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ABSTRACT

The Nuclear Regu atory Commission has sponsored a number of generic cost
estimating studies. These y'udies were prepared 10 aid analysis in preparing Regulatory
impact Analyses. These generic studies provide cost estimates that would have wide
application '~ a large number of Regulatory Analyses being performed throughout the NRC
and dea' primarily with repair and modification activities that may be imposed on nuclear
powe: riants as a result of regulatory actions.

Abstracts of each of the generic cost estimating studies have been prepared and
assembled in thic catalog. These abstracts present the results of the more detailed studies in
a compact, easily undersiood and readily usable format. Individual abstracts have been
developed 10 troa. the main-line topics of the generic studies. In addition, abstracts have
been prepared covering important sub-topics or *:!and-alones” which are of broad interest
in RIA preparation.

Revision 2 of this catalog incorporates a new methodology for estimating radiation-
related impacts for nuciear piant physical modifications.
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ABSTRACT 2.1.6
AEALTH PHYSICS SERVICES

1.0 PRIMARY DATA SOUKCE

The data in this abstract was derived from the following docurnents: "Genenc Cost Analysis for
Steam Gonerator Repairs and Replacements,” W.L. Miller ana L.C. Brown, EGG-FE-6670,
August 1984, "Generic Cost Estimates for Reactor Shutdown and Stanup, “F W. Sciacca, et al
SEA 79-02-A:1, June 1984; and "Radiation-Helated Impacts for Nuclear Plant Physical
Modifications,” F.W. Sciacca, et al., NURECG/CR-5236, October 1909.

2.0 PURPOSE

During any moditication or rupair 1o a nuciear power plant that involves potential radiation
exposure 1o personnel, the utility is responsible fur the health and salety of the repair crews in
the working environment and for conducting training required to familiarize repait crews with
plant layout and health physics requirements and procedures. The plant radiological controls
department carries ou! this responsibility on behalf of the utility. Health Physics (HP)
personnel perform the radiclogical surveys thal areé conducied throughout the tima required 1o
perform the repair task, stafi radiological checkpoints, eract radiologica! barriers to prevent
intrusion by repair crews, prepare work plans and activities wr minimizing radiological
exposure, and set up anli-contamination (anti-cj ciothing removal areas. They aiso determine
the protective clothing and badging requirements tor the task, review work packages o assure
that anticipated exposures are maintainad "As Low Ac Reasorably Achievable” (ALARA), and
briet the repair crews on the HP requirements for tha job.

The purpose of this abstract is 10 provide guidelines fo, astimating the costs of providing
comprehensive health physics support senices during plant modifications or repairs.

3.0 APPLICABILITY AND BASES

The cost estimates for HP services presented herein are applicable to modifications and repairs
at current-genaration PWRs and BWRs. The costs presented are in 1£°9 dollar

Two levels of costs are defined. The first provides an overall measure of the costs of
comprehensive HP services. The second Jeals with labor cocts only.

The comprehensive cost measure represents the cos! of providing complete health physics
services al a nuclear plant. The cosls are intendad 16 cover expenditures for bath labor and
materials associated with providing such services. As such they include all laber and materials
cosls associated with ALARA radiation exposure, worker gualification, training, protective
clothing, dosimetry, bio-assay, respiratory protection, radiation instrumentation, anti-Cs,
radiation surveys, job coverage, mainienance of health physics records, radiation work permits
(AWPs), etc. This cost represents all the expenditures normally incurred by a Radiological
Controls Dapartment in carrying out its functions. The cos! index was derived from the total
operations and maintenance {O&M) budgets of the Radiological Controls Departments from
several nuclear ulilities. As such, capital costs for major equipment or facilities associated
with the conduct of HP support activities are not included. The cost index presented is
applicable to nuclear plants which have opurated for several years and in which radiation levels
have stabilized.
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Certain analyses may require that HP labor costs be separately identified. (Guidance is provided
herein to allow analysts to estinate the rnosts of HP labor.

4.0 RESULTS AND HCW TO USE THEM

4.1 Comprehensive HP Services Costs

The costs of comprehensive health physics services can be estimated using the .ollowing factor:
Costs of HP Services = $8350/person-rem (198¢ 3)

Ta estimate the coste of HP related services for a parucular activity the analyst first mus:
estimate the total radiation exposure associated with *he activity. The HP services costs are
then determined by simpiy multipiying the exposure (in person-rem) by the cost factor of
$2750 per person-rem, i.e.

HP Support Costs (1989 §) = ($8350/person-rem) x Job exposure (person-rem),
42 HP Labor Costs

The labor cost of providing HP services depends on whether tha HP personnel are employees of
the utility or contract personnel and the rumber of parsonnel required.

The cost for HP persennel who are employees of the utility are estimated at $£43.00 per hour
This estimate includes base pay, benefits and overhead (100%). No allowance is made for shift
differentials.

The cost o1 contract HP personnel is estimated at $54.50 per hour for the day shift, $55.50 per
hour for the evening shift, and $57.50 per hour for the night shift. A composite rate of $56.00
per hour is estimatec for large jobs that will be worked on a three-shift basis. These estimates
assume a basic hourly rate of $22.00 per hour and shift differentials of 2 and 7 pa.cent of the
basic hourly rate for evening and night shifts, respectively. A multiplier of 2 is gpplied 2 the
direct hourly rate, and a per diem charge of $10.00 per nour ($80.00 per day) is added. The
estimates have been rounded 10 the nearest dol'ar for normal day shifts and 1o the nearest fifty
cents for evening and night shifts.

The number of HP personnel required to provide HP services depends on several factors
including: the size of the repair crew (craft persons plus supervisors), the magnitude of the
radiation fields encounterad by the repair crew, and the degree to which remote and/or
#utomated equipment is used.

