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Chapter 1

INTRODUCTION -

. 1,1 SCOPE

In April 1974, the United States Atomic Energy Cbmmission_(USAEC)
authorized General Atomic Company, General Electric Company and Westinghouse .

Astronuclear Laboratory Lu assess thc available terhnology for producing

' process heat utilizing véry high temperature nuclear reactors. .General

Electric and Westinghouse produced concepts for.the entire nuclear'syStem;’including
the balance of plant. The General Atomic assessment includes only the nuclear

reactor portion of the nuclear plant, ' Draft reports. of this work were submitted

to the USAEC in'Septembér 1974 (References 1, 2 and 3).

United Engineers & Construéforé_lnc. (UE&C) was requested by the USAEC in
November 1974 to prépare an economic comparison of tﬁe three conceptual
plants under cohtract number AT(11-1)-2477. The QompariéonAis divided into
three tasks:
o Develop a‘balance of plant conceptual design to‘be combined
with the General Atomic concept as a baéis for comparison,
and estimate the cost of ﬁhe GéneréllAfdﬁic/UE&C éonceét in
July 1974 dollars.
e Normalize the overall plant costs for the Geﬁerél Afomic/UE&C,
General Electric and Westinghouse concepté,,compare the cqéfs,
~and identify significant diffé?ences betweenvthg concepts,
e Estimate the operation and maintenance costs for the General
Atomic/UE&C plant and compare with the other concepts.
The results of these tasks are discussed in Chapters 2, 3 and 4 of
this report. Chapter 2 describes the balance of plant which supplementg_ﬁhé

General Atomic Nuclear Steam Supply System. The General Electric. and Westing-

1-1




h house plants and the normalization of the piant costs sre described in
Chapter 3. Chapter 4 compares the plant costs -and identifies major
differences ‘between the plants. Appendin A identifies‘the interfaces
between the nuclear.pfocess heat plant'and the chemical plant. The

chemical plant is not costed.

1.2 UESC COST ESTIMATION METHODS

The total investment cost of a power plant consists of equipment,
materials, labor, engineering, construction‘management.<miscelleneous construc-
tion expenses, contingency (effects of uncertalnty), and the f1nanc1a1 costs _'
?assoclated with allocation and disbursement of these funds, which include.
escalation and interest during construction. The base investment cost of a
power plant is-defined as the part of the total plant cost that includes the
equipment, materials, labor, engineefing,lconstructibn management and miscel-
laneous constrnction expenses only. This teport addresses the base investment
cost only. Financial costs are not estimeted beceuse'the parameters associated
with them are.too speculative'to’predict over ‘long periods of time in a highly
unpredictable and volatiie economy. The effect of the finencial costs on the
total plant cost is very significant, and.may exceed 40 percent of the total plant
cost depending upon the magnitude of the,parameters and.the 1ength of the project
schedule. | -

The basis for this cost estimate is the USAEC Report WASH-1230, An.

Investment Cost Study for a 770 MWe HTGR (Reference 4). The costs contained in
that study are based on January 1973 prices. The unit costs of equipment, labor,
and materials for this report are adjusted for inflation to July 1, 1974, using

the following escalation factors:

Equipment - 20%
Labor 12.5%
Materials - 20%
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h The 'cost of the equipment, 1abor., | and materials required' ‘areriadjusted
by analyzing the physicel sizes,‘capacities, and temperature requirements of tﬁé
' equlpment and structures, and adJustlng the costs contained in Reference 4. New
estimates are prepared for items which are srgnlflcantly dlfferent from those in
Reference 4. |
In developing the cost‘estimafes, the follcwing,greund'rules were

observed:

P ihe Cenerel Atomic rcfercncc design in, Reference f, supplemented
by the system descriptions in Reference_4; is the besis for
the conceptual design of the halance of p1ant | |
e Changes to the Gulf General Atomic reference design were kept
to a minimum.
e Cost data was based on July-i974 prices.
A full complement of licensing and design criterie circa 1974
was utilized. |
e The base cost estimate.Was developed fcr-Middletown, U;S.A; site
conditions.l |
. Tne cost estfmate'wes developed for a single unit.
e  The base cost was developed in accordance with Appendix B

- ‘ (Estimator's Check List for Plant Capital Investment) of Guide

for Economic Evaluation of Nnclear Reactor Plant Designs, USAEC
Report NUS-531V(Reference 5). | |
' Recent'design experience on similar sized HTGR-plante is used
.wherever applicable.
This cost study.is'based on preliminary, conceptuel designs. The
costs which are.preeented'may chenge'as a result of further‘research and develop-

ment and of more detailed design.
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h ‘1.3 ‘ GENERAL' ATOMIC/UE&C PLANT DESCRIPTION AN]j COST SUMMARY
}4 o The nuclear_process heat plant which is described and costed in this
' report is based on a General Atomic 3000 MWt High Temperature Gas-Cooled Reactor
(HTCR), si@ilar in 'size and.content to the 1160 MWe HTGR power ﬁlants wﬁich are
currently being constructed. In the base case, the nuclear reacfo; systems are
modified by Geﬁefai‘Atomic fo.include a reforméf in the primary coolant léop.
. This reformer convérts‘a stgam-methane mixture to hydrogen and carbon dioxide,
, ' with a peak temperature ofA1600°F.
| The nucleé? process heat Balance of Plaﬁt (BOP) is-essentially
the same as the Supporfing systems and gtructures for the 1160 MWe HTGR ex-
cept'that electric ggngration systems are not inclﬁded. The Investment Cost:
Study for the 770 MWe HTGR (Reference 4) is.the basis for defihition of the
BOP systems, with modifications and édditions incorporated‘as a 'result of the
latest experience;&ith current power plént'desiéns and with reéent éécalétions

in labor and materials eosts.

The Base Planﬁ is thus definga as a nuclear reactor (with the néc—
esséry BOP supporting systéms.and structures),which provides heat to a chemical
process in the forms. of s;eém and helium.' All elgctrical,qeéds of the plant
‘are.supplied from outside the plént. The costs of the Base Plant arelsummarized
in Table 1.1. The chemical plant is not a part of this estimate.

| To better isolate the process from the ‘primary coolant, an inter-
mediate helium loop (IHL) is estimated as an additioh.to the cost of the Base
' Plant. This 1oop'miriimizes migration of tritium from the :primary coolant to
the process g;s and of hydrogen to the primar§ coolant. It.alsé relocates the
reformers out of the containment Bﬁilding, thereby.reﬁoving the'danger.of hy&rogen

explosions which might affect safety-related systems.
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Two.eléctric generation adders areAalso considered. Generation of
40 MWe provides enough power for the‘nuclgar‘plant equipment plus an ailowanée for the
demand from the chemical proéeséing plaﬁt;.'The geﬂération}ofkioo Mie permits
external sale of pﬁwer. | |

The‘costs of blants wiﬁh-all'of these oﬁtioné a;é summarized in

Table 1.2.

1.4 - COMPARISON SUMMARY

The costs and scopes of supply are coﬁpafed'in'chapter'4 for the
General Atomic/UE&C, General Electric and Westinghouse plants. The costs
presented are not airectly comparable because of significant differenqes in
the scopes of supply. Table 1.3 summarizes the costs and Table 1.4 sumarizes

~ the descriptions of these plants.

The General Electric plant cdsts,'$620 million, are similar to
those for the Generéi Atomic/UE&C plant,. but the Géneral Eledtric scope
includes‘fewer sprﬁctures.< The small cost difference between the two
concepts 1is not.signifiéant, given the uﬁcértainties involved.

The Westinghouse plant costs, $326 million, are cénsistently
lower than either of the other estiﬁatgs. Although differenceé in some
accoﬁnts can be explained by différent:écopes or different structure sizes,
Westinghouse estimates of eqﬁipmént, iabor and material coéts for the Reaétor
Containment Building, Administration Building, and Ileat Transfer System are

lower than would be expected if comparable base costs were used.
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h 1.5 AINTERFACES WITH THE CHEMICAL PLANT - °

The design of the chem1ca1 proceSSLn portlons of the overall plant re-

quires further definition of the 1nterfaces with the nuclear part of .the plant.

As a result, UE&C assumed that: ,
e All steam generatlon by the nuclear plant will be used in the

,chemical'plant.-

o All boiler feedwater will be supplled by the chem1ca1 plant.

e All makeup water and water condltlonlng equlpment for the steam
.systems wi11 be supplied by the chemlcallplant.

‘e If a turbine-generator ls used,‘tne exhaust system will be used

by the chemical plant. .

° Tne heat sink for the steam cycle, if required, will’be supplied

by the chemiCal plant. |
. The electrical demand of the chemical plant is 30 Mde. -
Details of the interfaceé between the nuclear and chemical plants are

discussed in Appendix A.

1.6 GENERAL COMMENTS
As a result of this review, several items have oeen‘identified which

should be investigated in more detail:

1.6.1 Plant Size

The output of thlS plant appears to be greater than the demand requlred
by most 31ng1e_potent1al users. Although it is likely that energy use w111 be—
come more concentrated in-the.future as energy productlon becomes concentrated,
still the early generation‘of_process heat plants will probably;serve several
customers. It.is also possible that smaller_nuclear heat sources will be applied
sooner and more.widely than the 3000 MWtAsize. Accordlngly,'the costs and economic

potential should be investigated for plants'in.the 500 to 2000 MWt range.
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1.6.2 Power Generation

, The incomplete deéigﬁlof the process plant p;evénts.analysié of the
amount of energy available for generatioﬂ of eleétricitj.‘ When the energy
demands of the process ﬁigﬁ;léré ﬁore clearly defihed; a new‘estimatevqf electric
'géneréfion costs‘shOpld be made. |

s

1.6.3 lPlant.Configufation

:Thé nuclear process heaf plént described in this féport is_not
an.oﬁtimum.plantf The costs and advantagés of differént primary/intermediate -
loop configgration strongly affect the. cost of ﬁhé ﬁlant (Tablé{l.Z). va the
intermediate loop is feduiréd,'significant cost sayings.in PCRV and cbqtaihment
buiiding costs can Be realizedvif the steam géneratoré a:é'loeatéd'only in the
-intermediate loop. 'ngevef;:reactor control-shéﬁid then be ver§-caréfu11y'in—

vestigated.

1.6.4 Nuclear Plant Controi

Although InStrumentaéion and Control systems are included in the three
conéeptual designs, the'fuli écope and cdmplexity of the systems are not docu-
mented. Since the problems of‘npclear-plant control are gxpected to be extensive,

a full investigation of this area should be initiated at an early time.

1.6.5 ‘Interactiop Between Nuclear and Chemical Plants

The nuclear and chemicai plants will be highly dependent on each other
for elec;ricity, steam,'hegt, feédwatér, cooliﬁg wééer, énd‘other services which
are still undefined. 'To assure safe operation of the nuclear élant, administra;

tive and technical coordination and interaction must be thbroughly investigated;
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TABLE 1.1

-SUMMARYAOF‘COSTS FOR GA/UE&C BASE PLANT

(Without Power Generation or Intermediate Loop)

* . ACCOUNT DESCRIPTION.

20
21
22

24

25

26

91

99

Land and Land Rights

Structure and Improvements

Reactor Pién£ Equiﬁment
Electriq'Plant Equipment
Miscellaneous Plant Equipment
Special Maéerials

Engihgéring and Conétfuction
Other Costs

TOTAL<PLANT‘COST

This Table is Derived From Table 2.2

Costs (Thousands of Dollars)

BOP TOTAL NsssriOTAL

1,660' -
68,872 - -

25,322 241,879
26,597 -
8,774 -

274 . : 271
89,d83 o -

7,874 24,939

B 227;f96 267,089

TOTAL .

- 1,000

. 68,872

267,201
26,597
8;774

545
89,083

32,813

494,885




é

Table 1.2

GENERAL ATOMIC/UE&C PLANT COST WITH OPTIONS
~ (July, 1974)

Total Cost (Thousands cf Dollars) :
Base With  Base Kith Base With Base With . Base With

Aécount Engineering and Constructioﬁ Base : 40 MWe 100 MWe - . IHI}I!SZZ IHL'&:&OMWe THL & l00MWe
20 Land and Land Rights . - | 1{000 : 1;000 1,00 ,_1,000 o i,ooo :~ " 1,000
21 ' Structures and:Imérovements 68,872 69,247 69,555 75,579 75,954 76,282
22 " Reactor Plant~Equipﬁent . 267,201 267,201 267,201 e 5497423 349423
: , o : : 336,327 336,327 336,327
23 Turbine Plant Equipment -- 2,700 5,388 - - 2,700 5,388
24 - Electric Plant Equipment A 26,597 26,933- 27,118 27,047 - 27,383 27,568
25 Misc. Plant Equipment 8,774 : ‘8,868 - 8,945 9,174 | 9,268 ' 9;345
26 Special Materials 545 545 s 961 E 961 a 961
91 Engineering and Construction 89,083, . :;89,969 .. 90,809 | 107,138 - .108,024 108,864
99 Other Costs - o 32,813 . _32,892 32,071 34,294 34,373 34,452
Total . 494,885 | 499,355 . 503,532 Y-V e 6695686 = 613:283

591,520 $95840 | £c0.187

Note: o , = R

(1) Intermedlate Helium Loop :
(2) This combination is the basis for comparison with the General Electric and’ Westlnghouse plants.
(3) This Table is derived from Tables 2.2, 2.3, 2.4, and. 2 5.




