the specified number of

safety rods are withdrawn and ready for rapid shutdown. Each hydraulic

cylinder rod drive unit has its own independent accumulator. Control equip-

ment is fail-safe in that loss of electric power will deenergize the control

solenoid valves and accumulator pressure will scram or shut down the

reactor.
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6. Ball Safety System

The ball safety channels provide a completely independent nuclear

control system to back up the rapid shutdown function of the horizontal rods.

The control elements for this system are 3/8 in. diam ceramic balls con-

taining a neutron absorber. Ball hoppers are imbedded in the top biological

shield over each of the 108 vertical channels. The hopper gates which are

designed to open in case of an electric power failure as well as upon appro-

priate safety circuit signal will allow the ceramic balls to enter the channels

by gravity.

7. Fuel Elements

The reactor will be operable with a wide range of zirconium alloy

clad extended surface fuel elements for both plutonium production and power

reactor needs. The initial plutonium production only operation will use a

concentric tube and tube design with either unalloyed uranium or uranium-
235zirconium alloy enriched to about 0. 94 wt% U2. Cladding of the fuel ele-

ments will be Zircaloy-2 applied by a coextrusion process.

8. Process Tubes and Fittings

The fuel elements are contained in zirconium alloy process tubes

which penetrate the graphite stack, extend through the thermal and biologi-

cal shielding, and connect with the inlet and outlet cooling water manifolding

system. These tubes have a 0. 250 in. wall thickness and a 2. 7 in. ID to

withstand high temperature, high pressure, primary coolant water without

undesirable long-term creep effects.

At the inlet end of each channel, zirconium alloy process tubes are

attached to a carbon steel nozzle assembly. The nozzle assembly is free

to move axially to accommodate thermal expansion and contraction of the

process tube. The outlet end of the process tube is attached to a similar

steel nozzle which is fixed to the surface of the biological shield. There are

gas seals at each reactor face between the reactor nozzle and biological

shield to prevent leakage of the helium atmosphere. Each nozzle also is

equipped with an end closure to provide ready access for charging and dis-

charging of fuel elements during reactor shutdown.
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Each inlet nozzle has cooling water fed to it through an individual

carbon steel header-to-nozzle connector of 2-5/8 in. OD and a 0. 260 in.

wall thickness. Average length of these connectors is about 52 ft. Each

inlet connector is equipped with a butterfly valve for flow control and a

venturi meter for monitoring on a tube-by-tube basis.

Primary coolant flow information is indicated and recorded as nec -

essary for operational control purposes. In addition, reactor shutdown

signals are initiated by flow rates for individual fuel channels which are

found to be either below or above the predetermined limits. The flow

monitors for these critical points are all designed to have response times

sufficiently short to ensure safe reactor shutdown.

The outlet nozzle-to-header connectors are the same size and

material as the inlet connectors. The outlet assembly for each process

channel includes equipment for monitoring outlet water temperature and

for detecting fuel element cladding failures. Each outlet connector has a

remotely operated three-way valve which permits diversion of the outlet

water from a particular process channel to a contaminated water disposal

system to minimize spread of radioactive materials throughout the pri-

mary coolant loop in the event of a fuel element failure.

Individual process channel outlet temperatures are indicated and

recorded for operational purposes and to back up the nuclear instrumen-

tation in detecting excessive local power density in a particular region

of the reactor.

9. Instrumentation

a. Reactor Nuclear Monitor. The nuclear monitor system moni-

tors the neutron flux in the reactor core, at the subcritical, intermediate,

and high levels of activity. It will set back or shut down the reactor on

coincidental trip. Supplemental systems provide galvonometer indication

of neutron flux, in-core flux data, and provisions for flux mapping and for

calibration of the flux monitoring ion chambers.
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b. Fuel Rupture Monitor. The fuel rupture monitor system moni-

tors the effluent coolant from each process tube for traces of fission prod-

ucts. It consists of a primary system (gross gamma) to provide continuous

monitoring of each sampling tube for gross gamma activity and a secondary

system (gamma energy) to continuously scan the sampling tubes with a dual

channel type gamma energy monitor. There are provisions for including a

safety circuit trip. The system also monitors the effluent coolant in the

diversion header as a check on a suspect fuel tube which has been diverted

after detection of fission products with the primary or secondary monitors.

c. Flow Monitor. The flow monitor system monitors the coolant

flow in each tube. Flows above or below the set points will shut down the

reactor through the safety circuits. Set points can be adjusted en masse.

Flows in 6 to 10 individually selected tubes can be indicated and recorded.

d. Temperature Monitor. The temperature of the coolant at the

exit end of the process tubes is monitored. The system will set back or

shut down the reactor on certain signals from zone temperature detectors,

identify tubes having coolant temperatures in excess of a common adjust-

able technical high limit, provide a strip chart recording of any size outlet

temperatures, and supply signals to the data logging equipment.

e. Data Logger. The data logging equipment will log all tube exit

coolant temperatures and all tube flows. The central data logging system

logs shield and graphite temperature, control rod temperature, pressure

and flow, and certain data for the heat dissipation plant.

f. Radiation Protection. Secondary shielding walls and other

essential building structural components are utilized to provide zoning of

the ventilation system to minimize spread of radioactive contamination

during normal operation. They also provide an effective method of control-

ling the release of potential large scale air-borne radioactive contamination

in case of a major operating accident. The design of the confinement sys-

tem which fulfills this latter function is based on consideration of the entire

spectrum of credible accidents. These range from a burning of a limited
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number of fuel elements accidentally placed in an uncooled location during

discharge to instantaneous circumferential rupture of the largest pipe in

the primary coolant and simultaneous failure of the emergency cooling

system.

The primary confinement zone which surrounds the entire primary

coolant system is designed to meet structural integrity with internal pres-

sures ranging from +8 to -2 psig. Vents are designed with adequate area

to dissipate the maximum rate of steam evolution without exceeding these

internal pressure limits and with closures capable of resealing the vent

openings within the time interval between dissipation of the steam surge

and initiation of gross melting of the reactor fuel. In addition, a fog spray

system will reduce the pressure within the primary confinement zone and

remove a significant fraction of the contamination from the confined air.

Controlled release of the confined gases is through a filter system designed

to remove a high percentage of the particulate matter as well as a substan-

tial fraction of the radioactive halogens.

10. Primary Coolant System

The portion of the primary coolant system within the reactor building

consists of 16 parallel lines which conduct the cooling water from an inlet

water manifold in the heat exchanger building to the reactor. Each of these

16 lines terminates in a vertical header to which is attached from 54 to 66

individual process tube header to inlet nozzle connectors. Similar outlet

risers and parallel lines conduct the coolant from the process tube outlet

nozzle to header connector to an outlet water manifold. These lines are of

carbon steel and are sized to provide an adequate maximum total reactor

flow. The design conditions are 1825 psig and 600 F.

B. 109 Heat Exchanger Building

The 109 Heat Exchanger Building is divided into three major portions:

* Pipe gallery and cell access is of poured concrete for mass shielding

walls, has a 55, 380 ft2 area, with a volume of 2, 090, 350 ft3 .
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" The turbine bay is steel construction with insulated panels and has

an area of 53, 540 ft2 and a volume of 2, 826, 910 ft3 .

" The office, shops, and building service areas are of steel frame con-

struction with insulated panels, an area of 20, 793, ft2 , and a volume

of 1, 097, 870 ft3

The 109 Heat Exchanger Building is located immediately adjacent to

the 105 Reactor Building. The primary cooling system consists of five

identical cells in parallel, each containing two steam generators (in parallel),

a circulating pump, and associated valves and instrumentation. Piping from

the reactor outlet manifold to the steam generators is 26 in. carbon steel

and that of the steam generators to the reactor inlet manifold is 24 in. car-

bon steel. Each of the five cells is independent and capable of separation

from the main header piping by motor operated isolation valves and manually

operated backup valves. Provisions have been made in the design for the

future installation of additional cells. The construction of one additional cell

will be performed in connection with the generation of electrical power.

The primary circulating pump for each cell is of the single stage,

horizontal, centrifugal type utilizing water injection type seals. Each pump

is located inside the shielded cell which houses the associated steam genera-

tor units and piping.

Steam turbine drive units are installed for the primary circulating

pumps. Each drive turbine has the design rating of 9000 hp at 3600 rpm

with 55 psig dry saturated steam supplied to the throttle. The turbine design

also permits modification for efficient operation with the higher steam pres-

sures which will exist after conversion to dual purpose or power only opera-

tion. Steam for the primary pump drive is supplied by the main steam gen-

erators during normal reactor operation and by the 184 standby oil fired

boiler when steam from the steam generators is not available. In addition

to the drive turbine, a 400 hp electric pony motor capable of driving a pump

at about 900 rpm is mounted on the same shaft. These motors will provide

sufficient water to prevent excessive reactor damage during the scram tran-

sient and shutdown conditions which would follow complete loss of steam to
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the turbines. The pump drive units are located outside the shielded cell

and are connected to the pump by an extension shaft to provide direct con-

nected drive.

As noted above, each of the five cells contains two identical steam

generators, piped in parallel to transfer the reactor heat from the primary

cooling system to the secondary steam system. Each of these steam gen-

erators with a carbon steel shell has about 16, 000 ft2 of heat exchanger

surface in the form of U-shaped stainless steel tubes through which the hot

primary coolant will flow. Steam separation equipment is contained within

the generator shell which has a design pressure rating of approximately

800 psi to permit utilization over the full range of potential conversion

operating conditions. One heat exchanger in Cell 4 will be retubed with

Inconel tubing to replace stainless steel tubing that failed by intergranular

corrosion before being placed in operation.