The following ratios of HP personnel to repair/modification crew size are recommended. The
recommended ratios are based on radiation levels at the work-site:

Ratio of HP, 10
Badiation Level, muht Crew Personnel
Qo225 1:20
2.6 to 100 1:8 (overall avg.)
>100 1:2

If the work site radiation levels are n¢ . known the average ratio of one HP per eignt crew
members is recommended.
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The combined costs of inspection and tube plugging are $684,700.

A comparison of these costs with the estimate< of HP labor costs from Section 5.1 indicates that
the costs of directiy-applied HP labor are only a small part of the total costs of providing
comprehensive health physics and radiclogical prolection services.

6.0 CAUTIONS AND LIMITATIONS

The estimated costs per person-rem for providing compreher 'ive health physics and
radiclogical protection services is based on average conditions experienced at several nuclear
planis during 1988. The estimated rativs of Hi™ personnel 10 craft persons presented in Section
4.2 are based on a limited number of jobs, must related 1o steam generator testing and repai
Specific tactors, as noted, can cause a significant variation in the ratio. The estimates cover
only the cost of HP services covering the work as it is actually performed. They do not include
the costs of training or ALARA reviews.
7.0 RELATED ABSTRACTS

Abstract 2.1.5 “Anti-Contamination Clothing.*

Abstract 2.2.3  “Industry Costs for Training or Retraining Staff and Writing or
Rewriting Training Manuals."

Abstract 2.3.1 “Steam Generator Replacement.”

Abstract 232 "Steam Generator Tube Inspection.”
Abstract 2.3.3 “Steam Gererator Tube Repair.*

Abstract 2.3.4  “Centrifugal Pump Shaft Seal Reglacement.”

Abstrac* 4.2 “Occupational Raciation ' su.@ for Specific Repair/Modification
Activities.”

Abstract 4.3 *Occupational Radie:'an Exposure for Physical Modification
Activities.”
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ABSTRACT 2.1.7

LABOR COSTS FOR THE INSTALLATION OF HARDWARE, MATERIALS,
AND STRUCTURES

1.0 PRIMARY DATA SOURCES

The data i, this abstract was derived from the documents: “Labor Productivity Adjustment
Factors," B. J. Riordan, NUREG/CR-4546, March 1986, "Vauuation of Generic Cost Estimates
for Construction-Related Activities at Nuclear Power Plants,” G. Simion, et al., NUREG/CR-
5138, May 1988; and “Radiaton-Related Impacts for Nuclear Plant Physical Modifications,*
F. Sciacca, et al., NUREG/CR-5236. Cclober 1989.

2.0 PURPOSE

The purpose of this abstract is 10 assist NRC analysts ir. the estimation of craft labor
construction costs resulting from regulatory requirements. The information presented here
attempts to illuminate labor tasks involving construction and equipment changes at operating
reactors as opposad 10 new construciion sites, and at new cunstruction sites in those instances
when required modifications involve levels of difficulty different from those associated with
conventional "greenfield” construction.

3.0 APPLICABILITY AND BASES

The metiodology and rosults presented here will allow an NRC analyst 1o develop reasonably
accurate estimates for the instaliztion labor ccst associated with new physical modifications to
operating any, in some instances, 10 partially complete nuclear power reactors. In general, the
approach relics on the Energy Economic Data Base (EEDB) for baseline estimates of the direct
labor hours and/or costs required 10 perform specific lasks. While the EEDB estimates reflect
actual experience with labor praductivity withirs a new construction environment, the
adjusiments developed here allow for such additional tactors as working in a radiation
environment, poor access, congestion anc interference, etc., which typically occur on
construction tasks 1t operating reacto:s and can occur un<er certain circumsiances at reactors
undaer construction.

Two goneral qualifications are necessary in order to have a better understanding of the
compleleness and accuracy of the estimales that can be derived in this fashion. First, there are
labor activilies beyond the composite crew involved in supporting the constructionvinsiallation
activity. The most common suppor personnel would include the engineering staif, and health
physics and quality control specialists. In addiw.on, hours spent on such items as ou, air, and
water line connections, insirumentation and electrical control and power connections and
respectivo peripheral devices can be significant.

Second, the reasonableness of these cost estimates hinges on the comparability of the task at

hand to the EEDB reference task. To the extent that a modification entails removal or

dismanting of systems already in place (tasks that typically would not take place in a ne

gonstmcﬂon environment), these types ci activities must be estimated directly (see Abstract
1.8).

Because they are based on actual experience the EEDSB labor-hour and labor cost estimates
include implicit labor productivity factors. Thus, adjustment factors incorporate only
deviations from the average productivity experience al new construction sites. In instances
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where the EEDB is not applicable or where the analyst must work from an estimate obtained
from a a source other than the EEDB, aii estimates must be placed ¢ a basis consistent with

nuciear plant "greenfieid® construction labor productivity in order to apply the adjustment

factor formulation.

4.0 RESULTS AND HOW TO USE THEM

4.1 Formulution and Use of Productivity Factors

The following form has been chosen for representation of labor productivity factors:
FILP) = 1 4 F

where F| = sum of labor productivity tactors, and F(LP) is the composite adjustment factor
which is the sum of factors dependent on wo. <place conditions. Total estimated mar-hours or
labor cost aie a function of F(LP) and baseline hours or labor costs derived from the Energy
Economic Data Base.

The EEDB labor values represent two different laber elements: (1) the time spent actually
performing work and, (2) the time spent preparing for (or peripheral 10) the actual work but
which is not directly productive. This latter aspect can include time spent in work briefings,
job planning, studying drawings and bluepnnts, worker qualification activitias, rework, rest
Frea\s, elc. It also allows for time spent waiting for instructions, waiting periods while guality
checks and inspections are performed, and other necessary but not directly productive time that
contribute to total job costs.