TABLE 1.3

'SUMMARY OF COMPARISON

(July’, 1974)

-~ Total Costs (Thousands of Dollars)

Account Description GA/UE&C General Electric Westinghouse
20 Land and Land Rights 1,000 2,000 800
21 Structures and Site Facilities 75,579 68,986 47,551
22 Reactor Plant Equipment é#@hJéE? 369,742 149,228
24 Electric Plant Equipment 26,597 21,521 16,206
25 Miscelianeous Plant Equipménﬁ 8,774 © 9,675 6,421
26 Special Materials 961 - 840 250
Subtotal (Accounts 21 through 26) . 4625334 470,764 219,656

. . ) Yy9,239
91 Engineering & Construction. Costs 107,138 - 64,134 57,268
99 Other Costs: 34,294 82,745 47,820
Total Costs 6645616 619,643 325,544

' 591,520

Annual Operation and Maintenance Costs (3) 8,995 3,388 5,996
to
- 11,155

Notes: (1) - Base Plant with Intermediate Loop, but without Power Generation

(2)

This table is derived from Table 4.1

(3) Costs represent different scopes of supply. Direct costs only.



ITEM

Reference Process

Maximum Average Pro-
cess Temperature

Nuclear Reactor Type

Reactor Core Type

_ Hexagonal Blocks, Solid
~ Fuel Rods, 93 w/o U-235

TABLE 1.4

COMPARISON OF CONCEPTUAL DESIGNS

GENERAL ATOMIC/UE&C ) -
(Comparison Plant)

General Electric(z)

Hydrogen Production By
Methane Reforming

Hydrogen Production By
Methane Reforming

14000F 14009F "

3000 MWt VHTR(#)
(Similar to German THTR)

3000 MWt VHTR(®)
(Modified HIGR)

Pebble Bed, Low Enriched

. Steam - Electric

Weétinghouse(3)

Hydrogen Production
By Proprietary

Process

1400°F

3000 MWt vHTR(%)
(Based on Nuclear
Rocket Technology)

Hexagonal Blocks,

Hollow Cylindrical
Fuel Rods, 93 w/o

U-235 -

|
|
l
z

(3) See Table 3.2 for plant costs. (6)

Prestressed Cast Iron Reactor

" Reactor Cooelant Helium Helium. Helium
Reactor Vessel pCRV (5) .PCRV(S) pcrv(®)
Intgrmediate Loép (IHL) Yes } ‘ : _ . Yes’ Yes '
THL. Coolant | ﬁelium ] 'Helium, . Helium

" Electric Generation _ No : ‘ o .‘Np Yes
Notes: (1) See Table 2.7 for plant costs. | _ | “(4) Very Higﬁ Température Reactor

. (2). See Table 3.1 for plant costs. (5) Prestressed Concrete Reactor Vessel .

Vessel




' Chapter 2 )
DESCRIPTION AND COST OF GENERAL ATOMIC/UE&C PLANT

2.1 INTRODUCTION

The General Atomic/UE&C nuclear process heat plant is costed as a
Base Plant with adders for an intermediate heat transferAloop and two elec-
tric generation optiOns Sections 2.2, 2,3, and 2.4 describe the plant
and the modlflcatlons required for the optlons.
| A chemlcal plant is associated with the nuclear plant, but is
not within the’ scope - of this study. Steam is generated by the nuclear
lant and supplied to the chemlcal plant where it ‘is mlxed with methane.
The steam-methane mixture is heated in a reformer by hellum from the nuclear
plant to produce a m1xture of steam, hydrogen, and carbon d10x1de.‘ This is
processed by the chemical plant into hydrogen. A flow dlagram of a con-
ceptual chemical plant is illustrated ln Figure 4.3 of Reference 1.

The estimated Operation and Maintenance cost of the nuclear plant

is described in Section 2.5.

2.2 BASE PLANT
2.2.1 Slte

The nuclear process heat plant is assumed to be located at the
'Mlddletown standard site described, in Appendix A of USAEC Report NUS- 531,

Gulde for Economlc Evaluation of Nuclear Reactor Plant De51gns (Reference 5).

‘The site was modified for the 770 MWe HTGR investment cost study, and is

described in Reference 4. The site is on a flood plain next to a river,
and about 25 miles from the nearest large-city. The site description also
includes water, gas,nand electric Supplies; air, railroad, road, and water access
routes; topography, geology, and_seismology; meteorological conditions; and

waste disposal regulations.



2.2.2 Nuclear Steam Supply System
The nuclear steam supply system (NSSS) is a BQOO:MWe HTGR
sﬁppligd by Géneral'Atomic Company. Thé NSSS consists of the nuclear
reactor, control and safety équipment, the prestressed concrete reactor
vgssel (PCRV), helium.circulators, and"fhe steam generators. For the nuclear
process heat plant, the NSSS‘also includes a methane-to-hydrogen reformer.
in the primary coolant loop within this PCRv; Other modifiéatiops arg made
tb‘somé systems in ordér to accommodate the fempe;atures requirea, which are
several hundred &egrees hotter than fﬁe comﬁarable,electric HTGR plant,
General Atomic has investigated the materials and operating
. problems of the nuclear process heat plant, éstimated the.qost of a
typical NSSS for pfocess héat; apd recommended a reséarch aﬁd devélépment
program. The results and the NSSS deécribtion are réported in ReferenéeAl.
Process options are discussed, with peak process temﬁeratures from 1200°F
to 2000°F. The 1600°F case was chosen as-the.NSSé for'definition of the
Base Plant balance of plant, because it appéars to 'be the most efficient
operating temperature. Serious materials problems exist at higher temper-
atﬁres. |
A heat balance diagram 6f the primary cooling system of the
Base Plant is shown in Figure 2.1, The helium is heated in the reactor core
.and enters the methéne reformer at 1800°F (average). It passes through the
reformer and a.steam generaﬁér and is then compressed befofe‘it reenters the
core, - Steam generated by the cycle driQes’the helium circuiators and is then
uséd by the chemical process plant, which returns feed watér to the system, |
(Appendix A of this report discusses interfaces with the.proéess plént.)
General Atomic quotes their estimate of NSSS costs as adders to
their public bid to the Los Angeles Department of Water and Power (LADWP),

which was a single-price bid of $169,358,000. ' To bring prices to July
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1974 dollars, Generai Atomic ‘escalated this estimate to $1?8?503,300. In

ordef to coﬁpare dos;s of the-plants estimated by General Atomic, General
Elecfric, and Westiéghouse (Section 4), UE&C prorated the General Afomic
LADWP bid based on the relative valugs of the appropriate accounts in Ref-
erence 4 wiﬁh modificationSAand additions resutting from Fhe latest exper-
ience with currgnt power plant'design, as shown‘in Table 2.1. This division
of the costs probably does.ﬁot represent the current cost breékdown from the
Geheral Atomic NSSS, But it is the best estimate-whiﬁh.één be made w{thOut a

detailed designiand'estiméte for the NSSS- system.

2.2.3- Balance of Plant Conceptual Design:

The cqnceptual aeéigh of the balance of plant is developed from‘thé
AAinVestﬁent cost summary for the 770 MWe HTGR (Refgfence 4), current experienée
Qith similar nuclear power plénts, and the General Atomié scope of suéply for
the NSSSA(Reference 1, pages 4-19 to 4-42), The plant costs, including the
General Atomic costs, ére shown in Table 2.2.

The layout of the plant site, will all significént étructures; is
shown in Figure 2.6.~:Sections through tﬁe main‘stfuctures, in Figure; 2.7 through
2,10, sﬁow £he 1ocatioﬁs of the main systems, Tﬁe most sighificant differences
between this plant and the one described in Reference &4 are:

Size (3000 MWt insfead of 2000 MWt) A
‘Mixed mean coolant temperature at core qutlet.(1800°F vs. 14340F)

PCRV contains reformers - . .
No electric generation equipment, supporting systems, or structures

The following sections briefly describe the differences between the
nuclear process heat balance of plant and the comparable accounts in Reference 4.
Where an account is not discussed, the systems are essentially the same as the

comparable systems in the 770 MWe plant, expanded to 1160 Mye.
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212, Reactor Containmeﬁt Bﬁildiqgﬁ

Tﬁe cbn;ainment bui}diﬁg and gnﬁulus‘diameters‘are larger
than the comparabie structures iq Reference 4 because the PCRV
diameter is larger. There is sufficieﬁt ciearancg for the

removal pf the reformers from the PCRV for servicing.

213, Turbine-Generator Building.

This building is not a part of the Base Plant. (See

Section 2.4)..

214, Water Intake Structures

The circulating water . intake structure ié ﬁbt a part of the
nuclear process heat plant, bécause,waéfe heat dissipatibn is the
responsibility of the chemical plant. |

The service water intakéAstructufé'is scaled up from

Reference 4.

215. Reactor Service Building

" The services provided are the same as in Reference 4, but the

building size is slightly increased. The cost éstimate in Refer-
ence 4 was for a reactor se;vice building which serves two reactor
units, so this building would be smaller. However, recent com-
parable étructure designs-'ére considerably larger than the one in
Referencg’é, so the net effect is a larger building.

Storage space is provided for 40 percent of the reactor core,

which is appropriate for the 3-year fuel cycle. Because of the more

demanding fuel service, it may be .desirable to'provide storage for
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the entire core plus a recently dischargéd,bétch.(IQO pércent
of coré). "This option wés'nof estimated.

Major repairs ta the steam generatdrs and reformers will be
‘performed off-site, ' The eqﬁipmeﬁtlhatéh was-eniarged to alléw

.removal of these components by rail to a repair facility.

;218A; Control Building

‘The control building is similar-in'size and function to the
control bﬁilding for the 1160 MWe HIGR. The space allocated in
. an 1160 MWe plant to electrical generation and distribution equip-

ment will be available for process instrumentation.

218C. Administration Building

' The administration building is the same size as the building
for an 1160 MWe HTGR single:uﬁit‘plant. A warehouse and a shop

area are included.

218D. Auxiliaries Bpiiding

The auxiliaries building houses the auxiliary boilers, water
treatment eﬁuipment, and associated electrical and instrumentation

and control equipment,

222, Main Heat Transfer and Transporﬁ Systems.
Installation of the reformers is added to ‘this account.

' ’ :

(Reformer Equipment cost is an NSSS cost.)

226, Other Reactor Plant Equipment

A containment inerting system is reduired‘to,prevent hydrogen
explosions which might result from reformer leaks. .The cost of

this equipment was taken from Reference 1, page 5-49,
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24,  Electric Plant Equipment

The auxiliary powervsfstem is'comparable to that for a
1160 MWe HTGR steam generating station. The safety—related
(Class IE) systems are identical. . 1qu1pment typcs in the nuclear.
process heat plant are similar to those in Reference 4 with the
exception ‘of generator related equlpment (1 €., sw1tchgear,
protective relay panel and isolated phase bus duct).  All
aux111ary transformers are connected to the offsite power supply , ,
'(grid) because therelis no on81te~generatlona

The aubstation:and incoming power.iines are not included in

this estimated.

25. Miscellaneous Plant Equipment

~This account contains essentially the same equipment. as in
Reference 4, except that no turbine—generator crane is required.
In order to handle a reformer in a shioping'cask, tne reactor

service building crane was increased in size from 100 to 200 tons.

263, Reactor Coolant

This account covers the cost of the initial helium inventory
in the reactor, and was not estimated in Reference 1.

910. Englneering Construction Management, and Field Superv131on

This account 1s substantially 1ncreased relative to Reference 4
because of the recent increases in quality assurance requirements
(10 CFR 50, Appendix B) and Because of anticipated licensing costs
for the process heat plant.' Quality Assurance is assumed to be

proportional to the plant size, and is estimated to 1nvolve a




lo

20 percent creater scope LicensinrY costs are'cqtimated to be
30 percent hlgher than for an electrlc power plant of comparable .

thermal,pOWer.