All valves in the primary coolant system are designed to handle

the hot pressurized coolant with maximum reliability and limited inspec-

tion requirements. Valve bodies are of carbon steel with trim and seats

of stainless steel or stellite. Special stem seals are provided to minimize

leakage of primary coolant. Check valves on the discharge side of the

primary coolant pumps prevent uncontrolled reverse flow in the system.

The primary coolant pressure is maintained at a sufficiently high

level to prevent boiling at any point in the system. A surge vessel or

pressurizer controls system pressure and volume surges resulting from

coolant density changes during transient reactor heat output conditions.

The pressurizer consists of a cylindrical tank of about 1200 ft3 useful vol-

ume connected directly to the reactor outlet piping. Two separate elec-

tric immersion heater systems having a total capacity of 1350 kw maintain

the water in the pressurizer at a saturation temperature and pressure.

Under normal operating conditions, about 40% of the useful surge vessel

volume contains saturated steam. During out surges of water from the

vessel, the drop in pressure is limited by flashing steam from the satu-

rated water. Increases in system pressure are limited by injection of a

-16-



HW -83918

water spray into the steam space to condense some of the steam. This

spray is primary coolant water fed from the lowest temperature part of the

system which is the reactor inlet piping.

The secondary steam system for the reactor removes the reactor

heat from the primary coolant system by boiling secondary water in the shell

side of the ten main steam generators. During plutonium production only

operation, heat can be transferred at the maximum rate of maintaining as

large a temperature difference between the primary cooling systen and the

secondary steam system as is feasible. This results in a very low steam

pressure at the steam generator shell during this operating phase. A por-

tion of this steam is utilized by the primary pump drive turbines and by the

turbine-generator which is provided for local station service. This equip-

ment, as well as the interconnecting steam piping, is designed to operate

over a range of steam pressure conditions from this initial low level to

pressures typical of current water-cooled power reactor designs.

The major fraction of this steam if routed via headers to 16 dump

condensers which are arranged in parallel and cooled by untreated Columbia

River water. These condensers operate at pressure near that of the steam

generators to eliminate the need for steam pressure reducing stations.

Condensate is pumped from the dump condensers back to the evaporators

for recycling. To achieve maximum heat transfer during production only

operation, steam temperature and pressures are maintained as low as

practical.

Pumps for half of the dump condensers are driven by power from

the utility system and the remainder by power from the local turbine-

generator. In addition, standby boiler auxiliaries such as feed water pumps,

fuel oil pumps and draft fans are duplicated with one unit powered from the

utility system and the other from the local generator. This provides par-

tial capacity operation of the secondary loop and full capacity standby boiler

operation in the event of complete failure of either the Bonneville Power

Administration power supply or the local turbine-generator.
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1. Water Supply System

Untreated water from the Columbia River is supplied to the dump

condensers as well as to the condensers on the drive-primary turbines and

on the local turbine-generator. This condenser cooling water is then

returned to the river. Untreated water is also supplied to a water treat-

ment facility to provide plant requirements for filtered, sanitary, and

demineralized water. The total untreated water flow is supplied by four

deep well pumps, each of 100, 000 gal/min capacity and driven by a 3500 hp

synchronous electric motor. Two of these pump drives are supplied with

utility power and two with locally generated power, and the water is con-

veyed from the river pump house to points of process use via two separate

headers. The output of any one of the four pumps is sufficient for all

essential process requirements during a reactor scram and subsequent

shutdown.

A separate, independent untreated water system is provided for

emergency once-through cooling of the reactor. Diesel driven pumps

located in a separate section of the river pump house supply this water to

a 200, 000 gal storage tank. Four diesel driven high-lift pumps are pro-

vided to deliver the cooling water to the bottom of the front face risers

where it may enter the primary cooling system, through check valves,

when the system pressure falls below a specific level.

This emergency water supply is intended for use only in case the

normal recirculating treated water heat removal system is disabled by

loss of all sources of pumping power or by a major rupture in a primary

cooling system piping. A 200, 000 gal emergency water storage tank also

serves as water source for the confiner fog spray system as well as for

the emergency coolant supply for the moderator cooling system.

The raw water used in the plant receives no treatment other than

straining. All other water used is passed through a filtration plant to pro-

vide a continuous flow of very low turbidity water. Coagulant chemicals

are added to the raw water which passes through two coagulators of the

high rate, upflow, solids contact type. A filter aid is added to the coagu-

lator effluent water which is then passed downward through special gravity
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filters constructed of concrete, gravel, sand, and powered anthracite.

Filter effluent is collected in a clearwell and then pumped to a 500, 000 gal

filtered water storage tank. Water is taken from this tank for the filter

backwash, control rod cooling, fuel element storage basin cooling and clean-

up areas service water, area sanitary water, and demineralized plant

influent.

Up to 15, 000 gal/min may be used for single pass reactor cooling

during shutdown, or for'flushing after decontamination or loop repair

operations.

A demineralizer plant consists of four primary cation-exchanger

units in parallel, a single vacuum degassifier, and four parallel anion-

exchanger units, followed by four secondary exchanger units in parallel.

The effluent water, degassed and having a resistivity greater than 2 M)/cm3

is stored in a special 1, 000, 000 gal demineralized water storage tank from

which it is drawn for injection into the primary cooling system and for sec-

ondary system makeup. It also is possible to recirculate the stored water

back through the demineralized plant if the quality of the stored water falls

below required standards.

A high pressure water makeup system, consisting of four 1350

gal/min pumps which take their suction from the demineralized water stor-

age tank, maintains the supply of treated water in the primary loop under

all but emergency conditions mentioned earlier. The basic continuous

makeup requirement is the replacement of the rupture monitor system bleed

which it is'estimated will be 410 gal/min. This serves as a normal bleed and

feed necessary to maintain water quality. An additional continuous require-

ment which may vary with time is the primary pump shaft seal supply. Also,

up to 1100 gal/min of the high purity water must be available to the primary

loop for diversion to waste of the water from its number of process tubes.

Capacity of the water treatment plant is such that only one or two tubes can

be diverted continuously, but the make-up pumping the storage capacity is

such that as many as five tubes can be diverted for several hours while still

retaining 2000 gal/min make-up capacity in reserve to cover potential rup-

ture of a process tube connector.
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All normal make-up water is warmed to reduce thermal shock at

the point of injection.

Low head pumps, taking suction from the same source of high purity

water as the high pressure injection pumps mentioned above are provided

to supply water for fuel element charging and for primary system filling.

C. 181-N River Water Pump House

The 181 River Water Pump House consists of an area open to the

weather consisting of placed concrete with an area of 3655 ft2, and an

enclosed portion of concrete block structure consisting of an area of 1826 ft2 ,

and a volume of 30, 440 ft3 .

The circulating raw water supply system originates in this building.

Major services which this system supplies include the dump condensers,

turbine surface condensers, 182-N Building filter plant, graphite cooling

heat exchangers, 184-N Building, and various heat exchangers. The system

is supplied by four deep well axial flow pumps with a design rating of

105, 000 gal/min each at 112 ft head. Three of these pumps will adequately

serve the 100-N Plant requirements for approximately 9 mo of the year,

with four pumps being required during the summer months.

D. 182-N High Lift Pump House

The 182 High Lift Pump House is a single story with basement,

poured concrete floor with frame construction, and block fill-in panels con-

sisting of 20, 800 ft2 and a volume of 442, 430 ft3 . Equipment and systems

originating within the building are described below.

1. Low Pressure Filter Water Supply System

The low pressure filtered water supply system is designed to serve

the low pressure filtered water requirements of the plant and provide nor-

mal suction supply water for the high pressure filtered water pump. The

low pressure system is supplied by four centrifugal pumps with a design

rating of 3700 gal/min each with a 260 ft head. The pumps are driven by

300 hp, 480v induction motors. Two lines, one 18 in. and one 20 in. supply
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low pressure filtered water for area distribution. The 18 in. line provides.

for reactor once-through cooling of filtered water. This line connects to the

reactor inlet header in the 109-N pipe gallery. The 20 in. line provides

filtered water service to 163-183-N, 109-N, and 105-N. An additional 18 in.

line of the emergency raw water system can be valved to direct filtered

water for planned once-through cooling of the reactor.

2. High Pressure Filtered Water Supply System

The high pressure filtered water system is served by three centrif-

ugal pumps located on the main floor in the high-lift pump house. The

pumps have a design rating of 1200 gal/min, 535 ft total head and are driven

by 100 hp, 480 v induction motors. The pump suction is supplied normally

from the low pressure filtered water pumps. Pump suction can also be

supplied directly from the filtered water storage tank. This system supplies

the normal cooling water for the reactor horizontal control rods.

3. High Pressure Injection Supply System

This system originates in 182-N and supplies makeup water to the

primary coolant system and seal water to the primary coolant pumps in the

109-N Building. The system is comprised of five centrifugal injection

pumps located in the basement of 182-N. The pumps have design ratings of

1200 gal/min each at 4180 ft head and are driven by 2000 hp, 4160 v induc-

tion motors. Two pumps supply the normal demands of the system. The

third and fourth pumps are automatically started in sequence when injection

water flows reach 2400 and 3600 gal/min.