The labor productivity factors assuciated with work in operating nuclear facilities generally .
further reduce greenhaid productive work time. These factors act on the direct work pcion of

the EEDB labor hours o1 costs. This greenfield productive work time is estimated to be about

37.5% of the total time. hus the total adjusted labor hours or labor cost associated with

equipment installation activities can he represented by the following equation:

C'L = C_ [0.625 + 0.375 (1 + FL)) (1)

where:
C'L = adjusted installation labor ho'irs or labor cost
CL = EEDB labor coste or labor hours representing greenfieid (new construction)
conditions

The labor as defined here accounts ‘or direct craft labor and direct support (supearvisors,

helpers, etc.). It does not account for health physics staff requirements or the engineering and

quality assurance labor associated with modifications to nuclear plants. Health physics costs

m gAnﬁmlted using Abstract 2.1.6. Abstract 6.4 gives guidance for estimating engineering
costs.

It the modifications of concern are large and complex, the amount of labor required is often
dependent on the extent of prior experience for similar or closely related jobs. This effect is
accounted for with a learning curve factor (see Abstract 6.5). Including this effect, the
instellation labor estimate formulation takes the form:

CL' = CLI0.625 + 0.375 (1 + FL)1 + F o)) (2)

where .
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Adjusted instaiiation labor

EEDB instaiiation labor (costs or hours)
Sum of labor productivity factors

Fic = Learning Curve Facior (see Abstract 6.5)

OO0
il
L I

The greenfield labor, C(, used in the above equations and as given ir thy EEDB can be eithsr
labor hours or labor ¢ists. The labor costs given in the EEDB include direct wages plus an
allowance for fringe benefits. To arrive at loaded costs, the total amount derived 'iom Equation
(2) is multiplied by a factor which accounts for overheads and indircct costs (sse Abstract
6.2). Since the labor costs given in the EEDB are in 1986 dollars (yor BWRs) or in 1887
dollars (for PWRs) they have v be adjusted to reflect present-day dollars (1988 ¢/ later).
Abstract 6.3 presents guidelines for such time-relaled cost escalations.

if labor hours are used in the ahove relationships, the hours are multiplied by appropriate
craft labor wage rates with overheads. Typical wage rates and overhead factors for industry are
presented in Abstract 6.2.

The following list outlines the major steps which should be taken to effectively utilize the above
formyiation. Table 4.1 gives values of the labor productivity factors for use in these
relationships.

« ldentity specific const:uction/installation task(s) associated with NRC
requirements;

+ Locate similar or comparable task(s) in the EEDB and exiract base-line labor cost

. estimate:

« Based on knowledge of the modification and the environment in which work is 1o be
performed, select appropriate values fo: reievant labor productivity factors from
Table 4.1. Note .4l values for specific labor productivity factors will vary by
reactor depending on reactor status and work environment at time of modification.
Similar reactors among the impacted population should be grouped and assigned
equivalent productivity factor values;

If the repair/modification activity of concern is considered to be a major
undertaking (i.e., in the class of siteam generalor, reactor coolant pump, or
recirculation piping replacement) determine the approp:iate learning curve
factors (see Abstract §.5). |f these activities or others which are quite similar
have been performed several times in the past by industry, then the learning curve
factor (i.e., 1 + F p) is 1.0;

+ Compute the adjusted labor costs using Equation (2).

+ To include indirect labor costs and overheads, multiply the result from Equation
(2) b+ the "adder" factor (see Abstract 6.2);

Escalate labor costs to present-day dollars (see Abstract 6.3); and

+ Sum result above over all impacted reactors lo obtain total industry direct labor
cost associated with installation/canstruction effort.
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The labor hours specified in the EEDB for a certain activity already take accoulit of rework
hours that typicall; occur during construction, up 10 about the 70 percent congtruction-
complete stage. Therefore, when den'ing with plants at or befo @ this stage the EEDB labor
hour estimates generally need not be adjusted for modification of hardware or systems, unless
the NRC requirement invoives a major structural modification. For plants under construction
beyond the 70 percent stage, the labor productivity factors should be used with caution. As
construction ncars completion, the cost of a design change is very dependent on the equipment
already installed in an area, its configuration, and rasulting congestion. Whenever possible,
under such circumstances, labor should be estimated on a case-by-case basis.

In instances when the EEDB is not applicable, alternative estimates might be formulated using
such sources as Richardson Engineering Estimating Standards and R.S. Means Construction
Standards. Use of these familiar data bases will entail initial adjustment to place estimates on a
nuclear new construction basis. For instance, the Richardson system includes allowance for a
number of incidental work tasks affecting produciivity, such as coffee breaks, materials
handling, tool adjustment, etc. These non-operational items range from 15 to 30 percent of a
normal work day. However, labor productivity during construction of nuclear power plants is
further hindered by extreme quality assurance controls, security measures, and other features
that are likely to impecie !abor. Thus, labor hours calculated by the Richardson and Means
systeams must be multiplied by a factor of 2.5 - 2.7 10 properly refiact the nuclear plant level
of effort and equipmontymaterial specifications. Only at that point can the incremental
adjustment factors described here be appliad.

4.2 Directions for Using Productivity Factors

4.2.1 Access and Handling

This factor incorporates site restrictions and security procedures, but more impaortantly,
material and equipment transportation and handling complications. Transportation
complications include dis.ance from storage sites, additional handling due to pathway
encumbrances such as hatchways, and possible difficulties in moving to elevated locations.

