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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government Neither the United States Government nor any agency thereo!. or any of their
empioyees, makes any warranty. expressed or implied, or assumes any legal liability of re
sponsibility for any third party's use, or the results of such use, of any information, spparatus.
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights
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ABSTRACT
This report summarizes available information on cost effectiveness of
engineering modifications potentially valuable for dose reduction at nuclear
power plants. Data were gathered from several U.S. utilities, published
literature, equipment and service suppliers, and recent technical meetings.

Five simplified econometric models were employed to evaluate data and arrive
at a value for cost effectiveness expressed in either (a) dollars/rem, or (b)
total dollar savings calculated using a nominal value of §1,000/rem. Models
emploved were: a basic model with no consideration given to the time value of
monev; two models in which discounting was used to evaluate costs and savings
in terms of present values; and two models in which income taxes and revenue
requirements were considered. Results from different models varied by as much
as a factor of 10, and were generally lowest for the basic model and highest
for the before-tax revenue requircments model.

Results for 151 evaluations employing differ-nt assumptions concerning number
of plants per site and outage impacts were tablated in order of decreasing
cost effectiveness. Twenty-five evaluations wei~ identified as exceptionally
cost effective since both costs and dose were save?. Forty evaluations
indicated highly cost-effective chaages based on costs below 51,000/rem saved
using results of the present-worth model that included discounting of future
dose savings.
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This report is the result of research performed for the United States Nuclear
Regulatory Commission, under NRC FIN A-3708, to identify potentially cost-
effective methods of dose reduction at nuclear power plants, gather data on
promising techniques, and evaluate their cost effectiveness.

Data for this report were gathered from published literature, visits to
several U.S. nuclear power plants, information presented at recent technical
meetings, and vendors of nuclear equipment and services.

Since each plant is unique in terms of radioactive contamination levels in
systems, amount of shielding, equipment layout, capital formation, organ-
ization, and various operational costs, it should be clear that the results
presented here are illustrative only; i.e,, plant-specific evaluations are
needed to judge effectiveness at any specific site. Sample calculations have
been provided to demonstrate cost-effectiveness evaluation methods and to
facilitate plant-specific evaluations.

This study shows that many modifications with high potential for being cost
effective have been proposed or implemented at some plants. It is hoped that
this compendium will draw attention to these and stimulate their further
study, evaluation, and, in some cases, implementation. It {s also hoped that
users of this document will comment on it and provide new data on modifica-
tions mentioned, as well as data on other modifications so that the compendium
may be updated and expanded in the future. A form that may be copied and used
for this purpose is provided on the next page.
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DOSE-REDUCTION MODIFICATION DESCRIPTION

Titie:

Contributed by: Affiliation:
Address : Phone :

Description:

Capital Costs Including Materials and Installation:
in 19 dollars.

Annual labor savings (or coou). =

Annual materials savings (or costs) -

Annual maintenance saviogs (or costs) = a
Annual replacement power savings (or costs) =
Annual waste disposal sayings (or costs) =
Other savings (or costs) =

Dose to install =

Annual dose saved =

Useful life =

.Uu negative sign or parentheses for costs

Do you wish to remain anonymous or be cited in references?

Would you like to be placed on our mailing list for publications in this area?

Return to: Dr. John W, Baum
Brookhaven National Laboratory
Safety and Environmental Protection Division
Building 535A
Upton, NY 11973
(516) 282-4214
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Compendium of Cost-Effectiveness
Evaluations of Modifications for
Dose Reduction at Nuclear Power Plants

SUMMARY

Data were gather.d on 151 variations of nodifications (not all applicable to
any one plant) having potential for dose reduction in nuclear power plants.
These data were evaluated for cost effectiveness expressed in $/rem using five
simplified econometric models: (1) a basic model in which no account was
taken of taxes, inflation, or the costs of borrowing money; (2) a present~
worth model in which "real” interest and discount rates were used to arrive at
capital and future operational costs expressed ir 1984 dollars; (3) a dis-
counted rem present-worth model D, similar to the present-worth model, but in
which values of future rem savings were also discounted; (4) an after-tax
revenue-requirements model A, which reflected after-tax cash flows; and (5) a
before~tax revenue-requirements model B, which reflects before-tax cash flows,

Results of these analyses are summarized in Tables 3.1 through 3.3, which list
those results that are exceptionally cost effective, effective, and not cost

effective, respectively., In the first two tables, results are listed in order
of decreasing cost effectiveness based on evaluations using the discounted rem

present -worth model D.

Twenty-five evaluations were found to be exceptionally cost effective in that

th costs and collective dose (rem) were saved. These items are listed below
and in Table 3.1. Several of these were for similar modifications at differ-
ent sites. Using a nominal value of $1,000 as the value of a rem saved, the
predicted values for total dollars that should be saved over the expected
useful life of the modification were:

EXCEPTIONALLY » ¥
DISCOUNTED REM
PRESENT-WORTH MODEL D
PROJECT PROJECT TOTAL § SAVED
NAME DESCRIPTION (@ §$1,000/REM)

DU-B2-13* PWR Refueling Machine (New Plant, on Critical Path)  $32,000,000

LO=83-03B* PWR Reactor Vessel Head Multi-Stud Tensioner/Deten~ §29, 000,000
sioner (Two Reactor Site, on Critical Path)

LO-B83~03A* PWR Reactor Vessel Head Multi=Stud Tensioner/Deten- § 14,000,000
sloner (Single Reactor Site, on Critical Path)

DU-B2-12* PR lotegrated Head Assembly (New Plant, on Critical §13,000, 000
Path)

DU=~B2=11* Multi=-Stud Tensioners/Detensioners for PWR Reactor §13,000,000
Pressure Vessel (on Critical Path)

A
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1J-83-01

PD~83-01A

WA-84-02%

AI-80-04B*

PI-83-01%

PH=83-01*

DU-83-01
WH=84-06A

DU~82-06%

WH-84-02

PF-83-018*

PA=77-01

PG=83-(1*
WH=84-01

PB-82-01

WH~84~068

WH=84-07A

WH-84~058

WH-84~078

PWR Reactor Vessel Head Tensioner/Detensioner (on
Critical Path 25% of Time)

Steam Generator Channel Head Decontamination (Not on
Critical Path)

Reactor Cavity Decontamination Using the WEPA Cleaning
System

BWR Control~Rod-Drive-Handling Too) (on Critical Path
25% of Time)

PWR Reactor Vessel Head Tensioner/Detensioner (on
Critical Path 25% of Time)

PWE Reactor Vessel Head Tensioner/Detensioner (on
Crictical Path 25% of Time)

Shredder~Compactor for Dry Active Waste

Robotics System for Remote Inspections of BWR Moisture
Separator and Feedwater Pump Areas (Three Reactor Site)

PWR Quick Opening Fuel Transfer Tube Closure (New
Plant, on Critical Path)

Remote Readout Near PWR Seal Table

PWR Steam Generator Manway Tensioner/Detensioner and
Handling Device (on Critical Path 25% of Time)

Photographic Technique for PWR Steam Generator Tube
Plugging [nspections

PWR Steam Generator Manway Tensioner/Detensioner
Kobotic Inspection of PWR lce Condenser Area

Solid Radioactive Waste Handliing Using Migh Integrity
Contalners

Robotics System for Inspections tn BWR Moisture
Separator and Feedwater Areas (Single Reactor Site)

Robotle Mechanism for Surveillance of BWR High Pressure
Feedwater Heater Rooms (Three Reactor Site)

Portable Robotic System for Smoke Detector Inwpection
(Three Reactor Site)

Robotic Mechanism for Survelllance of BWR High Pressure
Feedvater Heater Rooms (Single Reactor Site)

T e ——

$9, 400,000

$8, 300, 000

§4, 300,000

§4,200,000

$4, 107,000

§3, 500,000

§3,000, 000

$1,800,000

§1,800,000

§1,700,000
§1,200,000

§960, 000

$820, 000
$630, 000
$570,000

§550,000

$280, 000

$200, 000

§78,000

-u——-—-——-—-—ﬂl
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WH-84-05A Portable Robotics System for Smoke Detector Inspection

#Evaluations for these modifications included costs for replacement power.

All other items considered had positive costs.

(Single-Reactor Site)

$28,000

For those with net costs and

positive values of expected dose savings, a §/rem value of cost effectiveness is
employed to permit easier selection of ‘tems above or below the $/rem value which

may apply at a given plant.

If all personnel are well below their annual dose

limits, one might, for example, wish to identify all items having cost-effectiveness
values below a few hundred 1984 dollars/rem (see Reference 2 in Section 1.4);
whereas, if the item affects individuals who are near their annual dose limits,
hiring and training new workers may cost several thousands of dollars per additional
rem predicted, leading to a proportionately higher §/rem cut off.

Forty items with cost=-effectiveness values at or below $1,000/rem based on the
discounted rem present-worth model were identifled. These were:

COST-EFFECTIVE
DISCOUNTED REM
PROJECT PROJECT PRESENT-WORTH MODEL D
NAME DESCRIPTION $/REM
Al-80-02 BWR-CRD Scram Discharge Line Flange for Hydrolazing the 35
Header
Al=-80-21 Portable Shielding System for the PWR Steam Generator #26
Channel Heads
LO~83=-01B  Shielding for CVCS Deminerallzers (Option B) 100
Al-B0=07 Clean Seal Cooling Water Supply for BWR Recirculatica Pump 110
DU-B2-08  PWR Power Level Monitor Using '®N Detectors 120
BE-B2=01E  Cobalt Replacement in PWR Reactor Coolant Pumps (Three- 120
Loop Operating Plant, Pumps Replaced for Other Reasons)
LO=83=01A  Shielding for CVCS Demineralizers (Option A) 120
YO-82-01A Replacement of PWR Steam Generators with Low=Cobalt (<0,03X) 120
Tubing (Three-Loop Uperating Plant, Replacement Needed for
Uther Reasons)
BE-B2-02E  Replacement of PWR Control-Rod=Drive Mechanisms with Low- 140

Cobalt Parts (Three-Loop Operating Plant, Replacement
Neaded for Other Reasons)



BE-82-06E

BE-82-02F

YO-82-018

BE~82-06F

EG=84~02A

DU-85-01

BE-82-0IF

WH-84-03

DU-82-01

EG-84~0U4
JA-83-01
Al=80=15
DU=-82-03

Al-80-05

EG-84-028

Al-80~06

EG=84-07

Al~80~19
AL=80~16

Replacement of PWR Steam Generators with Those Having Low- 140
Cobalt (0.0152) Tubing (Three-Loop Operating Plant,
Replacement Needed for Other Reasons)

Replacement of PWR Control=-Rod-Drive Mechanisms with Low= 140
Cobalt Parts (Four-Loop Operating Plant, Replacement
Needed for Other Reasons)

Replacement of PWR Steam Generators Using Low~Cobalt 150
(€0,03%) Tubing (Four~Loop Operating Plant,
Replacement Needed for Other Reasons)

Replacement of PWR Steam Generators with Those Having 170
Low=Cobalt (0.015%) Tubing (Four-Loop Operating Plant,
Replacement Needed for Other Reasons)

Temporary Shielding for PWR Reactor Vessel Head 180
Low=Cobalt Specifications for PWR Fuel Assembly Nozzles 190
(Mew Plant)

Cobalt Replacement in PWR Reactor Coolant Pumps (Four~ 200
Loop Plant, Pumps Replaced for Other Reasons)

IV Robot Inspection of PWR Vessel Head (Single-Reactor 210
Site)

Reduce Cobalt lmpurity in New PWR Steam Generator Tubing 230
(Sizewell 'B' Plant)

Handling Equipment for PWR Steam Generator Manway Covers 230
Mock=Up Training for PWR Steam Generator Jobs 270
Installation of Viewing Windows in BWR Plants 290
PWR Reactor Pressure-Vessel Head Laydown Shield 3o
BWR Control Rod Drive Disassembly and Decontamination 330
Tank

Permanent Shield for PWR Reactor Vessel Head (Three-Reactor 330
bite)

Electropolishing Tank for BWR Control Rod Drives 340
Relocation of Instrument Readout at PWR Spent -Fuel Pit 350
Heat Exchanger

Helium Leak Detection for BWR Condenser Tubes 150
Relocation of Fuel Sipping Cans 420



EG-84-038B Shielding for PWR Reactor Ur or Internals (Two-Reactor 570
Site)

EG~84-06 Ultrasonic Testing of PWR Pressurizer Sur_ e Line (Three- 610

Reactor Site)

PL-84~0iB PWR Reactor Vessel Head Shielding (No Critical Path Expense) 620

DU=-82-03 PWR Steam Generator Tube Inspection and Repair Robot 630

Al-80=12 BWR Pipe Insulation Improvements for In-Service Inspections 650

PC-82-01 TV Monitor for BWR Cleanup Heat Exchanger Koom 670

Al-BO-04A  BWR Control Rod Drive Hardling Tool 780

PL-84-01A PWR Reactor Vessel Head Shielding (On Critical Path) 860

Al-80~11 Acoustic Emission Instrumentation for IS1 of the Reactor 900
Vessel and Reactor Coolant Piping

PE~83-01 Decontamination of a BWR Recirculation System 910

Al-80-01 Alr=Cooled Anticontamination Suit, Radio Dosimetry, and 950

Radio Communications

EG-84~03A  Shielding for PWR Reactor Upper Internals (Single-Reactor I, 000

Site)

Thirty=five ftems were identified with cost-effectiveness values between
$1,100/rem and $5,000/rem based on present-worth model D evaluations, These
are prohably cost effective for many plants, Thirty-eight (tems were of
questionable cost effectiveness with $/rem values >85,000/rems Finally, 13

items

were not considered effective since predicted costs and doses were both

fncreased. These items are listed {n Table 3.3,

Those

modifications with greatest potential for dose savings were!

chemical decontamination of BWR primary systems, 4,400 to 6,200
predicted rem savings during plant life depending on whether fuel is in
place or not;

steam generator replacement with generators having < 0,015% cobalt in
tubes, 1,600 to 5,50 predicted rem savings during plant life depending
on operating or new plant;

decontamination of steam generators, 100 to 3,600 predicted rem savings
per decontamination depending on initial dose rates;

magnetic filtration of primary system water, 3,300 predicted rem
savings during plant life;

mock=-up training for steaa generator jobs, 2,900 predicted rem savings
during plant life; and
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® steam generator tube inspection and repair robot, 2,200 predicted rem
savings during plant life,

A comparison of results shown for different models in Tables 3.1 through 3.3
reveals a factor of 5 to |0 difference between $/rem values for the basic
model (usually the lowest values) and cthe before-tax revenue requirements
model (highest values). Results for the discounted rem present-worth model,
which is used for priority rankings (and includes discounting of both future
costs and future rem saviugs), were generally larger than those for the basic
model by a factor of about | to 2 and lower by a factor of about 5 than
results for the before~tax revenue requirements model. For purposes of
radiation protection, the discounted rem present -worth model seems most
appropriate since in this model the present value of moncy 18 considered for
both operational costs and the value of future rem savings, but taxes and
interest on burrowed money are not included.
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I.  INTRODUCTION

The National Council on Radiation Protection and Measurements (NCRP) (1), the
International Commission on Radiological Protection (ICRP) (2,3), and the
Muclear Regulatory Commission (NRC) (4-9) have all urged a policy of radiation
protection relying not only on dose limits but also on keeping doses "as low
as reasonably achievable” (ALARA). The degree of dose reduction which ir
reasonably achievable depends on benefits, costs, and optimization of expendi-
tures for dose reduction (2,3,10). Thus, an effective ALARA program at
nuclear power plants shouid include consideration of both costs and achlievable
dose reductions., A number of high-dose maintenance tasks known to contribute
significantly to plant collective doses (11) these include steam generator
manway cover removal and replacement, eddy current testing and repairs of
steam generator tubing, reactor refueling operations, and maintenance on
reactor coolant pumps and valves. New equipment is being designed for new
plants and retrofitted to some existing plants. These changes are expected to
yleld large reductions in collective dose. Mowever, additional data and
analysis are needed to demonstrate the cost effectiveness of many of the
available options.

lels m“ﬁ‘!'u

The objectives of this program were to gather data on recently proposed or
loplemented modifications with potential for dose reduction, to examine
analytical models currently being employed for cost-effectiveness evaluations,
to perform evaluations of proposed modifications, and to rank the results
according to priorities.

Data on costs and effectivencss of engineering modifications were obtained
from published reports, plant visits, and other sources cited Iin Section 5,
Cost~effectiveness evaluations methods employed at utilities and proposed by
various authors (12-15) were examined and simplified to arrive at models
described In Sectlon 2. These models were then used with an WM PC computer
and spread-sheet program (Symphony from Lotus) to develop cost-effectiveness
values for each modification,

The economic models employed here are In some cases unique (or, te the
authors' knowledge, not currently employed in their exact form), However,
they are based on commonly employed models and principles, Since conclusions
regarding cost effectiveness are influenced by the $/rem value used in any
analysis, results are expressed as a ratfo of cost in 1984 dollars to collec~
tive dose saved (in rem), This permits easy comparison to any $/rem value
which happens to be employed at a given time and by a given organization.

The $/vem ranking of the cost-effective modifications (s not correct for the
projects with negative values, Negative values result when either the
numerator of the ratio is negative, because operational savings exceed capital
coats, or when the denominator is negative because net dose savings are
negative, If the ratlo is negative because the numerator (total cost) is
negative, a highly desirable and exceptionally cost-effective cane in



indicated. However, when the denominator is negative, there 1s not only no
dose savings but the modification would cause an increase in dose and thus
would be very undesirable from a cost-effectiveness point of view. For this
reason, the exceptionally cost-effective modifications and those with negative
dose savings have been rank ordered in terms of total dollars saved instead of
§/rem.

It is interesting to note, however, that if both the numerator and denominator
are negative, the ratio i{s an acceptable measure of cost ef ectiveness. Thus,
even though doses are increased for negative denominators, the dollar savings
may be sufficient to justify the increase. However, no examples of this were
found.

It was also considered important to compare the results from several models to
illustrate the range of possible ocutcomes and to ald in understanding the
{mportance of various parameters and assumptions.

At the present time, there scems to be no consensus on the best model for
evaluating modiflications for purposes of dose control at ALARA levels., Mann
(14) has recently reviewed the principles of cost effectiveness and optimiza-
tion in radiation protection. Mis work and the ICRP document on optimization
(15) are recommended for more detalled discussions of methodologies, their
applications, and limitations,

| P Organization of Report

Since a large number of modifications and variations were studied, the
material has been organized in Sections 3 and 4 by author or source of Infor-
mation, Each evaluation has a three-part alpha numeric designation. The
first two letters are determined by the author's last name or plant code (PA,
PB, etc. for plant A, plant B, etc.). The next two numbers indicate the year
the original data were published or produced, and the last set of characters
fdentifles the ftem for correlation with results expressed in the summary
table and for purposes of indexing. Thus, BE-82-04B is based on data in a
report by Bergman published in 1982, The number 4 refers to a fourth modif{~
cation considered from his data, aud B refers to an alternative (in this case
b=loop ve 3=loop plant) of that modification.

The project names have PWR or BWR in the title to facilitate fdentification of

dose~reduction modifications for each reactor type, Dose-reduction modifica~

tions applicable to both reactor types have no such designation in their
titles,

Results of the cost-effectiveness evaluations (expressed to two significant
places) are listed in Tables 3.1 through 3.3,

Authors and sources of information used In Section 4 are fdentified in Section

5. In the subject index, ltems are referred to by the alpha-numeric index,
since this facilitates Indexing of future additions to the compendium,
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2,  COST-EFFECTIVENESS MODELS

Five mathematical models were developed for evaluation of cost effectiveness
of engineering modifications intended for dose reduction., These models were
developed to illustrate the sensitivity of results to different assumptions

frequently employed, and to yield results of interest to different users.

2.1 ASSUMPTIONS

In each model, capital and operational costs in 1984 were estimated from
original data by increasing estimated costs by 8L/yr compounded from base year
costs employed in the original studies. For most studies, the base year costs
were estimated for vears 1979 through 1984, During this time, inflation
decreased from about BI/yr to about 4%/yr during 1983 and 1984, However, a
constant inflation factor of BX/yr was employed in these studies to reflect an
inflation in nuclear costs during the past few years perceived to be greater
than that of the consumer price index. Additional adjustments for inflation
may be needed i{f these results are to be applied in future years.

In the economic analyses, data on capital, labor, material, training, mainten~
ance, overhead, replacement power, waste disposal, and tax costs were sought.
Also, information on dose to install, annual dose saved, and amortization
period were obtained when possible. When data were not available, cost values
were usually set to zero and 30 years was used for the amortization period.

In some cases, values for maintenance costs were estimated here even though
they were neglected in the original analysis. This was done in an attempt to
put all evaluations on a nearly comparable basis. All costs included in an
analysis have been stated, thus allowing comparisons with original analyses.

Since dose rates and collective doses increase as plants age, estimated dose
savings are generally based on averages over the amortization period assumed
for the modification, All results are affected hy the assumed amortization
period and must be adjusted {f other periods are more appropriate.

2.2 BASIC MODEL

A basic model, containing the elements commonly used in most analyses, is
often employed in which capital costs, annual operating costs, dose to
install, and annual dose savings are considered. However, no consideration is
given to the time value of money, interest on capital costs, or taxes, Cost
effectiveness is calculated in terms of net cost in dollars per net savings in
collective dose equivalent (rem).* The results from this model are obtained

from Eq. (1):
Baste = F(C = A  n) / (nDy = Dl)' dollars/rem (1)
e+ DY,

#Collective dose equivalent has been defined In ICRP Pub, 26 and has units of
Sieverts (1 Sv = 100 rem), While common practice in the U.S. 18 to express
collective dose equivalent In units of man<rem, rem (the less redundant and
more nearly correct unit) will be employed in this report.
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F is inflation factor (to convert to 1984 dollars);

C 1is capital cost in base year (year of original estimate);

A, is the sum of annual savings due to the sum of laber, material,
training, maintenance, overhead, waste disposal, and replacement
power costs (in base year);

n is number of years over which equipment will be amortized and
annual savings will be summed;

Dl is dose to install in rem;

Dy is annual dose savings in rem per year;

1 is assumed inflation rate (estimated at 8X) between base year and
1984; and

Y is number of intervening years between base year and 1984,

Values for the factors for various i{nflation rates and years are listed in
Appendix A. The inflation factor is often neglected in making a preliminary
estimate using the basic model.

Example: Consider modification DU-83-01 Shredder-Compactor for Dry Active
Waste on page 81, Capital cost C was $450,000 in 1983, Inflation factor F =
1.08 from Appendix A for | year inflation at 8%,

Annual operating savings A :

Labor savings = $39,000/yr
Disposal Savings = §177,600/yr

Maintenance (cost) = -322.500(1:

A, = Net operational savings = §194,100/yr
For n = 25 yr, Dy = 10.5 rea/yr and D; = 0 rem

o 1e0B ($450,000 - $194,100/yr x 25 yr)
alx (25 yr :JTG;S r¢n7;; - 0 rem)

. 284,754 :22 = ~518,000/rem (rounded to two significant places)

Note that the numerator was negative since operational savings exceeded
capital costs. Thus, this result indicates an exceptionally cost-effective
modification since both costs and collective dose are reduced.

At $1,000/rem, total dollars saved = 84,754,700 + $1,000/rem x 262.5
rem * §5,000,000,

2.3 PRESENT-WORTH MODEL, NO DISCOUNT OF REM VALUES

A present-worth model s frequently employed to reflect the time value of
money. In this model all future operating costs are converted to equivalent
worth in 1984 dollars using a discount rate d which reflects the real value of
money (inflation and taxes are neglected). The equation used in this model is:

12
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Present -Worth = F(C - A, Kz)/(nbz = Dy), dollars/rem (2)
9
xz..ﬂ_t.‘ll_._'.,yr, (3)
a1 + )"

where d is a discount rate assumed to be 4% for this analysis. The annuity
factor K, represents the present value of payments of one dollar per year for
n years. Values of K, for various amortization periods and discount rates are
listed in Appendix B. Multiplying this by the annual operating savings gives
a present worth of those savings which can be subtracted from the original
capital costs. The result represents the present value of the money required
to pay for capital equipment and changes ‘n operating costs (but not return on
investment or taxes) for the life of the project (n years).

This model is an improvement over the basic model since it applies the same
economic value or weight to both capital and operating expenses. In it, bias
due to the changing value of money caused by inflation is avoided. Also, tax
costs, which are recovered indirectly through the social use to which they are
put, are not included. However, discount‘ng operating savings in the numera-
tor without comparable discounting of the future value of dose reductions (the
denominator) leads to a bias of debatable justification. Therefore, a dis-
counted rem present-wourth model D (see Section 2.4) was also employed.

Example: Considering the same modification as above, for the present-worth
model with a 25 year amortization period, and 4% discount rate:

25
K, o SL* 0.06)77 = 1 2,67 -1 o 15,6yr
0.06 (1 + 0,042 0,06 (2.67)

1,08 x ($450,000 ~ $194,100/yr x 15.6 yr)
262.5 rem

":iéilgﬁfégg' T=$11,000/rem (rounded to two significant places).

Present -Worth =

At 81,000/rem, total dollars saved = $2,784,200 + $1,000/rem x 262.5
rem 83,000,000, (Note: the slight difference between this value and
from that given in Table 3.1 is due to rounding K; to 15.6 in the above.)