4. Low Pressure Injection Supply System

The above system originating in the 182-N Building is designed to

supply demineralized makeup water to the graphite cooling system in

109-N and other miscellaneous services. The system is supplied by three

centrifugal injection pumps located on the main floor of the 182-N Building.

The pumps have design rating of 350 gal/min each at 460 ft head and are

driven by a 60 hp, 480 v induction motor. Suction to the pumps is supplied

from the demineralized water storage tank. Miscellaneous services of this
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system include back flush to 105-N Building, seal water to graphite coolant

recirculating pumps, instrument back wash system in 109-N Building,

water supply to the primary coolant pumps high pressure emergency seal

water, steam driven turbine pump, and various minor functions to the

105-N Building.

5. Afterheat Removal Fill Supply System

This system is supplied by three centrifugal pumps located on the

main floor of the 182-N Building. The pumps have design ratings of

2500 gal/min each at 235 ft head and are driven by 200 hp, 480 v induction

motors. Normal suction supply to the pumps is from the afterheat removal

storage tank. The No. 1 and No. 2 pump suction headers may also be indi-

vidually valved to receive suction to the demineralized water storage tank.

The discharge of all three pumps is into a 14 in. header which supplies the

demands of the 109- and 184-N Buildings. The discharge of pumps 1 and

2 may also be routed to 163-N for repolishing of water from the demineral-

ized or afterheat storage tank.

The system supplies afterheat water to the 109-N Building for sec-

ondary loop low level makeup during operation, and emergency makeup to

the deaerating heater located in the 184-N Building. System design condi-

tions are 150 psig and 200 F.

6. Secondary Loop Makeup Supply System

This system is comprised of two centrifugal pumps with design

ratings of 450 gal/min at 242 ft head. The pumps are driven by 40 hp,

480 v induction motors. Preheated demineralized water from the afterheat

removal storage tank provides suction to each pump. The system supplies

normal makeup water to the deaerating heater in the 184-N Building. Nor-

mally one pumping unit will supply the demand of the system. Pressure

switch controllers are provided to automatically start the stand-by unit

when required. The system design conditions are 150 psig and 200 F.
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7. Chlorine Storage Facility

This facility is designed to receive, unload, and store 1 ton liquid

chlorine cylinders for both 182-N and 183-N consumption. The 182-N stor-

age facility is comprised of two rows of 16 cradles anchored to a concrete

slab for placement of 32 1 ton cylinders. Flexible connectors are used to

connect cylinders to the liquid chlorine header.

8. -Sodium Sulphite Mix and Feed System

This system is designed to mix and inject a deoxygenizing chemical

solution into portions of the low pressure filtered water system. The sys-

tem is comprised of two vertical cylindrical mixing tanks, each equipped

with a rapid mixer and two sets of control volume pumps. Each mixer is

a direct driven mixer connected to a 1/2 hp, 480 v vertical drive motor

rotating at 1750 rpm. The injection pumps are positive displacement type

designed to meter liquids in measured volume against a positive pressure

differential between pump suction and discharge. These duplex pumps are

driven by a 1 hp, 480 v motor at 1750 rpm.

9. Low Pressure Raw Water Supply System

This system furnishes low pressure raw water to various usage
points in the 100-N Plant. The system is supplied by three low pressure

horizontal centrifugal pumps which are located on the main floor of the

182-N Building. The pumps have a design rating of 3950 gal/min at 250 ft

head and are driven by 300 hp, 480 v induction motors. Suction supply is

from the two 102 in. distribution headers of the circulating raw water

system. From each distribution header, a 42 in. line takes off and these

two 42 in. lines are then joined to form one 42 in. line which supplies the

pump suction header through a 24 in. lateral.

The system supplies the high pressure compressors and coolers,

182-N high pressure injection pump lube oil coolers and fluid couplings,

182-N auxiliary supply for diesel engine jacket water coolers, 182-N water

ejectors, chlorine equipment, spill and sample water coolers, 109-N water

treatment facility coolers, 183-N caustic solution heaters, and the 108-N
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and the 1100-N administration building services. The design conditions

are 175 psig and 100 F.

10. High Pressure Raw Water Supply System

This system originates in the 182-N Building and is comprised of

three motor driven horizontal centrifugal pumps located on the main floor

of the 182-N Building. The pumps have design ratings of 2650 gal/min each

at 355 ft head and are driven by 300 hp, 480 v induction motors. Suction

supply is through an 18 in. header connected to the 42 in. header supplying

the building. The system supplies numerous raw water requirements in

the 105-N and in the 109-N Buildings. Design conditions are 200 psig and

100 F.

11. Emergency Diesels

In addition to the preceeding systems originating in the 182-N

Building, the emergency diesels are located at 182-N. These diesels sup-

ply emergency supply power to three high lift pumps, two fog spray

pumps, one fire pump, and one emergency generator.

E. 183-N Pretreatment Water Plant and Filtered Water Pump House

The 183-N Building is of concrete block construction with an area

of 2156 ft2 and a volume of 31, 260 ft3 . This building houses the pretreat-

ment and filtration systems of the 100-N Plant. Raw water is supplied to

the suction of three coagulator feed pumps in the circulating raw water

system. Two pump units normally supply flow to the chemical mix tank

in addition to service water to the sludge pump and recirculating sludge

pumping system. The mixing tank provides a method for mixing chemical

additions with water and splitting flows before passing to the two coagula-

tors. The chemical addition facilities are arranged to accommodate liq-

nid alum and separan feed at either the mixing chamber or influent flume

with chlorine fed into the mixing tank only. Two high rate upflow coagu-

lator units are provided. The internals are installed in Byers concrete

shells. Treated water enters near the top of a central uptake providing

continued mixing of chemicals with water and precipitates from the bottom
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of the unit. The mixture is lifted through a central uptake by two variable

speed horizontal agitators or floculators and discharged to the main mixing

chamber to complete any additional reactions.

Six conventional type gravity flow filters are installed including

Wheeler bottom supports and Palmer sweeps. The filtered water is col-

lected in a 200, 000 gal underground clear well. Three deep well type

turbine pumps discharge water into a header maintaining level in an

850, 000 gal storage tank for distribution to pumping equipment located in

the 182-N Building. These pumps also supply back-flush water to the

gravity flow filters. Equipment instrumentation consists of raw water

metering, level control, annunciation, along with a centralized sampling

station and the necessary instrumentation to maintain proportional ratios

between the chemical feed system and water flow.

F. 163-N, 183-N Demineralization and Filter Building

This facility consists of four main areas described below.

The filter area is open to weather and is constructed of poured con-

crete with an area of 11, 580 ft2 . The demineralizer area is of steel frame

construction with panels of transite with 6, 925 ft2 and a volume of

251, 020 ft3 . The chemical treatment and pipe gallery is of steel frame

construction with insulated panels having an area of 3016 ft 2 and a volume

of 59, 320 ft 3. The office and service area is of steel frame construction

with insulated panels and with concrete block partitions. This area has

5360 ft 2 and a volume of 98, 480 ft3 .

1. Demineralized Water System

The demineralized water system is designed to produce high purity

water for use in the primary, secondary, and graphite cooling systems.

The plant is designed to produce a normal flow of 1600 gal/min and a maxi-

mum rate of 2300 gal/min with all units operating. The water to be demin-

eralized has been pretreated by coagulation and filtration then stored in an

850, 000 gal storage tank. Water to the plant is normally supplied by the

low pressure filtered water pumps in 182-N. The water enters the building
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through a pressure control station and then into the top compartment

(cation) of the primary units. From these compartments the water flows

through a steam header where the water temperature is increased to 100 F.

Following heating, the water enters a vacuum deaerator. The water is then

pumped with the booster pumps through another pressure control station to

the anion compartment of the primary units. The water then enters the

cation compartments of the secondary units and then to the anion units.

The demineralized water passes through a level controller and flows to the

1, 000, 000 gal demineralized water storage tank. The demineralized water

system also has regeneration units capable of complete regeneration of the

resins both in the primary and secondary demineralizing units.

The 163-N control room laboratory is equipped with flow meters,

pH recorders, conductivity cells, and other instrumentation necessary for

operation of the demineralizer plant.

2. Sodium Hydroxide Tank and Accessories

This facility is provided to supply local storage for sodium hydrox-

ide at 50% concentration. The system also provides equipment for the dilu-

tion and injection of dilute solutions for the regeneration of the anion resins.

This equipment is comprised of a supply tank, two feed pumps, steam sup-

ply system, piping, instrumentation, and controls.

3. Sulphuric Acid Supply Tank and Accessories

This facility is provided to supply local storage of concentrated

sulphuric acid and equipment for the dilution and injection of solutions for

the regeneration of cation resins. The equipment consists of one supply

tank, two acid feed pumps, two acid filters, and the necessary instrumen-

tation and controls to operate the system. The supply tank is located

within the 163-N Building and has a storage capacity of 10, 000 gal. The

acid feed pumps are the submersible centrifugal type for feeding acid solu-

tions to the regeneration units in the 163-N Building. The acid filters are

the glass-wool type for filtration of sludge common to sulphuric acid

storage.
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G. 151-N Main Electrical Substation Facility

The 151-N Main Electrical Substation Facility is a concrete block

structure with basement and an area of 4651 ft2 and a volume of 59, 300 ft3 .