The access component is concerned with the adequacy of space for spotting materiais
immediately adjacent o work areas, for permitting shakeout of materials (layout in sequence of
need) in laydown arezs, and for on-ground prefabrication of components. If such space is
limited, additional non-productive time is required for identitying and picking up materials and
the labor-hour savings normally credited to on-ground prefabrication of components are los!.

The maximum value of 0.4 is approached in incremental steps, and is applicable 1o both
operating plants and plants under construction. The first 0.1 increment is due almost entirely
10 security precautions at operating reactors. Another 0.2 increment is estimated to be imposed
by prublems at operaling plants associated with internal area activities, and the typical
constraints placed upon personnel and material movement in such areas. This same 0.2 factor
becomes the first incremant associated with plants under construction. Internal areas 1o which
such factors woulc apply night include:

primary auxiliary building;
waste process building,

fuel storage building;
control reom; and

diesel generator building.
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The extreme value of 0.4 is reserved for activities 10 be carried out within the 'main reactor
containment bullding itself,

4.2.2 Congestlon_and Interference

This factor refers to the physical condition of the actual work site. Congestion can be
interp' ~1ed as limitations on the ability 1o maneuver equipment and mater.als freely and of
indiviLuals 10 perform their tasks unhindered. Severe congestion suggests 1he inability 10
function except in extremely restricted positions. Congestion of workers and construction
equipment adds to non-productive (waiting) time in add'tion to reducing production rates
during direct time as workers and equipmant get in each others way.

Congestion aiso reters to interferences from already installed permanent materials and
equipment that limit accessibility 1o work areas or physically block new work planned. Such
conditions slow the rate of production, or add labor-hours because new work must be
reconfigured or previous work redone.

Height of the wokplace above floor level can aiso be considered an element of interference. This
is often a psychological element as well as a physical one. Workplace positions several stories
above floor level can be considered the same as a congested area in terms of labor proauctivity.

A severely congested work area is defined as one with one-third or less of the adeguate crew
work space plus interferences such as a dense mix of piping, and/or electrical systems, and/or
mechanical systems in the same area. Available literature and expert opinion suggest that an
adjustment factor of 0.4 would describe the maximum end of this range, and it applies to most
work activities performed inside the reactor building or drywell. For work areas that are
congested enough to interfere with worker effectiveness, hut are not extremaly congested, a
factor of 0.2 is recommended.

Judging where to apply factors for moderate and severe congestion can be quite difficult without
site-specific knowledge. However, some @ priarl guidance is possibie: any work in tunnels or
vaults is likely 1o take place under conditions of severe congestion, as is most work within the
containment and primary auxiliary buildings. Plumbing or electrical work in other internal
plant areas is likely to take place under moderately congested conditions. The EEDB provides
guidance in many instances as 1o the dimensions of various areas (e.g., the diesel generator
building measures 90 by 93 feet externally) and to the equipment installed there (e.g., two
diesel generator sets, fuel storage tanks). Thiu information can assist in an assessment of
available working space and maneuverability.

4.2.3 Badiation

Work in a radiological environment presents a particularly difficult problem with regard to
operating reactors. There are two separable causes for productivity reductions: (1) the
encumbrances of protective equipment, particularly under conditions of elevated temperature,
and (2) strict limitatinns on permissibie radiation dosages that limit the time any given worker
can remain in a parucular environment.

Even minimai equipment, such as a face mask resoirator, can reduce productivity significantly
Full protective equipment including air units and a double set of protective clothing are much
more cumbersome. In addition, use of such equipment in a high temperature environment is
even more debilitating.
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The key element which determines the radiation productivity factor is the in-field work time
Limhations on in-field work time, in turn, are determined primarily by the radiation dose rate
for a given work environment. The radiation procuctivity factor must be able 10 quantitatively
reflect the degree by which radiation levels and stay time reduce normal direct work tima
relative 10 greenfield construction.

A3 noted previously, the normal direct work time for new nuclear constriction s about of
37.5% of the total lime aliottad for a particular activity. This corresponds o three hours of
in-field productive work time of a norma: eight hour shift. For greenfield construction the
average worker would provide a total of 181 hours of direct wortk. time in a three month period
or calendar quar - (i.e., total direct work hours = 170 hours/month x 3 months/quarter x
0.37§ = 191 hours/quarter).

Typical U.S. nuclear utility practice is 10 impose an administrative upper "mit of 1 rem per
calendar quaner for each radiation worke: This linit, together with the 181 hours/quarter
estimate of useful work typica! of nuclear plant construction, provides a basis for defining a

radiation labor productivity fastor.

The radiaton labor productivity factor (F;) can be expressed mathematically by the following
equation:

Maximum possible quarterly direct work hours
Quarterly direct work hours based or radiation exposure limits

Fr =

. [ hours
Greenfield normal direct work Lquarter}

{_Qg!rtorh; Whole Body Exposure Limit |
ALARA adjusted area dose rate |

Where:
S '.'LO...U!S._] months hours, . .,
Greenfield norival direct work | - (3 qumm) (170 omn) (0-375)

{ QUINOI
hours

1
b quarter

Quarterly whole body exposure limit = 1009 Jnism,

quarter
ALARA adjusted area dose rate =
(system average dcse raté or area dose rate as defined in Abstract 4 1)
(ALARA dose reduction factor)

" herefore:
Jhours
F 4 b nganer
mrem
1000 auarter

mrem]
hour

ALARA adjusted dose rate [
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Fr « (019 mr.m)‘Ad;ustodDosomto[hour} .

