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DISCLAIMLR

The contents of this Report are not to be used for adve-tising, pu ti-
cation, or promotiohal purposas. Citation of trade names doss nec'. consti~
tute an official endorsement oy spnroval nf the use of guch comerziul prod-
uets, The findings of this raport are not to be construed as an official
Departmant of the Awmy position, unless so designsted by other suthorizsd
documents.
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SECTION 3: PLANT DESIGN AND COST ESTIMATE 0cT

T
oo
3.1 Site Description B

The plant site, Site 3, discussed in Section 2, is located at the north

end of a hill bounded by the Ztroubles Creek on the north and east and by Geese
Creek on the west. The terrain along the plant north-south direction varies
from elevation 1,850 feet to elevation 1,930 feet in approximately 800 feet.
The slopes of the hill flanks adjacent to the site are very steep varying from

1l:1 to 1:3. East of the site adjacent to the Stroubles Creek is located

State Route No. 1l14.

Drawing 6390.002-S-001 shows the site topography; a detailed description of

this site including subsoil investigations have been discussed in Section 2.

3.1.1 Site Development

3.1.1.1 Earthwork

Earthwork is proposed to create three (3) plateaus as follows:

Plateau No. Purpose Nominal Elevation Acreage
1 Main plant buildings 1,850 5
2 Cooling towers 1,880" 2
3 On-site construction fac. 1,920 9

The plateaus listed above reguire substantial earthwork consisting of approxi-

mately 330,000 c.y. of soil, 45,000 c.y. of soft shale and 100,000 c.y. of hard

shale excavation. The soil excavation is planned to be done with the use of

bulldozers, blading the soil to each side of the site. The soft shale excava-

tion is expected to require a ripping operation prior to blading. The hard

shale excavation is expected to require blasting prior to blading by bulldozers

to each side of the site. No dewatering is expected to be necessary because

of the well drained condition of this site. A siltation pond with interxcepting
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ditches will be required during construction to preclude the siltation of exist-

ing streams and rivers. This siltation pond ig proposed to be located south

and adjacent to the Stroubles Creek, northwest of the plant site.

3.1.1.2 Site Access

Rail access is not proposed for this site due to technical difficulties

and high costs which are imposed by the site's topography.

The trend of transportation of construction material by truck has been
increasing in the past decade because of greater reliability. Also, fuel and
materials required during plant'operation can be transported by truck. There-
fore, only road access is proposed for connecting this site to State Route No.

114, Furthermore, improved security results from only one means of access.

3.1.1.3 Constructiorn Facilities

A plateau at elevation 1,920 feet with an area of approximately nine

acres is proposed for the following onsite construction facilities:

o0 Change house
o Main office
o Construction parking

o Subcontractor trailer area

0 Toilet anhd wash hous ‘ ;
e AGCESSION fix - ,/§
o0 Sewage treatment plant nis White Section &/ ;
pie Buff Sectlor ’
o Pipe shop UHARNOUNGER
JUSTIFIGATION. cocecrssnmsnanssrnonence
o Electrxical shop
0 Temporary power substation "
DISTRICUTION/AVAILABILITY COOES
TTHM. AL, 208, SPEBINL
ﬁ ' -~ 1 !
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An area measuring approximately 100 feet x 225 feet is provided near the reactor
building for liner fabrication. Another area of approximately 21 acres is
required for the following off-site construction material storage and facilities:

o Batch plant

0 Rebar laydown

o Lumber yard

o Pipe storage

o Warehouse

o Gas and diesel pumps and tanks

o Cable yard
This off-site construction area is proposed to be located north of State Route

No. 114, adjacent to the site access road.

3.1.1.4 Foundations

The main plant building and structures are proposed to be founded on

rock.

3.1.2 Implications of Site 3 on Plant Cooling System

Due to the elevation of Site 3, the choice of cooling .systems must be
carefully made on the basis of parameters such as the pumping power required
for a once through cooling system versus the cost of cooling towers. This choice
is discussea in detail in subsequ;nt sections., In addition to the above, certain
changes have been imposed on the PE-CNSG-Reboiler-TG design as originally conceived
by B&W (Reference 1 ). These changes are discussed in subsequent sections as
well. These modifications are only applicable to the secondary systems; the

NSSS itself and related nuclear systems have remained unchanged.

3-3
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3.2 PE-CNSG Technical Description

3.2.1 Basis for Present Plant Design

The Radford plant is based on the land based PE-CNSG concept developed
by the Babcock and Wilcox Company in conjunction with UE&C under ERDA Contract
E(11-1)-2477 as described in Reference 3-1, A Small Pressurized Water Reactor
for Process Energy. 1In that effort, UE&C developed two separate land based
conceptual designs to produce 1,090,000 lbs/hr process steam in one case and
91 MWe electricity in the other case, both at the Middletown Site. For each,
capital costs, operating and maintenance costs, construction schedules, and
overall balance of plant, including a wet versus déy refueling scheme evalua-

tion and a seismic analysis of the overall PE-CNSG loadings were developed.

NSSS Description

The PE-CNSG NSSS is a 313 MWt pressurized water reactor witﬂ a set of 12
modular once-through steam generators and an oversized pressurizer. The steam
generators are positioned inside the reactor vessel in an annulus above and
radially outside the core. The pressurizer is an external, electricity heated
vessel connected to the reactor by a large surge line. The reactor vessel is
a thick-walled, stainless steel clad, carbon steel vessel measuring 157 inches
in diameter and 34 feet, 8 inches from head to head. The reactor core consists
of 57 fuel assemblies of 200 zircalloy-4 clad fuel rods each arranged in a
15 x 15 array. Each assembly has an active fuel length of 72 inches. Each fuel
rod has a diameter of 0.430 inches. The -array includes 24 control rod guide
tubes, which can accommodate a movable control rod guide assembly, a burnable
polson rod assembly, or an orifice rod assembly to reduce bypass flow. The
reactor is controlled by 17 control rod assemblies which are powered by their

respective CRDMs. Control rxod scram insertion is by gravity.
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The reactor coolant system incorporates four vertically mounted wet-motoxr
single stage pumps having a combined capacity of 18,950 gpm at 106 feet of
head. Twelve modular once through steam generators each with 933 one-half

inch (OD) Inconel tubes are arranged in a circle inside the reactor vessel.

Reactor containment is provided by a free-standing, bottom-supported
steel cylinder 38 feet in diameter and 67 feet high with an upper elliptical
head. This section includes a removable centexr piece for refueling as well

as for installation and servicing of reactor components.

Electric Plant

For the NSSS and under the contract described above, UE&C developed the
balance of plant conceptual design for an electric genérating plant which
converts steam from the secondary side of the steam generator of the PE-CNSG
into electric power. To assure system compatibility with the steam conditions
of the PE-CNSG, turbine generator suppliers were contacted. General Electric
Company proposed a 3600 rpm tandom, compound form flow steam turbine with
direct coupled 105,000 KVA, 3600 rpm, three phase 60 Hertz, hydrogen-cooled
synchronous generator in congruence with a heat balance. From the turbine
design information, heat balance, and cost information also presented by
General Electric, the main and supporting systems, building design and
arrangement, and costs were developed. See FPigure 3-1 for the electric

generation heat balance diagram.

Process Steam Plant

The secondary system process steam plant developed by Babcock and Wilcox
employed U~tube rebolilers to transfer heat from the secondary side of the steam
generators located within the reactor pressuyre vessal to the tertiary or process
steam system. The B&W-designed reboilers were designed for secondary
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steam from the PE-CNSG condensing in the tubes and process fluid being heated on
the shell side. Secondary steam entered the reboilers at 700 psia and 538°F
(35°F superheat) and exited slightly subcooled at 675 psia and 497.4°F with a

total flow rate of 1,254,000 lbs/hr. See Figure 3-2.

The tertiary or process system, again developed by B&W, was designed as
a closed system with condensate return to the reboiler train under the assumeed
conditions of 250°F and atmospheric pressure. The }eedwater system under
these conditions was designed for dearxation and pressure boosting by feedwater

pumps before entering the shell side of the feedheater which would raise the

—

temperature from 250°F to 367.2°F for preparation for entry to the reboilers.
Process steam under these conditions ;gs designed to exit the reboilexs at
482.6°F and 580 psia at a flow rate of 1,090,000 1b/hr. 3ee Figure 3-3. wer
overall system thexmal output results if process condensate is not retu a

at the assumed conditions.

Furthermore, the tertiary system design was based on the assumption that
process condensate is available at a purity described in Appendix F, Table 1

of Reference 3-1. If condensate does not meet the purity requirements, additional

water treatment facilities would have to be provided.

Utilizing the above described Babcock and Wilcox designed NSSS/Reboiler
System for process heat, UE&C developed the preliminary concept: il design for
the balance of plant including the refueling scheme, NSSS auxiliary and support
systems, process support systems, equipment layout, arrangement for all build-
ings and structures, and an overall plant arrangement. For-this process steam

plant, the corresponding construction methods were also developed to take
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advarntage of the unique features of the PE-CNSG that accommodate a shorter con-
struction schedule. Capital costs arA operating and maintenance costs were
then developed for the plant., The results of this effort are contained in

Reference 1.

3.2.2 Specific Requirements of the Radford Plant

Whereas in the previous study two separate plants were addressed to
produce steam and electricity for the case of RAAP a specific requirement
was that a mix of steam and electricity from the same plant would
be considered. Furthermore, the previous study was performed for the Middle-
town site, where no constraints were placed on the PE-CNSG by the steam user.
The fact that no condensate return is available at RARP places definite system
requirements which differ from the previous case. Therefore, modifications to
the balance of plant as well as modifications to the B&W reboiler design for

procesis steam were required,

Other modifications were also required due to the physical location of
the plant and water gquality limitations at RAAP., These site character-
istics affected the cooling system choice, and required that a water treatment
faciliiy be provided. These changes are outlined below and discussed further

in subsequent sections.

3.2.2,1 Mix of Steam and Electricity

The recommended mix is developed on certain premises and major factors
appertaining to RAAP. A major assumption is that 400 psia saturated steam at
the main plant diztribution header is acceptable to meet end use requirements.

Since most end use requirements need steam at 100.psia or less, and existing
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boilers, used primarily for extraction and condensing turbines, produce steam
at 450 psia, 750°F, inefficiency results when boller steam is used for process

requirements. It is, therefore, assumed that desuperheaters will be installed.

From this basis, an optimum mix was developed by economic evaluation and utiliz-

ation comparisons. The recommended mix is 570,000 lbs/hr., 450 psi 493°F ex-

port steam to the main plant distribution header and 30 MWe of electxic
generating capacity.

A combination Turbine Generator/Process Steam System was conceptually
designed to produce the recommended mix as closely as possible within the

limitations of the Turbine Generator/Process Steam equipment. Figure 3-4 shows

the heat balance for which. the systems were designed.

The availability of suppliers for the turbine generator was investigated,

and quotations as well as related design information was obtained. General

Electric Company and Worthington Corporation were found to be willing to con-

sider supply of the turbine generator. See references for correspondence
and acknowledgements.