2.4 DISCOUNTED ' <M PRESENT-WORTH MODEL (PRESENT-WORTH MODEL D)

None of the econometric models studied to date have employed discounting of
future rem savings., The rationale for not doing so is based on the ethical
question of valuing a future risk or health effect differently from one
incurred at present. Cohn (1) has considered this question in some detall.
However, since the value of a rem in nuclear power plant operation is usually
governed by costs of manpower replacement, training, and other factors, rather
than the health effects costs which are usually much smaller, it seems
appropriate to discount future rem savings at the same rate as that used for
operational savings In the numerator of Eq. (2). The equation for this model
is:

13
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Present-Worth D = F(C - A, Kz)/(lzbz = D), dollars/rem, (4)

where K, Is the annuity factor given by Eq. (3), and d is discount rate,
assumed to be 4% for this analysis.

Example: Consider again the modification described in DU-83-0l. Discounting
uture rem savings by 4% vields:

Ky = 15.6 yr (as above)

e 108 x (450,000 - $194,100/yr x 15.6 yr)
L & (15.6 yr x 10.5 rem/yr - 0 rem)

- :%%slgitggﬁ'k ~§17,000/ rem.

At $1,000/rem, total dollars saved = $2,784,200 + §1,000/rem x 163,8
rem $2,900,000., (Note: The difference between this value and that
given in Table 3.1 and the Summary is due to rounding of K; to 15.6 in
the above).

2.5 AFTER-TAX REVENUE REQUIREMENTS MODEL (REV. REQ. MODEL A)

A revenue requirements model that reflects the revenue requirements based on
effective (after-tax) interest rates is also of some interest. This approach
reflects the Board of Directors' or treasurer's point of view. For this model
present worth, as calculated above, is converted to uniform annualized pay-
ments, which can be secured for n years from a present investment, using
"effective” interest rate i, which reflects tax deductions on interest pay-
ments, and annuity factors K; given by Eq. (6) below (or taken from Appendix
C). Typlcal values for effective interest rates are about |0X% at present,
based on capital cost of money of about 13,5% and income tax deductions of
about 35%. In addition, taxes on revenues, which typically average 5% per
year, are accounted for by the factor 0,95 in the denominator of Eq. (5), used
for this model.

Rev. Req. A = 0K F : ol , dollars/rem (5)
. 2 = D

K, = L (1L + )" g (6)
(1 + )% =« |

where A, is the annual operating savings, “o above, less the annual federal
and state taxes on capital investments (assumed to be 2% of capital costs un=
less otherwise stated by sources of information); and | is effective interest
rate (10%). For this model, d is assumed to be 4% as for the present-worth
models above.

14
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Egegféi} Consider again modification DU-83-0l. Using effective interest rate
i= vields:

25 .
« Qe (1 g%}) - 1.08 = 0,11 ye~!
(l + Ool) -1 1008 - 1

K

K, 15.6 yr (as above)

= A, - (0,02 x $450,000)/yr
s e

. " $9,000/yr = $185,100/yr

Rev. Roqu A = 25.yr x 011 ye~! x 1,08 ($450,000 - 15.6 yr x $183,160/yr)
A . 0.95 (25 yr x 10.5 rem/yr ~ O rem)

. =87,239,553
0.95 X 262.3 rem

. 287,239,553 - -%75020,552 %$39. 000
O.;S 1.262.5 rem 62.5 rem ~829, /rem

At $1,000/rem, total dollars saved = §7,620,582 + $1,000/rem x 262.5
l'l- 2‘,57,900,“)0-

2.6 BEFORE-TAX REVENUE REQUIREMENTS MODEL (REV. REQ. MODEL B)

A second revenue requirements model in which effective interest rate is
increased to 20% is more frequently employed. This model reflects before-tax
revenue requirements or costs to utility customers. In other respects the
model is equivalent to revenue requirements model A above. The equation for

this model is as follows:

Rev. Req. B = ok, F(C - Kn,ﬁ‘l_. dollars/rem. (7)
0.95 (nnz - Dl)

The revenue requirements models, or variations of them, are often employed by
utilities since they reflect cash flow requirements and related needs for rate
fncreases, Often, the capital costs are escalated, but no discount is applied
to operational savings. This tends to distort actual impacts on rate struc-
tures and therefore has been avoided here. Similarly, the economic value of a
rem should be escalated to properly reflect the time value of money, the
changing costs of all factors included in operational savings, and the chang-
ing cost of health effects, Since the major economic factor in the current
estimates of the value of a rem is labor cost, incurred by needs to hire addi-
tional workers if dose limits are approached, the value of dose saved should
be changed in the same proportion as used for capital costs and operational
costs in the numerator of Eqs. (5) and (7). Doing this would give results
similar to those of the present-worth model (the only difference being inclu-
sion of tax effects in the revenue requirements models). Therefore, rem values
were not discounted in the revenue requirements models to better reflect
current practice and to provide results for comparisons with the other models.
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Example: For the same modification as considered above, C, K2 and At are as

above and using 20X as effective interest rate:

25 -
K Q212 02 . 028954, 0,202 yrl,
(1+ 0.2 )% - 1 k3

Rev. Req. B = 25 yr x 0.202/yr x 1.08 ($450,000 - 15,6 yr x $185,100/yr)
0.95 (25 yr x 10.5 rem/yr = 0 rem)

. =813,294,452 2 _¢q o _
?%7.5 rem = WA 0 e

At §1,000/rem, total dollar saved = $13,294,452 + $1,000/rem x 262.5
rem +$14,000,000.

2.7 DISCUSSION OF MODELS

Of the five models presented here, the basic model with costs adjusted to
estimated year of installation is perhaps best for initial scoping analyses.

If the results from this model suggest that a modification is probably cost
effective, a more complete evaluation using a model which reflects the present
value of total savings, or the cost effectiveness in $/rem, is appropriate.

For present-value evaluations, the discounted rem present-worth model has merit
since in it the time value of money required to compensate for higher future
doses is valued in the same manner as similar costs for other expenses in the
cost-effectiveness equation.

The revenue requirements models reflect additiunal costs due to taxes and

inflation., Since inflation costs are primarily a reflection of the changing

value of money, they are not considered "real” costs and are best avoided if

possible. Since taxes are buth a societal cost and a societal benefit, they i
cancel in terms of total impact on society and are best avoided in cost- }
effectiveness evaluations (at least at the national level). However, federal

taxes are a local cost and a national benefit. Thus, the choice of scale

(local or national) for balancing costs and benefits becomes important. Since

the utility manager operates on a local scale (must increase local rates to pay

federal taxes), he will be concerned with taxes and revenue requirements. How-

ever, the before-tax revenue requirements do not properly reflect the allowed

tax deductions, and thus the after-tax revenue requirements model A would seem

more appropriate for the local level,

Note from the above that there is a federal disincentive to making dose-
reduction modifications since their cost is increased by federal taxes. A tax
credit for dose-reduction modifications could be used to alleviate this
problem.

It should also be noted that the ratio of costs/rem saved can be negative 1if

operational cost savings exceed capital costs. These modifications are thus
exceptionally cost effective since both costs and dose are saved. On the other

16



hand, the ratio can also be negative if costs are positive and dose saved is
negative. This would result if collective dose were increased by the modifica-
tion. This result would not be cost effective.

2.8 REFERENCES FOR SECTION 2

l. Cohn, Bernard L., Discounting in Assessment of Future Radiation Effects,
Health Physics 45, pp. 687-697, 1983,
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3. RESULTS OF COST-EFFECTIVENESS EVALUATIONS

Results of the above cost-effectiveness evaluations are summarized in Tables
3.1 through 3.3. Detaile on these modifications are given in Section 4.

The 25 items listed in Table 3.1 were exceptionally cost effective in that net
costs were negative and dose savings were positive. To rank these for cost
effectiveness, a criterion other than simply the ratio of costs to dose saved
was used, since this ratio loses its meaning when costs are negative. For the
renking of these options, total savings were calculated using $1,000/rem as the
value of collective dose savings. Rankings are based on results from the
present -worth model D.

Total dollars saved based on other assumed values for the monetary value of a
rem saved may easily be calculated as follows. Use the dollar saved data in
Table 3.1 and add the value calculated using the product of the rem saved
(discounted rem saved for present-worth model D) and the difference in value
between the desired value for dollars/rem and the §1,000/rem value employed to
obtain the results in Table 3.1.

For example, to estimate total dollars saved for the first item in Table 3.1
using the basic model and $3,000/rem as the assumed monetary value for a rem
saved, one adds $180,000 [($3,000/rem - $1,000/rem) x 90 rem] to the
§55,000,000 shown to obtain a total of $55,180,000. This change would not be
considered significant since all results are rounded to two significant places.

For the last item in Table 3.1, however, using $3,000/rem and the basic model

one obtains $161,000 for total dollars saved, an increase of nearly a factor of
2. 5.

Table 3.2 contains results for 113 items which had both positive costs and
positive dose savings. For these, the ratio of net dollar costs to net rem
saved is employed as the cost-effectiveness criterion. Results are listed in

order of increasing costs per rem saved and vary from $35/rem to $120,000/rem
based on the discounted rem present-worth model D.

Total dollars saved, based on a nominal value of $1,000/rem saved, is given in
the last column for results from the present-worth model D (using discounted
rem). Similar savings may be calculated for any of the five models and for

cther assumed monetary values for dose savings using the data in Table 3.2 and
the equation:

Total dollars saved = (D - CER) x R,

where
D is the monetary value assumed for one rem saved,
CER 1is the cost-effectiveness ratio from Table 3.2, and
R is rem saved (or discounted rem saved for present-worth model D).

Positive values for this total would be considered cost effective,

For example, the first item in Table 3.2, A1-80-2, yielded $20/rem as the cost-
effectiveness ratio for the basic model. At $1,000/rem, the total dollars

18



saved as predicted by this model are:
Total dollars saved = ($1,000/rem = $20/rem) x 300 rem = $294,000

Note that this value is considerably larger than the result shown in the last
column for results from the present-worth model D. The difference is due
mainly to the diffurence between rem saved and discounted rem saved.

Table 3.3 contains results for 13 items with negative predicted discounted rem
savings and positive predicted costs. The results indicate that these items
were not effective. However, for five of these modifications, values for rem
saved (not discounted) were positive and therefore a different conclusion might
be reached for other models. The results provided after the descriptions of
these modifications (in Section 4) reveal that very large values

(> $20,000/rem) of the ratio $/rem saved were obtained for the other four

models considered.
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TABLE 3.1:

EXCEPTIONALLY COST-EFFECTIVE MODIFICATIONS

PROJECT BASIC PRESENT PRESENT REV REQ REV REQ REM  DISC. REM
NAME MODEL WORTH WORTH D MODEL A MODEL B SAVED SAVED
total § saved (assuming $1,000/rem)

DU-82-13% 55,000,000 32,000,000 32,000,000 110,000,000 200,000,000 %0 52
L0-83-03B* 52,000,000 30,000,000 29,000,000 95,000,000 180,000,000 1,600 900
LO-83-03A% 24,000,000 14,000,000 14,000,000 43,000,000 81,000,000 790 450
DU-82-12% 23,000,000 14,000,000 13,000,000 44,000,000 85,000,000 120 69
DU-82-11* 23,000,000 13,000,000 13,000,000 43,000,000 81,000,000 240 140
PJ-83-01% 17,000, 000 9,600,000 9,400,000 31,000,000 58,000,000 360 210
PD-83-01A 8, 300, 000 8,300,000 8,300,000 21,000,000 35,000,000 3,700 3,700
WA-84-02% 6,300,000 4,300,000 4,300,000 10,000,000 18,000,000 48 33
AI-80-04B* 7,600,000 4,600,000 4,200,000 13,000,000 23,000,000 940 530
PI-83-01% 7,600, 000 4,200,000 4,100,000 13,000,000 24,000,000 420 240
PH-83-01% 6, 300, 000 3,900,000 3,500,000 10,000,000 19,000,000 960 550
DU-83-01 5, 000, 000 3,100,000 3,000,000 7,900,000 14,000,000 260 160
WH-B4-06A 3, 200, 000 2,700,000 1,800,000 4,000,000 5,600,000 2,100 1,200
DU-82-06% 3,000,000 1,800,000 l,.800.(X)U 5,800,000 11,000,000 15 8.6
WH-84-02 3,000, 000 1,800,000 1,700,000 5,700,000 11,000,000 59 %
PF-83-01B* 2, 500,000 1,400,000 1,200,000 3,400,000 6,100,000 440 230
PA-77-01 1,700,000 1,600,000 960, 000 1,700,000 1,900,000 1,600 900
PG-83-01% 1,500,000 860,000 820,000 2,600,000 4,900,000 90 52
WH-84-01 1,200,000 700,000 630, 000 1,900,000 3,400,000 150 89
PB-82-01 1,100,000 590, 000 570,000 1,800,000 3,300,000 51 29
WH-84-06B 1,000,000 840, 000 550, 000 1,100,000 1,500,000 700 400
WH-84-07A 510,000 330,000 280, 000 810,000 1,400,000 120 68
WH-84-05B 370, 000 260, 000 200, 000 520, 000 860, 000 140 83
WH-84-078B 150,000 95,000 78,000 200,000 340, 000 39 22
WH-84-05A 65,000 49,000 28, 000 26,000 5, 800 48 28

*Replacement power costs were used in model calculations.
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TABLE 3.2: MODIFICATIONS WITH POSITIVE COSTS AND POSITIVE DOSE SAVINGS

DISC. TOTAL § SAVED

PROJECT  BASIC PRESENT  PRESENT  REV REQ  REV REQ REM REM BASED ON WD
NAME MODEL WORTH  WORTHD MODEL A MODEL B SAVED  SAVED (@ $1,000/REM)
—dol lars/ rem
AI-80-02 20 20 35 90 170 300 170 $160, 000
AI-80-21 49 49 86 220 420 i, 500 850 $780, 000
LO-83-01B 59 59 100 270 500 30 17 $16, 000
AI-80-07 62 62 110 280 530 600 340 $300, 000
DU-82-08 o8 68 120 300 580 240 140 $120, 000
BE-82-01E 62 62 120 330 630 560 300 $260,000
LO-83-01A 59 9 120 310 590 51 29 $26, 000
YO-82-01A b e 120 350 670 3,500 1,900 $1, 600,000
BE-82-02E 72 72 140 380 730 810 430 $370, 000
BE-82-06E 75 75 140 390 760 4,700 2,500 $2, 200,000
BE-82-02F 76 76 140 400 770 770 410 $350, 000
YO-82-018 82 82 150 430 830 3,700 2,000 $1, 700,000
BE-82-06F 2 93 170 490 940 5, 000 2,700 $2, 200, 000
EG-84-02A 170 110 180 340 630 88 55 $45,000
DU-85-01 186 110 190 360 680 93 53 $44, 000
BE-82-01F 110 110 200 570 1,100 320 170 $140,000
WH-84-03 150 120 210 490 930 270 160 $120, 000
DU-82-01 130 130 230 600 1,100 2,700 1,600 $1, 200,000
EG-84—04 150 150 230 550 1,000 45 28 $22,000
JA-83-01 260 160 270 550 1,000 2,900 1,700 $1, 200,000
AI-80-15 160 160 290 740 1,400 220 130 $91,000
DU-82-03 180 180 310 810 1,500 90 52 $36,000
AI1-80-05 190 190 330 8/0 1,600 270 150 $100, 000
EG-84-02B 210 210 330 790 1,400 890 560 $370,000
AI-80-06 200 200 340 890 1,700 300 170 $110,000
EG-84-07 220 220 350 820 1,500 13 7.8 $5, 100
AI-80-19 200 200 350 920 1,700 180 100 $67,000
AI-80-16 240 240 420 1,100 2,100 30 17 $9,900
EG-84-03B 380 360 570 1,300 2,400 B4 52 $22,000
EG-84-06 510 510 610 920 1,300 17 14 $5, 500
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TABLE 3.2 (continued): MODIFICATIONS WITH POSITIVE COSTS AND POSITIVE DOSE SAVINGS#**

DISC. TUTAL § SAVED

PROJECT BASIC PRESENT PRESENT REV REQ REV REQ REM BASED ON PWD
NAME MODEL WORTH  WORTH D MODEL A MODEL B SAVED  SAVED (@ S1,000/REM)
dollars/rem-

EG-84-05B 1,400 1,400 2,200 5,200 9, 600 260 160 ($190,000)
MI-83-038 2,100 1,300 2,300 4,800 9,200 6,000 3, 500 ($4,500,000)
BE-82-03T 1,300 1,300 2,700 7,900 16, 000 170 83 ($140,000)
BE-82-0IC 1,400 1,400 2,900 8,500 17,000 640 320 ($590,000)
LO-83-02 2,200 1,700 2,900 6,800 13,000 63 36 (§70,000)
L0-83-05 2,300 1,700 3,000 6,700 13,000 b6 38 ($74,000)
DU-82-04 1,800 1,800 3,100 8,100 15,000 45 26 ($55,000)
BE-82-03L 1,600 1,600 3,200 8, 300 16,000 140 70 ($150,000)
Al-80~-17 1,800 1,800 3,200 8,300 16,000 120 69 ($150,000)
PM-84-01 2,100 2,200 3,800 8,600 16,000 11 6.6 ($18,000)
MI-83-02B 3,400 2,200 3,800 8,000 15,000 4,400 2,600 (87,200,000)
DU-82-10 2,200 2,200 3,900 10,000 19,000 290 170 ($480,000)
LO-83-04 2,100 2,400 4,100 11,000 21,000 57 i3 ($100,000)
BE-82-01A 1,900 1,900 4,400 10,000 20,000 470 210 ($700,000)
BE-82-02C 2,300 2,300 4,600 14,000 27,000 920 460 ($1,600,000)
MI-83-01B 3,700 2,700 4,760 11,000 20,000 6,300 3,600  (S$14,000,000)
BE-82-030 2,400 2,400 4,800 14,000 28,000 140 67 ($250,000)
BE-82-04M 2,500 2,500 5, 000 15,000 29,000 320 160 ($620,000)
BE-82-02D 2,600 2,600 5,300 16,000 31,000 840 420 ($1,800,000)
BE-82-04N 2,600 2,600 5,300 16,000 31,000 140 69 ($290,000)
DU-82~07 4,100 3,100 5,400 13,000 24,000 110 61 ($270,000)
BE-82-03P 3,000 3,000 6,200 18,000 36,000 180 87 ($450,000)
AI-80~14 3,400 3,400 6,600 15,000 29,000 650 330 ($1,900,000)
BE-82-01D 3,400 3,400 6,900 20,000 40,000 360 180 ($1,000,000)
BE-82-03C 3,800 3,800 7,700 23,000 45,000 520 260 ($1,700,000)
BE-82-03G 3,500 3, 500 9,100 18,000 35,000 93 35 ($290,000)
BE-82-04C 4,700 4,700 9,400 28,000 55, 000 400 200 (§1,700,000)
BE~82-04G 3,600 3,600 9, 600 19,000 37,000 210 81 ($690,000)

**Dollar values in parentheses are negative.
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TABLE 3.2 (continued): MODIFICATIONS WITH POSITIVE COSTS AND PUSITIVE DOSE SAVINGS#**

DISC.  TUTAL § SAVED
l PROJECT  BASIC  PRESENT  PRESENT  REV REQ  REV REQ REM RFM BASED ON FWD
NAME MODEL WORTH  WORTH D MODEL A MODEL B SAVED  SAVED (@ $1,000/REM)

dollars/rem—

BE-82-03D 4,900 4,900 9,800 29,000 57,000 480 240 ($2,100,000)
 DU-82-02 6,300 6,200 11,000 28,000 52,000 3,400 1,900 ($19,000,000)

BE-82-024 3,700 3,700 11,000 19,000 38, 000 570 180 ($1,900,000)
i BE-B2-04H 4,000 4,000 11,000 21,000 41,000 a1 12 ($330,000)
. BE-82-0M 5,900 5, 900 12,000 36,000 70, 000 140 71 ($780, 000)
E BE-82-03H 4,800 4,800 15,000 25,000 49,000 110 i ($500,000)
f BE-82-02B 4,400 4,400 15,000 23,000 44, 000 510 150 (52,100, 000)
. BE-82-05C 7,800 7,800 16,000 47,000 92, 00K 580 290 ($4,300,000)
| BE-82-04D 8,500 8, 500 17,000 51,000 100, 000 230 110 ($1,900,000)
 MI-83-02A% 18,000 11,000 19,000 37,000 70,000 4,400 2,600  ($46,000,000)
[ BE-82-03N 10,000 10,000 20, 000 60, 000 120, 000 100 51 ($990, 000)
. BE=-B2<U5D 10,000 10,000 20,000 61,000 120,000 600 300 (55,800,000)
[ BE-82-04K 10,000 10,000 21,000 62,000 120, 000 60 30 ($590,000)
; BE-82-01B 6,000 6,000 23,000 32,000 61,000 200 52 ($1,200,000)
T BE-82-04L 12,000 12,000 24,000 71,000 140, 000 76 38 (5860, 000)
| BE-82-05A 11,000 11,000 28,000 59,000 110,000 410 160 ($4,400,000)
' BE-82-06C 15,000 15,000 30, 000 89, 000 170,000 5,200 2,600 ($74,000,000)

MI-83-03A* 36,000 21,000 36, 000 20,000 130,000 6, 000 5,%0  ($120,000,000)
’ BE-82-06D 19,000 19,000 38,000 110,000 220,000 5,500 2,700 ($100,000,000)
i MI-83-01A* 37,000 22,000 38, 000 75,000 140,000 b, 300 3,600 ($130,000,000)
| BE-82-03Q 20,000 20,000 41,000 120,000 240,000 29 14 ($560,000)
| BE-82-03R 21,000 21,000 43,000 130,000 250,000 27 I's (§560,000)
! BE-82-040 23,000 23,000 46,000 140,000 270,000 20 9.9 ($450,000)
i BE-82-05B 16,000 16,000 47,000 83,000 160, 000 380 130 ($5,900,000)
 BE-82-04P 26,000 26,000 53,000 160,000 310, 000 17 8.5 ( 5440, 000)

DU-82-09 36,000 36,000 62,000 160,000 310,000 45 26 ($1,600,000)

BE-82-03A 8,200 8,200 110,000 43,000 83, 000 240 19 ($2,000,000)

PD-83-01B* 180,000 120,000 120,000 340,000 620,000 3,700 3,700 (5430,000,000)

*Replacement power costs were used in model calculations.
**Dollar values in parentheses are negative,
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TABLE 3.3: MODIFICATIONS WITH NEGATIVE DISCOUNTED REM SAVINGS**
PROJECT BASIC PRESENT PRESENT REV REQ REV REQ  REM  DISC. REM

- NAME MODEL WORTH WORTH D MODEL. A MODEL B SAVED  SAVED
,
| total § saved (assuming $1,000/rem)
‘I
BE82-04 (510,000 (510, 000) (520,000)  (2,400,000) (6,600,000) 65 =72
 BE-82-041  (540,000) (540,000) (550,000)  (2,200,000) (4,700,000) -88 96

BE-82-03J (650, 000) (650,000) (670,000) (3, 100,000) (5, 900, 000) -81 -92
BE-82-031 (660,000) (660,000) (670,000) (3,100,000) (5,900,000) -79 -91
BE-S2-04E (670,000) (670,000) (700,000)  (3,300,000) (6,300,000) =53 =77
BE-82-03E 810,000 810,000 (870,000) 4,400,000 8, 600, 000 40 =21%
| BE-82-U4F (970,000) (970,000) {1,000,000) (4,800,000) (9,200,000) =75 =110
BE-82-03F (1,100,000 (1,100,000  (1,100,000)  (5,50,000) (11,000,000 -0 55
BE-82-04A 1,800,000 1,800,000 (2,000,000) 9, 700, 000 19, 000, 000 70 -G 3%
BE-62-04B (2,000,000  (2,000,000) (2,100,000 (10,000,000)  (20,000,000) 50 -150

BE-82-03B 2,200,000 2,200,000 (2,400,000) 12,000,000 23,000, 000 170 =29%
| BE-82-06A 75,000,000 75,000,000 (77,000,000) 400,000,000 780,000, 000 1,700  =500%
| 100,000,000 100, 000, 000 { 100,000, 000) 540,000, 000 1,000,000,000 2,300  -640%

- BE-82-06B

*Note that the value for discounted rem saved, which is obtained from the denominator of equation
(4) in Section 2.4, can be negative even though rem saved is positive, since K, operates only on

annual dose savings (D;) and not on dose to install (Dy).