Application of ALARA techniques is estimated to reduce worker radiation exposures on average
by u«bout 20%. This is an average reduction cited by a number of utilities. ALARA practices are
typically implemented for a particular job or activity whenever the cumulative radiation
exposure for that activity is expected 10 exceed one person rem. Since most physical
modifications of interest 1o NRC analysts will likely entail exposures which exceed one person
rem, the ALARA dose reduction factor of 0.8 should be used in most cases.

in the foregoing formulation, F, can vary from zero 1o very large values, depending on the area
dose rates prevalent at the work location. However, a comparison of est'mated labor hours
versus actual labor for a number of specific physical modification tasks at operating nuclear
pla 's indicates that the estimated values better match actual labor if a minimum value of 1.0 is
assigned to F;. The recommended apgroach, therefore, for quantitying the radiation labor
productivity factor is as follows:

For Dose Rates »§ mrem/hr (3)
Fr = 0.191 x ALARA adjusted dose rate (mremvhr);

For Dose Rates g5 mrem/hr,
Fr = 1.0

4.2.4 Manacability

This concept refers not only to the individual task but the overall management environment
within which it is performed. Generally speaking, evidence suggests that productivity tends 1o
decline as management complexity increases, and that management complexity can be
approximated by the size of the work force onsite. For operating reactors, this leads 1o the
conclusion that productivity falls for work undertaken during plant outages.

Given the usual cost of replacement power, there is enormous incentive 10 return a plant to
service as soon as possible, thus round-the-clock schedules and heavy overtime are routine.
Most studies have concluded that longer-than-normal workdays and weeks cause workers 1
slow down throughout the workday so thai production during any hour is less than would be
expected under normal five day per week, eight hours per day conditions. An adjustment factor
of 0.3 is recommended fc: work performed during plant outages and reflects productivity losses
associated with managing a crash project involving high levels of overtime. When the activity
occurs within containment, an additional 0.1 is a3ded to adjust for difficulties associated with
preplanning work without adequate prior physical access.

However, relative to new construction, normal maintenance performed while a plant is on-line
is probably more productive. This is due 10 relatively small crew sizes, ability 10 focus close
management aftention, and a lack of stringent time pressure. A productivity credit of 0.2 is
applied in this case.

4.3 Special Considerations for Piping

The evaiuation of case studies of piping installation/replacement labor costs indicates that

centain special considerations are in order. When compared to the actual plant costs, piping
cost estimates produced using the generic methodology required that the “greenfield” EEDB man- .
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hours be reduced by 90% (or formulated ditferently, EEDB man-hours x 0.1) in order 1o
reasonably agree with actual costs reported by utilities. This correction is purely empirical in
nature and is perhape a result of abnormalities in the base data derived from the EEDB. The
"large pipa® factor, 0.1, is recommended for all cost estimates involving pipe with a diameter of
over 18 inches. The estimated cost iastallation equation for this case has the form:

C'L = 0.1 xCy [0.625 + 0.375 x (1 + FL)(1 + F gl

Smaller piping installaton estimates do not require this special treatment.
5.0 EXAMPLE

The following example illustrates the application of the labor productivity adjustment factors
quantified above.

A cost estimate is necessary for a regulalory acuon requiring the potential replacement of the
control rod drive missile shield (CRDMS) at a number of pressurized water reactors. Twelve
are in operation, ten are unc ¥r construction. Of those under construction, eight are at advanced
stages, typically 80 percent complete. An estimate is needed of the labor costs associated with
these activities.

From the EEDB, Phase IX (Account Number 221.213), installation requites 2,400 labor-
hours at a cost of $55,440 (in 1987 dollars). Table 5.1 shows the appropriate EEDB printout
referring 1o CRDMS. It is assumed that removal of the existing CRDMS will be calculated
separately.

For the operating reactors, facturs are chosen as foliows:

« Access and handling: sirce CRDMS is installed inside containment, the factor 0.4 is
chosen from Table 4.1;

« Congestion and interference: the containment location will aimost always imply
severa congestion, thus 0.4 is chosen;

+ Radiation® ' establish a numerical value for the radiation factor the work-site
radiation leve! must first be estimated. Abstract 4.1 does not give a dose rate for
the CRDMS. Howaver, since it is in the vicinity of the reactor vessel head, we
assume that the radiation levels should be lower than or equal 10 the 140 mrem/hr
cited for the reactor vissel studs, fasteners, etc. Note, that the combination ¢f this
radiation dose rate and even the unadjusted EEDB labor hours confirms that the
worker radiation exposure for this task will be in excess of one person-rem.
ALARA practices would, therefore, be put into effect. We estimate tha radiation
factor from equation (3) as foliows:

Fr = 0.191 (hi/mrem) x ALARA adjusted dose rate (mremvhr)
= 0,191 x (0.8 x 140) = 21.4

« Manageability: Since this activity will by necessity take place diring an outage,
this factor is assigned a value of 0.4.

From equation (1) the otal labor productivity factor, 1 + F(, is

1 +(04 +«+ 044+ 214+ 04) =236
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This activity is not judged to be extremely large ¢ ;x. Therefore, the learning curve
tactor F ¢ is set 1o 0.0.

Te calculate adjusted installation labor, C ', Equation (2) is used in labor-hours,
C'L = 2400 [0.625 + 0.375 x 23.6 x 1.0] = 22,740 labor hours
or in 1987 dollars,
C'L = $55440 x (0825 + 0.375 x 236 x 1.0] « $525,294 per reactor

These cost represent direct labor costs plus fringe benefits. Other labor overheads can be
accounted for by applying an additionz! factor of 1.59 (see Abstract 6.2).

Loaded labor costs = 1.59 x $525,294 « $835217 (in 1987 dollars).

Now escalating the lcaded labor costs 1o reflect present-day (1989) dollars (see Abstract 6.3)

$835.217 x }%%—'g x (1 + 0.048 - 0.004)(1989-1988)  _ $887 307 per reactor

or
$887,307 «x twelve operating reactors = $10,647,700 (rounded)

Escalation using the nost indices shown assumes that the work will be performed by contract
personne!.