The 151-N Electrical Substation Facility is the primary source of electrical

power for the 100-N Area. This substation is fed by the Hanford loop which

is in turn fed by the Bonneville Power Administration Midway Switching

Station. The electrical feed coming in to 151-N is 230 kv. This source

passes through a bank of oil circuit breakers into the 151-N switch yard and

through the 230 to 13. 8 kv main power transformer. The 13. 8 kv supplies

bus A from which two of the river water pumps are supplied. The 13. 8 kv

power from bus A is further transformed to 4160 v power through a

12, 500 kva station service transformer located at the 153-N Building. This

is the level of voltage which forms the main distribution to the various plant

buildings throughout the area. All of the above systems and equipment are

equipped with the necessary protective relays, meters, and semiautomatic

synchronization equipment necessary for safe reliable operation.

All of the switchgear circuit breakers are operated by 125 v dc

power. In each case, rectified ac power is backed up by emergency storage

batteries. Two banks of 125 v, 412 amp, nickel-cadmium storage batteries

are provided for backup to the rectifiers.

H. 153-N Switchgear Building

The 153-N Switchgear Building is of concrete block structure with a

basement, a total area of 9712 ft2 , and a volume of 125, 190 ft3 .

The 153-N Switchgear Building is the location of the second source

of plant power. The switchgear from bus B is located within the 153-N

Building. This bus is normally energized from the 13. 8 kv/15, 625 kw tur-

bine generator located in the 184-N Building. The load on bus B is about

equal to the load on bus A which is located in the 151-N Building. Bus B

supplies 13. 8 kv power to the other two river water pumps. Power from

bus B is also transformed to 4160 v power through a 12, 500 kva station ser-

vice transformer located at 153-N. Switchgear for bus B also has its own

private 125 v dc system for circuit breaker operation. This system of
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dc power is identical to that for bus A but uses its own rectifier power

backed up by another set of nickel-cadmium storage batteries.

Both bus A and bus B are capable of independent or parallel opera-

tion through bus tie breakers and key interlocks. Design of the 13. 8 kv

system and the capacity of the turbine generator limits parallel operation

only to preplanned scheduled conditions.

A third source of power for either bus A or B is the 13. 8 kv tie

line and breaker arrangement from the 151-D substation. This breaker is

also key interlocked with bus A and B tie breakers. As implied, the two

primary electrical systems are not only electrically isolated from one

another but physically isolated as well. This provides greater independence

between the two systems.

I. 184-N Standby Power House

1. Standby Boiler and Auxiliaries

The standby boiler and auxiliaries are comprised of the following:

setting, boiler section, furnace with two motor driven force-draft fans

and air ducts, eight main oil burners and ignitors, one auxiliary oil burner,

ignitor and blower, ten soot hoppers, boiler breaching, and stack.

The standby boiler and auxiliaries are designed for the following

conditions: maximum continuous capacity is 575, 000 lb/hr of dry saturated

steam at an operating pressure of 450 psig and at a temperature of 459 F

with a feed water temperature of 250 F and an inlet air temperature of 80 F.

The boiler is capable of generating full design capacity from a "banked

condition" within 8 min. Total heating surface of the boiler is 25, 830 ft2 ;

design pressure is 600 psig.

a. Setting. The unit is enclosed in a gas type welded steel plate

inner and outer casing with a 3 in. insulating blanket between. The boiler

rear walls have refractory brick between the tubes and intercasing. The

floor of the boiler also has refractory bricks over the tubes. The boiler is

equipped with observation and access doors.
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b. Boiler Section. The boiler section is a two drum bottom sup-

ported type "SD-8" Foster-Wheeler Boiler consisting of an upper steam

drum and a lower water drum. The steam drum is connected to the water

drum by 1620 2 in. OD boiler tubes spaced on 4 by 4 in. centers. The

steam drum is fitted with the necessary feed pipe for distribution water,

internal pipe for chemical feed and continuous blow-down two horizontal rows

of centrifugal water separators, girth baffles, and a steam dryer assembly.

Nozzles and connections are provided for the main steam outlet relief valves,

soot blower headers, and various sampling and gage lines.

c. Furnace. The furnace has a total volume area of 19, 500 ft3 with

furnace walls cooled by heat absorbing water-walled tubes. Water circula-

tion for the side wall cooling is from lower water drum to lower water wall

header then upward to the boiler steam drum. Additional tubes extend from

the lower water drum underneath the floor refractory to the front wall then

upward to the steam drum. Rear water wall tubes extend from the lower

water drum to the steam drum.

d. Forced Draft Fans. These two units are located outside and

adjacent to the boiler at the north end of the 184-N Building. The fans are

electrically driven and equipped with remote control inlet vanes and outlet

dampers. These fans supply air for combustion to the boiler wind box where

distribution is made to the oil burners as required. The design capacity of

each fan unit is 588, 000 lb/hr of 80 F air (134, 000 ft3 /min). Each unit is

driven by a 350 hp, 4160 v outdoor type induction motor at 880 rpm. Con-

trols for the motors and fans are located in the 184-N Building.

e. Main Oil Burners and Ignitors. The boiler is equipped with eight

Peabody steam atomizing main oil burner assemblies installed in the front

face of the boiler in two rows of four. Each burner assembly is comprised

of a main oil burner, a forced draft air register, a flame detection pipe,

and a retractible type air atomizing electric ignitor. Burner and ignitor

operation is controlled locally and remotely from the 184-N control room.

f. Auxiliary Oil Burner, Blower, and Ignitor. The blower is

equipped with one auxiliary oil burner assembly designed to operate during
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standby or low load conditions. The burner assembly is equipped with an

electric ignitor, and motor driven blower for combustion air supply.

g. Soot Blowers. A total of 10 soot blowing elements are provided

to remove soot adhering to the outer surface of the tubes and baffles. Five

elements penetrate each side of the boiler at various locations between the

vertical tubes and baffles. The elements are operated through a motor cam

operated valve which admits to the element for soot. blowing operation.

Design pressure for the elements, steam piping, and valves are 600 psig.

h. Stack, Boiler Breaching, and Soot Hoppers. The stack, boiler

breaching, and soot hoppers accommodate exhaust gases on noncombustibles

passing from the boiler furnace. The boiler breaching and stack are

designed for a maximum exhaust gas velocity of 3000 ft/min in support of

continuous load conditions. The stack is fabricated from steel and the top

elevation is 125 ft above ground. The boiler breaching is fabricated of gas-

tight welded steel plate and serves as a duct or flue between the outlet of the

boiler and the base of the stack.

The soot hoppers are located at the rear of the boiler and at the

lowest point between the gas ducts and breaching. The hoppers have an

internal lining of fire brick insulation and an outside steel plate sheathing.

The hoppers are provided with two 14 by 18 in. access doors and connec-

tions at each end for a vacuum cleaning system.

2. Instrument Breathing and Compressed Air Supply System

The compressed air supply systems originating in the 184-NBuilding

are comprised of two subsystems. One system is designed to furnish serv-

ice air to all plant services. The other is further divided into breathing air

and instrument air. The breathing and instrument air are supplied by three,

two-stage water cooled reciprocating piston type air compressors. Design

conditions of the compressors are 630 cfm each at 125 psig.

The service air compressor is the same type as the other three

compressors except it is equipped with an oil bath type intake air filter,
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cylinders are oil lubricated, and the moisture vaporizer is omitted. Each

of the compressors is driven by a direct-connected 150 hp, 440 v squirrel

cage induction motor at 585 rpm.

There are two steel air receivers provided. One for the service

air system and one for the instrument and breathing system. The receivers

are cylindrical and vertical, and each has a volume of 220 ft3. Design con-

ditions are 125 psig.

3. Turbine Generator and Accessories

The 184-N Building turbine generator is designed to utilize low pres-

sure steam produced from reactor heat to generate electrical power of suf-

ficient quantity to supply bus B plant loads. The rated capacity of the turbine

is 15, 625 kw.

a. Steam Driven Turbine. The turbine is an eleven stage, single

flow, horizontal shaft, nonextraction, condensing type with a normal operat-

ing speed of 3600 rpm. Initial design provides for operation at 55 psig. With

the addition of more stages the turbine will operate at 150 psig and 400 psig.

b. Generator. The generator is a hydrogen cooled, three phase,

60 cycle, 13, 800 v unit designed with rated capacity of 22, 059 kva at 0. 85

power factor, 18, 750 kw. The unit is completely enclosed to prevent leakage

of hydrogen gas and prevent dust and moisture from coming in contact with

the windings. It is designed to operate on a continuous basis and to sustain

sudden applied loads without damage.

J. 166-N Fuel Oil Storage and Unloading Facility

The fuel oil system is designed to provide the 184-N standby boiler

with a continuous supply of oil under all temperatures and load conditions.

To perform this service, a system of storage tanks, transfer pumps, unload-

ing station, and connecting piping has been provided.

1. Storage Tanks

The fuel oil storage tank is 70 ft in diameter, 48 ft high and has a

capacity of 1, 375, 000 gal. In addition to the storage tank, there are two fuel

oil day tanks located at 184-N. These tanks are 20 ft in diameter and 15 ft

high and have a capacity of 35, 000 gal.
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2. Transfer Pumps

The transfer pumps are located in.the basement of the 166-N

Building. Their purpose is to move oil from the unloading station to the

storage or day tanks or between tanks. The two transfer pumps are hori-

zontal screw type pumps rated at 300 gal/min at 111 ft head. The motors

which drive the pumps are rated at 30 hp, 480 v.

3. Unloading Station

The fuel oil unloading stations are located west of the 166-N

Building. It is a long narrow concrete trench containing six tank car and

four tank truck unloading stations. Fuel oil from tank cars or trucks is

unloaded through these stations into a 12 in. line which extends to the

166-N Building and forms a suction manifold for the transfer pumps.