#**Dollar values in parentheses are negative.
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4. DESCRIPTIONS OF MODIFICATIONS

AI-80-01: Air-Cooled Anticontamination Suit, Radio Dosimetry, and Radio
Communications

In the study on engineering techniques for reducing occupational radiation
exposure at operating nuclear power plants, the Atomic Industrial Forum Sub-
committee considered improved radio communications and radio telemetry of
dosimetry information as well as the addition of air conditioning to air-
supplied suits to improve worker efficiency. it was estimated appropriate
improvements could reduce the dose to workers performing general maintenance
(now 10 to 180 rem collective dose per plant) by approximately 5 rem/yr. Total
costs were estimated at $56,000 including $6,250 research and development
costs. No dose would be incurred during implementation, and amortization was

assumed to be over 30 years. Input data for the cost-effectiveness evaluations
for this modification were:

e Base year for capital cost = 1979

e Capital costs for equipment, research and development = 556,000

e Dose to install = 0 rem
® Annual dose savings = 5 rem/yr
® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 550 550 950 2,500 4,700

AI-80-02: BWR~CRD Scram Discharge Line Flange for Hydrolazing the Header

Considerable crud accumulates in scram discharge lines. Considerable exposure
could be saved if these lines were flushed out before maintenance and
inspection activities. It was proposed in the AIF Study that holes be cut in
the end of each header to allow them to be hydrolazed, thus, flushing the
radioactive material out. Bolted flanges would be installed on the end of each
header to allow the procedure to be repeated during subsequent outages.
Resulting reduction in general area dose rate and local dose near the header
and scram discharge line was estimated at 10 rem/yr. Approximately 5 rem
collective dose would be required to implement this modification. Total cost
for implementation including $250 for research and development was estimated at

$4,000. Input data for the cost-effectiveness evaluations for this modifica-
tion were:

® Base year for capital cost = 1979
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e Capital cost of modification including research and development = $4,000

e Dose to install = 5 rem
® Annual dose savings = 10 rem/yr
® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WOETH D MODEL A MODEL B
$/rem: 20 20 35 90 170

AI-80-03: Shielded Forklift Truck for Radwaste Handling

In most plants, drums containing radioactive waste are moved into and out of
storage and loaded for shipment using a forkliit truck. Several rem per year
collective dose are typically incurred during this operation. It was estimated
that use of a shielded fork-lift truck would reduce the collective dose by 3
rem/yr. Total capital cost for such a truck was estimated at $60,000, Input
data for the cost-effectiveness evaluations for this modification were:

® Base year for capital cost = 1979

e Capital cost for equipment and installation = $60,000
e Dose to install = 0 rem

e Annual dose savings = 3 rem/yr

® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 980 980 1,700 4,400 8,400

AlI-80-04A: BWR Control-Rod-Drive Handiing Tool

Hydraulically operated control rod drives on BWR plants are overhauled about
once every five years. Approximately 40 drives are typically overhauled during
a refueling shutdown, requiring about one full week of work. Removal and
replacement of the drives entails work beneath the reactor vessel where
radiation levels are high. A newly designed handling tool was developed for
BWR-6 plants which provides a semiremote means of raising and lowering the
control rod drive, torquing the bolts, and transferring the control rod drive
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outside the vessel pedestal area. This tool can be operated by one man, and
requires about one hour per control rod drive. Thus, a single person could
remove the control rod drives in half the time formerly required for a crew of
four. Labor savings of 120 man-hour/yr at $20/hr would therefore equal
$2,400/yr. Estimated average exposure reduction using the automated equipment
would be 32 rem/yr collective dose, and capital cost would be $325,000, includ-
ing 25% of the research and development cost ($300,000). A collective dose of
20 rem was estimated for installation of this equipment. No credit was taken
for possible replacement power cost savings. Had it been included, this modi-
fication would have been exceptionally cost effective since both dose and costs
f would be reduced (see AI-80-04B below). No credit was taken for a reduced crew
| size (4 to 1) and a 50% reduction in removal and replacement time. Input data
for the cost-effectivenss evaluations for this modification were:

e

S——

i e Base year for capital cost = 1979

; e Capital cost including research and development = $325,000
I e Labor Savings = $§2,400/yr

E e Dose to install = 20 rem

l e Annual dose savings = 32 rem/yr

r ® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 400 440 780 2,100 3,900

\
:
|
! BASIC PRESENT PRESENT REV REQ REV REQ
|
|

i Al-80-04B: BWR Control-Rod-Drive-Handling Tool (on Critical Path 25% of Time)

This modification is identical with AI-B0-04A except credit is taken for
reduction in replacement power costs of 8 hr per outage. Assuming an outage
} each 18 months and $30,000/hr replacement power cost, savings would be
u $160,000/yr. Input data for the cost-effectiveness evaluations for this
modification were therefore:

e Base year for capital costs = 1979

e Capital cost = $325,000

e Labor Savings = $2,400/yr

o Dose to install = 20 rem

e Annual replacement power savings = $160,000/yr
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|
e Annual dose savings = 32 rem/yr (
e Amortization period = 30 years 1

1

|

Results of the cost—effectiveners evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: -7,100 ~3,900 -6,800 -12,000 -24,000

This modification is exceptionally cost effective since net dose savings are
positive and net costs are negative.

AI-8B0-05: BWR Control Rod Drive Disassembly and Decontamination Tank

Disassembly of control rod drives on a bench in open air typically contributes
about 20 rem collective dose per vear at BWR plants. In addirion to external
exposure, inhalation and contamination control are also problems. A shielded
water filled tank was proposed for disassembly and initial decontamination of
these drives. The tank, approximately twice as long as the flush tank
currently being used, would require a circulating water supply and shielded
filter. Total cost for the equipment plus installation was estimated at
$35,000, Approximately 2 man-rem would be required for installation and
approximately 9 rem/yr collective dose would be saved assuming 20 control rod
rebuilds per year and recent experience with these units at two facilities (BE-
84). Input data for the cost-effectiveness evaluations for this modification

were:
® Base year for capital cost = 1979
e Capital cost for equipment plus installation = $35,000
e Dose to install = 2 rem
e Annnal dose savings = 9 rem/yr
e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 190 190 340 870 1,600

Al-80-06: Electropolishing Tank for BWR Control Rod Drives

Electropolishing the spud end of the control rod drive before starting mainten-
ance could reduce dose rates by 50 to 75Z. It would also reduce the potential
for airborne contamination and spread of contamination and a possibility of
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beta-radiation exposures. After the spud end is electropolished, the drive may
be disassembled and some parts further electropolished. The tank would be 15
ft long and contain a solution of phosphoric acid, which would be pumped
through a shielded filter. Estimated cost for the tank plus installation was
$40,000. Estimated dose during installation and learning to operate the
equipment was | rem. Annual dose savings were 10 rem/yr. Input data for the
cost-effectiveness evaluations for this modification were:

® Base year for capital cost = 1979

e Capital cost of equipment plus installation = $40,000

e Dose for installation plus training = 1 rem

® Annual dose savings = 10 rem/yr

® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MCDEL B
$/rem: 200 200 340 870 1,600

Al1-80-07: Clean Seal Cooling Water Supply for BWR Recirculation Pump

Maintenance of BWR recirculation pumps typically results in 16 to 30 rem
collective dose per year, Ninety percent of this exposure is received during
pump seal replacement, It was estimated that the frequency of pump seal main-
tenance could be reduced by approximately a factor of 6 by installation of a
clean water supply to purge the recirculation pump seals. This estimate is
based upon experience at some plants which have implemented this modification.
The seal purge system consists of a connection to the control rod drive cooling
water supply, a constant flow control valve, a flow meter, a relief valve, and
the necessary isolation valves. Total estimated cost for the modification
including $10,000 engineering cost was $25,000, assuming about 100 ft of piping
at $100 per linear foot installed and about $5,000 for valves and instrumenta-
tion. An estimated 5 rem would be required for installation and an annual
savings of 20 rem collective dose would be achieved. Input data for the cost~-
effectiveness evaluations for this modification were:

® Base year for capital cost = 1979

e Capital cost of equipment, engineering and installation = $25,000

e Dose to install = 5 rem
® Annual dose savings = 20 rem/yr

® Amortization period = 30 years
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$/rem:

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
62 62 110 280 530

A1-80-08: Remote 0il Sampling and Replacement for BWR Recirculating Pumps

Recirculation pump oil sampling and replacement contribute about 2 rem
collective dose per year to a typical BWR plant., Temporary ~oses and a trans-
fer pump could be attached to the pump motor using quick disconnects to allow
oil sampling and replacement from outside the drywell. Estimated cost for this
modification was $25,000 and approximately 2 rem would be vivguired to install
the quick disconnect joints on the pumps. It was estimated that 1 1/2 rem/yr
collecrive exposure could be reduced with this modification., Input data for
the cost-effectiveness evaluations for this modification were:

Base year for capital cost = 1979

Capital cost of equipment plus installation = $25,000
Dose to install = 2 rem

Annual dose savings = 1.5 rem/yr

Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

$/rem:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
850 850 1,500 3,900 7,300

AI-80-09: BWR Recirculation Pump Maintenance Work Platform

An additional approach to those in AI-80-07 and AI-80-08 would be the
installation of a permanent work platform around the pumps for annual main-
tenance work. Total cost as estimated by the AIF Subcommittee was $30,000,
including $6,250 research and development., Estimated exposure to implement was
2 rem and estimated annual exposure reduction was 2 rem/yr. Input data for the
cost-effectiveness evaluations for this modification were:

Base year for capital cost = 1979

e Capital cost for equipment, installation, research, and development =

$30,000
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e Dose to install = 2 rem
® Annual dose savings = 2 rem/yr
e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ i
MODEL WORTH WORTH D MODEL A MODEL_B |
§/rem: 760 760 1,400 3,400 6,500

AI-80-10: BWR Main Steam Isolation Valve Leakage Control System

The main steam isolation valves in BWRs must be routinely tested to determine
that the leakage limits are not exceeded. Aproximately one third of the valves
fail the 1l.5-scf/hr requirement when tested. This is normally not a critical-
path activity, however, repeated failures to meet the leakage limits at some
plants have led to critical-path delays. The cost of replacement power for
these incidents is not included in the present analysis. One proposal for
reducing the amount of work that must be performed on the valves is to increase
the allowable leakage rate by, for example, installing a leakage control sys-
tem. The system would be pressure controlled and consist of compressors,
blowers, valves, etc. of proven technology. Estimated cost for this modifica-
tion would be $500,000, including about $25,000 for research and development.
The estimated exposure to implement the modification was 10 rem and it was
estimated that a 2l-rem/yr exposure reduction could be achieved. Input data
for the cost-effectiveness evaluations for this modification were:

e Base year for capital cost = 1979

e Capital cost for equipment, installation and research and development =
$500,000

e Dose to install = 10 rem
® Annual dose savings = 21 rem/yr
® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ

MODEL WORTH WORTH D MODEL A MODEL B

$/rem: 1,200 1,200 2,100 5,300 10,000
32




AI-80-11: Acoustic Emission Instrumentation for ISI of the Reactor Vessel and

Reactor Coolant Piping

An estimated 80-rem collective dose per outage is incurred during in-service
inspections on the vessel and reactor coolant piping. Removal and replacement
of insulation accounts for approximately half this exposure. The total number
of locatious requiring ultrasonic testing during this inspection could be
reduced by installing acoustic emission instrumention on the reactor vessel and
reactor coolant loop to determine locations of discontinuities in the metal.
The technology for this type of acoustic inspection has not received full
acceptance since false positive indications are possible. An estimated
§500,000 of research and development are needed to complete the development of
this methodology. Total capital investment for equipment installation and 25%
of this research and development cost was estimated at $450,000, It was also
estimated that approximately 40 rem collective dose would be required for the
initial installation. Input data for the cost -ef fectiveness eveluations for

this modification were:
e Base year for captial cost = 1979

e Capital cost including research, development, equipment, and instal-
lation = $450,000

e Dose to install = 40 rem
e Annual dose savings = 45 rem/yr
e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification wer .

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 510 510 900 2,300 4,300

AI-80-12: BWR Pipe Insulation Improvements for In-Service Inspection

As indicated in AI-80-11 above, removal and reinstallation of insulation to
allow inspection of pipe welds accounts for approximately 40 rem collective
dose per year at BWR plants. The AIF Subcommittee suggested that improved,
clearly identified, and easily removed and replaced sections of insulation
could reduce exposures by about i3 rem/yr, assuming 10 years to replace the
{nsulation and a 50% saving in dose accumulation during the next 20 years.
Input data for the cost-effectiveness evaluations for this modification were:

e Base year for captital cost = 1979

e Capital cost of materials plus installation = $100,000

e Dose to install = U rem
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® Annual dose savings = 13 rem/yr
® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 380 380 650 1,700 3,200

AI-80-13: Permanent Hoist to Remove and Replace BWR Safety Relief Valves

Several safety relief valves are removed, tested, and replaced each refueling
outage in BWR plants. Removal and instaliation of these valves are responsible
for an estimated 9 rem/yr collective dose. In those plants where space is
available in the drywell, installation of a permanent hoisting system was
proposed to aid in removal and installation of the safety relief valves.
Estimated cost for equipment plus installation was $25,000, Estimated exposure
to install this modification was 15 rem, assuming 200 man-hours to install at
an average exposure rate in the drywell of 75 mrem/hr. A 25% reduction in time
required to move valves within the drywell was assumed for an estimated savings

of 2 rem/yr collective dose. Input data for the cost-effectiveness evaluations
for this modification were:

® Base year for capital cost = 1979

® Capital cost for equipment plus installation = $25,000

® Dose to install = 15 rem
® Annual dose savings = 2 rem/yr

@ Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 820 820 1,900 3,700 7,000

AI-80-14: Replace Hydraulic Snubbers in BWR Drywell with Mechanical Snubbers

Inspection of safety-related hydraulic snubbers and periodic removal for test-
ing account for approximately 36 rem collective dose per year in BWR plants.
The AIF Subcommittee suggested replacing one third of ali safety-related
hydraulic snubbers in the drywell with mechanical-type snubbers during each of
three outages. Total cost estimate for replacement of 150 snubbers over three
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years was $1,500,000. Assuming that the exposure to install mechanical
snubbers would be approximately equal to that for removal and installation of
the present hydraulic snubbers, an estimated 100 rem collective dose for imple-
mentation of this modification was given. Expected annual =xposure reduction
was 25 rem/yr consisting of 10 rem/yr on staging, 10 rem’/vr on removal and
replacement of snubbers, and 5 rem/yr on inspection. Inqut data for the cost-
effectiveness evaluations for this modification were:

e Base year for capital cost = 1979

e Capital cost for equipment plus installation = §1, 500,000

e Dose to install = 100 rem

® Annual dose savings = Z5 rem/yr

® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
§/rem: 3,400 3,400 6,600 15,000 29,000

Al-80-15: Installation of Viewtq&rﬁindovs in BWR Plants

Periodic visual observation of operating equipment for adequate lubrication and
proper operation causes an estimated I8-rem/yr collective dose in BWR plants.
Installation of five inexpensive water-filled viewing windows was proposed in
shield walls, where this will avoid direct entry for a total cost of $§25,000,
including installation. Approximately 1-1/2 rem would be required for
installation and an estimated 7.5-rem/yr dose redu.tion would be achieved.
Input data for the cost-effectiveness evaluations for this modification were:

e Base year for capital cost = 1979

e Costs for installation of 5 windows = $25,000
e Dose to install 5 windows = 1.5 rem

e Annual dose savings = 7.5 rem/yr

e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 160 160 290 740 1,400
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AI-80-16: Relocation of Fuel Sipping Cans

During refueling the integrity of selected fuel rods is determined by sipping
water in the vicinity of the fuel. An estimated | rem/yr collective dose could
be saved if fuel sipping cans were located near the reactor cavity, thereby
reducing the transit time of fuel assemblies to and from the reactor and thus
exposure to fuel-handling personnel on the fuel bridge. Estimated costs for
relocation of the sipping cans would be $5,000, Input data for the cost-
effectiveness cvaluations for this modification were:

e Base year for capital cost = 1979

e Capital costs for equipment plus installation = $5,000
e Dose to install = 0 rem

e Annual dose savings = | rem/yr

e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ

MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 250 250 430 1,100 2,100
AI-BO-17: Autcmated Sampling for Sipping BWR Fuel Elements

An automated sampling system for sipping fuel elements in a BWR could be
employed to reduce annual collective dose by about 4 rem/yr. Using the auto-
mated equipment, sipping cans would be located deeper in the spent-fuel pool
for better shielding. Demineralized water would be circulated through the
cans, a sample drawn, and the lids closed. all from a remote-control panel.
Time required for the job and perhaps even critical-path time would be saved
with this method. However, no credit has been taken for either. Total cost to
implement this modification, including research and development, was estimated
at $150,000. This includes $60,000 for the sampling system and control panel
and $15,000 for each sipping can. Input data for the cost-effectiveness
evaluations for this modification were:

® Base year for capital cost = 1979

e Capital costs for equipment plus installation = $150,000
Dose to install = 0 rem

Annual dose savings = 4 rem/yr

Amortization period = 30 years
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Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REOQ
MODEL WORTH WORTH D MODEL A MODEL B

$/rem: 1,800 1,800 3,200 8,390 16,000

AI-80-18: Provide Expansion Loops and Cooled Seal Water for BWR Reactor Water

Cleanup Pumps

The reactor water cleanup water pumps in BWR plants require periodic
maintenance to replace shaft seals because of excessive wear or failure. An
estimated B rem/vr collective dose could be saved by providing expansion loops
for seal water cooling on the reactor cleanup pumps to reduce loading on the
pump casing due to thermal changes and thereby reduce shaft and seal damage.
Estimated cost, including about $5,000 for research and development, is
§100,000, Estimated dose to implement is 30 rem. Input data for the cost~
effectiveness evaluations for this modification were:

® Base year for capital cost = 1979

e Capital costs for equipment plus installation = $100, 000
e Dose to install = 30 rem

e Annual dose savings = B rem/yr

® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
§/rem: 700 700 1,400 3,200 6,000

AI-80-19: Helium Leak Detection for BWR Condenser Tubes

Condenser leak detection and repair in BWR plants are frequently accomplished
with plant at reduced powei level ?gd, as a consequence, maintenance crews are
exposed to radiation from "N and . An average 12 rem/yr collective dose
attributable to this exposure could be refuced by 50% {f an improved helium
leak detection technique developed by EPRL were employed. With this technique,
helium gas is delivered to a specific number of tubes. A leaky tube is rapidly
indicated by a helium leak detector located downstream of the steam-jet air
ejector, Once a leak is detected, the helium is delivered to successively
lower numbers of tubes until the leak is precisely located. This technique
offers significant savings because of its speed and sensitivity. Total cost of
equipment plus installation was estimated at $25,000. Input data for the cost-
effectiveness evaluations for this modification were:

e Base year for capital cost = 1979
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e Capital costs for equipment plus installation = $25,000
e Dose to install = 0 rem

® Annual dose savings = 6 rem/yr

e Amortization period = 30 years

Resulte of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 200 200 3150 920 1,700

Al-80-20: Remote Cable Cutting and Disposal Tools for Repair of BWR Transvers-
ing In-core Probe

Repair to the cabling and drives to the transversing incore probe have caused
an estimated 3 rem/yr to the average BWR plant. The detector and cabling
become activated and their repair must be accomplished under the reactor vessel
in an area of higher-than-average radiation fields. New designs for this type
of equipment have reduced the mechanical problems associated with earlier
designs. Remote cable cutting and disposal techniques have been adapted for
the BWR-6 design. This new equipment could be back-fitted for approximately
$50,000 per plant, Expected dose savings would be 2 rem/yr and no dose would
be incurred during installation. Input data for the cost-effectiveness
evaluations for this modification were:

e Base year for capital cost = 1979

e Capital cost for equipment plus installation = $50,000
e Doee to install = 0 rem

® Annual dose savings = 2 rem/yr

e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 1,200 1,200 2,100 5,500 10, 000

Al-80-21: Portable Shielding System for the PWR Steam Generator Channel Heads

Dose rates in the primary heads of PWR steam generators are typically from 4 to
50 rem/hr. Annual collective doses due to maintenance of steam generators
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including steam generator tube plugging have typically been 20 to 1,000 rem/yr,
with an average estimated at 100 rem/yr, which could be reduced to 50 rem/yr by
use of a portable shielding system for the steam generator channel heads.
Estimated total cost including approximately $12,500 for research and
development was $50,000. Estimated dose for installation and removal of the
special shield was 10 rems Input data for the cost-effectiveness evaluations
for this modification were:

e Base year for capital cost = 1979

e Capital cost of equipment including research, development and
installation = $50,000

e Dose to install = 10 rem
e Annual dose savings = 50 rem/yr
e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MOLEL B
$/rem: 49 49 86 220 420

Al-80-22: Shielding and Remote Tools for Filter Cartridge Replacement in PWR
Plants

Cartridge-type filters in the reactor auxiliary system of a PWR plant require
periodic replacement as a result of buildup of solid materials on the filter
medium. Replacement involves isolating the filter housing, opening the
housing, removing the cartridge, inserting a fresh cartridge, and transporting
the expended cartridge to a shielded container. These operations cost an
estimated l4-rem/yr collective dose in an average PWR plant. Installation of
additional shielding around the filter housing; the use of remote tools for
opening the filter housing, and removing the filter cartridge; and shielding
the filter cartridges after removal has been proposed. These changes could be
implemented during scheduled outages at a total cost of approximately $150,000
and an expenditure of 20 rem. Expected exposure reductions were estimated at 7
rem/yr. Input data for the cost-effectiveness evaluations for this
modification were:

@ Base year for capital cost = 1979
e Capital cost for equipment plus installation = $150,000
e Dose o install = 20 rem

® Annual dose savings = 7 rem/yr
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® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
§/rem: 1,200 1,200 2,200 5,200 9,900

BE-82-01A: Cobalt Replacement in PWR Reactor Coolant Pumps (Operating Three-
Loop Plants)

Bergman et al. have evaluated the cobalt sources in Westinghouse-designed
three- and four-loop plants. Their evaluations indicate that journals, bush-
ings, and radial bearings, all containing stellite, are principal contributors
to the cobalt released to the primary system. To replace the cobalt in the
main coolant pumps, one would have to replace the shaft and bearing cartridge.
From plant experience, this would require an estimated expenditure of 30 rem
per pump. The cost to change out and ivctall three parts in a pump would be
approximately $260,000. For three-loop :lants, averaging five years of opera-
tion, the estimated dose savings from elimination of stellite in the main
coolant pumps would be 16 rem/yr. These authors assume a useful life of 35
years which is therefore used as the amortization period in these cost=-
effectiveness evaluations. Input data for the cost-effectiveness evaluations
for this modification were:

® Base year for capital cost = 1982

e Cost of three pumps including installation = $780,000
e Dose to install three pumps = 90 ren

e Annual dose savings = 16 rem/yr

® Amortizaticn period = 35 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 1,900 1,900 4,400 10,000 20,000

BE-82-01B: Cobalt Replacement in PWR Reactor Coolant Pumps (Operat1n| Four~-

Loog;?iant-)

Data similar to those of Bergman et al. for a four-loop plant indicate similar

costs per punp and dose to install but smaller annual dose savings, namely, 9.2

rem/yr. Input data for the cost-effectiveness evaluations for this modifica-
tion were therefore:
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e Base year for capital costs = 1982

e Capital costs for four pumps including installation - $1,040,000
e Dose to install four pumps = 120 rem

e Annual dos: savings = 9.2 rem/yr

e Amortization period = 35 years

Results for the cost-effectiveness evaluations for tunis modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 6,000 6,000 23,000 32,000 61,000

BE-82-01C: Cobalt Replacement in PWR Reactor Coolant Pumps (Three-Loop Plant

Under Comstruction)

For a three-loop PWR plant under construction, capital cost for installation of
three pumps having low-cobalt parts replacing those formerly containing
stellite would be approximately $780,000 as for the previous 3-loop example
(BE-82-01A), since we assume construction is far enough along to require
removal, dismantling, and rebuilding of the pumps. Since the plants have not
operated, no dose would be incurred during installation. Also, the assumed
amortization in this case is over 40 years. Thus, input data for the cost~-
effectiveness evaluations for this modification were:

e Base year for captial costs = 1782

e Capital costs for replacing three coolant pumps = $780,000
e Annual dose savings = 16 rem/yr

e Amortization period = 40 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 1,400 1,400 2,900 8,500 17,000

gu-uz-oxo: Cobalt Replacement in PWR Reactor Coolant Pumps (Four~-Loop Plants

This option is similiar to BE-82-01B except that the annual dose savings are
estimated at 8.9 rem/yr and the amortization period is over 40 years of plant
life. Input data for the cost-effectiveness evaluations for this modification

were:
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e Base year for capital cost = 1982

o Cost of installing four coolant pumps = $1,040,000
e Dose to install = 0 rem

® Annual dose savings = 8.9 rem/yr

o Amortization period = 40 years

Results for the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 3,400 3,400 6,900 20,000 40,000

BE-82-U1E: Cobalt Replacement in PWR Reactor Coolant Pumps (Three-Loo
Operating Plant, Pumps Replaced for Other Reasons )

If main coolant pumps are being replaced for other reasons, the incremental
costs of replacing stellite-containing materials with low-cobalt materials is
estimated at $30,000 for three pumps. Since the pumps are being replaced for
other reasons, no dose for installation is charged to the cobalt replacement .
As for modification BE-82-01A, it is assumed that the plant has operated five

years and has a remaining lifetime of 35 years. Input data for the cost=-
effectiveness evaluations for this modification were therefore:

e Base year for capital cost = 1982

e Development and material costs = $30,000
e Dose to install = 0 rem

® Annual dose savings = 16 rem/yr

® Amortization periods = 35 years

Results for the cost-effectiveness evaluations for this modification were as
fol ows:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 62 62 120 330 630
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BE-82-01F: Cobalt Replacement in PWR Reactor Coolant Pumps (Four-Loop

Operating Plant, Pumps Replaced for Other Reasons)

This modification is similar to BE-82-01E above; however, annual dose savings
are assumed to be 9.2 rem/yr based on operating plant data for existing four-
loop plants. Input data for the cost-effectiveness evaluations for this

modification were:
e Base year for capital costs = 1982
e Capital costs for development and material = $30,000
e Dose to install = 0 rem
e Annual dose savings = 9.2 rem/yr
e Amortization period = 35 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
§$/rem: 110 110 200 570 1,100

BE-82-02A: Replacement of PWR Control-Rod-Drive Mechanisms with Low Cobalt
Parts (Operating Three-Loop PWR Plant)