For the reactors under construction (80 percent complete), factors are chosen as follows:

+ Access and handling: containment area = 0.4

« Congestion and interference: severe conditions = 0.4

* Radiation: clean environment, use min. value of 1.0

* Manageability: rezctor under construction, not applicable - 0.0

Total factor = 1 + (04 + 10+ 04) « 28
CL' = 2400 [0.625 + 0.375 (2.8) (1.0)] = 4,020 labor-hours. or
CL'= ($55.440)[0625 + 0.375 x 2.8] = $92,862 (1987 dollars)

Loaded labor costs « 1.59 x $92.862 = $147 651 (1987 dollars)

Adjusting to reflect 1989 costs (assuming the work is performed by contract construction
workers)

109.9

$147 651 108.0

x 1,044 = $156,860 per reactor,

o!
€156,860 x eight reactors = $1,254 900 (rounded).

The two reactors at early stages of construction have not yet installed the CRDMS, thus their
incremental labor cost is zero.

i1
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nuclear plants. The specific formulation used here, which Inciudes factors 10 account for
removal labor as well as instaligtion labor, is as follows:

= CL'(1 » FryX1 + FF\Z)

wheare
C_"= Adjusted direct total labor cost or labor hours
C_ = EEDB installation labor (cost or hours)
Cl'= Adjusted installation labor
FL = Sum of labor productivity factors (see . Lstract 2.1.7)
FLc= Factor based on learning curve effects (see Abstract 6.5)
Fry = Removal factor related to the nature of the target items
Frz = Removal factor related 1o impacts on non-target or ancillary systems

The formulation as presented by Equation (1) recognizes that, of the base greenfield labor,
about 37.5% of the labor is directly productive. The remaining 62.5% of the time is spent in
activities such as work briefings, job planning, wo~ker qualification, rework, rest breaks. and
other such activities which are necessary but which are not directly productive. Equation (1)
indicates that certain labor productivity factors account for influences which impact only the
directly productive work time, whereas other considerations impact both the productive and
non-productive components of the total labor.

The relationship indicatec in Equation (1) produces an estimate of total labor, i.e. removal and
instaliation combined. If estimates of removal costs alone are needed, they are calculated using
the following relationship:

CRL' CL[0.525 + 0375 x (1 + FL)“ + FLC)][U + Fry) (1 + FRz) < 1) {2)

= CLl(1 « FR'l) (1 + Fnz) - 1]
where Cp, is the removal labor cost

The removal factors Fry and Frp, depending on the circumstances of the physical modification of
interest, can both be zero-valued. In such cases Equations (1) and (2) cannot be useo 10 predict
the costs and labor hours associated with the combinad removal/installation or just reww.al of
hardware, equipment, or structures. The limited amount of data available on actual nuclea:
plant physical modification activities indicates that removal labor is generally about 1/3 of
installation labor. Therelfore, for those cases where Fry + Fra = 0, the “Jllowing relationship
can be used to estimate removal labor:

CR =~ 033C (3)
= 0.33 x CL(0.625 + 0375 x (1 « FLi(l + FLC”

where C' is the adjusted installation labor (Abstract 2.1.7).
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can be used:
Ct. B 133 CL' { 4)

. Similarty, for calculating total labor (both removal and installation) the following expression

The “greenfield" installation labor, C(, used in the above equations and as given in the EEDB can
be either labor hours or labor costs. The labor costs given in the EEDB include diract wages
pius an allowance for fringe benefits. To arrive at loaded coss, the total amount derived from
Equations (1) through (4) is multiplied by a iacior winch 3crounts for overheads and indirect
costs (see Abstract 6.2). Since the labor costs given in the EEDB are in 1986 dollars (for
BWRs) or in 1887 dollars (for PWRs) they have 1o be adjusted 10 reflect present-day dellars
(1988 or later). Abstract 6.3 presenis guidelines for such time-related cus! adjusiments

If labor hours are use. . the above relationships, the hours are multiplied by
appropriate craft labor wage rates with overheads. Typical wage rates and overhead
factors for industry are presented in Abstract 6.2.

Equations (1) (2), (3), and (4) are suitable when the EEDB is being used 10 estimate sither
the total or removal labnr cost jequirement for the modification in question. However, there
may be circumstances where the analyst has an independent installation labor cost (from
vlilities or other industry sources) but it is known that it does not include removal labor costs.
In these circumstances just the removal iabor cost would be needed in order to see the total
labor cost picture. Removal labor costs can be estimated using the Equations (2) or (3), with
CL' as the independent installation labor cost. The relationships, when used in this manner,
assume the independently-obtained installation labor cost (CL") adequately reflects labor

productivity and learning curve effects.

. Table 4.1 presents the removal labor factors.

B B B L . o e T L T A o S M, S L 2 T o P 2 20
TABLE 4.1

REMOVAL FACTORS

Activity
Factor Vaiue

1. Targeted Systems
and Struclures

Structural (Fgy) b. Congasted Work 5 b Severely Congested ]
Arsa Work Area

2. Ancillary Systems
an¢ Structures

Access and a Ccmpex activity 40-.60
handling (Frz) impingement on

surrounding sys-

leme and siructures

R A R S A e R T sy el ST e s - S e oo
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The following steps outline the procedures 10 follow 10 obtain estimates of labor costs for .
haroware, material, and structure replacement activities at nuciear power plants

Far cases where the EEDB is used 1o define the baseline instaliation labor costs:

+ Identify the specific removalreplacement activities associated with the NRC
requirement;

+ Locate the corresponding system, equipment, and/or material items in the EEDB and
extract the baseline labor cost (or man-hours) estimates;

« Based on knowledge of the modification and the environment in which the work mus!
be performed, se.ect appropriate labor productivity faciors (refer 1o Abstract
2. 1.5k

+ If the removal/replacement activity of concern is considered 10 be a major
undertaking (i.e., i the class of steam generator, reactor coolant pump, or
recirculation piping replacement) determine the appropriate learning curve
factors (see Ahstract 6.5). If these activities or others which are quite similar
have been performed several times in the past by industry, then the learning curve
factor (i.e., 1 + F ) is 1.0

« Select appropriate removal factors from Table 4.1. Follow the guidelines in Section
4.2 1o select factors pertinent 1o the work envisioned and 1o the specitic reactors

affected by the NRC requirement; .
« Compute total labor costs using Equations (1) or (4). If removal costs need to be
identified separately, calculate these using Equations (2) or (3).