Specific details and approach for the selection of the optimum mix warrant

careful attention and are presentsd in Section 4. The recommended mix is

used as the design criteria for the PE-CNSG Radford installation plant.
3.2.2.2 Condensate Return

Reboiler design is altered because condensate return is not provided by
RAAP. To overcome this design constraint which results in insufficient process

steam quantities at required conditions, a modified system was designed using

3-8
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vendox-supplied data. Southwest Engineering Corporation provided information
which was used to include an evaporator and superheater combination that re-

places the previously proposed reboiler.

3.2.2.3 Cooling System

Characteristics of the site required investigation into selection of the
type of circulating water systems to be employed. Three alternate circulating
water systems were considered. Section 3.4, Comparison of Alternate Condenser
Circulating Water Systems, gives design information, cost estimates, and
engineering rationale from which the selection of a closed system with mechani-

cal draft cooling towers was made.

3.2.2.4 Water Treatment System
Since water cannot be provided at RAAP at a purity level required for
the process feedwater that was assumed in the previous study, a water treat-

ment facility to meet these requirements was conceptually designed.

3.2.2.5 Steam Distribucion System

The interface with RAAP's existing steam distribution system, a steam

supply system which transports process steam from the PE~CNSG to the existing

steam distribution system was desiocned.

T e ane e

3.2.2.6 Electrical Distribution System
To meet RAAP's particular requirements and the mix requirements, the

design of the interface of the electrical distribution system was necessary.

Fr—

3.2.3 ‘Turbine Generator and Process Steam Systems Description
The turbine generator system and the process steam system are once through,

parallel systems which convert steam, from the seconda*v side of the steam

3-9
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generators, to electric power and process steam, respectively. Feedwater is
returned after condensing to the steam generators by common feedwater pumps.
Oof the 1,254,000 lb/hr of main steam produced by the PE-CNSG, 454,000 lb/hr are
directed to the turbine and 800,000 lb/hr are directed to the process steam

system,

3.2.3.1 Turbine Generator System

The turbine generator system converts heat into electrical energy by
means of a secondary heat transfer loop. Heat from the reactor is transferred
to this secondary loop by the steam generator. To ensure flexibility and con-

trol under transient conditions, a turbine bypass .system has been employed.

Turbine Generator

The turbine generator consists of a 3600 rpm, 29.9 MWe single flow non-
reheat steam -turbine with a direct coupled, 35 MVA, 3600 xpm, three phase 60
Hertz, air-cooled, synchronous generator. The turbine oil system is used to

seal the generator shaft and provide all lubrication.

Of the 454,000 1b/hr steam directed to. the turbine generator system,
377,000 1b/hr,'538°F, 700 psia steam passes through the turbine to the con-~
denser with the remaining extraction steam being used for feedwater heating

under normal operation conditions.

Condensate System

Steam is exhausted from the turbine to a two pass condenser normally
operating at 2 inch Hg vacuum. Vacuum is maintained by two full capacity vacuum

pumps. Condensate from the condenser is pumped to the deaerator by two

3-10
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vertical csnned 670 gpm condensate pumps. The deaerator is an open heat ex-
changer tank which directly mixes the condensate with extraction steam pro-

ducing 403°F, 650 psia feedwater.

The condensate inventory is maintained with a 40,000 gallon condensate
storage tank and transferred to the condensate system via a 20 gpm condensate

transfer pump.
To maintain quality of the feedwater, condensate polishers are employed.

Feedwater System

From the deaerator, feedwater is boosted in pressure by the 670 gpm con-
densate booster pumps. This feedwater joins the feedwater from the process
heating steam flow-path and is pumped to the suction of the steam generators
by the motor driven 2,500 gpm main feedwater pumps. Feedwater enters the

steam generators at 850 psia and 403°F.

Circulating Water System

The circulating water system removes heat from the condenser and the
secondary component cooling water heat exchangers., Heat is rejected to the
atmosphere by a mechanical draft cooling tower. Cooled water is collected in
the cooling tower basin, pumped through ‘the condenser and back to the cooling

tower by two vertical, wet pit, 18,134 gpm, circulating water pumps.

3.2.3.2 Process Steam System

The criticality of specific requirements of the recommended mix and the
implications of turbine limitations on the design of the process steam system
equipment necessitated contact with vendors for more detailed design information.

Southwest Engineering Corporation and Chicago Heater provided significant
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information and costs to address these concerns. [t was found that single
stage heating of the process flow as in the ERDA study waw unacceptable for

the temperature requirements of the Radford Arsenal. A two stage system con-
sisting of an evaporator and superheater was found necessary for the conditions

of the recommended mix.

The process steam system transfers heat from the reactor to the process
steam system by means of a secondary heat transfer loop. Heat from the reactor

is transferred to the secondary loop by the steam generators located within the .

PE-CNSG and given off to the process stecam system by evaporators and superheaters.

Secondary System

Three shell and tube evaporatorc and superheaters arranged in parallel
take 800,000 1b/hr steam from the secondary side of the steam generators to
heat process feedwater for process steam requirements. The system is designed
to produce 26°F superheated process steam. The second;ry steam enters the
superheater and evaporator train at 700 psia 538°F and exits to a drain resex- .
voir at 675 psia, 497°F, where the fluid level is monitored and controlled.

Flow continues to the tube sidé of the feedwater heater where heat is given
off to preheat the process (or tertiary) feedwater. From the feedwater heatex,
the flow at 650 psia, 403°F continues to the mair. feedwater pumps discussed
in Section 3.2.11 where feedwater from turbine generator system joins bhefore

entering the inlet side of the steam generators.

A secondary chemical addition system and sampling systom, consisting of
letdown coolers, condensate filter, chemical aadition drums and pumps, and

sampling points, is employed to maintain proper water quality.
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3.2.3.3 Secondary Auxiliary Systems

Closed Cooling Water System

A separate closed cooling water system is provided to remove heat from
the secondary plant components of both the turbine generator system and the
process steam system. It includes three 1,000 gpm pumps, three shell and tube

heat exchangers, and a 200 cu. ft. surge tank.

River Water System

‘ The rxiver water system provides water for makeup to all requiring systems.
It consists of an intake structure on which trash racks, traveling screens,
screen wash pumps, de-icing pumps and river water intake pumps are mouhted.

Chlorination is introduced at the traveling screens to prevent algae buildup.

Water Treatment System

The water treatment system employs gravity filters, a clarifier, and
vacuum filters to provide makeup water requirements to all systems requiring
treated water. A detailed description of the water treatment system ig given
in Appendix 4.

Cation and Anion unit demineralizers are used for the necessary deminer-
alized watexr requirements.

Diesel Generators

Two 1500 kW diesel generators complete with controls, fuel oil storage

and transfer facilities are provided for emergency back up power.

3.3 Plant Layout
The main features of the site which affect the design and cost of the

Radford PE-CNSG plant are a closed cooling water (circulating water) system which
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rejects heat from the condensers and heat exchangers to “he atmosphere by means
of mechanical draft cooling towers, the subsoil conditiors of soft shale and
hard shale requiring excavation, and the necessity of constructing an access

road to the site.

The plant layout is shown in Drawing 6390.002-D-001. The plant consists
of a reactor service building which contains the PE-CNSG, its containment, and
all supporting nuclear auxiliary systems; a contrxol building, a diesel gener-
ator building with an adjacent turbine service building; an administration
building; an intake structure; an ultimate heat sink cooling tower, a condenser

cooling tower; and, miscellaneous buildings such as gatehouses, parking areas, etc.

In the main building area, the nuclear, Seismic Category 1 structures are
separated from the turbine/process buildings by & piping tunnel which facili-
tates simultaneous construction and access. The cooling tower area is located »

south of the main plant structures on a higher nominal elevation.

.

The reactor containment vessel is located inside the reactor service
building. Normal personnel access to the containment is provided by an air
lock at builQing elevation 46'-0". Refueling access is provided aﬁ the top
of the containment by a removable 1id. Access to the area under the reactor

vessel is provided by an access tunnel and bolted containment closure.

3.3.1 Reactor Service Building .
The reactor service building is a tornado-proof, Seismic Category I struc-~

ture founded on a mat foundation with reinforced concrete exterior walls,

interior walls, and roof. The heavy supports required for.the refueling crnal .

are reinforced concrete columns. The floors are reinforced concrete on metal

3-14

[FRUSR DU . e o e — = r———— =

L4,

AR a5 S v e e e e e - .- .- Rp— [P

ey e b g L 4




floor decking supported by structural steel floor framing, The layout of sys-
tems within the reactor service building is based on past experience with large
nuclear power plants. The location of major equipment is shown on drawings

6390.002-D002 to 008, ghjelded cubicles are provided for potentially radio-

active handling equipment. The building layout is so designed as to minimize

piping runs and interferences, and to shorten construction schedules.

The refueling system employs a conventional method of wet refueling, where
all operations are performed under water. Underwater transfer of spent fuel
assemblies provides an effective, transparent radiation shield as well as a
reliable cooling medium for removal of decay heat. The use or borated water

provides an added safety margin that will ensure suberitical conditions during

refueling.

The reactor service bridge crane is rated at 250 tons to handle the 180
ton weight of the reactor vessel closure head, including its service structdre.
reactor coolant pumps, and control rod drive mechanisms. The main hook is
rotatable and has a sister hook for redundancy. Rail stops permit laydown of
the containment lid and restrict the main hook from traveling over gpent fuel.
The Efuel and cask handling bridge crane is rated at 125 tons to handle the
spent fuel shipping cask. Rail stops permit access to the. centerline of the
cask loading and cask maintenance pits, and restrict the main hook from travel-
ing over the new fuel storage vault. Two monorails attached to the crane
girders handle new fuel assemblies. These hoists permit five ton coverage
outside the main hook limits. This crane lowers a filled shipping cask

through hatches to a truck below.
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3.3.2 Control Building

The control building is a tornado proof, Seismic Category I structure
founded on a mat foundation with reinforced concrete exterior walls and roof.
The floors are reinforced concrete on metal floor decking supported by struc-

tural steel framing. Space is provided for control boards, computer equipment,

relay racks, etc.

3.3.3 Diesel Generator Building and Diesel Fuel 0il Storage Building

The diesel generator building is a seismic Category I structure. The
diesel generators are housed in separate compartments for independency. The
fuel oil storage building is a concrete reinforced vault with the roof at
grade elevation. The fuel oil storage tanks are also housed in separate com-

partments. The design is such that an oil spill or fire can be easily contained.

3.3.4 Ultimate Heat Sink Cooling Tower
The ultimate heat sink cooling tower is also a nuclear, Seismic Category

I structure. Cooling is supplied to the nuclear component cooling water sys-

tem by means of a two cell mechanical draft cooling tower.

3.3.5 Intake Structure

The intake structure is another Seismic Category I structure which supplies
makeup water for all plant needs. The intake structure is designed for a :

water velocity of 0.5 fps through the screens fox fish escape.