4. Connecting Piping

Connecting piping between unloading station transfer pumps and the

tanks consists of fuel oil, diesel oil, high pressure steam lines, and serv-

ice air lines. Fuel viscosity changes with temperature which requires

the ability to maintain the oil at a temperature where it flows freely. This

is accomplished by steam tracing of lines and insulation of oil piping. In

addition to the above precautions, the temperature of the fuel oil stored

in the storage tank is maintained at 50 to 90 F using 150 psig saturated

steam. This is accomplished by circulating steam through five fin type

heaters inside the tank.

K. 1310-N Chemical Waste Storage and Export System

This system is designed to receive the store radioactive waste solu-

tions resulting from chemical decontamination of the primary coolant sys-

tem. The system also includes export pumping of the waste to a final dis-

posal location.

1. Waste Storage

The waste storage tank has a capacity of 900, 000 gal. Waste decon-

tamination solutions are drained and flushed in normal waste lines to a valve
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pit near the crib where they can be diverted to the storage tank. Waste

liquids directed to the tank pass through a pump house where the recircula-

tion and export pumps are located. The recirculation pumps (two) agitate

the stored waste to prevent precipitate collection at the bottom of the tank.

The recirculation pumps are rated at 3000 gal/min with 60 ft head and are

driven by 60 hp, 480 v motors.

2. Export Pump

An export pump is provided for the tank to pump the waste to a final

disposal facility. This pump is located at the low point of the recirculation

loop for completely emptying the tank. Pump output is routed through a

4in. line to a crib which will be located approximately 1 mi from 100-N

Area. The export pump is rated at 100 gal/min, at 600 ft head and driven

by a 15 hp, 480 v motor.

L. General Area Systems

1. Mechanical

a. Main Steam and Medium Pressure Steam. The main steam sys-

tem is designed to distribute steam generated from each of the turbine gen-

erators into a 46 in, header located on the 109-N Building roof. This steam

is further distributed to the dump condensers, drive turbines, secondary

loop surge system, medium pressure reducing valve station, turbine gen-

erator, and 184-N Building services. The medium pressure steam system

is designed to distribute steam at 55 psig for area heating and miscellaneous

services. This system originates at the medium pressure reducing valve

station of the main steam system. Design conditions are 100 psig, 400 F.

b. Low Pressure Steam System. The low pressure steam system

is designed as heating steam at 15 psig for unit heaters and convectors in

184-N and 153-N Buildings. The system is supplied from the high pressure

system through a 2 in. line to the pressure reducing valve station. Design

conditions are 100 psig and 400 F.

c. Sanitary Waste Disposal System. The major portion of the 100-N

Area buildings are served by a septic tank and tile field combination. A few
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of the buildings are served by a septic tank, cesspool combination. Build-

ings 1704-N, 184-N, 109-N, 1716-N, and part of 105-N are served by the

main septic tank which is 24 ft long by 10 ft wide and 17 ft deep. The tile

field is composed of four distribution boxes and 32 rows of 4 in. vitrified

clay tile pipe 95 ft long. Buildings 182-N, 183-N, and one portion of the

105-N are each served by a septic tank cesspool arrangement. The septic

tanks are 7 ft long, 3 ft wide, and 5 ft deep. Effluent from the septic tank

flows into a circular concrete block cesspool 6 ft in diameter and 6 ft deep.

The area system has the usual manhole arrangement and line clean out

provisions.

2. Electrical

a. Area Ground Conductors, Underground Ducts, and Manholes.

The 100-N Area ground system originates at the 181-N Building grounding

mats at floor level at each of the pump suction wells. The system is inter-

connected to the individual buildings and storage tank ground systems by a

5/8 in. diameter base stranded extra-heavy galvanized steel cable. All

underground duct systems whether for power, control, or communications

consist of single round bore asbestos cement conduit cased in a concrete

envelope. Minimum depth of duct banks below grade at any point is 30 in.

as measured from the top of the conduits. Crossings under railroads are a

minimum of 42 in. between the bottom of rail and the top of conduit. The

direct burial cables are installed in trenches with a minimum of 36 in. of

clearance overhead.

b. Area Lighting System. Street lighting for the area is fed from

a single series loop. This series loop is equipped with a constant current

regulator rated at 30 kva.

c. Area Electrical Distribution, 4160 v. Power of 13.8 kv from

bus A and bus B is transformed to 4160 v power through two 12, 500 kva

station transformers. A separate feeder from both 4160 v bus A switch

gear and 4160 v bus B switch gear is distributed to each building within the

area. Critical equipment in each of these buildings is equally divided in both

of these systems. At each of the 100-N Buildings, power is consumed at

4160 v and transformed to lower voltage for motor loads and building

facilities.
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3. Instrumentation

a. Audio Communications System. Principle audio communications

systems are general plant telephone, private automatic telephone, evacua-

tion alarm, and the emergency sound powered system. Various other audio

communications for particular use are included in the system.

b. Video Communication. The video communication system is

designed to provide closed circuit video communication between cameras

at appropriate locations and remotely located monitor stations. The system

is designed for a capacity of 40 camera stations, 15 control monitor stations

equipped for camera station selection and auxiliary equipment control, and

20 kibitzer monitor stations without control but equipped for receiving any

of six predetermined video programs. The video communications center is

located in the 105-N Building control room.

c. 100-N Area Fire Alarm System. The 100-N Area fire alarm sys-

tem is designed to record alarm coded signals received at the area cental

station from master or standard street alarm stations and to transmit these

signals via telephone cable to the remote 100 Area central fire station. The

system consists of a main closed metallic loop originating at the 100-N Area

central station and extending to the area master or standard street alarm

stations. Auxiliary stations which are components of the fire alarm system

for individual or groups of buildings are connected to the area fire alarm

system respective master or standard alarm station.

-35-



HW-83918

III. COST DATA

A. Construction Costs

Code _ Feature __

1. Improvements to Land

0002-110 Railroad
0002-110 Fencing
0002-130 Sanitary Sewers
0002-140 Fence and Road Lighting
0002-230 Roads, Walks, Parking
0002-240 Site Preparation

2. Building

0010-000 105-N Reactor Building
0020-000 163-184-N Water Treatment Plant
0030-000 181-N River Water Pumphouse
0050-000 153-N 4160 v Switchgear Building
0060-000 184-N Standby Power Plant
0070-000 109-N Heat Exchanger Building
0080-000 182-N High Lift Pumphouse

3. Other Structures

0002-152 1734-N Storage Facility
0002-155 108-N Acid and Caustic Handling
0002-221 1614 -N Radiation Monitor Building
0003-000 1704-N Administration Building

4. Utilities

0002-120 General Area Piping System
0002-140 Process Waste Systems
0002-156 Dummy Element Vault
0002-160 Fuel Oil Storage
0002-170 Area Instrumentation
0002-180 Electrical Distribution System
0002-200 Communication System
0002-210 Fire Alarm System
0002-700 Miscellaneous General Area Cost
0002-800 Other Commitments

5. Equipment

0011-000 105-N Facility
Through 0016
0021 -000 163-183-N Facility
Through 0026
0031-000 181 -N Facility
Through 0036
0051-000 153-N Facility
Through 0056
0361 -000 184-N Facility
Through 0066
0071 -000 109-N Facility
Through 0076
0081 -000 182-N Facility
Through 0086

6. Other Costs

Work Authority Balance:

AEC Total
Kaiser Engineers' Total
GE Total

0094-0099 Miscellaneous Direct Costs
9900-000 Clearing Accounts
MS -299 Stores Inventory

Cost of Commitments (AEC)
Cost of Commitments (GE)

7. Temporary Construction

0001 -000 All

Kaiser Engineers'
Estimate Report

HW-58189_. November 1963, $

108, 000
31, 500
16,500
73, 500

248, 500
370, 000

6, 085, 000
173, 700
725, 000

546, 500
3, 368, 000

435, 000

212, 000
646, 000

99, 400
96, 600

4, 305, 000
365, 000
228, 000

54, 585, 000

1, 239, 300

2, 289, 000

3, 768, 500

27, 795, 000

2,800,000

36, 500
12, 900

21, 700

11, 204, 700
400, 100

1,015,700
125, 000
817, 700

9,716,700
745, 500

33, 600
326, 100

5, 600
120, 400

4, 837, 400
1,564, 200

555, 900
110, 500

1, 656, 000
47, 600
18, 600
39, 700
90, 000

63, 600, 000

2, 550, 400

1,757, 200

300, 600

3, 386, 200

36, 293, 200

2, 966, 200

865, 200
328, 700
367, 900

3, 548, 000

Punch List
3-29-64, $

13,400

243, 400

24, 400
93, 200
10, 000

5, 100

28, 800
9, 400
5,100
4, 700

11, 100
10, 200

1, 300

683, 000

37, 100

97, 900

8, 200

61, 900

390, 700

74, 000

4,100 3,547,000

AEC-GE ICHLAND. WASH.
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Total Cost, $

79, 000
1 3, 000
37, 000
13, 000
12, 000
22, 000

11, 492, 000
939, 000

1, 126, 000
133, 000
870, 000

9,818,000
757, 000

34, 000
353, 000

5, 000
121, 000

4, 877, 000
1,574,000

5, 000
565, 000
127, 000

1, 667, 000
47, 000
20, 000
40, 000

64, 288, 000

2,720, 000

1,765, 000

301, 000

3,431,000

38, 785, 000

3, 085, 000

903, 000
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B. Original Budget Estimates and Any Revisions Thereof

The original budget estimate dated 9-9-58 was a scope estimate and

totaled $145, 000, 000. At this time, a $145, 000, 000 estimate appeared

realistic but the supporting facilities were not included in this figure.