2.3 . INTERMEDIATE HFAT TRANSFER LOOP

©2.3.1 Summary

This portlon of. the study was performed because safety and licens- -

' ing considerations (See References 2 -and 3) may requlrc that an 1ntermed1ate

helium loop (THL) be'inserted between the primary coolant and the process

gas. This loop would provide additional isolation between the reactor

' fission products and the products of the reformer. Although evidence has

been found in ruclear explosion expériments: which implies that the product
gas will not be significantlyAcontaminated;-this experience is not directly

comparable to the nuclear process heat reactor components, The IHL will

‘reduce the possibility that the public will be exposed'to redioactive'materials.

As a result, a conceptual de31gn was prepared and’ costs estnnated for an
1ntermedlate loop. Table 2.3 shows changes to the costs of the Base Plant
which are required for the tnstallatlon of an 1ntermed1ate loop.“

The nuclear reactor portion of tﬁe,plant is_essentilly unchanged
by the addition ofténtintermediate ldep. The peek'eoolent temperature is
about-1800°F in each eeSe. When the IHL is edded, the'reformers-ere re-

moved from the PCRV and are replaced by_helium—to-helium'heat exchangers.

As shown in Figure 2;3,_the_IHL directs helium flow from the PCRV and the

.containment building to the two intermediate loop.buildings, and then

through the reformers, secondary steam generators, steam driven circulators,
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and finally back to the PCRV. In‘conceptual design; the piant has four

parallel intermediate loops.

The helium is transferred through internally insulated pipes.
This insulation is similar to the insulation described in Reference 1. for

the hot ducts within the PCRV. Pressure vessels are provided in the inter-

" mediate loop buildings for the reformers, steam generators, and circulators., -

A'redundant helium purification system assures that thevloop is free of any

fission products'that may have leaked or migrated through the heat exchangers -

from the primary coolant 1oop.

The two 1ntermedlate 1oop bu11d1ngs are located adJacent to the

contaimment building annulus, as shown in Figure 2.11, Detalls of the

. buildings are shown in Figures 2.12 and 2,13;

2;3,2 Intermediate Loop Conceptual De51gn
The f0110w1ng paragraphs descrlbe the conceptual de31gn of
the intermediate 1oop.
211, Yard WOrk
Ra11road tracks ‘are extenoed to provrde access to both inter-
mediate hellum loop bulldlngs in order to fac111tate installation,
‘ removal, and transport of equlpment in loop bu11d1ngs, such as
the reformer, the steam generator, the heliumAcirculator, re-
4former feed effluent. heat exchanger, and other components.
Approximately 1,100 feet of additional railroad tracks are pro-

vided from the base plant spur to the.intermediate loop buildings.

212D. Intermediate Loop Buildings
~ The two intermediate loop,buildings are located adjacent

_to, and at diametrically opposing positions of, the containment
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annnlus,_,Each building houses tnoAreformers, two steam gener-

b | ators,‘and intermediate 1oop5"supp6rt_ equipment. Although tney
are considered-paft of the containﬁent building, they are

AAstructurally independent. Each is 1?5' X 95' x 140° high. Both

have structural steel frames supported on foundatlons mats and
are enclosed by insulated metal 31d1ng, metal roof deck and
built-up roofing. The ‘below-grade portion of the structures is
a basement mat floor with concrete walls up to grade.

Above grade,'the buﬂ}dinge are'framed with structurai steel
and interior etructural steel is pfovided_to~support the re-‘
formers,.steam generatdts, helium,circuiatbrs, pteesute_vesaels
and the reformer feed effluent heat'exchangers>housed in the |
_buildings. The_integrated heavy interior steel traming ia also
used to suppprt tne interﬁediate helium loop and associated
piping. Interior walls are concrete bloek and the floors are
.concrete slabs snppdtted on steel framing. The building also
houses helium purification equipment, éwitchgear and inter-
mediate loop instrumentationa |

Railroad tayé for transport of'componente are located at the
ends of the buildings farthest frem the annulus, Overhead traveling
‘cranes (85/15 tomn) ¥0catedlat the top of the'buiidings serVe the
railroad bays as well as the operating floor. The bnildings are

shown in, Figures 2.12 and 2.13.

218E. Helium Storage Building

The helium storage facilities for the intermediate helium loop
are housed in an extension to the primary loop helium storage

building. The enlarged size of the he11um storage bu11d1ng was
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designed to accommodate required added storage capacity.
Labor material costs were scaled from the helium storage

buildings costs in Reference 4.

221, Reactor Equipment

The steam generators and intermediate heat exchangers for
the primary loop are smaller than the steam genetators and
reformers in the base plant., As a result, the sizes of the PCRV

and the containment building are slightly reduced.

- 222B. Intermediate Heat fransfér Loop

‘The intermediate he#t éxchangér is describéd and estﬁmated
in Reference 1. Installation costs ére,assumed to be equivaleht
to the refofmer installationccosts for the Base Plant.

The éteamlgéqéfators forltﬂg.intgrmediapg lodp are similar
in matérial-aﬁd design, but smaller. than the 5team generators
in the Base ?lant. The steam genefator costs weré assumed to
be proportional to the surface area of Lhe equipment.

The reformers are similar to those described in Reference 1
for the 16009F case, but larger in diameter to accommodate the ‘
‘larger cétalyst surface area which.is fequired at'the'lower
operating temperature of i400°F. -The equipmenf cost is from
Reference 1, page 5-49. Labor and:materiallcostsAare assumed‘
‘to be no different than thé Base Plant.

The iﬁtermediate loop circulators are described in
Reference l; Equipment costs are taken from Reference 1,

page 5-49. Labor and material costs are assumed the same as

the circulators for the Base Plant,
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Pressure vessels are used in the intermediate loop to

house ehe reformer and the steam generator-circulator’assem~
blies.- They provide strength to reeist-the hodp'and.axialA
stresses'that the PCRV provides in the Base Plant. Costs of
the presSure veseels are calculated frbm a éample design.
Intermediate ioop piping is similar to that described for

PCRV hot duct plplng in Reference 1 The 2% Cr-1 Mo

(Lype A-335 Pll) pipe is sultable for the appllcatlon and 1is
used as the reference design. Costs for piping are computed

on a unit cost basis. The internal insulation methqu,

materlals and costs for the conceputal de51gn are descrlbed in

- Reference 1. It has been found that’ exterlor 1nsu1at10n is

unnecessary. A Cross section of the hot leg is shown in

Figure 2.14.

In the conceptual design, 16 isoiation valves afe necessarye.
The4c9nceptuel design of the valves uses a vatlve boay~buter
material of 2% Cr-1 Mo (A-217 WC-6) and inner material of
Incoloy 800; with coﬁpatible seat and stem ﬁaterials and in-‘
sulation'similar to that used in the piping design. Costs are
derived from valve cost data for valves iq similar applications.

Hanger and support costs are based on eurrent cost data, as

are expansion joints and penetrations.

226. Other Reactor Plant Equipment

.Containment Inerting Equipment

Because the reformers are not located in the containment
building, hydrogen- leakage does not endanger the 1ntegr1ty of .
safety-related equipment. The cost of the contalnment inerting

equipment 'is thus deleted from the 'account. The equipment cost
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"is taken from.Referenoe 1, hage.5-49.

' Helium Storage and Make-up

The helium storage capaeity is assumed equal'to the helium
contaihed’ih the entire intermediate loop. Costs are based on‘
th1s capac1ty, although the hellum storage amd make- upvsystem
is housed in a common storage bulldlng, thlS system is completely

independent:of‘the primary 1oopﬂstorage and~make-up system.

Helium Purification Systems

The helium purification svstems are smular to those de-
scribed in Reference 4, .The equlpment. however, is assumed to
be smaller than comparahle prlmary loop’ equlpment because the
fission product concentratlon will be, at most, equal to one-’
tenth of'the concentration of the primary loop. '

There are two independentlhelium purifioation trains which
tie into a single'hydrogeﬁ removal moduie, Waste products_are

vented to the primary loop radioactive waste systems.

227, Instrumentatlon and Control

Instrumentatlon -and control is assumed 51m11ar to the

‘Reference 4 primary 1oop controls.

241 Sw1tchgear

It is assumed that four 5 kv feeder breakers and four 480 V

"motor control'centers are needed for the intermediate loop power:

train. Costs are based on current data.

245, Electrical Structure and Wiring Containers

Costs for cable trays and conduit for the intermediate loop

equipment are based on current unit cdst data.
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246, Power and Control Wiring
Costs for low voltage (under 5 kV) and instrument cables are

based on estimated quantities and current.unit costé,

251 Transportatlon and L1ft1ng Equlpment

'An.85/15 ton overhead travellng crane 1s required in each
1ntermed1ate loop bu11d1ng for removal of reformers and steam

generators.

264, Intermediate Coolant Inventory
The initial helium.inventOry is assumed equal to the inter-
mediate loop working inyentoryfplus'initial storage equal to the

working inventory.

91 & 99, Indirect Costs
Accounts numbers 9lland 99 are assumed to be proportional

to the direct total.cost of the system.

2.4 .POWER GENERATlON
2.4,1 Summary

The Base Plant 1s de31gned to operate entlrely from off- 31te power
with no 1nterna1 generation (other than emergency) in order to provide a more
direct comparison of the costs of supplying proeess heat. ‘

Additional costs of generating electricity'on-siteAare estimated for

two‘cases. In one, generation is sufflcient for internal use only, while
in the other there is excess generation to oermit some salelof power. These
costs are summarized in'Tables 2.4 and 2.5, The first case is for the
generation of 40 Mﬁe, which ls enough to supply power for the nuclear

'process heat plant w1th about 30 MWe remalnlng for the chemical process

plant. The other case is arbitrarily chosen as 100 MWe, wh1ch is suff1c1ent




to supply the nuclear and chemical plant needs, with about 60 MWe re-~

maining to sell, Incremental generation costs in this range, from 40 MWe
to 100 MWe, are approximately proportional to the incremental_power.
The power turbine plant is essentially an additional piece of

equipment which draws steam from the main'steam'supply and exhausts it

‘back to the chemical plant, Figufes 2.4 and 2.5 show the inlet, outlet,

and main cteam conditions for each case. The cghanges in'the_plant'systems

to accommodate p0wer generatlon all occur in the -chemical process plant

rather than the nuclear plant. Flgures 2, 15 and 2.16 show the 1ocat10n of

the Turbine'Buildieg on the plant site.

The chemicaitplant is expected to sepply_steam'to the tﬁrbine
and tovuse the terbine effluent. Sﬁpport systems neceséary for the
operation of the turbine are ineluded in thie‘estimate. Because the
conditions’en& eqeipment 6f the ehemical plant are not yet defined,
costs are not estimated fof"circulating water and weter purification

systems, condensate and feedwater'systems, water iﬁtake_and outlet

‘structures, and steam plping.

The total cost of generatlng e1ectr1c1ty is thus not 1nc1uded in
these eétimates;‘but the addi;ionel SyStems costs will depend on the

chemical plant conceptual design.

2 4,2 Power Generatlon Plant Conceptual De31gn

The systems and structures requlred for the power generatlon are

-described below by account.

213, Turbine-Generator Building

This buildihg is similar in design and construction to the
turbine-generator building described in Reference 4 with the

exception that upper floors, walls, and platforms are not required




for condensate and feedwater systems, which will be located

in the chemical plant,

231. Turbine-Generator

The turbine-generator account includes the turbine-

generator, foundation mat, CO, purge gas system, hydrogen

2

cbqling gas system, and the 1ubriéating oil system.

24, Electric Plant Equipment

This account includes- the generator switchgear and the
generator bhus duct to the main plant Switchgear. 'Thé 100 MWe

case also includes a generator protective relay panel.

251, Transportation and Lifting Equipment
The Turbine Building is supplied with a 40.ton crane for

the 40 MWe case and a 75 ton crane for -the 100 MWe case.

91 & 99. Indirect Costs

Acédunts 91 and 99 are proportional to the total plant cost.