3.3.6 Turbine/Process Building

The turbine/process building is a metal gided, structural steel framed
building which rests on reinforced concrete footings. A reinforced concrete

grade slab and reinforced concrete on metal decking comprises the interior
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floors. The built up roofing is supported on structural steel trusses. The
turbine generator is supported on a reinforced concrete pedestal foundation
and is situated in a position that excludes all Seismic Category buildings
from a 25° angle measured from the perpendicular of the shaft taken at the
nearest turbine blade. The pr;cess reboilers are supported on reinforced

concrete foundations.

3.3.7 Turbine Service Building
The turbine service building is a metal sided, structural steel framed

building which houses the auxiliary boilers, machine, and tool shops.

3.3.8 Administration Building
The administration building is also a metal sided, structural steel

framed building with built up roofing and supported on reinforced concrete footings

3.3.9 Condenser Cooling Tower
The condenser cooling tower is a mechanical draft tower which provides

cooling for the circulating water system.

3.3.10 Miscellaneous
Very large equipment such as large tanks (demineralized water storage
tank, condensate storage tank) and plaat transformers are located outside the

main buildings. Minimal weather protection is provided for the outside equipment.

The entire facility is enclosed by a security fence. The relatively
small area of the plant with its single access provides a favorable condition

for plant security.
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Two independent off-site power sources, the diesel generator, and the DC
systems, ensure a reliable power supply for the plant's critical systems,
Figure 3-5 shows the plant key one line diagram. See drawings 6390.002~D-001
to D-008 for building arrangements. -

3.4 Comparison of Alternate Condenser Circulating Water Systems

A preliminary analysis was performed to compare the costs of three al-

ternate circulating water systems:
o once-through cooling system
o mechanical draft cooling tower system

0 natural draft cooling tower system

Due to the large difference in elevation between river level and turbine
process building grade, which requires that the once-through circulating water
system employ high head circulating water pumps, an investigation was made into

incorporating a recovery turbine in the discharge of the cooling system.

The systems were designed using the following engineering data:

Once-through Mechanical Natural Draft
Degsign Parameter Cooling Draft.Cooling Cooling

Condenser heat- 290 x 106 Btu/hr 290 x 106

Btu/hr 290 x 106 Btu/h:
rejection rate

Turbine back 1.5 in. HgA 2.0 in. HgA 2.0 in. HgA
preasure
Inlet water temp. 70°F 80°F 80°F
Wet bulb temp. - 72%F 72°F
3-18
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The following cost comparison was based on information supplied by ven-

dors' and current cost data.

SUMMARY OF COST ESTIMATES

Once~Through Mechanical Draft Natural Draft

Direct Cost Ccoling System Cooling System Cooling System
Condensexr $518,000 $488,000 $488,000
Circulating Water .
Piping 581,000 156.000 156,000
Circulating Water
Pumps and Motors 191,000 162,000 162,000
Intake Screens and
Intake and Dis-~
charge Structures 231,500 13,500 13,500
Cooling Tower - 614,000 3,600,000
Makeup and Blow-
down Facllity - 147,600 147,600
Recovery Turbine 96,000 - -
Total Direct $1,521,500 $1,581,000 $4,567,100

w/o Recovery Turbine
Capital Cost $1,617,500
{excluding w Recovery Turbine
pumphouse)
Aux. Powex 1800 kW
Requirements w/o Recovery Turbine

720 kW 1000 kW 660 kW

o R o g SRR R e oy

w Recovery Turbine

The results of the analysis indicate that direct capital costs and auxil-
iary power requirements for the mechanical draft cooling tower system are com-
parable to the once-through cooling system. After considering factors such

as expense, effort, and time delay involved in assessing the environmental
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impact of the once-through cooling system in anticipation of meeting govern-
mental regulations, it is judged that the mechanical draft cooling system is

a more viable alternative.

3.5 Steam Distribution System

Overriding economic considerations preclude that the interface of the
PE-CNSG steam generating plant with the steam distribution system be accom-
plished by maximum utilization of the existing steam distribution system
with a minimum of new steam supply piping. The steam distribution interface
is attained by the installation of two new steam supply lines. These lines
consist of a main supply line from the PE~-CNSG steam generating plant to the
existing distribution header at Boiler House No. 1, and a branch line from
the existing distribution header at Boiler House No. 1 to the existing horse-~

shoe header at Boiler House No. 2. ’

The installation requirés several thousand feet of piping which crosses
creeks, roads, railroads, general plant areas, and the New River. Construc-
tion, maintenance, and topographic limitations prevent a straight line layout
of the steam supply lines. The general routing of the new supply lines is

shown cn Drawing 6390.002-S-001.

Optimum pipe sizes have been selected and pipe wall thicknesses have
been established to satisfy the requirements of the Power Piping Code ANSI
B31.1~1973 and succeeding addenda. General engineering data of the two

steam supply lines is given on the following page.
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Main Line Branch Line from
from PE-CNSG to Boiler House No, 1
Boilexr House No. 1 to Boiler House No. 2

Flow, lb/hr 570,000 150,000
Pressure, psia at inlet required 450 400
. 400 200
Temperature, °F 493 472
Pipe Material cs (of
Pipe diameter, inches 24 12
Pipe wall thickness, inches - 0.5 0.25
Pipe Schedule XS 20

The new steam supply lines are designed to be installed above ground with
concrete supports, except at river, road, or railroad crossings. The 24 inch
diameter main supply line is designed for fixed type supports spaced at 300
feet with sliding type supports spaced at S50 feet. The 12 inch diameter branch
line is designed for fixed type supports spaced approximately 210 feet apart

with sliding type supports every 35 feet. See Figure 3-6 for support details.

A double wr&pping of mineral wool insulation with corrugated aluminum
jacketing is employed. Expansion loops are provided for thermal expansion and
contraction of the lines., Condensate is removed by drains at appropriate in-

tervals employing steam traps and standard hotwells embedded in rock or gravel,

For the portions of the steam supply lines which are installed undex-
ground, "Ric-Wil" prefabricated insulated piping is used in conventional trench
type installations. "Ric-Wil" prefabricated manholes are used at underground

entrance and exit points. See Figure 3-7,
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The routing of the steam supply lines requires clearing and grading of
several hundred feet of wooded areas, underground crogssings of creeks,
roads, and railroads, and an underground trench-laid crossing of the New

River. See Figure 3-8 for typical cross-section.

3.6 Special Engineering Safeguards

Due to the latest inherent potential hazard of munitions explosions in
the plant site vicinity, an investigation into special safeguards to ensure
nuclear systems integrity is necessary. Section 2 has presented a postu-
lated, "worst-case", explosion which occurs east of the nuclear plant site
involving a truck transporting TNT. The postulated explosion shock wave
over-pressure was determined to be 10 psi as stipulated in Section 2 and is
considered to be a worst case. 'This criteria was used for a bazic static
pressure analysis. Seismic Category I buildings have been designed for
tornado missile impingement, therefore, explosion migsile impingement will

require no additional design considerations.

A basis static pressure analysis was performed for all Seismic Category
I buildings which would be exposed to a shock wave from the postulated ex-
plosion location. The structures considered are the Reactor Service
Building, Diesel Generator Building, Diesel Fuel Oil Storage Building, and
Ultimate Heat Sink Cooling Tower. It was found that certain structures
would require "hardening" to withstand the shock wave overpressure. The
hardening would consist of additional concrete and reinforcing steel for

exterior walls.
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The additional concrete and reinforcing steel

required for the struc-

tures was estimated and the additional costs that would be incurred were as-

signed. The following table presents these quantities and corresponding costs.

Additional Quantities Required

for Hardening Estimated Cost

Reactor Service Building
Concrete 1,280 cy
Rebar 900 tons

Diesel Generator Building

Concrete none &2»
$ 826,000

Rebar 56 tons
Diesel Fuel 0il Storage Building
concrete none

Rebar none

Ultimate Heat Sink Cooling Tower

Allowance 250,000
Subtotal - $§1,076,000
20% Contingency ’ ___224,000
TOTAL ADDITIONAL DIRECT COST $1, 300,000

Because the Diesel Fuel 0il Storage Building i
with grade at roof elevation, no additional concrete
required. The Control Building is shielded from the

cation by other structures.
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The investigation that was performed is basic and preliminary in nature,
but it does reflect orxder or magnitude results. In particular, the shielding of
the control building is mentioned only in a qualitative fashion since no calcu-
lations were performed to take_this into account. Nor have any detailed
calculations of shock-wave behavior been carried out. An in-depth, dynamic
analysis would be required for more exact conclusions. However, it should
be recognized that the 10 psi predicted from the -explosicn is not a detailed
calculation either; and, is conservative. Should detailed analysis be con-
templated in the future, it is clear that the 10 PSI prediction would be the
first item to be considered. However, in any case, it appears on the basis
of these results, that a major impact on the overall cost of the plant does
not result from this added protection: and certainly not enough to alter the

conclusions of the economic evaluation of Section 4.
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3.7 Equipment List

The following Equipment List describes those components which form part
of the B&W PE-CNSG and related Balance of Plant equipment. Each of the compo-
ments is briefly described in terms of design pressures, temperature flow,

capacities, materials, etc. sufficiently to correlate these with the Cost

Estimate of Section 3.8.

As a convenience for cross-referencing between the Cost Estimate and
the Equipment List, the account number has been added at the left-hand column
of the Equipment List. These account numbers are intended to correlate with

equipment identified in the Cost Estimate.

This equipment list is based on the equipment list generated for the
ERDA study by B&W previously discussed in Section 3.2.1, Basis for Present
Plant Design. It reflects, however, the changes made necessary to modify
the design of that study so that it satisfies the requirements of RAAP, as

described in Section 3.2.2, Specific Requirements of the Radford Plant.
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Account No.

EQUIPMENT LIST

Description

212.22 HEATING & VENTILATION SYSTEMS (Containment Structure) .

Containment Dry Well

Cooling System

Reactor Compartment
Ventailation System

Containment dry well cooling system
moisture separator and cooling units
complete with cooling water coils,
demisters, HEPA filters, centrifugal
fans with motors, carbon filters,
automatic controls, and ductwork with
control rod drive cooling subsystem.

Air tempering units complete with fan,
motoxr, steam coils, filters, controls,

and distribution ductwork. .
213,22 HEATING & VENTILATION SYSTEMS (Process/Turbine Building)
Heating Ten (10) steam unit heaters each com-
plete with motor and controls.
Ventilation Eight (8) roof ventilators complete with

Fire Protection

motors, dampers, and controls.

Eight (8) hose stations complete with
hose reels or cabinets, nozzles, and
100 feet of 1% inch CRL hose.

215,22 HEATING & VENTILATION SYSTEMS (Reactor Service Building)

Heating

Ten (10) Steam unit heaters each rated
at 40,000 Btu/hr.

Ventilation One air tempering unit complete with
steam coils, filters, controls and -
distribution ductwork.
One set of exhaust fans complete with
dampers, HEPA filters, controls, and N
ductwork.