During the course of the project there were many estimates in an attempt to

maintain cost surveillance on a continuing basis. However, rather than

list the individual cost estimates as they were prepared, a more concise

historical tabulation follows. This list rather than individual cost estimates

are the AEC directives and modifications thereto.

Total Authorized Funds, $

- dated 9-26-58

Modification 1 -

Modification 2 -

Modification 3 -

Modification 4 -

Modification 5 -

Modification 6 -

Modification 7 -

Modification 8 -

Modification 9 -

Modification 10-

Modification 11-

Modification 12-

dated 4-3-59

dated 4-24-59

dated 6-17-59

dated 3-23-60

dated 10-13-60

dated 6-30-61

dated 8-17-62

dated 9-4-62

dated 10-4-62

- dated 11-2-62

- dated 11-26-62

- dated 10-1-63

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

AEC

AEC

AEC

AEC

AEC

AEC

AEC

AEC

AEC

AEC

AEC

AEC

AEC

142

142

142

142

142

142

142

142

142

142

142

142

142

2, 500,

9, 000,

44, 000,

42, 775,

110, 000,

111, 500,

145, 000,

150, 200,

156, 700,

162, 150,

165, 450,

188, 000,

190, 320,

000

000

000

000

000

000

000

000

000

000

000

000

000
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C. Unit Cost, ft3(a)

Building

105-N

109-N

151-N

163-N and 183-N

181-N

182-N

184-N

Building

163-N

163-N

181-N

181 -N

181-N

181-N

184-N

and 183-N

and 183-N

Volume

3,410,000

5, 152, 000

59, 300

431, 100

1,350, 000

442,400

612, 200

Unit

gal/day

gal/day

gal/day

hp

gal/day

hp

lb /hr

Structure
Only, $

3. 36

1.90

3.30

2.09

0.75

1.71

1.38

Quantity

2, 300,000(b)

3, 315, 000(c)

645, 120, 000(d)
14, 000(d)

745, 920, 000(
17, 200e

575, 0 0 0 (f)

Total
Facility, $

22. 21

9. 02

28.10

8. 09

2.13

8.58

7.00

Total
Facility, $

1.52

1.05

0. 0045

205. 00

0. 0038

167. 00

7.46

NOTES

(a) Approximate

(b) Normal Load

(c) Peak Demand

(d) Electric Drive Pumps Only

(e) Total Installed Capacity

(f) 100% of Rating
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D. 105-N Building

Feature

Graphite

Process Tubes

Process Tubes

High Density Concrete

Shielding Crates

Control Rods

Ball 3X Channels

Primary Piping

Instrument Labor

Terminations

Wire

Concrete

Forms

Reenforcing Steel

Concrete (Above)

Excavation

Backfill

Structural Steel

Heating and Ventilating

Unit

lb

lb

each

yd 3

lb

each

each

ton

each

ft

yd 3

std ft

lb

yd3

yd3

yd3

ton

cfm

Quantity

3, 600, 000

361, 500

1, 004

1, 91 5(c)

1, 100, 000

87

108

1, 500

155, 000

1, 170, 000

33, 200

650, 000

6, 400, 000

33, 200

81, 500

28, 000

1, 165

375, 000

Unit Cost, $(a)

1.51

33. 20

11, 955. 00

345. 00

1.10

22, 450. 00

11, 000. 00

9, 100. 00

2.10

0. 25

44. 90

2.85

0. 125

125. 0 0 (d)

1.28

8. 00

520. 00

3. 60

NOTES

(a) Approximate

(b) Machined Weight

(c) Includes 1040 CY Structural Shielding

(d) Weighted Cost Account 260
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IV. SCHEDULE DATA, ORIGINAL AND REVISIONS THEREOF

A. Engineering Design

The first certified design schedule was issued on April 21, 1959

and showed a completion date of August, 1962. The only revision to this

schedule was in November of 1959 in which the heat dissipation portion of

the design schedule was revised. This showed a completion date of

September, 1962. Design was completed December 1, 1962. Please refer

to the attached Design and Construction Schedule for details (Figure 1).

B. Construction Schedule

The original certified construction schedule was issued

September 21, 1959 and showed a completion of the project October 1, 1962.

The first revision to the construction schedule was on June 30, 1960, the

second revision was on February 24, 1961, third revision was on

October 26, 1961, the fourth revision was on April 12, 1962, and the fifth

revision was on February 1, 1963. For details of construction schedule

versus actual progress please refer to the Design and Construction Schedule

(Figure 1).

C. Manpower

Although the project was not approved until mid-1958, preliminary

design studies were initiated as early as 1952. Detailed design was started

on November 1, 1958 with Burns and Roe Incorporated, New York, on the

heat dissipation system and General Electric Company on the 105-N Reactor

portion. Kaiser Engineers were selected as the construction contractor and

personnel began arriving at the site in April, 1959. During the latter part

of 1963, J. A. Jones Construction Company was phased into the project to

assist with startup of the reactor and the auxiliaries.

The manpower figures in Table I reflect the effort expended from

formal authorization in August, 1958, to project completion on April 15, 1964.

During construction of the 100-N Plant facilities, numerous work

stoppages and labor disputes affected the construction effort. There were
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TABLE I

PROJECT MANPOWER

Burns andRoe, Inc. _General Electric Corpany

Date Title I Title II Total Title I Title II Title III Total

8/58 11

10/58 11

12/58 18

2/59 35

4/49 52

6/59 70

8/59 82

10/59 92

12/59 109

2/60 117

4/60 134

6/60 158

8/60 122
10/60 121

12/60 126

2/61 132

4/61 95

6/61 76

8/61 72

10/61 71

12/61 42

2/62 38

4/62 38

6/62 32

8/62 28

10/62 32

12/62 32

2/63 23

4/63 13
6/63 7

8/63 1

10/63 - -

12/63 - -

2/64 - -

4/64 - -

3

4

5

6

8

9

10

9

24

32

41

41

48

52

60

47

48

48

46

45

44

44

40

36

28

27

15

4

11

11

18

35

52

70

85

96

114

123

142

1 67

132

130

150

1 64

136

117

120

1 23

102

85

86

80

74

77

76

67

53

43

29

27

15

4

9

21

31

38

42

38

32

35

30

35

37

25

18

22

13

13

8

7

6

4

4

5

4

17

25

30

26

34

43

55

92

128

71

119

102

92

78

87

88

92

81

69

74

56

52

48

45

30

34

25

22

27

24

20

18

15

14

5

4

6

5

7

10

23

24

34

37

40

43

38

34

32

34

37

30

29

19

28

26

30

26

31

5

26

46

61

64

76

81

87

127

1 58

106

1 60

133

115

1 07

110

124

124

122

112

118

103

95

86

77

64

71

55

51

46

52

46

48

41

45

10

Kaiser Engineers
Grand

KE Subcontractors Total JA Jones Total

15

29

65

67

73

109

152

191

224

273

512

802

1048

1221

1187

1013

925

954

940

1067

1259

1186

1 638

1761

1 686

1650

1364

987

290

118

21

6

27

40

45

1 57

200

297

531

551

538

612

644

684

650

631

432

523

552

299

260

152

97

55

72

1 99

34

10

15

29

71

94

113

154

309

391

521

804

1063

1340

1 660

1865

1871

1663

1556

1386

1463

1067

1811

1485

1898

1913

1783

1705

1436

1186

324

1 28

21

19

230

155

85

37

57

79

99

143

180

243

317

385

383

611

691

768

1041

1323

1628

1920

2104

2103

1904

1761

1566

1635

1 224

1949

1633

2029

2031

1882

1800

1511

1280

610

332

116

36 subcontractor work stoppages. It is estimated that 340, 800 man hours

of construction effort were lost as a result of these work stoppages and

jurisdictional disputes.

D. Factors Affecting Progress and Costs

In may, 1959, the construction contract was awarded to Kaiser

Engineers and Kaiser personnel began to arrive on the job during that

AEC-GE RICHLAND. WASH.
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that month. Temporary construction work was started in August, 1959

along with the first preliminary estimate, construction schedule, and pre-

paratory procurement procedures. At that time, it was decided that Kaiser

Engineers would lump-sum all but the pile erection and graphite fabrication.

However during 1960, it was determined that portions of the work would be

accomplished on a cost-plus-fixed-fee basis.