2.5 . OPERATION AND MAINTENANCE

The annual operation énd maintenance (O&M) chafges for the NPH
planf estimagedfby GA in Reférehce llare in .general agreement with the
Q&M costs for similar sized pbwer feactor plants, _Tablé 2.6 shows the
0&M costs estimated by UE&C for planfé-with and without an intermediate
loop and with and without powér'generation.
The GA fixed maintenance chargeé seem unusually‘low when compared
- with power reactors. Fixed maintenance is defined as mechanical equipment
servicing'and building maintenance. Power industry experience for these
‘costs ranges betweeﬁ 1.5 and 2.5 million dollars per fear. The majority

of this expense is incurred in heat exchanger maintenance.
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The base NPH plant has four steam generators and four reformers,

‘which represents a total of two more heat exchangers than in an 1160 MWe

. HTGR. When the intermediate loop is added, there are eight steam generators,

four.reformers; and foﬁr intermediéte ﬂeat exéhaﬁgefs which represents ten
more heat exchangefs'than ip a comparable electric plant.. In addition, the
reformers and intermeaiate héat exchangers operaté at higher temperatures
than standard;steam generatdré; and - are thus expectéd to fequired more

maintenance. Additional maintenance will be necessary if the systems. are

not kept free of dust and impurities, which cause hot spots in the heat

exchangers.

The fixed maintenance costs fof the NPHiplaqt are‘thus.likely.to
be.about 1.5 to 2.5 million dollars pér year, which is in the same range
as for a comparablé power plant, Thes; costs'wili be incteased by about
1.0 to 1.5 million doliars if an'intermediate ioop is’addéd.'

2.6 COMPARISON PLANT

The Cdmparison Plaﬁt is the cdmbinatibn of the Base Plant (Section
2.2) and the Intérmediaté Loop (Sectién;2.3). if is the basis for com-
paring the Genéral Atomic/UE&Q conceptual design and cost estimate with
the estimatés provided by'General‘Electric and Westinghouse (Chapter 3).
Chapter 4 compares these estimates. |

As shown in Figure 2.11, the Comparison Plant is essentially
the same as the Base Plant, except that additional facilitiés have been
added to house and service.the Intérmediate Loop. Téble 2.7 combines the

costs which will be compared with the other estimates.
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Account

221
222"
223
224
225

226
227
269

99

995

NOTES :

(1) Total bid by GA to Los Angeles Department of Water and Power (LADWP), escalated
" by GA to July 1974, and divided into accounts according to recent estimates
and the appropriate costs in Reference 4.

(2) Adders for NPH plant from Reference 1, Section 8, with céntingency costs
removed to separate accounts, in proportion to the size of each account.

| TABLE 2.1

NSSS COST ESTIMATED BY GENERAL ATOMIC

(July, 1974)

'Description -

Reactor Equipment

Main Heat Transfer Loop
Safeguards Cooling Systém

Radioactive Waste Treatment
and Disposal

Nuclear Fuel Handling
and Storage

Other Reactor Plant Equipment

Instrument;tinn and Control
Initial Catalyst Fillingl
Other Costs -

Contingency

Total

(3) For discussion, see Section 2.2.2.

Cost (Thousands of Dollars)

LaowpD)  weu(2 -
_BID - ADDER . IOTAL
107,59 20,323 127,917
39,260 39,054 78,323
7,258 12 7,270
3,822 718 4,540
13,826 516 14,342
2,973 - 2,700 5,673
3,761 53 3,814
0 271 271
0 939 939
0 24,000 24,000
178,503 88,536 267,089




Account
20
201

Total 20

21

211
212
214
215
218A
218B
218cC
218D
218E

Total 21

22
221
222
223
224
225

226
227

Total 22

TABLE 2.2

COST OF BASE PLANT WITH GENERAL ATOMIC REACTOR

NO INTERMEDIATE LOOP, NO POWER GENERATION

Description

Land and Land Rights -

Land and Privilege Acquisition

Structures and Improvements .

Yard Work

Reactor Containment Bu11d1ng
Intake Structure

Reactor Service Building
Control Building

Diesel Generator Bu11d1ng
Administration Building

" Auxiliaries Building

Helium Storage Building

Reactor Plant Equipment

Reactor Equipment

Main Heat Transfer Loop

Safeguards Cooling System

Radioactive Waste Treatment
and Disposal

Nuclear Fuel Handling and
Storage

Other Reactor Plant Equlpment

Instrumentation and Control

(July, 1974)

Costs (Thousands of Dollars)

BOP Materials

1)

A Adder( Total

and Equipment _ BOP Labor
1,000 -- - 1,000
1,000 -- P 1,000
1,203 1,424 -= 2,627
12,247 21 564 - . 33,811
© 285 127 - SAT
6,000 11,255 . © 17,255
1,900 4,146 - 6,046
1,628 3,512 —- 5,140
1,200 1,372 -- : 2,572
- 363 485 -— 848
90 o . : 161
24,916 43,956 - 68,872
104 578 127,917 128,599
318 1,146 78,323 79,787
409 . 259 7,270 7,938
239 884 - 4,540 . 5,663
254 640 14,342 15,236
9,968 6,998 - 5,673 22,639
2,356 1,169 3,814 . 7,339
13,648 11,674 241,879 . 267,201

o




.

Account ' Description

24 Electric Plant Equipment
C 241 Switchgear ,
242 Station Service Equipment
. 243 Switchboards
244 - Protective Equipment
245 Electrical Structures and
Wiring Containers
246 '~ Power and Control Wiring
Total 24
25 Miscellaneous Plant -Equipment .-
251 Transportation and Lifting
Equipment ) .
252 . Air, Hydraulic, Water and °
. Steam Service Systems
253 Communications Equipment
254 Furnishings and Fixtures
Total 25
26 Special Materials
263 Reactor Coolant (and initial
: storage) .
269 Initial Catalyst Filling
Total 26

Total 21, 22, 23, 24, 25, & 26

TABLE 2.2 (Page 2 of 3)

1Base-P1ant Costs (Thousancs

of Dollars) .

BOP Materials

and Equipment BOP_Labor CA Adder Total
2,131 381 - -- -2,512
4,484 808 -- 5,292
361 146 - 507
190 328 -- 518
1,429 5,615 -- 7,044
© 4,886 5,838 -- 10,724
13,481 13,116 -- 26,597
1,121 278 -- 1,399
3,165 3,643 . - 6,808 -
74, 107 -- 181"
345 41 - .- 386
4,705 4,069 8,774
254 -- ee 254
0 20 - 271 291
254 20 271 545
57,004 © 72,835 242,150 371,989
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Description

TABLE 2.2 (Eage 3 of 3)

Base Plant Costs (Thousands of Dollars)
BOP Materials :

‘GA Adder

Account and Equipment BOP Labor Totai
91. Engineering and Constructibn Costs
910A Engineering Services and -- 63,898 (2) 63,898
Construction Management ’
911 Temporary Facilities 11,800 3,375 -- - 5,175
912 " Construction Equipment 8,400 900 -- 9,300
913 Construction Services 5,760 4,950 -- 10,710
Total 91 15,960 73,123 .89,083
99 Qther Costs.
GA Other Costs -- -- 939 939
991 Operator Training 1,330 -- -- 1,330
© 992 Spare Parts 1,756 -- -- 1,756
1993 .Preliminary Operations and : _ '
. Testing : -- - (Not included in. Estimate) --
994 Miscellaneous Cost 4,788 -- , 4,788
995 Contingency - - 24,000 24,000
Total 99 7,874 124,939 © 32,813
Total 91 & 99 23,834 73,123 '24,939 121,896
Total Plant Costs 81,838 145,958 267,089 494,885

Notes: (1) GA Adders are from Reference 2, Section 8. Contiﬁgency costs were separated in proportion
to the size of each account. The GA bid for LADWP is taken from Table 2.1.

(2) GA added costs were distributed by GA among other accounts.‘

(3) For discussion, see Section 2.2.




- . Account

211

- 226

227
241

245

246

251

264

- 269

TABLE 2.3

‘COSTlADJUSTMENTS'FOR INTERMEDIATE LOOP

- (July, 1974y

- Description

Yard Work .

'Railroads

Intormediate Loop Bui1ding

Helium Storage Building
‘ H

‘Reactor Equipment

Intermediate Heatr Transfer
Loop ) T

Intermediate Heat Exchanger
Steam Generators C
Reformers

Circulators

Pressure Vessels

Piping and Valves

Other Reactor Plant Equipment.,

Cost (Thousands of Dollars)

Containment Inerting Equipment

Helium Storage and Make-up
Helium Purification Systems

Instrumentation and Controi

Switchgear

Electrical Stfuctures and -
Wiring Containers

Power and Control Wiring

Transportation and Lifting
Equipment’ ' '

Intermediate Coolant Inventory
(Including initial storage)

IHL Initial Catalyst Filling

Equipment
. .& Material Labor
£ 29 16
3,001 3,502
30 39
(513) (823)
325626~ 105186
59,530 9,736
24 a7
628 111
113 23
.45 197
25 47
. 310 90
89. --
1307

20

Total

45

6,593

.69

(1,336)

825812
69,266

739
136

242

" 72

400

89 .

.327



Account

910

913
991

994

NOTE:

TABLE 2.3 ( Page 2 of 2)

Description

Engineering Services and

Construction Management

Construction Services

Operator Training

Miscellaneous Costs

Total

For discussion, see Section 2.3.

Cost (Thousands of Dollars)

Equipment
& Material

" Labor

1,39
322

WL1a132

66,583

15,463

Total

15,463

2,592
322
1,159

095+33-
96,185~



TABLE 2.4

COST ADJUSTMENTS FOR POWER GENERATION
' ' © (July, 1974) =

40 MWe CASE
‘ A I . . ’ ‘ . -
ACCOUNT DESCRIPTION - . ' . - COST (THQUSANDS OF DOLLARS)
~ EQUIPMENT .
& MATERIAL " LABOR TOTAL.
213 . Turbine-Generator B 140 : 235 ¢ 375
Building: E S . : A
231 ’ TurBine-Generatpr | . _ 2,434 4 © 266 - 2,700
241 . Switchgear - ' . . 65 - 10 75
242 Station Service Equipment - (30). 4 0 4 (30)
246 Power and Control Wiring . - 201 .90 291
251 Transportation and'Lifting T3 221 94
Equipment . -
91 Engineering and Conspr@gtibn . o= 886 886
99 Other Costs S ; 79 - - - 79
TOTAL ‘ o 2,962 -~ 1,508 4,470

NOTE: TFor discussion, see Section 2.4..



TABLE 2.5

" COST ADJUSTMENTS FOR POWER GENERATION

(July, 1974).
100 MWe CASE

ACCOUNT

'@”',213_
231

241

. 242
s
246

251

91

99

DESCRIPTION

- Turbine-Generator. Building .

Turbine;Generétor
Switchgéar

§tation Service Eqdipment
Switchboards

Poweriand Control Wiring

Transportation and Lifting
Equipment s

Engineering and Construction.
Other Costs

TOTAL

NOTE: For discussion, seé Section 2.4.

- "COST (THOUSANDS OF DOLLARS)

'EQUIPMENT | |

& MATERTAL™ - LABOR  TOTAL
| 262 441 703
4,854 534 5,388
73 10 83
~(30) 0 (30)
N 71 RV 85
265 118 383
136 35 a7

- 1,726 1,726

_ ;.viSS - 158
5,789, 2,878 8,667




TABLE 2.6

ANNUAL OPERATION AND MAINTENANCE COSTS

(Thousands of Dollars)

(JULY 1974)
. ' : Base Plant +
Bagse Plant + Base Flant + Power Generation +
Item Base Plant Intermediate Loop‘l) Power Generation Intermediate Loop
' Station Staffing - .- 1,800 1,960 , 1,880 . — 2,040
Fixed Maintenance ' 1,500 - 2,500 2,500 - 4,000 . 1,500 - 2,500 2,500 - 4,000
Variable Maintenance A . 960 1,320 . 960 1,320
' (Including Catalyst Costs) : : _ T . ' o
Supplies and Expenses . © 140 - 800 . 160 - 820 . = 150 - 810 170 - 830
Coolant Make-Up Purchase 65 ' o125 - .. - 65 .‘ 125
Electric Power Purchased ~ 2,080 2,080 . . o 0 . 0
Insurance 30 . 390 . 590 © 390
Annual License Fee - 200 200 . 20 . 200
Administrative & General ~~  ___ 260 260 %0, 260
TOTAL 7,395 - 9,055 8,995 - 11,155 - -~ 5,405 - 7,065 7,005 - 9,165

NOTE: (1) This plant is the basis for comparison'with the General Electrié and Westinghouse plants.