218a.22 HEATING & VENTILATION SYSTEMS (Control Building)

Heating One set of sill-line heaters.

Ventilation Two (2) exhaust fans and motors complete
with make up air louvers and controls.
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Air Conditioning

Description

Air conditioning equipment complete
with ductwork, HEPA and carbon filters,
and booster fans fo emergency use, and
remote controls.

Two (2) exhaust fans, same as above,
with motors.

218B,22 HEATING & VENTILATION (Diesel Generator Building)

Heating One set of electric unit heaters com~
plete with controls.

Ventilation Six (6) wall exhaust (3 standby) fans
provided with motor operated make up
air louvers to suit exhaust require-
ments.

218C.22 HEATING, VENTILATING, AND AIR CONDITIONING (Administration
Building)

Fire Protection

Air conditioning including supply and
return ductwork, controls, necessary ex-
haust systems, electric baseboard heat,
etc.

Ten (10) hose stations complete with
hose reels or cabinets, nozzles, and
50 feet of 1% inch CRL hose.

218Dp.22 HEANTING & VENTILATION (Turbine Service Building)

Fire Protection

Necessary exhaust systems, electric
baseboard heat, etc,

Hose stations complete with hose reels
or cabinets, nozzles, and 50 fcet of
1% inch CRL hose.

218E,22 HEATING & VENTILATION (Make Up Water Pumphouse)

Heating

Ventilation

One set unit heaters complete with
controls.

Three (3) exhaust fans and motors,
wall mounted, complete with dampers,
make up air louvers, and controls.
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218F.22

218G.22

221.12

222.111

222,131

222.141

222,145

223.111

e e .~

LARGE Ve e

Description

HEATING & VENTILATION (Circulating Water Pumphouse)

Heating

Ventilaticn

One set unit heaters complete with
controls.

Three (3) exhaust fans and motors
complete with dampers, makeup air
louvers, and controls.

HEATING & VENTILATION (Service Water Pumphouse)

Heating

Ventilation

Reactor

Reactor Coolant Pumps

Steam Generators

Pregsurizer

Pressurizer Spray
Pumps

Decay Heat Removal

One set of unit heaters complete with
controls.

Two sets (one backup) of exhaust fans
and motors complete with ductwork,
dampers, automatic makeup air louvers,
and controls.

314 MWt Pressurized water reactor.
Light water is used as moderator and
coolant. Design pressure 2500 psig,
design temperature 650°F. Carbon steel
vessel of 157 inches inside diameter
and 34 feet-8 inches in length. Fuel

used is enriched uranium dioxide pellets.

Four vertically mounted, wet-motor,
single stage, mixed flow pumps.
Capacity of 18,950 gpm at 106 feet of
head. ;

Twelve modular once-through steam gen-
erators each with 993 half inch inconel
tubes. Total steam flow of 1,250,000
lb/hr at 700 psia and 538°F (35°F
superheat) . Feedwater temperature of
400°F, )

One separate pressurizer connected to
reactor vessel by surge line.

Two pressurizer spray pumps designed to
accommodate the pressurizer.

Two (2) single-stage, centrifugal decay

Pumps heat removal pumps, capacity: 500 gpm
at 475 feet ‘heat, design pressure: 675
psig, design temperature: 350°F.
3~-28
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Account No.

Description

Two (2) shell and tube heat exchangers
with carbon steel shell and stainless
steel tubes. Tube side design pressure
of 675 psig, design temperature 350°F.
Shell side design pressure of 225 psig,
design temperature 200°F.

Two (2) 400 gpm, 200 HP motor emexr~
gency decay heat removal pumps.

Four (4) 800 cu. ft. austenitic SS waste
hold up tanks, 8 feet dia. by 16 feet
high. Design pressure-atmospheric,
design temperature 150°F.

One (1) 500 cu. ft. austenitic SS
spent resin storage tank. Design pres-
sure-Atm., design temperature 150°F.

One (1) horizontal austenitic SS re-
actor coolant drain tank. Design
pressure-15 psig, design temperature-
200°F, capacity - 700 cu. ft.

One (1) 400 cu. ft. austenitic SS chem~
ical drain tank. Design pressure-Atm,
design temp,-150°F.

One (1) 400 cu. ft. austenitic SS hot
shower and laundry drain tank. Design
pressure - Atm., design temperature-
150°F,

Two (2) 300 cu. ft. austenitic SS
waste sump tanks. Design pressure-
Atm., design temperature 150°F.

One (1) 100 cu. f£t. austenitic SS re-
generant caustic mix tank. Design
pressure-Atm., design temp.-150°F.

One (1) 600 cu. ft. austenitic SS
waste evaporator feed tank. Design
pressure-Atm., design temp.-lSOOF.

Two (2) 400 cu. ft. austenitic SS
waste evaporator distillate test tanks.
Design pressure-Atm., design tempera-
ture=200°F.

3-29

223.121 Decay Heat Removal
Heat Exchangers

223.311 Emergency Decay Heat
Removal Pumps

224,111 Waste Holdup Tanks

224.112 Spent Resin Storage

. Tank

224,113 Reactor Coolant Drain

Tank
N

224,114 Chemical Drain Tank

224,115 Hot Shower & Laundry
Drain Tank

224.116 Waste Sump Tanks

224,117 Regenerant Caustic
Mix Tank

224.118 Waste Evaporator
Feed Tank

224,119 Waste Evaporator
Test Tanks
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Account No.

224,120

224.121

224.131

224.132

224.133

224.134

224.135

224.136

224.137

224.138

224.139

224.140

Waste Evaporator
Storage Tank

Waste Evaporator
Concentrate Storage
Tank

Waste Transfer Pumps

Resin Transfer Pump

Spent Pesin Sluice
Pump

Reactor Coolant Drain
Tank Pumps

Chemical Drain Tank
Pump

Laundry & Kot Shower
Drain Tank Pump

Waste Sump Tank Pumps

Regen. Caustic Pump

Waste Evaporator
Feed Pump

Waste Evaporator
Distillate
Transfer Pumps

Description

One (1) 600 cu. ft. austenitic SS
waste evaporator distillate storage
tank. Design pressurec-Atm., design
temp.~-200°F.

Cne (1) 500 cu. ft. austenitic SS
waste evap. concentrate storage tank.
Design pressure-Atm., design temp.-~
150°F.

Four 100 gpm at 200 ft. head waste
transfer pumps. Design preéssure 150
psig, design temp.-200°F.

One 50 gpm at 139 ft. head resin
transfer pump. Design pressure 150
psig, design temp.-200°F,

One 100 gpm at 231 ft. head spent resin
sluice pump. Design pressure 150 psig,
design temp.-200°F.

Two 50 gpm at 200 ft. head reactor
coolant drain tank pumps. Design pres-
sure 150 psig, design temp.~2000F.

One 50 gpm at 200 ft. head chemical
drain tank pump. Design pressure 150
psig, design temp.-200°F.

One 50 gpm at 200 ft. head laundry &
hot shower drain tank pump. Design
pressure 150 psig, design temp.-200°0F.

Four 50 gpm at 200 ft. head waste sump
tank pumps. Design pressure 150 psig,
design temp.-200°F.

One 20 gpm at 231 ft. head regen.
caustic pump. Design pressure 150 psig,
design temp.~200°F.

One 50 gpm at 50 ft. head waste evapor-
ator feed pump. Design pressure 150
psig, design temp.-200°F.

T™wo 100 gpm at 150 ft. head waste evap-
orator distillatec transfer pumps. De-
sign pressure 150 psig, design temp.-
200°F,
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224.141

224.151

224.153

224,161

224.162

224.163

224.171

224.181

224.191

224,192

224.21

224.22

Waste Evaporator
Concentrate
Transfer Pump

Waste Evaporator

Distillate

Demineralizer

Evaporator Distillate

Liquid Waste Filter

Waste Evaporator Feed

Demineralize Distil~-
late Filter

Reactor Coolant Drain

Tank Cooler

Evaporator Waste Unit

Containment Sump Tank

Containment Sump Pumps

Gas Decay Tanks

Waste Gas Compressors

Description

One 50 gpm at 150 ft. head waste evap-
crator concentrate transfer pump. De-~
sign pressure 150 psig, design temp.-

200°F.

One SS, 40 cu. ft., mixed bed waste
evaporator distillate demineralizer.
Design pressure 150 psig, design temp.-
200°F,

One SS, 40 oft distillate demineralizer.
Lesign pressure 150 psig, design temp.-
200°F.

One SS, 100 g/25 M.A. liquid waste
filter. Design pressure 150 psig, de-
sign temp.-200°F, ~

Two S§ 100 g/25 M.A. waste evap. feed
filter design pressure 150 psig, design
temn.~200°F.

One SS 100 gpm/25 M.A. demineralize dis~
tiliate filter. Design pressure 150
psig, design temp.-200°F.

One 1.0E6 Btu/hr SS RC Coolant Drain
tank cooler. Design pressure 150 psigq,
design temp.-300°F.

One 25 gpm evaporator waste unit. De- :
sign pressure 60 psig, design temp.-
308°F. .

.One SS 270 cft containment sump tank.

Design pressure-Atm,, design temp.~
200°F.

Two 60 gpm at 150 ft. head sump pumps.
Design pressure 150 psig, design temp.-
200°F.

Six S8 300 cft gas dzcay tanks. De-
sign pressure 150 psig, design temp.- - s
200°F.

Four 30 ¢fm/120 psig,waste gas com-
pressors.
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224,23

224.24

224.25

224.281

224.35

224.37

224.411

224.412

224.413

224.414

224.415

224.422

224.423

224.424

Gas Analyzer

Gas Surge Tank

H O Recombiners.
22

Waste Gas Filter

Solid Waste Compactor

Solid Waste Solidi-
fying Agent
Injection Unit

Mixing & Neutraliza-
tion Tank

Regen. Solution
Storage Tanks

Evaporator Feed Tank

Evaporator Digtillate
Tanks

Evaporator Concentrate
Storage Tank

Evaporator Feed Pump

Evaporator Distillate
Transfer Pumps

Evaporator Concentrate
Transfer Pump

Description

One model 15 gas analyzer.
One 150 psig, 200°F gas surge tank.

Two 40 scfm, 140°F Recombiners (rate =
1.4 scfm)

One 200 cfm, SS waste gas filter.

One baler with dust shroud and absolute
filter for solid wastes.

One injection pump and agent injection
unit.

One SS
tank.
200°F.

800 cft mixing and neutralization .
Design pres.-Atm., design temp.-

Two SS
tank.
150°F.

600 cft regen. solution storage
Design pres.-Atm., design temp.-

One SS
Design

800 cft evaporator feed tank.
pres.-Atm., design temp.-1S0°F.

Two SS 400 cft evaporator distillate
tanks. Design pressure-Atm., design
temp.wlsooF.

One SS 300 cft evaporator concentrate
storage tank. Design pressure~Atm.,
design temp.-150°F.