To adequately describe the factors which affected progress and cost

during construction of the 100-N Reactor, this section is broken into two

parts entitled Procurement of Engineered Equipment (Table II) and

Subcontracts (Table III). A major problem in the construction of the plant

was the determination and fabrication of critical and very high quality car-

bon steel pipe. A key decision pertaining to the choice of carbon steel as

a basic material for the piping was made after consideration had been given

to stainless steel which heretofor had been used exclusively for reactor

coolant loop service. The large tonnage of piping required for NPR led to

the consideration of stainless clad material as an alternate. However,

after careful consideration of economic and technical incentives, a final

decision to use carbon steel piping as a major primary loop material was

made in March, 1959. In general, the carbon steel material specified was

in accordance with recognized standards such as ASTM with such added

provisions for additional testing and special chemical-physical properties

as seemed appropriate for the application. Although the procurement and

fabrication of the primary piping was a principal source of schedule and

cost difficulties, it was not the sole contributor to delay the completion of

the project and cost increases.
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TABLE II

PROCUREMENT - ENGINEERED EQUIPMENT

Equipment

Process Tube Flow Monitor

a. Valve Racks

b. Calibration Facility

c. Transducer Racks

d. Controller Panels

Total

Venturi Assemblies for Connectors

Fuel Rupture Monitor System

a. General Motor Tubes

b. Turret Assemblies

c. Sample Flow Regulator Racks

d. Count Rate Circuits

e. Differential Alarm Modules

f. Gamma Energy Monitor

Total

Integrated Data and Temperature Monitor System

Nuclear Flux Monitor

Traveling Wire Flux Mapping System

Control Panels PC-1, PC-2, and PC-3

Miscellaneous Instrument Panels

Diversion Valves

Cone Valves

Motor Operated Valves - 190-N

Primary Pumps

Horizontal Rod Drives

Horizontal Rod Assemblies

Irradiated Metal Handling System

Ball System Trip Mechanism and Hoppers

Boron Steel Thermal Shield

Boron Steel Plate

Reactor and Shield Components
and Crate Assemblies

Vendor

Hoke, Inc.

Panellit Division of ISI, Inc.

Barton Instrument Corporation

Avien, Inc.

BIF Industries

Lionel Electronics Laboratory, Inc.

Allied Engineering

Western Piping and Engineering

Tracerlab, Inc.

Sigma Instruments, Inc.

GE-APED

ISI

GE-APED

EANCO, Inc.

Rundel

General Dynamics

Chandler Evans

Chappman Valve

Velan

Byron-Jackson

Rucker

Smith Dynamic's

AMF Atomics

Pel Engineering

Baldwin-Lima -Hamilton

A. M. Byers

Yuba Consolidate

Award
Amount, $

107,895

6, 637

438, 953

1,017,133

1,570,618

87, 980

39, 479

252, 288

233, 372

50, 144

109, 881

168, 680

853, 844

321, 520

122, 000

121, 311

13, 913

106, 012

993, 032

619, 443

205, 211

737, 400

590, 511

109, 478

842, 453

171, 366

395, 024

312, 000

472, 200

Actual Cost, $

111,434

6, 782

437, 741

1, 153,776

1,709,733

176, 927

40, 234

262, 029

465, 443

56, 320

109, 881

184, 256

1,118,163

342, 717

144, 340

Incomplete

37, 735

213, 510

1, 112,024

629, 638

223, 803

797, 300

693, 294

118, 682

929, 877

199, 599

634, 108

436, 940

647, 503

0

I

I



TABLE III

SUBCONTRACTS

s

Subcontract
_ Number

1
2
3
4
5
6
7
8
9

10
11
12
13

14
15
16

Subcontractor

H. Brinkley Painting, Inc.
Head Mechanical, Inc.
L. W. Vail
Tuller Power Construction
Frank Lohse
Fiberglas Engr. & Supply
Geo. Lewis Construction
Tuller Power Construction
Geo. A. Grant, Inc.

Jensen-Rasmussen and Beck
Geo. A. Grant, Inc.
Bob's Woodworking
Ken Cross Builder

Foster Wheeler Corp.
General Electric Company
Sound Constr. and Engr. Co.

Description

Paint W-2 and W-5 Bldg.
T-C Water Lines
Access Road to NPR
13. 8 kv Transmission
Batch Plant Rehabilitation
Insulate H and V Units
Site Grading
CA852 and 836 Telephone Cable
Admin. Bldg. and Tile Field

Pump House Substructure
T-C Admin. Bldg., Whs., Etc.
1734-N Storage Facilites
Modify Tube Shop and Boiler

Installation
Steam Generator and Accessory
Turbine Generator
Excavation and Substructure

17 Curtis Construction Company Batch Plant Operation

18
19
20
21
22
23
24
25
26
27
28

29
30
31
32
33
34
35
36
37

38
39
40

Frank Lohse Remodel Two Rooms
Bob's Woodworking Control Monuments
Neil F. Lampson, Inc. Move Silicate Tank
Duke's Electric, Inc. T-C Area Lighting and Rev.
Duke's Electric, Inc. Move Transformers
Hanford Piping Mech. Mods. to Tube Shop
Todd Shipyards Corporation Elevators
Bob's Woodworking Relocate Room Partition
Sound Constr. and Engr. Co. Water Treat. Fac. Bldg.
Franco R. R. Contractors Railroad and Spur
Foothill Electric Electrical Construction

Support of Kaiser Engineers
Geo. A. Grant, Inc. Power House Substructure
Void
Pre-Mix Concrete, Inc. Use of 2 Concrete Trucks
Curtis Construction Admixture Disp. Facility
Garrison Compound Fence T-C Compound Fence
Duke's Electric, Inc. Relocation Telephone Cable
Mowat Bros. Construction Co. Substation and Swgr. Bldgs.
Sound Constr. and Engr. Move 2 Tanks
Hoffman Construction, Phase I Piping
University Plumbing,
Industrial Contractors (HUICO)

Void
Duke's Electric, Inc. Electric Duct Banks
Pittsburgh Des Moines Steel Constr. Dikes, Foundations

Original Actual
Date Amount of Completion

Awarded Subcontract Date

07 -06-59 2,108 07-28-59
07-17-59 91,320 12-21-59
07-24-59 53,762 10-16-59
08-03-59 32,105 12-18-59
10-09-59 107,500 03-08-60
10-15-59 12,949 02-04-60
10-27-59 26,400 02-08-60
10-29-59 25,700 03-21-60
11-16-59 439,850 05-03-60

11-30-59 787,163 03-23-61
12-08-59 224,486 06-22-60
01-07-60 30,680 03-30-61
01-20-60 43,280 06-30-60

Total
Amount

2,108
111,824

54, 402
38, 002

111, 615
12, 062
31, 991
25, 750

149, 513

906, 795
267, 465

32, 822
57, 461

Remarks

Subcontract terminated.
Negotiated total.

03-09-60 546,700 - - 569, 711

03-08-60 897,000 03-03-63 915,578
03-08-60 1, 694,719 03-15-61 4,935,000 Supplement Agreement

"B". Add $1, 328, 307.
Final negotiation
Adjusted by increase
of $109, 492, (unit price
adjustments).

03-08-60 683, 380 08-17-62 693, 203 Total amount includes

supplemental agreements
for standby time.

03-04-60
03-11-60
03-14-60
03-17-60
03-17-60
03-25-60
08-30-60
03-22-60
04-08-60
04-05-60
03-23-60

04-11-60

03-22-60
04-12-60
04-26-60
05-09-60
05-12-50
04-19-60
06-01 -60

615 03-05-60 615
1,500 03-21-60 1,554

725 03-14-60 725
19,550 05-13-60 20,416

336 03-22-60 336
84,400 11-30-60 250,436

1,159,504 1, 645,608
187 03-26-60 187

635, 562 08-23-61 752, 506
84,888 08-25-60 90,809

1,300,000 04-17-64 6,895,000
(Estimate)

72,800 10-31-60 83,495

03-24-60
04-29-60
06-06-60
05-13-60
01-26-61
04-19-60
01 -31-62

273
750

5, 538
1, 795

177,762
42

6, 449, 000

05-23-60 6,941 06-13-60
06-28-60 109,500 03-30-61

273
750

5, 538
1, 795

189, 776
42

4, 265, 484. 51 Superseded by CPFF
Number 11252 which
totaled $7, 236, 939. 00
for a grand total of

6,941 $11,502,423.51.

161, 569

1.

Ca
CO

00



TABLE III (cont. )

Subcontractor Description

s

0

w

s

r

s

s

0

E

s

N

Subcontract
Number

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

Original Actual
Date Amount of Completion

Awarded Subcontract Date

08-08-60
06-10-60
06-16-60
06-27-60
06-27-60
07-18-60
08-08-60
08-05-60
08-16-60
08-08-60
08-11-60
08-29-60
09-02-60
10-05-60
09-09-60
09-19-60

12-14-60
09-20-60
10-13-60
09-12-60
10-13-60
10-27-60
09-20-60

09-26-60
09-20-60
10-13-60
09-18-60
11-29-60
10-24-60
11-08-61
10-24-60
11-28-60

867, 961
82

5, 343
178, 500

2, 774
4, 580
1, 623
1, 552
7, 849

407, 500
3,413

24, 987
3, 282

238, 061
1,875

235, 076

477, 250
4, 000

264, 500
518

240, 154
11,357

385

1, 165
252

5, 720
5, 968

3, 437, 000
15, 748

140, 500
1,950

131, 447

03-30-61
06-16-60
07-27-60
11-10-61
07-27-60
07-23-60
08-16-60
08-25-60
09-07-60
10-11-61
09-01-60
02-22-61
09-27-60

09-22-60
01-05-62

10-04-60
01-12-62
09-13-60
01-31-62

09-23-60

09-28-60
09-27-60
10-11-60
06-07-61
12-21-62
11-18-60
06-04-62
11-01-60
12-28-61

Total
Amount Remarks

911, 112
82

6, 587
203, 827

4, 500
4, 580
1, 623
1,734
8, 686

562, 094
3,413

26, 065
3, 282

266, 010
1, 875

331, 503

736, 624 Incomplete
4, 231

292, 951
518

429, 705
15,818

385

1,165
252

5, 720
6, 657

5, 493, 622
17, 029

266, 169
1,950

145, 810

Bumstead-Woolford
Frank Lohse
J. P. Head Mechanical, Inc.
Cleveland Electric Company
Geo. A. Grant, Inc.
Frank Lohse
Sime Construction Company
Frank Lohse
Sime Construction Company
Puget Sound Bridge
Geo. A. Grant, Inc.
Automatic Sprinkler Corp.
Garrison Construction Co.
Graver Tank and Mfg. Co.
Frank Lohse
Hoffman Construction,
University Plumbing,
Industrial Contractors (HUICO)
Todd Shipyaras Corporation
Frank Lohse
Columbia Basin Steel
Jensen-Rasmussen and Beck
Power City Electric, Inc.
Robley L. Johnson
Foster Sheet Metal
Void
Frank Lohse
J. P. Head Mechanical, Inc.
Frank Lohse
Allied Sheet Metal Fab.
Drake-Cleveland Assoc.
J. P. Head Mechanical, Inc.
The Bay Company
Frank Lohse
Sound Constr. & Engr.
Void
Sound Construction Co.
Geo. A. Grant, Inc.
Drake-Cleveland Assoc.