S

21

Account

20
201

211
212
212D
© 214
215
217

. 218A

218B
218C
218D
218E

22
221
222
223
224
225 -
226
227

TABLE 2.7

COMPARISON PLANT COSTS - GENERAL ATOMIC/UE&C

(July, 1974)

Description

"LAND AND- IAND RIGHTS

COSTS (THOUSANDS OF DOLLARS)

Base Plant - IHL Adder Total

Land and Priv. Acq. 1,000 - - 1,000
Account 20 - Total 1,000 | 1,000
STRUCTURES AND IMPROVEMENTS - -

Yard Work o 2,627 45 2,672

React. Contain. Bldg. 33,811 - - 33,811

Intermediate Loop Bldg. - 6,593 ' 6,593

Intake Structures 412 - 412

React. Service Bldg. 17,255 ' - 17,255

Fuel Storage Building (3) - - o - -

Control Building ' 6,046 - 6,046

Diesel Gen. Building 5,140 - 7 5,140

‘Admin. Building 2,572 < - 2,572

Auxiliaries Building 848 - 848

Helium Storage Bldg. 161 : 69 230
Account 21.-- Total 68,872 . - 6,707 - 75,579
REACTOR PLANT EQUIPMENT .

Reactor Equipment 128,599 - (1,336). 127,263

Heat Transfer System v 79,787 ©%,266 8258%2 5 148,053

Safeguards Cool. System 7,938 - 7,938

Rad. Waste Treatment & Disp. 5,663 - 5,663

Nuclear Fuel Hdlg. & Storage -.15,236 - 15,236

Other. - e 22,639 i 22,646

1C | 7,339 739 __8,078
Account 22 - Total 267,201 825222 3495423




TABLE 2.7 (Page 2 of 3)

COSTS (THOUSANDS OF DOLLARS)

jAécount Descrlptlon : o Base Plant IHL Adder - Total
24 : ELECTRIC PLANT EQUIPMENT ' S
241 " Switchgear o 2,512 136 2,648
242 Sta. Service Equip. 5,292 - : 5,292
243 Switchboards T 507 - 507
244 Protective Equipment ' 518 . - 518
245 El., Struct. & Wiring Contain. 7,044, : 242 7,286
. 246 . Power & Control Wiring 10,724 72 . 10,796
Account 24 - Total a ' 26,597 ‘ " 450 .27,047
25 MISCELIANEOUS PIANT EQUIPMENT L o
251 Trans. & Lifting A 1,399 - 400 1,799
252 . Air, Hyd., Water & Steam 6,808 - 6,808
253 : Communications - ' 181 - 181
. 254 Furnlshlngs & Fixtures - 386 = . 386
Account 25 - Total 8,714 © 400 9,174
26 SPECTAL MATERTIALS ' :
263 Reactor Coolant (2) . 254 - - 254
264 Intermediate Coolant (2) - . 89 89
269 ' Initial, Catalyst Filling. . - 291 ' 327 . 618
Account 26 - Total . 545 416 961
Subtotal (Accounts 21 through 26) 371,989 = 967195 rrevres
76,649 44®,638
91 ENGINEERING & CONSTR. COSTS
910 Engineering Services and S
Construction Management 63,898 15,463 . 79,361
911 Temporary Facilities 5,175 ° - : 5,175
912 Construction Equipment 9,300 - : 9,300
913 Construction Services 10,710 L 2,592 13,302

_Account 91 - Total - 89,083 18,055 . 107,138




o

TABLE 2.7 (Page 3 of 3)

COSTS (THOUSANDS OF DOLLARS)

_Account - Descrigt’ion : : - Base Plant THL Adder Total
99 OTHER COSTS | ‘
991 Operator Training o © 1,330 . 832 1,652
992 Spare Parts : ' - 1,756 - 1,756
993 Prelim, Oper. & Testlng(l) '
994 Misc. COSts 4,788 1,159 5,947
995 Contingency ‘ ‘ : o 24,000 S 24,000
1996 e (1) | T -
997 . GA-Other Costs (Undistr.)’ ' 939 — 939
Account 99 - Total . S 32,813 1,481 34,294
TOTALS OF ALL COSTS . | 494,885 16973 604766
‘ - S 9685 591,070
NOTES :
- Not Estimated.

(L)
~ @)

Includes 100% Reserve in Storage.

(3) - Functions Included in Reactor Service Bu11d1ng

(4)

(Account No., 215).

This table is derived from Tables 2.2 and 2.3.
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Chapter 3

DESCRIPEION AND COSTS OF GENERAL ELECTRIC AND WESllNGHOUSh PLANTS

General Electric and Westinghouse Astronuclear Laboratory each
prepared a description and.cost estimate for a nuclear hydrogen production

facility. Each concept has significant nnique'featnres, and each cost

' estimate is quoted in a slightly different format. This section contains

brief summaries of the conceptual plant designs and presents the General
Electric and Westinghouse cost estimates in a consistent format.

3.1 GENERAL ELECTRIC DESCRIPTION AND COST

3.1.1 Plant Description

The General Electrlc conceptual design (Reference 2) used as a
comparison plant in-this report is a 3000 MWt Very High Temperature Reactor
(VHTR) which employs the coneept of an intermediate looplconnecting the
reactor and the nydrogen reformers. The reactor is a helium?cooled pebble
bed reactor, developed by tne German KFA*, delivering 3000 MWt. It provides
a total of 900 MWt to five process loeps each at 1400°F outlet temperature,
1640 MWt to five primary loop steam generators which can deliver up to
600 MWe of electric power, and 460 MWt to five intermediate loop steam
generators as discuesed in Section 2;1.1 of the Systems-Concepts Topical
Report of Reference 2.

The reactor is loeated in an integratod PCRV which eontains all
of the primary loop components. Tne-five intermediate heat exehangers and
five steam generators are located in separate caVitiee in the PCRV as dis-
cussed in Sectionsbz.lil.a and 2.1.1.5 of the.Systems Concepts Topical Report
of Reference 2, |

The five independent primary loops transport.the reactor coolant

(helium) to intermediatelheat exchangers and through' transverse ducts to

*Institut fur Reaktorentwicklung Kernforschungsanlage, Jnlich.




the steam generators. The helium is'then transported up along the wall

of the steam generator cavities to the circulators, which return-it to
-the reactor core. The primary loop helium ducting has internal insulation
as discussed in Sectlon 2.1.7 of Reference 2,

The high temperature secondary loop helium is transported from
the intermediate heat exchangers to the reformers. The helium is then
ducted to theAnearby reheater and circulator, all located in bays adjacent
to the process buildingl The secondary 1oop.consists.of.five independent
loops, one from each of the five 1ntermed1ate heat exchangers to the five
reformers. The secondary loop piping is 1nterna11y 1nsu1ated The hot
‘1eg is four feet in diameter. |

The GeneraL'Electric conceptual‘design of the reformer is simi-
lar to the EVA design used by KFA, Each of the five reformers is housed
in a single shell. The General Electric~reference design is discussed in
Section 2.1.9.1band shown in Figure 2-16 of Systems Concepts, Reference 2.

The secondary loop coolant circulates on the shell side of the
'reformer unit, which reforms‘aimethaneeand steam mixture into hydrogen.
The product is then passed through a series of heat emchangers and a cheml-
cal converter to permit max1ma1 recovery of sen31b1e heat for input stream
preheating Of this process equlpment, only the reformers are con81dered
in the General Electric conceptual de81gn scope and cost estimate.

The plant arrangement of the General Electric conceptual design
is shown in Figure 6-4 of Reference é, (Voiume I1). The PGRQ is contained
by a 156' diameter containment building which is surrounded by a penetra-
tion building 216' in diameter and 116' high. Around these central

‘'structures are located:
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_ ® reactor service building:

@ core auxiliary cooling systéms building

° hélium sforage-building

o] 'eontrol bgildingA

] broceés he;t exchanger buildiné (wﬁich houses the‘reformers)

° .diesel génerator building | |

e auxiliarylﬁoilers building

© administration 5uilding

] gadwaste building

® a turbine building is shown in Figure 6-4, but the tufbine:
building and turbine'plaﬁt equipment are noé'included in the.

General Electric scope of design or cost estimaté..

3.1.2 Costs

In Table‘4-1 of Reference 2 (Volume I), General Electric pre-
sents the plant coéts divided into descriptive categories, but Qithout
account numbers. This cost breakdown was ‘slightly reorganized and assigned
account numbers in accordance with the NUS-531 (Reference 5) system. The
costs are shown, by account, in Téble 3.1, and correspond fairly élosely
to the listing in TableAa-l of Reference 2.

Account 20, Land and Land Rights, is taken from Table 4-5 of
Reference 2. | |

To allow comparison 6f similar cases, the costs.of Account-222,:
Heat Transfe; Loops, were adjusted in accordance Qith Table 4-3 of Reference
2. The cost adjﬁstments for fhe P14 k1400°F-Peak Average Process Gas
. Temperature) case were used. The adjustments total =-2,760,000 dollars

for the primary loop and 423,329,900 dollars for the intermediate loop.



3.2 WESTINGHOUSE .DESCRIPTION AND COST

3.2.1' Plant Description

The WeStingﬁouse conéeptual plant (Reference 3) is a VHfR pro-
viding 3000'MWE éf ehérgy, in the form of4e1éc£ric power and heat, to a
chémical process opérating.with a ?éak témpera;uré of 140005, The reactor
is a heiium-cooled graphite moderated unit employing the ‘high temperature
fuel technology derived from the NERVA nuciear‘rocket program. Thé reac-
tor is.housed in a prestressed cast iron yessel.(PCIV) in which are also

located the helium circulators, turbomacﬁinery,,and high and low tempe-

rature intermediate heat exchangers. An intermediate heat transport loop

isolates the reactor from the process and enhances the opepability, main-
tainability, aﬁd licensibility of the nucleaf heat. source,

The reactor and.its‘coolantAldops are contained within a multi-
cavity PCIV, whoée design is‘based on work by the German firm Siempalkamp.
Housed in cavi;ies &ithin'the Qessel walls are fiﬁe high'éemperature heat
exchangers and circulators, and five tupbogenerators and low temperature
intermgdiate heat exchangers. Reactor helium coolant enters .and discharges
from the cavities through'céaxial piping at the upper end of the cavity,
while the in;ermediaté helium coolaﬁt is introduced and leaves through the
bottom of the cavities. The'fuﬁction of the five parallel high temperature
intermediate heat-exchangervloops is to transter heat trom'thevreactor core,
to the high tempera;ure process equipment.

The,proprietéry Westinghouse process uses steam and electricity
to generate hydrbgen, No process equipment‘is inclﬁded in the cost estimate.

The Westinghouse arrangement of plant structures on the site is
shown in Figure 2.1.1 of Réference 3. The major buildings are:

e reactor contaimment




e rcactoyv uuxilinry building

' contfol_and electrical building
e. diesel generator building

° administ;ation service building

e helium storage building

3.2.2 Costs
For the most part the plant costs given by Westinghcuse in
~ Table 3. 2 2 of Reference 3 are in the format establlshed for Table 3.1 of
this report. These costs are shown in Table 3.2.