One 50 gpm at 50 ft. evaporator feed
pump design pressure 150 psig, design .
temp.-2007F.

Two 100 gpm at 150 ft. head evaporator
distillate transfer pumps. Design
pressure 150 psig, design temp.-200°F.

One S0 gpm-at 150 ft. head evaporator
concentrate transfer pump. Design
pressure 150 psig, design temp.-200°F.
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224,425 Mix Tank Transfer
Pump

224.426 Mixing Pump

224.431 Evaporator Distillate
Demineralizer

224.441 Regen. Solution

Storage Pumps

224.451 Feed Filters

224.452 Distillater Demin-
eralizer "ilter

224,511 Secondary Waste
LN~ Evaporator Unit

224.611 Drumming Station
Crane

225,13 Fuel Elevator

225.2 Remote Viewing
Equipment

225.41 New Fuel Storage Racks

225.42 Spent Fuel Storage
Racks

225.4311 Spent Fuel Pit
Cooling Pumps

225.4312 Spent Fuel Pit

Skimmer Pump

Description

One 200 gpm at 231 ft. head mix tank
transfer pump., Design pressure 150
psig, design temp.-200°F.

One 200 gpm at 231 ft. head mixing pump.
Design pressure 150 psig, design temp.-
200°F.

One SS 100 gpm/40 cft distillate demin.
Design Pressure 150 psig, design temp.-
200°F.

Two 200 gpm at 231 ft. head regen.
solution storage pumps. Design pres-
sure 150 psig, design temp.-200°F.

Two 100 gpm/25 M.A. SS Feed filters.

One 100 gpm/25 M.A. SS Demineralizer
Filter.

One 25 gpm secondary waste evaporator
unit,

One 5 ton overhead traveling crane for
drum handling, 4i4 foot lift, hoist
speed 10 fpm, bridge speed 37.5 fpm,
trolley speed 20 fpm.

One submerging type nuclear fuel
elevator.

Television, optical system, and special
lighting for remote viewing eguipment.

One set of new fuel storage racks.

One set of spent fuel storage racks.

Two horizontal, centrifugal SS spent
fuel pit cooling pumps 700 gpm at 50
f£t. head, design pressure 150 psigq,
design temp.-200°F.

One horizontal, centrifugal SS spent
fuel pit skimmer pump 120 gpm at 100
ft. head, design pressure 50 psigq,
design temp.-200°F.
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225.432

225.433

225.434

225.45

225.46

226.112

226.5111

226,5112

226.5113

226.5121

226.5122

226.5123

226.5131

Description

Spent Fuel Pit Heat Two shell and tube heat exchangers with

Exchangers carbon steel shell and stainless steel
tubes. Design duty of 4.1E6 Btu/hr/
Unit.

Spent Fuel Pit Two mixed bed, 27 gpm SS demineralizers,
Demineralizers 15 cft, design pres. 150 psig, design

temp.-208°F.

Spent Fuel Pit One set of filter, skimmer and strainer
Filter, Skimmer, with design pressure 150 psig, demsign
and Strainer temp.~200°F,

Spent Fuel Pit One set spent fuel pool lighting system.
Undexrwater Lighting
System,

Spent Fuel Pit Surge One SS 750 cft spent fuel at surge tank.
Tank Design pressure 150 psig, design temp.-~

200°F,

Nitrogen & Hydrogen Ten pressurized storage bottles. Design
Storage Bottles pressure 2450 psig, design temp.-200°F.

Borated Water Storage One 8§ 300,000 gal. borated water
Tank storage tank, design pressure-Atm.,
' design temp.-200°F,

Make Up Pumps Four horizontal, multistage, centrifugal
85 gpm at 4400 ft. head make up pumps.
Design pressure 2100 psig, design
temp.~200°F.

Make Up Tank One SS 1550 cft make up tank. Desisn
pressure 150 psig, design temp.-200°F.

Boric Acid Recovery Two 10 gpm SS recovery evaporators.
Design Pregsure 150 psig, design temp.-

200°F,
Reactor Coolant Gas One 50-200 gpm gas stripper SS, design
Stripper pressure 75 psig, design temp.-250°F.
Boxon Analyzer One Chemical analysis boron analyzer.

Evaporator Distillate fTvwo SS 600 cft vertical cylinder evap-
Test Tanks orator distillate test tanks, design
pressure 4 psig, design temp.-150°F.
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Description

Boric Acid Mix Tank One SS 100 cft vertical cylinder

boric acid mix tank, design pressure
Atm., Design temp.-lSOoF.

Two SS 800 cft horiz. cylinder concen-

ks trate boric acid storage tanks, de-
sign pressure 4 psig, design temp.-
150°F.

Reactor Coolant Bleed Two SS 6000 cft reactor coolant bleed

hold up tanks, design pressure 150
psig, design temp.-200°F.

Two SS 6000 cft distillate storage
tanks, design pressure 150 psig, de~
sign temp.-200°F.

One SS 10 cft LIOH tank design pressure-~
Atm., design temp.-200°F.

n One 600 cft SS horizontal cylindex
boric acid addition tank, design pres-
sure Atm., design temp.-150°F.

ge One SS 100 cft caustic acid storage
tank, design pressure-Atm., design
temp.-150°F.

Two centrifugal 200 gpm at 231 ft. head

fer reactor coolant distillate transfer
pumps, design pressure 150 psig, design
temp .~200°F.

Reactor Coolant Bleed Two centrifugal 60 gpm at 231 ft. head

reactor coolant bleed evaporator feed
pumps, design pressure 150 psig, de-
sign temp.-200°F.

Two centrifugal 50 gpm at 231 ft. head
boric acid pumps, design pressure 150
psig, design temp.-2000F.

Three reciprocating piston 10 gph at

An o o & woam v e

231 ft. head LIOH pumps, design pres-—

sure 150 psig, design temp.~200°F.

Hydrazine Drum Pumps ‘Two reciprocating piston 10 gph at 231

226.5132
226.533 Concentrate Boric
; Acid Storage Tan
226.5134
Hold-Up Tanks
226.5135 Distillate Storage
Tanks
226.5136 LIOH Tank
226.5137 Boric Acid Additio
Tank
226.5138 Caustic Acid Stora
Tank
'226.5141 Reactor Coolant
Distillate Trans
Pumps
226.5142
Evaporator Feed
Pumps
226.5143 Boric Acid Pumps
226.5144 LIOH Pumps
226.5145
T et B R

o

e o A e i o s v o

fx. Head hydrazine pumps, design
pressure 150 psig, design temp.-200°F.
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226.5146

226.5147

226.5148

226.5149

226.5211

226.5212

226,5213

226.5311

226.5312

226.541

226.611

Gas Stripper Pumps

Gas Stripper Vacuum
Pumps

Reactor Coolant Bleed
Recirculation Pump

Reactor Coolant Dis-
tillate Test Tank
Pumps

Purification
Demineralizers

Deborating
Demineralizers

Reactor Coolant
Bleed Demineral-
izers

Make Up and Purifica-
tion Demineralizer
Filters

Boric Acid Filters

Boric Acid Bin and
Screw Conveyor

Component 'Cooling
Water Surge Tank

Description

Two centrifugal 70 gpm at 231 ft. head

gas stripper pumps, design pressure
150 psig, design temp.-~200°F.

Two SS 20 lbs/hr gas stripper vacuum
pumps, design pressure 50 psig, de-
sign temp.-200°F.

One S8 centrifugal 100 gpm at 231 ft.

Head reactor coolant bleed recircula-

tion pump, design pressure 150 psig,
design temp.-200°F.

Two centrifugal 60 gpm at 231 £t. head

reactor coolant distillate test tank
pumps, design pressure 150 psig, de-
sign temp.-200°F.

Two SS, mixed bed, 15 cft, purification
demineralizers at 27 gpm, design pres-

sure 150 psig, design temp.-200°F.

Three SS, regenerative, 65 cft, 50 gom
deborating demineralizers, design pres-

sure 150 psig, design temp,.-200°F,

Two SS, non-regenerative, boric acid
saturated, mixed bed demineralizers,
30 gpm, 65 cft, design pressure 150
psig, design temp.-200°F. :

Four SS, disposable elemeant, 27 gpm,
5 M.A., filters. Design pressure 150
psig, design temp.-200°F.

Two SS, disposable elemené, 100 gpm,

25 M.A. filters. Design pressure 150

psig, design temp.-200°F.

One SS rotary screw and gravity feed
boric acid bin and screw conveyor.
Design pressure-Atm., design temp.~
150°F,

One carbon steel, 20 cft, surge tank,
Design pressure 150 psig, design temp.-

225°F,
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226.612

226.613

226.614

226.615

226.711

226.712

226.713

226.714

226.716

226.717

Component Cooling
Water Pumps

Component Cooling
Water Booster Pumps

Component Cooling
Water Electro-
magnetic Filtex

Component Cooling
Water Heat
Exchangers

Demineralized Water
Storage Tank

Equipment and Floor
Drains Collection
Tank

Denineralizer Flush
Tank

Cask Decontamination
Drain Collection
Tank

Demineralizer Flush
Tank Pump

Cask Decontamination
bDrain Pump

Description

Two centrifugal, CS, 1000 gpm at 200
ft. head, component cooling water
pumps, design pressure 150 psig, de-
sign temp.-225°F,

Two vertical centrifugal, 304 SS, 375
gpm at 175 ft. head cooling water
booster pumps, design pressure 150
psig, design temp.-2259F,

One 375 gpm electromagnetic filtex,

design pressure 150 psig, design temp.-
225°F,

Two shell and tube, CS/CuNi, Heat ex-
changers. 1000 gpm shell side, 115°F
inlet, 95°F outlet. 1800 gpm tube
side, 85 inlet, 105°F outlet, 10 x 10°
Btu/hr,

One S§ 40 ft. dia., 40 ft. high de-
mineralized water storage tank. De-

sign pressure 25 psig, design temp.-
200°F,

One CS 5000 cft equipment and floor
drains collection tank, design pressure
Atm., design temp.-200°F.

One SS 1000 cft demineralizer flush

tank, design pressure 150 psig, design
temp,~200°F,

One 1000 cft S5 cask decontamination
drain collection tank. Design pres-
sure 150 psig, design temp.~200°F.

One 58 centrifugal 50 gpm at 200 ft,
head demineralizer flush tank pump,

design pressure 150 psig, design temp.-
200°F,

One SS centrifugal 50 gpm at 200 ft.
head- cask decontamination drain pump,

design pressure 150 psig, design temp.-~
200°F,
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226.718

226.721

226.731

227.1

227.23

231.1

232.111

232.112

232,113

232.144

232.115

232.116

No.