Harder Ind. Contractors
Columbia Basin Steel
Fiberglass Engr. & Supply
Frank Lohse
Frank Lohse
Frank Lohse
The Tide Company
Void (Included in 88)
Geo. A. Grant, Inc.
H. Halvorson
Foster Sheet Metal
Geo. A. Grant, Inc.
Curtis Construction Co.

Demineralization Equipment
Repair Stairway
Install Air Conditioner
Install 230 kv Substation
Time Card Alley Bldgs.
Relocate T-C Bldg.
Wider Curve on Road
Sound-Proofing Rooms
Unload Iron Ore
Power House Superstructure
Relocate Buildings
T-C Sprinkler System
Relocate Metal Building
Tanks and Foundations
Modify Wood Truss
Pump House Superstructure

105-N and 109-N Doors
T-C Heaters
Reinforcing Steel
Unloading Equipment
105-N Embedded Elect.
Progress Photography
modify Graphite Duct

Relocate Metal Building
T-C Electrical
Relocate Buildings
105-N Embedded Sheet Metal
Electrical and Piping Systems
Steam Lines
Gas Facility System
Remodel Buildings AB and Y
166-N and 1614-N Buildings

Water Treatment Plant
Building Modifications
Gen. Construction - 109-N

Mech. 105-N Building
Erect Metal Pre-Fab
Install Steam and Water Supply
Concrete Slab
Relocate Building K
Relocate Mains and Building
184-N Standby Power House

Access Railroad PH. I
105-N Superstructure
Lines for Cleaning Tank
Chemical Unloading Facility
Processing Concrete AG

1,328,000
21, 950

1, 255
10, 580

690
82, 500

645, 989

15, 440
1, 307, 696

1,370
128, 800

39, 200

12-25-62
06-13-61
12-02-60
12-07-60
11 -23-60
01-27-61

03-17-61

01-09-61
03-09-62
03-08-61

1, 638, 211
22,810

1,308
10, 580

690
83, 841

1,412, 125

18, 035
1, 660, 656

1,370
180, 796

55, 372

01

Termination Settlement
includes assumed amount
of $850, 000 for
Tom Beck claim.

Co
CAD
CD

12-12-60 853,886 08-22-62 975,737
11-04-60 3,940 11 -20-60 4,015
12-21 -60 7, 687,000 09-28-62 12,878,000

57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

72
73
74
75
76
77

78
79
80
81
82
83
84
85
86
87
88
89
90

12-16-60
11-15-60
11-18-60
11-09-60
11-23-60
12-08-60
01-12-61

01-09-61
01-27 -61
12-28-60
01-23-61
01-17-61



TABLE III (cont. )
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Original Actual
Date Amount of Completion

Awarded Subcontract Date
Subcontract

Number

91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113

25, 390
3, 540

320
57, 572

475
1,426,983

4, 290
38, 924
73, 900

7, 100
3, 488
7, 200

427, 000
1, 212,005

6, 835
3, 206
7, 745
4, 497
3, 480

640
7, 345

06-05-61
02-24-61
01-23-61
10-27-61
02-10-61
02-08-63
04-12-61
12-01-61
06-28-62
04-28-61
05-07-61
06-14-61
01-18-63
06-01-62
06-15-61
06-08-61
07-06-61
09-05-61
07-13-61
08-21-61
12-28-61

Total
Amount

38, 201
3, 540

320
57, 572

475
2, 182, 463

4,410
38, 924
94, 267

9, 140
4, 028
9, 053

592, 761
1,266, 205

7,210
3, 346
8, 145
3, 797
5, 500

640
10, 120

Remarks

Negotiated cancellation.

Subcontractor Description

Geo. A. Grant, Inc. Relocation of Buildings
Raymond J. Britton Modify First Aid Building
E. J. Bartells Co. Insulate Boilers and Heaters
M. W. Kellogg Co. Exhaust Stack and Foundation
Foster Sheet Metal 2101 Building Equipment Mod.
Sound Construction Pump House and Substation
Duke's Electric, Inc. T-C Telephone Cable
Precision Engineering Cleaning Facility T. Shop
Lord Electric Company, Inc. 105-N Exposed Conduit
Raymond J. Britton T-C Office Space
Tri-City Painter's, Inc. Blast and Paint Decking
Frank Lohse Insulate and Roof Airlock
Rasmussen-Beck, Inc. Exhaust Filter Building
Sime Construction Co. Drains, Overflows, Weirs, Etc.
Geo. A. Grant, Inc. Relocate 6 Metal Buildings
Frank Lohse Building Lean-to on Warehouse
Hanford Piping, Inc. Heat and Ventilate AD Building
E. J. Bartells Piping Insulation
Frank Lohse Dewater 6 Compartments
Frank Lohse Waterproof Vault
Hanford Piping, Inc. Repair Boiler No. 1
Void
Fiberglas Engr. and Supply Pipe Insulation

J. P. Head Mechanical, Inc. M and E for Testing Pump
Rasmussen-Beck, Inc. Waste Valve Pit
Consolidated American Clean Tubes in 105-N
Pittsburg Testing Laboratories Quality Control - Primary Pipe
J. P. Head Mechanical, Inc. Repair Inlet Piping

J. K. Campbell, Limited Pipe Insulation
Frank Lohse Concrete Placement
L. W. Vail Company Temporary Roofing
J. P. Head Mechanical, Inc. Tube Oil Piping - 109-N
Chicago Bridge and Iron Chemical Waste Tank
J. P. Head Mechanical, Inc. Steam System Piping
Frank Lohse Concrete Work - Pump House
J. P. Head Mechanical, Inc. Piping for Cells 1 and 2
Frank Lohse Concrete Work - Chemical

Waste Tank
Fred A. Snyder Roofing - 105-N and 109-N
Fiberglas Engineering Insulation - CPFF
Hoffman Construction, Helium Supply Line
University Plumbing,
Industrial Contractors (HUICO)
E. J. Bartells Insulation - 109-N Roof Piping
Harder Ind. Contractors Jumper Piping
H and B Painters Paint 1310 Area
Combustion Eng. Venting 10 HEX
Combustion Eng. Repair HEX 1A and 1B

07-05-61
02-17-61
01-23-61
03-14-61
01-30-61
03-27-61
03-20-61
04-21 -61
04-14-61
03-24-61
04-04-61
04-13-61
05-12-61
06-21 -61
05-17-61
05-19-61
05-19-61
06-19-61
06-23-61
07-28-61
09-11-61

11-27-61

12-07-61
07-12-62
12-20-6'

04-23-62

08-23-62
10-09-62
11-14-62
09-13-62
03-01-63
01-10-63
03-22-63
04-02-63
05-14-63

06-25-63 84,770
07-08-63 899,216
05-28-63 4,739

07-23-63
07-29-63
07-29-63
03-17-64
03-18-64

219, 113
13, 200

3, 180
9, 900

CPFF
(7, 600)

09-10-62
04-17-62
03-02-62

09-07-62

10-21-62
01-25-63
04-01-63
07-15-63
06-27-63
05-15-63
08-16-63
09-07-63

06-16-63

08-15-63

38, 389
31, 176
12, 675

15, 809

592, 626
2, 586

400
160, 000
70, 250

596, 902
35, 400

238, 047
25, 430

86, 638
899, 216

5, 141

240, 153
15, 315

Terminated
AEC Contract
Original contract price
includes $1, 597.00 for
added work by reason of
a supplemental agreement.

AEC - Incomplete

7, 482
Co3

W.
CO

39,002 11-09-62 45,892 Original contract price
includes $13,966.16 for
added work through
supplemental agreements.

114
115
116
117
118

119
120
121
122
123
124
125
126
127

128
129
130

131
132
133
134
135

36, 185
24, 900

5, 660

16, 249

221, 684
2, 586

400
160, 000

71, 960
495, 000

35, 400
210, 000
25, 430

1
FP
1G



APPENDIX

SELECTED PROGRESS PHOTOGRAPHS AND CHARTS
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FIGURE A-10

December 19, 1962
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105-N Transfer Basin
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Reactor Front Face
(December 10, 1962)
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-tE ' igh temperature, high pressure primary piping system,
ich circulates reactor cooling water, contains 2500 tons of

carbon steel. This is enough steel to build a 10" diameter
column of pipe 15 miles high. The use of carbon steel, instead
of the more expensive stainless steel, is a pioneering advancement
ir reactor tec'' ?-- '
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