Control-rod-drive mechanisms in Westinghouse-designed PWR plants have a number
of stellite (high cobalt) wear-resistant parts. In their analyses, Bergman et
al. indicate release of about 4 to 6 g/yr of cobalt for both three- and four-
loop plants. Most of this cobalt is released to the primary coolant loop. It
subsequently circulates and deposits as crud throughout the entire primary
system. This crud constitutes the major source of radiation exposure from
these plants. The cost for replacing the complete latch assembly, using low
cobalt parts where applicable, is estimated as $1,800,000 for a three-loop
plant. On the basis of field data, it is estimated that collective dose attri-
butable to replacement of the control-rod-drive mechanisms would be 240 rem for
the Beaver Valley plant. Annual dose savings attributable to reduced cobalt
activation, however, are also proportionately iarge and result in an estimated
annual dose reduction of 23 rem. The operating plant is assumed on average to
have five years' operation and therefore a remaining 35-year lifetime. Input
data for the cost-effectiveness evaluations for this modification were:

e Base year for capital costs = 1982
e Capital costs of equipment including cost of installation = §1,800,000
e Dose to install = 240 rem

® Annual dose savings = 23 rem/yr
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e Amortization period = 35 years

Results for the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTA D MODEL A MODEL B
$/rem: 3,700 3,700 11,009 19,000 38, 000

BE-82-02B: Replacement of PWR Control=-Rod-Drive Mechanisms with Low-Cobalt

Parts (Operating Four-Loop Plant)

This rodification is similar to BE-82-02A above, except that it applied to an
operating four-loop Westinghouse plant. Dose estimates are based on field
experience, which indicates a possible savings of 22 rem/yr. Input data for
the cost-effectiveness evaluations were:

e Base year for capital costs = 1982

e Capital cost of hardware and irstallation = $1,900, 000

e Dose to install = 265 rem

e Annual dose savings = 22 rem/yr

e Amortization period = 35 years

Results for the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 4,606 4,400 15, 000 23,000 44,000

BE-82-02C: Replacement of PWR Contro,-Rod-Drive Mechanisms with Low Cobalt
Parys (Three-Loop Plant Under Construction)

This modification is similar 1o BE-82-02A; however, since the plant is under
consiructicn, no dose is incurred during installation. Also, the amortization
is th: lifetime of the plant, estimated at 40 years. Input data for the cost-
effectiveness evaluations for this modification were:

® Base year for capital costs = 1982

e Cost for hardware and installation = $1,800C,000

e Annual dose savings = 23 rem/yr

o Duse to install = 0 rem
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e Amortization period = 40 years

Results of cost-effectiveness evaluations for this modifi~ation were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 2,300 2,300 4,600 14,000 27,000

BE-82-02D: Replacement of PWR Control-Rod-Drive Mechanisms with Low Cobalt
Parts (Four-Loop Plant Under Construction)

This modification is similar to BE-82-02B; however, since the plant is under
construction, no dose is attributed to installation. Also the amortization
period is the full 40-year assumed lifetime of the plant. Input data for the
cost-ef fectiveness evaluations were:

e Base year for capital cost = 1982

e Capital costs for hardware and installation = $1,900,000
e Dose to install = 0 rem

® Annual dose savings = 21 rem/yr

e Amortization period = 40 years

Results for the cost-effectiveness evaluations on this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 2,600 2,600 5, 300 16,000 31,000

BE-82-02E: Replacement of PWR Control-Rod-Drive Mechanisms with Low-Cobalt
Parts zThree—Loop Operating Plant, Replacement Needed for Other Reasons)

This modification is similar to BE-82-02A; however, it is assumed that control-
rod-drive mechanisms are being replaced for other reasons and therefore the
incremental costs of employing low-cobalt parts in the drive mechanisms is only
$50,000 for material and developmental costs. Since the control-rod-drive
mechanisms are being replaced for other reasons, additional dose to install
low-cobalt components is O. Input data for the cost-effectiveness evaluations
were:

e Base year for capital costs = 1982
e Capital costs for development and material = $50, 000

e Dose to install = 0 rem
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e Annual dose savings = 23 rem/yr
® Amortization period = 35 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WOKTH D MODEL A MODEL B
$/rem: 72 72 134 380 730

BE-82-02F: Replacement of PWR Control-Rod-Drive Mechanisms with Low Cobalt
Parts (Four-Loop Operating Plant, Replacement Needed for Other Reasons)

This modification is similar to BE-82-02B; however, since mechanisms are being
replaced for other reasons, capital cost for development and material is only
$50,000. Also, no dose is charged to insta'lation. Input data for the cost-
effectiveness evaluations for this modification were:

® Base year for capital costs = 1982

e Capital costs for development and material = $50, 000

e Dose to install = 0 rem

¢ Annual dose savings = 22 rem/yr

® Amortization period = 35 years

Results for the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 76 76 140 400 770

BE-82-03A: Replacement of All Valves in PWR Reactor Coolant fystem with Low=
Cobalt Valves (Three-Loop Operating Plant)

There are a total of 38 valves in the reactor coolant system of a three loop
Westinghouse PWR plant. Bergman et al. estimated total cobalt input to the
primary system as 2 to 3.2 g/yr from reactor coolant system valves. Bergman et
al. considered a high-cobalt alloy area exposed to primary coolant and percent
of this area in contact with wear surfaces for gate, globe, check, butterfly,
and spray valves. For their analyses, |’ was assumed that all valves in the
reactor coolant system will be replaced with low-cobalt valves. In items BE-
82-03E through -03L below, rep' :i-ement of specific types of valves will be
considered for three- and four-loocp plants. The total costs for replacement of
all valves in a three-loop PWR plant is estimated at $1,700,000, including cost
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of installation. Dose to install was estimated on the assumption of 5 rem per
valve for valves less than five inches and 10 rem for valves greater than five
inches. These data were based on plant experience. Estimated annual dose
savings were based on considecation of grams/per year cobalt contributed by
valve wear in comparison to total grams from all components and total dose per
year for the plant. Input data for the cost-effectiveness evaluations for this

modification were:
e Base year for capital costs = 1982
e Capital costs for equipment and installation = $1,700,000
e Dose to install = 235 rem
e Annual dose savings = 13.6 rem/yr
e Amortization period = 35 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT FRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 8,200 8,200 110,000 43,000 83,000

BE-§2-03B: Replacement of All Valves in PWR Reactor Coolant System with Low-
Cobalt Valves (Four-Loop Operating Plant)

This modification is similar to BE-82-03A above; however, four-loop
Westinghouse PWRs have a somewhat different valve complement consisting of a
total of 46 valves in the entire system., Dose estimates for this modification
were based on data obtained from the Trojan plant. Input data for the cost~-
effectiveness analyses for this modification were:

e Base year for capital costs = 1982

e Capital costs for hardware and installation = $§2,000,000

e Dose to install = 260 rem

e Annual dose savings = 12.4 rem/yr

e Amortization period = 35 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B

$/rem: 13,000 13,000 -82,000 70,000 131,000




Note that the result obtained using present-worth model D is negative, whereas
those from the other models are positive. This is due to a change in sign of
rem saved from +170 for undiscounted to =29 for discounted.

BE-82-03C: Replacement of All Valves in PWR Reactor Coolant System with Low-
Cobalt Valves (Three-Loop Plant Under Construction)

This modification is similar to BE-82-03A; however, since the plant is under
construction, no dose is incurred during installation and the amortization
period is 40 years rather than 35. The annual dose savings is estimated as 13
rem/yr. Input data for the cost-effectiveness evaluations for this
modification were:

e Base year for captial cost = 1982

e Capital costs for hardware and installation = $1,700,000

e Dose to install = 0 rem

® Annual dose savings = 13 rem/vr

e Amortization period = 40 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
§/rem: 3,800 3,800 7,700 23,000 45,000

BE-82-03D: Replacement of All Valves in PWR Reactor Coolant System with Low-
Cobalt Valves (Four-Loop Plant Under Construction)

This modification is similar to BE-82-03B; however, since the plant is under
construction, no dose is incurred in the installation. Also, the amortization
period is assumed to be 40 years. Input data for the cost-effective
evaluations for this modification were:

® Base year for capital costs = 1982

e Capital cost for hardward and installation = $2,000,000

e Dose to install = 0 rem

e Annual dose savings = 12 rem/yr

e Amortization period = 40 years

Results of the cost-effectiveness evaluations for this modification were:
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BASIC PRESENT PRESENT REV REQ REV REQ

MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 4,900 4,900 9,800 29,000 57,000

BE-82-03E: Replacement of PWR Reactor Coolant System Check Valves with Low-
Cobalt Valves (Three-Loop Operating Plant)

Three-loop Westinghouse PWR plants have nine check valves in the reactor
coolant system with significant stellite surfaces which contribute cobalt to
the primary system through corrosion and wear. Approximately 3% of the high-
cobalt alloyed surface area which is exposed to primary coolant would actually
be in contact with another surface so that wear could occur. For this anal-
ysis, we estimated the fraction of total cobalt due to valve wear which can be
specifically attributed to check valves on the basis of their relative surface
areas and percent of area in contact with another surface such that wear could
occur. There are six 6-in. check valves and three 12-in. check valves in a
typical three-loop plant. It is assumed that 10 rem per valve would be
required for replacement. Input data for the cost- effectiveness evaluations

for this modification were:
e Base year for capital costs = 1982
e Capital costs for valves plus installation = $732,000
e Dose to install! = 90 rem
e Annual dose savings = 3.7 rem/yr
e Amortization period = 35 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 22,000 22,000 =41,000 110,000 220,000

Note that the result obtained using present-worth model D is negative, whereas
those from the other models are positive. This is due to a change in sign of
rem saved from +40 for undiscounted to =21 for discounted.

BE-82-03F: Replacement of PWR Reactor Coolant System Check Valves with Low-
Cobalt Valves (Four-Loop Opera:iqgiflant)

This modification is similar to BE-82-03E; however, in a four-loop plant there
are four 10-in., four 6-in., one 2-in., and four 1=1/2-in. check valves. It was
assumed that 10 rem per valve was required for installation of the large valves
and 5 rem per valve for the five small valves. Input data for the cost-
effectiveness evaluations for this modification were:

49




v

AE——

o Base year for capital costs = 1982

e Capital costs of valves plus installation = $893,000
o Dose to install = 105 rem

o Annual dos= savings = 2.7 rem/yr

® Amortization period = 35 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
=99, 000 -99,000 -19,000 =520, 000 -1,000,000

This modification is not recommended since net dose savings are negative and
net costs are positive,

BE-82-03G: Replacement of Reactor Coolant System Pump Gate Valves With Low-
Ccbalt Valves (Three-Loop Operating PWR Plant)

There are six 3-in. gate valves of concern in a reactor coolant system of a
typical three-loop Westinghouse PWR plant. Since the high-cobalt parts of the
valves are not all in contact with wear surfaces during operation, it is
assumed that 12% of the high-cobalt area is effectively in contact and that 5
rem will be incurred for replacement of each valve. Input data for the cost-
effectiveness evaluations for this modification were:

e Base year for capital costs = 1982

e Capital cost of valves plus installation = $276,000

® Dose to install valves = 30 rem

¢ Annual dose savings = 3.5 rem/yr

® Amcrtization period = 35 ycars

Results of the cost-effectiveness analyses for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
§/rem: 3,500 3,500 9,100 18,000 35,000

BE-82-03H: Replacement of PWR Reactor Coolant System Gate Valves with Low-

Cobalt Valves (Four=-Loop Operating Plant)

This option is similar to BE-82-03G above; however, the four-loop plants have
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BE-82-03J: Replacement of PWR Reactor Coolant System Globe Valves with Low-
Cobalt Valves (Four-Loop Operating Plant)

This analysis is similar to that above for BE-82-~031. The four-loop PWR system
has twenty 2-in. globe valves and one 3-in. globe valve with significant
amounts of high-cobalt stellite. Capital costs for these valves is $5,000 each
and installation is $18,000 per valve for the 2-in. valves and $27,000 per
valve for the 3-in. valves. Input data, therefore, for the cost-effectiveness
evaluations for this modification were:

e Base year for capital costs = 1982

e Capital cost of valves plus installation = $492,000

e Dose to install = 105 rem

e Annual dose savings = 0.69 rem/yr

e Amortization period = 35 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: -7,100 =7,100 -6, 200 -37,000 -72,000

This modification is not recommended since net dose savings are negative and
net costs are positive,

BE-£2-03K: Replacement of PWR Reactor Coolant System Spray Valves with Low-
Cobzlt Valves (Three-Loop Operationg Plant)

There are two 4-in. spray valves with significant amounts of stellite in a
typical three-loop Westinghouse PWR plant. These valves cost $45,000 plus
$36,000 each for installation with an estimated 5-rem-per-valve installation
dose. Spray valves have somewhat greater area of stellite than other valves
and the percent of the area in contact with a wear surface is also greater.
Consequently, the contribution to cobalt input from these spray valves is
significant., Input data for the cost-effectiveness evaluations for this
modification were:

® Base year for capital cost = 1982

e Capital cost of valves plus installation = $162,000.
e Dose to install = 10 rem

® Annual dose savings = 5.6 rem/yr

® Amortization period = 35 vears
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Results of cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 5,900 5,900 12,000 36,000 70,000

BE-82-03N: Re lacclmnt‘gsﬁPﬂl Reactor Coolant System Check Valves with Low~-
Cobalt Valves SPout-Loog,Plant Under Construction)

This option is similar to BE-82-03F; however, since this plant is under
construction, no dose is attributable to installation and the amortization
period assumed vas 40 years. Input data for the cost-effectiveness evaluations
for this modiffcation were:

e Base year for capital cost = 1982

e Capital cost for valves plus installation = $893,000

e Dose to install = 0 rem

® Annual dose savings = 2.6 rem/yr

e Amortization period = 40 years

Results of the cost-effectiveiess evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 10,000 10,000 20,000 60, 000 120,000

BE~82-030: Replacement of PWR Reactor Coolant System Gate Valves with Low=-
Cobalt Vaives (Three-Loop Plant Under Construction)

This modification is similar to BE-82-03G; however, since the plant is under
construction, no dose is attributable to installation and the amortization
period assumed is 40 years. Input data for the cost-effectiveness evaluations
for this modification were:

e Base year for capital cost = 1982

e Capital cost of valves plus installation = $276,000

e Dose to install = 0 rem

® Annual dose savings = 3.4 rem/yr

¢ Amortization perfod = 40 years
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Results of the cost-effentiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 2,400 2,400 4,800 14,000 28,000

BE-82-03P: Replacement of PWR Reactor Coolant System Gate Valves with Low-
Cobalt Valves (Four-Loop Plant Under Construction)

This option is similar to BE-82-03H, however, since this plant is under
construction, no dose is attributable to installation and the amortization
period assumed is 40 years. Input data for the cost-effective-ness evaluations

for this modification were:
® Base year for capital cost = 1982
e Capital cost of valves plus installation = $460,000
e Dose to install = O rem

& ® Annual dose savings = 4,4 rem/yr

e Amortization period = 40 years

& Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
| MODEL WORTH WORTH D MODEL A MODEL B
§/rem: 3,000 3,000 6,200 18,000 36,000

BE-82-03Q: Replacement of PWR Reactor Coolant System Globe Valves with Low-
Cobalt Valves (Three-Loop Plant Under Construction)

* This modification {s similar to BE-82-031; however, since the plant {s under
construction, no dose is attributable to installation and the amortization
period assumed is 40 years. Input data for the cost-effectiveness evaluations
for this modification were:

e Base year for capital cost = [982

e Capital cost of valves plus installation = $496,000
e Dose to install = 0 rem

® Amnual dose savings = 0,72 rem/yr

e Amortization period = 40 years
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Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
§/rem: 20,000 20,000 41,000 120, 000 240,000

lant Under Construction

This option is similar to BE-82-03J; however, since the plant is under
construction, no dose is attributable to installation and the amortization
period assumed is 40 years. Input data for the cost-effectiveness evaluations
for this modification were:
e Base year for capital cost = [982
e Capital cost of valves plus installation = $492, 000
® Dose to install = 0 rem
® Annual dose savings = 0,67 rem/yr
¢ Amortization period = 40 y. irs

Results of the cost-effectiveness evaluations for this o dification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 21,000 21,000 43,000 130, 000 250, 000

BE~82-038: Replacement of PWR Reactor Coolant System Spray Valves with Low=
Cobalt Valves (Three-Loop Plant Under Construction)

This option is similar to BE~82-03K; however, sirce the plant is under
construction, no dose is attributable to installatlion and the amortization
period assumed is 40 years. Input data for the cost-elfectiveness evaulations
for this modification were:

e Base year for capital cost = 982

o Capital cost for valves plus Installation = §162,000

e Dose to install = 0 rem

e Annual dose savings = 5.4 rem/yr

e Amortization period = 40 year
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Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
§/rem: 880 880 1,800 5,200 10,000

BE-82-03T: Replacement of PWR Reactor Coolant System Spray Valves with Low-
Cbgiit Valve §E°“'E§§§E Plant Under Construction) |
t

This modification is similar to BE-82-03L; however, since the plant is under
construction, no dose is attributable to installation and the amortization
period assumed is 40 years. Input data for the cost-effectiveness evaluations
for this modification were:

e Base year for capital cost = 1982

e Capital cost for valves plus installation = $190,000
e Dose to install = 0 rem

e Annual dose savings = 4.2 rem/yr

e Amortization period = 40 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 1, 300 1,300 2,700 7,900 16,000

BE-82-04A: Replacement of All Valves in PWR Chemical Volume and Control System
with Low=Cobalt Valves (Three-Loop ratin ant

There are a total of 54 valves in the chemical volume and control system in a
typical three=loop Westinghouse PWR plant, These valves are thought to
contribute between 1=1/2 and 2-<1/2 grams of cobalt per year to the primary sys-
tem. In the present analyses, we consider all 54 valves will be replaced. In
{tems BE-B2-04E, -04G, and ~041, we consider separately the cost-effectiveness
of replacing all check valves, gate valves, and globe valves in the CVCS sys~-
tem, respectively. Input data for the cost-effectiveness evaluations for this
modification were:

o Base year for capital costs = 1982
e Capital cost for hardware and installation = §1,600,000

e Dose to install = 280 rem
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® Annual dose savings = 10 rem/yr
@ Amortization period = 35 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 27,000 27,000 =20, 000 140,000 270,000

Note that the result obtained using present-worth model D is negative, whereas
those from the other models are positive. This is due to a change in “ign of
rem saved from +70 for undincounted to -93 for discounted.

~82~04B: Replacement of All Valves in PWR Chemical Volume and Control System
h_Low-Cobalt Valves (Four-Loop Operating Plant)

A modification similar to that above for a four-loop plant reveals that
replacement of all valves in the CVCS system is not cost effective since there
is a net rem cost rather than savings. However, the data will be analyzed for

purposes of comparison. Input data for the cost-effectiveness evaluations for
this modification were:

® Base year for capital costs = 1982

¢ Capital costs for hardware and installation = §1,700,000

e Dose to install = 260 rem
@ Annual dose savings = 6 rem/yr

® Amortization period = 15 vears

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ |
MODEL WOR TH WORTH D MODEL A MODEL B |
$/rem: =40, D00 =40), 000 =13,000 «210,000 =400, 000

This modification is not recommended since net dose savings are negative and
net costs are positive,

~82-04C: Replacement of All Valves in PWR Chemical Volume and Control System
iith Low=Cobalt Valves (Three-Loop Plant Unde sonstruction)

This analysis 1s similar to BE-{ 2-04A; however, for plants under construction
no dose would be incurred during Lostallation, and the amortization period
would be 40 years rather than 35, As a result, input data for the cost~=
effectiveness evaluations for this option were:
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® Base year for capital costs = 1982

e Costs of hardware and installation = $1,600,000
e Dose to install = 0 rem

® Annual dose savings = 10 rem/yr

@ Amortization periocd = 40 vears

[esults of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 4,700 4, 600 9,400 28, 000 55, 000

BE-82-04D: Replacement of All Valves in PWR Chemical Volume and Control
System with Low-Cobalt Valves (Four-Loop Plant Under Construction)

This modification is similar to BE-82-04B; however, since the plant i{s under
construction no dose is incurred during installation of the modification, and
the amortization period assumed is 40 years. Therefore, input data for the
cost=-effectiveness evaluations for this modificatior were:

® Base year for capital costs = 1982

e Capital costs for hardware and installation = §1,700,000

® Dose to install = 0 rem

® Annual dose savings = 5.8 rem/yr

¢ Amortization period = 40 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 8,500 8, 500 17,000 51,000 100, 000

‘k Valves in the PWR Chemical Volume and Control
Three -Loo ratin nt

There are 21 check valves In the CVCS system of a three~loop Westinghouse PWR
plant, which contain significant amounts of high-cobalt stellite. These check
valves contribute about half as much cobalt to the primary system as the

reactor coolant check valves since they are much smaller. It was assumed that
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5 rem were required for installation of each valve. Cost of each valve varfied
from $5,000 to $7,500 and cost to install from $6,750 to $3,600, Input data
for the cost-effectiveness evaluations for this modificatfon were:

e Base year for capital cost = 1982

e Capital cost of valves plus installation = §531,000

e Dose to install = 105 rem

® Annual dose savings = 1.5 rem/yr

e Amortization period = 35 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
§/rem: =12,000 -12,000 -8, 000 =62, 000 -120,000

This modification is not recommended since net dose savings are negative and
net costs are positive.

BE~82-04F: Replacement of Check Valves in the PWR Chcnicnl Volume and Control
System with Low-Cobalt Valves (Four-Loop Operating Plant )

This modification (s similar to BE-82-04E above; however, in the four-loop
plant there is a total of 30 check valves, all four inches or less in size.
Input data for the cost-effectiveness evaluations for this modification were:

® Base year for caplital cost = 1982

e Capital cost of valves plus installation = $768,000

o Dose to install = 145 rem

® Annual dose savings = 2.0 rem/yr

® Amortization period = 35 years

Results for the cost-effectiveness evaluations of this modification were:

BASIC PRESENT PRESENT REV REQ REV RE(Q)
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: =12,000 =12,000 =8, 300 =63, 000 =120, 000

This modification {8 not recommended since net dose savings are negative and
net costs are positive,







BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 4,000 4,000 11,000 21,000 41,000

BE-82-041: Replacement of PWR CVCS Globe Valves with Low-Cobalt Valves
zThtee-Loop Operatin‘;Planti

There is a total of 21 globe valves with significant amounts of stellite in
the CVCS system of a three-loop Westinghouse PWR plant, Since these valves
are all rather small (less than three inches) and only about 1% of the stel-
lite contacts a wear surface, they contribute only small amounts of cobalt to

the primary circuits. Input data for the cost-effectiveness evaluations for
this modification were:

e Base year for capital cost = 1982

e Capital cost of valves plus installation = $391,000
® Dose to install = 105 rem

® Annual dose savings = 0.5 rem/yr

® Amortization period = 35 years

Results of the covt -effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: -5, 200 =5, 200 ~4,800 =27,000 =53, 000

This modification is not recommended since net dose savings are nega:ive and
net costs are positive.

lE-BZfOIoJ: Replacement of PWR CVCS Globe Valves

with Low=Cobalt Valves (Four-
100

There is a total of 16 globe valves with significnt amounts of stellite in
the CVCS system of a four-loop Westinghouse PWR plant., Since these valves are
all less than three inches in size, and only about 1Z of the stellite surface
area is in contact with a wear surface, their cobalt contribution to the
primary system is rather nominal. Input data for the cost-effectiveness
evaluations for this modification were:

® Base year ior capital cost = 1982

o Capital cost of valves plus installation = $§384,000

e Dose to install = 80 rem
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® An.sual dose savings = 0.43 rem/yr
e Amortization period = 35 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: -6,900 -6, 900 -6, 200 =36, 000 =70, 000

This modification is not recommended since net dose savings are negat { ve and
net costs are positive.

BE-82-04K: Replacement of PWR CVCS Check Valves with Low-Cobalt Valves

(Three-Loop Plant Under Construction)

This modification is similar tc BE-82-04E; however, since the plant is under
construction, no dose is attri’)utable to installation and the amortization
period assumed is 40 years. Input data for the cost-effectiveness evaluations
for this modification were:

e Base year for capital cost = |982

e Capital cost for valves plus installation = §531,000

e Dose to install = 0 rem

e Annual dose savings = 1.5 rem/yr

e Amortizaticn period = 40 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 10,000 10,000 21,000 62,000 120,000

BE-82-04L: Replacement nf PWR CVCS Check Valves with Low-Cobalt Valves (Four~

Loop Piant under Construction)

This modification is similar to BE-82-04F; however, since the plant is under
construction, no dose is attributable to installation and the amortization
period is 40 years, Input data for the cost-effectiveness evaluations for
this modification were:

e Base year for capital cost = |982
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e Capital cost of valves plus installation = $768,000
® Dose to install = 0 rem

e Annual dose savings = 1.9 rem/yr

® Amortization period = 40 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
§/rem: 12,000 12,000 24,000 71,000 140, 000

BE-82-04M: Replacement of PWR CVCS Gate Valves with Low-Cobalt Valves (Three~
Loop Plant Under Construction)

There are 13 gate valves with significant amounts of stellite in the CVCS
system of a three-loop Westinghouse PWR plant. One of these is a 6-in. valve,
the others are all four inches or less. These valves contibute significantly
to the cobalt content in the primary system. This modification is similar to
i BE~-82-04G; however, since the plant is under construction, no dose is attri=-

~ butable to installation and the amortization period assumed is 40 years.