Account

Cask Decontamination
Drain Collection
Filter

Letdown Coolers

Sample Coolers

Main Control Room
Nuclear Instrumen-
tation Cabinets

Main Control Room
Computexr

Turbine Generator

Water Intake
Traveling Screens

Water Intake Trash
Racks and Rakes
Water Intake Pumps
Screen Wash Pumps

Deicing Water Pumps

Chlorination System

Descriplion

One S5, disposable element, 50 gpm,

25 M.A. cask decontamination drain
collection filter, design pressure 150
psig, design temp.-200°F.

Two shell and spiral tube, CS/8S let-
down coolers. Shell flow 75,000 lbs/
hr, 959F to 154°F, tube flow 8365
1bs/hr, 604°F to 120°F. 4.42 x 106
Btu/hr.

Two shell and tube, CS/SS sample
coolers.

Four NIS cabinets, one for each chan-
nel, which provides indication, con-
trol, and alarm signals for reactor
operation and protection.

One process computer system.

One tandom 29.9 MWe turbine generator
complete with lube oil system, exciter,
alr cooled generator.

Two 8 ft. wide by 38 ft. high screens
traveling at 10 fpm. Each screen
passes 38,000 gpm at 0.5 pps and is
cleaned by a spray system.

Two 8 ft. wide by 38 ft. high trash
racks with rakes.

Two vertical wet pit pumps 2000 gpm
with 2000 HP motor.

Two centrifugal 200 gpm at 200 ft.
head screen wash pumps.

Two centrifugal 100 gpm at 30 ft. head
deicing water pumps with 10 HP motorxs.

Storage tanks, pumps, control devices,
and diffusers provided to inject
chlorine into river water as it leaves
the traveling screens.
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232.221

233.1

233.211

233.213

233.22

233.24

233.312

233.4

234.21

234,22

234.4

234.5

234.811

Circulating Water
Pumps

Condensers
Condensate Pumps
Condensate Transfer

Pump

Condensate Storage
Tank

Condensate Polishers
Condenser Vacuum
* Pumps

Cooling Tower

Condensate Booster
Pumps

Main Feedwater Pumps

Main Steam Bypass
‘Flash Tank

Deaexrator Open Heat
Exchanger

PROCESS HEAT SYSTEM

Evaporators

Description

Two vertical wet pit 38,000 gpm at 30
ft. head circulating water pumps.

One single pass, 16,400 sq. ft., 3/4
inch BWG tubes, 15 ft. length condenser.

Two vertical canned 670 gpm at 100 ft.
head condensate pumps.

One horizontal centrifugal 20 gpm,
100 ft. head condensate transfer pumps.

One SS 40,000 gal. condensate storage
tank.

Two 6 ft. dia. condensate polisherg
with in place regeneration.

Two full capacity condenser vacuum
pumps.,

One mechanical draft cooling tower with
28 ft, dia., 231 HP fan, static pump-
ing head of 34 ft. water, 2 cell

36,267 gpm.

Two vertical 670 gpm at 1600 ft. head
condensate booster pumps.

Two 2500 gpm at 1500 ft. suction and
1970 ft. discharge horizontal feed~
water pumps.

One 454,000 lbs/hr main steam bypass
flash tank, design pressure 750 psia,
design temperatire 550°F.

One 454,000 lbs/hr deaerator open heat
exchanger tank, design pressure 750
psia, design temp. 550°F.

3 evaporators, tube & shell; inlet:
267,000 1lbs/hr, at 538°F, 700 psia,
1233.5h; outlet: 267,000 lbs/hr at
497°F, 675 psia, 484.9h steam side.

On process side: 192,000 lbs/hr, 200°F,
465 psia, 174h inlet; and 190,000 1bs/hr,
465°F, 450 psia, 1204.8h.
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234.812

234.813

234.814

234.815

234.816

234.817

234.818

234.819

234.820

234.821

234.822

234.823

234.824

235.311

235.321

235,322

Superheatexrs

Drain Reserve Tank

Evaporator Feedwater
Heater

Condensate Filter

Evaporator Feed Pumps

Letdown Cooler

Condensate
Demineralizer

Chemical Addition
Pumps

Hydrazine Storage
Drum

Ammonia Hydroxide
Tank

Blowdown Coolers

Sample Coolex

Process Feed Pumps

Closed Cooling Water
Pumps

Closed Cooling Water
Surge Tank

Closed Cooling Water
Heat Exchangers

3 24" 0.D. x 24 ft. long CS tubed
superheaters with 2100 SF.

One 10 ft. dia. by 20 ft. long hori-
zontal drain reservoir tank.

One shell and tube feedwater heater
shell side inlet: 800,000 lbs/hr,
497°F, 670 psia, 484h, outlet: 403°F,
650 psia, 379h; tube side: 575,000
lbs/hr, 55°F, 480 psia, 24h inlet, and
200°F, 465 psia, 174h outlet.

One SS, disposable element, condensate
filter.

Two 2500 gpm at 850 psia evaporator
feed pumps 400 HP each.

One tube and shell letdown cooler.

One mixed be” condensate demineralizer.
Two 25 gpm at 100 ft. head chemical
addition pumps.

One SS 50 cft hydrazine storage drum.

One §S 50 cft ammonia hydroxide tank.

Three tube & shell blowdown ccolexs.
One tube & shell sample cooler.

Two centrifugal, horizontal process
feed pumps.

Three 1000 gpm at 116 ft. head cen-
trifugal closed cooling water pumps.

One 200 cft CS closed cooling water
surge tank.

Three shell & tube CS/SS cooling water
heat exchangers.
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235,411

235.421

235.431

235.511

235.521

235.531

241.12

© 241,21

241.22
242.12
242.211

242.212

242.311

242.321

242.332

243.11

Account No.

Make Up Water
Treatment Clarifier

Make Up Water
Treatment Vacuum
Filters

Gravity Filcters

Cation Units

Anion Units

Degasifier
Neutral Transformer

5 KXY Switchgear

480 V Motor Control
Centers

Station Auxiliary
Transformer

Back-Up Auxiliary
Transformer

480 V Switchgear

Battery System

Auxiliary Diesel
Generators

Inverters

Main Control Board

Description
One 45 ft. dia. by 15 ft. clarifier.

Two vacuum filters for dewatering
sludge from clarifier.

Four 12 ft, dia. gravity filters.
Two 11 £t. dia. cation units with
neutralization and regeneration
systems.

Two 11 ft. dia. anion units with
neutralization and regeneration systems.,

One degasifier,

One neutral grounding transformer.

Two sactions of metal clad indoor type
switchgear including automatic fast

transfer scheme LOGR.

Twenty class IE motor control centers
bracked for 42,000 ampere,

One 13.8/4.16 KV station auxiliary
transformer.

One back-up auxiliary transformer.

Four 480 V class IE switchgezr.

Four-538 cell, 125 Volt, 1250 ampere
hour hatteries and one-116 cell, 250 V,
750 ampere hour battery complete with
seismic racks.

Two 1500 KW diesel generators complete
with controls, fuel on storage, and
transfer facilities.

T™wo class 1E, 250 V direct, 120/208 V
alternating current, 75 KVA inverters.

One protective relay panel.
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Description

243.12 Auxiliary Power and Class IE, A~C power distribution panels,
Signal Boards including power, lighting, and unin-
terruptible power supply.

243,22 Battery Control and Class IE D-C switchboards including

D-C Distribution ACB's and class IE DC motor control
Panels centers.

246.1 Main Gencrator Bus Self cooled isolated phase bus between
generator and main power transformer,
tap and station auxiliary transformer,
tap and surge protection equipment, and
neutral connection.

CRANES
251.11 Turbine Building Crane One overhead traveling 175/25 ton crane.
251.12 Reactor Service One overhead traveling 250/25 ton crane.
Building Crane
251,13 Fuel Handling Crane One overhead traveling 125/25 ton crane.
252.111 Station Air Three 200 scfm 2 100 psig station
Compressors sexvice air compressors with control
equipment, intercooler, aftercooler,
intake filter, rcceiver, etc.
252.1113 Instrument Air Two vertical instrument air dryers.
Dryers

252.242 Yard Fire Protec- One fire water storage tank, pumps, con-

tion System trols, etc.

252,31 Auxiliary Boilers One 25,000 lbs/hr oil fired package
boilers with fuel storage facilities,
controls.

253.1 Plant Communication One PA type plant communication system.

System
253.2 Pire Detection System One fire detection system.
SWITCHYARDS AND TRANSMISSION
261,11 Generator Step Up One 69-13.8 KV generator step up trans-

Transformer former.
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261.21

261.31

£9 KV Cirxcuit
Breaker &
Uisconnects

69 XV Potential
Transfoxmers

Description

One 69 KV circuit breakey with
disconnects.

Two sets 69 KV potential transformexs,
structures, and disconnect switches.
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3.8 Cost Estimate

The following cost estimate is based upon the cost estimate previously made
for the ERDA study of Reference 3-1. However, just as in the case of the plant
layout and equipment list description, the major modifications to that pre-
vious estimate is due to the particular requirements of the RAAP, Those items
which did not change from the ERDA study are included because these are needed
to present a self contained estimate and ease of reference. The major differ-

ences between the previous and current estimates are outlined below.

Differences between ERDA Estimate of September 1975 and PE-CNSG Plant Cost for RAAP

o Labor rates for ERDA estimated $14.03/hr average vs. $11.29/hr at RAAP.

o Material cost taken from ERDA estimate have been escalated approximately
five percené to bring up to 4/76 cost.

o Yard work cost increased due to addition of steam distxibution lines
and increased cost of general cut and fill (rock conditions) and other
site related items.

0 Reactor Service Building cost decreased due to excavatior cost included
in site work.

o Pumphouse/makeup, etc. cost decreased due to redesign for cooling
towers vs. open cooling.

O Reactor Plant Equipment cost increased due to addition of Nuclear Steam
Supply System equipment (B&aW) ($40,000,000).

o Safeguards Cooling System cost ingcreased due to addition of cooling
towers, basinsg, pumps, etc.

o T-G cost reduced due to size changa from 94.6 MW to 30 MW,
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o Circulating Water System increased due to adding cooling towexs, etc.
Condensing system reduced - smaller condenser.
Feedwatexr system reduced - smaller system.
Switchgear cost reduced - smaller system.
Station service equipment reduced - smaller system.
Electric Structures and Wiring increased due to longer duct runs, more
cable tray, conduit and wire.
Air, water and steam sexrvice system - decreased due to removal of

service water pumps vs. piping.

Engineering and Drafting

Increased Engineering and Drafting also fee included with Engineering
and Drafting amount.

Increased manhours on Field Supervision, Temporary Facility Construction,
Equipment and Construction Services due to longer job.

Escalation at 8 percent (straight).