» To include indirect labor costs and overheads, multiply the results from Equations
(1), (2), (3), or (4) by the indirect costs factor {see Abstract 6.2);

« Escalate labor costs 1o present-day dollars (see Abstract 6.3);

+ Sum the above result over all impacted reactors 10 obtain an estimate of industry-
wide labor costs for the subject NRC requirement.

Nots that values for specific factors will vary by reactor, depending on the reactor status and
work anvironmeni at the time the modifications will be carried out. Similar reactors among the
impacted population should be grouped and assigned similar factors.

For cases where an independent estimate of installation labor is available, removal costs can
reasonably be estimated by using Equation (2 or (3). The ndependent estimate of installation
labor must adequately reflect labor productivity and lcaming curve effects.

4.2 Directions for Selecting Removal Factors

4.2.1 Targeted System Removai Factors: Structure Removai

Removal of structures in many cases requires a disproportionately large labor effort as
compared to the effort associated with the removal of hardware and equipment. For instance, the
removal of an internal concrete floor is much more labor intensive than its installation. This
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all factor adjustments directly on that EEDB installation labor cost. This approach is preferable .
and should produce more accurate results than using the 0.4 to 0.6 adjustment factor discssed

here. However, the 0.4 1o 0.6 factor is useful for quick estimates or when gross

approximations are viewed as adequate.

4.3 Special Considerations for Piping

The evaluation of case studies of piping removalreplacement labor costs indicates that certain
special considerations are in order. When compared 10 the actual plant costs, piping cost
estimates produced using the generic methodology required that the “greenfield® EEDB man-
hours be reduced by 90% (or formulated differently, EEDB man-hours x 0.1) in order 10
reasonably agree with actual costs reported by utilities. This correction is purely empirical in
nature and is perhaps a result of abnormalities in the base data derived from the EEDB. The
"large pipe" tactor, 0.1, is recommended for all cost estimates involving pipe with a diameter
over 18 inches. The total estimated cost equation for this case has the form:

C "= CL x0.1[0.625 + 0.375 (1 + FL) (1 + Frell (1 + Fgy) (1 4 Fra)
or CL" =133 x 0.1 x C[0.825 + 0.376 (1 + FL) (1 + FLo)l

for cases where FRry + Frp = 0.

Similarty, the removal labor cost equation takes the form:

CRi= 0.33 x 0.1 x C_ [0.625 + 0.375 (1 + F) (1 + F o))

bfm.mmmFﬂ1+FR2-0‘

5.0 EXAMPLE

The following example iliustrates the use of the factors presented in Section 4 to estimate
removal and replacement labor costs.

For purposes of this example, we assume that an NRC regulation calls for the upgrading of the
containment spray pumps and motors on certain plants. This system removes heat from water
which collects in the reactar containment building sumps following a loss-of-coolant accident
and activation of the containment spray system. For the affected plants, the pumps and motors
are located within the reactor containment building.

The EEDB PWR reference .siant indicates that there are two of these pumping units in the base
design. They are described in account No. 223.411 of the EEDB. The cost data from the EEDE
are shown in Tabie §.1 (in 1987 dollars).

To determine the removal and replacement labor costs, it is necessary to first assess the

enviconment under which these activities must be carried out. Since the pumps are located

inside containment the work can only be performed while the reactor is shut down. The pumps

are located in the reactor building annulus between the secondary shield wall and the outer wall

of the building. Therefore, the work must be performed in a radiation environment. Based on .
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Abstract 2.1 8
Aug. 198%

the information presented in Abstract 4.1, we ascertain that the average dose in the area of
these pumps is about 15 mrem/hr,

The containment spray pumps are located in an area with consigerable piping, electrical conduit
and cable trays, and other hardware. Therefore, the area is considered 10 be very congested

This assessment of the work environment yields the following labor productivity factors from
Abstract 2.1.7.

« Access and handling

Operating piant, inside the RCB 0.4
+ Congestion and interference

Congested work area 0.4
« Radiation (15 mr/hr)

Fre 0191 x 15§ x 08 = 2.3
+  Manageability

Qutage activity, inside containment 0.4

The total labor productivity adjustment faclor is:

1+04+04+23+04a45 4

The replacement of these pumping units is not considered a major undenaking. Industry has
removed equipment similar 10 this many times in the pas!. Therefore, the learning curve factor
applicable is 1.0 (see Abstract 6.5).