Input data for the cost-effectiveness evaluations for this modification were:

@ Base year for capital cost = 982

e Capital cost of valves plus installation = $665,000
e Dose to install = O rem

® Annual dose savings = 7.9 rem/yr

® Amortization period = 40 years

Results of the cost-effectiveness evaluations for this modification were:
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BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 2,500 2,500 5,000 15, 000 29,000

BE-82-04N: Replacement of PWR CVCS Cate Valves with Low=Cobalt Valves (Four-
EZSp Fiaut Under Conltructions

This modification is similar to BE-82-04H; however, since the plant is under
construction, no dose is attributable to installation and the amortization

period assumed is 40 years. Input data for the cost-effect{iveness evaluations
for this modification were:
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e Base year for capital cost = 1982

e Capital cost of valves plus installation = $312,000
e Dose to install = 0 rem

e Annual dose savings = 3.5 rem/yr

e Amortization period = 40 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 2,600 2,600 5,300 16,000 31,000

BE-82-040: A!gplace-ent of PWR CVCS Globe Valves with Low-Cobalt Valves
(Three-Loop Plant Under Construction)

This modification is similar BE-82-041; however, since the plant is under
construction, no dose is attributable to installation and the assumed
amortization period i 40 years, Input data for the cost-effectiveness
avaluations for this modification were:

e Base year for capital cost = 1982

e Capital cost for valves plus installation = $391,000
e Dose to install = 0 rem

e Annual dose savings = 0.5 rem/yr

e Amortization period = 40 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 23,000 23,000 46,000 140, 000 270,000

BE-82-04P: Replacement of PWR CVCS Globe Valves with Low=Cobalt Valves (Four~-
ESS Plant Under Construction

This modification is similar to BE-82-04J; however, since the plant is under
construction, no dose is attributable to Installation and the amortization
period is 40 years. Input data for the cost -ef fectiveness evaluations for

this modification were:
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® Base year for capital cost =~ ]982

e Capital cost of valves plus installation = $384, 000
® Dose to install = 0 rem

® Annual dose savings = 0.43 rem/yr

e Amortization perioc = 40 years

Results of the cost-effectiveness evaluations for this modification were !

BASIC PRESENT PRESENT REV REQ REV RE(
MODEL WORTH WORTH D MODEL A MODEL 5
$/rem: 26,000 26,000 53,000 160, 000 310,000

BE-B2-05A: Replacement of All PWR Loo Stop Valves in RCS System with Low-
Cobalt Valves (Tg}ec-Loop Opotatﬂgl_iinnts

Bergman et al. indicate that the loop stop valves in a typleal three=~loop
Westinghouse PWR plant are contributors to cobalt input to the primary

system. This input is due almost entirely to corrosion input , and contributes
approximately 30X to the total cobalt input from all valves in the primary
system. However, capital costs for these valves and their installation are
high and thus the cost-effectiveness for their replacement is not as great as
for some other valves in the primary system. Input data for the cost-
effectiveness evaluations for this modification were:

® Base year for capital costs = 1982

® Capital costs tor hardware and installation = $3,900,000

® Dose to install = 120 rem
® Annual dose savings = 15 rem/yr

® Amortization period = 35 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
§/rem: 11,000 11,000 28,000 39,000 110,000

BE~B2-05B: Ic~}n ement of All PWR In RCS System with Low-

This analysis is similar to BE-B2~05A; however, it applies for a four-loop
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Westinghouse PWR plant. Input data for the cost-effectiveness evaluations for
this modification were:

e Base year for capital costs = 1982

e Capital costs for hardware and installation = §5,200,000
e Dose to install = 160 rem

® Annual dose savings = 15.5 rem/yr

e Amortization per! d = 35 years

Results for the cost~effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ KEV REQ
MODEL WORTH WORTH D MUDEL A MODEL B
$/rem: 16,000 16,000 47,000 83, 000 160, 000

BE-82-05C: Replacement of All PWR Loop Stop Valves in RCS System with Low-~
Cobalt Valves (Three-Loop Plant Under Construction)

This modification is similar te BE-82-05A; however, since the plant {s under
construction, the dose incurred by installation is8 zero, and the amortization
period assumed is 40 years. Therefore, input data for the cost-effectiveness
evaluation for this mocification were:

e Base year for capital costs = 1982

e Capital costs for equipment and installation = §3,900,000
e Dose to install = 0 rem

® Annual dose savings = 14.5 rem/yr

® Amortization period = 40 years

Results of the cost=effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV RE(Q REV REQ
MODEL WORTH WORTH D MODEL A MODEL 8
$/rem: 7,800 7,800 16,000 47,000 92,000

This modification is similar to that of BE~B2-05B, except that it s for a
four~loop PWR plant which {s under construction; therefore, installation dose
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is ero, and the amortization period is 40 years. Input data for the cost-
effectiveness evaluation for this modification are, therefore:

® Base year for capital costs = 1982

e Capital costs of equipment and (nstallation = §5,200,000
e Dose to install = 0 rem

® Annual dose savings = 15 rem/yr

® Amortization period = 40 vears

Results for cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV KEQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL 8
$/rem: 10,000 10,000 20,000 61,000 120, 000

-8
Coba
In this option, 1t is assumed that all three steam generators In the throee~
loop Westinghouse PWR plant are being replaced in order to reduce cobalt
contributions to the primary systems As a result, the entire capital cont 1w
attributable to the replacement, A major limitatlion of the analysis for this
option Is that no account has been taken of replacement power costs, We
assume that waste disposal costs are Included in the $66,000,000 capltal comt

of installation, The analyses are based on data in the report of Bergman et
al, Dose estimates are based on fileld data.

Input data for the cost=effectiveness evalustions for this modiflication wore:

® Bane year capit 1 costs = 1982

o Capital costs of equipment plus Installation = 66, 000, OO0
® Lose to lostall = 3,000 rem

® Annual dose savings = |34 rem/yr

¢ Amortization period » 35 yvears

Results of the cost=-effectiveness evaluations for this moditication were:

BASIC PRESENT PRESENT REV RE( KEV REQ
MODEL WORTH _ WORTH_D MODEL A MODEL B
§/rem: 4%, 000 46,000 =| 50, 000 260,000 460, 000




Note that the result obtained using present ~worth model D is negative, whereas
those from the other models are positives This s due to a change in sign of
rem saved from +1700 for undiscounted to =500 for discounted.

This modification {s similar to BE-82-06A, except that it applies to a four-
loop Westinghouse PWR Plant. [Input data for the cost=effectiveness
evaluations were:

o Base year for capital costs = 1982

e Capital costs of equipment plus tnstallation = $88,000,000
o Dose to install = &,000 rem

e Annual dose savings = 180 rem/yr

o Amortization period = 135 years

Results of the cost=-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV RE(Q) REV REQ
MODEL WORTH WORTH_D MODEL A MODEL B
$/rem: 45,000 45,000 =160, 000 230,000 450, 000

Note that the result obtained using present =worth model D is negative,
whereas those from the other models are positive. This is due to a change in
sign of rem saved from 2,300 for undiscounted to =640 for discounted.

ainie

W2 =(00 of PWE Steam Generators with Those

This modification is similar to BE-B2<06A; however, since the plant is under
conatructlon, dose attributable to installation Is equal to mero, and the
amortization period assumed is 40 years, Thus, input data for the cost~
offectiveness evaluation for this modification were!

e HNase year for capltal costs = 1982

e Capital cost for equipment plus installation = $#66 , 000,000
o Dose to lnstall = 0 rem

o Annual dose saviage = 130 rem/yr

o Amortization period = 40 yearws




Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
§/rem: 15,000 15,000 30, 000 89,000 170,000

Low~

This option is similar to BE-82-06B; however, since this plant is under
construction, the dose to install is zero and the assumed amortization period

is 40 years. Input data for the cost-effectiveness evaluation for this
modification were:

¢ Base year for capital costs = 1982

¢ Capltal costs of equipment plus installation = $88,000,000

o Dose to install = 0 rem
® Annual dose savings = 138 rem/yr
® Amortization period = 40 vears

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 19,000 19,000 39,000 110,000 220,000

ni Low=
Acement e IE}

For wome plants, steam generators have deteriorated to the point that
replacement {s necessary, In this case, it {s of Interest to evaluate the
cost effectivencss of additional costs incurred by specification of low=cobalt
tubing for the replacement steam generators, From the data of Bergman et al.,
It 1o estimated that low=cobalt tublng costs an add'tional $100,000 per steam
Renerator.  Since only this cost {s attributable *u the capital costs of the
low=cobalt option, this option becomes highly comt effective relative to that
v An which the entire cost of the steam generator must be attributable to the
replacement, Thus, this modification is similar to BE-82-06A, except for a

lower capital cont, Input data for the cost=effo tiveness evaluations for
this modification were!

® Base year for capital costs = 1982

70




g L e e e e el - P R R R RIS ——————————~

|
|
i
e Capital costs for low-cobalt specification = $300,000
e Additional dose attributable to installation = 0 rem
|
e Annual dose savings = 134 rem/yr
e Amortization period = 35 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 75 75 140 390 760

BE-B82-06F:

Replacement of PWR Steam Corerators with Those Containi Low=
bing (Four ~Loop OgorltlglfPfant. Iagfaco-ont Ho;goa for

This modification is similar to BE-82-06B; however, for this option it is
assumed that steam generators were being replaced for other reasons. Con-
sequent ly, the only incremental costs attributable to the low-cobalt is
approximately $100,000 per steam generator. In addition, since the steam
generators were being replaced anyway, the incremental dose attributable to
the low-cobalt specification is zero. Input data for the cost-effectiveness
evaluations for this modification were:

e Base data for capital costs = 1982

e Capital costs of low-cobalt specification = $400,000
e Additional dose for installation = 0 rem

® Annual dose savings = 143 rem/yr

® Amortization period = 135 years

Results of the cost=-effectiveness evaluations for this modification were:

LASIC PRESENT PRESENT REV REQ REV RE(Q
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 9) 93 180 490 950

DU~B2-01: Reduce Cobalt Impurity in New PWR Steam Generator Tubing (Sizewell
ant

This modification is similar to BE-BZ2-06E; however, the estimated annual dose
savings are somewhat less since the evaluation was made for the Sizewell 'B'
Plant, which has a number of modifications that limit total annual doses, The
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authors of this report estimated that a reduction in the cobalt impurity level
of the tubing to 0.015% would reduce the reiease rate of cobalt into the pri-
mary coolant by a factor of approximately 2. It was further estimated that,
on the basis of U.S. experience, cobalt-60 contributes about 75% of the total
dose after the first two years of station life. Considerations of the dose
savings due to low-cobalt impurity in che steam generator were based on a
Sizewell 'B' nominal plant experlencing 230 rem/yr. Therefore, with the above
factors of 0.75 x 0.5, the net savings are equivalent to about 90 rem/yr.
Inpu® data for the cost-eftectiveness avaluations for this modification were:

@ “ase year for capital cost = 1983

® Capital cost of employing low cobalt in steam generator tubing =
$330, 000

e Dose to install = 0 rem
® Annual dose savings = 90 rem/yr
® Amortization period = 30 vears

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WCRTH WORTH D MODEL A MODEL B
§/rem: 130 130 230 600 1, 106

DU-82-02: Hagnetic Filrzation in New PWR Plant

Use of magnetic filtration was considered in the design of the Sizewell 'B’
Plant in order to reduce the corrosion product inventory and therefore deposi-
tion in the primary system. This type of filtration has the advantage that it
can operate at high flow rates and high temperatures; however, it is still in
the research and development phase for application in power reactors. Uncer-
tainties remain regarding efficiency versus particle size and possible contri-
bution of the filter to soluble corrosion products. Costs for a magnetic
filtration installation in the Sizewell 'B' Plant were based on nceds of a
major redesign in one of the most critical areas of the plant. For a filter
capable of handling 0.5Z of full power flow, the filter system cost was
estimated at $18,750,000 (U.S.).

As a result of the additional number of welds and valves in the system, the
in-service inspection and maintenance dose for the plant is estimated to be
increased by about 10 rem/yr. The dose and costs of the associated waste
arising from the filtration unit will depend on the disposal concept which is
adopted. A reasonable estimate of waste disposal cost for 75 drums per year
using an estimated disposal cost of $360 per drum is $27,000/yr waste. Input
for the cost-etfectiveness evaluations for this modification were:

® Base year for Capital Cost = 1983
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Capital costs of equipment + installation = $18,750,000
Dose to install = 0 rem

Annual dose savings = 112 rem/yr (for Sizewell 'B' Plant)
Amortization period = 30 years

Additional waste disposal costs = $27,000/yr

Results of the cost-effectiveness evaluations for this modification were:

$/rem:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
6,300 6,200 11,000 28,000 52,000

DU-82-03: PWR Reactor Pressure-Vessel-Head Laydown Shield

A reac

tor pressure-vessel-head laydown shield protects the workers while

changing the head O-rings. Dose rates of up to several rem/hr are typical

from ¢

would

Input
.
.
.

rud deposited inside the head dome. It was estimated that such a shield
save approximately 3 rem/yr collective dose at the Sizewell 'B' Plant.
data for the cost-effectiveness evaluations for this modification were:

Base year for capital cost = 1983

Capital cost of equipment and installation = $15,000

Annual dose savings = 3 rem/yr

Dose to install = O rem

Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

$/rem:

RASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
180 180 310 810 1,500

DU-82-04: PWR Reactor Pressure-Vessel-Head Laydown Area Shield

Normally, the reactor pressure-vessel-head must be parked in the general area
of the operating floor and contributes to high dose rates throughout the

general area. Some French and German plants segregate the reactor pressure=
vessel-head from the general area by means of a parking area shield. This has
also proved effective at the Kewaunee and Prairie Island Plants in the U.S.
It is important that a special parking area for the pressure-vessel~head be
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planned in the earlv stages of plant design. For the Sizewell 'B' Plant, it
was estimated that design and installation costs for this provision would be
about $75,000, and that the reduced exposures would be approximately | to 2
rem/yr, assuming the use of a SIGMA refueling machine. Thus, other plants not
employing this refueling machine would have even larger savings. Input data
for the cost-effectiveness evaluation of this modification for a plant suchk as
the Sizewell 'B' Plant were:

e Base year for capital cost = 1983

e Additional design engineering and installation cost = $75,000
® Dase to install = 0 rem

e Annual dose savings = 1.5 rem/yr

® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL_B
$/ rem: 1,800 1,800 3, 100 8,100 15, 000

DU-82-05: PWR Steam Generator Tube Inspection and Repair Kobot

One of the most effective methods of reducing collective dose in a PWR plant
is to perform eddy-current testing, inspection, tube repairs, and ultrasonic
- inspection of the channel head welds remotely using a specially designed
- robotic device. A number of such systems are currently bei developed (see
' EG-B4-05A and EG-84-05B, below). The remotely operated service arm (ROSA)
developed by Westinghouse is typical. ROSA is a highly sophisticated device
with a number of different control mode.. A variety of special tools can be
attached to the service arm to do several different maintenance operations
inside steam generators. Operators are required to install the arm in the
channel head but it is not necessary for a man to enter the channel head.
Once installed, the device is operated from a trailer containing the control
center which is positioned outside the containment. Estimated cost for this
device is approximately $450,000. For this evaluation, we assume maintenance
costs to be 4% of capital cost, or $18,000/yr. Estimated savings are
approximately 75 rem/yr on a typical four-loop Westinghouse plant in the
U.S. Input data for the cost-effectiveness evaluations for this modification
' were:

e Base year for capital cost = 1983
e Capital cost of equipment = $450,000

e Maintenance cost = $18,000/yr
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DU-82-07: Multi-Stud Tensioner/Detensioner and Handling Device for PWR Steam

Generator Manway Covers

Manual removal of one manway cover from the steam generator typically results
in a dose of about 0.6 rem on U.S, PWR plants. Multi-stud tensioning and
detensioning devices are available for removing the bolts from the steam
generator manway cover. The manway cover is removed with a related handling
device. These are used in a number of European plants and cost approximately
$90,000. For the Sizewell 'B' Plant, it was anticipated that two units would
be required, thus providing one unit for a pair of steam generators. The dose
savings on such a four-loop plant would be about 3 to 4 rem/yr. This analysis
is based on a new plant design in which adequate space and arrangements have
been provided for use of such devices. Annual maintenance costs are estimated
at 42 of capital cost. Input data for the cost-effectiveness evaluations for
this modification were:

e Base year for capital cost = 1983

e Capital cost for two complete units = $180,000
® Dose to install = 0 rem

e Annual dose savings = 3.5 rem/yr

e Annual maintenance cost = $7,200

® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 4,100 3,100 5,400 13,000 24,000

DU-82-08: PWR Power Level Monitor Usigg l6N Detectors

Instead of monitoring reactor power levels using temperatures derived from a
flow through the dedicated RTD (reactor temperature det?gtors) bypass
manifolds, one can measure reactor power by monitoring N activity of the
coolant. The RTD manifolds and valves tend to trap crud and thus contribute
shutdown radiation levels near the coolant loops, particularly near the steam
generator channel head. Also, the RTD bypass system has proved to be trouble-
some and requires extensive maintenance on operating plants. Nitrogen-16
power monitors are available from Westinghouse for approximately $15,000, For
the Sizewell 'B' station, it was estimated that use of these monitors would
save approximately 8 rem/yr collective dose. Input data for the cost-
effectiveness evaluations for this modification were:

® Base year for capital cost = 1983
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|
e Capital cost of equipment plus installation = $15,000

e Dose to install on a new plant = 0 rem

e Annual dose savings = 8 rem/yr

e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 68 68 120 300 580

DU-82-09: PWR Dedicated Refueling Pool Filter/Demineralizer System

Dose rates above the refueling pool can be reduced by improving the cleanup
system. In the Sizewell 'B' Plant reference design, a separate system for
purefying the refueling pool during refueling was considered. The system
contained one centrifugal pump, four filters in parallel, two mixed-bed
demineralizers each with a strainer, and two float-type skimmers. The pump
was designed for 100X of the system capacity and the demineralizers were ea
designed for 50% of the system capacity. During refueling when the refueling
cavity is full, the refueling pool cleanup pump removes water from the pool
and transfers it through the cleanup filters and demineralizers and back to
the pool. In addition, the cleanup can be augmented by the chemical and
volume control system via the residual heat removal system. These operations
are continued during the entire refueling process to maintain water quality.
Average dose savings were expected to be 1 or 2 rem per refueling. Also, some
benefit was expected from reduced fuel shuffling time due to improved water
clarity. Since this would be critical-path time, it constitutes the major
cost savings to be expected from this modification. It is therefcre important
that a value be determined for expected refueling time savings; however, no
estimate was made in the Sizewell 'B' analysis and, therefore, none is
included in this cost-effectiveness evaluation. Input data for the cost-—
effectiveness evaluations for this modification were:

e Base year for capital costs = 1983

e Capital costs of equipment plus installation = $1, 500,000
e Dose to install = 0 rem

e Annual dose savings = 1.5 rem/yr

e Amortization period = 30 years

Results of the cost-effectiveness benefit analyses for this modification were:
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BASIC PRESENT PRESENT REV REQ REV REQ

MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 36, 000 36,000 62, 000 160, 000 310, 000

DU-82-10: Shielding of PWR Reactor Coolant Pump Motor Compartment and Pro-
vision of Permanent Access Features in Primary Loop Cells

Exposure in typical plants during maintenance of reactor coolant pumps could
be reduced by shielding the pump motor and the seal change areas from the
reactor coolant pump itself. This can be achieved by incorporating shielding
into the floor above the pump bowl and erecting a shield above this floor be-
tween the reactor coolant pump and the steam generator in each loop. Another
possible way of reducing exposure is to incorporate additional permanent man-
access features that eliminate the need to erect temporary scaffolding in the
relatively high-radiation areas of primary loop cells. These modifications,
however, affect other safecy aspects of the plant such as ventilation and
structural loading on the floors. Thus, careful engineering design and plan-
ning are required. For the Sizewel!l 'B' Plant, costs and dose savings were
estimated for provision of a S-ca-thick steel shield floor in the pump cell, a
10-cm~thick solid shield wall between the pumg and the steam generator, and
permanent platforms within the loop cells. Costs were estimated to be
$75,000, $300,000 and $225,000, respectively. Estimated dose savings were 9.7

rem/yr. Thus, the input data for the cost-effectiveness evaluations for this
modification were:

e Base year for capital cost = 1983

® Capital costs of engineering design, equipment and construction =
$600,000

e Dose to install in new plant = 0 rem
® Annual dose savings = 9.7 rem/yr
® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 2,200 2,200 3,900 10, 000 19,000

DU-82~-11: Multi-Stud Tensioners/Detensioners for PWR Reactor Pressure Vessel
(on Critical Path)

Commercially available multi-stud tensioners/detensioners are capable of both
tensioning and detensioning reactor vessel ~losure studs, removing and insert-
ing the studs from the flange, and handling the full complement of studs, nuts
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and washers from or to the reactor pressure vessel. Most of these operations
are carried out with a remote-control panel on the operating floor. For the
Sizewell 'B' Plant, the cost differential of using a multi-stud tensioning
device rather than three single-stud tensioners, two stud-removal devices,
three storage racks for studs, nuts, and washers, and associated hydraulic/-
electrical power units and handling equipment is approximately $600,000, It
was estimated that use of this equipment would reduce dose to operators by
about 8 rem per refueling outage compared to the system of single-stud ten-
sioning and removal. In addition, the short operating time required when
using the multi-stud tensioning devices reduces the time for refueling outages
and unscheduled shutdowns, which require removal of the reactor pressure-
v~ssel-head, by approximately one day. No value was given for the cost of
raplacement power for the 1200-MWe Sizewell 'B' Plant; however, the estimate
for a typical 750-MWe U.S. plant is approximately §750,000/day. Annual
maintenance costs are estimated here at 4% of capital cost. Assuming the
reactor pressure-vessel-hez! is removed annually, the input data for the cost-
effectiveness evaluations for this modification were:

e Base year for capital costs = 1983

e Capital costs of equipment plus .installation = $600, 000
e Dose to install = 0 {for a new plant)

e Annual dose savings = 8 rem/yr

e Annual replacement power savings = $750,000/yr

e Annual maintenance cost = $24,000

@ Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: -95,000 -54,000 -93,000 -180,000 =340, 000

This modification is exceptionally cost effective since net dose savings are
positive and net costs are negative.

DU-82-12: PWR Integrated Head Assembly (New Plant, on Critical Path)

The integrated head assembly being considered for the Sizewell "B" PWR Plant
will eliminate many of the operations normally required for removal and
replacement of the lifting rig, the concrete missile shield, and the cooling
system and cables for the control rod drive mechanism. It was estimated that
this would save one day of refueling time, 100 man-hours labor, and 4 rem
collective dose each refueling. Assuming $30,000/hr replacement power cost,
$20/hr labor cost, and $75,000 capital cost, the input data for the cost-
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effectiveness evaluations for this modification were:
e Base year for canital cost = $1983
e Capital cost for equipment and installation = $75,000
e Dose to install = 0 rem
e Annual replacement power savings = $720,000
e Annual labor savings = $2,000/yr
e Annual dose savings = &4 rem/yr
e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this mndification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WO H D hoofL A MODEL B
$/rem: =-190,000 -i10,000 -199,000 ~370, 000 -710,000

This modification is exceptionally cost effective since net dose savings are
positive and net costs are negative.

DU-82-13: PWR Refueling Machine (New Plant, on Critical Path)

A manipulator crane with automatic x-y position control was considered for
refueling of the Sizewell "B" PWR Plant. The machine handles thimble plugs
and rod cluster control assemblies as well as fuel assemblies. The refueling
machine has an underwater TV system. This machine could save an estimated 57
hours of refueling time and approximately 2 to 5 rem per year collective
dose. Additional cost over a standard refueling machine is estimated at
$225,000. Using $30,000/hr as replacement power cost, and assuming annual
maintenance costs equal 4% of capital cost, the input data for this
modification were:

® Base year for capital cost = 1983

e Capital cost for equipment = $225,000

e Dose to install = 0 rem

e Annual replacement power savings = $1,710,000/yr

e Annual dose savings = 3 rem/yr

® Maintenance cost = $9,000/yr

e Amortization period = 30 years
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Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: =-610,000 ~-350,000 -610,000 -1,200,000 -2,200,000

This modification is exceptionally cost effective since net dose savings are
positive and net costs are negative.

DU-83-01: Shredder-Compactor for Dry Active Waste

Dry active waste consisting of paper, rags, wood, sheet metal, tools, and
other miscellaneous materials are typically Sompacted with either a drum or
box compactor. Typically, 5,000 to 30,000 ft /yr of dry active waste are
generated per plant. EDS Nuclear has evaluated the cost effectiveness of a
combination shredder-compactor, which could achieve a volume reduction factor
of 1.7 over use of a compactor alone. A Saturn Model 52-32 shredder was
employed in the evaluation. This unit is capable of shredding wood, plastics,
rubber, cloth, paper, and nonferrous metals. Steel with cross sections up to
1/4-in. may also be shredded. Using a 200-horsepower dr&ve system and 1-1/2-
in. cutting blades, the shredder can process 50 to 75 ft /min of compacted
waste. The shredder can also process compacted waste including 55-gallon
drums containing paper, plastic, rubber, and small amounts of wood and metal.
The shredder assembly can be mated with virtually any type of compacter.
Large box compactors, for example, 5 x 5 x 5 ft, are desirable since fewer
drums will then need handling. Cost-effectiveness evaluations for this
modification were based on an assumed annual disposal volume of 18,000 ft3
using a typical drum-box compactor, distance So burial site of a 1,000 miles,
cost of transportation and disposal of $25/ft”, and a volume reduction factor
of 1.7. Installed cost of a shredder-compactor was estimated at $450,000,
assuming no additional cost for space for the equipment. Annual labor
requirements were reduced from 2,380 to 430 man-hours, using the combination
shredder-compactor with a savings of $39,000/yr based on $20/hr labor cost.
Estimated radiation exposure would be reduced from 11.3 rem/yr to 0.8 rem/yr.,
Costs for tranportation would be reduced from $118,800 to $70,000/yr and for
disposal from $313,200 to $184,400/yr. Maintenance cost was not included,
which we assume here would be 5% of capital cost or $22,500/yr. For this
analysis, we also assume additional annual taxes of $9,000/yr. Input data for
the cost-effectiveness evaluations for this modification were:

e Base year for capital cost = 1983

e Capital cost of equipment plus installation = $450,000
e Labor cost savings = $39,000/yr

e Transportation and disposal cost savings = $177,600/yr

e Additional annual taxes = $9,000/yr
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e Maintenance cost = $22,500/yr

e Dose to install = 0 rem

e Annual dose savings = 10.5 rem/yr
® Amortization period = 25 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRES “NT REV REQ REV REQ
MODEL WORTH WORT * D MODEL A MODEL B
$/rem:  -18,000 -11,000 -17,000 -29,000 -53,000

This modification is exceptionally cost effective since net dose savings are
positive and net costs are negative.