The only areas rearranged by UE&C are in the éO's accounts, where
Westinghouse uses eccount number designations outside of the NUS-531
(Reference 5)‘systen. Spec1f1ca11y, the Westlnghouse Accounts 92 and 94
become Accounts'QIOA and 996, respectively, of Table 3.2, w1thout change
of description. ﬁestinghouse Account 93, "Other Costs," becomes in Table:3.l,
Account 994, '"Miscellaneous Coste.” One Westinghouse entry, Account 91,
"Construction, Facilities, Equipment and Services," covers the,sccpe of the
following Table 3.2 entry listings, without an& infornation to permit a

distribution among them:

e Account 910RB Conetruction Management'and Field Supervision

e Account 911 Temporary Facilities

- . e Account 917 ‘Constiuction ‘Equipment\'

e Account. 913" - anstructiOn Services

Spare Parts costs,_entered in Table 3.2 as Account'992, represent
a value accumulated from spare parts costs given individuall& under.the'
following Westinghouse acccuntsi

e Account 22 - Reactor Plant Equipment

e Account 24 - Electric Plant Equipment

e Account 25 - Miscellaneous Plant Equipment

3-5




-Account

20

21

201

211
212
213
214

215

217

218A

. 218B

22

- 23

218C
218D

218E -

221
222A
222B
223
224
225

. 226
1227

232

TABLE 3.1

‘INTERPRETED ACCOUNTS SUMMARY - GENERAL LLECTRIC

(JULY, 1974)

Description

LAND AND LAND RIGHTS
Land and Privilege
Acquisition

Account-ZQ - Total

STRUCTURES AND SITE FACILITIES
Yard Work
Reactor Containment Building
Turbine Generator Building (1)
Intake Structures (1)
Reactor Service Building -
Fuel Storage Building
Control Building
Diesel Generator Building
Administration Building (1)
Auxiliaries Building (1)

- . Helium Storage Building

Account 21 - Total

REACTOR PLANT. EQU IPMENT
Reactor Equipment
Primary Heat Transfer System
Intermediate Heat Transfer System
Safeguards Cooling Systems
Radioactive Waste Tmt. & Disp.
Nucl, Fuel Hdlg. & Stg.
Other Reactor Plant Equip.
Instrumentation and Control

Account 22 - Total
TURBINE PLANT EQUIPMENT
Heat Rejection Systems (1)

Account 23 - Total

COSTS (THOUSANDS OF DOLLARS)

Matl./Equip. Labor Total
2,000 ° --- 2,000
2,000 3,000 5,000

13,250 26,242 39,492
3,048 7,839 10,887
1,608 2,745 4,353
1,689 4,566 6,245

644 1,931 2,575
178 246 424

22,417 46,569 68,986

62,022 38,163 100,185

24,445 8,468 32,913

129,406 58,441 187,847
1,977 248 2,225
2,027 1,045 3,072

10,409 1,561 11,970
12,821 6,971 19,792
9,767 1,971 11,738

| 252,874 116,868 © 369,742




-

24

Account

241
242

- 243

25

244

245
246

251

- 252

. 26

91

253
254

263
264
269

910

911
912
913

. TABLE 3.L_(page.2_of 3)

Description

ELECTRIC PLANT .EQUIPMENT
Switchgear
Station Service Equip.
Switchboards
Protective Equip. :
El. Struc., & Wiring Contain,
Power & Control Wiring

Account 24 - Total

MISCELLANEOUS PLANT EQUIPMENT
Trans. & Lifting :
Air, Hyd., Water & Steam
Communications )
Furnishings & Fixtures

Account 25‘— Totai

SPECIAL MATERIALS
Reactor Coolant (2)
Intermediate Coolant (2)
Initial Catalyst Filling

Account 26 - Total

Sub-Total (Accounts 21 through126)

ENGINEERING AND CONSTR. COSTS
Engineering Services and
Construction Management
Temporary Facilities
Construction Equipment
Construction Services

Account 91 - Total

COSTS (THOUSANDS OF DOLLARS)

Matl./Equip. Labor Total
732 . 175 907
3,538 933 4,471
623 225 848
200 - 250 450
975 5,150 6,125
3,525 5,195 8,720 .
9,593 11,928 21,521
1,120 325 1,445
3,659 3,796 7,455
104 ©154 258
457 ‘ 59 516
5,340 4,335 9,675
240 —em 240
600 : --- 600
840 : - 840
291,064 179,700 470,764
—-- 42,830 42,830
1,911 4,687 6,598
6,445 --- 6,445
1,543 6,718 8,261
9,899. :° 54,235 64,134




TABLE 3.1 (page 3 of 3)

COSTS (THOUSANDS OF DOLLARS)

Matl./Equip. Labor Total
468 1,312 1,780
44,758 . 36,207 80,965
45,226 37,519 82,745
348,189 . 271,454 619,643

Account ' Descrigtioﬁ
99 OTHER COSTS
991 ‘Operator Trainming (1) .
992 Spare Parts (1) '
993 Prelim., Oper. & Testing
994 Misc. Costs (1)
995 Contingency
Account 99 - Total
TOTALS OF ALL COSTS
NOTES :

(1) - Not Estimated.

@) -

Includes 100% Reserve in Storage.



TABLE 3.2

b ' v | _ ‘ INTERPRETED ACCOUNTS SUMMARY - WESTINGHOUSE
. : ' (JuLY, 1974)
. COSTSv_(THOUSANDS OF DOLLARS)
.Account- Description : Matl./Equip. v Labor . Total
20 LAND AND LAND RIGHTS , ‘
201 Land and Privilege ' L 800 e 800
' _Acquisition - ' -
Account 20 - Total ' - - 800 ' ——— 800
21 . STRUCTURES AND SITE “',ACILITIES ' ‘ _
' 211 . Yard Work ' ' - 1,041 - 1,293 2,334
212 - Reactor Containment Bulldlng ‘ . 5,463 . 9,509 14,972
213 . Turbine Generator Bu11d1ng (1) ‘ 4
214 Intake Structures - . 183 : 551 734
215 : "Reactor. Service Building 6,453 ~ 16,575 23,028
217 Fuel Storage Building (1) S -
218A Control Building 1,141 . 2,606 3,747
218B Diesel Generator Building 486 1,293 1,779
218C Administration Building A 359 , 431 790
218D Auxiliaries Building (1) ' .
- 218E _ Helium Storage Building = - o 73 94 167
Account 21 - Total S 15,199 - 32,352 47,551
22 REACTOR PLANT EQUIPMENT o
221 » Reactor Equipment 46,218 6,797 53,015
T 222A Prim. Heat Transf. Syst. 3) o 54,272 1,585 55,857
2228 ‘Intermed. Heat Transf. Syst. 2,769 . 2,800 5,569
223 Safeguards Cool. System . 3,054 1,155 4,209
224 Rad, Waste Tmt. & Disp. A 1,351 : 634 1,985
- . 225 . Nucl, Fuel Hdlg. & Stg. - © 10,140 859 10,999
226 - Other Reactor Plant Equip. - P,547 2,659 10,206
'227_‘ Instrumentation & Control - 6,084 ‘ 1,304 7,388
Account 22 - Total ' 131,435 B 17,793 149,228
\ 23 ~ TURBINE PLANT EQUIPMENT
232 * _ Heat Rejection Systems (1)
C - : Account 23 - Total . ‘ -——- - ' -——



Account

24

241
242

243

25

244

" 245.

246

251
252

- 253

26

91

254

263

264
269

910

911
912
913

TABLE 3.2 (page 2 of 3)

Description

ELECTRIC PLANT EQUIPMENT
Switchgear
Sta, Service Equip.
Switchboards
Protective Equipment
Elec. Struct. & Wiring Contain,
Power & Centrol Wiring

Account 24 - Total

MISCELLANEOUS PLANT EQU IPMEN
Trans, & Lifting - :
Air., Hyd., Water & Steam:
Communications Equipment

© Furnishings & Fixtures

. Account 25 - Total:

SPECIAL MATERIALS
Reactor Coolant (2) .
Intermediate Coolant
Initial Catalyst Filling (1) -

Account 26 - Total

Subtotal (Accounts 21 through 26)

ENGINEERING AND CONSTRUCTION COSTS
Engineering Services and
Construction Management
Temporary Facilities '
Construction Equipment(l)
Construction Services(l)

Account 91 - Total

COSTS (THOUSANDS OF DOLLARS)

~ Matl./Equip. Labor Total
1,121 173 1,29
2,825 452 3,277
521 132 653
110 171 281

- 591 2,441 3,032
3,378 4,291 7,669
8,546 7,660 16,206
o947 250 1,197
2,128 2,614 4,742
60 .97 157

288 .37 325
3,423 2,998 6,421
250 - 250

250 ——- 250
158,853 60,803 219,656
40,800 - 40,800
16,468 - --- 16,468
57,268 -— 57,268




TABLE 3.2 (page 3 of 3)

COSTS - (THOUSANDS OF DOLLARS)

Account Description. , . : ~ Matl.,/Equip. Labor Total
99 OTHER -COSTS '
991 Operator Training (1) _ A
992 .Spare Parts ' 1,391 -—-- 1,391
- 993 Prelim. Oper. & Testing (1) o
994 Misc. Costs - : ‘ 12,700 -—— 12,700
995 Contingency ' ' ‘_ 27,649 6,080 33,729
" Account 99 - Total . 41,7407 6,080 47,820
TOTALS OF ALL COSTS .. 258,661 66,883 325,544
NOTES:
(D) - Not Estimated.
(2) - Includes 100% Reserve in Storage.
(3) - Includes Helium-Driven Internal

Turbomachinery (Turbine - Generatdr). -



Chapter 4

COMPARISON OF SCOPE AND COSTS
: : oF ' -
GENERAL ATOMIC/UE&C, GENERAL ELECTRIC
o AND .
WESTINGHOUSE-CONCEPTUAL DESIGNS -

4.1 BASES FOR COMPARISON

Three cdnceptual designs ﬁaﬁe been-éstimated. Aléenéral Atomic

- NSSS with a UESC BOP is described in Chépter'Z{ and suﬁmarized in Table 2.7.
.Summafies“of the‘Generél'Electfié énd Westinghousé planté‘éré presénted in
Chaptef 3, and shéwn in Tables 3.1 and43.2. ~ The éostsbare.cpmpared in
Table 4.1,.ana technical paramefers are shown iﬁ Iabie 4.2, Section 4.2

discusses the differences between the c6ncepts in detail,
Operation and maintenance costs are compared in Section 4.3.

Several groundrules'were establisﬁed for the comparison:

e All costé are quéted in July, 1974 dollars.

° Alllfinance charges (intere;t, IDC, cost of money,'etc.) are
'ignored,lbécauée fhey'a?e‘percentagcs of the capital cost of
the plant.

e No e1éCtricity~is.generated (although turbine;éenerators are
inr1nded in the Westinghouco cotimate),

® Costs quoted in Referénces.l, 2 and 3 are adjus;ed as described
in Chaptérs 2 and“3; ﬁsiﬁg adders from the référenées, to allow
comparison of plants Wigh.similar operatiné céndiﬁions.

@ Costs are stated in a consistent code of accounts.
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4.2  PLANT COST AND SCOPE COMPARISON-

'4.2.1 Major Differencésv

There are significant differences among the three ésfimatQS<
compared in this repoft, bpth in scope of.supply and in the types of
.~equipment used., The costs fof the three plénts, shown in Table 4.1,'are
A thué not directly comparable; "Although gross diffcrenées-iﬁ the scope
can explain differeﬁces,in cost, an evaluation of the accuracy of the cost
estimates is not, in geﬁeral, possible, Because the Westinghquse gnd
General Electric designs are based on less devélope& ﬁechnology, the
uncertainty'in their‘estimétes ié somé&hat higher Fhaq that fér the -
‘General Atomic/UE&C eétimgte.v

The Prestressed Cast Iron Reactor Vessel (PCiV) proposed by
AWestinghousé is a significan;, imaginafive innovation. Potentially,
the PCIV can cause re&uctions'in conétruction time, reactor vessel cost,
and BOP cost. However, the concept is still in eariy stages of development.
Any estimate of costs and cost savings ﬁust be considered highly speculative.

The pebble bed reactor,-ﬁhich is the basis for the General- Electric
estimate, is presently being deveioped in Germany. A sﬁall prbtotype ;eéc#or
(AVR) has opérated for séveralvyéars, and a 1arge (SOO.MWe) demonstration
plant is under construction. Fuel ﬁas been tésted extensively, but not
under commercial operating cbhditioné,. The pebble bed appeafs competitive
with the General Atomié HTGR, bgt a detailed coét cémﬁarison.is not possible
with the data provided in References 1 and 2.

The fuel uéed in the‘Westinghouse reactof is similar to fuel which
~was studied early in the HTGR fuel development program, An extensive research,
development and tesfihg prégram is required. The Westinghouse fuel is the

least developed, and thus the most uncertain of the three concepts,

4-2



4.2.2 Detailed Comparison

Tablev4.l preseﬁts superficiélly ;he“comparison of the cdst; of the
General Atomic/UE&C (GA/UE&C), General Electric (QE) and Westinghouse
plants because Fhe différeﬁées in scoée of shpply are not shown. ‘Table 4.2
shows some of the technical éharacteristies'of the plapts. This section

discusses the details of the differences in scopes and comments on obvious

cost differences. The discussion is arranged by account:

212.  Reactor Contaimment Buildiﬁg'

Thg GA/UE&C plant inclﬁdes the reactor containment, anndius,
annulus eigct;ical tower, and two3inﬁérme&iaté‘196p buildings in
Accdunf,ZlZ. | |

General Electric has included a sbmewhat smaller reactor
contginment aﬁd a dontainmeﬁt annulus.‘iThe process heat exchanger
buildiﬁg of the GE Conceptuai design is aﬁalogous to the inter-
mediate loop buildings of ﬁhé_GA/UE&C‘concept; but is not
included in ;he GE cost es;imate; If an allowance is included for the
cost of the intermediate loqﬁ building, the GE estimate will be
sdmewhatthigher'than fhe GA/UE&C.eséimate.