Interest during Construction at 10% (straight).
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Description Amount Total
LAND AND LAND RIGHTS $ $
Purchase cost of land (M 125,000 125,000
STRUCTURES AND IMPROVEMENTS
Yard Work (Includes steam (L 275,030 Mhr 3,401,200
distribution lines) M 5,190,100
Containment Structure (L 66,920 Mhr 806,300
(M 1,945,409
Reactor Service Building {L 644,750 Mhr 6,796.000
(M 6,920,000
Control Building (L 23,500 Mhr 247,000
(M 310,000
Diesel-Generator and Fuel (L 45,500 Mhr 478,000
0Oil Building M 500,000
Process/Turbine Building (L 40,100 Mhr 445,000
M 545,000
Turbine Service Building (L 39,600 Mhr 416,000
M 430,000
Administration Building (L 14,000 Mhx 147,000
M 155,000
Pump Houses/Make-up Water,
Circulating Water and (L 22,360 Mhr 237,000
Service Water M 128,000
Total Structures and (L 1,171,760 Mhr 12,973,500
Improvements, - (M 16,123,500 29,097,000
REACTOR PLANT EQUIPMENT
Reactor Equipment (L 31,700 Mhrx 411,000
(M 40,024,800
Reactor Coolant System (L 4,440 Mhr 56,300
M 8,200
Safeguards Cooling System (L 68,400 Mhr 847,100
M 1,151,300
Radioactive Waste Treatment (L 12,490 Mhr 159,900
and Disposal System (M 878,400
Nuclear Fuel Handling and (L 10,510 Mhy 122,800
Storage System (M 453,400
Nitrogen and Hydrogen Gas (L 900 Mhr 10,600
System M 31,200
Coolant Purification and (L 47,030 Mhr 563,900
Chemical Treatment Systems (M 613,900
Component Cooling System (L 10,320 Mhr 122,600
(M 63,000
Miscellaneous Plant Equip-
ment (L 5,920 Mhr 76,600
(M 265,200
3~46
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SUMMARY OF ESTIMATE {cont'd)

Acct. No, Description Amount Total
REACTOR PLANT EQUIPMENT (cont'd)
Miscellaneous Suspense Items (L 20,000 Mhr 234,000
(M 30,000
Instrumants and Controls (L 57,730 Mhr 653,500
(M 436,300
Total Reactor Plant (L 269,440 Mhr 3,258,300
Equipment, - (M 43,955,700 47,214,000
PG/PROCESS PLANT EQUIPMENT
Turbine-Generator Equipment (L 25,580 Mhr 337,400
(M 2,051,900
Circulating Water System (L 73,650 Mhr 874,300
(M 1,879,500
Condensing System (L 29,360 Mhr 346,300
(M 1,019,100
Feedwater System {L 40,300 Mhr 476,000
(M 245,000
Evaporator System (L 36,400 Mhr 411,300
(M 2,632,800
Other Turbine Plant
Equipment (L 60,380 Mhr 731,500
M 999,900
Instrumentation and Control (L 21,100 Mhr 249,000
M 678,400
Total Turbine Plant (L 286,770 Mhr 3,425,800
Equipment, - (M 9,506,600 12,932,400
ELECTRIC PLANT EQUIPMENT
Switchgear (L 12,560 Mhr 131,900
M 937,300
Station Service Equipment (L 16,430 Mhr 172,400
(M 1,370,600
Switchboards (L 5,710 Mhr 60,000
) (M 259,400
Protective Equipment (L 6,710 Mhr . 70,000
(M 70,000
Electrical Structures and (L 265,000 Mhr 2,785,000
Wiring Containers (M 1,595,000
Power and Control Wiring (L 112,980 Mhr 1,188,400
(M 1,633,000
Total Electric Plant (L 419,390 Mhr 4,407,700
Equipment, - M _5,865,300 10,273,000
MISCELLANEQUS PLANT EQUIPMENT
Cranes and Holists (L 8,100 Mhr 94,800
(M 1,459,100
3-47
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SUMMARY OF ESTIMATE (cont'd)

Acct.

No.

Description Amount Total

MISCELLANEOUS PLANT EQUIPMENT (Cont'd)
Alxr, Water and Steam

Service Systems (L 19,830 Mhr 232,200.

(M 355,100

Communications Equipment {L 8,500 Mhr 89,300

(M 52,000

Furnishings and Fixtures (L 1,060 Mhr 11,100

(M 172,000

Total Miscellaneous Plant (L 37,490 Mhr 427,400
Equipment, - (M 2,038,200| 2,465,600

SWITCHYARDS AND TRANSMISSION (L 5,150 Mhr 54,000
M 224,000 278,000

UNDISTRIBUTED COST
Engineering, Drafting

Services M 11,000,000

Field Supervision and Jok (L 220,000 Mhx| 2,700,000

Office Expense (M 300,000

Temporary Facilities (L 77,000 Mhr 850,000

M 550,000

Construction Equipment (L 75,600 Mhr 840,000

(M 2,700,000

Construction Services (L 12,400 Mhr 140,000

(M 535,000]

Total Undistributed (L 385,000 Mhr| 4,530,000
Cost, - M 15,085,000 19,615,004
OTHER PLANT COST (M 3,000,000 3,000,004

Subtotak, - (L 2,575,000 Mhr| 29,076,700
(M 95,923,300 125,000,00C
CONTINGENCY (10%) ' lZ,OO0,00J
ESCALATION (8%/yr) 78,000, 00(
INTEREST DURING CONSTRUCTION {10%/yr) _35,000,00¢
Total Estimate, -~ 5250,000,000,

ITEMS NOT INCLUDED IN ESTIMATE
owner's Cost
Censtruction Premium Time
Nuclear Fuel Cost
State and Local Taxec
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ESTIMATE

OF COST

ACCT, NO. DESCRIPTION GUANTITY JutiT | raTes AMOUNTS TOTALS
20. LAND AND LAND RIGHTS $
201. Land and Privilege Acquisition
201.1 Allowance for purchase of
approximately 50 acres of
land including all surveys,
privileges, clearing costs,
ete.
Total Land and Land
Rights, ~ (M 50 pcres| 2,500 125,000 125,000
STRUCTURES AND IMPROVEMENTS
Yard Work
General Cut and Fill
Cut
Earth excavation (L 8,900 | Mhr 12 106,800
(M4 430,000 Cy .50 215,000
Soft rock excavation (L 3,800 | Mhx 12 45,600
(M 45,000 Cy | 2.50 112,500
Hard rock excavation (L | 51,700 { Mhx 12 620,400
(M |155,000 Cy 8 1,240,000 H
Fill (L 52,500 | Mhx 12 630,000
(M |630,000 Cy | 2.50 1,575,000
(L {116,900 | Mhx 1,402,800 \
(i 3,142,500 i
Clearing Site (L | 3,300 | Mhr 12 39,600 ]
M 50 Pcres 550 ___ 27,500 |
Finish Grading (L 1,200 | Mhr 12 14,400
(M {103,000 Cy .15 lS,SQQ
Roads, Walks and Parking Areas
Plant roads (L 1,100 | Mhr 12 13,200
(M 7,500 Sy 14.50 33,800
Parking lot (L 100 | Mhx 12 1,200
(M 1,100 Sy | 2.50 2,500
Access road (L 2,100 | Mhrx 12 25,200
4" black top and 12" base (M 14,000 Sy {4.50 63,00Q
(L 3,300 | Mhr 39,600
(M 99,600 '
|
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ESTIMATE OF COST

ACCT. NO. W DESCRIPTION QUANTITY | UNIT | HAIES AMOUNTS TOTALS ‘
$ $
211.14 Fencing and Gates
Permanent fence (7' high +
barbed wire) including (L 500 | Mhr 12 6,000
gates, etc. (M 2,400| LF| 7.00 16,800
Gate house (L 2,500 | Mhx 12 30,000
(M Allowancg 30,000
(L 3,000| Mhr 36,000
(x 46,800
211.15 Sanitary Sewage Facilities
Sewage treatment facilities (L 2,300 Mhx | 11.70 26,900
(M 27,000
Connections between build- (08 2,700{ Mhr| 11.60 31,300
ings and treating plant (M 16,000
(L 5,000] dMhx 58,200
(M 43,000
211.16 yard Drainage
Allowance for area drains and
on-site roads and xailroad
drains
pPipe and fittings
Area drains (L 2,700|¥hr | 11.60 31,300
Installation M 30,000
Excavation and backfill
Manholes and catch
basins, etc.
211.17 Yard Lighting
Allowance for lighting yard
areas, fences, roads, etc. (L 7,000| Mhx} 10.50 73,500
(M 70|Fixtd 1,500 105,000
3~50
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ESTIMATE OF COST

ACCT, NO, DESCRIPTION QUANTITY | UNIT | RATES AMOUNTS TOTALS
R - T ot s N Mk cmemme mee B v we e el g = - msrrer of
}

STEAM PIPING (DISTRIBUTION) $
‘ PIPE FLTTINGS & INSULATION
Carbon Steel - ALOGB
24" Nominal, XS, .5 Wall (M 11,000| LF 400,000
l (L} 61,000, Mhr| 11.80 720,000
(1 70,000
| 12" Nominal, Sch. 20,
0.25 Wall (M} 12,000| LF 320,000 '
(L 25,000{ Mhr| 11.80 295,000 H
3 M 30,000
Ricwell Design Steam Pipe
24", XS, .5 Wall - Conduit
I 32" (M 425| LF 180 77,000
(L 3,000] Mhr| 11.80 35,400
. (M 3,500
l 12", Xs, .375 Wall - Conduit
20" (M 1,000| LF 105 105,000
, (L 3,700} Mhr} 11.80 43,700
M 4,300
Insulation
I Mineral Wool 3" - 4" (L] 22,000| Mhr 18 400,000
M 310,000
l Earthwork (Pipe)
Excavation (L 125} Mhr 12 1,500
{Ricwell Pipe) 421 250 Ccy .50 100
| Backfill (& 55| Mhr 12 700
t (M 110{ Cy 2.50 300
l Excavation - Boring Under
Roads (L 500| Mhx 12 6,000
| (M jaAllowance 2,000
‘ Excavation -~ Through
. River (L 1,700 Mhr 12 20,000
l M 10,000
P
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ESTIMATE OF COST

ACCT. NO. DESCRIPTION QUANTITY [ UNIT | RATES AMOUNTS TOTALS
$
PIPE SUPPORTS
Concrete Work
Earthwork
Excavation (Earth) (L 500 | Mhr 12 6,000
(M 1,000 ; Cy .50 500
Backfill (L 250 | Mhr 12 3,000
(M 500 | Cy 2.50 1,300
Concrete
Forms 2' ¢ Sonotube (| 2,000 | Mhr | 9.35 18,700
(M 1,200 | LF 5 6,000
3' @ Sonotube (M 300 | LF 10 3,000
Rebar (L 1,750 | Mhr 13 23,000
(M 50 {Tons 400 20,000
Concrete (L 850 { Mhx 8.50 7,200
(M 850 | Cy 35 29,800
Steel & Iron
Sliding & Fixed Supports (L| 3,000} Mhr 13 39,000
(M 60 [Tons 1,500 90,000
HOTWELLS
Excavation (L 60 | Mhr 12 700
(M 120| Cy .50 100
Backfill (Rock oxr Stone) (L 50 | Mhr 12 600
M 50| Cy 5 300
Backfill (L 25| Mhr 12 300
(M 50| Cy 2.50 100
Steel & Iron (L 75| Mhr 13 1,000
(M 5 |Tons 1,200 6,000
MANHOLES
Carbon Steel ¥ 1/2" (L 130 | Mhr 13 1,700
(M 2| Ea. 9,500
3-52
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ESTIMATE OF COST