DU-85-01: Low-Cobalt Specifications for PWR Fuel Assembly Nozzles (New Plant)

Typically, fuel assembly nozzles are made from material with a cobalt
specification of <0.12%Z. 1In practice, values of 0.07% are obtained. Recent
quotes have been received indicating a cost of $6.00 to $12.00 per assembly
for units with a cobalt specification of <0.015%. Currently, approximately 4
rem/yr collective dose is attributed to nozzle exposure, and thus an estimated
saving of 3.1 rem/yr (4 - 4 x 0.015/0.07) could be achieved using the lower
cobalt nozzles. Assuming 64 nozzle assemblies are changed per year, the
additional annual cost would be $384 to $768 per year. The input data for the
cost-effectiveness evaluations for this modification were:

® Base year for capital cost = 1984
® Annual material costs = $576/yr
® Dose to install = 0 rem

® Annual dose savings = 3.1 rem/yr
e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 190 110 190 360 680
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EG-84-01: PWR Quick-Opening Hatch for Fuel Transfer Tube (Not on Critical
Path)

In PWR plants, fuel is transferred from the containment to the fuel~-handling
building by a fuel transfer tube. This tube historically has been covered
with a blind flange held in place by about 20 bolts. More recently, quick=
opening hatches have been designed and are now available for installation in
new plants (as described in DU-82-06 above). During the 1982 outage, a
submarine-type quick-opening hatch was installed in one of the Swedish plants
at a cost of $20,000 (U.S.) and an installation exposure of i.7 rem. Esti-
mated savings of about 1 rem per refueling, based on the contamination levels
at that time, would be achieved with the new installation. Input d+ta for the
cost-effectiveness evaluations for t*is modification were:

e Base year for capital cost = 1982

e Cost of capital equipment = $20,000
e Dose to install = 1.7 rem

e Annual dose savings = 1 rem/yr

e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 820 820 1,500 3,700 7,000

EC-84-02A: Temporary Shielding for PWR Reactor Vessel Head

To reduce the exposure during preparation for lift of the reactor vessel head
and the reinstallation of the head, temporary lead sheet shielding has been
used at the Ringhals 2 Plant. Cost of the lead sheet is about $l,500 (UeSs)e
Annual dose savings from this shielding are approximately 3.5 rem/yr net. No
data were given on labor costs to install and remove the shielding. Twenty
man-hours at $20/hr is assumed here. Input data for the cost effectiveness
evalations for this modification were as follows:

e Base year for capital costs = 1981

e Cost of capital equipment = $1,500

i
e Annual labor costs = $400/yr
e Annual dose savings = 3.5 rem/yr
\
\

® Amortization period = 25 years
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Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D EQUEL A MODEL B
$/rem: 170 110 180 340 630

EG-84-02B: Permanent Shield for PWR Reactor Vessel Head (Three-Reactor Site)

Permanent and more effective shields for the reactor vessel heads at the
Ringhals 2, 3 and 4 plants have been designed. These shields will have a
capital cost of approximately $185,000 (U.S.). Annual labor costs to install
are assumed negligible. The permanent shield is expected to save an
additional 8.4 rem/yr per reactor over that of temporary shielding (3.5
rem/yr) for a total savings of 11.9 rem/yr per reactor or 35.7 rem/yr for the
three reactor sites. Input data for the cost-effectiveness evaluations for
this modification were:

e Base vear for capital cost = 1984

e Capital cost of equipment = §185,000

e Dose to install = 0 rem

® Annual dose savings (estimated) = 35.7 rem/yr
® Amortization period = 25 vears

Results for the cest-eflectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 210 210 330 790 1,400

EG-84-03A: Shielding for PWR Reactor Upper Internals (Single-Reactor Site)

The reactor vessel flange and its bolt holes and sealed surfaces require
cleaning and inspection each year. To lower the exposures at the three
Swedish PWR plants, a shield costing $19,500 (U.S.) was purchased which can be
installed on top of the upper internals of this reactor to reduce exposures
during these jobs. This evaluation is based on its use at Ringhals 2 where
the average dose before the modification was 2.75 rem and afterwards 1.1 rem.
Although the unit can be used at three plants, its entire cost is apportioned
to a single plant for this evaluation. Input data for the cost-effectiveness
evaluations for this modification were:

e Base year for capital costs = 1980

o Cost of capital equipment = $19, 500
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e Annual dose savings = 1.65 rem/yr

e Amortization period = 25 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 640 640 1,000 2,400 4,500

EG-84-038: Shielding for PWR Reactor Upper Internals (Two-Reactor Site)

For this analysis we assume that the shield described in EG-84-03A can be used
at a second reactor at the same site. We also assume that it requires 8 man-
hours of labor at $20/hr to move the shield from one reactor plant to the
other. Input data for the cost-effectiveness evaluations for this modifica-

tion were:

e Base year for capital costs = 1980
e Cost of capital equipment = $19,500
e Labor costs = $160/yr

e Annual dose savings = 3.35 rem/yr

e Amortization period = 25 years

Results of .-e cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 380 360 570 1,300 2,400

EG-84-04: Handling Equipment for PWR Steam Generator Manway Covers

Egner has reported on steam generator manway covers designed and built by the
maintenance department at the Ringhals Muclear Power Plant. Capital cost was
only $5,600 (U.S.). The average collective dose for dismantling and reinstal-
lation of the manway covers on three steam generators in Ringhals 2 was
reduced from 3.1 rem to 2.2 rem for a dose reduction of 0.9 rem per steam
generator overhaul. It is anticipated that the steam generator will have to
be opened for maintenance approximately twice per year. Average dose savings
are therefore estimated at 1.8 rem/yr. Input data for the cost-effectiveness
evaluations for this modification were:

e Base year for capital cost = 1982
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e Capital cost of equipment = $5,600
® Annual dose savings = 1.8 rem/yr
® Amortization period = 25 years

Results of the cost-effectiveness evaluation for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ

MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 150 150 230 550 1,000
EG-84-05A: Manipulator for PWR Steam Generator Tube Inspection and Repair
(Three-Reactor Site) ’

A special manipulator originally designed for eddy-current testing in steam
generators at the Ringhals plants has in fact not yet been used for that pur-
pose; however, it has been used for tube pulling and steam generator sleeving
(a similar modification is described in DU-82-05 above). During tube pulling
in 1983, 15 tubes were pulled at a cost of 36 rem instead of the expected 90
to 105 vsing standard methods. To achieve this success it was also necessary
to provide extensive training in mock=-ups.

For the three PWR plants on the Ringhals site, dose savings are expected to be
as high as 25 rem/yr for eddy-current testing alone. The estimated cost of a
commercial manipulator is $175,000. Since it is desirable to work on two
generators simultaneously, two manipulators would normally be needed at a
single-unit site. Since there are three units at Ringhals, it was decided to
keep a third manipulator as a spare. Total investment cost for this site,
therefore, is estimated at $525,000. Dose savings at the Ringhals station
were conservatively estimated to be 685 rem over a 25 year period or 30.6

rem/yr. Input data for the cost-effectiveness evaluations for this
modification were:

@ Base year for capital costs = 1984

® Cost of three manipulators = $525,000
® Annual dose savings = 30.6 rem/yr

® Amortization period = 25 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 690 690 1,100 2,600 4,800
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52786-0533 Manipulator for PWR Steam Generator Tube Inspection and Repair
(Single-Reactor Site)

Assuming the above manipulator for steam generator work was employed at a site
with a single reactor, it is likely that only two manipulators would be pur-=
chased for a total capital investment of $350,000., For this analysis we will
also make the conservative assumption that the annual dose savings is primar-
ily due to eddy-current testing and is equal to 10.2 rem/yr. Input data for
the cost-effectiveness evaluations for this modification were:

e Base year for capital costs = 1984

e Capital cost for equipnent = $350,090

e Annual dose savings = 10.2 rem/yr

® Amortization period = 25 years

Results for the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 1,400 1,400 2,200 5,200 9, 600

EG-84-06: Ultrasonic Testing of PWR Pressurizer Surggrhine (Three-Reactor
Site)

Dose rates around the primary system dimineralizers and spent resin tank i1
Swedish PWRs are high enough that some inspections have been temporarily
suspended. In 1983, a special tool for in-service inspection was tried for
ultrasonic testing of the pressurizer surge line which has a dose rate of
about 15 rem/hr at the test point. On the basis of the current testing
frequency, an estimated 17 rem could be saved by inspection of the three PWRs
in the next eight years. The investment for this equipment is about $8,000
(U.S.). Input data for the cost-effectiveness evaluations .or this
modification were:

® Base year for capital costs = 1983

e Capital cost for equipment = $8,000

e Annual dose savings = approximately 2.1 rem/yr
e Amortization period = 8 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 510 510 610 920 1,300
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EG-84-07: Relocation of Instrument Readout at PWR Spent~Fuel Pit Heat

e

Exchanger

It is the practice at Swedish plants to limit inspections in areas where dose
rates are above 100 mrem/hr or aigborne aitivity is over 10 MPC or surface
contamination is greater than 107 ° uCi/cm®. To avoid unnecessary exposure,
some instruments have been relocated. One example is the relocation of
instruments from the spent-fuel pit heat-exchanger room. The collective dose
saved was estimated as between 0.0l and 1.0 rem/yr, depending on the amount of
damaged fuel. For this evaluation, we assume a dose saving of 0.5 rem/yr or
the average. Input data for the cost-effectiveness evaluations for this
modification were:

® Base year for capital costs = 1983
e Capital cost of equipment = $2,500
e Annual dose savings = 0.5 rem/yr

e Amortization period = 25 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 220 220 350 820 1,500

JA-83-01: Mock-Up Training for PWR Steam Generator Jobs

An estimate of the value of mock-up training for steam generator workers was
made by James in 1983 (see also LO-83-05). He considers the following steam
generator jobs:

~ Set up of equipment (three persons outside; one hour)

- Opening manway (three persons outside; three hours)

- Installing primarly nozzle dam (~ne person inside, two outside; 40
minutes)

= Finding and marking leakers (one person inside; 30 minutes)

= Fitting and welding plug (one person inside, two outside; 20 minutes)

- Inspecting and pressure testing (one person inside, two outside; 20
minutes)

= Removing nozzle dam (one person inside, two outside; 40 minutes)

= Replacing manway (three persons outside; three hours)

- Testing and cleanup (two persons outside; 1-1/2 hours).

Typical tube repair for the two channel heads for the steam generator would
require five man hours inside the channel head and 56 outside. Typical dose
rates inside the channel head are approximately 12-1/2 rem/hr, and outside
approximately 55 mrem/hr for an estimate! collective dose of 65.6 rem. Also,
inspection activities alone result in approximately 57 rem per steam
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generator. Assuming a tube failure probability of .25 per steam generator per
year and a required annual inspection on each generator, the expected dose
from steam generator tube maintenance in a four-loop pressurized water reactor
is about 294 rem/yr.

Using the realistic model channel-head mock-up, reductions of one third to one
half can be achieved. Assuming one third, this results in a dose reduction of
93 rem/yr inside the channel head and about 5 rem/yr outside. The cost of
this dose reduction is composed of the capital costs of the training mock-up
plus the annual cost of training. Capital cost is estimated at $60,000. An
estimated 60 inside-channel-head workers and 30 helpers can each have 8 hours
of mock-up training at an instruction cost of 89,600 per year for the inside
channel-head -workers ($20/hr x 480 man-hours) and $3,600 for the helpers
($15/hr x 240 man-hours). For this analysis, we have assumed an additional
$9,600 for of the training instructors.

An annual labor cost savings due to the increased worker efficiency of the
trained workers is also expected. The productivity increase is worth an
estimated $150/yr for the inside-channel-head workers ($20/hr x 7.5 man~-
hours/yr saved), and $1,390 for the helpers ($15/hr x 92.7 man-hours/yr
saved). Other savings due to fewer required crew changes, less use of
protective equipment, and other factors have been neglected in the present
analysis. Input data for the cost-effectiveness evaluations for this
modification were:

e Base year for capital cost = 1983

e Cost of captial equipment = $60,000

e Dose to install = 0 rem

e Dose savings = 98 rem/yr

e Training cost = $22,800/yr

e Labor savings = $1,540/yr

e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 260 160 270 560 1,000

LO-83-01A: Shielding for CVCS Demineralizers (Option A)

Lochard et al. (LO-83) have provided data on cost effectiveness of a number of
engineering-type options used in existing French pressurized water reactors.
Their basic data on cost and dose savings are converted to costs in terms of
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1984 U.S. dollars. Demineralizer operation is controlled from a valve remote
control room. A 50-cm-thick concrete wall would be sufficient for nonradio~-
active demineralizers. Any extra thickness beyond 50 em is considered a
biological shielding. For Option A considered here, a 40-cm extra thickness
is evaluated.

Estimates of dose rates in the working area were based on the surface dose
rates on demineralizers as measured over a three-year period in the Tihange
plant. Dose rates at the surface of demineralizers were 450 rem/hr. A
50-cm~thick wall would reduce this dose rate to 200 mrem/hr in the valve
control room. An additional 40-cm thickness of concrete wall will reduce the
dose rate in the working area in the control room to approximately 2

mrem/hr. Working time in the area is 8.5 man~hr/yr. Assuming cost of
concrete = $z15/m~ (1980 U.S. dollars), input data for the cost-effectiveness
evaluations for this modification were:

® Base year for capital costs = 1980
e Dose savings = 1.7 rem/yr

e Capital cost = §2,600

® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 69 69 120 310 590

LO-83~01B: Shieldig&ifor CVCS Demineralizers (Uption B)

This option is similar to Option A above except a 20-cm-thick biological
shield is considered for use in the valve room which is located under the
valve control room considered in LO-83-01A above. Dose rates in the working
area of the valve room are consequently reduced from 200 to 20 mrem/hr by the
alditicrnal shielding for an annual dose savings of (i80 mrem/hr for 5.6 hours)

approximately 1 rem/yr. Input values for the cost-effectiveness evaluations
for this modification were:

e Year for initial analysis = 1980
e Initial capital costs = $1,3'0
® Annual dose savings = | rem/yr
® Amortizatiua period = 30 years

Results of the cost-effectiveness evaluations for this modification were:
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BASIC PRESENT PRESENT REV REQ REV REQ

MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 59 59 100 270 500

LO-83-02: Remote Control of Filter and Demineralizer Valves

Collective dose from exposure to the filter and demineralizer valves can also
be reduced by locating the valve controls remotely in the room above the valve
room. Dose rates in the valve control room on the upper level are considered
negligible because of the separation distance and the thickness of the con-
crete floor (50 ¢m). The ambient dose rate in the valve room was 250 mrem/hr
and a total job time was 8.5 man-hours/yr. Input data for cost -ef fectiveness
evaluations for this modification were:

e Base year for data = 1980

e Capital equipment costs = $46,000

e Dose savings = 2,1 rem/yr

e Assumed annual operation and maintenance costs = $1,840/yr
® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 2,200 1,700 2,900 6,800 13,000

LO-83-03A: PWR Reactor Vessel Head Multi-Stud Tensioner/Detensioner (Single-
Reactor Site, on Critical Path)

This machine simultaneously loosens or tightens the 58 vessel head studs that
fasten the reactor head to the reactor vessel (see index for five similar
evaluations). The main advantage of using this machine is a reduction in
critical-path time since opening and closing the reactor vessel lie on the
critical path. A substantial dose savings is also achieved since these opera-
tions take place on the bottom of the reactor pool where dose rates are on the
order of 100 mrem/hr.

In Option A we assume the machine will service a site with a single reactor.
Annual savings of 43 hours critical-path time and 196 man-hours labor are
assumed. Replacement power costs are assumed to be $15,000 per hour and labor
costs $15 per hour. Annual maintenance costs are assumed to be 4% of capital
costs. Input data for the cost-effectiveness evaluations for this
modification were:

e Base year for capital costs = 1980
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e Capital equipment costs = $940,000
® Annual replacement power savings = $645,000/yr

Annual maintenance costs = $37,600/yr

e Annual labor savings = $2,940/yr
e Annual dose savings = 26,3 rem/yr

® Amortization period = 30 years

e e L

Results of the cost-effectiveness evaluations for this modification were:

| BASIC PRESENT PRESENT REV REQ REV REQ
% MODEL WORTH WORTH D MODEL A MODEL B
$/rem:  -30,000 -17,000 -29, 000 =54, 000 -100, 000

This modification is exceptionally cost-effective since net dose savings are
positive and net costs are negative.

LO-83-03B: PWR Reactor Vessel Head Multi-Stud Tensioner/Detensioner (Two-
Reactor Site, on Critical Path)

This option is identical to LO-83-93A, exccpt that capital costs are shared
. between two units and labor saving; are muliplied by 1.8 (90X of 2X) because
; of the need for moving the head from one facility *o another. Input data for
the cost-effectiveness evaluations for this modification were:

e Base year for capital cecsts = 1980

o Capital equipment costs = $940,000

¢ Annual replacement power savings = $1,290,000/yr
® Annual maintenance costs = $37,600/yr

¢ Annual labor savings = $5,292/yr

® Annual dose savings = 52.6 rem/yr

e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ

MODEL WORTH WORTH D MODEL A MODEL B

$/rem: -32,000 -18,000 -31,000 ~59,000 =110,000
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This modification is exceptionally cost effective since net dose savings are
positive and net costs are negative.

LO-83-04: PWR Steam Generator Manway Cover Multi-Stud Tensioner/Detensioner
Machine

This machine is used to automatically open and close the two man-hole covers
of each steam generator (see index for five similar evaluations). The assumed
frequency for steam generator inspection is once per outage and one supple-
mentary generator is visited every two years on the average. Two machines are
purchased to service each unit and the cost is $57,000 per machine. Estimated
labor savings of 54 man-hours/yr valued at $15/hr are based on four workers
taking five hours without the machine and two workers using one hour with the
machine. Input data for the cost-effectiveness evaluations for this modifica-

tion were:
e Base year for capital costs = 1980

e Capital costs = $114,000

e Annual labor cost savings = $810/yr

| @ Annual dose savings = 1.9 rem/yr

e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

f BASIC PRESENT PRESENT FEV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 2,10C 2,400 4,100 11,000 21,000

f LO-83-05: Mock-up Training for PWR Steam Generator Jobs

i In France, mock-up training is done in a life-size model of a lower part of a
. steam generator (see JA-83-0l for similar evaluations). This model is used

| for intensive training of personnel and testing of tools before each job is

' done on the steam generator in order to reduce working times in the chambers,

| where the dose rates are about 15 rem/hr. Training reduces the time required

! for removing primary pipe covers (nozzle dams) from 12 minutes to 6.6 minutes

| and for removing the manway covers from 3 hours to 2 hours. These jobs are
performed an average of l.5 times per year. Two workers are required for the
latter job and one for the former. Dose rates are approximately 70 mrem/hr
during removal of the manway cover and approximately 15 rem/hr during removal
of the primary pipe covers. Training also reduces time spent on other aspects
’ of the job but this is neglected in the present analysis, thus leading tc a
conservative estimate of the mock-up's effectiveness. Tntal iavestment cost
for the mock-up is $41,000, The time spent on training and the cost of train-
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ing supervision were not estimated. For this evaluation, we have assumed that
6 workers would need training for 20 hours each by an instructor who would
spend a total of 40 hours in training activities. Total training costs, based
on 160 man-hours at $15/hr, are therefore $2,400. Input data for cost-
effectiveness evaluations for this modification are therefore:

e Base year for capital cost = 1980

e Capital cost = $41,000

e Estimated dose savings = 2,. rem/yr

e Estimated training cost = §2,400/yr

e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 2,300 1,700 3,000 6, 00 13,000

MI-83-01A: Concentrated Chemical Decontamination of BWR Primary S stem
{Without Fuels, on Critical Path)

Miyamura et al. of Tokyo Electric Power have done cost-benefit studies of
chemical decontamination of entire BWR primary systems. One system studied
employs a concentrated chemical process of the type used in the Dresden
Reactor, with a decontamination factor of about 100,

Special liquid waste treatment facilities are needed when the concentrated
chemical process is used. A building measuring 43 x 23 x 32 m high, which
contains a liquid waste storage tank, decontamination reagent storage tank,
storage tanks for liquid wastes, decontamination reagent, rinsing water, and
facilities for the concentration, demineralization, and solidification of
liquid wastes were included in the cost evaluation for this modification,
Total costs for these facilities were $30,520,000. Since the radwaste treat-
ment facility for the concentrated process can be used for other aspects of
station operation, only 25X of the facility cost was attributed to the
decontamination process. The solidified waste generated by a typical
decontamination operation would require about 600 storage drums and would take
some 2,300 man-days processing time. The estimated time for decontamination
was 58 days of which 33 days would incur additional replacement power costs.,
The optimum interval for carrying out the decontamination procedure with the
fuel removed is between two and three times during eight effective full power
years. Data for these analyses were based on decontamination twice during
eight years, On the basis of a decontamination factor of 100, estimated col-
lective dose which would be saved during the 8-yr period was 1,830 rem less 80
rem per decontamination (or 160 rem for the two decontaminations), leaving a
net 1,670 rem saved in eight years. Thus, the annual dose savings was esti~
mated at 209 rem/yr. Operational costs during the 8-yr period were $3,270,000
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or abour $409,000/yr. Cost of the replacement power required was estimated at
$6,00 ,000/yr. Input data for the cost-effectiveness evaluations for this
modif. ation were:

e Base year for capital cost = 1982

e Capital costs for equipment plus installation = §7,630,000.

® Annual dose savings = 209 rem/yr

® Amortization period = 30 years

e Labor and waste disposal costs = $409,000/yr

e Replacement power costs = $6 million/yr

Results of the cost-effectiveness evaluationg for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 37,000 22,000 38,000 75,000 140, 000

MI-83-01B: Concentrated Chemical Decontamination of BWR Primary System
(Without Fuel, Not on Critical Path)

This modification is similar to MI-83-01A above; however, in this case we
assume that decontamination can be performed while the plant is shut down for
other reasons and, therefore, replacement power costs were not incurred. This
makes a substantial difference in the costs and cost effectiveness for this
modification. Input data for the cost-effectiveness evaluations for this
modification were:

® Base year for capital cost = 1982

e Capital costs for equipment plus installation = £7,630,000,

@ Annual dose savings = 209 rem/yr

e Labor and waste disposal costs = $409,000/yr

e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ

MODEL WORTH WORTH D MODEL A MODCL B

$/rem: 3,700 2,700 4,800 11,000 20,000
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M1-83-024: Dilute Chemical Decontamination of WWK Primary System (Fuel in
Place, on Critical Path)

This modiffcation was also evaluated by Meamura et al, and 18 based on use of
the Candecon-type decontamination process and an assumed decontamioation
factor of 5, For this process the optimum decontamination frequency with the
fuel in place was approximately once every elght years. Waste generated
consists of spent resius and ftilters which can be handled by existing
facilities. The volume of waste generated would be about 2, 300 drums and
would require about 1,400 man-days of labor. The liguid waste processing
equipment is temporarily installed during the work perfod. The
decontamination work would require extending the normal inspection period by
approximately 21 days. The decontamination operation would cause a collective
dose of approximately 90 rem and would save a ¢ lective dose of approximately
1,270 rem during the B-yr (ntervening period for a net savings of 1,180 rem or
approximately 148 rem/yr. Capital cost of equipment pius installation for
decontamination facilities was estimated at $2,100,000, Awnual operating
costs including costs of waste disposal were estimated ar $363,000 per year
and replacement power costs would average $1,906,000/yr.  Input data for the
cost-effectiveness evaluations for this modification were:

® Base year for capital cost = |982
e Capital costs for equipment plus installation = $2, 100,000,
Replacement power costs = §1,906,000/yr
Annual dose savings = 148 rem/yr
e Labor and wasie disposal costs = $36),000/yr
¢ Amortization period = 30 years
Results of the cost-effectivencss evaluations for this modification were:

BASIC PRESENT PRESENT PEV REO REV RE()
MODEL WORTH WORTH D MODEL A MODEL B

§/rem: 18,000 11,000 19, 000 37,000 70, 000

MI-#3-02B: Dilute Chemical Decontamination of BWK Primary System (Fuel in
Place, Not on Critical Path) ;

This item is similar to MI-B3-02A above; however, in this case It is assumed
that decontamination can take place while the plant s shut down for other
purposes. Therefore, replacement power costs are not locluded in the anal -
yses, Input data for the cost-effectiveness evaluations for this modification
were !

e Base year for capital cost = 1982




B SN

e Cap tal costs for equipment plus installation = §2,100,000,

e Annual dose savings = 148 rea/yr
e Labor and waste disposal costs = $363,000/yr

e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modificacion were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL_A MODEL B
$/rem: 3,400 2,200 3,800 8,000 15,000

¥1-83-03A: Dilute Chemical Decontamination of BWR Primary System (Without
Fuel, on Critical Path)

This item is similar to MI-83-02A; however, removal of the fuel prior to
decontamination reduces the requirements for decontamination equipment and
volumes of decontamination solutions which must be handled. However, optimum
decontamination frequency is now twice per eight years instead of once, which
results in somewhat larger cumulative dose savings but also somewhat larger
replacement power costs if the decontamination operation must be done on
eritical-path time. Dose incurred during decontamination wis estimated at 50
rem per campaign or 100 rem per 8-yr period. Collective dose reduction due to
the decontamination was estimated at 1,690 rem per B8-yr period, for a net
saving of 1,590 rem or approximately 200 rem/yr. Capital cost of equipment in
this case was 51,690,000, Estimated annual costs for labor and waste disposal
vere $298,000/yr and $5,810,000/yr for replacement power. Input data for the
cost-effectiveness evaluations for this modification were:

e Base year fcr capital cost = 1982

e Capital costs for equipment plus installation = §1,690,000.
e Annual dose savings = 200 rem/yr

e Labor and waste disposal costs = $298,000/yr

o Replacement power costs = $5,810,000/yr

e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 36,000 21,000 36,000 70,000 130,000
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MI-83-03B: Dilute Chemical Decontamination of BWR Primary System (Without
Fuel, Not on Critical Path)

This item is similar to MI-83-03A; however, in this case it was assumed that
the decontamination could take place while the plant was shut down for other
purposes and therefore no costs were incurred for replacement power. Input
data for the cost-effectiveness evaluations for this modification were:

e Base year for capital cost = 1982

e Capital costs for equipment plus installation = §1,690,000,
¢ Annual dose savings = 200 rem/yr

e Labor and waste disposal costs = $298,000/yr

® Amortization period = 30 years

Results of the cost-efiectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 2,100 1,300 2,300 4,800 9,200

PA-77-01: Photographic Technique for PWR Steam Generator Tube Plugging
Inspections

Many PWR plants have had problems with steam generator tube denting. To
prevent further deterioration of dented tubes, these tubes are frequently
plugged. After the tube plugging operation, inspections are needed to verify
the proper completion of plugging and to periodically verify the continued
integrity of the steam generator tube plugs. A photographic technique to
inspect for tube plugging integrity was developed by a quality control
inspector at one U,S. power plant and later employed at a second plant.
Previously, visual inspections were performed with considerable difficuity due
to the high radiation fields, necessitating short stay times. in addition,
wearing of an airfit plastic suit, poor lighting, and high ambient temperature
(about 130°F) made accurate inspections difficult.