The containment structure of the Westinghouse concept is
much smaller than the CA/UE&C or GE desig@s; ‘This is due to

" the much swaller reactor ve§5e1 (PCIV) in the Westinghbusc concept

and results in a significént reduction in cost..

913, Turbine Generator Building
None of the conceptual designs includes a turbiné~generator
building in the base cost estimates. The GA/UE&C design shows

this as an optional adder in Tables 2.4 and 2.5.




214, Intake Structures
A service water intake structure to provide plant and safety-.

related cooling water is costed by the GA/UE&C and Westinghouse

estimates, but the GE concept does not include any cooling for

those purposes. All these conceptual designs do not include a
circulating water ihtake structure, because waste heat dissipation

is the responsibility of the chemical plant,

215. Reactor Service Building

A reactor service building is included in all three.qoncebts.
The GE design of this building is somewhat smaller in size than

the other two concepts, and is less costly.

.217. " Fuel Storage Building

A fuel storage building is costed only by GE, but no separate
building éppears-on GE's plant-afrangement draWing, Figure 2-4,
Reference 2. General Atomic/UE&C and Westinghouse include fuel"

storage in the Reactor Service Building.

218A. Control Building

A control building is included in all three concepts. The
Westinghouse concept describes a much smaller size building, resul-

ting in much smaller cost.

218B., Diesel Generator Building

The diesel generator building of the GA/UE&C‘design is much -
larger in size and cost than GE or Westinghouse concepts due to
recent licensing criteria stipulating that three diesel genera-

tors and three 30-day oil storage tanks must be provided.
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?218C. Administration Buiiding

© An administration building is not included in the G estimate,

Table 4-2, Reference 2; however, GA/UE&C and Westinghouse have

iﬁcluded this strﬁcfure. The Westinghouse estimate is considerably
less than the GA/UE&C estimate, although the physical size and

function are comparable, The GA/UE&C cstimate is based on current

. UE&C experience,

218D. Auxiliaries BuildingAA

An auxiliaries buildiné, which Houses auxiliary boilers,
water treatment equipment, ‘and miscellaneous plant auxiliaries,
is included in .the GA/UESC estimate. GE shows an auxiliary

boiler building, and'méchine shop building on their plant arrange-

- ment drawing, Figure 2-4, Reference 2; but the costs, of these

buildings are not identified in Table 3.2%2 and Table A-9 of Reference
2. Westinghouse does not include an auxiliaries bﬁilding,or

similar type structure in their design or estimate,

218E. Helium Storage Building

All three concepts,'GA/UE&C,jGE‘and’Westinghoﬁse include a
helium storage building. However, the Westinghouse estimate is

lower and the GE estimate is higher, both for no obvious reason.

221, Reactor Equipment

. The PCRV sizes are essentially comparable, however the

'GA/UE&C PCRV incorporates eight major cavities and the GE

PCRV incorporates ten. Costs quoted for the General Atomic PCRV

are somevhat higher than for GE.




h S Due to the dramatically different PCIV design which Westing-
hous¢ incorporates, the estimated coStlis-considerably lower and

contributes significantly to the difference in total plant cost.

222. Heat Transfer System

Physical data for Lhe heat-transfer systems appear in Table 4.2.
The Westinghouse estimate includes intermédiateAloop equipment
only within the containment building. It is nét clear whether isolation
valves (a considerabie éxpgnSe) ar¢ inclgded. The iarge difference
between GA/UE&C and GE heat transfef systém coéts seem to be dﬁe to a
very high GE .cost for intermediate‘loop piéing; The layout of the
GE ihtermédiatg 1ooé'requires 3,370 feet of intefﬁediéte iboﬁ

piping, compared to 1,160 feet required for,thé GA/UE&C configuration.

223. Safeguards Cooling Systém

Differences in costs of the safeguards cooling system cannot
be explained based on the information pfovided'in References 1, 2
and 3. The heat loads on the systems are not likely to be signifi-

cantly different,

224, Radwaste System

. . o The low cost of radwaste systems in the Westinghouse estimate
may be due to lower flow through the radwaste system because of
smaller total helium loop inventory than the other designs. However,

the low GE estimate cannot be suppd;ted by this reasoning.

225. TFuel Handing and Storage

. The GA/UE&C cost is based on current UE&C experience and
is higher than the‘Westinghouse‘cstimatea, Because of the different

fuel concept, the GE estimate is not comparable.
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226. Other Reacfor Plént-Equipment

The Westingh§use estimate is considerably lower than GE
or GA/UE&C,Ain part because of'sﬁaller coolant storage and make-up,
purificétion, and tféatment‘systems‘required_by the Westinghouse
 cbnceptﬁal désigﬁ., Howeve;, phe higﬁer_GA/UE&C énd GE'estimatgs

appear close to applicable recent experience.

227. Instrumentation and Control
Instrumentation and control requirements and costs are

generally equivalént.‘A

24, Electric Plant Equipment

The costs in these accounts are generally comparable, The
higher costs in some accounts of the GA/UE&C estimate are
caused by provisions in this account to supply 30 MWe from the

grid to the chemical process plant,

251, Miscellaneous Plant Equipment

The costs for this account are comparable.

‘252, -Air, Water and Steam Services

The Westinghouse estimate is slightly

prohahly due te cmaller overall building sizes.

910-913, . Engineering and Construction Costs

'Engineering costs have risen.significantly due to new
quality assurance requirements affectiﬁg_no; only cénstruction'
coéts, but also engineering costs., Ihe'UE&C és;&mate is probably

conservative.




L2.3 Normalizoed Cost Comparison

In order to idéntify the largest differences between fhe GA/UE&C,
General Eléctric and Westinghouse estiﬁates, a normalized comparison of
the eétima;es is presented_in Table 4.3. This comparison is based on
aséumptions about the extent and detail .of thé General Electric and
Westinghouse estimates and‘désign. It»shou1d~thus be used only for gross,
coﬁparison of the estimates, and should not'ﬁe conéidered précise.

ISome structures, such as the Intake Strﬁctu:e, Diesel Generator
Building, and the Auxiliaries Building,'are essentially independent of
the type of facility considered. Tﬁe estimateé prepared by UE&C.for these
structures are based on recent foﬁef plant experieﬁée'and'thus assigned
to each of the three concebts, ‘The'Genera1 Electriq Fﬁel Storage quld-
ing cdst is combined wifh the cost of thgir.Reactor'Service Building.

The co;ts.of an iﬁtermediaté‘loop and‘ASSOCiated equipment and
structures are shown in Table 2.3. These costé are added to the approp-
riate accounfs in the General Electrichand Westinghouse esfimétes‘where
it appears thaf the costs were not previoﬁsly‘estiméted,-

The normalized’cdmparison shows that the three cost estimates

‘differ significantly in only three accounts. ‘The Westinghouse estimate for

tﬁe Containment Buii&ing cost is much 1o&er than the GA/UE&C and General
Eiectric costs, and appears to be based on a lower estimété of construction
and material costs. | | |

The Reactér Equipment account shows majdr diffefences between
the estimates for the'General Electric and'WestingﬁOuse'concepts and the
GA/UE&C plant which is based on the commercial HTGR, PaSF eipgriencegindi-

cates that the costé of new technologies, such as the pebble bed reactor,

PCIV, and NERVA-type fuel will increasé considerably before they become




commercial. The concept with the lowest cost (Westinghouse) is also
the least developed and can thus be expected to increase the most.
The majorhdifference between the GA/UE&C and the General

Electric'estimate for the Heat Transfer System account is the length

of the IHL plplng._ The General Electric cost could probably be consider-

ably reduced:by building more than one IHL building and reduc1ng the

. IHL piping length. The Westinghouse estimate for this account (Table

4.1) is apparently based on the costs of.the‘intermediate heat exchanger,
IHL piping within the contaimment building, and isolation valves, as.
well as the systems normally contained in this account for an HIGR

(Reference 4). This estimate is unreasonably low.

4.3 COMPARISON OF OPERATION AND MAINTENANCE COSTS -

Operation and Maintenance (0&M) costs were compiled from

‘References 2 and 3 for the General Electric and Westinghouse plants and

in Section 2.5 for the General.Atomic/UE&C plant, and are_presented in
Table 4.4. Only oirect 08M costs are included in the comparison;'interest
and‘finance charges are excluded.because they are herely percentages

of direct costs which are compared.

The total O&1 costs given in Tabie 4.4 are not comparable be-
cause not all categories of O&M were eermated in each.report. However,
the costs for each category that is quoted in more than one estimate are-
essentlally the same 1n_each estimate. Thus, assumlng that the items
missing from estimates will also be.comparable when included, it is
reasonable to expect an_annual direct O&M cost of aboht'$10,000,000 for
each of the concepts being compared.

The General Atomic/UE&C estimate for station staffing is higher

" than the other estimates. This difference is due to the additional staff




required for ﬁhe intermediate loop building andAother strﬁctures not
estimated for the other plants. . |

It is. difficult to accﬁratély_estimate.materials, supplies,
and outside sefvicésrWithout.detailed design and opergting experieﬁce.‘
Within the éccuracy of this comparison, the costs ﬁresénted are not
significantly different.

Génerai.Electric did not estimate the'éost of‘électricity
required to operate the plant. ,This‘cdsf is likely to be ;he same‘as the
other estimates."Electricity costs are, of_céurSe, subjécf to fapid
change in tﬁe present économy. | |

Fixed and va:iablé mainténénce'are,nqt estiﬁatédAby General
Eleétric or Westinghouse}'.Based én recent experieﬁcé with high temper-
.ature heat exchahgers,(see Section 2.5), maintenance costs are expected
to be high. The Géneral Atomic/UE&C estimate is cﬁnservative, but the
costs are iikely to beAsimilar for all‘plants. (Nofe:- the General
>AtoﬁiC/UE&C.estiméte includes maintenance of the reformer, but no other

process equipment.)




TABLE 4.1

b COMPARISON OF COSTS OF VHTR NUCLEAR PROCESS HEAT PL‘ANTS D)

’

) | K (JULY 1974)

TOTAL COSTS (THOUSANDS OF DOLLARS)

“Account Description : GA/UESC . - GE W
20 ' LAND AND LAND RIGHTS : .
201 Land and Privilege Acquisition . 1,000 - . 2,000 800
Account 20 - Total ‘ 1,000 . 2,000 800
.21 o STRUCTURES AND SITE FACILITIES : :
211 Yard Work : 2,672 . . 5,000 - 2,334
212 Reactor Contalnment Bulldlng 40,404 39,492 14,972
‘214 ' Intake Structures . 412 . - C . 734
215 . Reactor -Service Building 17,255 - 10,887 23,028
217 Fuel Storage Building . o - A 4,353 -
.218A Control Building - : 6,046 . 6,245 3,747
218B . Diesel Generator Bu11d1ng - 5,140 2,575 -1,779
218C Administration Building : 2,572 - - 790
218D Auxiliaries Building e . 848 - -
218E ‘ Helium Storage Building , 230 424 167
" Account 21 - Total . _ 75,579.. 68,986 47,551
22 REACTOR PLANT EQUIPMENT . .
221 Reactor Equipment - 127,263 - 100.185 53,015
222 Heat Transfer ) 362-599- . 220,760 61,426
: System. . /49,053
.223 Safeguards Cooling System S 7,938 - 2,225 4,209
224 ' Radioactive Waste System 5,663 3,072 1,985
225 ' Fuel Handling Systems ' 15,236 - 11,970. 10,999
226 Other C 22,646 19,792 10,206
227 Instrumentation & Control : 8,078 11,738 7,388
Account 22 - Total - : | 3497423 369,742 149,228
' : 335,877




TABLE 4.1 (Page 2 of 3)

TOTAL COSTS (THOUSANDS OF DOLLARS)

‘Accoﬁnt | Description o  GA/UE&C _GE W
2" ELECTRICAL PLANT. EQUIPMENT - )
- 241 Switchgear , 2,512 907 1,294
242 Stations Service Equip. A 5,292 4,471 3,277
243 Switchboards } 507 848 653
244 Protective Equipment ' A 518 450 281 |
245 Elec. Struct. & Wiring Containers 7,044 6,126 3,032
246 » Power & Control Wiring 10,724 8,720 -. 7,669
Account 24 - Total o 26,597 " 21,521 16,206
25 MISCELLANEOUS PLANT EQUIPMENT :
251 Trans. & Lifting o 1,399 1,445 1,197
252 Air, Hyd., Water & Steam Service 6,808 7,455 4,742
253 Communications Equipment : o 181 258.. . 157
254 ' Furnishings & Fixtures : . 386 516 325
Account 25 - Total ' ' 8,774° 9,675 6,421
26 . SPECIAL MATERIALS . ’
263 Reactor Coolant - 254 © 240 250
264 Intermediate Coolant ' I 89 - -
269 Initial Catalyst Filling 618 600 -
Account 26 - Total ' . 961 840 250
"Subtotal (Accouhts 21 through'26) - 4ﬁﬁh€E¥r‘A47O,764 219,656
' - - 448,788 '



. TABLE 4.1 (Page 3 of 3)

- TOTAL COSTS '( THOUSANDS OF DOLLARS)

Account Description . | ‘ o GA/UESC GE W
91 . - ENGINEERING & CONSTRUCTION COSTS A
910 - ' Engineering Services ©. 79,361 42,830 40,800
K and Construction Management ‘
911 . Temporary Facilities . - 5,175 6,598 - 16,468
912 Construction Equipment A . -9,300 6,445 -
913 Construction Services , ‘ 13,302 8,261 -
. Account 91 - Total 107,138 . 64,134 . 57,268
99 ~° OTHER COSTS o L
991 Operator Training - 1,652 - -
992 Spare Parts - & 1,756 - 1,391
993 Prelim. Operation & Testing - - 1,780 = -
994 Miscellaneous Costs - 5,947 - 12,700
995 " Comtingency o ST - 24,000 - 80,965 33,729
| 997 GA-Other Costs (Undistr.) . . : 939 - -
| ) Account 99 - Total " o 34,294 82,745 47,820
| ) .
TOTAL COSTS (1) AU £046t6- 619,643 325,544
o 59,070

NOTES: : . . , :
' (1) These costs represent différent scopes of supply. and are not

completely comparable. ‘Significant, identifiable differences
are discussed in Chapter 4, : '

(2) This table is derived from Tables 2.7, 3.1, and 3.2.