ACCT. NO. DESCRIPTION QUANTITY | UNIT | RATES AMOUNTS TOTALS
$
MAINTENANCE ROAD 9200' x 15' W.
Clsaring Prees, Fte. : (L 460 | Mhr 12 5,500
(M 7 Rcres 550 3,900
Excavation For Road (L 1,400 | Mhx 12 16,800
(M| 70,000 | Cy .75 52,500
Road 12" Gravel (L 3,000 | Mhxr 12 36,000
(M| 20,000 | Sy 2.50 50,000
Total Steam Piping (L{130,630 | Mhr 1,681,800
(M 1,605,200
211.34 Bridges Over Discharge Canal, None
ete.
211.43 Railroads None
Sediment Control (L] 2,000 | Mhr 12 24,000
( 25,000
Foundation Investigation and
Test Boring (M 50,000
Total Yard Work (L|275,030 | Mhr 3,401,200
(M 5,190,100 8,591,300
212, Containment Structure
44' ¢ OD x 66' high
Substructure
212,31 Excavation Work
Earth excavation
Rock excavation
Concrete £ill Incl. Jith Reactor Ferv. Bldg.
- Backfill
Dewatering
3-53
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ACCT. NO, DESCRIPTION UNIT | RATES AMOUNTS TOTALS
$ $
Concrete Work
212.331 Formwork
212.332 Reinforcing steel
(Field fabricated) Incl. ¥ith Heactor Perv. Bldg.
212,333 Structural concrete -
including pea gravel
leveling concrete
212.334 Miscellaneous Iron
Leveling tees, anchoxs, etc.
Total Substructure, -
Superstructure
212.342 Structural Steel
Concrete Containment Cylinder
Wall
Formwork
212.3411 Exterior wall forms (L Mhr 9.35 59,800
(M SF 1.00 9,100
212.3411 Interior wall bracing
212.3412 Reinforcing Steel (L Mhr 13 79,600
M r‘on 400 60,900
212.3413 Concrete (L Mhr 8.50 29,800
M Cy 35 49,000
212, 3415 Rubbing surface (L Mhx 8.50 3,800
. (M SF .05 500
212.2414 Embedded steel (L Mhr 11 2,200
(M 3,000
(L Mhr 175,200
{M 122,500
Concrete Dome
$22.3411 Formwork (L Mhr 9.35 3,730
(M SF 1.75 700
Z12 3412 Reinforcing Steel (L Mhr 13 7,800
(M ron . 400 6,000
3_
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ESTIMATL O COST
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ACCT. NO. DESCRIPTION QUANTITY | UNIT | RATES AMOUNTS TOTALS
212, 3413 Concrete ’ (L 300 Mhr 8.50{ S 2,550] $
. (M 1no| Ccy 35 3,480
2)12. 3415 Rubbing surfaces, (L 20| Mhr 8.50 170
waterproofing, etc. (M 400 | SF .05 20
(L 1,320} Mhr 14,250
(H 10,200
Interior Concrete Vork None

Stesl Containment and Components

212.37 Containment. Linex Plate

Cylinder and dome

Bottom plate and drain sumps

Reactor and instrumentation
sumps

Test channels

Piping sleeves

Instrumentation sleeves

Electrical sleeves

Ventilation sleeves

Hatch penetrations

Fuel transfer penetration

Equipment hatch

Personnel hatches

Construction openings

Vacuum box text

Channel strength and leak tests

Radiographing

High pressure test

Leak rate tect

Nelson studs

Installation of ahove (L | 32,300| Mhr 13 419,900
. (M 520{ Ton 3,150 1,638,000
212.37 Insulation (outside cont. (L] 4,200| Mhr 12 50,400
liner) M 7,400 | SF 22 162,800
212.37 Expansion bellows fox pipe
penetrations through con- (L 800| Mhr 13 10,400
tainment walls (M 10,000
Total Superstructure, - (L] 55,260] Mhr 670,150
: (M 1,943,500

. Building Services

Heating
212,222 Heaters, piping conauctions,
ete. 3-55
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ESTIMATE OF COST

ACCT. NO. DESCRIPTION QUANTITY | UNIT | HAIES AMOUNTS TOTALS
Ventilation Systems $
Containment Recirculation System
212.223 Fans - 65,000 cfm
Motors - 350 hp
Installation of fans and motoxrs
212.224 Cooling water coils
212,226 Dampers and drives
(butterfly valves)
212.227 Ductwork
Filter equipment
212.229 Automatic Controls
(L 7,600 Mhr| 11.70 88,900
M B&W
Containment Purge System
212.223 Air supply fans and motors
212.225 Ductwork stack and penetrations
212.227
212.27 Dampers and drives
212.228 Piping connections
212,227 Filter equipment
212.229 Automatic control
(L 2,700 | Mhxr | 11.70 31,600
(M B&W
Containment Xodine Removal
212,223 Fans and drives - 8,000 cfm
capacity
212,227 Filtration equipment
212,227 Ductwork
(L 200 { Mhx | 11.70 2,340
M B&W
Reactor Shroud and Mechanism
Cooling
212,223 Fans and drives - 15,000 cfm
capacity
212,227 Ductwork (L 500 | Mhr 11.70 5,850
(M B&W
3-56
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ESTIMATE OF COST

ACCT. NO, DESCRIPTION QUANTITY | UNIT
Hot Pipe Penetrations Ventilating
System
212.223 Equipment
212,227 Ductwork, pipe, etc.
(L 450 | Mhx
(M
Total Ventilation Systems, - (L | 11,450 | Mhr
(M
212.24 Lighting and Service Wiring
Power and control equipment
Conduit and trays
Wire and cable
Fixtures
(L 210} Mhr
(M
Total Building Services, - (L] 11,660 Mhr
(M
Total Containment Structure (L| 66,920] Mhr
(M
215, Reactor Service Building
Substructure and Superstructure
215.11 Excavation Work
Earth excavation
Rock excavation
Concrete fill Includeq witH
(or caissons)
Backfill
Dewatering
Concrete Work (Base Mat)
215.1411 Formwork (L 2,450| Mhr
. (M 3,500| SF
3~57
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11.70

AMOUNTS

5,260,
B&W.

133,950
B&W

10.50

Site W

9.35

2,200
1,900

136,150
1,300

806,300
1,945,400

brk

22,900
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ESTIMATL OF COST

UNIT l RATES

»  ACCT, NO. DESCRIPTION QUANTITY AMOUNTS TOTALS
l 5
g
‘ 215.1412 Reinforcing Steel (L{ 14,100| Mhr 13 183,300
; (M 470| Ton 400 188,000
'215.1413 Structural concrete (L 6,240{ Mhr 8.50 53,000
M 4,800| Cy 35 168,000
215.1415 Floor finish (L 1,000 | Mhrx 8.50 8,500
(M 20,000 .10 2,000
215.1415 Misc. Iron (L 1,000| Mhr 13 13,000
(M 10| Ton| 1,300|_._ 13,000
(L 24,790 | Mhr 280,700
' (M 374,500
Miscellaneous Iron
245.142 Frames, curb angles, (L 1,200| Mhx 13 15,600
anchor bolts, etc. (M 15| Ton|{ 1,100 16,500
Stair treads {L 800| Mhr 13 10,400
(M 400| Ton 14 5,600
Floor gusating, chk'ad. (L 400} Mhr 13 5,200
plate, etc. (M 2,000| SF 3.50 7,000
Handrailing (L 1,120 Mhr 13 14,600
(M 1,400] LF 8.50 11,900
Struct., Steel (L 28,000 Mhrx 13 364,000
(M 2,000| Ton 900 1,800,000
(L 31,520 Mhr 409,800
(M 1,841,000
217.134 Miscellaneous Iron i
Floor plates in decon- (L 2,020| Mhr 13 26,300
tamination room (M 500] SF 13 6,500
Stainless steel lining in )
storage pool including (L| 10,600| Mhr 13 137,800
gate, etc. (M 80| Ton 5,300 424,009
Miscellaneous iron embedded
in concrete including anchoyx
bolts, curb angles, (L 3,200 Mhr 13 41,600
anchors, etc. (M 40| Ton| 1,300 52,000
(L 15,820 Mhr 205,700
(M 482,500
3-58
e L T R

¥
g ot ey Ao, W NS Dot Sy SACpaSoh A 1 s 5 e e st

.
A Ao oL ot T




;?‘k
L

ACCE ND,
S

215.146

215.147

215.147

215.147

215.149

215.145

215.212

215.211

[ P
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OFSCRIPTION

Cancrete Horxk

Formwork - wood
Reinforcing steel
Concrete

Rubbing surfaces
Forms-metal

Embedded Metal

Walls, Roof, Etc.
Partitions - Block

Sash and glazing
(Lead window)

Pexrsonnel doors and
hardware

Louvres

Painting
Roofing and flashing,

waterproofing, etc.
Painting-Struc. Steel

Total Substructure and

Superstructure, -

Building Services

Plumbing and Drains
Roof drains

Floor drains

ESTIMATE OF COST

© m—

QUANTITY | UNIT | RATES AMOUNTS TOTALS
$
(L { 259,000 Mhr} 9.35 2,421,700
(M} 370,000{ sF 1l 370,000
(L} 63,000] Mhr 13 819,000
M 2,100{ Ton 400 840,000
(L] 57,000} Mhr] 8.50 484,500
(1| 28,500]( cy 35 997,500
(L 9,000| Mhxr | 8.50 76,500
(M | 180,000 sF .05 9,000
(% 7,770 Mhr | 9.35 72,600
(M ]111,000] sF 1.60 177,600
(L 6,000 Mhr 13 78,000
(M 60| Ton | 1,300 78,000
(L {401,770 Mhr 3,952,300
(M 2,472,100
(L 7,000 | Mhr | 12.50 87,500
(M ] 28,000 SF 1.50 42,000
(L 70 | Mhr | 10.50 700
(M hAliowancd 7,500
(L 810 | Mhr | 10.50 8,500
(M 950 | SF | 10.50 10,000
None

(L | 16,000} Mhr | 10.30 164,800
(M | 200,000 SF .10 20,000
(L 1,930 { Mhxr | 10.50 20,300
(M| 27,600] SF 1.80 49,700
(L | 10,000 | Mhr | 10.3C 103,000
M 2,000 | Ton | 6.50 13,000
(L | 35,810 | Mhr 384,800
(M 142,200
(L 509,710 5,233,300
(M 5,312,300
(L 1,350 { Mhr {11.80 15,900
M 10 | Ea. 850 8,500
(L 7,500 | Mhr | 11.80 88,500
M 100 { Ea. 550 55,000
3-59
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ACCT, NQ, DESCRIPTION (:\.w.m‘n'\r1 uNIT | RATES AMOUNTS TOTALS
— ey
215.211 Sump pump and 