The photographic technique involves taking of four pictures per tube sheet.
Pictures are subsequently developed and enlarged and are of sufficiently high
quality to be the basis for the tube plugging inspection. Using the old tech-
nique, inspectors would incur approximately 300~ to 40U-mrem dose and four
assistants would incur approximately 2.7-rem collective dose per steam senera-
tor inspected. With the photographic technique, doses were cut to 20 mrem for
inspectors and to 130 mrem for assistant personnel. Total man~hours required
for the inspection were reduced from 16 to 3 per generator. Assuming a labor
cost of $20/hr, this gives a $4,680/yr labor cost savings for 18 steam
generator inspections per ycar. Annual dose savings of 2.9 rem/yr for a steam
generator were multiplied by 18 steam generator inspections per year for an
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annual savings of 52.2 rem/yr. No data were given for the capital equipment
costs for photographic equipment and any special devices needed for holding
cameras or developmental purposes. Therefore, in this analysis, capital
equipment costs were assumed to be $5,000. Costs of materials were also not
given, and for this evaluation were assumed to be $2,000/yr. Maintenance
costs were also arbitrarily assumed to be 10X of capital costs or $500/yr.
Input data for the cost-effectiveness evaluations for this modification were:

e Base year for capital cost = 1977

e Capital costs for equipment plus installation = $5,000

e Labor savings = $4,680/yr

e Additional materials costs = $2,000/yr

e Maintenance costs = $500/yr

e Dose to install = 0 rem

® Annual dose savings = 52.2 rem/yr

® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: -66 -36 -62 =110 =220

This modification is exceptionally cost effective since net dose savings are
positive and net costs are negative.

PB-82-0l: Solid Radioactive Waste Handling Using High Integrity Containers

This analysis compares the cost of radioactive waste handling using an
existing system which employs 55-gallon drums and a new system employing high-
integrity containers. Based on historical data from 1979 through 1981, the

| average collective dose caused by the solid waste handling operation was 1.7

| rem/yr. The waste consists primarily of 80 radioactive filters processed per
year. Annual cost of packaging, transportation, and burial for these filters
was approximately $54,400. Using high-integrity containers, estimated cost
reduction would be $16,580/yr based on the same 80 filters per year. Thus,
the new system would save $37,800/yr. Property taxes for the proposed
alternative were estimated at $1,300/yr. It was assumed that no property
taxes are paid on the present system. The proposed system eliminates nearly
all exposure associated with barrel handling without introducing any new

: exposure as a result of handling the high-integrity containers. Thus, the

| expected annual dose saving is l.7 rem/yr. Detailed engineering cost studies

| were not done for the proposed new system. However, costs were assumed to be
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between $75,000 and $225,000 in order to put financial bounds on the invest-
ment. For these analyses we will assume an investment cost of $150,000, which
includes the cost of engineering design, installation, shielding, and removal
of any existing equipment. The salvage value of the existing equipment is
assamed near zero. Thus, input data for the cost-effectiveness evaluations
for this modification were:

e Base year for capital costs = 1983

e Capital costs of equipment plus installation = $150,000

e Annual waste disposal costs savings = $37,800/yr

e Additional annual taxes = $1,300/yr

e Annual dose savings = 1.7 rem/yr

® Amortization period = 30 vears

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem:  =21,000 ~11,000 -19,000 -34,000 -65, 000

This modification is exceptionally cost effective since net dose savings are
positive and net costs are negative.

PC-82-01: TV Monitor for BWR Cleanup Heat Exchanger Room

A closed-circuit television system was considered for routine inspection in
the cleanup heat exchanger room. A commercial unit with one camera and a
turnable mount, both verticle and azimuthal, was considered. Dose rates in
the general working area were about 100 mrem/hr with hot spots well in excess
of | rem/hr., Daily visual inspection of the cleanup heat exchanger room
resulted in collective annual doses of approximately 3 rem. These inspections
require approximately 30.4 man-hours per year. The closed-circuit television
system's cost was estimated at $5,000 including camera and lens, turnable
mount, and remote monitoring controls. The useful life of the system was
estimated at 10 years. Approximately 100 man-hours would be required to
install the system of which 50 man-hours would be in the cleanup heat exhanger
room in 100-mr/hr areas. Thus, the estimated dose to install the system is
5.0 rem. Labor costs were estimated at $20/hr, yielding an installation cost
of $2,000. Property taxes were assumed to be $100/yr. Annual maintenance
costs were assumed to be $500/yr. Thus, input data for the cost-effectiveness
evaluations for this modification were:

e Base year for capital cost = 1932

e Capital costs for equipment plvs installation = $7,000
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e Dose to install = 5 rem

e Annual dose savings = 3 rem/yr

e Additional Property taxes = $100/yr
e Maintenance costs = $500/yr

e Amortization period = 10 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 560 520 670 950 1,400

PD-83-01A: Steam Generator Channel Head Decontamination (Not on Critical
Path)

Maintenance, inspection, and repair of steam generators are principal causes
of collec’.ve dose in PWR reactors. Because extensive maintenance was needed,
it was decided to chemically decontaminate the inlet and outlet channel heads
on both steam generators. Initizl primary channel head radiation levels rang-
ed from 20 to 25 R/hr. Approximately 30,000 tubes were eddy-current tested,
2,000 sleeves were installed, 384 tubes were plugged, 10 plug welds were
repaired, and 3 tubes were pulled. The predicted collective dose equivalent
for these jobs, without decontamination, was approximately 4,800 rem.

A process for decontaminating the steam generator channel head was selected
for testing and field demonstration. The program was carried out in three
major phases: Phase 1 involved extensive laboratory testing, Phase 2 involved
major off-site activities essential for the smooth transition and readiness
for full field decontamination, and Phase 3 involved the actual field applica-
tion of the process to decontaminate both steam generator channel heads.
Overall dose reduction factors achieved were approximately 7 and 6 for the
cold legs of steam generators | and 2, respectively. Because of hydrolaser
equipment problems, only the cold legs of steam generators 1 and 2 were hydro-
lased. Thus, the additional reduction in dose rate (DF=3) due to hydrolasing
was not available for the hot legs.

Labor costs were reduced because fewer boilermaker and labor jumpers were
required at the lower doses. It was assumed that the number of each type of
jumper was proportional to the collective dose. Since $1,129,950 was spent on
jumpers, this implies that 6.7 times (the effective decontamination factor)
this value would have been spent on jumpers if decontamination had not been
carried out. Thus, the jumpers' wages saved by decontamination were
$6,440,715. Since jumpers' wages were a capital expenditure, their cost could
be capitalized and we have also treated decontamination costs of $2,145,191 as
a capital cost. The net dose savings was the difference between the gross
savings of 3,790 rem and the dose due to decontamination of 130 rem, or a net
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savings of 3,660 rem. Input data for the cost-effectiveness evaluations for
this modification were:

e Base year for capital costs = 1983

e Decontamination costs = $2,145,191

e Labor savings (a capital gain) = $6,440,715

e Dose to decontaminate = 130 rem

e Dose savings during subsequent work = 3,790 rem
® Amortization period = 24 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
§/rem: -1,300 -1,300 ~-1,300 =4,700 -8, 500

This modification is exceptionally cost effective since net dose savings are
positive and net costs are negative.

PD-83-01B: PWR Steam Generator Channel Head Decontamination (on Critical
Path)

The steam generator channel head decontamination described in PD-83-01A
incurred no costs for replacement power since it occurred during a refueling
outage. The decontamination operation took a total of 28 days. Had this time
been on critical path, the cost of replacement power could well have been in
the range of 25 to 30 million dollars. Thus, the cost effectiveness of
decontamination is dependent on the critical path time required. To test the
importance of this, analysis was made using $25,000,000 as replacement power
cost and treating this as part of the capital cost for this project. Input
data for the cost-effectiveness evaluations for this modification were:

e Base year for capital costs = 1983

e Decontamination costs = $2,145,191

® Labor savings (a capital gain) = $6,440,715

e Dose to decontaminate = 130 rem

® Dose saved during subsequent work = 3,790 rem

® Replacement power costs = $25,000,000

® Amortization period = 24 years
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Results of the cost-effectiveness evaluations for this project were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 6,100 6, 100 6,100 22,000 40,000

PE-83-01: Decontamination of a BWR Recirculation System

Decontamination of the recirculation system in BWR plants is an important
method of reducing exposures for major maintenance operations during typical
refueling outages. For example, in a scheduled outage for a BWR plant, the
following work was planned in the primary containment (drywell): in-service
inspection, induction heating stress imprcvement , hanger modifications, limi-
torque MOV replacement, and weld overlay repair. The cost effectiveness of
decontamination for these jobs is considered in this analysis. Effective dose
rate for work in the drywell was estimated at 0.5 rem/hr. One hundred five
welds were to be inspected tefore induction heating stress improvement and 87
welds afterward. The estimated ISI inspection time was 80 man-minutes per
weld for 173 welds and 240 man-minutes per weld for 10 welds, for an estimated
dose of 135 rem. It was also estimated that 78 of the welds would require
stress improvement and take 12 man-hours per weld causing 468-rem collective
dose. Work on the two motor-operated valves was to require 125 man-hours per
valve, causing 125-rem collective dose. The weld overlay repair work was
expected on 10% of 192 welds and was expected to take 6 man-hours per weld,
causing 58-rem collective dose. It was also estimated that 130-rem collective
dose would be received removing insulation in preparation for the weld work
and 20 rem during shield-block removal and replacement. Total expected col-
lective dose without decontamination was therefore 936 rem. It was assumed
that no hanger modifications would be done in the drywell if decontamination
was not performed, and thus no credit was taken for decontamination rem sav~
ings from that phase of the project. Decontamination would use an estimated
50 rem of exposure. A dose-reduction factor of 10 was assumed, giving a dose
savings of 842 rem. Miscellaneous other work was specifically identified to
have dose savings of 103 rem, for a total savings of 945 rem, from which must
be subtracted 50 rem due to decontamination operations. Net rem saved, there~-
fore, was 895 rem. Total cost for decontamination was $300,000 vendor cost
plus $450,000 utility support. Input data for the cost-effectiveness evalua-
tions for this modification were:

e Base year for capital costs = 1983

e Cost for modification (assumed to be capital) = §$750,000
e Dose to decontaminate = 50 rem

e Dose savings during subsequent work = 945 rem

e Amortization period = 1 year
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Results for the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 910 910 910 1,100 1,200

PF-83-01A: PWR Steam Generator Manway Tensioning/Detensioning Handling Device
(Not on Critical Path)

This analysis is based on proposed procurement of a steam generator primary
manway tensioning/detensioning and handling unit (see also DU-82-07 and EG-84-
04). Cost of this equipment was approximateiy $200,000 plus approximately
$64,000 for auxiliary equipment and other installation costs, bringing the
total capital costs to $500,000. Manual removal and replacement of the manway
cover require 100 man~hours and 5 rem. Automated cover removal and replace-
ment was predicted to require 4 man-hours and 0.2 rem. The unit has two sieam
generators, each having two manway covers. Assuming 0.86 outages per year and
labor costs of $25/hr, total present labor costs are approximately $8,600/yr.
The automated system would requitre 4 man-hours per manway versus 100 with the
present system. Thus, labor costs with the automated system would be $344/yr.
Annual dose savings were estimated at 16.5 rem/yr. Dose to install, based on
500 man-hours at an average dose rate of 0.1l rem/hr, is estimated at 55 rem.
For the present analysis, removal of the manways was not considered a
critical-path activity, although if the plant experiences significant steam
generator problems in the future, this may change. The impact of critical-
path time and related outage costs will be considered in PF-83-01B below.
Input data for the cost-effectiveness evaluations for this modification were:

e Base vear for capital costs = 1983

o CapitaL cost for equipment and installation = $500,000
e Labor savings = $8,256/yr

® Additional annual property taxes = $2,700/yr

e Annual dose savings = 16.5 rem/yr

e Dose to install = 55 rem

e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rea: 620 880 1,700 3,300 6,300
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PF-83-01B: PWR Steam Generator Manway Tensioner/Detensioner and Handling

Device (on Critical-Path 25% of Time)

This modification is identical to that covered in PF-83-0lA, except here we
assume that the manway cover handling will be a critical-path job for 25% of
the time. Replacement power costs were assumed as $550,000 per day. Manual
removal of the manway cover typically requires 12 to 14 hours, whereas the
automated equipment should require only 1 hour. Th.s, the critical-path time
saved is assumed to be 25% of 12 hours or three hou:s/yr. This has a value of
$68,750 for savings of replacement power costs. input data for the cost-
effectiveness evaluations for this modification were therefore:

e Base vear for capital costs = 1983

e Capital costs of equipment plus installation = $500,000
@ Labor savings = $8,256/yr

® Annual replacement power savings = $68,750/yr

e Annual property taxes = $2,700/yr

e Annual dose savings = 16.5 rem/yr

e Dose to install = 55 rem

® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
§/rem: =-4,400 -2,000 -3,900 -6, 500 -12,000

This modification is exceptionally cost effective since net dose savings are
positive and net costs are negative.

PG-83-0l: PWR Steam Generator Manway Tensioner/Detensioner

This modification is similar to DU-82-07, EG-84-04, PF-83-0l1A, and PF-83-

01B. Removal of the steam generator manways is required each outage to allow
access. The covers weigh approximately 700 1b, and the work must be done in a
high-radiation area. Removal and installation each require approximately 100
man-hours exposurz in areas which have effective dose rates of 40 mrem/hr.
Removal typically requires two hours of critical-path time at replacement
power costs of $700,000 per day. Refueling occurs every 15 months; therefore,
there are approximately 0.8 outages per year. Savings for replacement power
costs using the special handling system will therefore be $46,667/yr. Since
there will be no critical-path savings during the first year, an additional
$47,000 is included in the original installation costs. New studs and nuts
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which are expense items will cost $30,000 the first year only. Property tax
on the $56,000 capital investment was $740/yr. A service life of 30 years was
assumed for the tool. Input data for the cost-effectiveness evaluations for
this modification were:

e Base year for capital costs = 1983

e Capital costs = $133,000

e Additional annual taxes = $740/yr

o Annual labor savings = $2,410/yr

e Annual dose savings = 3 rem/yr

e Annual replacement power savings = $46,667/yr

e Amortization period = 30 years

Results for the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: -16,000 -8,600 =-15,000 -28,000 -53,000

This modification is exceptionally cost effective since net dose savings are
positive and net costs are negative.

PH-83-01: PWR Reactor Vessel Head Tensioner/Detensioner (on Critical Path 25%
of Time)

The tensioning and detensioning operations on the reactor vessel head studs
are time consuming and costly in terms not only of dose to workers but also in
terms of man~hours and critical-path time. This analysis is based on con-
sideration of a multi-stud tensioning device (see index for five similar
evaluations). This system would require modification of the existing studs,
and thus this cost was included in the analysis. On the basis of the manu-
facturers' claim, it was estimated that five men would require six hours to
complete the tensioning-detensioning operation for a total of 30 man-hours.
Labor costs were estimated at $20/hr for the tensioner crew. Based on
historical experience, approximately 746 man-hours were required using the
manual mechod, thus a projected labor savings of $14,300/yr is anticipated.
Collective dose to remove and replace the studs historically amounted to 33
rem/yr, whereas the estimated ¢ se using the automated system would be 1.3
rem/yr for an annual savings of 31.7 rem/yr. Time required for tensioning and
detensioning would be reduced by 62 hr/yr. It was assumed that 25% of the
time this operation would be on critical-path and that replacement power costs
for this plant were $250,000 per day. Thus, annual savings for replacement
power would be approximately $161,500/yr. Capital cost for equipment plus
stud modification was estimated at $349,000. Input data for the cost-
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effectiveness evaluations for this modification were:
e Base year for capital cost = 1983
e Capital cnst of equipment plus installation = $349,000
e Labor savings = $14,300/yr
e Annual replacement power savings = $161,500/yr
e Annual dose savings = 31.7 rem/yr
e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: -5,600 -3,100 -5, 300 -9, 800 -19,000

This modification is exceptionally cost effective since net dose savings are
positive and net costs are negative.

PI-83-0l: PWR Reactor Vessel Head Tensioner/Detensioner (on Critical Path 25%
of Time)

This modification is similar to PH-83-01 above; however, labor costs and
collective doses are considerably smaller since the tensioning and deiension-
ing operation takes only half as long at this plant (see index for other
similar evaluations). Use of the multi-stud tensioning system was expected to
reduce collecrive doses from 15.5 to l.4 rem/yr for a net savings of 14.1
rem/yr. Required labor charges would be reduced from 332.3 to only 30 man-
hours/yr for a net labor cost savings of $6,000/yr. Time for tensioning and
detensioning would be reduced from 36 to 6 hr/yr for a savings of 30 hr/yr.
Assuming that operations were on critical path 25% of the time and that
replacement power costs were $700,000 per day for this plant, the average
annual critical-path costs saved would be $219,000/yr. Capital costs for
equipment plus stud modifications for this plant would be $349,000/yr. Input
data for the cost-effectiveness evaluations for this modification were

| therefore:

e Base year for capital cost = 1983
e Capital cost of equipment plus installation = $349,000
e Labor savings = $6,000/yr

e Annual replacement power savings = $219,000/yr
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® Annual dose savings = l4.1 rem/yr
® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
§/rem: -16,000 =9,000 -16,000 =-29,000 =55, 000

This modifi:ation is exceptiorally cost effective since net dose savings are
positive and net costs are negative.

PJ-83-01: PWR Reactor Vessel Head Tensioner/Detensioner (on Critical Path 25%
of Time)

This modification is similar to PH-83-01 and PI-83-01 above; however, for this
plant, replacment power costs are $900,000 per day and the automated equipment
will save a total of 12 rem/yr compared to the manual method of tensioning and
detensioning. Man-hours required for tensioning and detensioning have histor-
ically been about 400 hr/yr, whereas with the new system it is estimated that
30 hr/yr would be required, thus providing a labor cost savings of $7,400/yr.
The tensioning and detensioning operations historicaily take 60 hours versus 6
hours using the proposed modification. Thus, the time required for the jobs
would be 54 hours less with the automated equipment. Assuming this to be
critical-path time 25% of the time and replacement nower cost to be $900,000
per day for this plart, the average critical-path savings were estimated at
$506,250/yr. Capital cost for equipment plus modification of existing studs
was again $340,000 for this plant. Thus, input data for the cost-
effectiveness evaluations fo- this modification were:

® Base year for capital cost = 1983

e Cost of capital equipment plus installation = $340,000
e Labor savings = $7,400/yr

® Annual replacement power savings = $506,250/yr

® Annual dose savings = 12 rem/yr

® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modificaiton were:

BASIC PRESENT PRESENT REV REQ REV REQ

MODEL WORTH WORTH D MODEL A MODEL B

§/rem: =45,000 =26,000 =44,000 ~85, 000 =160, 000
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This modification is excepticnally cost effective since net dose savings are
positive and net costs are negative.

PK-83-01: PWR Quick=Opening Hatch for Fuel Transfer Tube (Backfit)

This modification is similar to EG-84-01, DU-82-06, LA-83-06, and PM-84-01;
however, the evaluation employs somewhat different cost assumptions. As part
of refueling operations at PWR plants, the fuel transfer tube flange must be
removed and reinstalled. This takes place in a high-radiation and heavily
contaminated area and occasionally leads to external contamination of person-
nel as well as the accumulation of 3~ to 4-rem collective dose for the entire
operation. The average time to remove, clean, and reinstall the existing
flange is 55 hours. Cost for the quick-opening transfer tube hatch was esti~
mated at $57,000. Dose rates in the work area prior to fuel shuffle were
approximately 100 mr/br, and post-fuel-shuffle dose rates weie 2 rem/hr. An
estimated 16 man-hours at $20/hr would be required to install the closure
assembly. This cost was added to the initial capital costs. Seven man-hours'
labor would be required for operation of the proposed flange as contrasted to
55 man-hours for the existing flange. Assuming 0.8 outages per year, the net
labor cost savings would average $768/yr. Fstimated exposure for operation of
the existing flange is 3.2 rem per outage as compared to 0.35 rem per outage
for the proposed flange. Again, assuming 0.8 outages per year, the net
collective dose savings would be 2.3 rem per year. Estimated property taxes
for the proposed system were $700 per year. The number of workers required to
remove and reinstall the flange would be reduced from 2 to 1. The probability
of airborne contamination and personnel contamination is reduced, but no
credit has been taken for this. Input data for the cost-effectiveness
evaluations for this modification were:

e Base year for capital cost = 1983

e Capital costs of equipment plus installation = $57,320
e Labor savings = §$768/yr

e Dose to install = 0 rem

e Annual dose savings = 2.3 rem/yr

e Additional Property taxes = $700/yr

e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 540 690 1,200 2,900 5,600

109




PL-84-0lA: PWR Reactor Vessel Head Shielding (on Critical Path)

Historically, the removal and replacement of the reactor head has caused a
collective dose of approximately 20 rem per outage at one U.S, PWR plant. Use
of lead blankets hung around the thermal shroud in the 1982 refueling utage
resulted in a 25% reduction during the head removal process. Specially
designed reactor pressure-vessel-head shielding is available from commercial
sources. In these analyses, the cost effectiveness of one commercial system
was considered. This system consists of 42 flexible vertical lead panels 7 ft
long. These panels contain lead wood encased in Herculite and have a 3/4=in.
lead equivalency. The lead panels are suspended from a permanent ly mounted
track system which is pressure fitted to the reactor vessel head. A personnel
exposure of approximately 0.5 rem would be required to permanently affix the
track system to the reactor head. Thereafter, the total collective dose
expenditure for installation and removal of the lead shielding would be
approximately 0.4 rem. It was estimated that use of the special shield system
would reduce the collective dose for this job by 50% for a l0-rem-per -outage
saving. On the assumption of a |5-month refueling cycle, an estimated 8 rem
per year, on average, would be saved by this special shield system. Cost of
the special shielding is $56,821. Other capital cost expenditures include
$2,500 for engineering costs, $30,000 for 1-1/2 hours of critical-path time to
install the new shield support system, $5,000 for seismic analyses, and $1,000
for initial training of shield~handling workers. Total capital expenditures
were therefore estimated at $95,321. Annual costs assumed were $250 mainten~-
ance costs, $75 crane operator costs, $300 for retraining of workers, and $125
for installation and removal costs, for a total of $750/yr. Capital costs
include the cost of 3 steel storage containers for t“e shielding. Input data
for the cost-effectiveness evaluations for this modification were:

® Base year for capital cost = 1984

e Capital costs of equipment, installation & critical-path time = $95, 321

® Dose to install = 0.5 rem

® Labor costs = $200/yr

e Training costs = $300/yr

® Maintenance costs = $250/yr

® Annual dose savings = 8 rem/yr
® Amortization period = 25 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ

MODEL WORTH WURTH D MODEL A MODEL B

§/rem: 570 540 860 2,000 3,600
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PL-84-01B: PWR Reactor Vessel Head Shielding (No Critical-Path Expense)