X )

TABLE 4,2

COMPARISON OF SIGNIFICANT DESIGN PARAMETERS

Item General Atomic/UESC _ General Electric ~ Westinghouse

Building Sizes (Length x Width x Height, feet)

Containment Building 152 D x 240 high. . - © 156- D x 188 high . 110 D x 250 high
Intermediate Loop Bldg. - 125 x 95 x 140 - C (i) , (D)
' Reactor Service Bldg. .240_x 135 x 140 o _ 80 x 313 x 80 7 130 x 100 x 160
. ' ' L B ’ " and

| S | o - o 190 x 130 x 89

- Control Building ._1l0 x 50 x 130 ’ v" 80 x 150 x 125 _ - 80 x 160
DieselAngerator Bldg. 9).x 210 o 80 x 120 - . 60 x 90
Administration Bldg. 134 x 170 - o - 60 x 150(1) o 50 x 100

Heat Transfer Systems - o T : N : : v |

Reactor Vessel

Type perv(3) - o pcrv(3 - o pav® - |

Dimensions . 106 D x 84.3 H : 116 D x 82 H ‘ . 66 D x 110 H |
Primary Steam Generators . !

Number 4 ' o .5 .

Total Area, ft.2 30,000 25,000 ' -

MWt 1374 | : . 1640 - -




Item

. TABLE 4.2 (Page 2 of 2)

Ceneral Atomic/UESC

Intermediate Heat Exchrs.

Number 4
Total Area, ft.2 175,000
MWt ' 1626 .
“Auxiliary Cooling Loops :
Number s ' 3
Helium Turbine - Generators
Number ' -
IHL(S) Steam Generators
Number ' 4
Total Area, ft.2 7600
MWt : 350
THL Reformers
Number 4
- MWt ‘ : 11276
Reference Report - ' CGA-A13158
’ (Reference 1)
NOTES: (1) Not included in cost estimate.
(2) WNot included in Reference 2.
(3) Prestressed Concrete Reactor Vessel
(4) Prestressed Cast Iron Reactor Vessel
(5) 1Intermediate Heat Transfer Loop

General Electric

5
123,000

1360

(2)
460

35
900 *

GEAP-14018
(Reference 2).

- Westinghouse

5
157,000

."1555

16
(1)
1L

(1)

(¢
WANL-2445-1
(Reference 3)




Account

20

21

22

201

211

212

214

215

2184
218B
218¢

.218D

218E

221
222
223

- 224

225
226
227

TABLE 4.3

NORMALIZED COST COMPARISON

(JULY 1974)

Description .

LAND AND LAND RIGHTS

Land and Privilege Acquisition

STRUCTURES AND SITE FACILITIES
~Yard Work
Reactor Contaimment Bu11d1ng
Intake Structures

Reactor Service & Fuel Stor. Bldg.

Control Building

Diesel Generator Bu11d1ng
Administration Building
Auxiliaries Building
Helium Storage Building

Account 21 - TotalA

REACTOR PLANT EQUIPMENT
Reactor Equipment

" Heat Transfer System
Safeguards Cooling System
Radioactive Waste System
Fuel Handling Systems

. Other
Instrumentatlon and Control

Account 22 - Total

TOTAL COSTS (MILLIONS OF DOLLARS) (41

'33356

'GA/UE&C GE
1.0 1.0
2.7 5.0
40.4 46.1
A L4
17.2 15.2
6.0 6.2
5.1 5.1
2.6 2.6
.8 .8
L2 A
75.4 81.8
127.3 100.2
49.0 626 220.8
: 7.9 2.2
5.7 3.1
15.2 12.0
22.6 20.9
8.1 12.5
3494

W

-
o

=N
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N

N

.

VLW
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Account

24

243
244 -
245 -

25

26

(1)

(2)
(3)

241
242

246

251
252
253
254

263
264
269

995

~ NOTES:

Totals may dlffer from Table 4.1 due to normalizing or

TABLE 4.3 (PAGE 2.of 2)

TOTAL'COSTS (MILLIONS OF DOLLARS)

Description GA/UE&C GE
ELECTRICAL PLANT EQUIPMENT '
Undistributed Cost o - A
Switchgear - 2.5 .9
Station Service Equip.. 5.3 4.5
Switchboards A : .5 .8
Protective Equipment 5 .5
Elec. Struct. & Wiring Containers 7.0. 6.1
Power & Control Wiring R 10.7 8.7
Account 24 - Total ’ a 26.5 21.9
MISCELLANEOUS PLANT EQUIPMENT
Trans. & Lifting 1.4 1.8
Air, Hyd., Water & Steam Service ' 6.8 7.5
. Communicatlons Equipment : L2 .3
.. Furnishings and Fixtures 4 4 .5
Account‘Zs'- Total f T 8.8 10.1
SPECIAL MATERTALS
Reactor Coolant 3 .3
. Intermediate Coolant : w1 .3
Initial Catalyst Filling .6 .6
Accdﬁn; 26 - Total 1.0 1.2
Contingency ' ‘ _ 24.0 ~81.0
Total Normalized Costs (2) . 4855 568.7
' S : : : qn.5 . ‘

"Excluding Engineering, Constructlon, and Other Costs
This table is derived from Table 4.1.

rounding off.
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TABLE 4.4

COMPARISON OF ANNUAL DIRECT OPERATION AND MAINTENANCE COSTS

(Without Electrical Generation)
(July, 1974)

ANNUAL DIRECT COSTS (DOLLARS)

ITEM

GA/UESC GENERAL ELECTRIC =~ . WESTINGHOUSE
Station Staffing ‘ ‘ 1,960,000 . 1,544,000 1,698,400
Materials, Supplies 16OE200 1,160,000 - © - 520,000
& Qutside Services 820,000 | ’ o EE
Coolant Make-up A 125,000 120,000 135,000
Purchases ‘ : '
Electric Power : .- 2,080,000 - ' . ' -
Purchases o C e _ © 2,920,000
. ) 2,500,000 '
Fixed Maintenance ‘ £0 ’ : _

4,000,000 ST
Variable Maintemance . . A : A '
(Including Catalyst Costs) 1,320,000 -—- _———
‘General & Administrative 260,000 | . 174,000 - 332,760,
Nuclear Liability Insurance 390,000 o 390,000‘ A : 390,000

(Including Comml, & Govt.)

Annual License Fee

200,000
8,995,000

TOTAL ANNUAL cosTs (1) To 3,388,000 5,996,160
11,155,000 L S '

NOTE: (1) The total costs are not comparable without allowances for items not estimated.




Agpendix A

PROCESS PLANT INTERFACES

This appendiX»défines the detailed thermal,_mechaniqal, and elec-

_ trical interfaces between the General Atomic/UE&C concepﬁual nuclear

plantAaﬁd the chemical process plant. -

A.l THERMAL INTERFACES

The nuclear plant supplies steam to the.process plant in return for

" boiler feed water at requiréd'conditions. Steam and methane are supplied

. by the process plant to the reformer in the nuclear plant, and the re-

former effluent is returned.- Conditions.for these interfaces are shown

" in Table A.1l.

In the 40 MWe turbine plant option, 0.322 x l06 lbs./hr. of steam

in the process plant are directed to the turbine and returned at 2.5 in

HgA,'108.7°F, 2.94 x 108 BTU/hr. The heat balance diagram is shown in

Figure 2.4.

In the 100 MWe turbine plant option, 0.805-x 106 1bs./hr. of
steam in the process plant are directed to the turbine and returned at
2.5 in. HgA, 108.7°F, 7.34 x 108 BTU/hr. The heat balance diagram for

this case is shown in Figure 2.5.

A.2 - . MECHANICAL INTERFACES

CAL2.1 Equipment

As discussed in Section 2.2, the reformer.and_all other primary
coolant and auxiliary equipmént are considered wiphin the scope of the
nuclear plant. All process equipment, excluding the reformers, bﬁt‘in-
cluding the reformer feed effluent heat exchangers located wifhin the in-

termediate loop buildings, is.included in the scope of the process plant.

A-1




b _ All process plant support equipment is included with the process plant

scope:
e Cooling water equipmént & cooling water make-up equipment;
° lubricating 0il equipment; |
e station air quipment;
° inétrphent-air équipment;
e turbine effluentfgonditioning equipment'(if'required);
o feedwatei eqﬁipméﬁt. ’ |
,AgZAZ..N Piping

Process piping is the responsibility of the process plant from the
containment buiIding outer wall. In the intermediate loop case, process
piping will start at'the reformer inlets and outlets,}and'the steam gen-

erator inlets.

A.2.3  'Space
Control Bbard'space is provided in the cbntrol'building for process
plant control which is‘equal-to the space allocated fOr:turbine;generator

‘controls in an>1160 MWe HTGR..

A.3 ELECTRICAL INTERFACES

The switchgear, power cable and wire to the switchgear of the-
process plant, and 30 MWe power are provided to the process plant by
the nuclear plant. The process ﬁlant will supply all instrumentation

- and control wire and equipment for the process systems and interfaces

with nuclear plant systems.

' Additional electric power over 30 MWe must be provided by the process

’ | plant.

A-2



"Intermediate Loop

R

TABLE A.1l

THERMAL INTERFACES

NUCLEAR PLANT CONFIGURATION TO PROCESS PLANT

‘Base Plant = : ~ Steam:

4.72 x 10° w.

 6.35 x 10° B
. 915 P
: 720 F

Reformer Effluent:

4.94 x 10% w

400 P
1590 F

Base Plant.with ' Steam:

5.69 x 10° w
7.6 x 10° B
915 P.

705 F

Reformer Effluent:

6.6 x 10° W,

300 P
1400 F -

Power Generation Steam:
40 MWe (1) - .
- 0.322 x 10% w
" 2.94 x 108 B
1.23 P
108.7 F

Power Generation ' . Steam:
100 Mwe (1) . _ .
' 0.805 x 10° w

7.34 x 10° B

1.23 P

108.7 F

O
Y

FROM PROCESS PLANT

Boiler Feedwéter:

4.72 x 10§ w
1.64 x 10° B

3115 P

370 F. -

Reformer  Feed:

3.75. x 108 w Steam
1.19 x 10% w cn,
570 P

1050 F

Boiler Feedwater:

4,63 x 10° w Primary
- 1,61 x 10?2 B Primary
1,06 x.10® W Intermediate
3.69_‘x.108 B Intermediate
3115 p
370 F

~. Reformer Feed:

5.41 x 10% W Steam
1.19 x 10 W cH,
515 P

1050 F

Steam:,

0.322 x 18% w
4.30 x 108 B .
915 P

705 F

Steam:

0.805 x 10° w
1.08 x 107 B
915 P

705 F

NOTE: (I) Steam removed from and returned to proceés-plant for power gene;ation.

Key: B = Btu/hr P = Psia -

W= 1b/hr F = °F

ki