The removal factors are assessed based on the information given in Table 4.1. Since the
containment spray pumps are hardware, which is not structural, the Fgy factor has a value of
0. However, these pumps and motors are expected 10 Impinge 10 some extent on surrounding
equipment and systems when they are removed and replaced. A value of 0.4 is assigned 10 the
factor Frz . The overall remova! factor is:

(1.0 + 0) (1.0 + 04) « 1.4,
Summarizing, the three adjustment factors 10 be applied to the EEDB are:

Labor Preductivity 45
Learning Curve 1.00
Removal 1.4

The total estimated labor hours lo remove and replace the containment spray pumps and motors
on a per plant basis, is:

CL" =Cf (0825 « 0.375(1 + F) (1 + FL o)l (1 + FR)
= 3,300 [0.625 + 0.375 x 4.5 x 1.0] 1.4 = 10,684 hours

Assume that the work will be performed by ulility personnel. For the type of cralts needed, .
assume an average wage rate of $16 00/hr. Other labor overheads can be accounted for by
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Abstract 4.3
Aug. 1989

The estimation of occupationai radiation exposure requires he use of several different
relationghips, depending or the particular work activity of interest.  The following
relationships are recommended:

Exposure sesoclaied with [nstallation activities:

El=«AD x 0376 x CL x (1 « Fg + kg « Fn)
where
€1 = installation radiation exposure, person-rem,
AD « ALARA adijustied dose rate, remvhe,
CL = greeafioid installation labor (hours)
Fa = Locess labor productivity factor (Abstract 2.1.7)
Fe = congestion labor produdtivity factor (Abstract 2.1.7)
Fm = management labur productivity factor (Abstract 2.1.7)

The ALARA adjusted close raia is simply 80% of the prevaient dose rate at the work site (i.e., of
the dnse raie prior to the application of ALARA dose reduction tachniques)

For (gmaval activities:
HFR1 + FR2 » 0,
ER«ADXO0378 n CL x(t +Fa + Fee Fm ) ({1 « FRI)(T + FR2) - 1] °

¥ FR1 + FR2 ~ C,
ER= AL « 033 » 0275 » CLxit+Fg+FosFm)

where €R « removal radiavon e.posure, perscn-sem,
Ffi1 = structural removal facior (Abstract 2.1.8)

FR2 =~ ancillary systems and structures removal (impingement) factor {Abstract
2.1.8)

For combined reme/al plus installation (1otal':
f Fe1 +« Fr2 > 0,
Fr «ADx 0376 x C_ x (1 + Fg + Fo + Fm)(1 + FR1)(1 + FR2)
HFRt: + FR2 » 0,
ET«AD =133 x0378xCLx{1+Fg+FgsFm
where E1 « combined installation and removal sadiation exposure, pers:  am.
In Equations (1) through (5) CL the EEDB labar or greenfisk! abor obtsined trom other

sources mus( be given in hours. Similarly, AD, the ALARA adgjusted case ' ate, has the units of
rem/nr (not nvem/hr).
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Aug. 1989
From tha EEDB Phase iX (Account Number 221.213! installaton requires 2,400 labor-
hours. Yable 5.1 shows the appropriate EEDB printout refarring to CROMS. It is assumed that

boih removail and reptacement of the existing CRDMS will be nuressary.

For tha operating reactors, facto's are chosen as follows:

Accass and handling: Since CRDMS Is installed inside containment, the factor 0.4 is
chasen from Table 4.1, Abstrac! 2.1.7;

Congestion and interference: The containment location will aimost always imply
severe congestion, thus 0.4 is chosen (Table 4.1, Abstract 2.1.7);

Manageability: &ince this activity will by necessity take place during outage, this
factor = 0.4. Sinca removal will also be required, the removal factor must be
evaluated,;

Structural removal factor: Since the CRDMS is not structural (i.e., concrete, etc.)
this factor does not apply. lis value Is zero;

impingement removal factor: The remova! of the CRD missile shield will require
that some of the nearby equipmeni be removed 10 gain access. Assume a valve of
0.4 for this tactor;

Radiation levels: The work-site radiation level mus! first be es'~uied. Abstraci

4.1 go€s not give a dose rate for the CRD missile shield. Howeve:, srce it is in ha

vicinity of the reacior vessel head, we assume that the radiation levels should be

lower han or equal ‘o the 140 mrem/hr cited for the reactor vessel studs,

fasteners, etc. Note, that the combination of this radiation dose rate anc even the ‘
unadjusted EZDB labor howrs confirms that the worker radiation exposure for this

task will be in excess of on: person-rem. ALARA practices would, therefore, be put

into effect. Y'e estimate the ALARA adjusted dose rate 1o be:

140 jmregm/hr) x 0.8 = 0.112 remhr.

mrem
1000 rom

At this point we can caculate the expected exposure per reactor. Since both removal and
instailation are involved, and since FR1 + FR2 > 0, we will use equation (4).

ET « AD x 0378 x C x (1 + Fg + Fo & Fm)(1 + FR1)(1 + Fr.2)

= 0.112 (rem/hr) x 0.375 x 2,400 (hrs) x (1 + 04 + 0.4 + 0.4)(1.0)(1.4)

= 310 person-rem per plant.

The total expcsure for the twelve impacted plants would be:

12 % 310 = 3,720 person-rem.
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6.0 CAUT'ONS AND LIMITATIONS .

The methods suggested here rely an labor productivity faciors 1o estimate in-field labor hours.
Despite the apoearance of quantitative precision, analysts should be mingful that labor
productivity adjustment factors have been derived on a subjective basis. These factors should
net be applied mechanically. They should be ulilized as necessary, but not in a manner
preciuding sound judgement.

All results produced using this approach must be considered 10 be oly rough estimates of
occupational radiation exposures. Actua! expo-ures are highly dependent on specific work-site
conditions and the eflectiveness of the ALARA practices employed.

Similarly, the ALARA dose reduction activities can vary considerably in their effectiveness
from job to job and plant to plant. The 20% reduction recommended herein should be considered
as an averaQs benefit when considering a wide range of activities. On very large
repair'modification activities where large doses might be expected, ALARA measures may be
considerably more effective than simply reducing doses by ..)%.
7.0 RELATED ABSTRACTS
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Abstract 2.1.8 "Labor Costs for the Removal of Haraware, Materials, and
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Activities.”
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