This modification is similar to PL-84-01A above; hciever, in this case it was
assumed the plant was down for other purposes and installation of the shield
support would not be a critical-path job. As a result, capital costs were
$65,321, or $30,000 less than for the above example. All other costs and
savings were the same. Input data for the cost-effectiveness evaluations for

this modification were:
e Base year for capital cost = 1984
e Capital costs of equipment, installation & training = $65,321
e Dose to install = 0.5 rem
e Labor costs = $200/yr
e Training costs = $300/yr
e Annual Dose Savings = 8 rem/yr
e Maintenance costs = $250/yr
e Amortization period = 25 years

Results of the cost—-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 420 390 620 1,400 2,600

PM-84~01: PWR Quick-Opening Hatch for Fuel Transfer Tube (Operating U.5., PWR

Plantz

This modification is similar to DU-82-06, EG-84-01, and PK-83-01; however,
costs are based on a recent evaluation at a U,S. PWR plant. Capital cost for
the equipment plus installation was estimated at $25,000 in 1983 dollars. For
this plant, installation dose would be 1.2 rem, assuming an average of 50
mrem/hr in the work area and a job duration of 24 man-hours. For this evalua-
tion, we have also assumed a 6-man-hours/yr savings due to the reduced time
for opening this tube compared to the existing flange with 20 bolts. At
$20/hr, this saves approximately $120/yr, Input data for the cost-effective-
ness evaluations for this modification were:

e Base year for capital costs = 1983
e Capital costs of equipment plus installation = $25,000

e Dose to install = 1.2 rem
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® Annual dose savings = 0.5 rem/yr
e Labor savings = $120/yr

® Amortization period = 25 vears

Results of the cost-effectiveness evaluations fer this modification were:

| BASIC PRESENT PRESELI REV REQ REV REQ
| MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 2,100 2,200 3,800 8,600 16,000

WA-84-0U1: PWR Steam Generator Decontamination

The Lovissa Plant in Finland is a Soviet-VVER-440-designed plant with eight

horizontally oriented steam generators. Here, dose rates in the working areas

4 within the steam generator were 250 to 450 mr/hr as measured at a height of a

half-meter above the tubes, and with the secondary side water at its maximum

level. Temporary shielding installed above the tubes dropped the dose rates

| by a factor of about 10, which is the radiation field in which the work would

| have been carried out if decontamination of the steam generators had not been

i undertaken. Decontamination was scheduled during a prolonged shutdown, so

| that critical-path time was not affected. Total costs of decontamination did

| not exceed $100,000, Since the initial dose rates were relatively low in this
plant, the collective dose saved was only 100 rem. It should be pointed out
that recontamination subsequent to further plant operation caused the dose

: rates above the two bundles inside the two decontaminated steam generators to

l rise to about five times the level found inside the other four steam genera-

[ tors of the same unit, which were not decontaminated. This points to the need

for a passivation or reoxidation process following the decontamination opera-

tion, which should be carried out prior to power operation. This increased

dose rate is neglected in the following analyses since it is assumed it would

be avoided in future applications. Of course, some additional costs will be

incurred for the passivation process. Input data for the cost-effectiveness
evaluations for this modification were:

® Base year for capital costs = 1983

e Capital cost = $100,000

® Dose to decontaminate = 1 rem

| ® Dose savings after decontamination = 100 rem
® Amortization period = | year

Results of the cost-effectiveness evaluations for this modification were:
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BASIC PRESENT PRESENT REV REQ REV REQ

MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 1100 1100 1100 1300 1400

WA-84-02: PWR Reactor Cavity Decontamination Using the WEPA Cleaning System

Post-refueling reactor cavity pool decontamination requires significant
manpower, may be on the critical path, and typically contributes several rem
committed dose. Hydrolasing, hand scrubbing, strippable paint, and special
scrubbing machines have been used with increasing success. A commercial
system consisting of a crane-supported wall scrubber, a person-operated floor
scrubber, and a hand-held scrubber has been successfully employed at Calvert
Cliffs and results in an estimated exposure reduction of about 3.6 rem per
refueling or 2.4 rem/yr (18-month cycle). Estimated costs for the three
units, including $4,000 for spare parts and pads in 1984, were $89,000.
Annual waste disposal cost savings of $3,100/yr were estimated over hand
scrubbing. Cost of materials was estimated at $5,000/yr, primarily for new
brushes. Watson et al. indicate that “it is difficult to determine whether
the system actually improved the outage schedule (by shortening the normal
amount of crane time needed for decontamination),” but the system may have
reduced crane time by as much as 2-1/2 days. Other users of this equipment
estimated critical-path savings of 1/2 to 2-1/2 days. In addition to being
faster than manual cleaning, hydrolaser cleaning, or use of strippable coat-
ings, the reduced airborne contamination levels, which result from using the
special scrubbing machine, also contributed to shorter outage times. For this
analysis, we have conservatively assumed a critical-path savings of 24 hours
per refueling or 16 hours per year, with $20,000/hr replacement power cost,
Since the units are used only a day or two per year, their useful life was
estimated at 20 years in this analysis (the authors assumed 10 years). Input
data for the cost-effectiveness evaluations for this modification were:

o Base yeir for capital costs = 1984

e Capital costs = $89,000

e Waste disposal cost savings = $3,100/yr

e Material costs = $5,000/yr

e Annual replacement power savings = $320,000/yr
e Annual dose savings = 2.4 rem/yr

e Amortization period = 20 years

Results of the cost-effectiveness evaluations for this modification were:
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BASIC PRESENT PRESENT REV REQ REV REQ

MODEL WORTH WORTH D MODEL A MODEL B
$/rem: -18,000 -12,000 =17,000 -28,000 =49 ,000

This modification is exceptionally cost effective since net dose savings are
positive and net costs are negative.

WH-84-01: Robotic Inspection of PWR lce Condenser Area

Ice condensers in PWRs are generally entered daily to inspect for frost and
ice buildup, and to verify that their handling units are functioning properly.
Dose rates in the room are 2 to 5 mrem/hr and inspections require approxi-
mately 30 minutes' time on the part of two individuals. At the two PWR plants

at the Sequoyah site, 5.2 rem collective dose was received in 1983 during
these operations.

The proposed modification is to use a robotic inspection device attached to
existing bridge crane rails and power busbars in the ice condenser rooms. A
color TV camera with lights and a zoom lense would be mounted on the carriage.

A control console located in an auxiliary building would be used for control
of robots in both ice condenser rooms.

Using the robotic system, a single person can make an inspection in approx-
imately 1 hour, whereas 3 people are requirad by the present system for
approximately 1 hour including time for changing in and out of decontamination
clothing. Thus, a savings of 2 person-hours per inspection can be expected
with a robotic system. This yields an annual labor savings of 1,460 man-hours
at an estimated cost of $20/hr. For this analysis, we assume annual mainten-
ance costs will be 42 of the total capital investment.

Equipment procurement and installation cost estimates for two robots and one
control console for use in the two Sequoyah Plant ice condensers are:

® Base year for capital costs = 1983

® Capital cost of equipment including testing and installation = 876,800

® Maintenance cost = $3,072/yr

¢ Labor savings (1,460 man-hours/year) = $29,200/yr

® Protective clothing reduction (1,460 sets/yr) = $§7,300/yr
® Exposure to inctall = 1,4 rem

® Annual dose savings = 5,2 rem/yr

® Amortization period = 30 years
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Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
§/rem: -6, 500 -3,500 -6, 100 -11,000 -21,000

This modification is exceptionally cost effective since net dose savings are
positive and net costs are negative.

WH-84-02: Remote Readout Near PWR Seal Table

The seal table areas in a typical PWR plant must be entered once each shift to
inspect the glycol temperature board, test the RHR sump alarm, and check the
back draft damper alarm panel as needed. Three workers are usually required,
including two who make the initial entry wearing contamination-zone clothiong.
Each entry takes about 50 minutes, including 30 minutes for clothing changes.
The background in these areas is about 2 to 5 mr/hr. The need for entry to
these areas could be eliminated by relocating the control and temperature
panels immediately outside the seal table area. The probes and sensory
components would remain inside the area, and a single unsuited operator could
perform an inspection in about 15 minutes' total time. Estimated installation
costs for this modification include 400 man-~hours of labor at §20/hr = $8,000,
plus $4,000 cost for installation material, and a collective dose of approx-
imately | rem. Approximately 3,500 man-hours per year labor would be saved
after the installation, and annual dose savings of approximately 2 rem/yr
would be expected. In addition, 4,380 fewer contamination-=zone clothing
changeouts per year would be required with an estimated savings of $5 per
changeout or $2i,900 per year. Input data for the cost ~ef fectiveness evalua-
tions for this modification were:

e Base year for capital cost = 1983

e Capital costs for equipment plus installation = $12,000
e Dose to install = | rem

o Labor savings = $70,000/yr

e Annual dose savings = 2 rem/yr

e Material costs savings = $21,900/yr

e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification w' 2:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem:  =50,000 29,000 =51,000 =96, 000 ~180,000
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This modification is exceptionally cost effective since net dose savings are
positive and net costs are negative.

WH-84-03: TV Robot Inspection of PWR Vessel Head (Single Reactor Site)

Visual inspection by two fully suited workers with respirators is required
under the reactor vessel head during removal and reinstallation. Dose rates
from 5 to 15 rem/hr cause collective doses of approximately 9 rem/yr from this
operation. This inspection could be done with a remotely controlled televi-
sion robot. A camera would be installed on a small trolley that mounts to the
existing monorail encircling the reactor vessel head near the tops The TV
camera assembly would be connected to the underside of the trolley using a
stand-off bracket and a telescoping tube. The TV monitor and control panels
would be located on a mobile cart that could be placed on the reactor refuel-
ing floor. After the reactor head has been raised, the operator would extend
the telescoping tube to the desired level, using a remote pushbutton switch.

A joy-stick control would activate the pan/tilt mechanism used to position the
camera. Cost of equipment including procurement, assembly, and testing was
estimated at $19,000. It would take approximately | man-hour to ipstall and |
man-hour to operate during each refueling outage. Use of the robotic system
would save an estimated 3 man~hours per refueling outage worth $40/hr for a
total of §120/yr. No impact on critical-path time is expected. Input data
for the cost-effectiveness evaluations for this modification were:

® Base year for capital cost = 1983

¢ Capital costs fncluding procurement, assembly & testing = $19,000

e Labor savings = $120/yr

e Maintenance costs = $760/yr

® Annual dose savings = 9 rem/yr
e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 150 120 210 490 930

Note: Cost-effectiveness evaluations were based on a site with a single
reactor. Costs per rem saved would be lower for multiple~reactor sites.

WH=-B4~04A: Remote Inspection of PWR Keyway (Sin‘;o-konctor Site)

The keyway of a I'WR is entered for visual surveillance for water leaks under
the reactor vessel and to check the water level in the sump during refueling

116

L-——- T —— SR e S R R R R R i e e



operations. The radiation levels in the keyway range from 700 mrem/hr to 200
rem/hr and access to the area is difficult. White et al. proposed that a
remote inspection device be used consisting of a flexible boroscope coupled to
a computer-controlled TV camera. Guide tubes with inspection openings at
predetermined points would be installed in the keyways. A boroscope attached
to long cables would be fed through these guide tubes. As the boroscope is
being fed tnrough the guide tube, the operator actuates the articulating lens
at each inspection port. When the boroscope reaches the end of the guide
tube, it protrudes through the end and tien is used to survey the area at this
point. It is them pulled back into the guide tube and moved into another
inspection port., After all the inspections are complete, the TV-boroscope
assembly is bound to a cable reel and then can be transported and used
wherever needed. The estimated cost for procurement, assembly, and testing of
this equipment was $25,000, Approximately 100 man-hours at $24/hr would be
required for installation, and a collective dose of 2.5 rem could be incurred.
No saving in man-hours is expected with this equipment; however, exposure
reduction of approximately | rem per refueling outage is estimated. Input
data for the cost-effectiveness evaluations for this modification were:

e Base year for capital cost = 1983

e Capital cost for installation, procurement & tesing = $27,400
e Dose to install = 2.5 rem

e Annual dose savings = | rem/yr

e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
§/rem: 1,100 1,100 2,000 4,900 9,200

Note: Cost evaluations were based on a single-reactor gite and cost per rem
saved would be lower for multiple-reactor sites.

WH=-B4-04B: Remote Inspection of PWR Keyway (Two-Reactor Site)

This modification is similar to WH-84-04A above; however, we assume here that
the same remote surveillance equipment can be used at two reactors at the same
site. Installation at the second reactor will require another 100 man-hours
at $24/hr and expected dose savings will be a total of 2 rem/yr and 5 rem for
installation., Input data for the cost-effectiveness evaluations for this

modification were:
e Base year for capital cost = 1983

e Capital cost for materials plus installation = §29,800
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e Dose to install at two reactors = 5 rem
® Annual dose savings = 2 rem/yr
® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 590 590 1,100 2,600 5,000

WH-84-05A: Portable Robotics System for Smoke Detector Inspection (Single-
Reactor Site)

I At the Browns Ferry Plant, manual inspection of over 200 smoke detectors is a
three-week task performed twice a year by a team of two electricians and one
health physics technician. The ceiling detectors require ladders and special
scaffolds to reach up to 40-ft heights. Contamination-zone clothing is needed
in many areas. White et al. proposed that a portable robotic system consist~-
ing of a push-pull floor cart with a 25-ft powered lift, an electrically
operated telescoping tube that can extend to a height of 15 ft and collapse to
a l=1/2 ft-height, a remotely operated pressurized smole canister and nozzle,
a voltmerer with contact probes, and a motorized pan-tilt mechanism for aiming
' the nozzle and the voltmeter at the smoke detector. Holes would be drilled in
|

l

the detector covers for insertion of the voltmeter probes. All tests could
easily be performed by one worker who would control all motors using a switch
box located on the cart. A reel on the cart carring 50 to 100 ft of cable
would be used to connect the cart to a 110=volt power outlet. The same
equipment could be modified for testing detectors in high-radiation areas
using a motorized cart and adding a television camera. Cost of the equipment,
assembly, and testing was estimated at $20,000, Reduced man-hour requirements
at each plant due to using the robotics equipment was estimated at 40 man-
hours/yr of health physics technician time and 120 man~hours/yr of inspection
worker time. These man-hours were valued at $20/hr. Specific job dose data
were not avallable for these jobs. Therefore, for this evaluation, an average
exposure rate of 10 mrem/hr was assumed for the above 160 man-hours/yr work.
The assumed annual dose savings is therefore l.6 rem/yr per plant, Input data
for the cost-effectiveness evaluations for this modification were:

e Base year for capital cost = 1983

e Capital cost of equipment plus installation & testing = $20,000
® Labor savings = $3,200/yr

e Dose to install = 0 rem

e Maintenance cost = $2,000/yr
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e Annual dose savings = l.6 rem/yr

e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
§/rem: -360 -17 -29 470 880

This modification is exceptionally cost effective since net dose savings are
positive and net costs are negative.

WH-84-05B: Portable Robotic System for Smoke Detector lnspection (Three-
Reactor Site)

This modification is similar to WH-84-05A; however, in this case it is assumed
that three reactors exist on the same site and the robotic equipment can be
shared between the three plants. Cost of equipment, installation, and testing
is therefore the same; however, annual labor savings and dose savings wou ld
each be three times greater than above. Input data for the cost-effectiveness
evaluations for this modification were:

e )

e Base year for capital cost = 1983

Capital cost for equipment plus installation & testing = $20,000

.
] e Labor savings = §9,600/yr
| e Dose to install = 0 rem
i e Annual dose savings = 4.8 rem/yr
i e Maintenance cost = $2,000/yr
| e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: -1,600 -840 =1,500 -2,600 =5, 000

This modification is exceptionally cost efiective since net dose savings are
positive and net costs are negative.
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WH-84-06A: Robotics System for Remote Inspections of BWR Moisture Sepirator
and Feedwater thgﬁﬂrcaa (T.ree-Reactor Site)

A floor-mounted robotics vehicle has been proposed for use at the Browns Ferry
Plant, which includes three 1,000-MWe BWR reactors. Each reactor has one
moisture separator room and three feedwster pump rooms. Sixty-four worker
entries are made to each moisture separator room each year, and dose rates are
approximately 2 rem/hr. Weekly entries by two individuals ire made into *he
pump rooms (936 worker entries per year), which have dose rates from 20 to 125
mrem/hr. These entries are for purposes of visual inspection and radiation
monitoring and require full contawination=-zone clothing. Thus, there is a
total of 1,128 individual worker entries per year for the three reactors at
this site.

The vehicle proposed for this application would be a wheeled unit complete
with sensors and controls for fixed-sequence motion following a floor tape. A
telescoping tube assembly mounted on the cart would raise the sensing devices
up to a 15-ft elevation. Sensors would include a color TV camera, directional
microphone, and radiation monitors. The vehicle would be powered and control=-
led through a motorized cable reel with the vehicle's controls located outside
the room being inspected. Contamination smearing capability is not included
but could be added at a nominal cost. Estimated costs for equipment,
assembly, testing, and installation of floor tapes were $66,700, Reduced
health physics technician labor and operator labor costs were estimated at
$19,600/yr. An estimated 1,128 sets per year of contamination-zone clothing
with respirators would no longer be required, which would save $15,200/yr,
Estimated installation dose was l~rem, and annual dose savings would be

approximately 70 rem/yr. Input data for the cost=-effectiveness evaluations
for this modification were:

¢ Base year for capital cost = 1983

e Capital cost for equipment, installation, and testing = $66,700
¢ Labor cost savings = $19,600/yr

e Clothing and respirator savings = $15,200/yr

® Annual dose savings = 70 rem/yr

e Dose to install = | rem

® Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modification were!

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D HODEL A MODEL B
$/rem: =500 ~280 =480 ~BH0O =1,700

This modification is exceptionally cost effective since net dose savings are
positive and net costs are negative,
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WH-84-06B: Robotics System for Inspections of BWR Moisture Separator and
Feedwater Pump Areas (Single-Reactor Site)

This modification is similar to WH-84-06A; however, since the unit will be
used at a single-reactor site, the capital cost would be reduced slightly
because of reduced labor costs for installation of floor tapes. Labor
requirements in future vears, clothing and respirator requirements, dose to
install, and annual dose will all be reduced to one third the above values.
Input data ror the cost-effectiveness evaluation for this modification were:

® Base vear for capital cost = 1983

e Capital cost for equipment plus installation = $65,900

e Labor cest savings = §$6,530/yr

e Clothing and respirator cost savings = §5,070/yr

e Dose to install = 0,3 rem/yr

® Annual dose savings = 23.3 rem/yr

e Amortization period = 30 years

Results of the cost-effectiveness evaluations for this modificaiton were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: 440 =210 =360 -580 ~1100

This modification is exceptionally cost effective since net dose savings are
positive and net costs are negative.

UH-kaglgz Robotic Mechanism for Surveillance of BWR High Pressure Feedwater
Heater Rooms (Three-Reactor Site)

Each reactor at the Browns Ferry Plant has three high pressure feedwater pump
rooms. Each room is entered an average of twice per month by a three-worker
team for a visual surveillance to locate steam leaks, Workers are fully
sulted and exposed to dose rates ranging from 10 to 20 mrem/hr. A portable
robotic mechanism was proposed, which would be inserted through holes in the
ceilings of these rooms. The mechanism would consist of an Industrial hoist
with a 35-ft extension, a color TV camera, a radlation monitor, and a direc-
tional microphone, A hand-held mechanism would provide precision positioning.
Controls would be Iinstalled to a portable console located on a hMgher eleva~
tion. Costs of equipment, assembly, and testing were estimated at $20,000,
and installation labor costs for drilling 18 holes at the three reactors were
$2,400, It was further estimated that use of the robotlc mechanism would
reduce health physics technician labor requirements by 200 man-hours/yr and
the cost of contamination=zone clothing by $8,800, The robotic system would
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be in use less than 500 hr/yr for surveillance in these rooms .iad therefore
would be available for use elsewhere. Input data for the cost-ef fectiveness
evaluations for this modification were:

® Base year for capital cost = 1983

e Capital cost for equipment, testing, and installation = $22,400

e Labor savings = $4,000/yr

¢ Contamination clothing savings = $8,800/yr

e Dose to install = | rem

& Annual dose savings = 4 rem/yr

® Amortization period = 30 years

Results of the cost-effectiveness evaluation for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B
$/rem: =3, 300 -1, 800 =3, 200 -5, 800 “11,000

This modification s exceptionally cost effective since net dose savings are
positive and net costs are negative.

WH~B4~07B: Robotic Mechanism for Surveillance of BWR Klgh Pressure Feedwater
Heater Rooms (Slqllgficnctor Site)

This modification 1s similar to WH=84~07A, but here 1t 18 assumed that the
equipment s being purchased for a site having a single reactor. Capital
costs are reduced, therefore, by $1,600 because less labor is needed during
Installation. Also, future costs for labor and contamination clothing as well
as estimated annual dose, and duse to install were all reduced to one third
the values used in the previous example. Input data for the cost-effective~
ness evaluations for this modification were:

® Base yesr for capital costs = 983

o Capital cost for equipment testing and installation = $20,800

¢ Labor savings = §1,300/yr

¢ Reduced contamination clothing costs = §2,900/yr

e Dose to fastall =« 1/3 rem

¢ Annual dose saviogs = 1.3 rem/yr
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specifications are employed. As indicated in YO-82-01A above, capital costs
would be reduced to $66,000 per steam generator or $264,000 for a four=-loop
plant. Also, for reduced cobalt input as indicated above, annual dose savings
for the four-loop plant would be approximately 107 rem/yr. Thus, input data
for the cost-effectiveness evaluations for this modification were:

® Base year for capital costs = 1982

e Capital cost for low cobalt specifications = $264,000

e Dose to install = 0 rem

® Annual dose savings = 107 rem/yr

® Amortization = 35 years

Results of the cost-effectiveness evaluations for this modification were:

BASIC PRESENT PRESENT REV REQ REV REQ
MODEL WORTH WORTH D MODEL A MODEL B

$/rem: 82 R2 150 430 830
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APPENDIX A

VALUES OF CAPITAL ESCALATION FACTOR FOR VARIOUS INFLATION RATES

anorti-
zation
period

(yeara)
sSEsssssses

VENOOEWN»

2%
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1.040
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1.104
1.126
1.149
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1.1’5
1.219
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1.294
1.319
1.346
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1.486
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1.“‘
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4%
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1.665
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3.946
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4.616
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INFLATION RATE
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1.260
1.360
1.469
1.587
1 .71‘
1.851
1.999
2.159
2.332
2.51.
2.720
2.937
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7.988
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3.138
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19.194
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45.299
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23.884
26.7%50
29.960
33.959%
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42.092
47.143
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66,232
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83.081
93.0%1



amorti-

zation DISCOUNT RATE
period - -
(years) 2 &%

STassssasas

'O WONY
N U= YD N
OCLWWNNWD

WWwN=0O

J N
O
NN

N
>4
o

PO IOV WN»D

P b pA e B

1O QDWUN~OOVENOUVEWN -

(1 )

HOOCOWVVRERONNIMTODAIMNWN»O

O
B R A b
VOO ODODOENNNICNTOVOLARWWN™O

NNV WNNODDPONOUAELN=O
=
[

»
ol ol ol
> e

-

WN O
s

14.857
15.247
15.622
15.98:3
16.33C
16.663
16.984
17.292
17.588
17.874
18.148
18.411
18.665
18.908
19.143
19.368
19.584
19.793

|
.
K
|
1
~
8
-
-
.
-
.
.
-
.
‘
-
e
-
-
-
-
>
-

N
wn
e
o ek

NN
N
=
W

J
R
ww

-

N A
D
N
=

-

L5

w
O
N
N
-
w

)

) W (
-
-
W

wN

»
»
-

PN QN

O
e
NNN
u)-ounouo\omuo\nxo\o-nw\n\owmmmmmmmm\Jvuqc\mmuu.\a

PORPREOEEEPEEEOEO®NNNNNNNNNANNANOOO O

WL Www wwaw
NNNNNNODNNNNODODN
NODOUMEe AW

O




o
n
-
O

1.200
Q.655
0.475
0.386
0.334

kﬂ
0w
-~

N W
W
o == N

(v

. 301
oy oy

) &7/

-
AW
> L
A

y& 1
‘P,‘

248

F
[
A
e

-

(Sl el i Y
OWkdwer

) W

-
a9

[

p
o
®

>

R
WWwwwww

3 O b4 b b b R N
~
-

S o
NN WOWe d

y = W ONON

a e e NN WW

4

A®-=n
W W

N
N
w
000
Wwes

A
"
w ww

J M
»
~

NNND
OOdWN
NNVNNNNNDNNNNN NNNN
. E \-AJ k.: »
® Y-

o000 5
Wwasoah

) N
o

N
QAR OAWUOUL

PP I S S S S

~
(ENE o S S

NN
D &
U

.
O
NN

. OO0 “
NN

INNNNNNNNDA

O

s
-
N
®J

e [ ]
300
0.300
300
300
. 300
0.300
D .300
0.300
.300

0.300

- b
N A

B
N A

W W M
J N
= =
>
)
A

Y O O O
O »~ *

W L
» N

) €

NNNN
Y

\,
O O

) (

200
200
0.200
0.200
0.200

O O

o000




SUBJECT INDEX



















w
—
<
g
-l
Q.
<
o
Q.
o
g
-
-
<
> b
- 4
<
=
p—
Q
0
(o)
o
o
v
~
8

9950 D0 ‘NOLONIHSYM
NOISSIWWOD AHOLYIND3IY HVYITINN
S31VLS QILINN

NUREG/CR-4373




